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O Abstract— Automatic Repeat Request (ARQ) is an effective tech-

«—fique for reliable transmission of packets in wireless netwrks. In
RQ, however, only a few erroneous bits in a packet will caus¢he
ntire packet to be discarded at the receiver. In this caset’s wasteful
0 retransmit the correct bit in the received packet. The patial
acket recovery only retransmits the unreliable decoded l$ in order

increase the throughput of network. In addition, the coogerative
ransmission based on Interleave-division multiple-acces (IDMA) can
btain diversity gains with multiple relays with different locations for
ultiple sources simultaneously. By exploring the diversy from the
hannel between relay and destination, we propose a relayssisted
partial packet recovery in CDMA wireless network to improve the

I pérformance of throughput. In the proposed scheme, asynclmnous

I:l'DMA iterative chip-by-chip multiuser detection is utiliz ed as a method

of multiple partial recovery, which can be a complementariyy in a

Uurrent CDMA network. The confidence values’ concept is appéd to
etect unreliable decoded bits. According to the result of oreliable
ecoded bits’ position, we use a recursive algorithm basednocost
valuation to decide a feedback strategy. Then the feedbadlkequest
ith minimum cost can be obtained. The simulation results shw that

@'\e performance of throughput can be significantly improvedwith our
cheme, compared with traditional ARQ scheme. The upper baud
ith our scheme is provided in our simulation. Moreover, we Bow

LChow relays’ location affects the performance.

[Q\|
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O Currently, Direct-Sequence Code Division Multiple AccéBS-
Q?DMA) wireless networks is widely deployed [1], such as ifcEE

I. INTRODUCTION

_F$02.11b. At the link layer of such networks, the Automatic Repe
—Request (ARQ) protocol is usually used to ensure the reiab
‘_delivery of packets with Cyclic Redundancy Check (CRC) teath

« Whether the received packet has errors. If the error in theived

(Tpacket is detected by CRC, the erroneous packet is discar
and retransmission is requested by the receiver. There argg m
possible causes for errors, such as a non-ideal state ohehan

between the transmitter and receiver, collision of paciketandom
access networks and so on. To address the packet collisibitepn,

IEEE 802.11 wireless networks employ Carrier Sense Multiple A
cess(CSMA) and the Request-To-Send(RTS)/Clear-To-&ar&)
mechanisms at the MAC layer [1]. However, retransmissiaes a
not completely avoided because erroneous receptionshapipen.

Therefore, ARQ is employed to guarantee quality of servigeS).

ARQ with a limit on the maximum number of retransmissio
called truncated ARQ, is applied to reduce the delay andebu

size [2]. In truncated ARQ, if a packet still has errors atteing

retransmitted for the maximum number of times defined, tlokea
will be discarded and a packet loss is announced. The tredc
ARQ can improve the packet error rate (PER), but it cann
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achieve throughput gains. This is because more transmisisie

is required for better PER performance. Moreover, if thencieh
between source and destination is in a poor state, the peafare
of throughput cannot be improved with the increases in nurobe
retransmissions.

Recently, a partial packet recovery scheme was proposed to
improve the throughput performance in [3]. In the tradiibARQ
scheme, the entire packet is retransmitted even thougé thay be
only one error in the packet. The basic idea behind partiekgta
recovery is to retransmit only the erroneous bits if a resgtpacket
cannot pass the CRC. In the partial packet recovery schédrae, t
receiver knows probably error bits’ position in the receiymcket
with a unreliable decoded bits detection. The thresholchottan
be applied in the unreliable decoded bits detection. Adogrdo
the results of unreliable decoded bits detection, the vecdeeds
back a request message to the transmitter so that the ttéesiui
aware of which part of the packets needs retransmission siee
of request message feedback from the receiver to the tréesmi
is a key issue for the partial packet recovery. When the m&que
message costs too many bits to feed back from the receiwer, th
throughput will decrease. A feedback strategy based on disé ¢
evaluation is used to solve the feedback request issue.

Cooperative transmission techniques can provide diyegsiins
through relays in the fading wireless channel [4], [5], B].[7], a
actooperative packet recovery scheme is proposed. It resjgteans-
rpission of the entire packet, and combines confidence irdtom
across multiple copies of a packet from multiple access tpoin
which are connected by wired Ethernet. In fact, this is eajeint
(t]od’;\ multiple antenna receiver scheme without the assistafc
rglay. In [8], the truncated cooperative ARQ scheme is psegdo
obtain throughput gains by the relay-assisted method,evb@urces
and relays use an orthogonal space-time block code (STBC) to
retransmit the entire packets. However, this scheme regjgiose
synchronization of the source and relays for STBC to world an
coordinating different transmitters in the wireless nekwvoan be
difficult.

