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.Ahslntcl-ln this paper. w e  propose a modified MAC protocol 
supporting real-time video traffic over the IEEE 802.11 WLAN. 
Invrrtigating H.26L real-time video transmission over wireless 
I E E F  802 . l lb  LANs. we present a novel hybrid Automatic 
Repe;it request ( A R Q )  algorithm that efficiently combines 
forward error control (FEC) coding with the ARQ protocol 
lrared on multiple transniission stages. The scheme includes: (I) 
multiple transmission stages with corresponding ARQ feedback 
information that determines how many transmission stages 
should b e  activated; (2) conditional frame skipping algorithm 
b;isetl on accumulated feedback information. Through analysis 
; ~ n d  riniubtion. we show that multiple-stages based Hybrid ARQ 
schenir  lhiis high error recowry rate for real-time video frames. 
In case of severe unreliable channel which cac~ses losing a lo t  o f  
IP ~ incketr .  $11 the cost of l i t t l e  end-to-end delay’s increase. we 
obtain a peak signal-to-noise rat io improvement up to about 
lOdB ronip:ired to the hybrid ARQ proposed in 111. /..lbso~nct) 

K q w ~ r d s -  QoS. ARQ,/imvrrrd error correclioii, IEEE ROZ.llb, 
11.2OL video. md~i,mi/i,i coee,ariiicn!ioit. wireless locrrl nrrn 
,W/.III.,,AI. 

I .  I Nil<Ol)IKI~I(IN 

Wireiess Local Ai-ea Networks (WLANs). especially the 
Wl.ANs based on the IEEE 802.1 I standards, are gaining 

I interest as they provide flexibility o f  location along 
with low iiifi.astrticrural and iiiaiiitenance COSIS. Accordingly. 
lliere liave been a lot o f  effoi1s to evaluate. extend. revise the 
IEEE SO?. I I protocol in oidei- to support a wider rarige o f  
applications (specially real-time traffic). 

In wired nelworhs QOS can be suppoited by providing 
iiiore bandwidth. but this is not possible in WLANs as the radio 
specrriiiii is liiiiired. Thus suppon for QOS at the M A C  layer 
hecoines necessary. To have QoS provision or guarantee for 
real-time video application in the current hest-effort wireless 
I-ANs. he)ond using effective congestion control and error 
coiitt-ol. ive also introduce differentiated service to ensure tiiat 
p a c h e ~ s  w i t  by a inobile host he differentiated [2-41. The QoS 
difterentiation specifies that real-time video stream has higher 
service 1priorit.v tliaii data traffic. 

I t  is well know1 that the compressed video bit stream is 
extremely sensitive to transiiiission error due to the frame 
dept.~idc~ic~. Therefore. emor control tecltriiqiies such as FEC 
iitid AI<() are necessary to obtain high traiisinissioii reliability 
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required by video services [5-10]. There are two basic erro 
correction mechanisms. namely Automatic Repeat reque: 
(ARQ) and Forward Error Correction (FEC). ARQ requires the 
receiver to explicitly (by tneans of negative acknowledgement 
or implicitly (using positive acknowledgements and timeouts 
request the retransmission o f  the lostlcorrupted packets. On thL 
other hand. FEC transmits together with original data somi 
redundant data, called parties, to allow reconstruction c 
lostlcotrupted packets at the receiver. O f  these two errc 
coiitrol mechanisms, FEC has been commonly suggested fc 
real-time applications due to the strict delay requirements an, 
semi-reliable nature o f  inedia stream [I I]. Typical FE( 
schemes are stationary and musf be implemented to guarantee 
certain QoS requirement for the worst case channc 
characteristics. which causes uritircessary ovei-head and wastc 
bandwidth when the channel i s  in a good state. 

In order to overcome their individual drawbacks. th 
combination of these two basic classes of error control schemc 
calls hybrid ARQ schemes, have been developed [1.12 
Though our proposed hybrid ARQ scheme based on multip! 
transmission stages is similar to the conventional hybrl 
algorithms at the point that efficiently reducing the amount c 
ACKs, we further consider the estimated channel condition an 
real-time video encoder’s ability to antagonize fluctuations i 
channel quality. 

