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Starting Point and Goals

@ Delivery of multimedia broadcast/multicast services over 4G
networks Is a challenging task. This has propelled research into
delivery schemes.

@ Multi-rate transmission strategies have been proposed as a
means of delivering layered services to users experiencing
different downlink channel conditions.

® Layered service consists of a basic layer and multiple
enhancement layers.

Goals

@ Error control - Ensure that a predetermined fraction of users
achieves a certain service levelwith at least a given probability

® Resource optimisation Minimise the total amount of radio
resources needed to deliver a layered service
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1. System Parameters and Performance Analysis
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System Model

® One-hop wireless communication system composed of one
source node andU users

@ Each PtM layered service iIs delivered through C orthogonal
broadcast erasure subchannels

subch. 1
subch. 2
subch. 3 |

IHSY68HB()*

)8+&,-/$01$%23,"44
A . 6704$01$+&,8#.%

F
@ Each subchannel delivers streams of (en)coded packets
(according to the RLNC principle).
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Non-Overlapping Layered RNC

@ X = {X1,...,Xk} s alayered source message oK source
packets, classified into L service layers
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Non-Overlapping Layered RNC

@ X = {X1,...,Xk} s alayered source message oK source
packets, classified into L service layers
x1 X2 E B § = = XK
< > : > € >
K1 ko K3

® Encoding performed over each service layer independently
from the others.

® The source node will linearly combme the Kk; data packets
composing the I-th layer x| = {X; },_1 and will generate a

stream of n; > k; coded packety = {Y;}..;, where
| k1 - )O#1:-,-#7.%%$01$."4
L — e - T#H&<$,0'3-7&.-07%
— X
S | & 3. S<HSYoth t, H=S0>Hs
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Non-Overlapping Layered RNC

® User u recovers layer| if it will collect K; linearly independent
coded packets. The prob. of this event is

@<0343015<# #+0RAH0LD $,0=#=$%/'30;%

Viu ™ )

p''h | (1! p)'h(r)| | @<034$01$=#,0%
r = kl L r p ,&/#<$

oy | 080 @ 10
$ 1% 4 &

u |
ooopme (! |o)r -1 g
() ——
h(r)
@ The probability that user u recover the first | service layers is
| |
Dno i (Nyus--- Ny ) =D no i (Ny) = Pi(Niy )
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Expanding Window Layered RNC

® We define the I-th window X | as the set of source packets

belonging to tr;]e Tirst | service layers. Namely, X | = {!X; }J-K:'1
where K| = ._, K
Exp. Win. 3
< >
Exp. Win. 2
< >
Exp. Win. 1
<
x1 X2 E = § ®E ®m XK
< : : > 1€ >
K1 K2 K3

® The source node (i) linearly combines data packets belonging to
the same window, (i) repeats this process for all windows, and
() broadcasts each stream of coded packets over one or more
subchannels
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Expanding Window Layered RNC

@ The probability Dgy, | of user u recovering the first | layers
(namely, the I-th window) can be written as

Dew, (Niu,... Ny ) = @<034$01$<##-¥#A {Iq, ..., I} $02
=D g (N ) | 018N |, ,0=#=3%/'30;%
I]_\ll,u |\I!I! 1,u INlu p # - #

M N Nio .
= 444 [ LU 484 M p iaMNw!r)qy gy = ruE(@

ri=0 rp1=0 r=rmn |

@<034%01%=#,0+-
C-7=0C$

® Sums allow us to consider all the possible combinations of
received coded packets
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2. Multi-Channel Resource Allocation Models and

Heuristic Strategies
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Allocation Patterns

<))

subchann
subchann
subchanne
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Allocation Patterns

sSupcCnanneil ¢

sunchannel g

subchannel

B, B, -
*H+E&<&H=3
coded packets  coded packets  coded packe | D;:0,&.-07$
from x fromxs @&. #<7
subchannel |
subchannel ¢
subchannel 3=
@1 @2 @a
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Allocation Patterns

i vz
subchannel | 5252‘7"
=z 4

sunchannel g

subchannel §
@1 @2 @’J
(-E#=%
coded packets coded packets coded packe' D;;0,&.-07%
fromx, or X 1 from x, or X, fromx;or X3, @& #<T
subchannel ///)/
subchannel
subchannel
@1 ®2 @3
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_ o
NO-SA Model =i

® Consider the variable ! | = |
can recover the first| layers with a probability value !

| O otherwise it isO.
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_ e
NO-SA Model =i

® Consider the variable ! ;) = | Dyo 1(ny) ! 0 . Itlisif u
can recover the first| layers with a probability value !
! |9,otherwise it 1sO.

