Efficientnt teletraffic models for
optimizing ithe performancerof
communication networks

Michael D. Logothetis

mlogo@upatras.gr

University of Patras
Department of Electrical & Computer Engineering
Division of Telecommunications & Information Technology
Wire Communications & Information Technology Laboratory
265 04 Patras, Greece

http://www.wcl.ece.upatras.gr/teletraffic/mlogo/



Structure

A Preamble

A Performanceriented network management
A The importance of a teletraffic model

A Applicability to SDN-based 5G networks

A Classification of teletraffic models

A Efficient teletraffic loss models

C Teletraffic models of random input

U The Erlang Multirate Loss Model (EMLM)

U The Connection Dependent Threshold M{@&) TM)

U The Extende@€onnection Dependent Threshold MoeICDTM)
C Teletraffic models of quasandom input

U The Extended Engset Mutate Loss Mode{E-EnNMLM)

U TheExtended Finit€Connection Dependent Threshold Mo@@DTM)
C Teletraffic models of batched Poisson input

U The Batched Poisson GBIFF Model (BRON-OFF)
A Conclusioni Summary

May 17, 2019 FITCE 2019 (University of Patras) 2/48



A Loss Service System

system

1S0| S|[e2 pexoo@

Calls
o0

Call so arr P
in'service

(@)
D
n
(9]

Bandwidth
Requirement
upon arrival

May 17, 2019 FITCE 2019 (University of Patras)

3/48



Preamble (cont.)

Teletraffic Loss Models
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Preamble

Performance -oriented
network management

A Periodical performance
evaluation (based on
traffic measurements)

A Adaptive resource
assignment

U most suitable strategy
for network planning
under demand
uncertainty

and
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(cont.)

Nature of traffic

A No single/constant rate

u

very different bandwidth per
call requirements

several alternative contingency
bandwidth requirements (e.g.,
multimedia traffic)

A In -service calls may

u

have adaptive features of
bandwidth and holding time

experience bandwidth
compression -expansion

A Random - Bursty traffic

i

u
i
u

Poisson arrivals

Quasi -random arrivals
ON-OFF traffic

Batched Poisson arrivals
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Performance -oriented network management

Global network optimization I Algorithm
Proper
Teletraffic Initialization
Model

Xmaxs Xmin
S 1

Distribute Zyto network
links under the network
constraints

Succeeded

X e =X ey [

r_ Xmin—Xnew
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Teletraffic  Models 1T Why?

A Importance of QoS assessment through teletraffic models:
I Bandwidth allocation among serviceclasses = QO0S per serviceguarantee
I Avoidance of too costly overdimensioning of the network.

I Prevention of excessive network throughput degradation, through traffic
engineering mechanisms.

A A sine qua non of teletraffic loss models:
The efficient calculation of Call Blocking Probability = Recursive formula.

A Applicability:
I Connection Oriented Communication Networks, in general.
i IP basednetworks with resource reservation capabilities (IntServ DiaServ).
i Cellular networks (e.g., UMTS).
I All-optical core networks MPe-S/ GMP L S
I 5G networks.
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Applicability to SDN -based 5G networks
SDN/NFV based 5G architecture

Sl Il G, Software Defined Network (SDN):
completely programmable network
by decoupling the control and data planes.

=y Network Function Virtualization (NFV):
) T —————————— allows executing the SDN functions on genera
purpose hardware, reducing the network cost.

P-GW'i Packet Data Network Gateway

CSCi Core SDN Controller

LSCi Local SDN Controller

S GW1 Serving Gateway

M-CDN T Mobile Content Delivery Network

MCC 1 Mobile Cloud Computing

MBS Macro cell Base Station

SBSi Small cell Base Station

WIiFi AP 1 Access Point with WiFi protocol
___ LO-GW Local Offload Gateway

—T MU 7 Mobile User

Radio Access Network (RAN)
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Applicability to SDN
Layering concept in SDN
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-based 5G networks

#he SDN controller providesa global view of
the available underlying resourcesto network
applications (Application Layer) by the
NorthboundOpenAPI.

