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ABSTRACT

In this study with regard to employees' personality types, namely, extraverts and |ntroveris based on Jung's typology Model,
it Is targeted to demonstrate which group has more congruencles 1o the features of telecommuting to experience less burnout
result from the qualities of this type of workplace. Besides, the model of this study is inspired by persan-environment fit theory.
The samples were 86 females and 130 males from Ministry of Cooperatives, Labour and Social Welfare of Iran. The telewarking
burnout and personality questionnaires with 28 statements for gathering data; in addition, SPSS 16 and Lisre! 8.8 for descriptive
and inferential statistics wers applied. From given data, it was obvious there was a correlation between extraversion and burnaut
with carrelation rate of 0.55, whereas introversion had zero effect on burnout with correlation rafe of -0.13. It can be cancluded
introverted employees can face stresses resulting from telecommunication mare sasily than extroveried ones regarding differences

between these two charaderistics.

Keywords: Extraversion-introversion Personality Traits; Telecommunication, Burnout

1. INTRODUCTION

The extended services usage of informative technology
and its effect on human'’s life in various ways is an avowed
phenomenon (Amiel & Sargent, 2004). Social interaction
through the Internet has more benefits than traditional
one (Bargh & McKenna, 2004), so the function of
telecommunication has mereased (Useem & Harington,
2000} enabling employvees to have a remote office work
(Herschel & Andrews, 1997), called ‘telecommuting”,
coined by Jack Nilles in 1973 (Nilles, Carlson, Gray
& Hanneman, 1976). Whereas anybody designated to
telecommuie has not the capabulity of doing so {Novace &
Gonzalez, 2000). Tt might be a well-chosen professional
for mdividuals who cannot declare themselves in face o
face interaction (Amichai-Hamburger & Ben-Artzi, 2000,
McKenna, Green & Gleason, 2002), Moreover the effect
of personality characteristics on work-reloted ouicomes
15 an escapable phenomenon (Geerge. 1992), Then
employers can find the suited-personality employees 1o
telework, being independent on social interactions in
workplace (Moss & Carey. 1994), From the point of view
of personality, 1t can be either extrovert or mtrovert ong
(Jung, 1971), The former type is sociable, seeks more
companienships and extrinsic opportunities to mteract and

being with others. While the latter type prefers one's own
companionship, doesn’t enjoy large social events and is
seen as quiel and remote individual (Eysenck & Eysenck,
1975). Verily, emplovers should assess emplovee's
suitability to recruit adaptable one for such a remote work
(Whitehead, 1999) which has features like employees’
less informal interactions (Ellison, 1999) and no face to
face contnet wilth the -addressee resulting m outcomes
stch as the feeling of being in the highly protective milieun
(Hamburger & Ben-Artzi, 20000 and role ambiguity
leading o job stressors (Marting & Wirth, 1990). So these
job characteristics and stressors bring about employee’s
burnout (Van den Broeck, Vansteenkiste, De Witte &
Lens, 2008).

Burnout is defined as a chronic response to emotional
and mterpersonal siressors (Masloch, Schaufeli & Letter,
2001, So employees should carry an especial personality
to handle the features of telecommuting. Individual
characteristics can affect telecommuting practices and
adoption (Peters, Tijdens & Wetzels, 2001 ). In the context
of a research problem. it is worthwhile o investigate
whether personality styles; extraversion and mtroversion
can have significant etfects on the employees’ teleworking
burnout. In the following related works are inguired (o
find a proper answer,
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2. BRIEF LITERATURE REVIEW

However, some works consider telecommuting as o
coping strategy reducing job stressors (Hartig, Kylin
& Johansson, 2007), telecommuting features as stated
previously bring about outcomes leading to job stressors
and eventually burnout (Van den et al., 2008), Neeative
responses from personality to working environments lead
to stress. As respects. Lewin (1951) 1s the first pioneer
having research about mutual interaction between person
and environment leading to positive/negative responses.
Other scientists formalize this notion into the person-
environment fit model in which they argue the mismatch
between person and werk environment impressing his/
her health resultng in stress (French, 1973), chronteally
bumout, as some theories find personality characteristics
and job environments can be factors leading to burnout
(Ivacovides, Fountoulakis, Kaprinis, & Kaprinis, 2003},

Besides, Peters et al, (2001) assert in their study that
desire for a quiet job environment is a significant feature
affecting telecommuting cutcomes. According to this
telecommuting feature and all stated before and also
characteristics in introverts and extroverts, some scholars
such as Whitehead (1999) and Blau and Barak (2012)
emphasize introverts are the suited ones to unsocial jobs
in which they can find their hereditary isolation, while
they would be uninspired jobs for their extroverted
counterparts. Simmons ( 1996) also implies teleworking
requires a naturally introverted employee: In her work
Hannay (2016 explains introverted individuals are more
suited to teleworking than extroverted ones since social
isolation in telecommuting fits introversion personality.

Extrovorted
Tolecommune

Inizavarseil

Telecommuber

Fig. |: Theoretical Model of this Study

Through previous studies 1t can be inferred introversion
personality  fits  telecommuting  werkplace due 1o
matching between introverted individuals® characteristics
and teleworking features. So in this paper. Jung's
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(1971) personality typology including extraversion and
imroversion can touch on this issue. Additionally, the basis
of present model 1s the theory of person-environment fit
(French, 1973) in which job outcomes influenced under
the matches between personality tvpes and job settings,
Thus any mismatches lead to job stressors and eventually
burnout which is the discussing issue in this study targeted
to test the impacts of personality types. viz., extraversion
and introversion, based on Jung’s personality typology
(1971}, on telecommuters’ burnoul. The theoretical model
of this research s shown in the fallowing diagram;

3. OBJECTIVE

In this paper it is aimed to aver whether introversion has
nepative relationship with burnout. As it 15 seen fom the
diagram-1 it is hypothesized in the studied model both
extroverted and introverted personalitics would bring
about burnout to prove which one would not. So the
guestions i this paper can be:

= Has extraversion positive relationship with telework-
g burnout?

= Has introversion positive relationship with telework-
ing burnout?

4, RESEARCH METHODOLOGY

In this correlation study. the statistical population is
selected based on judpgment sampling methed from
Ministry of Cooperatives, Labowr and Social Welfare
of Iran which is the first organization in lran set
telecommuting as the remote part-time job setting for its
employees. The sample size i5 calculated through NCSS/
PASS software being 216 cases including 86 females and
130 males.

To reach the objective of this study and to prove the
hypotheses: the secondary data was collected from books,
articles and e-journals and the primary data was collected
through researchers’ observation, and the informal
discussion was also done with those emplovees about the
drawbacks and benefits of telecommuting setting which
were the low-speed Internet, family problem, not being
oriented with IT, loosing seli~confidence in workplace,
ete. as the drawbacks and having more time for dealing
with personal and work affairs, getting familiar with 1T
application, solving commuting disorders, etc. as benefits,
Meoreover, the two 5-point Likert scaled questionnaires
were applied including:
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Teleworking bumout gquestionnaire derived from job
burnout inventory (Maslach & Jackson, 1981) with
frequency and intensity of 0.89 and 0.86, 0.77 and 0.72,
and the 0.74 and 0.74 for three subsciles, viz,, emotional
exhaustion, depersonalization, and job  inefficacy,
respectively, constituting |2 statements (each subscale
constitutes 4 statements), The attained Cronbach's alpha
ol teleworking burnout is 0.96.

Personality guestionnaire derived from the Ewsenck
personality questionnaire (EPQ) (Evsenck & Eysenck,
1975) with average reliability of (.86 for male and female
in extra-intro scale (Eysenck, Evsenck & Bartett, 1983}
and extensive consensus concerning the validity of most
versions of Eysenck’s personality inventory/questionnaire
such as Wilson and Doolabh’s study (1992) possesses
acceptable one. In the present study the personality
questionnaire is conducted two traits: extraversion and
introversion with the consideration of 8 statements for
anyone. The alpha is 0.93 for extraversion and the same
figure for inlroversion.,

Cateporical confirmatory factor analysis (CCFA) was
used to evaluate the structure validity of the studied
questionnaires, Several criteria were used o assess
goodness of fit, including chi-square statistics, root
mean square error of approximation (RMSEA), Tuker-
Lewise index (TL1), and comparative fit index (CFI)
Nonsignificant values of chi-square test (chi-sgquare value
can be significant at 0.1 level then it can be iterprated
variables have relationship with each other), values of CFI
and TLI=0.95, and RMSEA=D.08 can support accepiable
model fit since Hu and Bentler (1995} imply TLI value is
usually lower than CFI meanwhile values more than 0.90
or 095 are considerad acceptable. However, chi-square
statistics detects even trivial differences under large
sample size (Cheung & Rensvold, 2002); n this study
the other above-mentioned indices were used as well
The Mean- and Variance-adjusted Weighted Least Square
(WLSMV) estimation procedure in the LISREL software
was used to perform the CCFA.

The values of fit indices (RMSEA, CFI, and TLI) for
the CCFA in Table-1 indicate one-factor model for
burmnout questionnaire and introversion and extroversion
questionnaires it the data well (RMSEAs=D.10,
CFIs=0.0.98, and TL1>0.97) which confirm the construct
validity of all queshonnaires,

The descriptive statistics through 5PS5 16 s used for
correlation between thrée variables. Morcover, for testing

the studied model, structural eguation modeling (SEM)
through Lisrel 8.54 is used.

Table 1: Goodness of Fit Indices for Assessing

Structure Validity
Fuactor Goadness af fit indices
Jadnt | cH TLI RMSEA |
brurm ot 31243 (.99 0038 .16
-Extru VETEI A2A2(20) {499 0.6y {00
Imiroversion (20} .98 0a7 1l

-f i3 sipnificant at 0,1 Leyel
5. FINDINGS

The significance of relationship between three variables is
attained through the correlations resulted from deseriptive
statistics as shown in Table 2t

Table 2: Pearson Correlations of Three Variables

N=216
Raw | Virtables i 2 i
| Burnout =
z Extraversion [h50e= -
3 Introwersion a2 -[L5R"* -

** Correlation is significant at the 0.01 level

As it is seen in Table-2 three varibles have significant
correlation at the 001 level Actoally, bumout and
extraversion have positive relationship between each
other while introversion has negative relationship with
two others.

Figure obtained through SEM is offered in the diagram-2:

It can be said from the dingram-2 the results achieved
from SEM to test the model is the same as the results of
descriptive statistics, means there is direct relationship
between burnout and extroversion meanwhile there is
inverse relationship between burnout and introversion.

There is fit statistics achieved from SEM to prove the
sigpificance of tested model. Actually, the wvalues of
fit indices showed the model fit the data well so the
hypothesized model is correct. The following table is fit
statistics and the optimal cut pomnts:
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BREEBERE

Chi-Square=341.13, df=149, P-value=0,00000, PMSEA=0.077

Fig. 2: The Basic Model of Testing the Impacts of Personality Traits, viz.. Extraversion and Introversion on
Telecommuters' Burnout 1. Burnout, f2.Extraversion and f3. Introversion

Table 3: Fit Statistics and the Optimal Cut Point

Row Fit Staristics and the Opiimal Cur Point Figures
| Chi-Sguare (P=0.0) 34013
2 —E:gt_;::;l_'l_::cmum {DF} |44

3 Comparntive Fit Index [E_'Fl} C'FIE.% 0.95

4 Ciopdness of Fit Index, (GFLGFL 095 (1B&

3 Knuu;.ll':ilgnmsla;um Em_;":;;:prﬂussilmnnn (RMSEA )] RMSEA < (.08 G077

Chi-Square with P-Valae 0.0 shows significant relationship
ameng variables. CFI value > 0.95 is acceptable as the
Table-3 shows the same. GFL = 0.90 or 0.95 Is considerad
acceptable (Hu & Bentler, 1995) though in Table-3 GFI
indicates approximately the same. Thus, figures obtained

through SEM shown in Table-3 indicate tested model isa
good fit for the present research data.

Additionally, through Fegression Analysis, the functional
relationship between the variables are achieved (Table-4):
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Table 4: Regression Analysis

Standardized
Unstandardized Coefficients Coefficlents
Modal B Std, Emor Beta t Sig.
1 {Constant) 5716 1.348 4247 000
exroveried 1974 253 523 7803 000
introvenad - 480 261 =124 -1.842 067

a. Dependent Vanable: bumout

From Table-4 it can be mterpreted if extraversion scorg
increases by |, burnout unaverage incréases by 1,97 and
if infroversion score increases by 1, burnout unaverage
decreases by 048 indicating extraversion has positive
relationship with burnout (increasing extraversion leads to
inereasing burnout or vice versa) meanwhile introversion
has inverse relationship with burnout (increasing
introversion leads to decreasing burnout or vice versa).

6. DISCUSSION

The present study 15 an attempt to indicate the relationship
between personality stvles: extraversion and introversion.,
and bumout. In the light of the above results in Table-3,
the goodness of the studied mode! is proved as seen in fit
statistics obtained through testing primary model in SEM,
Asshown inthe Aindings, it can be construed both predictor
variables; extroverted and introverted pﬂsmw_lhy have
significant relationship with the eriterion variable: burnout.
Table-2 connotes the correlation between extraversion and
bumout is a direct one thereby an increase in extroverted
personality fellows by an increase in telécommuting
burnout. Whereas, introversion hus an inverse correlation
with variables extroversion and burnout which means an
increase in introverted personality oceurs with a decrease
in extroverted personality and bumout. . It 15 seen fromn
Table-1 Chi-Square values indicate there 15 a significant
relationship among variables (it can be obtained online
through Chi-Square Distribution Caleulator and Chi-
Sqguare Critical Values Table as well). So according
to later data as well, it can be presumed extraversion
has positive relationship with  burnouwt, introversion
has negative relationship with burnout and moreover
extraversion and introversion have negative relationship
with each other Additionally, it is obvious from diagram-2
there 1s a positive statistical significance of 0.55 between
extraversion and burnout while negative one of -0.13
between mntroversion and burnout. On the other hand,
as it is offered in Table-2. figures imply extroverted
and introverted personalities have a remarkable inverse
relationship to each other. Definitely, any extroverted

ndividual cannot have introverted personality as well.
Similarly, i Regression Analysis (Table-4) the nature
of the relationship between variables is established and
the strength of the model is represented as well. An
increase in employee’s extroversion personality will
inerease telecommuting burnout by 1.97 and an increase
in introversion personality will decrease telecommuting
burnout by 048, Through all these interpretations it
can be concluded that teleworkers with extroverted
personality are more apt 1o take burnout symptams during
telecommuting job whereas introverted teleworkers show
less potential to take teleecommuting burnout symptoms.
It seems extroverted trails in employees do not suit with
telecommuting features although findings show vice versa
in introverted employees.

The significance of these findings 18 that with the help
of the obtaingd results, organizations have this option
to match employees' personality to their remote job to
prevent or decrease job burnout especially in this constant
changing era where [T developments may cause some
obstacles for orpanizations as well.

On the other hand, since the objective of this work
is studying of the relationship of extraversion and
mntroversion with telecommuting burnout, the scope of
studied theoretical medel is limited to only the effects of
two traits of personality, viz., extraversion and introveérsion
on telecommuting burnout. Then, the results cannot be
associnted with other personality styles. Furthermore,
other internal and external factors impressing individual's
burnout are neglected in this research. In virtue of limited
variances 1n this study, it seems lhighly improbable
to expand these results to other factors and variables.
Additionally, since the parameters in this study were
limited to those mentioned variables and it was deall with
only the effects of teleworkers' personality on their job
burnout and since in the informal discussion. emplovees
mentioned some other factors as pros and cons of dealing
with telecommuting: employees’ introversion trait might
not show its positive relationship with their job burnout.
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7. CONCLUSION

Generally, as respects above discussion. it would be
concluded in the studied model which is on the basis of
French's model of person-environment fit; individual’s
personality can have a significant effect on her/his
wellbeing i job environment. Actually, personality
trais, extraversion and introversion which are studied
in this research can determine individual’s burnout in
remote job setting. With respect to French's model it
can be said features of extroverted personality muisfits
with features of remote work environment. therefore it
brings about telecommuter’s burnout. On the other hand,
features in introverted personality matches with features
in this kind of job setting, hence mitigates emplovees’
bumout caused through telecommuting Features. Despite
of these conclusions, it cannot be said the results are
absolutely emerged because of personality types since the
teleworkers were not in absolute teleworking job setting
50 the results can be affeeted by environmental impacts
teleworkers were facing.
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ABSTRACT

The eurrent generation of moblle Retworks continues 1o transform the Way people cormmunieats and access information. Further
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Fig. 1: Upcoming Technologies

Business and IT stakeholders to establish the value
addition and subsequently talks about the approach
und methodology that the company followed for its
consultative engagement for business and technology
transformation for a telecom service operator. We started
this journey by creating a business case for justifying a
particular function within the business organization and
laymg the foundation of going for IT transformation in

general. The Operational Transformation Stratepy has
been depicted by the Operating model which acts as the
baseline, deriving the process architecture to form an
integral part of the enterprise architecture library, To aid
the operators ride the chunge, embrace the digital future:
a standard consultative approach is required 1o understand
the strategic vision of the organization and chalk out a
roadmap to make digital transformation a possibility.
Once the high-level view is blueprinted. the approach
talls about going into the details of the existing processes
for business transformation

1. Business CAse OVERVIEW

The world is trying to become completely wireless,
demanding uninterrupted access to information anytime
and anywhere with bettar quality, high speed, increased
bandwidth and reduction in cost.

A transformation joumey 18 never complete without a set
of highly fexible and scalable target business processes
defined to cater the business needs, changes happening
in the business scenarios, filling up the dots behind to
ascertain technological changes necessary 1o manage the
business needs.

1.1 Operator Overview

The operator has made several wequisitions in different
countries and especially in Africa in 2005 As the market




in almost saturated in the Middle East, it is moving to
International locations and right now has s operation
in 17 different countries across Asia, the Sub-Saharan
Adrica. It is the largest carrier of the international voice
traffic in middle-cast and Africa and one of the top voice
carriers in the world.

With the new acquisition and also with the advent of
newer technologies introduced to the market the operator
was facing the problem with their lesacy systems, The
business is becoming critical and it was difficult for them
to cope with the business needs and the fast paced business
scenarios which are coming up. They don't have the proper
IT backbone to support their newer products which they
want to lounch to counter their competitors. Also the
legacy systems are mostly disparate, very little mtepration
amongst them which makes the marketing departments’ job
very hard when they want to launch any newer technology
product with much faster TTM. Most of the time it ends
with blame gaming between departments and it lost the
first mover advantage so as the opportunity cost.
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Fig. 2: Global Presence

Aboveall, a lot of manual activities makes it even harder
and make it error prone. Top management understands
that they really need some kind of transformation in order

to be at the leader position.

1.2 Business Case Snapshot

Ericsson being a Consulting lead Sl oreanization las
engaged with several operators in the past for delivery
of large seale transformation projects. One such example
is mentioned as an interesting example in the context
of this paper. This was primarily with the COO of the
organization of the service provider to establish the
credibility of business analysis function within the client
organization along with other competitors.

Estabizh the
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Fig. 3: Consulting Approach - Summary
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To establish the credibility of the Demand Management
Function (DMF ) which would establish business analysis
as its core responsibility from a business side. The
exercise was kicked off with a consulting fed business
case around the operator’s Order Management domain
to demonstrate the value of DMF as a function. The
businegss case would help in establishing the fact that, for
a business transformation, a business analysis function
needs to be set up. Once the business case 15 established
that, the organization needs to invest in a business
analysis function: then Ericsson would go forward with
the business transformation. Thus Ericsson would set
up the function as well as help the operator with the
transformation,

Thus it was a 2 phased approach. Firstly, to establish the
credibility with the business organization in creating a
business case for the Demand Management functions.
Secondly, once the credibility was established we went
ahead with the transformation program in general.
The following activities are performed:

|. Analyzed the entire Order Management lifecyele.

2. Collation and compilationofall the Order Management

domain pain points addressing the key issues.

2. BUSINESS CASE - INPUT ANALYSIS

3,
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All initiatives identified by operator’s business have
been mapped back to pain points and root causes
which were further analyzed to complete the e2¢ im-
pact analysis for Order Management domain.

Impact Analysis has been done for the Order
Management life cyele to show impact correlation and
mapping it across the three domains - Revenue Margin,
Customer Experience and Operations Function.
Impact analysis further leads to analysis of potential
business opportunity loss for the operator.

Proposed Solution ldentification and proposition
for creation of Business Analysis and Requirements
Management function across BUSINESS and IT or-
ganization of the Operator.

Process Governance Model proposed for BIB in the
Order Management domain,

. Business Process design for Incident Management

both proactive and reactive scenarios

In addition to the Order Management scope, all low-
level requirements analyzed further for the To-be ini-
tiatives for CRM domain and mapped it across the
solution being implemented.

Table 1: Input Analysis

Parameters Value in Unit
Tl Orders penermtod per YEAR [2E000
Total Orders generated in effectiveness (80% of the 10wl orders except the omders which aee simply manipulated with minor edis) 02440
Mo of orders being processad successfully inas YEAR - Voice Q0
No# of orders being processed successfully in o YEAR - Non Visice 12600
Nod of erders being processed for Manueed Services (Noen Voice) [ 200
Tom] turmeround time (TAT)— aversge per order Voice (80% weight) 4 diys
Total turmaraund time — pverage per otder Non Vaiee] 19%, weight) 100 alues
Total urnaround time — pverage per order Managed Service (MNen Vooce)i 1% weight) T days
Wenghited average TAT (Voice + Non-Voiced Munoged Sarvice (Non Voiceld 4.61 davs
Totn]l TAT Fdays
Orpder Placement and Q& 1.25 dinys
Opler Captuee and Vididation 125 diys
Crrdder Processang E.25 diys
Process and Governance 1.25 days
Root Cause for delay in TAT

Business Analysis = Lack of process standardization [h43
Businéss Annlvsisand low level desigs impuct .35
Met Lmpuel of Businesy Analvses and Low Level Diesipn (r349

*®= Source — Encsson Ponmary Besearch




The Corporate dimension Impact Analysis (%eage
wise) done on People, Process and Tmhlmiugy and the
following result obtain:

Table 2: Dimension Impact Analysis

Order Management Life | People | Process | Technology
Cycle

Order Plicement and (A 3857 L0000 5714
I‘.;iﬂ.il.ﬂ‘ Copture und Prepam- | 2837 T4} 3704
(TIREH]

Order Processing 3333 6. TT A 44
Process and Governanee 20.00 100,00 20,00

*=¥ Bource — Ericsson Primary Rescarch

There are possibilities of one to many relationships like if
one single activity can betaken by all peaple, process and
technology or by any combination of those.