FO4$01$+&,8#.2%501$%

® The RA problem for the NO-SA case Is =#,->H<#=$0>#<$
1L 1C |
(NO-SA) min nc) (1)
mi,..., m c
n(l ,C) n (L,C ) |:1 C:].

(-7-'-?&.-07$01%
<#%02<,#$100.+<-7.
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_ e
NO-SA Model =i

® Consider the variable ! ;) = | Dyo 1(ny) ! 0 . Itlisif u
can recover the first| layers with a probability value !
! |9,otherwise it I1sO.

@® The RA problem for the NO-SA case Is

IL |C
(NO-SA) min nc) (1)
mi,..., m c
n@c) ne) 171 c=1
U 1&<A#.$1<&,.-07301$29
subject to ! uf 1=1,...,L (2)
u=1
| F04$01%$2%#
B&,"$%H<>- ##>#;9%"&;;S
&,"-#>H=33/D&S+<H=H H<'-TH#
1<&,.-07$01$2%#<%
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® Consider the variable ! | = |

NO-SA Model

Dno | (ny) ! O

subch.!
subch.
subch#| | | | !
[ N | @.3

. Iﬂi,sif Zu

can recover the first| layers with a probability value !

1 . otherwise 1t 1s0.

@® The RA problem for the NO-SA case Is

(NO-SA)

subject to

G/7&'-,H$&7=%
%/%.#'H<#,& #=9%
,07%.<&-7.%

1#,&2%#$01$."#$*L
+&..H#H</

School ofComputing
and Communications

1L 1C
min n(c)
m]_ ..... m C
n@.c) ...n(Lc) 1=1 c=1
|U
b U8 =1L
u=1
Mer 1 =M c=2,...,L
L
0"  nl®" B c=1,...,C
=1
nte) =0 for | # ¢

(1)

(2)
(3)
(4)
(5)
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NO-SA Heuristic

® The NO-SA is an hard integer optimisation problem because
of the coupling constraints among variables

® We propose a two-step heuristic strategy

. MCSs optimisation ( IT1,...,ITc )
Il. No. of coded packet per-subchannel optimization !
(n®e) . nlbe) )

Step 1 Subchannel MCSs optimizatio

. sc! C
® The first step selects thel thl?v! Muay  and

value of [Tl such that packets 3: while ¢" 1 do

delivered through subch. c are 4 reloeat|
) M¢: V

5
received (at least with a target 5 vi v# 1
prob.) by U af). users. 7: until UM U &R or v<m min
8: c! c#1
12 end while
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NO-SA Heuristic

@ The second step aims at optimising n(l’c), e n(L¢)  and can
be summarised as follows

DNO z(n(l 1) n(2 2)) | |§
ono (081 B\ Dot 0t 0001 8

/
subchannel P/V

subchannel R

subchannel 3

B, B, B,

'®tep 2 Coded packet allocation for the NO-SA case
e1: for ! 1,...,L do

2 ) HK2-<#%$&$T04$01SY
3:  while Do (n®Y, ... ,n")y< B do 1 | . .
4: nt 1 nth 4q L By kel
5: end while

School ofComputing 6: end for Lancaster-
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NO-MA Model # L]

® The NO-SA problem can be easily extended to the MA pattern
by removing the last constraint

IL IC
(NO-SA) min n(c) (1)
mi,..., m c
nGe) p ey 171 €51
|U
subject to Lo UB |=1,...,L (2)
u=1
mcl1<mc C:2,,L (3)
Ji )
On n(I,C) " @C C: 1,___’C (4)
=1
n(h¢) =0 for | # ¢ (5)
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NO-MA Model # L]

® The NO-SA problem can be easily extended to the MA pattern
by removing the last constraint

(NO-MA) L iC
(1)
subjectto !y ! USf I=1,...,L (2)
u=1
Mc 1 <M c=2,...,L (3)
| L
0" nl®" @ c=1,...,C (4)
=1
n{h¢) = or | # ¢ (5)
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NO-M A Heuristic

® The NO-MA is still an hard integer optimisation problem . We
adopt the same two-step heuristic strategy.