#he SDN controller configuresthe Forwarding
Elements(located at the InfrastructureLayer)
by sendingcontrolmessage® the SDN Agents
(located within the FEs) through the
SouthboundpenAPl.
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Applicability to SDN -based 5G networks
SDN/NFV based RAN

RAN CONTROL LAYER
<L0cal SDN Controller>

a L

7’ ~
e

Control plane )

/, N

( SDN /;gent) | SDN Agent |

Virtual 5G Virtual 5G
Base Station \ Base Station

( NFV INFRASTRUCTURE )
<PHYSICAL INFRASTRUCTURE>

May 17, 2019 FITCE 2019 (University of Patras) 11/48



Applicability to SDN -based 5G networks
Cloud -RAN architecture

/ 'RADIO RESOURCE MANAGEMENT

\ " RRA é W\/ RRA'.I'. Radio Rgsource Allgcation
— E— CAC T Connection Admission Contro
MM ,/3" SDN g’ntmller VMM 7 Virtual Machine Monitor
\/ EETHE < Backhaul -~ V-BBU Virtual BaseBand Units
Fronthaul | C-BBU | ' (signal processing servers)

\ (Internet)
C-BBU T Centralized BaseBand Units

&

connection B

rade | 1~ (central pool of data center resources
Congfi‘l“;,//l(( ) /(‘/))\‘\\ EPCi Evolved Packet Core
il A T MU ) A \ CPRIT Common Public Radio Interfa
& - RRH ((Bf)‘%connecﬂon RRH | RRHT Remote Radio Head
Gy ‘ﬁ &;,__ @) /,' (radio frequency componeiintennas

;(
Rad10 | Jy’ A U <
MU [ rd / .
connection,” / T\ A / BST Base Station
g \ BS g \\ RRH y
\

MU MU

A call requires a radio resource unit from RRH and a computational resource unit-B6td.V
CAC checks the availability of resources to accept the call.
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Classification of teletraffic models

Key considerations:

The call arrival process.

The serviceclasses

U  Bandwidth requirement upon call arrival.

U  The behavior of irservice calls regarding the amount of
occupied b.u. per call over time.

A Bandwidth sharing policy
U  Complete sharing policy
U  Bandwidth/Trunk reservation policy
U  Threshold Policy

o To
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Call Arrival Process

x Random arrivals 1 traffic (infinite number of traffic sources).
" x Quasirandom arrivals i traffic (finite number of traffic sources)

x Batched Poisson arrivalginfinite number of traffic sources)
;; ;; Y7 R Calls from different service-classes arriving in batches,
time while batches arriving randomly.
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Bandwidth requirement upon call arrival

T fixed bandwidth

elastic bandwidth: calls have several, alternative,
1 4 contingency bandwidth requirements
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Call 6s behavior whi |
m constantbit-rate
: (stream traffic)
time
bandwidth compression/expansion
(elastic traffic)

time

~— ™.
“l ”“ “' ON-OFF traffic

—

time
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Efficient teletraffic loss models

A Teletraffic models of random input

0 Random arriving calls with fixed or elastic bandwidth
requirements, and  fixed bandwidth allocation during
service .

U Random arriving calls with fixed or elastic bandwidth
requirements, and  elastic bandwidth during service

U Random arriving calls with fixed or elastic bandwidth
requirements, and  ONT OFF traffic behavior during
service .
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The Erlang Multi -rate Loss Model
(EMLM)

L1l 11 1, Random arriving calls
While in service:
@ constant bit rate

Free
Bandwidth Uni

Link of CapacityC =8
1%'Serviceclass b;=1
2"Servie-class b,=2

fixed bandwidth st :
________ * requirement upon arrival 1 Serviceclass calls

Offered traffic Carried traffic

fixed bandwidth
1 requirement upon arrival 2™ Serviceclass calls ComIO'ete
........... Sharing
Policy

Exponentidly Distributed Interarrival Time
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EMLM Analysis 1 Classical Method