Transformation Dimeénsion Impact Analysis caleulates the
effect of the overall transformation program on the high
level KPls; In this case, we have calculated the percentage
improvement that we are expecting as a result of the
transformation program (%sage problem mitigaton).

2.1 Business Case 1
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The Transformation Dimension Impact Analysis (Yeane
wise] also done on Revenue & Margins, Customer
Experience and Operational Efficiency. The following
table shows the percentage of pain points/requirements
that impact RM, CE, OE. After wansformation once the
pain points are mitigated, an overall improvement in the
domains are also expected.

Table 3: Transformation Dimension Impact Analysis

Orider Revermue | Customer | Operaticnal
Management Life & Experience | Efficiency
Cycle Margins

Order Placement and | 786 14.29. 25041
QA

Order Capture aml T4 171 2504}
Preparation

Orpder Processang sy T.14 2BST
Process and Gover- 0,00 RAT I7.86
nance

** Bource — Ericsson Primary Rescarch

We analyzed the scenarios in details and came up with
three different business cases

Table 4: Business Case 1

Business Caye {

Effective Targer Improvement Comimenis

Proposal QA 0,7625 [1- 0,39 (1ab-1, NET IMPACT)] * Input Proposal QA

Opler Capture and validation 07625 {1- (39 {ab-1, NET IMPACT)] * Input Order coplure

Order processing 076235 [1- 039 jab-1, NET IMPACT]] ™ Input Crder caplure

Process and Governanece {7625 [ 1- .39 {1ab-1, NET IMPACT)] * Input P&EG

Totm] TAT Revised 305 Sum of above 4 rows

# of revised prders which arve being handied now 16THAE 85 (Total Orders penemted per vear ot TAT Bevised ) *Total TAT
Average revenue per order - Voice 1735.34 Ciiven

Average revenue per order - Non Voiee g2 Given

Avemge revenue per order - Non Vodee Maruged Ser- | 147R047 Civen

vices

Avernge NET Revenue (Volee! Non Volee! Man- | 2051.20 wiiphted average (voice B0, no-volee 19%, non-vaice MS 1%
aped Services)

For | trunsformation project ealy in the Ornder Han- | 8134558, 759,60 | (Revised order — Total Order)®Avg Met Revenue

dling dotiin

Foras matty ns [0 teansformation propect rcross O35/ | §1,345.587.596.01

355

=* Source — Ericsson Prmary Research
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According to us, the business scenario has its own merits.
The inferences drawn from the scenario are the Tollowing:

2.1.1 Inferences from Business Case: Scenario 1

» Business Analysis both from Business and IT sides
along with lack of process standardization has an ef-
fective mean impact of 39% in improving TAT for
all category of orders

= Each dimension “PROCESS" would impact the
Business Side of Operator and “TECHNOLOGY™
would mmpact the IT side of Operator.

» Revised TAT for all orders for the full life eyele is
down to 2,83 days if ONLY “PROCESS" dimension
15 concemned.

* Revised TAT for all orders for the full life cyele is
down to 3.25 days if ONLY “TECHNOLOGY™ di-

mension is concerned.

» Effectiveness in the adaptability of Business Analysis
both from Business and 1T side will vield “business”
benefits.

2.2 Business Case 2

Table 5: Business Case 2

Business Case 2 -
Vodee per doy revenive | 13687T4376.6 fyear 429702 8126
Dati per day revinue 292805909, 07 'vear U221 66BE6E
Mumttaged  Service per | 17736356163 yveur 4H393. 31953
dav révenue

SFR607T.8008
Per Doy Bevenue [nere- | Improved TAT of 2| S1117.215.60
et duys Syield

=#Source — Ericsson Primary Research

2.2.1 Inferences from Business Case: Scenario 2

* The Average effective revenue gain would be con-
sidered for each category — voiee, data and managed
SErvices.

» The revised TAT will initiate Billing for the custom-

ers 2 days earlier henee there would effective gain of
2 days” worth of revenue

Vorlume $0 fssue | Seprember 20017

2.3 Business Case 3

Table 6; Business Case 3

Business Case 3 ;

1206
As per present growth rate and market potentinl | T0%

# of orders being processed oo year

Hevised # of orders being processed fna year RS

Total Expected Reévenue from MS in o Year 230,152, 15477
TAT Impact %wage Improvement 44

Revised TAT for MS Orer 465

Actual Realized Revenue
TAT Additional Revenue Tmpact

§50.251,591.29
F20,1010,436.5 |

Improved TAT
of 2 duavs Svield

#*Sounce — Erdcsson Primary Research
2.3.1 Inferences from Business Case: Scenario 3

* The growth rate of Managed Serviees product cat-
ggory is 70% YoY (data from Operator business)

¢ The revised TAT will have an effective pain of
30.15m% only for Managed Services.

3. SOLUTION APPROACH
3.1 Business Led Target Operating Model

A good place to start 15 with a value-chain map, First,
identify the focus on product/market segments that the
organization is serving. Clarify the offer being given to
gach segment. Then defing, for each segment separately,
the value chain of activities that are needed to deliver
the offer. Different value chains can then be compared
side by side in order to identify steps in the chain that
can be “aggrecated” 1o gain economics of scale or
“standardized” to gain consistency or “separated” 1o
gain local adaptation. These choices then lead directly
to organizational implications, Once these economies of
scale achieved can wse these to convert to economies of

scape.

With that Ericsson presented the problem to Operator
which has largely been accepted. The IT system
Complexity of Operator leads to low efficiency and low
business functionality:

¢ Slow in responding to business needs.

s Costlier IT Solutions.




» Customer Insights are difficult to get because of
complex data structure,

» Not digital enough to offer ¢loud and other newer
SErvices.

» Business processes are not updated and lack of
autemation.

+ Same data is kept in many application so as to make
the system very slow and unresponsive,

= Disparate legacy system maokes it difficult 1o scale
up,

Business Transformation= Conxuliing Perspeciive 13

So a proper Business and [T transformation are required
for Operator with a Target Operating Model in place. The
Opetating Mode] derived needs to be guantitatively and
qualitatively mapped to the drivers which would help
identify the tangible benefits, both in terms of revenue
and cost for the organization,

Ericsson first chooses to ereate the basics with the TOM
and in this journey the first job is to find out the key
Parameters.
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Fig. 4: Target Operating Model

With those key parameter identified for the program.
Ericsson started the full transformation journey not only
to attain those but also to create a sustainable model for
the future,

3.2 Transformation Approach

Ericsson started their journey with their own methodology
derived from ¢TOM which 15 extremely agile. The
following methedology has been adopted that will allow
the customer to get their transformation done is a quicker
and very minimum distraction from their daily operation:

Two dimensional analyses — one from the organization
objective stand pomt and the other from a business and
operational transformation objective stand point

“Corporate dimension” impact analysis done across 3
main dimensions of People, Process and Technology.
Each has been broken down into specific parameters for
objective analysis

“Business Transformation” impact analysis done across
3 main dimensions of Revenue & Margins, Customer
experience and Operational efficiency

Each hife cyele stage within the business domain
is cross mapped across Organizational impact and
Transtormational impaet to ensure effectiveness and
criticality of the overall Business Analysis program

Three-step transformation strategy methodology has been
described below:
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Transformation Methodology
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Fig. 5: Transformation Methodology

3.2.1 Assess & Analyze

During this stage, we will develop an understanding of the
current operator landscape including business objeclives;
processes, organizational  structure and  capabilities.
We will compare that information 1o industry standard
frumeworks and reference architectures as well as to
Operator's desired target state in future steps.

This will be followed by collecting existing documented
processes and conducting maturity assessment and map it
to the End to End. We will also assess OPEX and CAPEX
efficiency, baseline performance and effectiveness.
The process map and performance will later be used in
subsequent stages to benchmark against leading industry
practices.

Key activities to be executed in this stage include:

= Conduct business stakeholders interviews & work-
shops and capture key business requirements,

¢ Collect & review existing documentation 1o identify
and standardize current state information, current
business processes,

+ Collect and review customer pain points across func-
tional units in order to identify potential issues and
saps against best practices,

» Map the processes against industry standards and
wentify preliminary potential gaps.

Outcomes:

= Current As-1s processes

= Pain-Points Capture

I sfosveea Ba]

Fig. 6: Current As-Is Processes
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During this phase, we will also analyse the information
and benchmark against leading industry practices. Key
activities to be performed in this stage include:

» Assessment of documented current state of processes,

» Identifv gaps & improvements based on Telecom
Managed Services best practices.

= Align with the to-be Technical Backbone.

Valume 10 Issue | Seprember 2017

» Cost vs Value comparative analysis of the target
stacks.
Outcomes:
» As-1s & To-Be process Gap Analysis.
* Find out the key focus areas/pain points.
* To-be Busmness Processes to import to Operator pro-

. cess tools.
» Design of to be processes to the lowest business pro-
cess level (one step above the Network/1T backbone)
using the Telecom industry best & next practices.
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Findings, Gap Analysis and Recommendations
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3.2.2 Innovative To-Be

In this phase, we will focus on identification and
alignment of short-term initiatives to long-term goals and
the development of feasible options for re-engineering
tarpet processes, Staff raining and Process trial/test will
also be conducted during this stape.

Using feedback received in earlier steps, we will
refine the recommendations and create the high-level
target operating model that addresses alignment across
technology,  organization  structure and capabilities.
guideline processes and KPIs that will be used to measure
the suecess of and progress toward the transformation
Vislon.

Key activities to be performed in this stage include:

= Define Performance Metries for ¢ach process area.

= Recommend and kick-off a roadmap for process
automation.
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* Perform analysis based on those gaps and pain points,
provide recommendations for the strategic roadmap
in future steps.

» Propose changes and recommend organization chart.

» Trial/Test Processes whilst providing OJT and class-
room froining.

Outcomes:

» Recommendations to address gaps in systems, pro-
cesses and arganizational structure.

* RACI Model covering KP1 view.

* To-Be processes (aligned to systems architecture and
industry good practice) and related dashboards,

= Proposed organization, staffing, roles and related
competencies.

* Training and updated processe¢s based on trial/test
results.

Fig. 13: To-Be Processes
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3.2.3 Iterative Finalization

Based on the target operuting model, Strategic Goals,

Performance Metrics

logical checkpoints defined throughout the transformation
program at which senior stakeholders will need to make
decisions to continue moving the program forward (e
partner seléction and internal resource alignment).

Fig. 15:

Gap Assessment, and Recommendations. we will develop

a strategic roadmap. that deseribes the path forward
for Operator’s Governance and Service Management

Framework Implementation.

We will identify executive decision points over the time

Key activities in this phase include:

* Building the Transformation Blueprint for transition-
ing from As-Is to To-Be states and impact to strategic
ohijectives,

frame covered by the roadmap to ensure that there are
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* A poster-sized view of the current work streams » Cost estimates for Governance & SM Framework
related 1o the wansformation initiative showing the implementation
relationship between the as-is and to-be states, initia- + Final executive presentation describing the agreed

tives, business units and stratégic objectives, :
teansformation plan.

= Aligns the program and organizational units to the
achievement of business benefits & operator’s strite-
gi¢ vision — not to project milestonas.

| As-Is Situation To-Be Vision Grganizalional
Units

N T P /
o N _ YV s .. ==

CLouUD

Benefits

CARE

INTEGRATICNMN

Timelines

Program
Domains

Fig. 16: Operator’s Governance and Service Management Framework Implementation

Ouicomes: 3.2.3.1 Deriving the TOM

* Transformation Program Blueprint for ; g i ——
Governance and Service Management Framework As the t_mnsionnntmn B dand now'se .ﬂm dcrwatia:'m al
. TOM with processes and KPIs defined is much easier as
Emplementation, the transformation was based on the TOM parameters
* ldentification of "Low Hanging Fruit” that could  only
help achieve Quick Wins and build traction for the
inftiative.
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Fig. 17: TOM KPI1 Metrics and Processes Mapping

Onee the TOM is done it helps to provide:

» an operational vision to the IT Strategy team in guid-
ing them through what should be done in an ideal
state scenario.

» single view of People, Process and Technology along
with organization roles and responsibilities helping
operator decide on Operational Strategy for short
term and long term.

» gives a unigque correlation between business objec-
tives and operational vision,

» flexible model stating possible operational impact
zones for Change Management.

* helps align Operational KPL's to the Operational
strategy.

4, FINAL ORGANIZATIONAL BENEFIT OF THE
WHOLE PROGRAM

The final outcome of the entire program s the
transformation blueprint from the current state 1o the
desired organization state to achieve business goals. It
gives a poster-sized view of the current work streams
refated to the transformation initiative showing the
relationship between the as-is and to-be states, initiatives,
business units and strategic objectives. The program also
helps in the Identification of “Low Hanging Fruit™ that
could help achieve Quick Wins and build traction for the
mitiative:

ke [ 111 | v} Orders fulfiled
icall
3 months aftes faunch Mtomatios iy
showter [r— TFH'IE 20t e
& :;iﬂ?il e EMPLOYEES dowen from
3 to 1 week
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In taking organizational +50% roduction in
" decisions iboun caf rbted 1o
ooy ol ol ooy o oo e
ol el el oo i il 35% elimination ol 1T
+90% improvementin ﬂ'“’:fm‘mﬂﬂi
CLUSTOMER SATISFACTION applications

Fig. 18: Benefits to the Organization

Keeping this blueprint as the reference. the [T, systems
and organization transformation would lead to intangible
benefits Tike a more fiexible and modern organization with
clear defined roles and responsibilities, new age systems
to handle the changing need of the customer, department
and system wise mtegration of the organization.
Tangible benefits would be the improvement in customer
experience, faster TTM for new product launch/update
or decommission, reduction i operations time and
manual effort, faster training of new employees due to
set processes and proper documentation, elimination in
unnecessary legacy applications and improvement in
service fulfillment time.
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GLOSSARY

XG(2G, 3G )-X
Generation

TCO —Total Cost of
Ownership

POC — Proof of Concepl

TTM — Time to Market

GTM — Go to Market

QA — Quality Assurance
TAT — Turn Around Time

OSS/BSS — Operation
Support System/Business
Support System

TOM — Target Operating
Model

RAC] — Responsibility,
Accountability, Consult,
Inform
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XG(2G, 3G )-X QA — Quality Assurance
Generation

B2BE — Business to KPl - Key Performance
Busingss Indicator

E2E - End to End

CEM — Customer
Relationship Management
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Overview of LTE based Cellular V2X
Communication
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ABSTRACT

Vehicke-to-Everything Communication (V2X) is a technology that allows a vehide lo communicate with different entities of the
traffic system. Thesa entities include other vehicles (V2V), pedestrians (V2P), infrastructure like traffic signals (V21) and application
servers (V2N), V2X applications can transform existing transportation systems into [ntelligent Transporl Systems (ITS) that will
provide intelligent services such as sutonomous driving, collision warning, traffic regulation and Infotainment.

IEEE 802.11p Wirgless Access In Vehicular Environments (WAVE) baszed redio access has laid the foundation for V2X
communication. It defines enhancements to IEEE B02.11 to suppart ITS applications. |[EEE 802 11pallows vehicies to communicats
their state, sich as position and speed, to surrounding entiies. However, though IEEE 802.11p gives acceptable performance in
sparse networks, Its performance deferiorates drastically in denss and high load conditions. In dense networks, the probablity of
collision of data packets increases significantly thereby reducing throughput-and increasing delays.

Cellular V2X s the use of cellular radio attess technologies like LTE for V2, It has been shown that LTE V2X provides better
performance in different network conditions and provides better mobllity support than IEEE 802.11p. It is'also suitable for most of
the use cases of V2 |n this study, we have dore systernatic literatire review of LTE and |EEE 802 11p based V2X. We present
8 technical averview of LTE V2X and describe & few imporiant use cases. We also present a comparizon of LTE WV2X with IEEE
B02.11p and highlight the benefits of using LTE for V2X.

Keywaords: V2X, LTE, [EEE 802 11p, ITS

Systems (1TS) that will provide mtelligent services such
as autonomous driving and remote diagnostics. [t will also
open up a plethora of opportunities for service providers
to develop and provide various new Cconvenience and

1. INTRODUCTION

Vehicle-to-Everything (V2X) 1s a communication system
that allows a vehicle to mteract with all other entities of

the traffic system around it. These entities can be other
vehicles, pedestrians or road side units (RSU) like traffic
lights, speed monitors, light poles ete.

The most important goal of V2X is to improve road
safety, Studies show that road accidents are one of the
leading causes of death across the world, V2X can be used
to exchange tumely waming messages between traffic
entities thereby reducing chances of accidents. Each
vehicle can also perwodically broadeast certam parameters
about it like location, speed. direction ete., which can help
other vehicles take safe decisions.

Information exchange between RSUs and vehicles can
also be used to monitor, regulate and manage traffic
efficiently, An efficient traffic management system will
gase congestion and reduce the average time spent by
commuters on road. V2X will bea key enabler to redefine
existing transport sysiem  into Intelligent  Transport

commercial applications that will benefit end users,

2. V2X LITERATURE REVIEW

V2X requircments are slightly different from the
requirements of existing technologies like Wi-Fi and
cellular technologies. Hence it 1s necessary to either
come up with a new technology or enhance existing
technologies so that they meet all the V2X requirements.
Karagiannis et al. (2011) explain the characteristics of
V2X n detail, They also discuss about the requircments
and challenges of V2X. WAVE and LTE based Cellular
W2X are two most promismg technologies for V2X. Jiang
& Delgrossi (2008) give details about WAVE which is an
IEEE standard for V2X communication. 3GPP TS 36,300
gives an overview of LTE V2X. Service requirements of
LTE V2X are described in 3GPP TS 22,183, 3GPP TS
23.285 and R1-15660 describe the enhancements done in
LTE to support V2X applications,
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3. OBJECTIVE OF THE PAPER 4.1 Road Safety

We have done systematic study of V2X and its technical I
requirements from existing literature. The purpose of
this paper is to summarize the concept of V2X in simple
terms. We also give technological insight into I[EEE
R02.11p based WAVE and LTE V2X and compare their
performance under different conditions.

4. APPLICATIONS OF V2X 3.

V2X applications can be classified mto three main
categories, namely, Road Safety, Traffic Management
and Infotainment. Some applications in each category are
mentioned below.

1.2

. Collision Risk Warning: A vehicle that intends to

take a sharp turn warns other vehicles and can pre-
vent collision.

Overtaking Warning: A vehicle that 15 overtaking
ancther vehicle sends signals to all other vehicles
around it to make overtaking safe.

Vulnerable Road User Warning: Pedestrians or RSUs
can warn approaching vehicles about the presence of
a vulnerable user like a pedestrian or a cychist.

?
& 2 A
= e R e p '
[ v P s,
a) CollisionWarning | b) Overtaking Warming ¢) Vulnerable Road UserWarning

Fig. 1: Road Safety Use Cases

Source; ETSITE 102 6338

4.2 Traffic Management 2. Speed Limits: RSUs can periodically broadcast cur-
rent focal speed limits,

L Dctgur WEI"’FE: RSUs can broadeast messages to 3. Intersection Management: Traffic signals at cross-
vehicles warning them about road work and ask them roads can interact with one another to improve traf-
to take a detour. fic efficiency. For example. signal timings can be

optimized based on the number of vehicles in each
direction,
Speed Limit B Kmgh ‘ & "
° @
e oy o
=
a
a) DetourWaming b) Regulatory Speed Limit ¢} Intersection Management

Fig. 2: Traffic Management Use Cases

Source: ETSI TR 102 638

4.3 Infotainment 2.

|. Media Downloading: RSUs connected to internet
can provide multimedia for passenger entertainment.

Point of Interest Netification: RSUs can inform vehi-
cles about nearby points of interests like restaurants,
malls efe,




3. Remote Diagnostics: Vehicles can report their cur-
rent functional state to a pearby RSU which in tum
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can send the report to a service center. The service
center can remotely provide help in case of any

problem.
I-m W e . m ;‘{ f:.rhnll‘:l: I.H. prriiey vahiae
et S , S Parurrsglury
|\. ~d_ -: rry L !:::q:lmul h\a
E i [
oy 4
-y ﬂ
a) Media Download b} Points af imterest Notification ¢) Remote Diagnostics

Fig. 3: Infotainment Use Cases

Sowee: ETSITR 102 638

5.V2X MODES OF OPERATION

To cater 1o the different use cases defined in the previous
section, vehicular communication needs to operate in the
following four modes {(Fig. 4)

Pedesirian R3SU
by, o
. v )
& « =P
Vehicle Vehicle Metwark

Fig. 4: V2X Modes

Vehicle-to-Vehicle (V2V): V2V is the communication
between devices mounted on moving vehicles. Vehicles
can exchange information about their current location,
speed, direction and certain other parameters. The amount
of data exchanged in this mode may not be very high but
they do require very low latency. This mode of operation
will be mainly used tor road satety.