@ For the first step we resort to the OStep 10 procedure
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NO-M A Heuristic

® The NO-MA is still an hard integer optimisation problem . We
adopt the same two-step heuristic strategy.

@ For the first step we resort to the OStep 10 procedure

@ The idea behind the second step can be summarised as follows

Dno,1(MP) ! O

subchannel P

subchannel 3

@1 @2 @3
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NO-M A Heuristic

® The NO-MA is still an hard integer optimisation problem . We
adopt the same two-step heuristic strategy.

@ For the first step we resort to the OStep 10 procedure

@ The idea behind the second step can be summarised as follows

Dno 1 (MY) 1 O Dyo o(n®,n®) 1 ®

\

subchannel R

subchannel 3

@1 @2 @3
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NO-M A Heuristic

® The NO-MA is still an hard integer optimisation problem . We
adopt the same two-step heuristic strategy.

@ For the first step we resort to the OStep 10 procedure

@ The idea behind the second step can be summarised as follows

Dno 1(MY) 1 O Dyo 2P, n@) 1 O

\

subchannel R

subchannel 3 j
®, 2 -

- .. 2
Dno 3(ﬁ(l) n? ’ﬁ(3)) 1 O

School ofComputing Lancaster B3
and Communications University © ®

T IITTITTITIr 16



NO-M A Heuristic

® The NO-MA is still an hard integer optimisation problem . We
adopt the same two-step heuristic strategy.

@ For the first step we resort to the OStep 10 procedure

@ The idea behind the second step can be summarised as follows

$tep 2 Coded packet allocation for a the NO-MA ce

€1:c! 1

2.1 1foranyl=1,..., L andc=1,..., C
3:m={nY1,, wheren! I 1foranyl=1,..., L
4: for |! 1,...,L do
5: while D m < O andc$ C do
> e )Nfg | (n 1) S o J#K2-<:#%é$&$7(.).4$01'$%
7: )| | o, ) foranyl=1,...,L | f<q @t
8: if o, At = B then
O: c!l c+1
10: end if

11: end while )
12: if Dno (M) < @ andc >C then

13: no solution can be found.
| 14: end If
School ofComputing ~ 15: end for Lancaster E=3
and Communications 16 University ¢ ©



EW-MA Model &

@ Consider the EW delivery mode

Exp. Win. 3
< >
Exp. Win. 2
< >
Exp. Win. 1
<
E = E = XK
- - >
K1 K> K3
® We define the |nd|cator variable'!
! nl # $ :
! Hul = Dew t(Nu)! D

|
t=1
User u will recover the first | service layers (at least) with

probability [9if any of the windows |, I+1, E, L  are recovered

(at least) with probability [©
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EW-MA Model #H]

- FOASO1S+& 8#.96%0:
® The RA problem for the EW-MA case Is SOl SE <t
O>#<®
! L !C
(EW-MA) min N () (1)
miq,..., M c
NGe), N (Le) IF1 c=l
U
subject to U ! U B |=1,...,L (2)
u=1
mcl1<mc C:2,,L (3)
L .
OII N(I,C) " ®C C:l,___,C (4)
1=1

@ It I1s still an hard Integer optimisation problem  but the
previously proposed heuristic strategy can be still applied.
School ofComputing Lancaster
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3. H.264/SVC Service Delivery over eMBMS Networks
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Layered Video Streams

H.264/SVC video stream formed by multiple video layers

® the base layer - provides basic reconstruction quality

@ multiple enhancement layers - which gradually improve the
guality of the base layer