State Space n

Complete Sharing Policy I A coordinate convex policy
Global Balance ( ) - Statistical equilibrium
Ny A
C=8,K=2,b,=1,b,=2
4 .
( 25 states® (N, Ny)
3 <
2 (
1] ¢
......................................... T nl
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EMLM Analysis 1 Classical Method (cont .1)

Global Balance (Rate_in = rate_out)

Local Balance (Rate up = rate_down)

Local |.P Yo
0% 14P(n) S+ RG] )
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EMLM Analysis 1 Classical Method (cont .2)

Call Blocking Probability Determination i Classical Method

Example of formulas
for Call Blocking
Probability Calculation

s gem g

R, = Roa — —

1 iz (C- mj)!t jt
aZ k p s ocm U

szzl%oﬁ—la.—' ta a —lsz where k= C (mod m)
(a;es-i:o b jeicmimal+)

(Necessity for recursive formulas)
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EMLM Analysis 1 New Method

Macro -states 1 One -dimensional Markov chain

C=8,K=2,b,=1,b,=2 Macrestatej:nlb +n,b, denotes the total number ofservice calls

81 1(1) 1Y1(2) 81)’1(3) £! y (’3;:(5

€2Y2(2) 3‘2)’2(3) | gzy2(4) 82y2(5) €,5Y2(6) 2Yo(7) €2Y2(8)
I

1 \

1 \

1 1

1 \
1 \

"‘@: o &l for j=0

local balance ~

NN - Q , 11K |

/. a(j - b) =y (i)ma(j) a()=i-a abq(j-h) forj %..,C
k(i) € T Jk=1

Link occupancy distribution ~ _ TO otherwise

nKauf man / Robert s

DUn-normaIized
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EMLM Analysis 1 New Method (cont.)

Call Blocking Probability I Recursive Calculation
S S
Call Blocking Probability: Pbk = a 6G-q() where G=g q(j
j=C by 1+ j 0=
Accurate calculation especially
EIEperviceclasses have q()/G 7 Macro-state Probabilities

equal mean service times!

array q() Blocking State, e.g. p=1

/\ /\

/ A
0 1 2 3 é |C-4|C3|C2|C1|C

N
Blocking States, e.g. =4

Q:0

Link Utilization: U= 3§ jq(j)
j=1
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The Connection Dependent Threshold Model

(CDTM)
I I 11 1 , Random arrivals
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1f4 Elastic bandwidth requirements

) 4 alternative bandwid 3 alternative bandwidi
Link : .
requirements C C requiremerg

b103 i
blCZ .. R .............. J2 b2C2
2 Service b1c1 1 J b 1
classes Jiy
0 0

Local%nce —> ProductX%)rm Solution:> a Pbk
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CDTM - The analytical model

Assumptions I Approximations

1) Local Balance

2) Migration Approximation, M.A (Ui (1))

3) Upward migration Approximation, U.A (U.(j))

&l forj=(/

1é KS(k) g _
TaB anf ) () B i @ (0 1g 0 | L
J ks

0

otherwise

a(J)) =

—— =) —r—)—)

J

|
70 otherwise

_fél if Jks + bkcS 2] '}ks 1 b'kcs and kkcs ( Z
= .
10 otherwise

C c
Call Blocking Probability: B, = & G™q(j)  whereG= aQ a(j)
j=C- bkCS(k) 11 1=0
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The Extended Connection Dependent
Threshold Model (E -CDTM)

P T=7 P i)

/ \ / \
/ \ / \ |
) \ , X example
| : €=° b2,=1 \
| 2= \
! 1b1= 1 N B i
|| [ e J22=3 b2 =2 |
¢ I = l
\ bia=2 J1g4=2 J21=2 b2p=3
\ 0 \ /
y —_— 3 =17 T ="] ami
/ / N\
\ =6 \
/ \ Je / \
:' C=jb=> C=jy=5— \\
: Requested ] a_ - / b22= | I Requested |
b1 b2,
\ | b1,=1 J2y=3 2\
\ ~ |
Allocated

Allocated
bi 1

J11=2 J2,=2 r(j.)b2,

Compression rate=C/j= 5/6
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E-CDTM 1 The analytical model

for elastic and adaptive service -classes

Link occupancy distribution

el forj=0

)