Vehicle-to-Pedestrian (V2P): V2P is the communication
between vehicles and pedestrians or cyclists. This mode

will also be mainly used for road safety. Throughput and
latency requirements of V2P are similar to V2V, The main
difference between V2P and V2V is due to the properties
of the device. For example, the device used by pedestrians
might have lower battery capacity, and therefore it may
not be able to send messapes with the same periodicity
as devices mounted on vehicles. Mobility requirement is
also low for these devices,

Vehicle-to-Infrastructure {(V21): V21 is the exchange of
information between 4 vehicle and a RSU. This mode can
be used for Traffic management and infotamment.

Vehicle-to-Network (VIN): VIN 15 the communication
between a vehicle and application servers in the network,
It can also be used for communication between vehicles
that are not within communication range of each other,
These applications may require high throughput but
latency requirements are not as stringent as VIV or V2P

6. REQUIREMENTS OF V2X
COMMUNICATION

The underlying technology that is used for V2IX
communication  should meet the following basic
TEQUIFEITIENTS.

Interoperability: [t should be a standard solution that can
guarantee interoperability between different devices.

Range of Operation: Road Safety Applications like
Collision warning systems should work at a very short




26 Telecom Business Review: SITM Journal

range of a few meters. However traffic management
applications may need longer ranges of 500m — 1000m.

Low Latency: End-to-end latency for eritical V2V and
W 2P applications should be less than 100ms.

Multipath Environment: The technology should work
well even in extreme multipath environments without
affecting receiver performance:

High Speed: It should work well in all four modes even
at high speeds (280 km/hr.)

Spectrum: It should be able 1o operate in TS bands
allocated by regulatory bodies like FCC and ETSI For
example, FCC has allocated 75 MHz of spectrum in the
5.9 GHz band and ETSI has allocated 30 MHz of spectrum
in the 5.9 GHz band for I'TS,

To meet the above requirements, [EEE and 3GPP have
come up with new standards for VIX communication
called WAVE and LTE V2X respectively. In the next few

sections we give an overview of both these technologies.

7. WAVE STANDARD FOR V2X
COMMUNICATION

Wireless Aceess in Vehicuwlar Environment {WAVE) uses
IEEE BOZ.11p which is derived from the stable IEEE
B02.11a Wi-Fi standard.

IEEE 802.1la 1s'a proven standard and works well in
indoor environments, However, V2X communication
requirements are different from the regular indoor Wi-
Fi requirements. Hence a few modifications are done
o make it suitable for vehicular communication. Some
important differences between IEEE 802.11la and IEEE
B02.11p are tabulated in Table 1.

Table 1: Differences between IEEE 802.11a and [EEE

H02.11p
Feature IEEE 802.11a TEEE 862.11p
Rand of operation 2AGHz and 3 GHz ﬁg Hhz s
Bund

Channel bandwidih 20MHz 10 MHz
OFDM Symbel Duration | 4 psec 8 psic
Cyclic Prefix 0. 8psec L.Guser

) . - EDCA und
Channel Access CEMACA CSMACA
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In IEEE &0Z211p, OFDM symbol and cyclic prefix
durations have been doubled as compared o IEEE 802,11 a.
Longer OFDM symbol and eyvelie prefix durations reduce
ISI in multipath propagation environments, Bandwidth
reduction from 20MHz to 10MHz also has the effect of
reducing RMS delay spread in vehicular environments,

Channel access scheme has also been enhanced in IEEE
802.11p. Both IEEE 802,114 and 802.11p are based on
CSMA/CA. In CSMAJCA, users sense the channel
to see if it is idle. If the channel is idle, they transmit
their packets. 11 the channel is busy or if they sénse any
collision, users back-off for a random amount of time and
retry. IEEE 802.11p uses Enhanced Distributed Channel
Aceess (EDCA) in addition 10 CSMA/CAL In EDCA., data
packets are assigned different priorities based on their
criticality. Higher priority data are assigned shorter back-
off time, thereby reducing the latency for time critical
applications,

7.1 Key Issues of WAVE

WAVE meets most of the V2X requirements and works
well under low traffic loads. However with CSMASCA
the probability of packet collisions and average latency
increase significantly with traffic density. This has an
adverse impact otveritical time sensitive V2X applications
which require extremely low latency.

Secondly, as o result of increasing the symbal duration
and guard period to reduce ISl the OFDM subcarmier
spacing in TEEE 802.11p is halved to 0.13625MHz. This
makes WAVE susceptible to Doppler Efféct causing
significant inter-subcarrier interference therehy reducing
its reliability at high speeds.

8. LTE BAseD CELLULAR V2X

3GPT has also mtroduced enhancements in LTE to meet
V2X reguirements. The main enhancements are addition
of new nodes in the network architecture, use of sidelink
communication for time critical applications, changes in
scheduling methods and some changes in rame structure:

8.1 Architecture

LTE V2X network architecture 15 given in Fig. 7. A few
additional nodes and interfaces are added to the LTE
network o support V22X,
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Fig. 5: LTE V2X Network Architecture
Source: 3GPP TS 23285
The important functional entities with respect to V2X are » V2X Application Server receives unicast uplink data
mentioned below: from UEs. They also deliver data to UEs in targeted
* V2X Control Function is a logical node that provi- areas either using unicast or multicast.
sions UEs with necessary parameters for V2X com- = V2X applicitions run on ¥V2X capable UEs. These
munication. It provisions UEs with PLMN specific UEs can communicate directly using sidelink com-
parameters that allow them to use V2X in those munication via the new PC3 interface. They can also
PLMNs, It also provisions UEs with parameters that communicate with E-UTRAN using Uu interface.

are needed when UEs go out of network coverage,

- MME obtains subscription information related to 8.2 Sidelink Communication
V2X ﬂ-?m' HSSM'EI pl’!_]-"-'ldﬂ_s natcationta B-IRAN Typically in LTE, devices communicate with each other
about UEs authorization status for V2 via the network as shown in Fig. 5.

SGW/PGW

Fig. 6: Data Path in Rel-8 LTE
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The cellular data path from UE to network and back to the
UE imroduces high end-to-end delay and does not meet
the low latency requirements of V2X. Hence to reduce
latency, Sidelink Communication feature is used for time

Vorlume $0 fssue | Seprember 20017

sensitive V2X applications. In Sidelink communication,
UEs eommunicate directly with one another via the new
PCS5 interface without the need for a network between
them {Fig. 7).

ehB1

(1)

i & -l
F'E.‘.‘Ei 15 eNB2 T SGW/PGW
5 (1)
i N\ J
e
Uy
Fig. 7: LTE Sidelink Data Path
8.3 Scheduling 2X communication, UEs use the uplink SC-FDMA

Scheduling refers to the allocation of radio resources
to devices for communication. There are two modes of
scheduling in V2X - Scheduled mode and autonomous
mode,

Scheduled mode can be used only when Uks are under
network covernge. Inthis mode, UE requests E-UTRAN (o
allocate resources for sidelink communication. E-UTRAN
then allocates the exact time and frequency resources 1o
be used by the UE for data and signaling. E-UTRAN can
also alloeate resources using semi-persistent scheduling,
This further reduces latency.

Autonomous mode s used when UEs are not under
network coverage. In autonomous mode, UUEs select
radio resources from a pre-configured resource pool. This
resource pool can be provided either by the V2X control
function when the device was in network coverage, or it
can be pre-configured in the USIM.

8.4 Frame Structure

Typically, LTE UEs use SC-FDMA for uplink
transmisston and OFDMA for downlink reception. In

frame structure of LTE for both sidelink transmission and
reception as SC-FDMA has lower PAPR than OFDMA
leading to better power efficiencies al the UE side

Secondly. additional Demodulation Reference Symbols
(DMRS) are added in the frame structure to make it
suitable for wvehicular communication. DMRS helps
receivers estimate the channel response properly. In
legacy LTE, there are 2 DMRS in each subframe with an
interval of 0.5ms. In V2V, the carrier frequency (fo) could
be up to 6GHz and the maximum relative velocity (v) can
(fe*y) _

be 280kmvh, Doppler frequency shift (fdy is

I
1556Hz. And the coherence time Tc =, ¢*ﬁ= 0.27ms.

Coherence tme is the time duration over which the
channel impulse response 1s considered to be not varying,
The time interval of 0.5ms between DMRS in legacy
LTE is larger than the coherence time of V2V and hence
may not be enough to estimate the channel response
properly. Henee V2X subframe for PCS interface has 4
DMRS symbols at an interval is 0.21ms, which 15 less
than coherence time. This makes LTE V2V work robustly
at high speeds in ITS band.
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Fig. 8: DMRS symbols in V2X Subframe in PCS Interface

9. PERFORMANCE COMPARISON OF WAVE
AND LTE V2X

Effect of Load on Latency: Simulation experiments
to evaluate the performance of IEEE 802.11p were
carried oul by Khairmar & Kotecha (2013) and Bilstrup
et al. (2008). The results show that performance of IEEE
BO2.11p in terms of channel access delavs degrades
severely at high loads, If the load is very high, some
nodes achieve successful channel access only 16% of the
time. A comparison of WAVE and LTE V2X latency asa
function of load was done by Hameed Mir & Filali (2014),
These results also show that as the number of vehicles
increases, the end-to-end delay increases drastically in
WAVE. Results for LTE V2X also indicate that latency
mncreases with number of vehicles. However, it still meets
the lateney requirements of most of the V2X applications,

Table 2: Latency vs. Number of Vehicles (N) for an
Average Vehicle Speed of 10DKm/h

Technology | N=25 N=Fi | N=168
WAVE — | (il ~A0s | ~ [ kms
LTE VIX ~10ms ~10ms | <42ms

(Hamesd Mir & Filali. 20043

Effect of Speed on Packet Delivery Ratio: [t is shown
by Hameed Mir & Filali (2014) that vehicle speed has a
sipnificant impact an the Packet delivery ratio (PDR) of
WAVE. PDR is computed as the ratio between the number
ol received packets and the transmitted packets during the
simulation time. In WAVE, as the vehicle speed inereases,
PDR drops to a great extent, However results show that
in LTE V2X, speed has almost negligible effect on PDR.

Table 3: PDR vs. Speed when Number of Vehicles

N=30
Technology | 20Km/h 60K mh | H00Km/T
WAVE ~0,65 45 |~
LTE VX -1 -1 -1

(Hameed Mir & Filali, 2014)

Effect of Communication Range: Packet reception
ratio (PRR) of LTE Y2X and 1EEE 502,11 p are evaluated

as a function of communication range by Blasco et al.
(2016). PRR is defined as the ratio between the number
of vehicles that suecessfully received the transmitted
packet and the wtal number of vehicles that are located
in the given range. In both highway and urban simulation
models, it is seen that LTE achieves significantly higher
PRR than TEEE 802.11p. LTE achieves 90% PRR at a
distance which is about twice the distance at which IEEE
B02.11p can achieve the same PRR.

Table 4: Range at which 90% PRR is Achieved

Technology | Urban Scenavie | Highoway Scemarin
{Yehicle Density: | (Veficle Density: 62 dim
2540 /km® Vehicle Speed: 140 km/h)
Vehicle Specd: 15
ki)

WAVE ~33m ~200m

LTEVIX -H5m ~456m

(Blasco et ol 2016)

10. CONCLUSION

IEEE B02.11p based WAVE has been shown to perform
wiell in sparse network conditions and it meets most of the
requirements of V2X under low traffic loads and in short
ranges, However as can be seen from Table 2 and Table 3,
performance of WAVE deteriorates drastically with traffic
density and vehicular speed. On the other hand LTE V2X
performs better than WAVE even at high traffic densities
and at high speeds. Moreover, LTE V2X is more reliable
al leng ranges compared o WAVE (Table 4). Hence,
due to its better performance in terms of scaling, latency,
range and reliability, LTE V2X appears to be a better
solution for most of the V2X applications, espeecially. for
time eritical safety applications.
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ABsTRACT

The term Internet of Things {loT) has been a buzzword for past few years with analysts claiming this to generate up to $11T in
economic valug by 2025. In the search of these economic benefits, Telcos have experimented with laT with varying degrass of
success. This paper gives a view of changing business landscape with the advent of |OT and discusses the critical success factors
required for Telcos to sucoeed. With the help of conorete examples, the paper will answer guestions such as — Why Is the 1oT
market different; Why do the Telcos need to offer services beyond connectivity; What key changes are required to capture value
across ol value chain.

The paper argues that Telcos will need to take decisive steps along £ key dimensions — Strategic Foous, Organizational
Realignment. Partnership Onentation, and Technolegy Selection — to establish themselves asa successful loT service provider.
The paper provides evidence via failed |oT inltiatives of ploneering Telcos and the changes made along these dimensions ta be

successiul. The paper alsa glves a summary of latest inltiatives by world leading Telcos and propases a holistic approach to tum
a Telco Into a successtul end-to-end loT service provider to capture maximum walue in'the loT markst place.

Keywords: Intemet of Things; loT Strategy for Telcos, laT value chain, loT success stories, foT Access

1. INTRODUCTION

T - 0 THE LS DR S0 [

‘ "-‘uﬁluﬂ-ft:a]'{ll U%ﬂu . bo i o
Intérnet of Things (I0T) has become one of the most GST1.9T 0STIT
discussed segments of the ICT industry during the past — = — s

few wears. Numerous research firms have quantified the ! P !
opportunities brought about by IoT and have projected J]L'I_'%:LQT %1 6B
significant market sizes. Gartner projects §1.9T market
gize by 2020 (Gariner, 201 3), while McKinsey projects
$11T in value add to the societal impact (Manyika. Chui.
Bisson, Woetzel, Dobbs, Bughin, & Aharon, 20]15),
Similarly, Ericsson forecasts the number of loT connected
devices globally to grow 3x — from under 5B in 2016 to Fig. 1: Significant Opportunity for Telcos
168 by 2021 (Ericsson, 2016).
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Telcos have been providing connectrvity services, which
is one of the impaortant building blacks for [oT services:
Therefore, Telcos have an important role to play in the [oT
ecosystem and the potential to ride this inevitable tsunami
of [oT. However, analysts suggest that connectivity would
provide only 10-15% of revenue in the entire loT value
cham. Mast [OT solutions are expected to be bespoke
with evolving scope, heavy 81 and will require multiple
partners lo pul the solution together. Teleos have minimal
gxperience in dealing with such solutions and also in
working with Enterprises. Besides, traditional Telco
organizations & then business dynamics are significantly
different from the emerging organization structures
needed for 10T services, as illustrated in figure below:

FICIM TR

Fig. 2: Traditional Telco Organization vs. Emerging
Orzanization Structures

Consequently, to suceeed in 10T market, Telcos need tore-
align thew strategy and approach to fulfill the requirement
of 10T services.

In this paper. we suggest a prescriptive execution-oriented
process for a Teleo to re-align its strategy, become an end-
to-end laT service provider and capture much larger piece
uf the pie.

2. RELATED WORKS

Research and analysis firms have done multiple studies
on loT eco-system and Teleo 1oT strategies. For example,
Machina came out with an loT Communications Service
Provider Benchmarking m 2016 capturing details of
loT strategies of various Teleos elobally (Chua &
Hatton, 2016), Frost and Sullivan published European
loT operator profiles in 2016 (Frost & Sullivan, 2016).
Analysys Mason published ‘Operator Approaches 1o
loT", which analyses the role Telecom Operators can play
in loT market (Rebbeck. 2017). Most studies so far either
document 10T approaches that Telcos have adopted,
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analyze their strategy or highlight different roles Telcos
can play. As a result, they are mostly backward looking
and address part of the overall approach required.

Theanalysis and recommendations presented i this paper
go a step further, and provide o methodological step-by-
step end-to-end approach spanning strategy setting to
exceutable steps on ground to make the strategy happen,
It also uddresses the most important asset that Teleo hus —
the Network — which most other studies omit.

3. RESEARCH METHODOLOGY

A three-pronged approach has been adopted for research
and drawing out results of this paper:

» Analysis of multiple analyst reports in depth.

* Detailed analysis of the approach adopted by sue-
cessful ToT players.

» Drawing out in-sights from live laT/M2M Consulting
engagements of the authors.

Specifically, we studied IoT value chan, 10T revenue
projections, common  attributes  from  Teleos” 1oT
initiatives, and success factors of Telco competitors &
peers. Based on this analvsis and practical knowledge
cained by working with world leading Telcos, we came
up with the four-step process documented here:

The sugeested steps here can be adopted as skeleton to
define the [oT roadmap of o Teleo. Specific tools and
frameworks for each step can be used as per the operating
environment and intended objective of a Teleo.

4. RESULTS AND FINDINGS

Based on deep-dive analysis of 1oT market, our
understanding of waditional Teleo business & Teleo
organizations, loT success stories, and our practical
experience, we have been able to come up with the
following tangible four-step process for Telcos to identify
their 10T strategy to and to potentially become an end-
to-end IoT service provider. as applicable: The four steps
involve refinement across:

= Stratepic Focus

¢ Organization Realignment
= Parnership Orientation

= Service Aligned Network
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Fig. 3: Process to Define Telco 10T Strategy

4.1 Strategic Focus

To define an actionable 1oT strategy. Telcos need to take
two key steps. The first step s to identify the Key verticals
and the key applications to pursue. The second step is (o
determine the role in the value chain of the select verticals/
applications. Each step requires riporous analysis &
stakeholder alignment to define the rvight stratepy for the
Teleo

4.1.1 Step 1: Vertical / Application Selection

Five key factors are the decision enablers for this step,
namely external market dynamics, intemal capabilities,
regulatary trends, entry barriers and teleo addressable
revenue, These factors help Telcos identify key verticals /
applications that are most favorable for them considering
their strategie priorities. market reality, and these that can
also be supported by internal capabilitics

To arrive at the result of focus verticals/applications, each
factor needs Lo be broken-down into sub-factors: each
vertical/upplication needs to be evaluated on cach sub-
factor and the factors then need to be brought together in
an evaluation or prioritization framework.

To illustrate this further and make i tangible, we break
down two key factors, namely External Market Dynamics
& Internal Capabilities, and show a typical prioritization
process and the oulcome of such an exercise

The key sub-factors for External Market Dynamics &
Internal Capabilities are:

The above parameters are rated on & weiehied scale to
arrive at rankings and help priortizetheselectapplications.
Viarious 2x2 matrices can be prepared while doing this

exercise too cvaluate the ntensity and impact of key
variables on the prioritization. Typically. no. of cellular
connections, growth rate of the opportunity, addressable
market and ease of Implementation are variables that are
considered during decision making. Additionally, the split
of the addressable market into connectivity, solution/Sl
and device market size are also considered, in some cases.

Table 1: External & Internal Factors for loT
Application Selections

External Market Dynamics frrernad Capahilities

Crverall Muarket Opporiunity expressed | Solution Developmeni
i multiple fonms such a8 revenue, con- | Complesity. o develop
nections, ARPU, profitbility, e amd lounch an 1T service
Campetition from Teloo gy well us non- | Sales and Marketing Com-
Teleo plavers plexaty o sell and market
an T service

Fragmentation in the market m ferms of | Delivery Complexity o
deliver & support an loT

SEFVICE

the mo. Of buyers

Mliarket muturity based on 10T service | Metwork Readiness for the

adoption dard penciration MEW requirements

Ovther factors such as existing customer
relntions, existing sades chinnnels, de-

lrvery & support chinnels

Similarly, for each [oT serviee and market, Telcos will
necd to look at Regulatory compliances as well as the
maturity of the compliances.

Following fipure summarizes the key evaluation eriteria
for Teleos to offer targeted loT services in a market
along with a sample 2x2 matrix of number of cellular
connections and application revenue,
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Fig. 4: Strategic Focus - Market Selection

Based on the above 2x2 matrix, there could be three
categories of loT applications that a Teleo can potentially
target:

1.

Mouobile Applications: Applications in verticals such
a5 automotive have a high number of cellular con-
nections, and they are low hanging fruits for Telcos.
It is ensy for Teleos to establish a leadership position
in this space based on their current capability of mo-
bile networks.

Mature Applications: More mature applications
such as Healtheare, Utilities, and Security remain
g priority due to the revenue potential and a large
number of connections. These applications present o
good revenue opportunity even if a Telco captures
even asmall pie from the total revenue,

3. Strategic Applications: There are set of applica-

tions where existing revenue s not significant and
connections are not primarily cellular, however,
these applications have high growth potential -and
remain a question of choice and strategy for a Telco.
A teleo can strategize 1o enter some of these industry
verticals based on their internal capabilities, external
marke! environment, and stratepic focus.

4.1.2 Step 2: Determine role in the value chain

Based on the market assessment and application selection,
a Telco needs to wentify what role it should play in the
value chain specific to each loT application selected. This
in tum defines the size of the market that is addressed by
the Teleo e, higher the role assumed, higher the market
addressed and the returns and vice versa,
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Az shown in the above figure; there are 3 main layers -
Conneetivity & Infrastructure. 1T Systems & Platforms.
and Applications & Services. Teleo needs to Hgure oul its
role and idenfity its play in the value chain across each
layer.
» Network Developer (Connectivity Play): Telco only
provides connectivity for the loT service

» Service Enabler (Generic Horizontal Platform &
Vertical Specific Platform): Teleo provides a plat-
form or a set of value-added services m addition ta
connectivity that erables other players 1o get APls
for easy application development

* Service Creator (End to End Service): Teleo it-
sell provides end-to-end 10T service that includes

i
4 I'l._

:'h = f’ﬂ
@ t.-,_)«

MNew loT salulions requires Customer requirement is

high degres of iInnovation not ciear, 2nd requires
experimentation

Inmceatson WInGE:E]
[Featticty el ckiiatues
E.d 3 thitees thnuligh
mnivabon

— =
— =
"H—\_,--""r"
Encouagesiantiol iucessn &
talsrancs oy tallures
Mary s egtirmle
oiganifalionwllh staman e

Unitiire. an changing

ThkE confmuous nguls-fram

e inarien i mgie & [Eunah
sl {8z

< Tl The mschon a& per

TEATETIE

~__ o

e

Doemltsp stwan salitiond cyehe
i fesaiibes, bop

Sedicated jaT grganicstisn, i
A = iR ul] 1 Thakss Hee wnke
SfpEFransT anl e

Crgaremtan DA = difficall

Connectivity, Application, System Integration,
Support Services, and other related services to
CONSLUMErS

4.2 Organizational Re-alignment

Traditional telco business has been different from the loT
business, and if a telco wants 1o become an end-to-end
IoT service provider, it becomes imperative to realign the
organization to suit the new business model.