While the real-time video transmission over IEEE 802.1 
has been studied by several researches. they have eithi 
directly read the encoded-video from hard disk [I] or simp 
generated video packet which contains no real video data. 
other word, they intent to fine tune the IEEE 802.1 1 W L A  
performance through control of M A C  layer. and didn 
consider the participation of application layer Our vidt 
application adopts H.26L version J M  5.0 built in OPNFT as 
real-time encodingkdecoding traffic source. We ha, 
translated the tremendous H.26L version JM5.0 Visual C 1 
project. which contains tens of thousands lines of code. 
external C file o f  OPNET. We final realize the real-time vidi 
ti-ansmission in deed, which i s  contributed to adjusting vid: 
encoding parameters conveniently according to feedbe, 
information. It is clear that the performance can be improved 
application layer can cooperate with M A C  layer. 

Due to the employed random backoff algorithm and syst; 
complexity, our works toward system perforinance evaluati 
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resoif to simulation. Our simulations show that our proposed 
scheiiie can effectively seduce the number o f  packets error5 and 
inipi-ove the channel utilization. In case o f  severe unreliable 
channel wliich causes losing a lot of IP packets. , at the cost of 
l i t t le end-to-end delay's increase. we obtain a peak signal-to- 
iioise ratio improvement up to about l0dB compared to the 
hybrid ARQ proposed in [I]. 

The rest of this paper is  organized as follows. Section II 
depicts IEEE 802.1 I W L A N  Architecture and DiffServ 
enhancement mechanism. Section 111 introduces proposed 
hybrid ARQ algorithm based on multiple transmission stages, 
then espleins how to overcome the problems existing in hybrid 
A R Q  scheme proposed in paper [ I ]  when real-time video is 
transmitted. Simulation results and analysis to justify the 
significance o f  our schemes wi l l  be explained in Section IV .  
Finally. Section V wi l l  conclude the paper. 

1 1 .  IEEE 802.1 I W L A N  AIICHl'iECItJRL AND DItTSEl<\ 
~NIHANCI!M13N'T MECHANISM 

:I. / € € E  802. I I WLAN Architecttire 
111 [his section. we wi l l  briefly describe the IEEE 802.1 I 

WLAN architecture and i l s  M A C  layer. There are two major 
arcliitecluses of  the WLANs. Ad-Hoc and infrastructure 
iietworl(s. 'Traditional simulatioiis of  real-time applications are 
impleniented in infra-sti-ucture inode o f  WLANs. Our research 
focuses on the ad hoc iiiode since we eventually aim at 
interconnected \'LAN clusters where no base %ation is  present. 

Fig. I shows our tnodel modeled by OPNET simulation tool. 
It consists of a H26L video server. several interference stations 
and a client. The interfet-ence stations generate best-effort (BE) 
background traffic. The real-time video streams are produced 
by tl ie H26L server. and are encapsulated into RTPIUDPIIP 
packets. All the packets transmitted by H26L server and 
interference stalioiis are sent to H26L client. H26L video server 
is  implemented by combining the newest video coding standard 
H.26L version JM5.0 with the powerful network simulation 
tool OPENT. 

l'i@src I .  IEI:E 802 I I WLAN Arclliluulurr 

The  IEEE SO?. I I W L A N  M A C  layer coordinates the use o f  
ii sliarrd iiicdioin. Tlie M A C  protocol specified in IEEE 802.1 I 
is dislributed coordination function (DCF) known as carrier 

sense inultiple access with collision avoidance (CSMAICA) 
[13]. CSMAICA. which i s  implemented in all wireless stations 
and APs, is designed to reduce the collision probability when 
multiple stations access a medium. When using the CSMAiCA 
mechanism, if a station has a packet to be transmitted. it may 
transmit if the medium is free for greater than or equal to a 
DCF inter frame space (DIFS) time. If the medium is busy. it 
follows the backoff procedure to set a random backoff timer. 
T l i e  timer wi l l  decrease by one only when the medium i s  clear 
for a dot time period and wi l l  be frozen during the busy period. 
When the backoff timer reaches zero, the station transmits the 
packet. Since the probability that two stations choose the same 
backoff timer is very small, packet collisions are ininiinized. 

