Efficient Multicast Supporting in Multi-rate
Wireless Local Area Networks *

Yongho Scok and Yanghee Choi

School of Computer Science and Engineering, Seoul National University
{yheeok, yhchoil@mmlab.smm.ac.ky

Abstract. Wireless local area networks(LAN) have become popular due
to their capability of supparting the high data rates required in ubiqui-
tous compuring. These high data rakes are possible through the use of
new maodulation schemes that are optimized for different: channel conddi-
tions. In particular, TEEE 2()2.11b supporis a variety of different data
rates, i.e. 11Mbps, 5.5Mbps, 2Mbps and 1Mbps, depending on the chan-
nel conditions between the access point{ AT} and the mobhile station. All
mobile stations share the same wireless channel or frequency, so the hoi-
tleneck poaint of wireless LAN system is the traffic load of the lowesi
data rate connections. Since wireless LAN supports higher data rates,
it is more attractive for ubiguitous multimedia services. Multimedia ser-
vices generally require high bandwidih and most of them utilize the
rulticask system. Since most muliimedia services are provided by real-
time comrmunicaiions, reduced end-to-end pacler delay and delay jitter
are more imporiant than reliable packet tranamission. However the daia
raie of the multicast communicarion used in most commercial producis
in generally ser to be low by the administrator, who only considers the
coverage of the AT, and ita value is generally fived. In this environment,
data rate which is scecied for the transmission of mulkicast packets is
a very impoartant factor in defermining the system performance of the
wireleas LAN, since multimedia services require 2 large bandwidth. Thus,
a new algorithm is necessary to dynamically select the dara rate of the
rmlticast according ko the traffic load of the wireleas LAN. In this pa-
per, wWe preseni iwo naive daka rafe selection algorithms which allow the
data rake to he dynamically adjusied, and a more novel daka rake se-
lection algorithm based on the two primitive algorithma. We show that
our suggenred algorithm achieves high performance in wireless LAN and
efficiently supports high quality multimedia services, through the use of
the N5 — 2 simulaiion in a wireless LAN environment based on TEEE
202.11hb.

1 Introduction

The IEEE 802.11a and IEEE 802.11b media acccss control(MAC) protocols pro-
vide a phydical-layer multi-rate capability [1]. The original IEEE 802.11 protocol
supports a single base rate, typically Z2Mbps. With the multi-rate ecnhancemoent,
the data transmission can take place at various rates according to the channel
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conditions. Higher data rates than the base rate are possible when the signal-to-
noise ratio(SNR) is sufficiently high. With TEEE 802.11a the sct of possible data
rates includes 6, 9, 12, 18, 24, 36, 48 and 34 Mbps whoreas for IEEE 802111
the st of possible data rates includes 1, 2, 3.5 and 11 Mbps. As the multi-rate
cnhancements are physical layer protocols, MAC mechanisms are roquired to
exploit this capability. The auto rate fallback(ARF) protocol is the commercial
implementation of a MAC that utilizes this feature [2]. With ARF, senders at-
tempt to use higher transmission rates aftor conscoutive transinission succcessces
and rovert to lower rates after failures. Under most channel conditions, this
multi-rate enhancement using ARF provides a performanee gain over the pure
IEEE 802.11 single basc rate.

Since the ARF protoenl sclects the data rate according to the channel con-
ditions between the AP and mobile station, it can only be used in point-to-
point cornmunications, such as in the case of unicast. In the case of the point-
to-multipoint communications{e.g., multicast and broadcast), it is difficult to
determine the data rate, because the link charactoristics between the AP and
cach mobile station can wary. In current comnmercial products, the administra-
tor sclects the data rate of the point-to-mmultipoint connection, which is used to
provide network conneetivity to all mobile stations covered by the AP. Because
the coverage of the AP is inversdy proportional to the transmission data rate,
the administrator aclecta the proper data rate according to the distance between
the different APs. As the distance botween the APs is increased, the data rate
of the point-to-multipoint connection has to be reduced in order to compensate
for the increased range that the AP has to cover. This dimple approach dose not
cfficiently support point-to-multipaint connections, due to the characteristies of
wircless LAN explained below.,