4.2.1 Principles for Organizational Realignment

To become an end-to-end 16T service provider, Telcos
shall realign their organmization design around 4 key
principles, as illustrated m Figure 3:
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Fig. 6: Principles for Organizational Realigpnment

First principle for organization realignment 15 lnnovation.
To develop new and useful solutions in the evolving loT
space, Telcos need to develop a start-up like culture, Le.
frcus on outcomes, delfying hierarchy, idea generation, and
small teams working in collocated spaces ete. However, it
could be difficult for big Telcos to change the organization
DNA, and hence they will need 1o take a serigs of steps (o
achieve it - one of which could be to have a dedicated 1oT
organization within the larger organization.

Second, principle is Agility - 10T solutions require
gxperimentation with customer reguirements and would
require continuous feedback from the market, Making
an Agile organization or an agile loT entity would be
required to succeed in the loT market. For Teleos, this

would mean enabling the organization with a set of lean
provesses and tools to get this feedback and enabling the
organizaotion to act on it during sales as well as delivery,
s0 us to inerease both revenue and profitability.

Effective management of Partnership eco-system is the
third critical element 1o succeed i loT market place. It
mnvolves not only making ‘night’ pariners for solution
design, sales and market access, but also bringing into fold
mnovations from open source communities, developer
communities, and partners,

Finally, the fourth component is talent management. loT
15 a new phenomenon and eco-system is being developed.
There is a limited talent pool that evervone will need to
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dip inte. In addition, the current in-house talent of a telco
needs to be evaluated and aliened o 10T maorket needs:
Skills would be required around the complete lifecyele
i product design, pre-sales, sales, and delivery of loT
solutions.
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4.2.2 Pillars for New Organization Design

Based on the four principles mentioned above, a Teleo
needs to take tangible steps on the ground, to make
changes to organization design, sales process, teams, and
service delivery,

ORGANIZATION REALIGNMENT - ENABLEMENT

ORGCANIZATIONAL DESIGN

10T Business Unit
Ok-To-Fail Cullure

Acceleratad New Froduc
Development for fast TTM

Pra-Zales Team Augmont

Paront Drganization
Levarage

Viprtical Copability Teams

Value Prop Commurnication

Sales Tralning & Leadership

Playhooks & Sales Collmleral

Safes ProcessTool Rudesign

Support Salas through

5! Capahillty Farmation -
Piatforms, Apps, Devicas

Sofes Incentive Re-Allgnmuernt

IT & Network Dearmand Mg

SHDwedivery Fartnar On-
Saoarding & Mgt

Indirect Channal Mgmi

Add-0n Salez Culttire

Pariper Contract Mgmt

Dalivapry

Fig. 7: Three Pillars for Organization Realignmeni

To enable innovation and agility and to keep a sharp
focus, Telcos would need to setup separate 1oT unit with
a tolerance for failure, but one that can bring out new
solutions quickly. To ensure this. the unit should not be
created as o silo, but will need to have pood alignment
with parent organization. Hiring the right leadership with
domain competence will be critical at every stage of the
new product lifecycle. In addition, Telcos would really
need to communicate these value propositions clearly in
the marketplace to attract the right kind of talent.

The second key step they need to take is to enhance the
sales oroanization — given that Teleos are entering the aren
of evolving SIheavy 10T solutions, they nead 1o ensure that
their sales teams are able to spot and sell these opportunities.
This requires reskilling sales team, realigning their sales
meentives, and giving them new playbooks to help pitch
new solutions. Also. eiven the evolving and 81 heavy
nature of 1OT solution, there is considerable amount of risk
in development and delivery of such solutions. Teleos need
to have new set of processes and tools along with a pre-
sales team to minimize these risks.

Finally, the third area is Services — Teleos will need 1o
bolster their SI skills by at times in-house development of
platforms, applications and devices, and by ensuring that

requirements of these applications are fed into network
organization as well, Given the diversity of [OT solutions,
evaluating and on-boarding various kind of development,
delivery and service partners will be key. Finally, to ensure
profitnbility, “add-on sales culture’ Le. identifying upsell
opportunities during delivery as well as *partner contract
management’ e.g., having back to back agreements, is
zoing to be key,

For axample, AT&T is a good example of a Teleo which
has focused and produced results in [oT market. It has
about 300 dedicated resources for loT solutionsalong with
similar number of support stafl (Chua & Hatton, 2016).
It has & foundries so far, with each foundry focusing on
innovation for specific verticals (AT&T, 2016), e.p.
foundry in Atlanta is focused on connected cars and that
in Houston focuses on healthcare segment, They are
leveraging partnerships two ways. firstly by partnering
with enterprises such as Cisco and Texas medical center
to establish these foundries; and secondly by supporting
innovators and start-ups through these foundries to bring
out new solutions. These foundries are a playeround 1o
succeed and fal, and finslly work with the incumbent
organization to bring the solutions 1o markel. AT&T has
dedicated sales resources for loT solutions and also trains
its existing sales force to sell 10T solutions, Similarly its
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loT team has focus on services and integration as they are
leveraging parinerships as well 1o provide the services.

4.3 Partnership Orientation

As Teleo’s transition 1o become an end-to-end [oT service
provider, third-party collaborations with OTT and other
providers would become increasingly important.

An end-to-end loT solution requires expertise in different
value chain segments, including connectivity, platforms.
IT systems, Application, and Services, Each segment
has established players with experience and knowledge
of their respective segments. As such, telcos will need to
retool their partner management strategy and invest in
systems that allow for the seamless onboarding of new
IoT partners. In addition to enabling partner on-boarding
& settlement tools for connectivity related services,
developer outreach will be a greater focus as operators try
to drive usage of ther loT platforms and infrastructure,
and 1o gain a greater understanding ef potential new loT
use cases across a broader range of industries — with a
further side benefit of bringing some “'starl-up spirit” into
operalors’ own businesses.

4.3.1 Partnership Imperatives

IoT solutions are complex and bespoke solutions, and
require good service integration capabilities, The solution
complexity requires different partners with deey experntis
in thewr respective competence arcas. Some of the
considerations that are important to note while selecting
M2MAOT partners are:

¢ Connectivity: In order to offer a seamless 10T expe-
rience, wide connectivity is required, wherein devic-
c% can stay connected even iff vou roam in different
geoeraphies. Telcos often choose partners that help
provide regional/global connectivity services using
global SIMs or mberent platform capahilities:

» Platforms: There are platforms such as Axeda
Predix, Watson etc.. and they can be leveraged (o
provide an e2e solution instead of building one of
YOUr OWn.

* Vertical Expertise & Application Developmeni:
loT applications require the understanding of verti-
cal markets along with application development ca-
pability. Certam partners provide this differentiation
owing to their vertical experience and targeted devel-
opment capubility,

= 8lI: Taking the loT services to customers roquires
service inlegration capability, and S1s play important
rale in integration, support, and maintenance of the
IoT solutions.

It beécomes necessury (o on-board partners (o deliver an
end-to-end [oT solution. These partnerships are required
for varied ohjectives such as wvalee chain expansion,
handling  solution  complexity, addressing market
uncertainly, expanding market reach, specific vertical
market expertise, and / or market making,

4.3.2 Partnership Dimensians

Based on the above mentioned imperatives, partnerships
can be categorized into three main eategories:

Vertical®

Horizontal

Fig. 8: Types of Partnerships

1. Horizontal Partners for building capabilities across
loT value chain segments e.g., AT&T and IBM pari-
nership, where ATET would develop apps on IBM
Watson, AT&T also jomed hands with AWS to de-
velop loT solutions in analyvtics and security space.

2. Vertical Partners for expertise in specific verticals
g, AT&T partnered with GM for connected cars,
where GM included LTE connectivity on all of jts
2015 models and beyond. As a result AT&T main-
tained a strong leadership position in North American
markel in the connected car segment.

3. Reach Partners 1o increase geographic footprint and
explore new sales ehannels e g, Vodatone has over
50 partner operators to enhance its connectivity foot-
print, Partmers include the likes of TDC Denmark,
MTS in Russia, and Chino Mobile;

Partnerships need to be done after coreful consideration
of Teleo's internal strengths and market dynamies. Right
partner selection and onboarding would be a key success
Factor for a Teleo to offer new services and become an
end-te-end loT service provider.
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4.4 Service Aligned Network

It"s not only the strategy. organization, and partnérs that
the Teleo needs to manage but they also need to work on
their networks., The demands on the nexl seneration of
networks are not going 10 be met with a linear change
over the current state of the networks. 5G is catalyvzing
innovation across key areas such as mobile technology
(radio, low latency, high-density transmission; cote
networks and management software: mohile devices);
real-time analytics: edee-of-network  datacenters: and
new (and still to be determined) applications and services
such as semi-auwtonomous vehicles, aupmented reality and
loT.

[n this emerging environment, as [OT market matures, it is
expected to be divided into two main categories namely:

1. Massive IOT: Very large number of devices, typi-
cally sensors & actuators; extremely low device cost
and consume very low amounts of energy to sustain
long battery life. Examples are fleet management,
environmenial monitorme and smart  buildings.
Device densities could be as high as 200K devices/

km™

2. Critical 10T: Applications such as traffic safety/
control. control of critical infrastructure and wireless
connectivity for industrial processes. require very
high reliability and availability and very low latency.
Low device cost and low energy consumption 1s not
as critical exp., lifeline communications. The require-
ment for low-latency services and the need to sup-
port local 10T applications (and others) will drive
the need for more local processing and storage. This
in turn will drive the need for more, smaller edge-of-
network datacenters and better software to manage
distributed workloads.

Both, Massive or Critical 10T applications will reguire
very different Grade of Service (GoS) from the network.
So, the question is how does a Teleo design a network that
supports such diverse requirements,

Additionally. step changes in System and User device
KPlIs, typically order of magnitude improvements in
throughputs, latency and reliability, the demands on
Networks, also on its flexibility and programmability
are driving the network evolution. A dense small cell
urban HetNet is mirrored by a network slice in its core to
cater to such a high throughput Access, another Network
Core Slice may cater to a single large Machine Type
Communication (MTC) deplovment (Telefonica loT
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Team, 2015}, The MTC requirements on the Grades of
Service required from the network will vary greatly from
Industry to Industry and the fexibility of the network to
cater to newer and innovative Use Cases will be the key
driver for the Network Evolution, In our view, Telcos
would need to make strategic choices so that the Network
is capable of mestmg different GoS without getting locked
into a particular Service based Architectural choice.

The diversity of architectural options that are available 1o
the Teleo 1s summarized in Figure 8:

3 FE TN MEITC R 1
HTECTRINAL

Fig. 9: Diversity of Architectural Options

At a broad level, what this means 15 that future Networks
would need to have a fine balance of Federation and
centralized control. Some key Examples of such federated
“network of networks™ are Smart metering “slices™, and
V2V networks. Each of these networks is a specialized
network servicing a setl of Use Cases that have common
Qo8 requirement. Telefonica UK has deploved such
a network “slice™ in UK, which is the largest of such an
initiative globally (Cary, 2016). This is also a case fora
network of massive “capillarization”, meanimng connecting
massive number of devices (with low data rates) vet
ageregiling to significant signaling nodes.

We also see Teleo as the provider of networks and
orchestrator of such networks irrespective of Radio,
Fixed. Microwave access Le. Access Agnostic network
orchestrator.  Increpsingly  the  Access control  and
management will move away from the Teleo realms to
public and even private provider realms. The key design
principle of the Network design would be the capability
of Programmable QoS delivery and providing the agility
of the near real time changes by End User regarding their
charging and service bundling.

Two key challenges in the path to the realization of
the Service Aligned Network are: One, many of the
technologies, such as the New Radio (NR) (Flore, 2017)
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aren’tdefined as yet and secondly, wherever the technology
standards are defined, these are not harmonized across the
Standards Bodies. The disparate standards have thewr own
priorities and timelines. As a result, standard bodies have
lapged, while market has made bets and moved on. This
phenomenon has led to development of a heterogeneous
set of Chipsets/modules/core technologies that do not
seamlessly interwork with éach other. The challenge for
Teleos will remain to make technology choices which are
still not matured without locking themselves in.

This has led to some of the operators making big bets 1o
sway the markel — e.p., The US operators /| FCU 28GHz2
positioning m USA or SKT i Korea are examples of
localiregional drivers taking precedence over globally
harmonized ecosystent in loT

Regulations need to evolve with the market and industry -
In addition. new suppliers and standards may yet ermerge.
especially using unregulated spectrum.

5. ConcCLusIONS AND FUTURE WORKS

With the traditional connectivity business stagnating,
Telcos are trying to diversify into new & growing
revenue streams such as 10T, It is imperative for Telcos
to determine their play in the [oT marketplace. In this
paper we have suggested a step-by-siep approach that can
be adopted by a Telco to become a successful end-to-end
loT service provider. The sugeested approach is based on
o robust methodology where we have analyzed multiple
analyst reports in depth, studied suceessful players, and
also drew from live consulting engagements,

The paper recommends that Telcos need to focus on
four key pillars to re-orient themselves to become an
10T service provider namely Strategy, Organizational
Realignment, Partnerships, and Service Aligned Network
to deliver on the new services.

10T strategy helps identify key verticals & applications
to pursue and the role that Teleos need to play in the
value chain. Organizational Realignment guides Telcos
to redesign therr organization on 4 key principles —
Innovation, Agility, Eco-System Management, & Global
Talent. Based on these principles, actionable changes in
the Organizational Design, Sales Process. and Services
Delivery are sugeested. Partnerships are categorized
into 3 types — Horizontal, Vertical, and Reach, which are
selected based on Telen's internul strengths and market
dynamiecs, Lastly, Service Aligned Network - networks
are increasingly becoming a mix of federated autonomous

netwark of networks that cater to different Use Case
Categories. Given the complex and heterogeneous non-
harmonized environment of Standards and consequently
the entire ecosystem of Products/Services, the Telecom
Network will always need to be flexible to adopt/support
new Access Technologies and should be able to integrate
with the respective ecosystems. They will have a Network
of Networks 0 meet unigue gas requirements and a
Centralized Control that is fertilized and connected via a
shallow hierarchy by leveraging various technigues such
as RAN centralization & virtualization.

Thus, this whitepaper offers a holistic approach to turn a
Teleo into a successful end-to-end loT service provider to
capiure maximum value in the loT market place.

As [oT Standards, technologies and ecosystem mature,
we propose to study how the technologies like Machine
Learning, Advanced Business, and Neétwork Analytics
influence the Teleo Evolution. We propose to build
a framework of “Digital Maturity for loT” of Telcos
which will indicate the capability of Telco on different
dimensions ranging from capability to provide fine grain
GioS to deviees. to near real time self~care to customers.

Execution of loT strategy for Telcos also remains a future
area of study. Supporting processes. best practices, and
1ssues, specific to loT solutions, needs 1o be studied and
identified for on-boarding process, contract managgément,
carrying  out  POCs, creating  eifective  marketing
collaterals. product / solution development. and pricing.
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ABSTRACT

Digital disruptions are ransforming Customer's Digital World. it includes co-occurrence snd coexistence of intensely evolving
digital technologies, the burst of distinct digital devices; different digital channels across the custormar touch points and constantly
evolving Customer Bahaviour. The communications industry is no exception and is impacted as well. Digital disruptions have
triggened enormous changes in echnology advances, intensified service experiance by digital native companies and constanily
changing customer's expeciations, pushing Communications Service Providers (CSP) to embrace the constant change and offer
personalized ssamless Custormar Experience. Digital Disruptions bring an opportunity for a CSPs o transform their complete
ecosystem and be relevant to the digital aspiring experience hungry cusiomers and retain their market position. C5Ps must need
1o transform themseives intoa digital company with digital competencies to manage the changing experience across the multiple
touch points and embrace continually evolving customer's expectations through innovative digital products and services, CSP's
tradifional business models continus to decline and has a zero-effect. They constantly need to innovate a multi-model approach to
retain or altract the todays sel-organize custorners and improve declining revenue. The-enhanced cusiomer experience creates
8 perceived customer experience value for their customer, nd it leads to customer loyalty which crestes a sustained business
value or revenue-streams for C5Ps.

Customer-centric digital transformation enables CSP to'adapt snd an embrace digital technologies. know the cusiomer insides,
afign the internal business operation processes-and-governance to offer a digital expenence across all the digital touch points
with 3 greater -speed. It is termed here =a Digital Custormar Experience Transformation (DCExT). CSPs need to carve out
transformational journey. in-line with thelr business priorities while keeping sustainable digital maturity level and future digital
evolution roadmap as recommended inthis paper. For C5P, DCEXT continuous journey to-embrace the digital disruptions for their
own sustainable and profitable growth and be: significantly be relevant to their digitaliy enabled customers.

Keywords: Digital Disruption, Digital Customer Experience, Business Transformation, Digital Economy, Digital Maturity, Digital
Transformation, Digital Proficiency, Communication Service Providers

expanding the scope of their offerings and 1l disrupts
again the customer behaviors and expectations. The rapid
growth in the disruptive digital technologies like Artificial
Intelligence, Machine Learnings, Virtual and Aupmented

1. INTRODUCTION

The Communication industry i§ continuing to change

in the past couple of decades and Communication
Service Providers are intensely following the ongoing
digital disruptions created by the best of the Over-the-
Top (OTT) industry segment companies or it is termed
as Digital Native Companies. CSPs have faced tough
challenges with digital native players to develop new and
innovative digital products or services for the digitally
disrupted customers. Todays digital customers or users
are selfl organizing and expects an empowerment o
manges their product or service subseription, usage or
choice as per their changing personal or business needs.
They are known as digital sell~organize customers or
subscribers. Digital native companies are continually

Reality have significantly mfluenced over the way people
behave and think. The burst of different devices with
distinet operating systems, including - Laptops, Mobiles,
Tablets, or Wearables and usage pattern of smartphones
has changed the customer’s lifestvle. The personalized
product or service experience expectations has changed
the sell~organized digital customer's activities, usage
pattern, their digital interactions to meet their service
needs, expectations from their CSPs. Customer experience
management (CEM) dominates the CSPs strategic priority
and 68% of Telecom top executives cites it's their number
one strategic initiative and Priority as per E&Y research.
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(Prashant Singhal, Helger Forst, Gacron McC lurem, Amit
Sachdeva, Bart van Droogenbroek, Adrian Baschnonga,
Swati Mahajan, EY, 2015). C5Ps must need to harmenize
traditional {voice) and multiple digital or on-line channels
through which they engage with self-organize digitally
enabled customers throughout thewr customer journey to
enhance their digital experience.

Multiple Digital technologies like Data Analytics,
Enterprise Maobility, Social Networks,; Cloud Computing,
Robotics; Block Chain and Internet of Things (IOT) are
pushing radical change in the ways of working (WoW) of
both retail or enterprise customer segments, CSPs need
to transform themselves in incremental steps to align with
these digital disruptions to create new revenue sireams
with constantly evolving multi-medel transformation
approach. To enhance the digital customer expertence,
CSP needs an organizational retrospection to produce
the customer experience value and make a digital self-
organize customer as part of their business value chain.
Cross function modularization of business models with
dynamic multi-modal approach 15 essential (o establish
the business value. It needs a transformation across the all
the functions starting business, operation and technology
to align with customer behavior through enhanced Digial
Customer Experience which s the Digital Customer
Experience Transformation (DCExT).

DCEXT is a continuous and progressive journey towards
the automated and collaborated digital ccosystem o
improve the operational agility, offerings of relevant
digital products offerings to enhance the experience in
the world of digital disruption in a shorter time, DCExT
is a modular lone solution to expand digital capabilities
to adapt constantly changing busimess conditions in the
digital disruptive énvironment. Its progressive phased
approach depending upon the current digital maturity
level of the CSP and their medium to long term business
vision. These digital disruptions with combination of
dyvnamic multi-model digital approach creates a new
revenue  opportunities  through  eénhanced  customer

EDUCATION

LEARNING CULTURE
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cxpericnce, Evolving different digital channels across
the multple smart devices using right combination
of digital technologies and capabilities with aligned
business opetation assists the CSP to tailor themselves in
arelatively short time to match with constantly changing
behaviors of self~organize digital customers and retain
their position in disruptive market.

2. METHODOLOGY

This study considers the multiple digital disruptions in
evolving digital world and its impact to Communications
Service Provider to  define their digital customer
experience transformation journey to suffice experience
hunger of self-organized digital customers. Digital
dhsruptions produce an opportunity for C5Ps to embrace
constantly  evolving customer expectations through
evolving multi-mode] business approach and explore new
revenue streams as business value for them. It highlights
the breader DCEXT roadmap in the disruptive digial
world to refine and define a digital journey for CSP,
with the support of dynamic multi-models in order to be
relevant to the digitally enabled self-organize customers
those are highly influenced by various digital nutive or
OTT Plavers with their user friendly offerings and touch
point personalized seamless digital experience.

3. HumAN-CENTERED EVOLVING DIGITAL
WORLD

Human’s needs to continue to exist, however, those are
going to evelve progressively with the constant change
in their lifestyle and behavior. Although needs or wants
are considerably analogous in the constantly evalving
digital world in last multiple decadeés. Since the ancient
ages - health, education, banking or fnance, uiility
services, retail and ransport are fundamental wants and
attributes of the humans as shown in figure | Still, these
are continuing, will going to exist in future as well.