1 Sk | G () @ k) b Uun-normalized
min(C, J) kIaK |aou'<I R % ik

i
T
!
]
a())=1
q 1 Sk |
7 +T a ?‘ Ur<| RUq( Ja(j-bg) forj =,...T T
! K Ka 1= G=a o)
Ilo otherwse =0
J
Call Blocking Probability Linki< Utilization
T 4 C T
R,= & Gl U= 4 i q(j)+ & G cq(i)
j:T-kak+1 J:]_ J C+1
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Call Blocking Probability (%)

E-CDTM versus E

12 A
E-CDTM = CDTM
11
st H

10 4 —— E-CDTM 1* (anal) 1stserviceclass.

—o— E-CDTM 2" (anal) ,
91 -+ EEMLMT® 7
g {—4— E-EMLM2" /g
] RS E-CDTM 1% (sim) P

u e e E'CDTM 2nd(sim) //
6
5 u
4 -
3 .
2 u
1 u
0 4
Traffic Load Points
C=T =80
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Call Blocking Probability (%)

-EMLM

[N -
N N
1 1

-
o
1

9 4

| +e@-- E-CDTM 2" (sim)

—o— E-CDTM 1% (anal)
—o— E-CDTM 2™ (anal)
—+4— E-EMLM1*
—4— E-EMLM 2"
s=+0-+- E-CDTM 1% (sim)

4 5 6 7

Traffic Load Points

T=C+10
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Efficient teletraffic loss models (cont.1)

A Teletraffic models of quasirandom input

U Quastrandom arriving calls with fixed or elastic bandwidth
requirements anfixed bandwidth allocation during service

U Quastrandom arriving calls with fixed bandwidth requirements and
elastic bandwidth during service

U Quastrandom arriving calls with fixed bandwidth requirements and
ONi OFF traffic behavior during service
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The Extended Engset Multi -rate Loss Model
(E -EnMLM )

Quastrandom arrivals

| | P 1 1 |
| [ [ [ g
! ! r0 o time

| | | R4 S
| R T SN 4 SN
\ 1 1 1 /1 \ ] \
| : B \ roo
i 1 1
i 1 1
i 1 1

ey ! —— " While in
| A / \ C ! service:
: i bt ........ ' ' Elastic
stream traffic 5 o | b, . Allocated or
Serviceclassk | ahde - ' Bandwidtl Adaptive

Quastrandom traffic a = (P T Nny) Vi

(N traffic sourcel ~ =~ "7~ -'»"\' / traffic
I vy \|

h, : holding (service)time of serviceclassk calls

If compressionfi B a n d wiSenticet i m¥ éonstantY elastictraffic
j :total bandwidth demand(0 Oj OT)

T : maximum total bandwidth demand (T OC)

s : real bandwidth allocation (0 Os OC)

May 17, 2019 FITCE 2019 (University of Patras) 30/48



E-EnMLM T The analytical model
for elastic and adaptive service -classes

Link occupancy distribution

él forj=0 2
' Uun -normalized

7 1 .. - :
A Ny - 1 + - b
}m'”(c’j)kiar (N -nme DU R ( d k)
(=1 . ©
| . . . .
it a (Ne- me+DUcbea(-by) forj ,..T T
i ki, G=a q())
o otherwie )=0
Time Congestion Probability Link'« Utilization
T 1 C T
R,= & Glq(j) U= 4 jG la(p)+ & G™ca()
j=T-h +1 j=1 =c
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The Extended Connection Dependent
Threshold Model for finite population
(Ef-CDTM)

-z T=7 -~
/’ \ /’ \
/ \\ / \\
‘l ! G=5 / 4 example
N ) \ /b32—1 |
3 l | - b _2 |
\ P2 =1 T J3,=3 = o [
NL'“ b 5 J21 =2 J31 =2 b30= 3 !
2 —
N\ 0 \ /
|_1.
e ——————— = =
/, : T="7 T 7 /, ~q

C :jb: 5 C :jb: 5
ja:4 /b32:1
b21:1 \ J32:3

J2=2 J3=2

Requested

b32

Requested

bZ]