All mobile stations in the basie serviee set{BS5) share the samce wircleas chan-
nel or frequency, by using the Carrier Sense Multiple Acccss-Collision Avoidanec
MAC protocol. In this environment, the bottleneck point of the wircless LAN
ayatern is the traffic load of the lowest data rate connections, which may involve
cither paint-to-point connections or point-to-multipoint connections. When the
murnber of packets transmitted to mobile stations using 1Mbps data-rate is in-
creaacd, the resulting deterioration in throughput, delay and paclet loss will
always be greater than that in the case of an 11Mbps data-rate, even if the to-
tal amount of transmitted traffic is the same in both cascs. Thus, to maximizc
throughput, we need to consider the performance degradation of wircless LAN
resulting from the traffic load of the lowest data rate conneetions between the
AP and mobile stations. In the case of point-to-point communications, the ap-
propriatc data ratce can be set individually for each mobile station, after taking
the current channel conditions, such as the SNR, into consideration. However,
in the ease of point-to-multipoint communication, the data rate is almost always
act to a fixed, low walue by the administrator, who only takes the coverage arca
of the AP into consideration.

We propose an algorithm which can be used to dynamically sclect data rate
of the multicast, which detornines the overall performance of the wircless LAN
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gystem and the quality of scrviee{QoS) of the multimedia application. The ro-
mainder of this paper is organized as follows. We start in Scection 2 by providing
sorne backpround on some data rate sclection algorithims used for unicast packet
transmission in multi-rate wircleas LAN. The proposcd data-rate sclection algo-
rithms for multicast packet transmission are described in Section 3. Section 4
presents the results of the simulation experiments. Finally, we sunmarize and
conclude this paper in Section 3.

2 Related Work
Most commercial implementations that exploit the multi-rate capability of IEEE

802.11b and IEEE 802.11a arc termed ARF [2]. The ARF scheme proposed in
[2] is basced on keeping track of the timing function and missed acknowledg-
ment{ACK) messages. Operation at the maximum data rate is considered to be
the default. When an ACK is missed for the first time following carlier sucecss-
ful transmissions, the first retry transmission is still performed at the same rate.
When the ACK is misscd apain, the sceond retry and subscquent transmissions
arc performed at the fallback rate, which is half of the proevious date rate. In the
[3), a rate adaptive MAC protoen], called the recciver-based auto rate(RBAR)
protoool, is presented. The novelty of RBAR is that its rate adaptation meoch-
aniarn is situated in the reeciver instead of in the sender. This is in contrast to
the ARF scheme in which the sender decides the data rate. RBAR, is based on
the RTS/CTS mechaniam and it is boettor beeause it results in a more efficient
channd quality cstitnation which is then reflected in a hipher overall throughput.

3 Data-rate Selection Algorithm of Multicast Packet
Transmission

(bl Seenaric 2

Fig. 1. Multicast issues in mulii-rake wireless LAN
The main issuc in transmitting, multicast packets is sclecting the appropriate
data rate. Currently, in most comnrmercial APs that support the TREEE 802.11b
protocol, the administrator scelects a fixed data rate. The drawback of this ap-
proach is that sclecting a fived data rate is not an effective solution. In particular,
it iz wery incficient to sct the data rate to a cortain low value so that all mo-
bile stations can reccive the multicast packets from the AP, In most multicast
applications, perfeet reliability is not needed. In addition, such reliability is not
pguaranteed even with a low data rate, due to the inherent limitations associated
with wircless communication. Sinee multicast applications generally require high
bandwidth, transmitting at a low data rate leads to a loss of throughput. In Fig-
ure 1 (a), if the data rate of the multicast is sct to 11Mbps, the four mobile
stations in the multicast group can reccive the multicast packets. Howewver, in
Figure 1 {c), the four mobile stations have diffculty in receiving the multicast
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packets, since they are beyond the coverage of the 11Mbps data rate. In Figure 1
(b}, two of these mobile stations are located at a short enough distance from the
AP to reccive the data, while the other two mobile stations arce not able to re-
ocive the data. If the data rate is reduced to 1Mbps so that all four stations can
reecive data, the wircless LAN suffers from throughput degradation problerns
resulting from the low data rate.