To overcome the synchronization challenge, Interleavesidin
multiple-access (IDMA) has the advantage that it works in an
asynchronous cooperative communication network scen@ijio

%)MA provides a good interference cancellation perforne@anc

oreover, the Multi-User Detection (MUD) in IDMA has a linea
complexity, implying a lower cost than the MMSE-based MUD

3], a scenario is described where multiple source-dattin pairs
are assisted by multiple common relays based on IDMA. The
work in [13] shows that IDMA relays at different locationsopide
different diversity gains for the multiple source-destioa pairs.

aE{hich has polynomial complexity in CDMA [10], [11], [12]. In
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Fig. 1. Relay-assisted partial packet recovery. The sdtiesl denote the data CRC to check whether the received packets have errors. Ifnoo e

transmission_ b(_etween nodgs, the dashed lines the feedbaukst from destination g found, the destination broadcast an ACK message to theesnu

for retransmission. To assist and.S2, R; and Ry are the selected best relays to . .

respond to the feedback request. and the group of relays. In the third time slot, after seelgACK
message, sources will proceed to transmit the next packibiein

In this paper, we propose a relay-assisted partial packetegy queues, and relays will erase the packet received durindirste
scheme. In our scheme, IDMA is applied as a partial packirhe slot and proceed to receive the next packet. On the bted,
recovery method. We not only bring diversity gains into tletial if CRC error is detected at destination in the second timg #ie
packet recovery with relays, but also take advantage of IDiIA destination broadcasts a feedback request message orettméix
recovering multiple erroneous packets. The proposed IDM#Ai@ channel. This request message includes the informatiorritiesy
packet recovery can be used to recover the erroneous paultet uwhich part of the packet needs retransmission. The CRC aysel
the following scenario: a wireless network that is underviygeaand destination is assumed to be perfect error detectiosums
load may have to handle more than one corrupted packet at that the feed back channel is error-free. The best relay dohe
same time slot. An example of this scenario is when CSMA asgurce is assumed to be known in this paper, and the relaydas n
RTS/CTS fail to avoid the collision between two source p#Ekeerror in decoding the source’s packet, as achieved by the @RE
If both source packets are intending for the same destmatite receiver.HenceK relays assisf sources to recovering erroneous
receiver at the destination will be required to handle thetigdla packets in our system model. Note that the relay is equipptd w
packet recovery for more than one packet at the same timeceslenDMA's transmitter. In the third time slot, the relay respas the
more than one packets need to recover at the destinationein tbquest, the received signal at the destination is given by:
partial packet recovery scheme. To recover the multiplersous K
packets, the IDMA MUD may concurrently receive and separate VAT = Z VHrup PruXne + N5, (1)
all retransmitted partial packets from multiple relays foultiple =1
source’s packet. In addition, the asynchronous propertiecdtive
chip-by-chip MUD mechanism in our proposed IDMA schem
enables the receiver to extract multiple partial packetditérent
sizes. Because the size of different retransmitted papigakets
may be different in the case of multiple partial packets vecp
The simulation results show that the proposed scheme datper
the traditional ARQ.

This paper is organized as follows: In Section I, we introglthe
system model. In Section Ill, we present the proposed IDM&dul
partial packet recovery scheme. Section 1V, we show thesition
result. In Section V, we provide a conclusion to this paper.