TRANSACT EXCHANGE

Fig. 1: Human's Needs or Wants in a Evolyving Digital Yorld

Presentand 4™ Industrial Revolution (Richard Samans and
Nicholas Davis. World Economic Forum, 2017) is enabled
by multiple digital technologies. These technological

evolutions have changed our methods of communication,
transport, healtheare. financial transactions or production,
and also our social bBehavior. The telephone with the
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spread of the internet and mobile telephony, including
multiple evolution of digital communication once again
changed how Human's move, communicate, consume
and experience their world, Tt also have a combining
effect and again transform the manner in which humans
communicate, produce things, transport people or goads
and mteract. Thereis a transformation with radical change
in the way Humans meet their needs or wanls. Humans

need an interactive, customize connectivity to meet their
different needs. In chanping scenario humans expect a real
time financial transaction, instant healtheare service and
anytime education aceess on the tip of their fingers., They
expect 4 real time tracking, real time information access
and freedom of mobility, In other words its complete 2447
social or business engagements are the needs of todays
digitally enabled humans.

ul®l--J20 2 BTHGEG
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Fig. 2: Digital Disruptors defines the New Ways te avail the Product or Services

The Disruptors, diginal native companties like Amazon,
Google, Uber, Netflix or AirBnB — they have established
themselves as o digital service providers successfully,
They offer digital products and deliver the services over
digal interactions or channels.

In case of e-commerce mdustry segments, one can say
- the customer doesn't see shops, don't hear the agent’s
voices and yet they get what they want. 1t's an amazing
experience and sets the expectation for other to provide:

Referring to the music industry — from tapes o CDs (o
mp3s. Airline industry — from jacket tickets to e-tickets to
mobile boarding passes. It means the products themselves
are taking the digital form factors. Service touch points
with the end customers are also becoming more and more
digital,

CSP has a significant role in human's world ss they
provide the connectivity and enable humans to use or
consume the different services o address from their wants
(or needs) through interactive multiple channels{voice
or digital), CSP can harmonize the customer interaction
across all the digital touch points, simplify the service and
offer a very personalized seamless customer experience.
Digital Connectivity gets more and more integrated into
Human's life. Disruptive ecosystem created by OTT
players creates a hunger of digitally enabled customers
beyond the voice or data services and are looking for an
application ecosystem to address thew daily wants (or
needs). Smartphone proliferation s now revolutionizing
the customer’s lifestyle — people now have started leading
i digital connected smart lifestyle.

4. DiGITAL DISRUPTIONS AND ITS IMPACT
ON CUSTOMER EXPERIENCE

Digital Disruptions are transforming the Customer
experience. [t includes co-occurrence of intensely pow erful
digital technologies, different digital devices, availability
of multiple digital channels across the customer touch
points and finally constantly evolving Customer Behavior
as shown in feure 3. Distinet digital generations of the
digital world disrupts the customer expectations and add
complexity to maintain the uniform products and services
offerings for the CSP,

Fig. 3: Digital Disruption

Digital disruptions are impacting user experience and
CSPs must widely adapt the changes as a result of digital
disruptions. Digitally enabled changes or a combimation
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of changes provides an opportunity to embrace it and be
refevant for the Self- Organize Digital Customers.

4.1 Digital Technologies

Immensely powerful digital technologies enables the
power of Digital Disruption. Constantly evelving digial
world is experiencing an evolution of the multiple digital
technologies. These technologies are directly impacting
the customer’s behavior and at the same time it challenges
to the organization’s digital capabilities and their product
portfalio,

Advent of emerging digital technologies and limitation
of the digital capabilities within an organization is
changing the relationship between Digital Customers and
Communication Service Providers. Digital technologies
are-altering how the customer experience value is created,
exchanged and leveraged across the value chain for CSP.

Digital technologies are becoming crucial to the business
and key mnovations of the organization are based on
the technology platform. Key digital technologies that
are driving the consumer behavior transformation as
indicated m figure 4.

Fig. 4: Digital Technologies Evolution

Sources: Garmer Hype Cyele, Gartner.

In case of Analytics, it helps to venture the preferred
channel journey analytics. it enables to wdentify the right
offer for the right customers at the right time througeh their
most preferred digital channel. Analytics is the future
of any digitally transformed business of tomorrow and
customer analytics 15 at the forefront, Data Mining and

Date Ware House technologies define the new ways of

managing the structured or unstructured data for customer
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inside anolysis. Referring to Gartner's Technologies Hype
cvele, it highlights the evolution of digital technologies
ovar the period of time Technologies like Big Data,
Cloud, Augmented Reéality, Virtual Reality, Data Science,
Machine Learning and Analytics are essentinl for an
organization o be digital The combination of these
multiple digital technologies has substantial impact on
customer behavior and customer experience: [t's evident
that digral technologies are evolving and getting on the
stage of maturity, however CSP's are hesitant to embrace
constant evolution in the digital technology and disruptive
effects. Disruption creates an opportunity for the CSPs
to embrace technology disruption. [t's significant for
C8Ps how quickly they adapt the digital technologies
and address the disruption created by the digital native
companies, DCEXT needs a collaboration of functional
organization silos and business manasgement together
enabled by the muliple digial technologies to drive
digital customer experience of self-organize customers,

Although individual digital technologies were designed
with a different objective, however, they become agnostics
and can be applied in multiple ways, Digital technology
disruptions needs an involvement to align the CSP's
business working model and manage them effectively to
refine the customer’s digital experience through digitally
enabled engagement. However a combination of digital
technologies brings the new digital product offerings
to suffice the experience distuptions created by Dioital
Matives like Amazon, Facebook . Uber or Air BnB.

4.2 Distinct Devices Abstractions

Multiple digital devices and mobility (-anytime &
anywhere), needs are redefining the way self-creanize
customer mteract within their digital ecosystem and
use the different digital products or services. Ability to
choose, the devices of choice like smartphones, tablets,
wearable or computers to access the information or any
digital service on the go 15 a normal trend, Customers
wanted to have seamiess engagements without -any
limitation of devices. Self-organize customer wants the
freedom and fexibility to choose the device brand of
their choice and continue their conyversation across all the
platform seamlessly.

Devices flexibility outlines the fundamental level of
personalized customer expericnce across any deviee, any
time and at any location 1n the world, Device abstraction
becomes the customer need and it's become a digital
disruption whenever a customer wanted to switch from
the one device to another deviee irrespective of their
oparating systems or applications.
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Fig, 5: Muli-Screen Engagements Across the Transformed Device Ecosystem.

Self-organize customer expects the omni  channel
seamless uniform experience across all the devices and
channels) engagement across the different devices or
platform urespective of theilr operating systems{ Android,
105, Mac O5 X or Windows). There should not be any
interruptions in customer's ongoing conversation through
any of application like WhatsApp, Facebook or NetFlix
through any of devices or screens regardless of  their
make or brand.

4.3 The Digital Channels

Self-Orpanize  digital customers in  the  disruptive
digital ecosystem have an expectations, those are well-
established by the best of the forward thinking digital
natives like Apple, Amazon or Uber. It transformed the
customers” behavior and  pushes greater choice around
the interaction options. Digital customers are inchined
towards the Digital Service channels from traditional
voice centric call center interaction. There s need
of  personalized, immediateaniform interaction and
engugement experience across the multiple channels. It
defines the expectation of the consistent expericnce level
over any of the channel or combinations of channels
used in the customer journey {Customer’s mieraction
with CSP across the multiple touch points throughout
their engagement). It's a new normal 1o have a uniform,
seamless interactive experience across multiple channels
like Inbound Calls, IVR, Walk-in, Mobile Apps, Portal,
ChatBot, Social network or Social emails channels. Self-
organize customers expect the sense of flexibility to
choose rather than one fix dedicated channel of CSP’'s
choice Tor all their interactions. Its defanlt expectation of
unified experience across all the channels engagements
and moving ahead there will be scope of the preferred
digital channel for superior personalized interactions.
The Most preferred channel is nothing but The Organic

Channel (channel of customer’s choice or preferred).

Flexibility in channel selection as per changing preference
is a big disruption for the CSP, however, it creates an
opportunity to engage with customer effectively through
the Organic Channel to boost their service experience,
These multiple channels create a significant opporiunity
for CSP to create stickiness. Channel agnostic need pushes
CSP to refine channel strategy in regular inlerval which is
going to be the new normal in their business operation.

ﬁ"""‘l-' - uF"p'ﬁ' -
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Fig. 6: Digital Channels

Sources: Image Ericsson (CLC)Y

4.4 Customer Behavior

Customer behavior is a constant change. Their expectations
arc increasing day by day and 1is complex to manoge
evolving expectations. Digital native like Amazon,
Uber or Google along with Apple have caused notable
deviations to customer behaviors and expectations,

Todays self~organize  customers  have  experienced
different ways of engagement with the digital natives
and have a fundamental set of personalize experience
expectation (Mike Ashton, CX Network, 2016) from ther
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SPs as indicated below, The Customer expects real-time
experiences 247 across all these fundamental attributes.

Seamless: Customer expects the seamless and effortless
transactions through the digital or voice channels. For
gxample Uber or Amazon uses single digital channel (o
engage or interact with customers and still their customer
interaction is very smooth, efficient and easy,

Stimulating: Useful, interesting, or engaging information
that can create value for the customer rather just selling
or premotional  product  imformation, For example
Healthcare apps 1MG provides relevant discase research
information/data or health precautions notes o customer
while customer engage with them within that online
interaction, [ts an attempt to build the trust and reputation
along the way without any additional deliberate sales
attempt.

Sensitive: Use of ‘social channels to listen intently
and develop an uwnderstanding of what really inlerests
customers and CSP should réspond in ways that arve
intelligent and relevant to customers. For Example Dell
and Sturbucks invite an idea from the customer and make
them into reality.

Synchronized: Analyze and deploy the information across
all the touch points, real time support and personalization
mn all the conversations between the Customer and CSP
organizations. For example: FustDirect customers mostly
recommend their bank than customers at any other major
Great Britan bank. Source: GIK FRS, 6 months ending
June 2011 6. 5eems they have uniform business rules across
all the channels.

Smarr: Align with trends and respond (o technology-
driven opportunities to keep the customer experience
fresh and distinetive, For Example: Amazon, always keep
themselves ahead with technology to boost the customer
experience.

Constantly changing customer behavier pushes the CSP
to exceed the customer experience standard created by
these digital native digital companies or the disruptors,
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Personalization study by Deloitte suggests customers
roughly around 20% are happy to share personal
mformation with CSP to offer them a personalize
products and services (Matthew Guest, Adam Stonell,
Jane Schachtel, Heather Rungel, Jane Schachiel, Deloitte
MCS Limited, 2016),

Fig. 7: Customer Bahaviors, Expectations and
Experience 24 *7

4.5 Digital Generations

Digital Body Language defines different generations of
the digital world. [t results from the collection of different
onling activities, interest, behavior and preferences of
an individual customers through their digital or social
channels. Digital body language defines the digial
literacy or proficiency to segment the customers to offer
them relevant products. In a digital world, distinet digital
proficiency coexisl and defines the new preference of
channels bevond the traditional voice channels and
applications, These are new generations of the digial
world as shown in figure 8 and it add disruption for CSP
to define and maintain their product offermps for these
multiple digital literacies.
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Fig. 8: Digital Proficiency Defines Distinct DCEx Needs

Source: Consiellaton Research
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= Digitad Natives: Enjoy-and engage very comfortable
irt all the Digital channels,

e Digital Immigrants: Forced into enpagement ‘and
crossed the span of the digital world,

» Digitally Voveurs: Recognize the change 1o digital
but less ready to be an active participant,

o Digited Holdouts: Resist to shift to the digital, also
ignore the impuets of digital channels.

e Digitally Disengapgoed: Understand the Digital but
reluctant to engage on purpose.

5. DiGITAL CUSTOMER EXPERIENCE IS A
PROGRESSIVE AND CONTINUOUS JOURNEY

Digital customer experience needs a consistent effort
to overcome various digital disruptions discussed in
this paper relevant to the Communication Service
Providers. Customer Experience 15 a long term strategic,
progressive and continuous transformation journey for an
organtzation. Hence its strongly linked with the business
vision and mission statement of communication service
providers. Business ambition of C-suite drives the long
term strategy of CSP to make them a digital company and
be relevant to self-organize customers those are disrupted
by Digital Natives. The CSP must need to po through
transformation changes in order to be customer centric,
however its not a one-time or overnight activity, DCExT
i5 a continuous improvement program and a long term
strategic initiative i a phased manner. It also significantly
reflects the changes are expected in the business model
of CSP to adapt the digital disruptions and use it as an
opportunity to transform and embrace the change to
enable "Customer iv First” culture in an organization o
improve the long term business profitability.

5.1 Digital Customer Experience Maturity

For Digital customer experience transformation. it's
essential to know starting junction which indicate the
baseline of the Communications Service Provider in
their customer experience maturity. Digital customer
experience maturity asscssment is the first step to know
CSP's maturity level and starting point of their digital
journey in ovder to be a digital company. It assists (o
formalize a proactive mileston based roadmap to achieve
the next desired level.

Under the digital maturity assessment different business,
functional. organizational, technological aspects need to
nssess o identify Strength and Improvement dreas of

Communication Service Providers across the different
digital levers (#7). Referring to Gartner’s Customer
Experience maturity framework (Ed Thompson, Gartner,
Ine. 2011) these digital levers includes organizational
vision, strategy, operations, Matrices, governanie, process
and technoloegy. The DCEx journey is specific for each and
every CSP and depending upon where they stand in their
digital matunty. they will have to create their long term
Digital Customer Experience Transformation Roadmap.

Strength Area: It highlights the merits in which CSP has
an extremely favorable customer experience. resources
and business ecosystem 15 in place with respect to a
defined specification of digital levers considerad.

Improvement Area: It highlights the weak areas and CSP
reeds a major improvement efforts across all the digital
levers considered with respect 1o defined specifications
of maturity framework,

5.2 Digital Customer Experience Journey Map

Digital customer experience (DCEx) 1s a4 multi phase
progressive approach to address disruptive needs of the
Digital world and transform in a very integrated manner
across the complete CSP orgunization by breaking all
the functional silos (Top to Bottom and Horizontals) in
the very structured model, The DCEX Transformation
journey is a long term strategic program for o CSP
organmzation and takes an approximate ume period of 3-3
years to achleve positions as a Digital Service Provider.
However, time period, predommantly depends upon the
CSP managements or the C-suites, business priorities
and how soon they want te adapt and embrace the digital
disruptions in order to be digital organization. In addition,
it also depends upon their present customer experience
maturity level.

Business Priovities of C5Ps motivates them 1o choose the
hest digital customer experience transformation roadmap
for them. Digital customer experience is long term
business priorities rather a short term tactical action. CSP
managements must trade off between these long term and
short term initiatives as per their changing business needs,
There are different methods to measure the DCEx maturity
of CSP, however. one of approach which is more practical
and relevant for CSP is DCEx Maturity Journey Map.
indicated in figure 9(a), the CSP must need to choose the
best path as per strategic priorities, investment appetite
and their present level in digilal customer experience
maturity. The Sequential progress or fast-forward (2 or
more level at a time) jump in their digrial experience
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transformation joumney, ¢nable CSP to take head on with
multiple digital disruptions. DCExT enables the CSP o
be more agile, more proactive and competitive in the
market through the relevant and targeted engagements
with customers, It leads them for sustainable & profitable
growth in the disruptive digital world,

Communication Service providers must nesd to go
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the necessary changes across different dizital levers
considered (Ed Thompson. Gartner, Inc. 2011). DCEx
reeds an alipnment of customer expeclations, interaction
across digital touch points. business processes and digital
technology capabilities to make an organization more
relevant and create an experience value for the self-
organize digital customers,

through structural model to adapt and mmplement

*What's CSP's Customer Loyalty

mr&n" ﬁﬂim;. IV, Customer Vallie -
E Management =
g e 26
e ). Expersnce Managsment E = Expesiance Cantar % =
e =5 =0
= s-— E [
€ £ :F
E Il, Service Mamagement w service Center s =
& f ©
2 §
= nfrastructure or Natwaork Management k-

Transactions
Business Priority Suategic

{a) DCEx Maturity Journey Map (b) DCEx Value Realization
Fig. % DCEx Transformation Map and DCEx Value Realization

5.3 Digital Customer Experience Maturity
levels for Transformations

5.3.1 Infrastructure or Network Management
Level

Traditionally Communications Service Providers most
prominently rely on the Network centric views through
their network operations center{ NOC), which is a network
ceniric ecosystem. 1t's more of a tactical approach of an
organization to streamline the network plannmg and its
network fleld operations. In addition CSPs profoundly
rely on network metries provided by neétwork operation
centers to track the network performance and other derived
metrics to monitar the end user customer experience. Here
the primary focus 1s to monitor the network’s technical
functionality and Faults at the infrastrocture level. It
enables  network fault monitoring and reactive trouble
shootings once fault is reported back or identified by the
centralized operation center. Traditionally CSPs have a
tendency to link network operation and its management
with the Customer Experience. 1t looks into the basie need
ol network connectivity or network coverage. CSPs focus
significantly on network capacity planning and network

roflout. Customer experience gets trapped between these
two and TSPs look for means of managing this network
service, 1ssues and connectivity as g measura of cusiomer
experience with main focus on network capacity and
COVErage:

5.3.2 Service Management Level

Service Management layer monitors and manages the
service performance and provide Service Centic View,
bevond the reactive network entity or node level analysis.
The Service operation center {SOC) provides a real-time
view of the cach and every service their customers are
using for examples Yoice call or data web browsings. Here
service assurance is key and followed through service
performance parameters like delay, latency, speed or
throughputs in the case of the data services being offered.
Network service assurance 15 essential functional block,
however, in a constantly changing digital environment,
digital customer experience is more holistic and expects
seamless interactions or ehgagements across the multi-
digital channels for all the services and applications. For
CSP. the Serviee Operation Center is the second level of
their journey towards the digital customer experience.
Service Centric Operation has major KPIs linked with
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quality of service (QoS) and limited aspects of the quality
of experience (QoE) of the digital services offered 1o
self~organized customer. End to'end service performance,
network monitoring and proactive course correction are
fundamental capabilities that C5Ps must have,

5.3.3 Experience Management Level

Experience Manapement laver, 18 more specilic and
centric towards the Customer Experience Value for each
and every customer of CSP. Here the primary focus is 1o
monitor and manage the end o end service experience
perceived by an individual customer or subscribers in
constantly changing digital world. For CSP, it"s desired 1o
take all the neécessary, corrective and proactive measures 1o
maintain the enhanced customer experience across all the
customer touch points for all the services being consumed
by an individual customer. The Experience Operation
Center (EoC) enables CSPs to take proactive measures to
enhance and mamtain the customer experience. Customer
experience manggement is a top-down transformation of
the enterprise to iniate the stratégic mitiative and break
the organization silos or functions towards the customer
ventricity, EoC with prediclive analytics functionality
plays a dynamic role to identify the needs of the customer
before they get to know their needs. It assists the CSP
to provide proactive recommendations and carve out
the customer experience journey as a trusted and valued
digital service provider.

Live Video streaming or video calls irrespective of the
type of applications like WhatsApp or Skype or Viber or
YouTube, its most desired for CSP {0 mantain the guality
of experience (QoE pthroughout the session of engagement
and consumptios of services for each individual customer,
Consistent quality of service is the default expectation
here to offer seamless customer experience across all the
digital channel. Data Analvtics and Data Lake are crucial
functienality here to analyze and take proactive course
correction to maintain and manage the personalized
customer experience across the multiple devices without
any location constraints through multiple or preferred
digital channels. For Examples - live events at stadiums,
live foothall matches ete,

5.3.4 Customer Value Management Level

Customer Value Management 15 also named as
Experience Value Management. It s an ultimate level
of Digital Customer Experience management for the
CSP Orpanization. [t is centered around the Value for
Orpanization. Business benefits which CSP can achicve
by enhancing and managing the customer expericnce is

the foremost objective of this level. CSP has established a
relationship with their customers and leverage the business
benefits, ie: additional revenue through personalized &
enhanced digital service experience and improving the
CLTV (customer life time value - revenue from customer
through out the customer life cyele). Economics,
Menetization of DCEX is a significant objective of TSP
through digital transformation that is to improve their
Net Promoter Score (NPS =% of Promoters minus % of
detractors) where customer promote theiwr services and
brand (ie Customer Advocacy & Loyalty) Broadly, all
the zlobal CSPs are interested to establish the linkage
between NPS and the business revenue generated, Le
Average Revenue per User (ARPU) through enhanced
customer advocacy. lovalty as a result of better digital
customer experienice. Better WNPS has immpact, it has
potential to improve the CLTV, means more consumptions
of the services lead to o Business value for the CSP

Better NP8 also assist to optimize the churn and improve
the revenue as identified promoters can be used (o
promote services through targeted engagements. There
is possibility to motivate neutral customers to promoters
by proactive assisting them in increasing usage, namely
data habit building. Again largeted retention actions for
the dissatisfied customers through proactive engagements
can be added value to CLTV for CSP.

6. DIGITAL VALUE REALIZATIONS

These define the potential benefits for both Selforganized
Customer and CSP as a result of enhanced customer
experience through DCEXT transformation. Customer
Experience Value and Business Value are respective
benefits for the customers and CSP respectively.and it's
indicated in figure 9(b). Strong correlation between both
the potential Digital Values s primarily mterlinked with
C8Ts DCEx Maturity level. Higher is the level of DCEx
maturity of CSP better will be the potential Digital Value
Realization and vice versa

6.1 Customer Experience Value

It's a value produced for the customer through the
enhanced seamless, personalized customer experience
across multiple digital channels offered by CSP. It includes
erthanced proactive customer engagement, better digital
products und seamiess experience across all the customer
touch points. Uniform customer data across all the
channels, personalize mteractive engagement and trendy
& relevant digital product offerings enables customer
to sense the value for money for their engagement
with CSP. It is also termed as a Falue for Customer, It
begrins with transaction automation and establish a long
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termm relationship which boost the Customer Lovalty
towards the communication service providers. IF CSPs
take the integrated actions to provide an enhanced
customer experience across the multiple digital channels
through therr personalized digital deviees, then the
customer inclined and becomes more loyal towards the
organization. Customer lovalty potentially builds a long
term relationship and enables the customer to po for more
relevant services or products.