Carrier sensing (CS) can be achieved both through physical 
and virtual mechanisms. The realization o f  physical CS 
inechanism is  through the physical layer and i s  described in the 
IEEE 802.1 1 standard. We wi l l  not touch on it here. The 
realization o f  virtual CS inechanism is through the exchange o f  
special m a l l  request-to-send (RTS) and clear-to-send (CTS) 
packets before the actual data packet. Usually the data 
transmission procedure i s  as follows: the source station sends 
RTS after DIFS or backoff procedure. After short inter frame 
space (SIFS), the destination station sends CTS back if it 
received the RTS. Both RTS and CTS contain a Network 
Allocation Vector (NAV) which indicates the t ime  duration 
that i s  reserved for transmitting the actual data packet. This 
information is  transmitted to all other stations which wil l stop 
transmission during this period to avoid collision and solve the 
hidden station problem. Then. after SIFS. the source station 
sends the data packet if it received the CTS. 

Some 

SE'S SES srs 
-cTs - 

NAV (CTS) 

I:igilrc 2. Sa~c~rs f i i l l y  ~rai ismit ied ~ i i i icas l  data ir;imc in RIS/C'I'S nrrde 01' 
tlie IEEC 802.1 I staiidard. 

When the packet is I-eceived successfully_ as determined by 
the cyclic redundancy check (CRC), the destination station 
transmits an acknowledgment (ACK) packet to the source 
station after SIFS. The whole transmission inechanism is 
shown in Figure 2. Retransinissions happen when the source 
station doesn't receive CTS or ACK. The short retry limit or 
long retry limit is the maximum number o f  retransmissions of a 
data packet due to failure of receiving CTS or ACK. 

B. 
As can be observed from papels [2-41. service 

differentiation priority in IEEE 802.1 I per station can be 
introduced into 802.1 I by inodi@ing the following parameters: 
I) Backoff increase function, 2) Backoff decrease function. 3) 

Di/ferenriution mechunisnis for IEEE 802. I I 
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M, ~ihii i iui i i  : 

diffei-ent pal-ameter setting. 

We choose to modify AlFS parameter in the standard IEEE 
XO2.l Ih radio MAC algorithm to ensure that packets sent by a 
mobile hos t  are differentiated. And specify real-time video 
strraiii l ias smaller AlFS tliaii data traffic. 

Frame length. and 4) DIFS. Each priority level has a 

1 

I:ipiirr 3 .  I'ackci ~ l ' l ~ n i ~ ~ g h p u i  \vi lhoi i l  00s DiUfeicntiarion 

The MAC protocol specitied in IEEE 802.1 I i s  distributed 
coordination function (DCF) known as carrier sense inultiple 
access with colliSioii avoidance ( C S M A K A )  which is similar 
to stop-and-wait (SW) AKQ protocol. CSMAiCA i s  designed 
to srducr the collision probability. but also increases too much 
ETE delay when inultiple stations with heavy load access a 
iiiediutii. To verify this point. we traiisiiiit H.26L real-time 
video over WLAN. The coniiyuration o f  BE traffic i s  
demonstrated in Table II. The simulation result o f  packet 
thiooghpur is showed in  Fig.3 where the hosizontal distance 
between two curves represents ETE packet delay. Transmitter 
spcnds 3.3 seconds in encoding and enqueue fifty video frames. 
but receiver spends 11.3 seconds in seceiving them, which 
can't achieve the requirements for seal-time service at all. 