where let I(u) denote the length of partial packet transmitted
By u-th relay, with Y11 = {yH1(j),5 = 1,2,... maz(I(u))}.
Xpu ={zru(j —du),7 = 1,2,...,I(u)} denotes the unit power
signal generated by the IDMA transmitter at relay {d,,u =
1,2,..., K} denote the delay variables for different partial packets.
v Hg,p is the channel gain from relay to destination.Pg, is
the transmit power at relay. N5/ denotes the noise level at
destination V5! follows a Gaussian distribution with varianeg.
Figure[2 shows the structure of the CDMA receiver at the eesti
nation which is equipped with an IDMA partial recovery maglul
In Figurel2, the hard decoding bits and the soft bits are botpuds
Il. SYSTEM MODEL from the demodulation unit. The soft bits can provide infation
Assume that we havé& sources, one destination aigd re|ay about the confidence level of hard decoding. The unrelialite b
nodes in the wireless communication network. Figﬂre 1 shibws detection block in Flgurd[]2 uses the confidence informatimn t
scenario with K = 2 sources, a destination arid = 3 re|ay5 detect unreliable bits in the received paCket. It then felealsk
with different locations.S; and S, are the sources, anBl; is the @ retransmission request for these unreliable bits. Meltgartial
destination.R;, R, and R; are a group of relay candidates tdackets retransmitted by multiple relays are received By{EiMA
assist in partial packet recovery. The roles of all nodesfiasel Partial packet receiver, Which utilizes the chip-by-chipltiuser
in the network, i.e., relay nodes will not act as a source radedetection to separate the different sizes of partial packignoted
different time slot. Each node works in the half-duplex mesel by S1 andS2 blocks. The received partial packets will be input to
BPSK is used for the modulation. The relay-assisted pastiaket the error bits repair block, where the unreliable bits wéldeplaced
recovery protocol divides the operation into three timetssion by the retransmitted bits and the multiple partial packetovery
the first time slot, source nodes transmit their signal toaugrof is finally completed.
relays and the destination. All transmissions in the finstetislot
are based on CDMA. This assumes that CSMA and RTS/CTS have !ll. PARTIAL PACKET RECOVERY WITHIDMA METHOD
not prevented more than one active source to transmit ataime s  The partial packet recovery with IDMA method is activatedyon
time in the network. In the second time slot, the destinatises if the received packet is detected to have the error in CR@ Th
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| Ic]| between the: and the origin is the amount of confidence values.
For example, the confidence value of the first bit can be obthin

Vv . .
Fig. 3.  Soft bit in the BPSK constellation. circle points oraxis denote by: |c(1)| _ |Ej:1v(.7)y(.7) |
constellation points, star point the received softditc| is the absolute value of c, \4
which indicates the confidence value

improvement of throughput brought by partial packet recpye B. Unreliable decoded bits detection

due to save the time to retransmit the correct bits. Henceneeel 1o jmplement the idea of partial packet recovery, probablgre
to know which part of bits are unreliable (*bad”), so the Uiatele pits in a received packet should be estimated at destinatighat
bit detection unit is used for this purpose. Here, the conC€p this part of error bits can be requested to retransmit. Tisérdgion

soft bits and confidence values is applied to detect errsr Be ¢an ytilize the confidence value provided by physical lagentke
confidence values measure how much reliable of decoding. Tdi&:isions on which bits is probably error and need to retrins

error bits detection is based on threshold method. If thdidence | the absolute value of soft bits is smaller, the confidenbeua

value of a bit is larger than the preset value of threshole, tecoding for correctness is less. That is, the high proiyalf
destination recognizes a decoded bit as reliable. Othervif®® error decoding is with the bits which having smaller absokslue
destination starts to determine a feedback request syald® of soft bits. The threshold method in [3] is adopted to detect
feedback request strategy is designed for minimizing th&t 06 ynreliable decoded bits. Instead of Hamming distance in \ig]
retransmission, and consequently decides a list of retrdies! bit's  measure the soft bit and confidence value with Euclidiaradis.
indices in a packet. Let T denotes a preset threshold of confidence value. If a bit
Then, this list is broadcasted on the feedback channel.lo® \yith the confidence valuge|, |¢| > T, this bit is labeled as a
to this list, the multiple best relays for multiple sourc@ackets good bit. Otherwise, this bit is labeled as a bad (unreljable
transmit the multiple partial packet with IDMA. In the casé Oretransmission of this bit is requested. As an examplég-it
multiple packets recovery, the lists correspond to mutiphckets packet with unreliable decoded bits detection is illustidn Figure
feedback sequentially. After receiving these multipletipapack- g, The confidence value of each bit in the packet is obtaineitiy
ets, the destination repairs the “bad” bits in multiple mEcto  soft pit, which is outputted from the demodulation in the gicgl

recover correct packets. layer. The unreliable decoded bits detection can be impheaein
the link layer, and the information of confidence is convefred
A. Soft bits and confidence values physical layer to link layer. Unreliable decoded bits ar¢éedeed

The concept of soft bits in partial packet recovery is simita by comparing confidence values with the threshold. In Figdire
the soft decoding [3], [7]. A soft bit is defined as a real nurribe the indexes of decoded bits with confidence value lower than t

[-1,1] corresponding to a binary bit. The absolute valuehef $oft threshold are(117 2,4,6,9, 13,_14 and 16. Only these unreliable bits
bit indicates the confidence of decoding, as shown in Fiflila 3 2€ requested to retransmit.

the soft decoding case, soft bits from demodulation are doded

to the soft decoding unit, and these soft bits will be disedrdfter < Recursive algorithm of feedback request strategy

the decoding. In partial packet recovery, the soft bits arevarded ) _
up to the link layer for ARQ . The confidence value is a metric Beyond simple ACK/NACK ARQ, partial packet recovery re-

which measures the reliability in the correctness of theoded bit. duires the feedback of the indexes of the unreliable bitspacket.

