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Introduction and Problem Definition
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Relay Node Introduction

Relay Nodes are deployed for:

Cell capacity enhancement
Backhaul

Coverage extension o nk Access
Involved Links: orect “9
Direct Link (DeNB-to-UE) DeNB Relay UE
Backhaul Link (DeNB-to-RN) -
Access Link (RN-to-UE) 1 oero UE

In-band Relay Node:

DeNB and RNs use the same carrier frequencies

Necessity of resource partitioning to support time multiplexing
Out-band Relay Node:

DeNB and RNs use different carrier frequencies
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Radio Frame Configuration for In-band RNs

5 6 7 8 9

1PRBS 10
Radio frame: 10 sub-frames of 1 ms ! . E I“”“‘
1 subframe per 180 kHz: 1 Physical 0 1 2 3 4 5 6 7 8 9
Resource Block (PRB) DeNB Radio
Frame

DeNB and RNs resource partitioning

M RN subframes (max 6) reserved for .::-:.:. Eﬂnﬁi"”

Direct Link - Access Link
(10 — M) subframes reserved for access link (DeNE-UE) (RN-UE)
. . . . _ ; Transmission Gap
and direct link: PRB, =PRBp =(10-M) x50 [J ™ ZZ ey

Co-scheduling not implemented o 4@9
PRBg, shared among RNs via dynamic resource EX{Z’,——?@Q
sharing. The r-th RN gets PRB,,, depending on: RNA oy

Its backhaul link quality &/ﬂ&’g

Number of relay UEs connected to it. RN
B
DeNB Radio Frame DeNB\A (E’;
X A ARARS Z > High Quality L>79
PRBs NN :I:I:I:I: - o f4 > tg‘vls Quality RNC “\‘\\\A(({f
M AN W} W} Link \‘KGQ g

CEH g, By, P2 e N
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Admission Control Introduction
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Resource Demand per Radio Frame

Each UE demands a Constant Bit Rate (R). We computed
the resources (PRBs) needed in one radio frame.

The k-th macro UE needs rccons
On the direct link : PRB,., =5 - o *Me o tink
TPPRBUEk "
L, RN 9
. irec .
The j-th relay UE needs Link i ety UE
On the access link: pre, =s.— "
’ TPogg, . (g
k-th Macro UE
On the backhaul link: prB; .. _s R
P Therag,

S =10 is the number of subframes scheduled in one radio frame
TPPRBUEk is the throughput per PRB achieved by the k-th UE
TPegg,, is the throughput per PRB achieved by the r-th RN.
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Admission Control Algorithm for In-band RNs

Let’s assume that (k-1) macro UEs are already accepted
The k-th macro UE is accepted if:

S,
PRByg, < PRBp — Y PRBye é g

. DeNB
i=1..k-1 k-th Macro UE
Let’s assume that (j-1) relay UEs are already accepted by
r-th RN
The j-th relay UE is accepted if: e
PRBug <PRB, — Y PRBy, é\g
I=1...)-1 DeNB \ (9
r-th RN i°
PRBg av, < PRBR, — ZPRBUEiRNr e
i=1...j-1
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Motivations

In order to optimize the performance of in-band RNs the
number of RN subframes has been properly selected

The number of accepted relay UEs is limited by the
capacity of the backhaul link

In some scenario a shortage of resources on the direct
link is provoked
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Simulation Model
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System Model

4 RNs Deployment

System Layout 19 tri-sectored sites
Bandwidth 10 MHz.
50 frequency slots of 180 kHz
each
ISD 500 m (urban scenario)

1732 m (suburban scenario)

Relay Nodes 4,10

CBR Traffic (R) 64, 128, 256, 512 kbps
Blocking Probability (B) 0.1%, 0.5%, 5 %

Users Drop Uniform

Number of RN subframes (M) 1,2,3,4,5,6

Channel Model 3GPP TR36.814 v9.0.0
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Study Case One — Ideal Backhaul Link

The RN subframes are reserved but the backhaul link
capacity is so high that a relay UE is never rejected by the
admission control on the backhaul link.

DeNB Radio
Frame ((9))

%% Egrfeadm DeNB"‘;:‘\ ] .R:: “““ ’F£;_|ayUE
& ‘

SS
~
~
Ss
~

\\‘((’ ‘;

I:l Direct Link - Access Link
(RN-UE)

(DeNB-UE)
Backhaul Link - Transmission Gap
(DeNB-RN) Z (RN Subframe)
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Study Case Two — Out-band RNs and Ideal Backhaul Link

We consider out-band RNs and a, such that the direct link
and the access link have the full set of resources.