3.1 Fixed Data-rate

Most currently used wircless AP devices supporting IEEE 802.11b, transarmit
packets at a fixed data rate. The data rate is determined by the AP adrninis-
trator according to the distance between the APs. Wider coverage for an AP
is achicved by lowering the data rate, if the distance between the APs is great.
The shorteoming of this simple approach is to mistakenly use a low data rate,
whereas a high data rate could be used even when the all of the mobile sta-
tions in the group are located elose to the AP. In order to solve this problem, a
technigue that applics a diffcrent data rate to cach different multicast group is
condgidered in next subscction.

3.2 Maximum Data-rate Covering the All Mobile Stations of Group
In this subscction, we consider a technique that maintaing the lists of mobile
stations for cach multicast group. The transmission of multicast packets is carricd
out at the lowest data rate among data rates of all mobile stations in the list of
the multicast group. This technique partially solves the problem resulting from
the use of a fixed data rate, however, it also has the disadvantage of having
to maintain a list of mobile stations in cach group and the lowest data rate
armnong thern. Furthermore, the lowest data rate will always be scleeted, in order
to be able to transmit data to all of the mobile stations in the group, cven
if most multicast applications require higher bandwidth. For example, lot us
consider the ease of a real-time multicast requiring a 1. 5Mbps bandwidth. If one
of the mobile stations in the multicast group has a 1Mbps link and the others
all havwe 11Mbps links, then the problem of which data rate to sclect becornes
apparcnt. The 1Mbps data rate would enable every mobile station to reccive the
data, however sclecting this option would result in low throughput duc to high
resource utilization( f:;fr’:ﬁ" ~ liﬁ;’f:'). To itnprove the throughput, sclocting
the 11Mbps data rate wotlld be better, although some mobile stations would have
difficulty in recciving the data. However, a mobile station situated far from the
AP is not entircly prevented from reociving the data, even at the 11Mbps data
rate. The anly problom is that the bit crror rate will be high. Conscquently, we
necd to provide flexdbility in the sclection of the data rate, sinee most multicast
applications do not reeuire high reliability.

3.3 Adaptive Data-rate based on the Average Transmission Time
of Packets

We propose an algorithin which provides a means of sclecting the data rate of

a multicast packet according to the traffic load. If sctting the data rate such

that all mobile stations in a group can reecive data results in a degradation of

the wircless LAN's performmance, we profer to increase the data rate in order to

immprove the overall performance of the wircless LAN. Howewver, in this case, some
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mobile stations in a group may not receive data packets, sinee the ITEEE 802.11
MAC protocol provides reliability using ACK packets in the case of unicast
packets, but not in the case of multicast or broadeast packets [3]). This is not a
scrious drawback since, in multicast applications, reducing delay and delay-jitter
is more important than providing reliability, and at application lewel, UDP is
used, rathor than TCP, for this rcason.

For our proposed technique, we used a new algorithm for maintaining queucs,
instead of the existing DropTaid buffer management algorithin. We choose the
packet with the longest transmission time for dropping when the queue is full.
Henee, by this algrorithim, we can maximize the number of available entrics and
doecrease the probability of dropping packets accordingly. When the network layer
has a packet to transmit, it calls the enqueue function of our quene management
aystern. In the engueue function, if the queuc is full, we choose the packet which
has the longest transmission time basced on the channel state monitor informa-
tion, such as the data-rate of cach mobile station and then drop it. When the
MAC protocol wants to transmit a packet, it calls the dequeue function of our
queue management systern. In this easc, the dequeue operation of the unicast
packet is simply to transmit the packet with current data rate botween the AP
and the packet destination. However, the dequeuc aperation of a multicast packet
requires an additional mechanism in order to decide the appropriate data rate.
The data rate decision mechanism will be shown in Algorithim 2.

Table 1. Notations for zlgorithm description

|N0tatiﬂn |Deﬂ.(:riptiﬂn |
L.Length() |return the gqueue length (packeta)

L. Insert(P) |insert the pecket I inko the queue
{J.Lookup(f) [return ihe #th packet in the gueue

. Remone(P)|delete the packet P in the queue
P.8ize() return the size of pucket I?