Assume that the received signj} is modeled by: If this information is large, the cosj[ of the feedback requetarge
and the throughput performance is degraded. Hence, thbdekd

y(j) = hz(j) +n(j), j=12,...L (2) request strategy needs to be designed carefully. We ademott-
based method, which is proposed in [3], to design a recursive

where z(j) is the CDMA transmitted signalu(j) denotes the Igorithm. The flow chart of our algorithm is shown in Figure

thermal noise,h is the channel coefficient. Let the transmnteé_ First, the unreliable bits in a decoded packet are det |

BPS.K symbol representgd.hy(z) € {-1,41}i = 1’2"“’W’ indexes of the unreliable bits are obtained. Let the4denote the
W is the data lengthd(i) is spread by a spreading sequence . ; : . : .
v with the length of V. The spreading process is given amdex set of the unreliable bits. If the information in theléx set is

d(iVv — 2(j),L = W x V. Let c(i) denote the output fromﬁargerthan the retransmission of an entire block whichaostboth

. . o o reliable bits and unreliable bits, the retransmission difetvlock is
demodulation without hard decisions. For simplicity, wketahe referred. Letn andn represent the starting index and the endin
first BPSK symbol as an example to illustrate the conceperAfie Y ) P 9 9

) Lo . index in a retransmit block in Figuid 4, respectively,n € A.
Eespzrle)adlngzjzenqj(cjiirpj?duIatlon in Figlire 2, the first softtgiven Assume a packet has data bits. The cost of retransmitting the
y ¢ = = v

_ , Where the numerator is the summatiogntjre plock which contains all bits from the-th position to the
over all chips related to the first BPSK symbol, the denonainat,, i position in a packet is given by:

V is for normalization. Figur€l3 shows the soft bjtdenoted by
the star point, in the constellation. In fact, the Euclidefistance Cr=2logoy L+n—m+1, 3)
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Fig. 5. Flow chart of recursive algorithm and
where the starting index of the block neéds, L bits to describe, K
and the length of block also needisg, L bits in the feedback  Var(y4!(j)) = ZHRUDPRuVar(xRu(j —dy))+ 0% (10)
request. The number of retransmitted bit&is m + 1. So the total u=1
cost is2log, L 4-n —m+1 bits. Similarly, the cost of dividing the (@) detects the received signal from theth relay in multiple
entire block into two sub-block is obtained by: packets signa{yX/’}. (7) and [B) are respectively the mean and

Crr=2logyL+n' —m+1+2log, L+n—m +1, (4) Vvariance of the interference for the received signal from dh
th relay. [9) and[(10) are the mean and variance of the reteive
wherem’ andn’ are the new starting index and new ending indexgnal from u-th relay. IDMA MUD estimates the statistic of
for the division from a block into two sub-blocks. We use thehe interference through the iterations. The update rutetlie

following criterion to select then’ andn’ in a block: estimation in each iteration for theth partial packet is given by:
m',n" € A,m <n' <m' <n,st.argmaz(m’ —n' —1), (5) E(zra(j — du)) =

where(m’ —n’ — 1) indicates that there aren(-n’-1) reliable bits tanh(w), if 1<j—d, <Ny, (11)

between then'-th and then’-th unreliable bits. To compare two 0, otherwise

options in [(3) and[{4) , we need to seleect andn’ for minimizing

the costCy; in (d). For the option in[(4)(m’ —n’ —1) reliable bits Var(xg,(j — dy)) =

are not retransmitted, as the entire block, which is fromvihth to 1— E*(zru(j — dy)), if1<j—d, <N,

n-th bits, is divided into two sub-blocks, which include theth to 0, otherwise (12)

n/-th bits, and then’-th to n-th bits, respectively. InN{5), the cost

C7; can be minimized by maximizingn’—n’—1). In our recursive i i :
vided by the despreader for MUD in IDMA receiver. After deoay

algorithm, a decision whether it is worth to divide a blockoitwo , . . :
sub-blocks is made according to this cost. The cost is eteﬂua,the partial packet with lDMA’_ the de_cerd bits in thg parfuat_ket
is used to replace the unreliable bits in the error bits replaick

between the two options by:in(Cy, Crr),where we select the > c ) - i ) )
option with the smaller cost. Our recursive algorithm keepming in Figure[2. Finally, repaired bits and re_hab_le_blts coima_a
on all resulted blocks after each recursion. Once the coss dot "€covered packet. If the recovered packet is still in ettra, partial
change between iterations, the recursive algorithm stapd, the Packet recovery with IDMA method is activated again. Simtia
final feedback request strategy is decided. The startingxirhd truncated ARQ, the request for partial retransmission megpk
length of each retransmission block is broadcasted in thébfack running }Jnt|l the recovered packet. passes the CRC checktdr un
channel. the maximum number of retransmission is reached.
) ~IV. SIMULATION .
D. IDMA in partial packet recovery We su’_nula}te a wireless network, WhICh consists of two saajrce
o i ) one destination, and three relay candidates over flat Reyfading