Considering a H.264/SVC video stream
- () >

® It IS a GoP stream

$& ® a GoP has fixed number of

5% Wﬁ//' ® it is characterized by a time
JU S [ [ duration (to be watched)

s T 1 1 LT 1 [ [ | @ It has a layered nature

School ofComputing Lancaster EE3
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H.264/SVC and NC

® The decoding process of a H.264/SVC service Is performed on a

GoP-basis
I"#$3&%-,5; &/ MSH#T7"&T7 ##7.$ N=$#7"&7 #'#7.$
01$&$LO0@ i &#H<$01$&$LO@ | &H<$01$&$L0@
| N | | | 1 \ x K
kl k2 > 1< k3 >

® Hence, the K| can be defined as

|-.<& #$01P."#$>-=#C -'#$=2<&.-07$01$&4
&< | | LO@
k — R | d GoP
| X
| - *02<,#0)0=#=$+&,8%.!
School ofComputing 3-.$9%-74 ncaster
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iversity ® *©
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LTE-A System Model

® PtM communications managed by the eMBMS framework

® We refer to aSC-eMBMS system where a eNB delivers a!
H.264/SVC video service atarget MG

® The DL phase of LTE-A adopts the OFDMA and has a framed

nature
| N$PS$!I<&7%+0<.$1;0,€
eMBMS-capable subframes radio frame
>4 X 2 7 N x4 y TB left for other services
%
-
O
o

time
TB of subchannel 1 TB of subchannel 2 TB of subchannel :
School ofComputing Lancaster E=3 -
and Communications University °
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3. Analytical Results
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Analytical Results

® We compared the proposed strategies with a classic Multi-

rate Transmission strategy
Q.$-%$&S$'&E-'-2&.-07$01

U  %2'$01$."#$2%6#<$RO*

max  PSNR,

, Mmiq,...,M |
FO$#<<0<$,07.<0;$%.<&.#A u=1

&<#$&;;0C#=$6DIRSSITF)S:

® System performance was evaluated in terms of

- J#%02<,#$100.+<-

% O
i nt¢) for NO-RNC
| — =1 c=1
T h % %
& N (:¢) for EW-RNC.
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Analytical Results

® We compared the proposed strategies with a classic Multi-

rate Transmission strategy

Q.$-%$8&S$ &E-'-2&.-07$0L
U  %2'$01$."#$2%6#<$RO*

max  PSNR,

, Mmiq,...,M |
FO$#<<0<$,07.<0;$%.<&.#A u=1

&<#$&;;0C#=$6DIRSSITF)S:

® System performance was evaluated in terms of

@*FJIP&1 #<P<#t,0>#</$01$."#$3
&T7=%."#$:-<W#&7"&7 #'#T1.$;:&/H<%

A

max PSNR; D{3, , for NO-RNC
'(U) — =1 ,..., L % ’ &

$ max PSNR Dg, , , for EW-RNC

School ofComputing
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Analytical Results

*H1&<-0$C-."$&S"-A"S"# #<OAH#- 14

WB%$#K2&;;/$%+& #=$ &/ #S$&;07AS." X#S. 07 Yo-=H<#=3*.<#&'$DI&7-
<&=-&;P;-THI<H+<H#HWHT .-TAD."#$%/["'#. C"-,"$ "&>#P59P;&/H#<USH3-.<&
&E-%$01507#$%#,.0<$01$."#$.&<A: - D$-%$%'&;#<P5."&7%$."&.$01

Target M Target cell
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Analytical Results . s

g = 256
55 \ 93 \ tI)2 \ ?l
. —&—*—&—*—*—&—&+—¢+—*-¢-+$—~+—&+—&+—o-—-¢~ , | J
M SRR |
E 45 * ...... ** ...... ** ...... * ** ...... ** ......................................................................................
nd NN s
= 35
)]
D- 25 T S S S
-
S5 a
E + MrT
; 15 | x Heu. NO| SA ...............................................................
© | % Heu. NO! MA
= ® Heu. EW! MA
5 H=— Stream A | b LNGK: o R
=== Stream B , ’

170 190

Distance (m)

