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Background & Teletraffic
of Multiservice Loss Networks

Unicast

- F Kelly, K. Ross, V. Iversen
-  Product form solution

- Kaufman-Roberts recursion

Multicast

- J. Virtamo, O. Martikainen,
K. Samouylov, Y. Gaidamaka

-  Product form solution
- Recursive algorithm

Elastic

- T. Bonald, M. Logothetis,
G. Basharin, I. Gudkova

-  Product form solution
- Recursive algorithm
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Unicast & Multicast

- K. Boussetta, A.-L. Beylot,
J. Virtamo, K. Samouylov,
Y. Gaidamaka

- Product form solution
- Recursive algorithm

Unicast & Elastic

- J. Roberts, E. Altman, O. Boxma
- No product form solution

- Approximate methods

Unicast, Multicast & Elastic
(Triple Play)

- G. Basharin, K. Samouylov,
I. Gudkova

- No product form solution
- Approximate methods



Radio Admission Control in LTE

Higher priority service (pre-emption capable)
can get resources that were already assigned to
lower priority services (pre-emption vulnerable)

RAC schemes

- Partial pre-emption (service degradation)

Pre-emption capable service partially gets resources
assigned to one or more pre-emption vulnerable services
(degrades services = lowers its bit rate)

- Full pre-emption (service interruption)
Pre-emption capable service fully gets resources
assigned to one or more pre-emption vulnerable services

(interrupts services) (Unicast & Multicast

- No product form solution
Unicast & Elastic
- Product form solution

Teletraffic Models + RAC =

= 3GPP TS 23.203: Policy and charging
control architecture: Release 12. - 2014
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RAC Model for

Jnicast and Multicast Services

pre-emption capable | pre-emption vulnerable
video conference, VC Yes Yes
(multicast) (interrupt VoD) (degraded by VoD)
video on demand, VoD Yes Yes
(unicast) (degrade VC) (interrupted by VC)
Notation Parameter
C Downlink peak bit rate, bps Example of service interruption
Ay Arrival rates of requests for VC and C=5,by =3,d=1

VoD services, 1/s

u oK VC and VoD service times, s

d=1 Bit rate for VoD service, bps

by>... .. Bit rates for VC service, bps

m= (ml,...,mk,...,mK) State of a multicast VC session

rate b,

Session is active - VC service is
m, =1 provided at least to one user on bit

_
ne {O,l,...,'_C/dj} Number of VoD users *%
7
7

=]

|

m, =0

Session is not active - VC service is not
provided to users on bit rate b, to

AL

d dﬁ %
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Performance Measures

State space
X ={(0,n),0<n<C, (e,n),0sn<C~by, (e,n),C~b_ <n<C-bk=2K}

Blocking probability for video on demand
B=p(0,C)+ p(ex.C—by)
Interruption probability for video on demand

C-1 2 CbK —(C-n)-1 1 Cg’ffl

= n-l 0.n)+
n:C;bK+1 A+V+nk CSK_(C_”) p( ) A+Ck CgK

p(O,C)

Mean bit rate for video conference

C-b K C-by
by plen)+ b Y plecn)
[; _ n=0 k=2 n=C-bp_1+]

C-b K C-by
> plen)+ Y X ple,n)
n=0 k=2n=C-bj_1+1
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Case Study

C =50 Mbps
Video Conference Video on Demand
b, =8 Mbps, b, = 6 Mbps, d =2 Mbps,
by =4 Mbps, b, =2 Mbps, x''=2 hour,
' =1hour, a=v/K
p=Alu
p=a*Total offered load a=(1-a)*Total offered load
8 0.0018
@ 0.0016
'§7 2 0.0014
O = £0.0012
>6 25
s gg 0.001
%5 g%o.ooos
= = £0.0006
§4 = 0.0004
= 0.0002
> 5 10 15 20 25 30 0 5 10 15 20 35 30

Total offered load
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RAC Scheme for Unicast and Elastic Services

Entity Level Code Output
-
(Construct the network,
% create and/or change (Process data, render
H parameters, variables, plots, analyze logs)
functions,
@ relationships...) A
@ ‘ Network Level Code \
@ > Cron (Event-driven scheduling, MAC functions, control logic...)
A A A A
Ao B O J J I |
. ' 1 + ¥ +
: Supplementary System Event subsystem Packet Level Code PHY
bstracti
H2H users O Code Orders events (Processes packets, i.e. abstractions
_J (Generates traffic, collects according to time and fragments, packs, (Models channel,
statistics, handles VO priority, syncs up the marks for transmission, interference, SINR
operations, automates certain PHY abstraction acks/naks, logs events) || mapping, MIMO etc.)
operations on entity level) modules
Anem> 0,03 20 O \
o B i
M2M
M2M users O 0.18 09
(PS discipline) 0,16 08
@ 0,14 0:7
@ 0,12 0,6
— 0.1 0,5
1 =My - Mo ) U 04
Gudkova I.A., Samouylov K.E., Buturlin I.A., 0,06 0.3
Borodakiy V.Y., Gerasimenko M., Galinina O., 0,04 - 02
and Andreev S.D. Analyzing impacts of coexistence . -
between M2M and H2H communication on 3GPP LTE 7~ ’
-0

system // Lecture Notes in Computer Science. - 2014 0

Vol. 8458. - P. 162-174
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Conclusion

- Multiservice loss network models with
unicast, multicast and elastic traffics can be used
to describe radio resource allocation techniques
in LTE networks

- BUT these teletraffic models should be modified
in accordance with radio admission control (RAC)

- RAC transforms the methods for analyzing
mathematical models

- Mathematical models verified by simulations are
needed to develop RAC schemes realizing
different pre-emption algorithms
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