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Relay ARQ System

Brief Description of the Concept

Fig. 1: Relay ARQ System Model

@ Channel 1, channel 2, and channel 3 are regarded at kth transmission as a frequency
selective fading MIMO channels having Lsgr, Lrp, and Lgp independent paths,
respectively.
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Brief Description of the Concept

Fig. 1: Relay ARQ System Model

@ Channel 1, channel 2, and channel 3 are regarded at kth transmission as a frequency
selective fading MIMO channels having Lsgr, Lrp, and Lgp independent paths,
respectively.

@ Each path is characterized by its quasi-static flat fading MIMO channel matrix
HAB™ € CNAXNB for 1 € {0,..., Lap — 1} where A € {S, R} and B € {R, D}.

@ Relaying works under the framework of half-duplex amplify-and-forward protocol.

Packet re-transmissions follows the Chase-type ARQ mechanism.

@ Each Packet transmission k£ within a maximum of K ARQ rounds spans two consecutive
time slots (TS)s.
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Relay ARQ System

Brief Description of the Concept
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Fig. 2: Source node transmitter scheme.

Splitting Rule

@ Upon the 15 transmission, node S generates according to an STBICM encoder the symbol
packet
a NgxT
x = [x0,...,xp—1] €C"S . (1)
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Splitting Rule

@ Upon the 15 transmission, node S generates according to an STBICM encoder the symbol
packet
x 2 [x0,...,xr_1] € CNs*T, (1)

@ The symbol vectors x,/ € xNsx1 fort’ =0,---,T — 1 are chosen to have equally

powered entries, hence satisfying E[Xt’ xt,,] = 6t/ W Ing-
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Brief Description of the Concept

TS#2 TS#1 Y

X1,X3, ..., X7—1 | X0,X2,..., X772 CP Ns
Insertion j

Fig. 2: Source node transmitter scheme.

X 1.
STBICM Splitter

Splitting Rule

@ Upon the 15 transmission, node S generates according to an STBICM encoder the symbol
packet

NgxT
x £ [xo,...,xp_1] € CNs*T, (1)
@ The symbol vectors x,/ € xNsx1 fort’ =0,---,T — 1 are chosen to have equally
powered entries, hence satisfying E[Xt/xfl,,] =0, Ing-

9,
@ It is then splitted into two equally sized Ng X % sub-packets z; and zy constructed as

Z1,t = Xot s U<e< 2 @)
T
Z2,6 =Xot41 , 0<t< 5 —1
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Relay ARQ Protocol
ARQ with

Relay ARQ Protocol

Trans. (k) Trans. (k odd) Trans. (k even)
| 1ers 1 oms | | 1t 1 omrs | psrs 1 ooms |

) n | = ®) z | = z |
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(D) yg~<k) y‘f,(k) (D) yé,(k) ygv(k) y[1).(16) yg.(k)

() (b)
l:l Transmission Period l:l Reception Period

Fig. 3: Relay ARQ Protocol (a), Relay ARQ with Slot-Mapping Reversal (b) for k = 1, . . . , K.

Sub-Packets Slot Mapping is Fixed Fig. 3(a)
@ 2z, followed by z5 during the first and the second TS, respectively, for all the ARQ rounds.
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Relay ARQ with S\ot Mappmg Reversal
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Fig. 3: Relay ARQ Protocol (a), Relay ARQ with Slot-Mapping Reversal (b) for k = 1, . . .

Sub-Packets Slot Mapping is Reversed Fig. 3(b)

@ Depending on the transmission index parity, sub-packets z; and z2 are mapped onto either
the first or the second time slot.
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Sub-Packets ARQ Transmission Model (1)

During the 1°¢ TS of ARQ round k:

LSR—I

k) _ s sr(k) (k)

Yrr = VBsr ) H 21 (t—tymoaZ T PR ®)
=0

—— P op

L(k)  _ sD 1,(k)

yo.' = VEsp ), Hy; 21, (t—ymoaT T PD¢ *)
=0

@ Egsgr and Egp are the energies capturing the effects of path loss and shadowing in channel
1 and 3, respectively.

@ n{y), ~ N(Onyx1, NoIny) for B € {R, D}.

@ A cyclic prefix (CP) portion of length L., = max{Lsp, Lsr, Lrp} is appended to z;
and zg upon their transmission.

AF function at the Relay node:

(& k
&, =, t=0,...,% -1
v =1/VNsEsr + No
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Sub-Packets ARQ Transmission Model (I1)

During the 2% TS of ARQ round k:

Lmaxz—1

2,(k) _ (%), ~2,(k)
Yp,t = H; Z(t—1)moa T +np,
1=0
where
2 a| Zt | ¢ poNs
Z2,t
Lmaz = max(Lsp, Lsrp), and Lspp = Lsg + Lrp — 1,

e (k) (k)
H(k) [’y\/ESRERDHSRD VEspHSP 7

Lerp—

5200 _ RD(K) (k)
a5 =7VErD Z H, nR,(t—l)mudT il
=0

2 (k)
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Sub-Packets ARQ Transmission Model (111)

At the end of the second slot node D builds up (jointly) the augmented size signal
vector

1,(k) Lmax—
equ(k) y equ(k) e u(k>
YDt {{ g,ZD(gc) } = Z H ! %(t—t)moa T +ng ) (9)
Dt

(k)
in which the k-parity 2Np X 2Ng equivalent MIMO channel matrix H?qu has been
carefully introduced with the following form

(K
e — g ONDCXNS , k odd
(10)
k
Hlequ( ) ONDC;(NS 1]; , keven
where,
k
A= \/ESDHSD( ), (11)
S k
B =+vVEsgBErpL~ HSRD( ) (12)
—_ Kk
Cc= \/ESDL’IH«E,?( . (13)
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Relay ARQ System

Sub-Packets ARQ Transmission Model (111)

k
In a joint manner signal vector y;”:( 2 is grouped with all the previously
q q 1 equ(kF—1) equ(l) d de the d K
received signals YDt YDt to decode the data packet.