6.2 Business Value

It's @ value for an Organization 1.e CSP, it assists 1o
monetize digital offerings as a result of enhanced
customer experience through personalize engagements

as shown below in fgure 9,
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By enhanced customer experience there s a high
potential in the improvement of service consumption and
it also enable to 2o for new products though proactive
engagements with customers. It provides C5P 1o use
predictive analytics to customized product offering across
all the digital channels to generate the additional revenue
throughout Customer journey, DCEXT enables CSP to
take productive steps to improve service uptalke, tarpeted
add-on personalize offerings, better churn management
and counter retention offers with a lower churn rate. These
are additional the revenue streams for the CSP, those were
never been tapped so effectively before the digitalization.,
Multiple proactive measures to engage sensibly with a
customer results in revenue. It is termed as a Valwe for
Orpavization. Indicative DCEx value realization flow is

Crrniomer
Expactalions & Behaviar

=
I@I)
e B3

Fig. 9: DCEx Value Realization Flow for the CSP

CSP can establish a  trusted, transparent relationship
by countering different digital disruptions  through
transformation with customers. Customers begin to
perceive a value for meney through quality digital
products. There 15 a high probability that a customer can
be Brand Ambassador and they becomes a very strong
promoter. They promote the service offerings. though
their social network or ‘word of mouth and also consume
more services which lead to higher Cuostomer lifetime
value (CLTV). Customer lifetime wvalue is revenue
generated from customers throughout their service lenure
with CSP. Customer efforts score 15 essential to measure
the perception of customer about their interaction touch
points. It drives CSI towards the their profitability and
help to retain their neutral customers as well.

7. Dynamic Mucrti -MODEL ALIGNMENT
DCEXT APPROACH

Torguted Actions
Required - Rights

DCEx Valua

g et
Highe wiissmtia i
Wiy Wlires

Wi Chatinnt
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Digital Customer Experience Transformation embraces
the digital disruption as stated in this paper, However, it
also needs dynamic multimodal approach to align with
changing CSPsbusiness priorities and constantly evolving
customer behavior, In a disruptive digital world, there is
coexistence of the distinet digital proficiency which is
again adds disrupltion for the CSP. Single or traditional
business model 15 mefficient, mfAexible to accommodate
evolving impacts of multiple digital disruptions. The CSP
must have to innevate, co-develop and co-create along
with their technology and business partners to adapt the
changing business, operational and technical functional
needs and capabilities. Even Go-to-Market need to be
very targeted with relevant — digital products, solutions
or offerings to suffice the disruptive experience hunger
of digital custemers across multiple digital channels.
The Recommended Multimodal approach is highlighted
in figure 10 o address the multidimensional customer
experience and transform an orgunization to achieve the
sustamable growth and profitable market share,
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Fig. 10: Dynamic Multiple Model DCExXT Approach

7.1 Concept to Commercialization

Digital Customer Experience has never be an afterthought,
however, its backbone of the Communication Service
Providers in order to be competitive in the Customer’s
Digital World. There are multiple digital technologies ( Big
Data, Cloud, Aupmented/Virtual Reality or Analytics.
Robeotics) CSP has to choesg the rght technology,
platformis and partners keeping the long term DCEx
interest of the orzanization intact, Digital Technologies are
evalving and CSPs will require continuous realignment in
their business mode! 1o commercialize the concept and
monetize it to its full potential

7.2 Sustainable Operations

Streamling the internal - external way of working and
communications across different business functions.
leadership or management of Communication Service
Providers is reguisite. It assists to enhance the cross
channel process automation workflows across customer
touch points throughout the Customer journey. ACustomer
focused organization structure, résource competency,
customer experietice key performance indicators and
tools are essentials fo manage data which enable CSP to
tap the next best actions towards the customers at the right
time with the right context of engagement with the right
product to boast cuslomer experience.

7.3 Incremental Innovations

Digital disruption is a new normal and will exist in
future as well. Constant changes in customer behavior

create 8 new risks and also best business opportunitics
for CSP. Digital Native players have changed customer
engagement and experience of products and services ina
very profound ways. However CS5P must need to rebuild
and realign themselves (0 embrace digital disruptions
with continuous incremental innovation to be relevant
for digitally disropted customers. The CSF must need to
invest regularly in new capahilities -business. technical
and Operation to offer new innovative products for their
own survival,

7.4 Organization Culture & Governance

Constantly evolving digital disruptions  enforee  the
néed of continuous change & its management Different
business functions of CSP must realign themselves
with the changing environment to embrace disruptions.
Organizational governance should be cross-functional,
including multiple business functions collaboration and
dhscourage the organizational silos. Customers Priorily
or their needs should be the top most business objective
of an organization. I's kind of Custonrer First Culture
across the organization s essential lo embrace Customer
Behavior.

8. CONCLUSION

Digital disruptions are a new normal in constantly
evolving Customer’s Digital World. Digital Customer
Experience is the backbone of the Communication Service
Providers in order 1o be relevant to their custonsers and
market. Digital disruptions continuously transformed
the customer experience and their expectations, Digital
natives companies are creating new threats and eating
CSP's revenue with their dynamie, inpovative multi-
model approach and digital products: The communication
service providers must need to transform themseélves to
embrace the digital disruptions to enhance the customer
experience and create a business value m a constantly
disruptive business environment. Digital  customer
experience franstormation is the progressive and the lone
solution for CSP rather be complacent. C5Ps must need to
be well equipped to change in order tosurvive and embrace
the DCEXT to avoid the extermination due to disruption
created by digital natives and digital disruptions.

It 15 challenging to manage the changing customer
experience  across  the  digital touch poinis  and
expectations without being a digital company and having
digital competencies. Communications Service Providers
should continue to stretch the digital boundaries of what
18 being offered and how is the customer engagements?
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Communications service providers should be flexible and
incorporate the best of digital atributes from the digital
native companies, from other industries and must be ready
for continuous transformation as its conlinuous journey
for the sustaned growth and not the final destination.
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ABsTRACT

The next elecommunications standard, 56, envisions that the future networks will support advanced use cases, such as Intamet
of things while supporting voluminous simuitansous connections with high bandwidth &s well 25 low |atency. Further, these 5G
deployments will not be static in nature, with new use cases and seqvice reguirements evolving in future. Such reguirements
pose many deployment and operations| challenges to MNOs: These use cases would not only reguire the networks to be aware
of connechivity related parameters, but also adapt inteligently based on parameters beyond the network. This requires the 5G
networks to be capable of addressing conditions which are not foreseen at the time of designing fham: Such capability requirements
can be adequately addressed by advances in the fizld of Al and machine leaming. The objective of this paper is to explore ways
1o leverage Al and machine leaming for enhancing the 5G network deployments and operations. This paper-attempis to decipher
future demands from the 5G networks analyzing specific requirements in the areas of network: planning, network operations
and network optimization. This paper also discusses the stralegic perspective for MNOs to benefit from applications of Al in 5G

networks.

Keywords: 535G, Al, Machine Learning, 5G Challenges, Operations, Metwork Automation

1. INTRODUCTION

SG opens up several opportunities for the MNOs
However, with increasing competition and reducing
margins, there is a dire need to ensure profitability while
augmenting user experience. In this context, we look into
the applications of Al and Machine learning for managing
56 networks. We have looked mto three key phases of
managing networks — Network planning, Network
aperations and Network optimization.

In network planning phase, Al can be utilized for better
understanding of how the network will be used in dynamic
conditions, thus leading to superior investment decisions.
In the network operations & optimization phase, Al
enables the 5G network to behave as an intelligent
entity, while learning and evolving with time, leading (o
significant operational savings. Thos, Al technologies help
MNOs to achieve both CAPEX and OPEX savings, We
also explore how these Al applications can be leveraged
in strategic decision making by MNOs. In the following
sections, we will discuss how traditional ways of network
management can be enhanced with help of AL

2. ARTIFICIAL INTELLIGENCE

Artificial intelligence refers to the field of study related to
mak ing machines capable of human like mtelligence. Al is
not a new concept and has existed for decades. However,
it"s only récently that the vast potential of Al technolopies
seent to be realizable. This change has been possible
due to significant growth of data with reducing cost for
sensors, devices and storage, In general Al technologies
can be applied to communication networks in two ways.
First is a basic application where the control entity
evaluates multiple pre-set solutions to respond to a given
set of environment variables. Second and more advanced
level oF AL entails making the control entity mtelligent to
be able to learn from its experiences. Thus the system will
have the capability to interact with its environment. The
interaction would include sensing the changes, minmng the
data, predicting the outcomes and reason based on 1ts past
expericnces, Thus the system is able to handle unknown
scenarios on its own (Aman Naimat, 2016),

For this paper we focus on the advanced level of Al
technologies used for making systems adaptable and learn
with experience. This is referred to as machine learning
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aspect of Al Machine learning can be further categorized
into supervised, unsupervised and reinforcement learning
algorithms. Supervised learming involves learning from a
set of input-output pairs. and may not be applicable for
problems where desived outpul 15 unknown. Unsupervised
learning is used when user does not know how to classify
the imputs, and the system is expectad to classify the data
based on its statistical nature, Reinforcement learning
includes the process of learning the behavioral model by
sensing i a new environment, and taking decision which
follows the process of feedback (reward or punishment)
from the reward definition based on the outcomse
behavier, Thus the model tweaks itself based on the
difference from the reward definition. We discuss further
how these algorithms can be utilized in 3G networks to
achieve strategic objectives such as cost optimization and
enhanced user experience,

3. 5G NETWORKS

56 15 a set of evolved network technologies aiming at
providing ubiguitous conngclivity o vast range of deviees
and applications (Ericsson, 2017), 50 networks do not
rely on any one specific radio-aceess technology and
entatl support from a portfolio of access and connectivity
solutions 10 address the mobile communication
requirements beyond 2020,

5G will address huge traffic and bandwidth requirements
while supporting wide range of connected devices and
enabling real time, highly reliable communication for
mission critical requirements. For supporting these
requirements, the implementation  and  deployment
of network infrastructure would undergo significant
changes. This would have to be based on software-defined
networking (SDN) and network functions virtualization
(NFV). As per this trend network operations will become
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more cloud enabled, and we see an obvious opportunity
for leveragmg Al to achieve cost optimization with
enhanced customer experience in 3G networks.

4. ADDRESSING 5G NETWORK CHALLENGES
WITH Al

According to ITU 3G standards, 3G cellular networks are
key enablers to massive machine type communications,
low latency services and high bandwidth consuming
services. Data rates of tens of megabits per second for
tens of thousands of users and several hundreds of
thousands of simultancous connections for wireless
sensors are anticipated to be fulfilled by 5G. However,
56 just enables enhanced network function in pre-defined
conditions. The requirements ol chabling advanced
configuration, dynamic netwoerks and providing new
service creates challenges for managing 5G networks, We
elaborate how these challenges can be addressed through
an Al framewerk, applying it to the 3G Cellular networks
with an integrated architecture. We also showcase the
use of this framework in addressing the challenges faced
during network planning, operations and optimization
phases.

4.1 Al based Framework

The below figure elucidates the framework for 3G network
empowered with AL (), Pérez-Romero, 201 5) for network
capacity planning, operations and optimization. The
framework is based on input data from various sources,
which is innovatively processed. to provide decisive
actions to be performed on the network and to provide
insights for assisting MMNOs decisions through decision
support systems.

5G Network

User/Nebwork [ata

Network Flexibility
enablers
{SDN/NFY based)

Manual Actions [EI

Automated Actions

Imvghts

r—\ -

Infarmation Hatwark

Information pre: w=p Expetlence Lesring  Prediction capacity  etwork Opi Hotwurk

rollection o asiing planning

\ } o
Data Knewledge Discovery & intedligent Decision Making
Acqguisition Intelligence

Fig. 1: Al based Framework for 5G Networks
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4.1.1 Data Acguisition and Pre-processing

5G network operations and planning faces challenges in
unalyzing and correlating complex and disparate sets of
data. which resides in multiple systems such as CRM.
NMS, BSS, inventories, etc. The data could be network
data, user data, content data and external data.

During data pre-processing, the information from multiple
systems is prepared for mining, throueh below tasks:

* Data cleaning — Ineludes removing in-consistent and
noisy data.

» Data integration — Includes combining data from
multiple sources.

= Data selection — Includes selecting relevant data spe-
cific to the problem.

* Data transformation — Includes changing / consoli-
dating the data for further mining {e.g., summariz-
ing, ageregating etc. ),

4.2 Knowledge Discovery & Intelligence

The Knowledge discovery stage uses machine leaming
tools. to build models which will drive network planning
and operations decisions. As  elaborated earlier the
Machine leaming techniques are usually subdivided into
supervised, unsupervised and reinforcement leamning.
These can be used to identify algorithms & models based
on input information,

Classification is the process of identifying model to describe
and differentiate data sets. The identified model. called
classifier 15 in turn used to determine the class. Further,
Prediction identifies appropriate models to forecast the
parameter values (e.g. the traffic requirements in a particular
region can be anticipated with help of past trends and-any
changes in associated indicators), This is essential during
network planning and is elaborated in future sections,

4.3 Intelligent Decision Making

During this stage, the extracted knowledge, for e.g.
prediction of traffic, will be used to recommend or decide
actions for the network. These actions can be leveraged
during network planning and operations processes

4.4 Network Flexibility Enablers

SDN and NFV technologies, which enable dynamic 5G
networks play an essential role in this Al based framework.

According to the Open Networking Foundation (ONF),
software defined networking (SDN) is a network
architecture that decouples the control and datn planes,
and provides a centralized view of the distributed
network for more efficient orchestration and automation
of network services, through a centralized application
called SDN controller. This will enable the network
control to become directly programmable and abstract
the underlying infrastructure, for applications and
network services. While NFV is a concept, which focuses
on optimizing network services themselves. wherein
the network functions such as DNS, Caching. etc are
deeoupled from proprietary hardware applianees, so
they can run in software to accelerate service innovation
and provisioning, particularly within service provider
environments, These network programmahle capabilities
of SDN/NFV, key for achieving the real time needs of 3G,
lay the foundation for deploving Al and Machine learning
technologies. Detaitled discussion on SDN/NFV is beyond
the scope of this paper.

4.5 Al Enabled 5G Cellular Networks

Figure 2 illustrates a viable 535G cellular network
architecture, integrated with Al framework. The Al
controllers sit on the top of the network entities, which
act as applications. During the data acquisition stage,
these Al controllers communicate with CN, RAN or SDN
controllers, through open Interfaces,

Al center obhtains the cellular network data through
various heterogeneous sources such as SDN controllers
ete, after which the Al center will utilize its inbuilt
functionality (sense, mine, predict and reason), 1o provide
recommendations or actions for performing on networks,

The Al center will read data from disparate systems such
as;
* SLA - includes data on coverage, failure duration,
redundancy, ete.
* UE - meludes mformation specific to UE - any bat-
tery limitations or the category of receiver ete.
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Fig. 2: 3G Architecture Enabled with Al

» Network - mcludes information such as #subserib-
ers, spectrum. oS, Network function KPls, mainte-
nance etc.

» Infrastructure - includes information such as CPLL
memory, network standard, storage ete.

Al center will further processes the acquired data and
provide recommendations on several aspects to the SDN
controllers, The information includes Traffic analysis
report (e.g., suggestions for the service provisioning),
UE-specific data (e.£., allocation of bandwidth, priority of
serving ete.) and notifications for network configuration
(e.g.. access methods, network alerts, and parameters for
adjustment). This can be elaborated further discussing
through planning, operations and optimization processes.

4.6 Network Planning

An accurate network planning is a challenging process
as planning methodologies involve various parameters
which are uncertain and vary in time and space
Traditionally, this has often led to overprovisioning
and, consequently, excess CAPEX. The challenges are
exponentially increased in 5G networks, which are fueled
by the volume, variety and velocity of data (1. Pérez-
Romero, 2015).

4.6.1 Traditional Network Planning

Cellular network planning involves resolving a high
number of complex issues, which melude: Uncertainty of
input parameters, Lack of accurate network details, and
complexity of network,

The figure (Mario Pickavet, 2010) elaborates on a typical
network planning process, in which the fixed inputs are
provided as inputs to the iterutive design process. Initially,
pre-design parameters are decided such as choice of
technology, network architecture, ete. Subsequently, based
on these initinl choices, the actual netwaork is desipned.

The network node and link capacities are dimensioned
based on the routing strategy, demand of the traffic and
the position of the link. Generally many approximations
are applied during this phase.

After the actual network design, this 15 evaluated in detail
from cost perspective, and 1s simulated, i’ necessary, (o
ensire if the actual traffic 1s aligned to the appreximated
traffic demands. Based on the evaluations, the pre design
decisions are revisited.
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Fig, 3: Traditional Network Planning

4.6.2 Dynamic Network Planning

56 networks will be fueled by the emergence of big data
analytics. Big data proposes an overwhelming amount of
velocity, variety and volume, and i1s dynamic in nature.

Circumvyenting this problem, Al techniques like Simulated
Annealing, Tabu Search and Genetic Algorithms can be
used to solve complex network design problems.

In this process, Al center obtains the cellular nerwork
data through various sources such us SDN controllers ete,
processes the acquired nformation and then feeds back
the learning. leading to a dynamic architecture.

As highlighted carlier in this paper, the Al center includes
modular capabilities to sense. mine. predict and reason the
data. These Al modules are used in forecasting the traffic
patterns that can be used as input for network plannimg
with greater accuracy, For instance, the datd obtained
by tracking UEs location is leveraged by Al prediction
module for forecasting mobility trend. Reasoning module
proactively notifies UEs to update location record. to
prepare handover resources and suve signaling cost of
mobility managenent.

Additionally, models can also be derived by decomposing
the expected wraffic demand from time, space and QoS
perspectives. From the time and space perspectives, the
fluctuations on the required capacity could be due to
predictable conditions such as weekend and working
days or unpredictable conditions such as accidents, etc.
From the QoS perspective, the traffic decomposition

could wtilize the dunensioning from space and time
perspectives, and inference can be drawn by association
with user groups. Traffic characterizations can also lead
in identifying the mohility patterns, to extract data about
daily movements,

Further, Classification technigues can be apphed up to the
cell level based on the traffic category and by using the
prediction techniques, capacity can be dimensioned with
wreater accaracy. Few situations could lead to providing
inputs to decision support sysiems in adopting speéctrum
trading strategy by MNOs,

4.7 Network Operations

The critical 1asks of network operalions encompass
configuration management, network monttoring and
service provisioning,

4.8 Configuration Management

Given the complexity of 3G networks. which are
expected to cater to highly scalable and diverse devices,
the configuration management and maintenance s
cumbersome. The configurable parameters have evolved
with the telecom technology, While there are 300
configurable parameters in a typical 2G node; 1000 are
required in 3G nodes and the number rises o 1500 for a
4G node. Considering this trend. a tvpieal 56 node could
have 2000 configuration parameters (Rongpeng Li, 201 7).
Hence it becomes imperative to address configuration
management with a highly nutomated approach,
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The self-oreanizing features play a crtical role in
enhancing the intelligence in 56 era. The self~organizing
features include self-configuration. self-optimization and
self-healing, Self~configuration refers to the automutic
configuration of the nitial parameters that encompaisses
neighboring cells list, IP address and the radio access
parameters,

For the automatic configuration of series of parameters
for rendering best services, Al techniques like Transfer
Learning (TL}), RL and Dynamic Programming (DP) may
be used in 5G. RL is a model free Isaming technigue that
yields superior results, which iterates through to reach
optimal strategy, This is also suitable in the dynamically
changing radio conditions (Rongpeng Li, 201 7).

Self-healing encompasses automatic fault  detection,
classification of the faults and initiation of cerresponding
actions for recovery. Al sensing techniques such as
Logistic Regression (LR), etc., can be leveraged to spot
the trregularities and anomalies in the network, to further
restore the system.

4.9 Network Monitoring

Metwork monitoring could be challenging in 3G due to
the dynamic nature of the cellular environment. Currently
MMOs monitor the networks through alamms, which
depend on static threshold setting at the cell level. As the
network is dynamic, many alarms may be missed with
traditional monitoring approach.

Traditional process of root cause analysis with trouble
shooting puidelines also have clear limitations as they are
associated with longer investigation times and increase
the cost operations. Such processes can significantly
impact customer satisfaction index.

With Al powered diagnostic analytics, MNOs can quickly
and accurately detect network problems and reésolve
them. even before they occur. Algorithms like Logistic
Regression (LR), Support Vector Machine (5VM), and
Hidden Markov Model (HMM) could be used for network
anomaly detection or events by multiple-entry data from
heterogeneous sources,

4.10 Service Provisioning

One of the remarkable evolutions n 3G 15 the feature
of dynamic provisioning. The emercence of 5DN &
NFV has enabled a concept called Network Slicing
which facilitates dypamic provisioning. Network slicing
helps in creating customized network pipes for various
services, which traditionally MNOs achieved by building
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dedicated networks, It also ensures certain level of guality
and security 1o'ench service (Ericsson, 2017).

The future services will require dynamic and automated
network slicing via self-organizing property. It involves
looking at various eavironment wvariables. learning
uncertuinties, planning  appropriate  actions  and
configuring the networks properly. Al could be utilized 10
learn the variation, classify the issues, forecast the future
challenges and establish automated Network slicing.

We can automate service provision {latency, error rates
and bandwidth) via Al technigues such as Gradient
Boosting Decision Tree (GBDT) of supervised learning,
and Spectral Clustering, one-class SVM of unsupervised
learning.