P NextHop() return the next hop address of pocket I
Bit_Rate(k) |the host ks bit rate

In Algorithin 1, we prescent the proposed queue management algorithin using
the notation shown in Table 1. Algorithm 1 aperates when a new packet {(F)
arrives at its queuc (). The queue management module inserts the arriving
packet {FP) into the queue (@). If the quoue is full, we determine which packet
to be dropped according to the following rules. The overflow of the queue im-
plica that the mimbeor of incoming data packets for the wircless system is greater
than the number of outgoing packets. Thercefore, we choose the packet which
would have the longest transmission time to be dropped, so that we can reduce
the packet drop probability. Sinec the upper bound of the queue length com-
monly uscs the nunber of packets instead of the mimber of bytes, reducing the
average packet transmission time results in an inereasce in the available queue
apace. Lincs 5-13 in Algorithm 1 shows how to look for the packet which has
the longest transmission titne (P.S4ze()/Bit_Rate(k)) in the queue @. For mul-
ticast packets, the data rate is st to the highest value among the data rates
of all the mobile stations in the group. In the case of unicast, there is only one
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rcociver, but in the ease of multicast there are several. When comnparing the
dropping, priority between a unicast packet and a multicast packet, the trans-
misgion time of the multicast packet is based on the highest data rate, so that
just one receiver is able to reccive the packet. Since the multicast connection
is considered to be a point-to-point connection, as in the case of unicast, this
mechanism can provide fairness of throughput between unieast and multicast.
At Linc 14, the average transmission time of dropped packets is evaluated using
the exponentially weighted moving average(EWMA). Namcly, the most recently
dropped packet has the weight of @ and the curnulated average has 1 — w0,

Algorithm 1 Enguews(P) P : newly arriving packet

1: g.Inaert(FP);
2: if Q.Length() > Quenelimit then

3 i1
4:  Max TeTime + ()
5: while {< {.Length() do
H Py +— Q.Lookup(r);
7: TxTime
e Fize () Bi_Rate Pinp NextHop() );
g: if TxTime > Maxr TeTime then
a: Mar TeTime = TxTime;
10: Pogoiivn — Pi.m'p;
11: end if
12: i+ 1;

13: end while

14:  Awg TeLimit « w- Maz TeTime + (1 — w) - Ang_TxLimdil;
15: 4. Remone(Puictin);

15: Droj)(Pt'-ici.im};

17: end if

The transmission data rate of a multicast packet is determined by this average
transmission time as in the Algorithm 2. Avg T xLimdt presents the upper bound
of transmission time that packets in the queue must not exoced. Onoe the packet
{(Puictim ) to be dropped has been chosen, we remove this packet from the queue
{(Q). This priority queue management algorithm, based on the transmission time
of the packet, gives the lower priority to mobile stations with lower-data rates,
when the queuc is full. However, amall sized packets, such as those used in voice
or interactive applications, get high priovity for transmission, cven though their
data rate is low, sinec little timme is roquired for transmitting small-sized packets,
cven at a low data rate.

In Algorithm 2, the transmission data rate of a multicast packet is deter-
mincd as follows. As in the case of the queue management algorithin described
in Algorithm 1, which drops the packet with the longest transmission time when
the queuc iz full, a similar method necds to be applied here. The transmission
timne of a multicast packet should be shorter than the average transmission time
of all dropped packets (Avg T Limdt), in order to agree to giving higher prior-
ity of entering the queue to the packet with shorter transmission time. In this
way, reaources are allocated fairly to both multicast and unicast packets. Thus,
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when the quene length execeds a cortain threshold(Threshold), the data rate of
a multicast packet is sct, such that the tranamission time of the multicast packet
is less than the averape transmission time of all dropped packets{Lines 3-11 in
Algorithin 2). If there are many such data rates, the lowest one is sclected so
that the largest number of mobile stations arc scrved.