K ARQ rounds Transmission Model

This leads to the 2Npk X 2N block transmission model given by
(1) (1) equ(l)
equ q
Dt Lomam—1 H np¢
= Z(t—l)mod% + . (14)
)
yis" my ngs
SN————/ — N———

yEJq,ltL’k Hf‘q“'k n%;f;,k

Zakaria El-Moutaouakkil (NSN, Morocco) Relay ARQ Strategies in the AF Relaying Framework



Information-Theoretic Analysis

Outage Probability

Definition (Pertaining to K=1)

The outage probability at a given signal-to-noise ratio (SNR) p, denoted by P, refers to the
probability half of the information rate Z (the factor % comes from the fact that one channel use
of the equivalent received signal model (9) corresponds to two temporal channel uses), between
transmitted block z and received block X;’“’l, is below a target rate R,
1
Pout (p,R) = Pr { 51 (Z; Xquu,l ){H?‘lﬂql} 7p) < R} (15)
where
equ,1
z1 YD1
1
z = , and yquuv = :
ZT equ,l
2 yD, T
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Outage Probability
Average Throughput

Outage Probability

Generalization

To extend the previous formula on our ARQ relay system, we use the renewal theory as well as the
observation that allows us to view the presented Chase-type ARQ mechanism, with a maximum
number of rounds K, as a repetition coding scheme over K parallel sub-virtual channels.
Accordingly, given the equivalent MIMO-ARQ channel model (14), (15) can be re-written as

Pyut (p, R) =Pr { %I (g;zgw’K HH;‘Q“’K} ,p) <R,As, M,ZK,l} s

where A}, represents the event that a NACK feedback is sent back to the source node S at round
k=1,...,K —1.
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Average Throughput

The average throughput formula corresponding to the transmission over the equivalent Relay ARQ
MIMO channel is given by

(16)

@ R is a discrete random variable equals either to R when successful packet decoding is
detected within the K rounds or 0 otherwise.

@ In an outage sense, these two values are taken with probabilities 1 — P57 (p, R) and
P57 (p, R), respectively.

@ v is a RV counting the number of rounds consumed to transmit one packet.

Thus, the average throughput (16) can be re-expressed as
n =Ry (1 = Pyz (p, R)) (17)
where R, = R/E [v].
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Fig. 4: Outage probability versus SNR for lgp = 0.3, Ng = Np = Np =2, Lgpr = Lrp = Lgp = 3, and k = 3.
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Simulation Results

Outage Probability

Scenario 2
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Fig. 5: Outage probability versus SNR for g = 0.7, Ng = Ngp = Np =2, Lgr = Lrp = Lgp = 3,and k = 3.
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Fig. 6: Average throughput versus SNR for lgp = 0.3, Ng = Np = Np =2, Lggp = Lrp = Lgp = 3,and Kk = 3.

il (NSN, Morocco) Relay ARQ Strategies in the AF Relaying Framework (¢19)



Outage Probability
Average Throughput

Simulation Results

Scenario 2

2 T T T T
—&— Relay ARQ with SMR K=2
1.8 —— Relay ARQ K=2

—+8— Relay ARQ K=1

1.6 —e— Reference Protocol
—#&— Direct Transmission K=2
—7— Direct Transmission K=1

1.4

12

0.8

0.6

Average Throughput (bit/s/Hz)
»

0.4

0.2

L8

-1
SNR(dB)

0

Fig. 7: Average throughput versus SNR for lgp = 0.7, Ng = Np = Np = 2, Lgp = Lrp = Lgp = 3,and Kk = 3.
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Conclusion and Perspectives

@ New throughput-efficient relay ARQ techniques are investigated.
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Conclusion

@ New throughput-efficient relay ARQ techniques are investigated.

@ The half-duplex constraint has been turned from a disadvantage causing a
multiplexing gain loss to an advantage providing significant improvement in
average throughput & outage probability performance.

@ Relay ARQ with slot mapping reversal provides considerable gain in terms of
both outage prob. & average throughput over the entire SNR region.
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Perspectives

@ It is recommended to design practical turbo receivers that can approach the
previous theoretical limits.
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@ It is recommended to design practical turbo receivers that can approach the
previous theoretical limits.

@ Analytical results of the outage probability and average throughput instead of
Monte-Carlo based simulations should be investigated.
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Perspectives

@ It is recommended to design practical turbo receivers that can approach the
previous theoretical limits.

@ Analytical results of the outage probability and average throughput instead of
Monte-Carlo based simulations should be investigated.

@ Extension of the proposed techniques to a multi-user environment where
several relays are deployed.
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