5 

rigme 4. Pncket Throughput With QoS Differentiation 

TABLE I .  QOS DlFFERBNrlATlON SPECIFIC.4TIOH 

111. HYBRIDARQ BASEDON Mu1:ri TRANSMISSION STAGE' 

Though FEC scheme can improve the performance fot 
reliability, this improvement i s  achieved at the expense o 
additional bandwidth. Typical FEC schemes are stationary an< 
must be implemented to guarantee a certain QoS requiremen 
for the worst case channel characteristics, which cause 
unnecessary overhead and wastes bandwidth when the channe 
i s  in a good state. In order to overcome this drawback. hybri< 
ARO schemes have been develooed 11.121. . ~. ~ 

To alleviate this disadvantage, we introduce QoS Hybrid ARQ pIoposBd in [11 
ditfwrntiatioii by adjusting .4IF.~~s/or-niim which is  indicated 
in Table I. furthes can calculate AIF~Y-linir according to (I). 
Uncles the same traffic condition. the result o f  packet 
tliroughput is showed in Fig.4 where the performance o f  ETE 
jiachut delay lhas much improvement. since receive!. spends 5.8 
seconds in receiving all the video frames. But these efforts still 
can ' t  achieve the requisements of  real-time service which 
should psovide ETE delay less than 150ms. 111 following 
sectioiis. we M,ill introduce our hybrid ARQ scheme which can 
achieve this goal. 

Figarc 5 .  Comparison 01 IWO sclieiiies liaiidling ACK loss 

experiments, we find By ARQ frames wil 
be corrupted or lost in a bad channel state. Under this situatioc 
conventional hybrid ARQ scheme wi l l  cause transmitter tt 

send useless FEC packets to receiver. which wastes l i tni tel 
bandwidth. As can be seen from Fig.5, all the packets a,; 
received successfully, but transmitter doesn't know it becaus: 
the ARQ frame i s  lost. To solve the problem, we introduce : 
RACK (RequestACK) control frame by modifying IEE: 

, J lJ~ :S- / in ie  = .S//C-rime+ 
(1 )  

,~ l lF .~- .s lo r_n~, i i i x  slol-linre 
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Number of in tcr fcre i ice 
sfMions 

.AlFS ius) 

ON i s )  
OFF (S) 

Average Parket Inter- 
arrival time (s) 

Parket length (hytw) 
~ 

Data Hnte(hlbps) 
Short Rctry Limit (slots) 

802.1 I b  M A C  algorithm. Transmitter uses RACK to request 
receiver to feed back ACK iinniediately after all the packets 
are transmitted. If ACK is lost or. corrupted. only a RACK 
fiame wi l l  bc retransmitted in our scheme. Since that the size 
ofcontrol frame (RACK or ACK) i s  much smaller than that of 
data frame (data packet or FEC packet) and that SlFS i s  
shorter than DIFS in IEEE802.1 I M A C  protocol, the 
introduciiie of RACK can decrease ETE packet delay and 
overhead ofchannei bandwidth i n  the case inentioned above. 

Paper [ I ]  proposed a novel hybrid ARQ algorithm which 
efticiently reduces the amount o f  ACKs to achieve high 
clianliel utilization But receiver must know lhow inany data 
packets in Transmission Group (IG) in advance. which limits 
the scheme only suitable for the TC where packets number is 
f i s d  We packetize H.26L video frame into k data packets 
tbriiiing a TG. Since different TC wi l l  have different packet 
quantities. for example. intia video frame has more data than 
inter one. under this situation. hybrid ARQ algorithm in [I] is 
iiot suitable. 

We also find another problem. Considering a burst bad 
cllannel state arrives. only a few packets are received wlieii the 
deadline of TG coines. Maybe the same thing happens to the 
next TC. I t  is well known that many corrupted video frames 
are liot as good as few intact frames if their payloads are the 
same. So it would be better to terminate current TG if we can 
early foresee i ts  destiny of failure. and save the bandwidth for 
another TC. 