® The NO-MA and EW-MA strategies are equivalent both In
terms of resource footprint and service coverage

® The service coverage of NO-SA still diverges from that of

NO-MA and EW-MA .
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4. Concluding Remarks
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Concluding Remarks

® Definition of a generic system model that can be easily
adapted to practical scenarios

® Derivation of the theoretical framework to assess user QoS

@ Definition of efficient resource allocation frameworks , that
can jointly optimise both system parameters and the error
control strategy in use

® Development of efficient heuristic strategies that can derive
good quality solutions In a finite number of steps

School ofComputing Lancaster
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Concluding Remarks
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Future Extensions

@ LTE-A allows multiple contiguous BS to deliver (in a

synchronous fashion) the same services by means of the
same signals

® Users can combine multiple transmissions and do not need

W : <<<ﬁ g
I

e § v

SFN
, - #
_-"a, M1M2 (¢ ))“UeNBB
- 3 \
\\ eNB3 UEM "
Nﬁ UE4 o
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Future Extensions

® We are extending the theoretical framework.
® These are some preliminary results for a grid of users placed

on the SFN.
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System Model

@ We adopted this convention

pu(ma) ! pu(mp) If My <my

@B @SHE+#H<-#T #=$3/P& NERTH#ZP
MRS SN a -%P&=0+.#=

@ Reception of a coded packet isacceptable if Pu (m)! g holds

@ Each subchannel delivers streams of (en)coded packets
(according to the RLNC principle).
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Total TB transmissions !
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Results at a Glance
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Results at a Glance
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Expanding Window Layered RNC

® Owing to the lack of an accurate expression for Qi(I'), we
approximate it as

Ill)l(lrh
T "’ Kg! 1 °° l
| . $ . 1
a(r)=nh | = 1 (; )
=1 =0 qr =S
In other words, we say that
The prob. of recovering the |-th The prob. of recovering the |-th
window given = window gi\_/er}
r={r.,ro,...,r} r=4{0,0,..., .., ri}
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Expanding Window Layered RNC
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Expanding Window Layered RNC
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Expanding Window Layered RNC

< K 2 >
L. 1
XK
< S S>l< = >
K K K

< 11 >

< r3 >

I D D D N
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I min ,3

Lancaster
University = *



Expanding Window Layered RNC

@ The probability Dgy | of user u recovering the first | layers
(namely, the I-th window) can be written as

Dew, (N1u,... NLy) = @<034$01$<##-¥-7A {rq1,...,I 1} $02.
=D g (N ) | 018N |, ,0=#=3%/'30;%
I]_\ll,u |\I!I! 1,u INlu p # - #

N N | ! .
-  44a [ LU 844 ™M p i (Nw! )11 p) -1 ruE(rj

ri=0 rp1=0 r|=rmn |

@<034%01%=#,0+-
C-7=0C$
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Expanding Window Layered RNC

@ The probability Dgy | of user u recovering the first | layers
(namely, the I-th window) can be written as

Dew, (N1u,... NLy) = @<034$01$<##-¥-7A {rq1,...,I 1} $02.
=D g (N ) | 018N |, ,0=#=3%/'30;%
I]_\ll,u |\I!I! 1,u INl,u p # . #

: N N | ! .
-  44a [ LU 844 ™M p i (Nw! )11 p) -1 ruE(rj

ri=0 rp1=0 r|=rmn |

@<034%01%=#,0+-
C-7=0C$%

® 'min | is the minimum value of Iisuch that Dgyw (N ) is not
zero. We can prove that

‘. forl =1
I —
min ,I _ "
Kil Kpgs+max(rminp 1! i, 0) I‘jgrrl(:'astelz
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Expanding Window Layered RNC

® Owing to the lack of an accurate expression for g(r), we
approximate it.

® We inspected the quality of the considered approximation, for
l p= 0.1and 0.3

l g= 2and 256
K1 =5 K, =10 ang K3 =15
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Expanding Window Layered RNC
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@ The maximum performance gap is smaller than 0.017 for g=2.