4.11 Network Optimization

Currently, network optimization involves  manual
processing & analysis and is highly supported by
engineering knowledge, With the advent of dynamie
5G networks. and increasing complexity of network
technologies, there Is compelling need for the more
automated and scalable solutions,

Optimization can be provided either via open loop systems
or via closed loop systems, In open loop systems, the
recommendations are provided to the network engineers,
who conirol the neftwork confipuration. In closed loop
systems, the NP&O system itself optimizes the netwoark
in near real time.

The closed loop optimization could be achieved through
self-optimization which includes continuous optimization
of parameters such as coverage, capacity and service
guality by tuning different network settings. Al algorithms
(unsupervized) like Kalman and Particle filtering can be
utilized for dynamic optimization of networks,

5. Al ENABLING STRATEGIC OBJECTIVES

Depending on its strategic priorities, an MNO may want
to focus on oneg or more of profitubility (efficiency),
brand differentiation (customer proximity) or market
share (revenue). In our view, Al and Machine learning
applications  for network planning, operations  and
optimization help avgment all of these strategic agendas.
We have mapped various Al applications discussed in this
paper to the business KPIs which are relevant for MNOs,
This should facilitate decision making process to choose
the right set of Al applications aligned with their business
strategy,
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Table 1: Mapping Al Applications to Corporate Strategic Objectives

Al Application Dretails Business KPS Metric | Corparate Strategy
Metwark menitoong — self i g s o
heéaling networks Enhanced customer pxpericnce CEM Score Bramd leader
Dyvoomic  Netwerk plan- | Aveld deploying excess copex, leading 1o less capital burden o~
ity el lesser depreclation | amorization expenses Proafialility Coati.cadar
Metwork capacity Fifmﬂ.mg sAnficipeteForecast user requirements ond provide the re- CEM Score Arand Leades
trsedd on user mokality quiged network capability
SEvvioe p;n.'u_wzluumg " Provision services efficiently and automatically Profitabdlity Cost Leader
network siicing :

Jew services enulled vik | Additional revenue vid new service which wauld pot be pos-
DEW BRIV : Bk E " = P Revenud Murket Shure Lender
Al aible without Al

Based on above, Al should be the top agenda for MNOs
whe are planning to deploy 3G networks in near future:
Market research mdicates that top elobal operators
have already made huge inveéstments in Al with BT
Group, Orange, NTT and Verizon leading the pack as
top nvestors, AT&T has also launched its Domain 2.0
initiative to transform its network and infrastructure into
a highly dynamic system by replacing many of its current
networld elements with software using NFV infrastructure
and controlling these software based components using
SDN protocels. The mitiative is very much based on
the advanced machine learning algorithms, This wend is
picking up and Telecoms.com reports that around 62%
of the IT teams will be using Al by 2018 (Jason Riccio,
2016).

6. CONCLUSION

To conclude we would like to re-tterate that future
networks offer opportunitics as well as pose challenges
for MNOs because of complexity mvolyed in operating
4 3G network. Al offers powerful algorithms which can
be leveraged to manage these networks efficiently, These
algorithms not only enable operators to estimate and
plan capacity accurately but also enables significant cost
savings via dynamic operations and network optimization.
Thus, Al helps MNOs achieve their strategic objectives
and hence we see increasing investments in this area.
This 15 precursor 1o a huge demand for Al and Machine
learning based systems for network plannine. operations

and optimization, which will further be fueled by zlobal
50 deplovments.
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ABsTRACT

The topic of smart buildings is often discussed interchangeably with sustainable buildings which have beenin focus for guite some
time. The key selling point for such buildings is addressing the green environment agenda s well-as reducing operational costs
via sfficient energy usage. A significant aspect however often left out while discussing smart buildings is related to the potential
benefits that businesses can accrus by leveraging the power of ICT. These benefits mainly encompass enhanced employes
productivity, employee engagemant and improved space: utilization of building premises.

The objective of this paper is to highlight the advances in |CT which can be utilized to create smarter bulidings. Although there ars
several benefits of smarter buildings; the: paper focuses on employing ICT o create better working environment for the occupants
while enhancing the space utilization. This paper explores how smart workspaces can benefit organizations and identifies the ICT
architecture for smart buildings: This paper also discusses stakeholdars in the: context of smart building and their perspective on
benefits and opportunities in this space. The paper concludes with highlighting a few case studies of smart buildings across the
world; The methodology includes analyzing and proposing advanced use cases possible by integrating the enterprise [T systems

with loT/M2M sensars and building manegement systems:

Keywords: Smart Bullding, Smart Werkspace, Emplayee Productivity, Space Utilization, Digital Transformation’

1. INTRODUCTION

1.1 Need for Smart Buildings

“We shape our buildings, and afterwards our buildings
shape us " - Winston Churchill

We have seen how digitization has disrupted the way
businesses operate today. A thorough understanding &
application of this trend has become a critical part of
stratepgy process for any forward looking organization.
While digitization brings a major shift in how business is
conducted, these technologies also bring an opportunity to
transform our workplace, This transformation is strategic
for several reasons including enhancing employee
engagement & productivity while improving the office
space utilization for the building, In this paper we will
study these potential benefits and relevant use cases which
are possible with the advancements in 1CT.

To understand why we need smart buildings. first we need
to understand how the work foree has transformed over the
years. Today, most employees utilize digital technology
quite freguently in their daily life and expect nothing less
from their workspace. For example, employees expect

office meeting room reservations to be accessible and
adjustable over smartphones: An increasing percentage
of employvees wani personal control over the temperature
& lighting in their seat location. Thus employees have
become active participants and consumers of their
workspace, Providing such Aexibility not only engages
the employees but also improves their productivity levels
as we shall observe in next few sections.

Another significant aspect enabled in smart buildings is
the improved space utilization of the office building. With
precise insights on how thie building spaces are being used,
office managers can allocate resources eificiently and also
do long term planning for the real estate leasing decisions.
As we will discuss i the paper, space utilization can also
be improved by automating seat allocations & hot desking
solutions enabled by the data and insights gathered via an
array of sensors deployed in a smart building.

1.2 Smart Buildings are More than Just Green
Buildings

For a long time, buildings have been considered to
be static assets which once buill needed minimal
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maintenance and mteraction. Thus lot of focus was
on the mital mvestments and mmplementation with a
secondary view to how buildings will be run. This view
has changed as operational costs of running buildings
have mereased over the long lifetime of a butlding (Fuller,
2016), Many governments are introducing regulation
for building mamiepance to ensure resident safety and
efficient use of energy resources (MY C . gov, 2017)
Also, a lot of environmental nitiatives have mereased
the consciousness of green pgenda, due to which real
estate companies have been focusing on constructing
Green buildings, The improved energy efficiency in such
buildings is achieved by several steps such as: utilizing
newer building materials for utilizing sunlight for
heating, using screens/glass for enabling natural lighting,
deploving water management systems for recyeling water
within the building ete. These mitiatives towards Green
buildings indicate a good start, however such buildings
still do not fully leverage the power of 1CT and have a
scope of improvement in several aspects. First, as green
buildings utilize basic sensor technologics, the systems
are eithér mechanical or have a pre-defined behavier for
g limited set of conditions. Thus building systems have
restricted intelligence to control Heating, Ventilation,
Lighting, Access and Security, Secondly, most green
building svstems act independently and locally. A lat
more is possible in case the preen building svstems are
integrated with a smart building management system
(BMS) which enables use of data from several systems 1o
tike synchronized decisions for the butlding as a whole.

Thus smart bulldings are not just green buildings and
enable much more that energy savings, Another Key

AR

reason for nsing smart connected buildings is survelllance
& security. However, as the topics of Energy savings and
Security surveillance have been widely discussed and
their ROT understood and aceepted, these are not discussed
further in the paper and we focus on the broader set of
use cases which enhance spuce utilization und occupant
cxpericnce in an enterprise setting,

2. ICT ENABLERS FOR SMART BUILDINGS

In recent years sensor technology has evolved significantly
while device costs have plummeted. Thus sensors can be
deployed to monitor everything in a building including
lighting, temperature, air condilion, motion, presence &
number of people ete. Also, cloud computing has enabled
huge amounts of sensor data (o be stored and powerful
analytics to be run to drive strategic insights, Further,
the intelligence nead not be coded, and can be learnt and
erthanced with use of machine learning algorithms. This
capability, when coupled with edge computing, provides
very low latency on autemated and intelligent decision
making. It includes several scenarios such as automated
light control when a meeting room is emply, managing
thermostat based on occupancy level and external weather
conditions ete. This enables facility managers to manage,
monitor & optimize real-time building operations.

Going a step further, [CT can be used to integrate the
enterprise [T systems with the BMS built on APl based
design and information exchange. Thus BMS would
inieorate all relevant information (e.g., emplovee data,
visitor schedule, email, calendar etc.) enabling accurate
decisions based on contextual information as well as
personalized preferences of occupants.
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Fig. 1: ICT Framework for Smart Buildings
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We can refer to the smart building ICT architecture stack
presented in figure 1. As indicated, the sensors form the
lowest laver in the stack and collect data, implement
actions based on logic from above layers, This is followed
by the Netwark layer which enables connectivity between
different building svstems as well as with enterprise
systems, analytics engine and databases. Mext is the data
collection layer which includes: databases/data centers
for the smart buildig information that is collected over
time. This 15 followed by analytics where business logic
resides and drives the automated actions and generates
insights for users. Above analytics, we have exposure and
presentation layer which is used to structure information
for the consumption by building cccupants and facility
managers. The whole stack 1s presented to users in the
form of an integrated smart BMS, which can be used for
controlling systems behavior as well as for administering
uny policies related to space management. Finally the
BMS supports different vertical segments (such as
communications, elevator, fire, water etc.) within the
smart building.

3. Key BENIFITS
3.1 Employee Productivity

"Productivity B Y everytiing but in the Tong v 1t i
almost everyvthing” - Paul Krugman

Productivity in an office context signifies quantity and
guality of work delivered by the employees. In most
knowledge based work, o good way lo understand
productivity would be o measure the time, attention
or amount of focus an employee can dedicate to u task.
Unfortunately, these parameters are not immediately and
directly measurable: Hence, we have used some indirect
measures to understand the impact of smart buildings on
employee productivity:

= Emplovee health & well-being: US lobor foree data
indicates 3% of productivity is lost due o health rea-
sons (US Department of Labor, 20016}, A smart work-
space provides a comforiable and stress free work
environment to the employee. This 15 enabled by
adeguate ventilation, custonuzed lighting and seat-
g based on nowse preferences ete. This has direct
impact on employee well-being and health, leading
to increased productivity,

* Employee control on workspace: A team at CMU
identified cight case studies confirming the impact
of providing individual temperature control on pro-
ductivity gains of up to 3% (Loftness, Hartkopf, &
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Gurtekin, 2003). This is re-affirmed by a study from
ASHRAE which indicates productivity improve-
ments of up to 5% with configurable work environ-
ment (Fisk, 2002}, In a smart building, employee
productivity is enhanced by providing o configurable
workspace and giving the control lo employee so
they can configure the workspace as per individual
preferences. Thus, lesser amount of time is wasted in
making and tracking helpdesk reguests and employ-
ees can work at their optimal productivity levels due
to improved comfort levels.

* Availability of resources to the employees: With
smart BMS, employee productivity goes up as the
meeting rooms are easily manageable over smart
systems without need of an intermediator. Also,
dynamic & intelligent seating allocation becomes
highly relevant in agile and activity based projects.
Emplovees working in same projects can be seated in
proximity to facilitate collaboration and information
exchange. This can evolve based on project require-
ments and can be updated once employees finish a
project and move to separate teams on other projects.

We have discussed the positive impact o simart workplace
can have on employee productivity. Considering employee
casts are one of the highest components of OPEX for
meost arganizations, productivity gains of as little as 1%
via smarter workplace can translate into huge savings for
the organization.

3.2 Employee Engagement

In the context of knowledge work, the cost of replacing
an employee is quite considerable. It includes not only
the hiring costs like job posis, interviews, negotiations
ete., but also lost productivity due to mefficiency during
notice pertods and time & effort spenl on (raining new
employee. In many cases these costs add up o as much
as two years of payroll cost for the position (Fitz-Enz,
1997y, Thus il becomes paramount for an enterprise
to focus on employee engagement. In the context of
digitization, highly cennected office environment -and
smart workspace have a major rolg in atracting and
engaging emplovees. As we will discuss in section 4
{use cases), smart buildings provide employees with a
comfortable, responsive and personalized workspace,
thus enabling significant improvements in employee
satisfaction and engagement. With smarter workspace. an
organization can not only retain existing talent, but also
promote its corporate brand value to double the likelihood
of attrocting new talent from market (Barklund, 2015).
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3.3 Space Utilization

Smart buildings provide an array of data points which
can be utilized by facility management to derive strategic
insights, These can help in understanding how the space is
being utilized, when is it not utilized, and ways to predict
the space requirements into the future based on past trends
and evolving enterprise datn. Also, this analysis can be
carried out dynamically with the real-time information
from the smart building sensors and management system.
Some of the examples where smart buildings enable
higher space utilization are as follows:

» With constant moenitoring of use of meeting rooms,
facility managers can understand whether the meet-
ing reom is left un-booked frequently because it's
not preferred by employees, The preference may be
hecause of size, lighting ete. parameters which can
be addressed to enhance utilization of the meeting
room i future,

3.4 Benefits lllustration in Indian Context
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* In case the use of workspaces fluctuates heavily from
low to high depending on days of week or season ete,
the smart building data can be used to create forpgcast
models so that facility managers can take informed
decisions to either sub-let or sub-lease additional ca-
pacity as forecasted into the future,

* It's possible that for a particular organizational unit,
the space utilization is observed to be constantly low
{reasons may be due to high percentage of travelling,
ensite or work-from-home employees ete.). In such
cases long term decisions can be taken to reduce the
footprint and lease smaller amount of space in future.

A study conducted by CBRE indicates that at least 30%,
of the space lies underutilized for different enterprises in
APAC. For companies in the Consulting/Business services
sector, the number is as high as 63% (CBRE. 2015).
Smart buildings can enable facility managers to developa
better workplace strategy & planning so that a lot of this
unutilized space can be relensed to save operational costs:

Assumprians # Units Expense | "Annual Expense | Smart Buifding Impace | "Anmial Savings
Calenlation (Cr, INR)" (Cr. INR)"™

Employees 300 |Headoount Solary 35 Productivity Enhancement 070
Avy salary TOOOO0 | TN hifice Leasing 54s Beter Spiee Utilization 029
Space Tequirement 130 {sgft / employee Energy iLe7 Energy Savings 17
{Dhanalokshmi &
Selvabaskoi, 20114}
Leasing cost (Con- 65 |INR/ sqft! month
struction Workd, 2017)
Electricity usape (CDP.| 2686 | lowh / vr ./ emp
2015}
Electricity chorpes 5 [INR unitikwl}
(Gt of Indin. 2017)
An illustration 1s provided for an assumed office space of 3,5 Benefits Summary

Technology company in the city of Pune. The efficiency
is assumed based on references from previous sections.
It indicates the possible benefits of converting the office
into a smart building and also establishes that savings due
to productivity & space utilization 15 significantly higher
than just energy savings.

Below table summarizes the key benefits discussed in
this section and maps them to performance metrics and
corresponding operational savings for the enterprise.
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Table 1: Key Metrics to Measure the Benefits of Smart Buildings

waollspace

Benefit Category | Impact of Smart building Koy Metrics Operational Savings
i . i i i : . ; o | Reduce operatienn] costs in terms of
:::lu;v‘;lyw -:_Tf;:.“ﬂ e yee :'u:zys (ot bours) of absence due w lealth is- cinployee time as well as medical
EER tnsurnce costs
;umﬂti:::w Enhance emplovee conwol on | # Helpdesk Complains refared w temperansee, | Higher efficiency, meenng of time-

lighting eme

lines dendlines

Efficient resource wvailability 1o
the empliyeas

Reduced oocupunt requests via ‘Help Desk’
and other simiiar feedback systems

Reduced ecosts due o lesser over-
hieads on inermedianes

Enhance employes loyalty

Adlrition rotes

Lower re-imlning costs

Employee

Engagenent Adtract new employess

Percentage of emplovees joining who were
niadde joining offey

Lower hining costs

Better utilize the spoce available

Ol with enferprise
Space Utiliznton

# Complaints of pon-avilebility of space /
Meeting ooms

Reduce costs spent in o mansping
space

Reduce space footpeint in long
run bused on dverage utilization

Reduction in amount of spaee required per em-
ployee

Reduce real estatycosts in long lerm

4, ICT ENABLED USE CASES IN A SMART BUILDING
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Fig 2. Smart building use cases

The fgure shows several use cases which can be
implemented within a smart connected building. These

use cases are explained and mapped to the benefits for the
organization as follows:
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Table 2: Smart Building Use Cases Description and Bencefits Mapping
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# Use Case Descriprion Benefits
Automated building Entry / Exit for authorized users {ear plate recognition and automasted spuce ae- o
: cess by detecnng identity badge proximity Eployoe pinduetivity
i Automated car parking allotment & parking space management (lease additional parking slots or re- | Employee productivity
i lense slots to other organizations within the building) Spate utilizntion
Preventive muntenance of buildimg resources; Lt [ common areas ete.. to nummize down time. Also e
3 anticipate waffic and position the 1is sccordingly. Employes productivity
4 Hot desking: Dyvnumic sent allocation for colluborative work environment f luyz.e prq:!ducm-uy
il ' Spece wiliztion
5 Laocal environment settings o5 per employee preference, recommended suidelines and external weather | Employee productivity
{heating, lighting, ventilation etc.) Emplovee enpeeenient
Integrate smail, calendar with meeting room booking system o enable automated booking msnage- .
ment - suggest opions based on number of attendees, location and earlaer preferences of the meeting Employee productiviry
f organizer. Thus employess do not book oversized rooms and also avind the hassle of going through | Employee engagement
room choice manually. Booking is also relensed automatically in case meeting is cancelled / re-sched- | spape yrilization
uled.
— e R . . Employee productivity
7 Dhgital sipnage - Use for stand ap A pile meetings / discussion mther than beoking our a room. Spiice utilization
8 Pre-enrolled visitors for ease of uccess without wasting employes time, Employee productivity
g Cannected facilities for replenishing consumables o avoid “out of service™ and downtime for ma- | Employee productivity
chines such us — Coffee machines, Printers, Tissue dispensers, Soap dispensers, Bins. Employes engagement
pg | Lsers can request I!.!».-'n'.l_r}q:d|.|.1:e. services vin their smanphones, report Giokts via use of QR codes inliffer- Eiiboyee prodiivity
ent purts of the bulding via smariphone spp !
| Monitor movement, posture etc,, and make recommendations - If cmployee s sitting for leng hours, | Employee productivity
récommend o walk |/ break Employee engiernent
12 'ljl:acking space ugugc_mltwee.kly apud monthly basis 1o forecast the requirements and decide the amount Spaseutilization
ol space to be [eased i fulure.

5. KEY STAKEHOLDERS

5.1 Enterprises

As discussed i section-3, smart buildings not only acerue
commercial benefits, but also enable higher employee
satisfaction and corporate image. Stakcholders from
different units within an organization can view the benefits
in their perspective as highlizghted in the figpure below,
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Fig. 3: Enterprise Stakeholder Perspectives on Smart

Building Benefits

Enterprise 1T department led by the ClO js another key
stakeholder which enables these benefits for the rest
of the organization. It must be understood that the true
potential of smart buildings can only be realized when the
enterprise [T systems are integrated with the BMS. For
this, all smart building related decisions have to be either
led by or deyveloped in close collaboration with IT,

5.2 ICT Companies

ICT companies play the most important role in the
smart building value chain as they are involved from
the inception phase {Consulling) to delivery of smart
building systems (ICT planning & design. Sensors
& network deployments, Data center, Analytics and
Customized application development) and continue into
the operational support phase throughout the life of the
building (by setling up and managing opérations center
for remote monitoring ).

As the field of smart buildings 1s nascent, there are several
consulting opportunities wherg organizations want to
understand the applications of ICT to transform their
offices into smarter workplace, While the subject of smart
buildings falls underneath the umbrella of 10T, it needs
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dedicated experts who can guide enterprises and facility
managers through this transformation. A survey done by
CABA indicates that most decision makers do not yet
understand how to leverage the power of 1CT, big data
& analytics for their bulldings (CABA, 2015}, Thus role
of Entrepreneurs & Consultants becomes critical in this
space,
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6. CASE STUDIES

There are many cases of upcoming buildings with
integrated, advanced and smarter ICT systems. Many
of these mitiatives have ebserved positive ROI within
a short span of time: We have listed below a few case
studies indicating some of the smartest buildings across
the world:

THE EDGE, AMSTERDAM

o1 L1 L

TEIAN Lo na
e e .-_.-{EF_’_ s L,
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The Edge is located in Amsterdam
and occupied by Debitte (Randsi,
2015). It hosts a total of 2300

COLLIERS RAD, FRAMNCE

LE HIVE, PARIS
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Le Hive i= located in Paris and
ocoupied by Schneider Electric hosting
1800 employees (BREEAM, 2014),
Considered one of the gresnest and
smantest buildings, Le hive offers a
wide array of smart features to is

pocupants, This bullding s considerad
one of the smartest workspaces in the
world It is specifically designed 1o with
& considerstion for agile work culture
to promote employee collaboration.
The building 15 packed with arcund
28,000 sensors and offers wide array
of smart services ranging from
automatic parking =ccess, alectric-
vehicle docks, to user prefarance
analytics, Lights are powsred via
Ethernet LAN transforming  each
lighting point into a internet connected
data hub. Mumersus employes
friendly featuras make this building the
model for futura workplacas.

