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. INTRODUCTION number of blocks used depend on the quality of the channel

Distributed antennas can be used to provide a mean firc‘)d are upper bounded by a fixed numbef the destination

combat fading with a similar flavor as that of space diversi% 3222?5 o decode at the end of thasdlocks an outage
This kind of reliability obtained by the creation of virtual The outli.ne of the paper is as follows. We introduce the
antennas is referred to as cooperative diversity becalese éﬂ |

. ) . . annel model and the details of the algorithm in Section
terminals share their resources to get the mformauonsscqu Section Il contains a summary of the useful results and

tcit thf. destmattllo n. SdUCh sc_:htem?s have ::ttracte? S'gn'f'cﬁgfations used in the rest of the paper. The actual achievabl
attention recently, and a variety ot cooperation proto adeoff for this protocol is analyzed and presented iniSect

been studied and analyzed in various papers like [1] [2] [ for both long term and short term quasi-static channels.

[4]. Fi . .
inally we summarize and present a few concluding remarks
Recently, the authors of [5] extended the Zheng-Tse formgﬁd fl)J/ture directions in SecF:ion v g

lation [6] and characterized the three dimensional ditgrsi
multiplexing-delay tradeoff in MIMO ARQ channels. They
established that delay can be exploited as a potential sdoirc
diversity. Thus, retransmission protocol is an appealohgme
to combat fading and its performance has been recentlyestud
in decentralized ad hoc networks [7]. Inspired by [5], w

Il. SYSTEM MODEL AND SETTING

In this work, we consider communication over a relay
petwork with one relay node (R) assisting the transmission
f a source(S) destination(D) pair as described in Fig. 1.

propose a new scheme for transmission in relay chan ch link has i.i.d. circularly symmetric complex Gaussian

utilizing the ARQ to increase the diversity gain. We look afS'© mean channel gaifsq, hsr, hra, and these channels
the tradeoff in the highsnr (Signal-to-Noise Ratio) regime '€ independent. Moreover we assume that each decoder has

and point out the gain achieved by the ARQ. Moreover it i.[;gerfect knowledge of the channel gain. Perfect channet stat

reasonable to assume the ARQ, as the receiver just needlg;{%rmatlon at the receivers implies that the S-R channel

send back a one bit feedback to signify success or failure. nown to the relay node, while the individual S-D R-D

Following the setup in [2], the terminals are constraineq‘annels are known to the destination node. The channel stat

to employ half-duplex transmission, i.e. they cannot traifis information (CSI) is assumed to be absent at the node which

. . is transmitting. Moreover, perfect synchronization isumssd
and receive simultaneously. The source and the relay are . . _ .
o ) between nodes, which requires some form of distributed pilo

allowed to transmit in the same channel using cooperative . X
signals in practice.

protocols not relying on orthogonal subspaces. This is in ! . . o
. T . We investigate two scenarios for the channel gains: 1)
contrast to [2], where the available bandwidth is dividetbin . L
long-term static channel, where the fading is constant for

orthogonal channels allocated to the transmitting tertairia o
. . Il the channels over all retransmission (ARQ) rounds, and
the dynamic decode and forward scheme proposed in [4] the

communication is across one block of fixed lengttvherel is changes independently when the transmission of the current

asymptotically large. In our setting the ARQ permits the ofse information message 1s stopped; 2) shprt term static osann
C . here the fading for all the channels is constant over each
communication over a variable number of blocks (hencefor o .
) ransmission round (or block) of the ARQ protocol and is
referred to as number of rounds) of fixed length where the .~ .
an i.i.d process across successive rounds. The ARQ protocol
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ACK received

NACK s from the destination by source 1. USEFUL RESULTS ANDNOTATIONS
and relay . . . .
\ The symbokE= will be used to denote the exponential quality,
: : : : """""" : : : 1 H i.e. f(snr) = snr® to denote:
l - After thisround theré!ay o lim 1Og f(SnT) -7
Relay receiving has decoded and helps  NACK'sfrom the destination snr—oo  log snr

from source in thetransmission to destination

The trade-off between diversity and multiplexing was follsna
defined and studied in the context of point-to-point coheren
communications in [6]. A family of code€'(snr) of block
length 7", with one code for each snr level, is said to have a
é}liversity gain ofd and spatial multiplexing gain of if

Fig. 2. Message as seen by the destination

information message df bits is encoded using a space-tim

code with code bool¢ ¢ C2*LV, where N is the number r— lim R(snr) d— — Tim log Pe(snr)

of channel uses taken to transmit one round dnds the snr—oo lOog snr snr—oo  log snr
maximum number of rounds that can be used to transmit th@ere R(snr) is the rate of the cod€ (snr) and P.(snr) is
b information bits. We letC; for [ = 1,---, L denote the the average error probability.

punctured space-time code of lendth obtained fromC by \ve define the effective rate in a different manner as follows.