Allocated

I‘(/".)l) 3

Allocated
b2 1

Compression rate=C/j= 5/6
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Ef-CDTM 1 The analytical model

Link occupancy distribution

él forj=0 9
} Sk . X e § _ ] Dun-normalized
~ - +-
llmin(C,j)kia}, lz:io( Kk lz%nlq )W RO () (@ k)
q(i)=1 S s
1 .. .
4= A 4 (Ne- ang +)) U () (@ ) forjbd,..T .
i Jki7,1=0  1=0 R RE y G=a qa))
.lO otherwse =0
Time Congestion Probability Linki< Utilization
T a4 C T
R,= a4 G U= 3 jc la(j)+ & G™Cq()
j:T-kak+l j=1 j=C+1
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Ef-CDTM comparison with other models:
EMLM, CDTM, E -CDTM

example
= T=100 -
PR /7N
/ \\ / \\
H ; C=80 L \
‘b12 =16 b2, = \
Ni=10 | L >R e85 o |
- ey J2;=45 “s |
| _ 2 /
N,=20 | J11 =40 3 I
> \ =04 J21—35 b2g =
\ 10= ‘ /

Serviceclass 2: adaptive

Serviceclass 1: elastic

Offered Traffic -Load per idle source = 0.025 erl
Consequently, it increases by 0.025 erl
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Call Blocking Probability (%)

Ef-CDTM comparison with other models:
EMLM, CDTM, E -CDTM

T=C

g g s
_—_D___

EF-CDTM 1% service - class
EF-CDTM 2™ service - class
CDTM 1% service - class
CDTM 2™ service - class
EMLM 1% service - class
EMLM 2™ service - class

Traffic Load Points

Ef-CDTM <> f+CDTM
May 17, 2019

Call Blocking Probability (%)

T=C+20

(cont.)

26
24 =
+seO+s EF-CDTM 1" service - class (sim) 1 SerV j
22 1 veed++ EF-CDTM 2™ senvice - class (sim) R,
20 A —8— EF-CDTM 1" service - class (anal) 4
—8— EF-CDTM 2" senvice - class (anal) /

18 -

—©0— E-CDTM 1% service - class
—fd- E-CDTM 2" service - class
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Efficient teletraffic loss models (cont.2)

A Teletraffic models of batched Poisson input

U Batched Poisson arriving calls with fixed bandwidth requirements and
fixed bandwidth allocation during service

U Batched Poisson arriving calls with fixed bandwidth requirements and
elastic bandwidth during service

U Batched Poisson arriving calls with fixed bandwidth requirements that,
when in service, alternate between transmission periods (ON) and idle
periods (OFF).

;; \/I \/ | _, Batched Poisson arriving calls

time
f Fixed bandwidth requirements upon arrival
— &
fﬁ_ﬁﬁ_ﬁt @ ON-OFF traffic, while in service
fime =
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The Batched Poisson ON - OFF Model
(BP -ON-OFF)

B,, probability that there are r calls in an arriving batch of
service -class k.

Real Link Fictitious Link

Call Loss ) ) Complete
i @ Sharing
1%'Serviceclass 34 |1 S - PO“Cy
Batches 2 2 2 ([ [} Cr=12
1 1 1 .
lﬂm Tﬂ' ! : Partial
i 2l = Batch
2"Serviceclass 7/ : : ! 7 e Blocki
' : : Lo A o\ INg
Batches :'L é ! : E 14 X ) unit ]
e o fime
'N\

| Exponentially distributed interarrival times |
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The incorporated ON - OFF model

The system

V Real and Fictitious Link
A Fixed Bandwidth Requirement upon Arrival

Real
Link

New arriving call

Fictitious
Link
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The BP ON -OFF Model i

Each call is serviced according to the following scheme:

, Call Congestion: The proportion of serviecelass k
NEW CALLS -~ calls that are blocked due to lack of bandwidth.
Call Blocking

Time Congestion:The proportion of time that even a
single call of servicelass k cannot be accepted in the
system.

>

Service <«

completed cllis

Blocking
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