Colliers 12 an intermational real
estate company and uses ifs
R&D  center In Framce fo
implement and experiment with
new smert bulding esncepts
(Abdelnour-Mocara, Qussera, &
Burns, 2013} With sman
techrologies, it has been able fo
achiove significant space
utilization with 180 employess
using just 140 workstations. I
also integrated the employee 1Ds
with building sensor network and
enlerprise  systems 16 derive
insights on space usage, =nd
future workspace enhancemants.

occupants. Employees  have  full
control  over  their  workspace
conditions like fght, temperature efc,,
and can make changes via a
smartphone app. Tha app has several
smart fealures because of iis
integration with building management
and enterprise |T systems. Employees
are able to view room availability, book
meeting rooms and find way through
the bullding very conveniently. The
bullding is alse fited with smart
lighting and blinds controls. Thase
smar featiures have complemented
the grean features to enable huge
enargy sovings of 47% for the
company.

>

7. CONCLUSION

Ashighlighted inthe paper, it's pertinent that organizations
understand that smart buildings have a lot more 1o offer
than just energy efficiency. Also, to achieve maximum
potential of its resources, an organization need 1o ensure
that workspace 15 people centered, activity based and
designed for flexibility with use of appropriate technology,
With these aspects covered, enterprises can seek to attain
higher employee productivity & engagement while
ensuring better space utilization of theur real estate.

Organizations which have not yet planned for this trend
must understand that smart features will soon be must-
have reguirements for the building occupants (more so

with imcreasing number of mullennials in the workforee),
[t's no longer a guestion whether o embrace and nvest
m smart buildings or not, The question 1s whether your
organization would be ready when smart buildings
become essential for long term corporate success,

GLOSSARY

ASHRAFE - American Seciety of Heating, Refrigerating
and Air-Conditioning Engineers

BMS — Building management system(s)

BREEAM - Building Research  Establishment

Environmental Assessment Method




Digrited Transformation at Workplace: ICT as o Key Enohler af Smarter Buildingy 67

CABA - Continental Automated Buildings Association

CBRE - CB Richard Ellis. an American commercial real
gstate company

CMU - Carnegic Mellon University
IOT — Internet of Things

M2M — Machine to Machine

QR - Quick Response Code
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Blockchain in Telecom Sector- An Analysis of
Potential Use Cases
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ABsTRACT

Funous customersdisputing bills, issues of payments between operatorsfor roaming services, sim clones and legal eavesdropping,
troubleshooting in mult-vendor — These are some of the most well-known issues faced by Telecom Operator. What if there was
a way to overcome these issues. The potential benefits would be huge and at same: time greatly improve perception of Operatar
in-eyes of its customers. One such disruptive technology, Blockchains, which uses Distributed Ledgers and operates trustless, is

being envisioned to solve such problems within Teleo’s.

A lot of literature is available describing how blockchain can be used to power todays Telecom use cases, however, hardly any
papers describe the challenges that needs to be overcome to actually make biockchain a mainstream technoiogy in Telecom
sector. This lack of reality check was inspiration for writing this paper. In this paper, we try to understand "Blockchains”, some
proposed biockchain implementation for Telecom use cases and challanges that need fo be addressed to enable these use cases.

Keywords: Block Chair, Telecom, Operator, Use Case, Distribuled Ledger, Bitcoins. Challenges

1. INTRODUCTION

In recent years, Telecom Systems have gone through a
revolution. From call and sms days of 2G, we now have
always on [P network which provides blazing fast upload/
download speeds and enable all forms of communication
(voice; text, video, email, ste.) through data pipes and
upplications installed on smart phones. However, the
care lechnology and processes fundamentally remain
the same: This means that in spite of ereat technological

achievements, we still face same key issues (customer
complaints, sim cloning, charging complaints ete.) today;
that we have been facing since long time.

Blockchain is being positioned as a disruptive technology
(4), (10) that 15 expected to completely change the way
systems interact with each other. It will make transactions
cheaper, tansparent, scoure and enable efficient pse
of time and resources, By using Distributed Ledgers
and Trustless processes, we could solve @ number of
fundamental problems in Telecom sector.

bribes b ool it "

Fig. 1: Interest in “Blockcehain™ Over Time. 100 [ndicate Peak Popularity for Search String

Source; Goagle Trends website
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Interest in block chains has peaked m last few years based
on success of Bitcoin (12), a cryplocurrency currency
which 1s not controlled by central authorities like banks.
states, povernment cte. Due to suecess of Bitcoins,
financial institutes have already announced major
initiatives to explore this area and we see similar interest
from other domains,

We are already seeing a lot of interest on how block chains
can help improve Telecom operations and its impact on
existing products and services. Available literature was
used to identifv key use cases thut will form part of this
analysis in addition to some new use cases proposed by
author,

2. WHAT IS BLOCK CHAIN?

Wikipedia (13) explains block chain as:

WIKIPEDIA
The Free Encyclopedia

A block chain — originally block chain — is a distributed
datobase that 15 used to maintain a continuously growing
list of records. called blocks. Each block contains a
timestamp and a link to a previous block. A block chain is

typically managed by a peer-to-pecr network collectively
adhering to a protocol for validating new blocks.
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Fig. 3: Concept Drawing Showing New Block Getting
Added to Distributed Ledger

So, Block chain is just a chain of data blocks, with
linkages to previous blocks. And data blocks are shared
with all participants on the network.

People familiar with ways of storing data will point out
that this is fundamental shift in way data is stored. It is
due to this change in storage strategy; block chains are
revolutionizing existing use cases across industries.

To better understand how this is done; let’s look at how
block chain system will add new block of data. Assume
that block chain has data in till Blogk 10,
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Fig. 4: Concept Drawing Showing Linkapes Between Blocks in Blockchain

1. New wansactions need to be added to existing block-
chamn, For this, Block 11 is being created by partici-
pant and this will get added to chain.

2. The various transactions are ordered sequentially in
the block.

3. Header from previous block (Block 10) is added 10
current block (Block ).

4. Using encryption algorithms, a header is created for
new block (Block 11). The encryption algorithm con-
sidered transaction data in block along with Header
trom previous block (Block10). The headers are gen-
erally created using hashing algorithms, which are
commonly used in cryptography. The block is then
signed using participant’s digital key.

5. The newly created block is now broadcasted to all
participants of block chain,

6. The participants verify the block wsing headers in-
cluded into blocks and digital signature of partici-
pants. The header contains link to previous block.
The header is decoded o verify this linkage, The
digital signature of sender 15 also verified electroni-
cally. If all checks are cleared. the participant adds
the block to its chain, As, this is being done by all
participants of block chain, it is almost impossible 10
get fraudulent transaction into the block chain with-
oul raising suspicion amongst the participants.

This linkage between current block and previous block
makes each block permanent and irreversible as blocks
cannot be changed withoul impacting previous blocks.
Additionally, as data 15 distributed across multiple
participants. it is impossible for single participant to
change contents of blocks as everyone has copies thus
making records permanent and non-editable,

Additionally, block chains can also be used to exccute
smart contracts, These are small if-then codes that run
on block chains. Based on transactions taking place,
the smart contracts pel executed and results can impact
participants of contract, e.g. if delivery receipt of order is
received on block chain, release payment through block
chain transaction.

Using above example, we can casily understand
characteristics of block chains as explained by Deloitte
(6):

I. Distributed Ledger: Transactions i block chain are
stored on ledger that is available with all participants
of block chain. What this means is that all partici-
pants in block chain have whole ledger (information
about each and every transactions taking place be-
tween participants) and not just parts related o its
own transaction.

b

Digital: Block chains are digital in nature with no

linkages with physical assets in real world, This made

its use in digital currencies (like Bitcoins) possible.

3. Updated near real ume: Being digital in nature, trans-
actions and updating ledeer can be done in near real
time.

4. Chronological and timestamped: Due to unique na-
ture of block chains, it is possible to identify the ex-
act time of each transaction. Even storing of transac-
tion is done chronologically.

5. Cryptographically sealed: Each block 15 encoded
with specific headers {rom previous block to create
chain. This linkage means data in block cannot be
changed without modifving whole chain.

6. Irreveérsible and auditable: Each block is created as

permeant record. Once finalized, it is impossible to
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modify content of block. This also makes auditing
very simple.

7. Operates trustless: There 15 no central authority o
monitor and approve transactions. Transactions are
authenticated by solving complex mathematical puz-
zles (prool of work), based on stuke in transaction

(proof of stake) and other such proofs that need 1o be
shared by transacting partics:

8. Fewer third parties: Distributed ledger and ability to
operate trustless enableés block chain based imple-
mentation to completely eliminate need of 3" party
mediators and trusted service providers.
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Fig. 5: Block Chain Characteristics by Deloitte

3. BLOCK CHAIN Use CASES FOR TELECOM

Block chains have already made their mark i Finance
industry. Suceess of cryptocurrencies has helped test this
conceptand blockchains are now being proposed for almost
every data centric use cuse across industries. However,
Finance Industry 15 much ahead in testing block chains
use cases and it is doing so by setting up collaborative
endeavors across eeo-systam. Some prominent ones are:
(1} B3 - Alliance of world’s largest finance institutes with
mission to realize the benefits of distributed ledger. Some
examples include Barclays, Credit Suisse, RBS, Bank of
America, eie. (2) Bank-Cham, India's first Block chain
exploration consortium for banks led by 5BL (3) Digital
Trade Chain (DTC): built on the back of a prototype
designed by the Belgian bank KBC,

Telecom industry has very recently started exploring
Block chain, Initial view of leaders in this area predicis
block chains will revolutionize the way Telecom Industry
works. Deseribed below are some proposed Teleo use
cases which can benefit from Blockehains. These have
gither been collected from available literature or have been

proposed by author based on his experience of Telecom
Operators. Besides talking of benefits. key challenges
that need to be overcome have also been highlighted to
explain the complexity for development and adoption of
USE CASEs,

3.1 Postpaid Subscriber Billing

All Felecom operators” charge customers for calls/sms
that they make or received. Data usage is also charged by
Operators and bills generated for subscribers to pay for
usage, Charging mechanism works in following way for
postpaid subscriber:

» Subscriber make/receive call using his device,

o MNetwork elements create call datn records (called

number, duration. location ete.),

» Call data records are sent to Billing system.

* Billing system-analyses call data record and performs
roting functions to detenmineg exact charge.

» Charges are lageed against subscriber and bill gener-
ated at end of month.

As is evident, the main activity hére s analyzing data
sircams of CDR's and tagging them against subscriber,
Due to huge volume of CDR's, this is done using advance
data base and functions.

Using block chains, charging mechanism can  be
implemented as follows (2, 10);

» Subseriber makes call using his device,

= Network elements capture call data records.

= (Call data records are sent to billing system through
block chains.

= Billing system decrypts records and analyses them.
= For rating, smart contracts can be used.

» To generate monthly bill, bill generation application
reads block chain and captures transactions against
subscriber, The transactions are ¢ollated and monthly
bill generated.

Benefits of Using Block Chain:

I. As transactions are stored on block chains, there is
no need to buy expensive database licenses. Block
chains replace existing database and provides simple
and open method to store call data and other records.
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2. Block chain storage provide higher level of data se-
curity and miegrity as no single internal svstem will
be in-charge of storing call data records{distributed
ledger), Call records would be available with all par-
ticipants in block chain (eg. network elements, bill-
ing systems, archiving systems, ete. ).

3. Smart contracts will make it simple and modular to
create and modify rating plans,

Challenges that Need to be Addressed to Enable this
Use Case:

|. Block chains deal with hlocks of data, or multiple
transactions in single block. Some ume and effort
are spent in encrypting the block using hashing al-
corithms. This means, there is inherent processing
time taken by system to process a block. For postpaid
billing, some delay is acceptable, but For pre-paid,
system needs to be near real time which will make
use of block chains challenging for prepaid market
This will limit scope of this technology for charging
PUIPDSES,

Dae to huge volumes of call traffic within operator’s
network, block cham file will continuously get ap-
pended by new Blocks, resulting in file size reaching
epic proportions. Larger the file, more difficult will it
b to scan the file to caleulate subscriber balance, ete.
(az whole block chain is scanned to identify transac-
tions of particular subseriber).

L

3. A very large number of smart contracts will need (o
be defined to handle charging logic deployed in op-
grators, Additionally, depending upon complexity of
charging logic, complexity of smart contracts will
also vary.

4. There could be need to re-rate particular call data re-
cords and correct bills due to technical issues or hy-
man errors. This re-rating would be very difficult in
system that diligently follows block cham logic (as
block once written cannot be edited).

3.2 Interconnect Billing

Interconnect billings deals with settlement  between
Home Operator and Roaming network operators, where,
customers of home neétwork uses services provided by
roaming network. Interconnect billing process is done for
postpaid subscribers only, as prepaid subscribers still use
home network for charging.

Vorlume $0 fssue | Seprember 20017

When home subscribers go roaming and makes phone call
or uses data, CDR's are generated in roaming network.
These CDR's are sent to the clearing house which is like
a central agency connected to various operators, Clearing
house helps connect operators by providing common
place to share roaming records and help to settle their
interconnect bills. In current system. it is responsibility of
clearing houses to process CDR's and sends correct bills
to Home network. Unflortunately, due to involvement of
intermediator (ie. clearing house), individual networks
do not have visibility in the settlement process which may
lead to disputes.

Proposed Improvements using Block Chain (6.9.10):

It has been proposed that concept of elearing house can be
eliminated completely by using block chain technology,
This can be done as follows:

A private block chain for partner Telecom network
operators is created.  Partner Network operators are
authenticated and then allowed to join the block chain
network to maintain security, authenticity and data
integrity. The operators can now share roaming cdr's on
block chiin in near real time. Because the edr’s are shared
with every host on network, the home opérator receives
copy of cdr generated in roammg network. As Home
network receives CDR's in near real time, billing can be
done immediately without need of third party (clearing
House). Additionally, smart contracts can be implemented
to develop automation in settlement process.

This eliminates need for clearing house, thus saving costs
to Teleo's. Block chain implementation are also expected
to improve speed and efficiency of this operation.

Benefits of using Block chain:

I. Block chains allows for transparency in inter-net-
work Billing as CDR information s saved as dis-
tributed ledger and is available with every network
operator. There will be no need o send CDRs to
clearing house due to use of Distributed Leader.
Operators can save fees paid 1o clearing house for
their services.

Il‘..i

Distributed Lenders will make this process transpar-
ent to oll parties and enable near real time billing.

Challenges that need to be addressed to enable this use
case:
I. There will be need for Operators to ceeate implemen-
tation strategy and develop the closed block chain
network reguired for this purpose: Details could in-
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clude how network is funded/created/managed, what
will be process for operators to join. how settlement
will take place. ete. To enable wide usape, this would
need to be developed into standards.

L

The responsibility of data reconciliafion and settle-
ment will rest on Network operaters and accuracy of
block chain,

3. Without trusted third party to itervene, Telecom
Operators would have to manage relations with huge
number of operators.

4. Data privacy concerns will need to be addressed as
cdr’s from all parter networks will be accgssible to
all networks.

3.3 Using Public-Private Keys for Customer
Authentication

The Telecom network authenticates' subscribers using
information stored on SIM card and through A3 &
AR algorithms. It follows challenge response concept
for authentication. The process consists of challenge
sent by network towards handset which has reguested
to be authenticated. The handset uses data on SIM and
authentication algorithms to determine the right response
and sends it back to the Network Element. The response
received by network element is compared with caleulated
response determined by Network elements and if response
matches, handset is allowed to aceess network,

To be able to achieve this, subscriber specific information
is coded on SIM card. Same information is alse stored on
Metwork elements and it is imperative that both these set
of information matches. During challenge and response,
this subscriber related information is used to caleulate,
respond and verify authenticity of subscriber.

Proposed solution using block chains{10):

Within block chains, individuals are identified using their
public and private kevs. Public and private keys have
been used successfully for doing transactions on internet,
Similar concept can be deployed for authenticating
subscribers on Telecom network. Subscriber will be the
only person who will have access o his private key,
Public kay will be used for authentication and requesting
services from network. As private Keys are not shared
with network at any poini in customer life cycle, this
method of authentication 18 a lot maore safer than existing
SIM based methods as subscriber specific parameters
are stored on Network element and sim card and can be
compromised sasily.

Benefits of using Block chain:

I. Public private key is de-facto standard used on
Internet for authentication. 1f used m Telecom net-
works, this will improve security many folds,
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Private keys are not stored on Network elements,
thus reducing risk of cloning and fraudulent usage of
SETVICCS:

Challenges that need to be addressed:

. To be able to use Public-Private key authentication,
there will be need to redesipn  authentication pro-
cess for telecom infrastructure. This will be a major
change for everyone in the eco-system requiring col-
laboration at massive scale and development of new
standards
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This will also have to be plobally accepted and im-
plemented as standard to enable concepts such as
roaming, inter-operability ete.

3.4 Integrated OEM

Elements of mobile network elements are connected to
their respective network monitoring platforms.  These
platforms interface with network elements and send
commands for configuration, collect alerts, logs, and
penerate statistics. As the alerts/logs are coded in vendors
own proprietary interface, they can be undersiood by their
corresponding platforms only, The platforms {or various
network elements are then connected to eentral O&M
elements such as those present in Network Operations
Center{ NOC). The central elements  then  translate
individual messages to common language and store them
in their database. These are then processed and analyzed o
zet Network level view of what is happening in network.

Proposed Selution with Blockchain:

It 15 proposed that, the network elements can form part of
trusted private block chain nétwork. Events triggered on
one ¢lement can be broadcasted, using block chains to all
elements on network. As all network elements are able to
recelve information about each other; there ean be greater
degree of understunding on what 15 happening within
network. For e.g., incase an element is made opérationally
disabled for maintenance, the NMC's of those element
can broadcast alerts to all network ¢lements in block
chain. This will help in quicker diagnosis (other elements
know there has been operational activity and that they can
ignore the alarms generated), add transpareney by ¢reating
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non-destructible record for future auditing and improve
collaboration amongst various network elements.

Similarly, confisuration chanpes can bg broadeasted
to partner elements, thus enabling communication link
between various network elements. Smart contracts can
also be created to automate task based on spiecific triggers.

Benefits of using Block chain:

1. Individual Network Elements are not aware of what
i5 happening to other elements of network, Only op-
erators in NOUC are able to get full picture and take
required decisions. And even NOC operations are
susceptible to translation érrors, data loss and such
other issues which will reduce effectiveness of
their analysis: This can be avoided using proposed
approach.

2. Distributed Ledders for Network elements will help
create sequential, non-destructible and non-refulable
log of events available across all network elements:
These logs can be used to make informed decisions
and execute smart contricts 1o automate tasks,

3. Sequential logs will create transparency between
clements, which generally could be from different
vendors, Transparency will improve RCA and help
operators manage their network better.

4. Information shared directly between various network
clements will enable an whole new way of perform-
ing O&M for network elements

Challenges that need to be addressed:

1. This will impaet Network elements and the way they
are monitored and managed. Standards will need to
be defined and agreed for block chain implementa-
tion to ¢nable inter-operability across network ele-
ments and vendors.

[

Such implementations will directly impact vendors
of central monitoring systems used in NOCs etc.
Many a times these are same as those providing net-
work eguipment leading to conflicts on what is right
approach

3.5 Customer Purchase Management

Currently, purchases made by customers are tagged in
CEBM or similar tools. The customer does not have record
of his active services and is dependent on database of
operator to ell him about his active services. This leads
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to freguent mismateh complaints and results in time and
effort spent to audit records and take corrective actions.

Proposed solution(2): It is possible to create private
block chain group m which subscriber and operator
are members. Any transaction mnitiated by customer
(e.g. purchase of plan) is stored in block chain which is
accessible to Subseriber and Operator.  Similarly, any
transaction initiated by Operator (e.g. bonus plan) will
be stored in Block Chain available with subscriber and
network operator. As subscriber and operator have copy
of same distributed ledger. there is no scope for ambiguity
between operators record and customers view (which he
can see using software tool),

Benefits of using Block chain:

. Distributed leader between Operator and subscrib-
er will drastically reduce complaints of service
mismatch({what is ordered by customer and what has
been activated on Operators systems)

(&

Such an initiative, if explained and marketed prop-
erly, can drastically improve perception of operator
in minds of its users

Challenges that need to be addressed:

I. To be able to provide this service on block chain. in-
dividual block chaing for each subscriber with opera-
tor as participant would be needed. This is to avoid
sharing information of other customers. Feasibility
for such 1 to | deployments on large scale (1o cover
all subscribers of operator) would need to be evaluat-
ed as existing systems are focused on ereating group
of interested participants.

=

Customers would need to be educated on block chain
concepts to be able to appreciate the merits and ben-
efits of this new technology

4. CONCLUSION

Blockchom offers a completely new way of storing
transaction informatior. The technolopy has already
shown its capabilities in cryplocurrency space and the
world believes, this will fundamentally change the way we
store and process data, The use-case for distributed ledger
are far and wide. However, for established industries like
Telecom, which have been built on standards to enable
inter-operability and high performance, technology shift
will have to be gradual to avoid disruplions in current
services. Telecom domain has vet to embrace Block
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chains and to create a plan for its testing and adoption.
The best way forward would be to cautiously explore
this new technology by building consortiums or using
available standard bodies to discuss and debate as being
done by other Sectors,

Development of block chains could be compared (o
development of anether revolutionary technology which
is TCP/IP, Sending data as packets using 1P has been in
making since early 1970's. What started out as technology
to send emails within participating universitiés has now
become backbone of our digital cconomy and is used in
almost every digital transaction that we do, However, this
took about 20-30 years with contribution from various
companies and institutions. Telecom Operators have
also started exploring Block chain to supporl them in
their operations. However, adoption of Block chains for
Telecom use cases is i its infancy, There has not been any
consolidated effort by Telecom Sector which is required
tor wider aceeptance of this technology. So. it is safe to
say that we are at least 5-10 years away from seging major
blockchain deployments within Telecom Operators space.
Block chains ave here to stay, though Telecom Block chain
is yet to take shape.
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