The gap becomes negligible for larger values of g Lancaster E=3
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NO-SA Heuristic

® The NO-SA is an hard integer optimisation problem because
of the coupling constraints among variables

® We propose a two-step heuristic strategy

. MCSs optimisation ( IT1,...,ITc )
Il. No. of coded packet per-subchannel optimization !
(n®e) o onbe)

Step 1 Subchannel MCSs optimizatio
@ The first step selects the value tHac! C

of ITlc such that‘U(mC)‘ l U é@c 2: Vk!fl mMAx1 gnd
3: while c” o)

4: repeat
SHS AP SFTSESSS %S 5: me! v
6 vl v# 1 )
M (U) | Mc I until [U™e) " U &R or v.<m min
8: c!l c#1
1e%: end while
Lancaster EE3
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NO-SA Heuristic

@ The second step aims at optimising n(l’c), e n(L¢)  and can
be summarised as follows

DNO z(n(l 1) n(2 2)) | |§
ono (081 B\ Dot 0t 0001 8

/
subchannel P/V

subchannel R

subchannel 3

B, B, B,

'®tep 2 Coded packet allocation for the NO-SA case.
e1: for ! 1,...,L do

2 ) HK2-<#%$&$T04$01SY
3:  while Do (n®Y, ... ,n")y< B do 1 | . .

4: nt! 1 nth 49 | o B ke+1

5: end while

6: end for Lancaster-

45 Oniversity



NO-M A Heuristic

® The NO-MA is still an hard integer optimisation problem . We
adopt the same two-step heuristic strategy.

@ For the first step we resort to the OStep 10 procedure
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NO-M A Heuristic

® The NO-MA is still an hard integer optimisation problem . We
adopt the same two-step heuristic strategy.

@ For the first step we resort to the OStep 10 procedure

@ The idea behind the second step can be summarised as follows

Dno,1(MP) ! O

subchannel P

subchannel 3

B, 2, -
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NO-M A Heuristic

® The NO-MA is still an hard integer optimisation problem . We
adopt the same two-step heuristic strategy.

@ For the first step we resort to the OStep 10 procedure

@ The idea behind the second step can be summarised as follows

Dno 1 (MY) 1 O Dyo o(n®,n®) 1 ®

\

subchannel R

subchannel 3

B, 2, -
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NO-M A Heuristic

® The NO-MA is still an hard integer optimisation problem . We
adopt the same two-step heuristic strategy.

@ For the first step we resort to the OStep 10 procedure

@ The idea behind the second step can be summarised as follows

Dno 1(MY) 1 O Dyo 2P, n@) 1 O

\

subchannel R

subchannel 3 j
®, 2 -

- .. 2
Dno 3(ﬁ(l) n? ’ﬁ(3)) 1 O
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NO-M A Heuristic

® The NO-MA is still an hard integer optimisation problem . We
adopt the same two-step heuristic strategy.

@ For the first step we resort to the OStep 10 procedure

@ The idea behind the second step can be summarised as follows

$tep 2 Coded packet allocation for a the NO-MA ce

€1:c! 1

2.1 1foranyl=1,..., L andc=1,..., C

3:m={nY1,, wheren! I 1foranyl=1,..., L

4: for 1! 1,..., L do

5: while D m < O andc$ C do

> oy (n 1) S o J#K2-<:#%é$&$7(.).4$01'$%
7: A0S 0 foranyl =1, L ! 1 B

8: if o, At = B then

O: c!l c+1

10: end if

11: end while )
12: if Dno (M) < @ andc >C then

13: no solution can be found.
14: end If
15: end for Lancaster-

OOOOO
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EW-MA Heuristic

® The EW-MA is still an hard integer optimisation problem but
the same two-step heuristic principle still holds

@ Thefirst step follows the OStep 10 procedure

® The second step relies on the same idea we considered for the
NO-MA case

@ The second step requires a no. of steps | | C:1 I@t
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LTE/LTE-A Stack

3GPPOs LTE is one of the most promising 4G standard for mobile
networks. It promises to practically manage PtM service delivery.