deleting the lastZ — )V columns of the space time code. | et 7; be a random variable denoting the stopping time of the
The protocol utilizes the ARQ as follows. The receiver feedgansmission of the current message at the destinationELet

back a one bit success/failure indication to both the refe ape the event that the mutual information at a particular deco

the source. If the relay decodes before the destination th&gsses the transmission rakei.e, E; = {Zifl I; > R} for
knowing the codebook’ it begins transmitting the second; — 1, ... I, — 1. Then, we have: a

row of the codeboolC to the destination. Thus effectively _ -
it becomes a MISO channel increasing the diversity. If ther(Za=1) = Pr(Eax,.... Eai-1, Ea) L

destination decodes before the relay, it just sends theoéasd = Pr(Eq,...,Eq-1) —Pr(Ea1,...,Eaq)
to the source and relay and the source moves on to tranggnittin = Pr(E_,) - Pr(E) (4)

the next message. The source moves on to the next information )
message in the transmission queue eithef. ifounds have where we used the fact that the random sequeipde non-

been exhausted for the message or if the destination sefl§§€asing with probability, andE; € £, forl < m leading
success feedback. If successful decoding occurs at-the © Pr(£1:-.., Er) = Pr(£;). We have alsd’r(£) = 1, and
transmission, the effective coding rate for the currenegantd Pr(Zy = L) = Pr(Eq,r—1). L

is R/ bit/dim whereR — b/N. In incremental redundancy, the. Let ¢; denote the event that the destination makes an error

receiver has memory of the past signals since it accumula decoding at the end of thé" round. Then it can be shown
mutual information. that,

As defined above, the information message is encoded by L
a space-time encoder, and mapped in a sequentebdcks, P = Z Pr(e, 7o =1)
{x; € C**N : ] =1,...,L}, and the transmission is asTin a lil
MIMO system, where the columns of; = | xs¢ X4 —_—
are transmitted in parallel by the source aEnd the rela}y. Each = ;Pr (et Ea) + Pr (eL’Ed’L)
symbol of the transmitted codeword has unit power condtrain L
Let us callZ,. a random variable denoting the block in which _ Zpr (e1, Eqq) + Pr (ele) Pr (m)
the relay was able to decode the source information message. — ' " "
Then, the signal model of our channel is given by: L

IN

. [ ) > Pr(e;, Eqy) +Pr(Ear) (5)
yi = Thle + 1y (1) =1

Over here the destination can try to decode at the end of each
where/ stands for the retransmission roudg;’ € C**~V} is round less tharl. If it is able to decode it sends feedback
the received signal block by the destination, 4a¢ € C'*V}  to the source otherwise it waits for more rounds to allow the
is the channel noise assumed to be temporally and spatiafiytual information to accumulate. The above expression can
white with i.i.d entries~ A¢(0,1). The channel of thé-th be seen as,
round is characterized by the matdk; € C1*2} as follows: L
P. < Z Pr (error atl, no outage at ) + Pr (outage at L)

=1

[ lha 0] ifle[l,T]
b= { [ hsa hea ] f1€[T+1,1] (2) o
The received signal at the relay fbe= 1,...,7, is given by: It can be shown that in this expression only the second term

dominates as the first one can be made arbitrarily small for

ST sufficiently largeN. Hence,
ylr = —hsr;lxsd;l + nlr (3)
2 P, < Pr(outageat L) < Pr (outageat! < L) (7



The effective multiplexing rate is then defined as,

. R(snr)
re = lim A p—
snrTee ( =0 Pr(El)) log snr
R(snr)

= lim

snree (1 + ZZL:_II Pr(E)) log snr

(1+ i Pe(E)

The channels are Rayleigh fading, i¢, = |h|?,i €
sd, sr,rd is exponentially distributed with unit mean. Definingy

of the paper. In this case the instantaneous average mutual
informations for thej*" blocks are given by:

I = F (a3 ¥§lhea;) =log(1+ sn1vea;)  (16)
I-zj = I(Xsd,j,xrd,jQYldmsd,jv hra,;) (17)
= log(1+ snr(Ysa; + Vrd.j))
(8) = log(1 + snr(tHeda) 4 gpp(i=Hras))
- log(l + Snr(lfmin(#sd,jnqu,j)))
I;% = I(Xsr,j; yg|h5’f7j) - 1Og(1 + STLT’}/ST,]') (18)

Long term static channel

log
Hi = "Tog sn - we note tha; is distributed as, For a long term static channel the instantaneous average
_ o - 9 mutual informations do not vary from one round to another.
Fui(p) = log(snr)snr™" exp(—snr™") ©) Denote their common values ds, I and 3. At round/, the

which, in the highsnr gives: outage probability for this cooperative channel dependthen

oo -0 fact that the relay was able to decode the message from the
o) s moorp 2 source. From (4), we have:
= { o= (10 @
Pr(7, =k) = Pr((k—1)I5 <rlog(snr))
At high snr, we have(l + snrvy;) = snr(l=#)" | Let us — Pr((k)I5 < rlog(snr))

define A as the set describing the outage event. Then, for
, in], the outage

independent random variablgs = [, ..