The retransmission request is broadcasted in the feedb&ek ¢ .hannels. The length of data packet g8 bits. The number
nel. This request can be received by the sources and relgySiierations at the IDMA MUD receiver aré0. The path loss
To response the request, multiple relays apply IDMA mettod L, ,onent is set to bé. The distance between two sources and a
transmit multiple partial packets to the destination far thcovery. destination is fixed al00 meters. LetB.,,,..; denote the total
If no relay responses the request, the source perform theeent,mper of correctly received bits in the whole transmissiBa
packet retransmission. In Figure 1, the IDMA partial packeeiver he tota] number of transmit bits by sources and relays , and
applies asynchronous iterative chip-by-chip MUD to decdle Bieedback the total number of bits for feedback request in partial
multiple partial packets from multiple relays. The Log Likeod packet recovery. For the performance’s comparison, we eléfie

Ratio (LLR) output from asynchronous iterative chip-byipcklUD throughput with ACK/NACK ARQ scheme a@%g‘mt, Here, the

where Iy up(zr.(j — dy)) denotes the a priori information pro-

is given as follows: bits used for ACK/NACK are ignored. The throughput with sela
LR ()) 2/ Hru Pra (v () — E(nra () ©) assisted IDMA partial retransmission is defined agisgeeee—,
Rull)) = Var(nru(5)) ’ where Becavack iNcludes all information describing which part of

bits requested to retransmit. This is decided by feedbagkest
strategy. There are two types of curves provided in our sition:
E(nru(4) = E(yH1(5)) = VHrupPruE(zru(j — du)), (7) one is the upper bound of throughput for the proposed schirae;

where
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Fig. 6. Throughput performance of IDMA partial packet remxyv The distance
between sources to the destination is 100 meters. The déstagtween relays to
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other is the throughput, where the threshold method in
is adopted for unreliable decoded bits detection. Mearayhile
compare the performance of throughput with the proposeédrseh
under different maximum times of retransmission and dffier
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Fig. 7. Throughput performance for different relay locatioTwo cases of location
setting: 1. Distance between relays and destination of 38ns1€2. Distance between
relays and destination of 90 meters.

introduced. To minimize the feedback request overhead,as&gd
a recursive algorithm based on cost evaluation to deterrtfine
retransmission strategy. Simulation results show theutjinput

0.1
-5

20 25

upper bound of the proposed scheme, and the performance im-
location settings. LetV,.;, denote the maximum number of re-provement of the proposed scheme over the traditional ARQ in

transmission, andrp the distance between relays and destinatiowireless CDMA networks. In the optimal case, the perforneanc

The upper bound curves assume that the unreliable decotbeat i
perfectly detected so that the destination has a perfectledge
of erroneous bits’ position in the packet. In the simulatifor

the unreliable bit detection threshold, we select the tiolkels of
confidence values listed in tatle | under different SNR ctiois

in the simulation. All values of threshold in talle | are ab&al

by accumulative simulations. In addition, the two bestyelare
selected to assist the two sources, respectively. Figurbogs
the improvement in the throughput with the IDMA relay-assis
partial packet recovery, over the traditional ARQ with emfpacket
retransmission in CDMA networks.

In Figure[®, the two best relays are located in the middle
sources and destination. It has been shown that IDMA retsisted
partial packet recovery has an advantage over the tradIti®RQ
entire packet retransmission scheme in CDMA network. E@iir
illustrates that the location of the best selected relayaféett the
performance of IDMA relay-assisted partial packet recpvéwo
cases of location setting are simulated for comparisortanice
between relays and destination &fm, and ofd0m. When the re-
lays are far away from the destination, the performancegsatted

because the channels between relays and the destinatioaddeg
and there is a performance loss compared to the performafncégb
the upper bound because there can be errors in the detettiba o

unreliable bits using the confidence threshold.

V. CONCLUSION

upper bound shows that there is at leastdB gain with our
proposed scheme for a given throughput value. For the deteat
unreliable bits, the proposed scheme can obtain at leédBayain
under low SNR conditions, without optimization of the threkl
setting. To achieve more accurate detection of unreliaitde tmore
sophisticated detection algorithm will be developed iufatwork.
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