Algorithm 2 Data — rate Selection of Multicast Packet P
1: Multicnat_rate + 1M bps;

2: if {.Length() > Threahold then

3:  if PSize()/1Mbps < Ang Telimit then

4 M ulbicast_rate +— 1Mbps;

B:  elseif PSize()/2Mbps £ Avg TeLiwdi then
3: Multicrat rate + 2Mbpa;
?'.
3
9

else if P.3ize()/5.50Eps < Avg Telimil then
Multicast rate + 5.5Mbps;
else if P.%ize()/11MEps < Ang TxzLimid then

10: Multicast_rate + 11 A hps;
11: end if
12: end if

4 Simulation Experiments
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Fig. 2. Sirmlation scenario

The sirnulation results in this paper were generated using the nas — 2 network
airmulator, with extensions from NOAH, a wircless routing protoeol that supports
dircet cornmunication between AP3 and mobile stations. In this simulation, the
available data rates are based on IREE 802.11b and arc sct to 1 Mbps, 2 Mbps,
2.2 Mbps, and 11 Mbps. The walucs for the data rates were chosen based on
the distanee ranges specified in the Orénoco™ 802.11b card data sheet [6].
Figure 2 {a) represents the initial network topology. It is composed of one access
point{AP) and 8 mobile stations. In Figure 2 {a}, all mobile stations arc close
cnough to the AP so that they ean all be served by the AP using the 11 Mbps
data ratc. When the sitnulation starts, half of the 8 mobile stations begin to
move away from the AP with a vclocity of 0.5 m/s. Conscquently, their data
rates arc sucoessively reduced firstly from 11 Mbps to 5.5 Mbps, then to 2 Mbps
and finally down to 1 Mbps. Figure 2 (b) shows 4 the situation in which the 4
mobile stations mowve, while the other 4 mobiles stations stay in place, and these
stations arc scrved using the 1 Mbps and 11 Mbps data rates, respectively.
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We performed our simulation using 3 different applications{Video, Audio,
and Data traffic) to show the various internet traffic characteristics. In this sim-
ulation, the video application uses multicast routing while the other applications
use unicast routing. The mobile stations joining the multicast group for the video
application comprisc 4 moving mobile stations and 2 stationary mobile stations.
Each of the data and audio applications has 4 connections, 2 of them invalve
moving mobile stations, and the other 2 involve stationary mobile stations. The
video traffic is CBR generating 1.5 Mbps with a packet size of 1400 bytes. The
audio traffic is cxponential On/ Off, which can be configured to behave as a Pos-
sion process, generating 256 Kbps with a packet size of 128 bytces. The data
traffic is Parcto On/Off generating 512 Kbps with a packet size of 512 bytes. All
traffic spurces in the wired network are 2 hops away from the AP.

4.1 Simulation Result
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Fig.h. Video throughpui of AT Fig.§. Video throughput of mobile stations
Figure 3 shows the total throughput of the AP, i.c. the total mimber of data bytes
including Video, Audio and data traffic transmitted from the AP to mobile sta-
tions per sceond. The x-axis represents time ranging from 0 to 1400 sceonds and
the y-axis represents the throughput{Mbps). In this pgraph, we show 3 data rate
sclection algorithms for multicast packoets, Fimed Data-rate (Section 3.1) which
implements the multicast packet transmission with the 1Mbps fixed data-rate
» Marimum Data-rate (Section 3.2) which implements the multicast packet
transmission with the maximmum data-rate covering all mobile stations in cach
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group and Adaptive Data-rate {(Seetion 3.3) which implements the multicast
packet transmisdion with the adaptive data-rate based on the average transiis-
dgion time of dropped packets.

First, when Fised Data-rate is used, throughput hardly execeds 1.3Mbps.
This iz duc to the packet’s fived data rate of 1Mbps. Using Marimaem Data-
rate which maintaing a list of the multicast packets” data rates for cach mul-
ticast group, a relatively high throughput is obtained, particularly in the case
where all of the mobile stations in a group arc close to the AP. However, as the
distance from the AP to the mobile stations increascs, the packets’ data rate de-
creases and, after 500(scc), it shows a similar throughput to that of Fired Data-
rate. Conscquently, maintaining separate data rates por multicast group is not
the most offective alternative. Adapbive Data-rate shows a throughput of over
ZMbps, cven after 53008, It is shown that sclecting the appropriate data rate for
multicast, according to the traffic load of the wircless LAN, can lead to an in-
crease in the throughput. In the proposed Adaptive Data-rate algorithis, the
munber of dropped packets can be reduced by using the packet transmission
time for queue management, sinee in this way it is possible to reduce the length
of the quene rapidly. Morcover, it is possible to dynamically adjust to the traffic
conditions of the wircless LAN, by sctting the data rate of the multicast packets
after consdidering the average transmission time of the dropped packets.