probability is given by:
out - / f dﬂ = snr

where:

From this, it follows that
Pr(log(1 + vsnr) < rlog(snr)) = snr— (=7
and the following results can be obtained

!
Pr <Z log(1 + v;snr) < rlog(snr))

=1

!
= Pr <Z(1 —m)t < 7’)

i=1

= / snr- Zi:l“idu
. fad

= snr¢

where the setd = {y : Zézl(l — )"
outage event and is given by:

HGAZM_Z( )

= inf

IV. TRADEOFFCURVES

< r} describes the

= snp~ (/=) o= (=1/R) (19)
And the outage probability for the ARQ relay long-term stati

channel is,
(11) L
Proui(l) = Y Prouyz,—1()Pr(T, = k) (20)
k=1
12 -1
(12) = ZPr(kIl + (I — k)Iz < rlog(snr))Pr(7, = k)
k=1
L
+ ZPr(lIl < rlog(snr))Pr(7, = k)
(13) !
= snr dlotuf (T l) (21)
(1—7r) fori=1
dt (1) = 1-%5)+0Q—-+5) fori#1,3
out 2—57/6 forl:37r<%
5/2—3r/2 forl=3,r>7%
(22)
We use the following result but omit the lengthy proof for
space considerations,
Pr(kl; 4+ (I — k)Iy < rlog(snr))
(14) L[ sr207T for k< |12 23)
T s /R for [1/2] <k <11

B. Short term static channel

Unlike in the case of long term static channel, the instanta-
neous mutual informations defined above vary from one block
to the other. We have:

(15)

k—1
Pr(7, =k) = Pr <Z I < rlog(snr))
In this section we derive the tradeoff curves for the case of i=1
the long term quasi-static and short term quasi-static wblan ko
We assume that all the channels are constant over all the (Z 15 < Tlog(snr)>
ARQ blocks. Since we are in the highur regime we ignore i=1

spp— (=D A=/ (k=1)) _ g ~k(1—r/k)

the factor 2 and usenr = *3* for the remaining sections =



Diversity-Multiplexing tradeoff-long term and short term static channel-L=2 L=4
7 T T T T T T T T T

V. CONCLUSION

R We notice that by increasing the value of the retransmission
Tl ~ rounds L, the diversity-multiplexing tradeoff curve for the
Tl long term static channel is getting flat. Since the channel
fades independently to a new realization in each round for
the short-term static channel, transmission in each newdou
gives additional diversity which explains the multiplivat .
and L. — 1 factors in the diversity expression. Note that the
BN SR factor is (L — 1) (both in the multiplication and the division)
‘ in the second term as the relay has to wait for at least one
. round before it can start transmitting to the destinatione T
TR reason that this multiplicative does not show up in the cdise o
the long term quasi-static channel is the channel is cohstan
3 R over all ARQ rounds and there is no time diversity benefit.
But still there is a gain in the diversity because of the relay

+ % short-term L=2 -
+%+ long-term L=2
+= short-term L=4
— = long-term L=4

diversity order d

Fig. 3. The diversity-multiplexing tradeoff for differentalues of the g destination channel and because of the ARQ pl‘OtOCOl (the

maximum number of ARQ rounds for the short term and long tetatics . . . . .

channel. division factor! in =/l and respectivelyi — 1). Note that
d't,.(0,1) =2 forall [ # 1. Thus, the long-term static channel

is limiting the performance at low multiplexing-gains, whi
motivates the use of the power control as a future work.

We also propose to investigate the extension of these
schemes to the case of multiple relays relaying the infaonat
for a single source destination pair. This protocol can then
(24) applied to ad-hoc TDMA wireless networks where in each
slot all the remaining nodes in the network act as relays for
a particular source destination pair. Another future dicec
is the investigation of the the impact of multiple antennas
(in particular two antennas at the receiver (base station)

And the outage probability for the ARQ relay short-termistat
channel is:

k)

L
Prout (Z) - Z Prout|7}:k (Z)PI‘(/];«
k=1

-1 k 1
ZPr (Z Ii + Z I < rlog(sm*)) Pr(7, =k
k=1 i=1

i=k+1

L l - T
_ considering the practical implications) where the souncd a
2 —
+) Pr (Z I < HOg(Sm)) Pr(Z. = k) the relay collaborate to reach the base station.
k=1 i=1
= 7dz;(77l)
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Hence the achievable diversity-multiplexing-delay traftléor
the ARQ relay channel for the long term static and short term

static relay channel is,

df)tut (r€7 L) = df)tut (T7 L)7 df)tut

(re, L) = d¥

out

(r,L) (29)