DeNB Radio
Frame

(te)
é ( i
RN Radio
[T T T T T T T TT I Den(S, =44
|| ‘((( 3 R \\\~ y

I:l Direct Link - Access Link
(RN-UE)

“~a g

(DeNB-UE)
| | Backhaul Link - Transmission Gap
(DeNB-RN) Z (RN Subframe)
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Results
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RN Subframe Configuration in Different Scenarios

Previous Results — In-band RNs

Urban Scenario — Number of RN subframes (M)

4 Relay Nodes 10 Relay Nodes
R 64 128 256 512 64 128 256 512
/] Kbps Kbps Kbps Kbps Kbps Kbps Kbps Kbps
0.1% 2 2 2 2 4 3 3 3
0.5 % 2 2 2 2 4 4 3 3
5% 2 2 2 2 4 4 4 4
Suburban Scenario — Number of RN subframes (M)
4 Relay Nodes 10 Relay Nodes
R 64 128 256 512 64 128 256 512
/] Kbps Kbps Kbps Kbps Kbps Kbps Kbps Kbps
0.1% 2 2 2 2 5 4 4 4
0.5 % 2 2 2 2 5 5 4 4
5 % 2 2 2 3 5 5 5 5
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Accepted UEs in Different Scenarios

Previous Results — In-band RNs
For each blocking probability 8 and UE’s bit rate R, we have assumed M which

maximizes the number of accepted UE
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Study Case One — Ideal backhaul link

Urban Scenario with 4 RNs and a bit rate R = 128 Kbps.

50

Block Probability [%6]
5 8 B 8 & &8 &

[E=Y
o
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All UEs performance are
influenced by macro and
relay UEs.

With the ideal backhaul
link, performance are
influenced by Macro UEs

Relay UEs are limited
by the backhaul link.
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Study Case Two — Out-band RNs and Ideal Backhaul Link

Urban Scenario with 4 RNs and a bit rate R = 128 Kbps.
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In case of Out-band RNs,
the main blocking
probability contribution
is provided by macro
UEs.

Out-band RNs have a
large impact on the
Relay UEs.
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Accepted UEs in Different Scenarios - Urban

For each blocking probability 8 and UE’s bit rate R, we obtained a

maximum number of accepted UE.

400

350

300

Accepted Users

. B4 128

A”

Urban Scenario with 4 RNs

I G4 Kcbps In-band RNs
1 125 Kbps In-band RNs
I 56 Khps In-band FING [
[ 512 Kbps In-band Ris
I e Only Deployment
1 ideal BL

I CuiBand Ris

_B=01%

128 236 912
kbps kbps kbps kbps

286 512 B4 128 256 512 b4

kbps kbps khbps kbps kops kbps kbps  kbps

B is the set Blocking Probability Threshold
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Urban Scenario with 10 RNs
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Accepted UEs in Different Scenarios - Suburban

For each blocking probability 8 and UE’s bit rate R, we obtained a

maximum number of accepted UE.

800

700

Suburban Scenario with 4 RNs

B G4 Kbps In-band RNs

[ 128 Khps In-band Rils
I 256 Kbps In-band RNs
[ 512 Kbps In-band Rils
A - Only Deployment

800

Suburban Scenario with 10 RNs

B G ibps In-band RNs
B 125 Kbps In-band RNs
I -5 <hps In-band Rils
1 512 Kbips In-band Rils
I B Only Deployment

F00 l:l Ideal BL ........................................................................................... BDD :Ideal BL |
I ouBand RNs I uEand Ris
@ ¢
g EDD ........................................................................................................................................... g SDD ...........................................................................................................................................
-] -]
T ol B=0.1% > g B=05% > « B=5% y> O
4] 1]
= =
& >
[ %] [3]
o [ 4]
o Ll

B4 128
khps kbps khps khps

256 512 G4 128 238 912 B4 128 2868 4912 G4 128
khps kbps khps  khps kbps kbps kbps kbhps

286 512 G4 128 258 512 B4

128 258 512

kbps kbps kbps kbps khps khps kbps  khbps khps kbps kbps kbps

B is the set Blocking Probability Threshold

A”

Nokia Siemens
Networks

-
..a\‘\\““\

Aalto University
School of Electrical

Engineering 20 Federica Vitiello 09/05/2012



In-band RNs Introduction Impact
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In-band RNs’ introduction In-band RNs’ introduction does

brings remarkable gain in terms not bring remarkable gain in

of the number of requested terms of the number of
PRBs. requested PRBs. But it provokes
a shortage of resources.
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Suburban Scenario Focus

In-band RNs = Resources’ shortage:

lack of resources on the backhaul link (e.g. Sector 1)
lack of resources on the direct link (e.g. Sector 2)

Sector 2

® Macro UEs
® Relay UEs

O RN
A DeNB

:l Auvailable PRBs
:l Requested PRBs
- Missing PRBs

L Unused PRBs
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Sector 1

@ DL

[ T T T V7777771 400 Available PRBs

245 Requested PRBs

@ BL

E 100 Available PRBs
122 Requested PRBs

| I Pf AR XA XX FA 400 Available PRBs

138 Requested PRBs

—_

—_

| | | | | 400 Available PRBs

445 Requested PRBs

[ ¥¥) 100 Available PRBs

72 Requested PRBs

NI AL AR AR A 400 Available PRBs

—

125 Requested PRBs

—

—

Sector 1

Sector 2
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Conclusions
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Remarks

An ideal backhaul link scenario with high capacity backhaul
link increases the relay UEs acceptance rate.

The introduction of out-band RNs improves the acceptance
rate of relay UEs as well as of macro UEs.

If we use out-band RNs the impact on all UEs blocking probability is
higher than the ideal scenario.

In some scenarios the in-band RN deployment admits a
smaller number of UEs compared to eNB only:

Mainly because of a lack of resources (backhaul link or direct link)
Lower SINR experienced (higher interference)
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