The graph in Figure 4 shows the throughput in terms of the total armount data
reecived by all mobile stations. The y-axds shows the total quantity of packets
aucocssfully reecived by all mobile stations for cach packet transmitted by the
AP. The graph shows similar results to those in Figure 3. If the data rate of
the multicast packets is fixed {(Fired Data-rate), the recciving throughput of all
mobile stations is maintained at 4 to sMbps. On the other hand, it suffers penalty
in throughput by over 2Mbps after 500s compared with Adaptive Data-rate.
Compsaring Mazirurm Data-rate with Adaptive Daba-rate, their throughput
up until 58 iz dmilar, as shown in the graphs in Figure 3. This result shows
that determining the multicast data rate by means of the data rates of the mobile
stations in the multicast group iz quite offcetive, as long as the mobile stations
arc located elose to the AP. However, when using this approach, no more gain
in throughput was obtained after 5008 when at least one terminal bocarme so far
fromn the AP that the data rate was set to a lower value in order to make all
mobile stations recceive data from the AP, In this case, the data rate has to be
act to a commpletely new value, as in Adaphive Data-rate. Thus, when the overall
performance of the wircless LAN system is degraded, the data rate should be
increascd to a higher value, even though some stations may not be able to reccive
the data.

Figure 5 shows the throughput of the video application transmitted from the
AP to the mobile stations in the multicast group. In this graph, the Adaptive Data-
rate algorithm achicwes a higher video throughput than the other algorithm
cspecially after 300s. This indicates that the client application in the mobile
station is able to display a greater number of frames per scoond, with the result
that, a greater mumber of video packets is transmitted from the AP by using
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Adaptive Date-rate algorithin The displayed frames per sccond is a very itmpor-
tant factor related to the QoS. Thus, when the other algorithis (Fized Deta-
rate ot Marimum Daba-rate alporithin ) are used instead of Adapbive Data-
rate, the Qo8 of the video application, as well as the overall throughput of the
wircless systern, is degraded.

Figure § shows the throughput of the video application reecived by the mobile
stations and iz similar to the Figure 4. It is clear that, after 500s, the throughput
obtained by the use of Adaptive Data-rate is the highest. Even though some
mobile stations may not reccive cortain packets when Adaptive Dala-rate is
used, the total throughput for all mobile stations is not degraded. Furthermore,
the throughput of the recciving mobile stations, as well as the throughput of the
AP, iz itnproved.

5 Conclusion

In this study, we proposed a new data rate sclection algorithm for multicast
packets (Adaptive Data-rate), which can provide high system performance in a
multi-rate wircless LAN cnvironenent, In addition to immprove its performance,
this algorithm also provides the ubiquitous multimedia serviee with good service
quality, through the cfficient use of the high bandwidth available in a multi-rate
Wircless LAN environment. The proposcd data rate sclection algorithin is able to
dynamically adjust the data rate of the multicast packet transmission according
to the traffic load of the wircless LAN. Tt conaists of two primitive algorithins, a
priority queue managerment algorithin based on packet transmission time, and a
data rate sclection algorithim for multicast packets based on the average trans-
misgion time of all dropped packets. Sinee wircless LAN supports high data
tates, such as the 534Mbps rate defined in IEEE 802.11a, as multimedia traffic
using the multicast systemn inercases, the alporithims proposed in this study will
become mare important. We performed a simulation of the proposed algorithin
using the ns — 2 simulator, and were able to confirm the predicted results. The
proposed algorithm contributes to the officient utilization of resourecs, as well
a8 increasing the throughput of the wircleas LAN and improving the QoS of the
multimedia service, by reducing the end-to-end packet delay and increasing the
munber of frames per sceond which ean be viewed. How to guarantec the fairness
in the proposed priority queuc management algorithm is one of our future work.
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