\L PDCP SDU (i.e., IP packets)

B

Q@$"#&=#<$,0'+<HN%
&T=$ —+"H<-TA $ RLC-SDUs
[ RLC

) HA#T.8.-070,07,&#78&.-07801
e IT)H*GW%S$SDIRS+<0,#%%
[ MAC j

ITS@GCW%S'&++-7AS
"#$<&=-0$1<&'#S$|DJI J] MAC-PDUs
[ PHY j

J&=-0$1<&'#$.<&7%'-%%-C
0+#<&.-07/%
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LTE/LTE-A Radio Resources

It Relies on OFDMA. Resources are organised in a time/frequency

structure called radio frame .

MSIQSPSMS %S
MV$IQY%S$+H#<$<&=-0%

A

l \ _ l l
_ _
oot e
SR U S S
) ) N Y
_ l l _ A/
B e
R -
TSNS O R S S D B
A N O B B
l “ “ _ l
S i R S A B -
g -=q-=q--4--q--qk--
_ | _ _ _ _
Lo d I I |
L#39#%$

Lancaster

J&=-0$1<&'#

o8

University = *



LTE/LTE-A Radio Resources

It Relies on OFDMA. Resources are organised in a time/frequency
structure called radio frame .

M$IQIPIMS %S

MV S QU$+#<$<&=-0%1 JIS6MUVIE8]?3"$V4 S
A ‘

r-—r-——T—— T~ 7"~ T ~-TT ~-TT TT =9
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X |
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LTE-A Radio Resources

PtM communications managed by the eMBMS framework. !
Two transmission modes have been defined:

® SC-eMBMS - Service delivered on each cell independently

Pros: Each eNB can independently optimise the delivered services
' Cons: Neighbouring cells may interfere with each other

® SFN-eMBMS - Service delivered on a group of cells

Pros: No interfering cells in the SFN
" Cons: Services optimised in a centralised fashion

MCE / MBMS-GW
(x)

(i)
( )) eN %L) SN SF/\/

(
A M1/M2 (®) UeNB3
UE3 L
N UE eNBy UEs
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LTE-A Radio Resources

PtM communications managed by the eMBMS framework. !
Two transmission modes have been defined:

® SC-eMBMS - Service delivered on each cell independently

Pros: Each eNB can independently optimise the delivered services

Cons: Neighbouring cells may interfere with each other

® SFN-eMBMS - Service delivered on a group of cells

Pros: No interfering cells in the SFN

Cons: Services optimised in a centralised fashion

#+,+-./'0$%1"#/

- ~N
- 7 7 NS

——— e — =)

" At most 6 out of 10 TTls
can convey eMBMS data

§ I I —

SUHE H()*

Fixed allocation pattern
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Peak Signal-to-Noise Ratio

® It Is defined on a frame-basis

@ It can be defined by means of the Mean Squared Error (MSE)

i jH."$+-E#$01S."}
)07%-=#<-7TAP&P1<! ,0'+<#%%#=F1<&'#
01 X N $+-E#:%
B xn$ J 1 [moqpn o

MSE = —— Ii,j | Ki,j
mn .
1=1 | =1
i,j H."$+-E#;$01$."?
0<-A-7&;$1<&'#

® Hence, the PSNR can be defined as follows

| 2
MAX

PSNR =10 log,, MSE
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Recovery probability

O
N

O
o0

O
o

O
~

Analytical Results ..o

q=2

| + MrT
X Heu. NG SA ' ' . '
| % HeuNnOMA| | x oo Vs by
® Heu. EW MA | , : '

i3
*
T T S I P TR PP Qg
1 J . !
~
A

Og0 110 130 150 170 190

210

Distance (m)

Lancaster EE -

59 University °



O
o

O
o

Analytical Results | ...
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Recovery probability
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® We are extending the theoretical framework.
® These are some preliminary results for a grid of users placed

on the SFN.
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® We are extending the theoretical framework.
® These are some preliminary results for a grid of users placed

on the SFN.
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® We are extending the theoretical framework.
® These are some preliminary results for a grid of users placed

on the SFN.
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® We are extending the theoretical framework.

® These are some preliminary results for a grid of users placed

on the SFN.
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