To solve the iwo problem mentioned above, transmitter 
LMS RACK to request receiver to feed back informarion at 
receiver side. By the way. receiver also knows how inany 
packets should be received in current TC. In multi-stages based 
hybrid ARQ algorithm. RACK is inainly used to collect 
iiifi,rmation by whicli transmitter can decide whether or not the 
iiext tiaiisniissioii stage is  needed, whether or not current 
transmission should be terminated and declared failure, and 
bvlietlier or not encoder should perform frame skipping. 

Iul ti -Sra.qcs Hvbri d ARO 

se@? I .l-S,"@?Z-l-s2ge3*I.. m 

Schrnmic  reprcnriitatinn nialti-stage Hyhrid AllQ i.'igwc 6. 

Proposed meclianisiii traces the ti-ansmission condition, and 
acts dttterently during each transmission stage according to 
current feedback inforination. It is  schematically shown in 
Fig.6. If the end of stage three implies the end o f  current TC, 
the feedback inforination i s  no use in stage three, so RACK i s  
only tised in the end of stage one or stage two..The multi-stages 
processing is divided into five steps. namely "Step 
I. Ifiinsiiiitter high layer handle H.26L video streams", "Step 
2.Traiisinitter M A C  layer handle H.76L video streams", "Step 
3,Keceiver handle H.26L packets". "Step 4.Transmitter M A C  
layer handle H.26L A C K  and "Step 5.Receiver decode t1.26L 
video" according to time tlow. 

3 
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l'ig.7 s1iou.s packel throughput using our scheme. The 
Iiwizonldl distance o f  Fig.;. Fig.4 and Fig.7 between two 
ciir\'es represents end-to-end delay. lii addition. the vertical 
distance between two arrived and departed curves denotes the 
amitmi of bits backlogged in the queue o f  transmitter M A C  
layer. Clearly. our scheme can achieve both guaranteeing real- 
time service and reducing the buffer occupancy. 

Compare lor the SNR of H 2GL real-time wdeo 

_I i,,, , , , Hyarid W O  , Propored , 881 paper , 111 , , , .*..--... >.*-.* ti ---.--.-- ....--.--. 
l i (u  5 IO  15 a Y 3 35 40 45 50 

Frame No 

l-'i:iirc 8. Comparison of I'SNK 

I-ig.8 shows the compai-ison results of PSNR for the test 
sequence Foi-eman. Our scheme achieves an improvement o f  
about IOdB compared to hybrid ARQ scheme proposed in [ I ]  
under the snnie condition. The improvement is  due to three 
points: I) the saved bits by reducing the useless amount o f  
FEC packets using RACK; 2) conditional firame skipping 
strategy to adapt video coding rate to fluctuations o f  channel 
bandwidth: and 3)  keep transmitled video frame as intact as 
possible by having to compromise l i t t le  delay boundaries. 

V. CONI.IJSION AND FUIURE WORK 

111 this paper. we presented a new network-adaptive 
congestion control scheme with conditional frame skipping for 
real-time video streaming over wireless LANs. Specifically. we 
investigate H.26L real-time video transmission over wireless 
IEEE 807.1 I b  LANs. 'A QoS differentiation i s  achieved by  
modifying the standard IEEE 802.11b M A C  protocol. By 
modified the MAC protocol. we also realize the real-time video 
coding and transmission over the WLAN. Using the simulation 
syslem, t l ie et-ror resilient methods mentioned above have been 
siltdied. 

Future work will emphasize on real-time video application 
layer to ad-just other encoding parameters orland algorithms 

based on accumulated information during multi-stages 
transmission. This idea can further improve the performance o f  
our proposed scheme. 

In wireless IEEE 802.1 I LANs, packets ale lost due to 
both congestion and random bit error caused by fading or 
multi-path effect. Next we also are concerned with FEC 
scheme by combining packet-level and bytes-level to 
antagonize congestion and randoin bit error respectively. then 
discover optimal allocation between packet-level and byte- 
level FEC to achieve maximum video quality 
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