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1.   Introduction

Demand for multimedia services such as voice and 
video streaming over wireless local area networks 
(WLANs) is increasing in homes, offices, and public 
places. Multimedia service requires high communi-
cation quality and will need functions for controlling 
and guaranteeing the quality of service (QoS). Stan-
dardized functions for WLANs include IEEE 802.��e 
[�] and Wi-Fi Multimedia (WMM). An amendment 
to be specified by IEEE 802.��e will provide an 
enhanced distributed channel access (EDCA) mecha-
nism to support QoS functions. The EDCA mecha-
nism prioritizes QoS by changing the access param-
eters, allowing each station (STA) and access point 
(AP) to have four priority levels (access categories or 
ACs). The incoming packets are mapped to one of 
four AC queues (classified and assigned to ACs) suit-
able for the priority of applications. Per-AC queues 
formulate the access priority control basis using the 
carrier sense multiple access with collision avoidance 
(CSMA/CA) algorithm. When the EDCA mechanism 
is used by a WLAN, users will have clear reception of 
many kinds of multimedia applications over an IP 
(Internet protocol) network such as voice over IP 
(VoIP) phone service or video streaming (videocon-
ferencing and video telephony). Video delivery via 
the Internet using multicast transmission is one 

example of a multimedia application. Multicast trans-
mission will be able to provide the same video 
streaming contents to multiple STAs simultaneously 
and is suitable for providing realtime video streaming 
over wide areas such as concert halls, racetracks, and 
sports stadiums. It will be an effective method of 
wireless transmission because WLANs share wire-
less bandwidth with all connected STAs. Here, we 
report on priority control techniques suitable for mul-
ticast transmission on WLANs. These are novel tech-
niques based on the EDCA mechanism and maintain 
multicast communication quality such as video 
streaming even if there is heavy utilization of the 
wireless bandwidth. For example, the priority control 
techniques suitable for multicast transmission simul-
taneously satisfy communication quality for multi-
casting and support other multimedia applications 
(such as VoIP and video conferencing), as shown in 
Fig. 1.

2.   Technical issues and features of WLANs with 
multicast transmission

Multicasting has the following four technical issues 
and features when it is used on IEEE802.�� 
WLANs.

(�) One-way streaming
Multicast transmission is one-way (uplink/down-

link) streaming. The delay of one-way video stream-
ing will usually be allowed to be more than ten times 
longer than that of two-way (bidirectional) video 
streaming because the fixed and variable delays of 
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one-way video streaming will be adequately absorbed 
by the application jitter buffer. Therefore, multicast 
video streaming is assumed to be insensitive to delay 
time. However, regardless of the delay, the multicast 
communication bandwidth (throughput) must still be 
maintained. Therefore, because the communication 
qualities required by one-way and two-way stream-
ing, even for the same video streaming, are different, 
we need priority control techniques that are suitable 
for this application. 

(2) Access control using the simulcast transmis-
sion method

In a WLAN, packets simultaneously transmitted 
from two or more STAs tend to collide because 
WLANs use distributed access control. For unicast 
packets of a one-to-one communication, however, 
packet loss is very uncommon because packets that 
collide are recovered by the MAC (medium access 
control) layer using the retransmission control func-
tion. In multicast transmission of one-to-many com-
munication, in contrast, packet collision leads imme-
diately to packet loss because multicasting does not 
have a retransmission control function. Therefore, it 
will be difficult to ensure multicast transmission 
when multicast packets are sent from APs in crowded 
wireless networks. 

(3) Minimum transmission rate
WLANs usually transmit multicast packets using 

the lowest wireless transmission rate supported in the 
WLAN’s communication area. Furthermore, all of 
the video content is assigned the same wireless trans-
mission rate. It is difficult to maintain multicast com-

munication quality, and wireless bandwidth is con-
sumed unnecessarily when content with a bit rate 
higher than the wireless transmission rate is trans-
ferred.

(4) Multicast transmission suitable for power sav-
ing function

Finally, IEEE802.�� WLANs have a power saving 
mode (PSM) to limit battery consumption. Generally, 
STAs that operate in PSM suspend the operation of 
the transceiver devices (sleep state), which reduces 
the battery consumption. To receive packets, all the 
PSM-STAs switch the transceiver device from the 
sleep state to the awake state with the same cycle. 
Therefore, to save a lot of power, it is necessary to 
lengthen the cycle on which transceiver devices run. 
The AP transmits multicast packets based on the time 
needed to run an STA transceiver device. However, 
excess delay and buffer overflow in the AP cause 
packet loss, which degrades multicast communica-
tion quality when multicasting is transmitted on a 
long cycle. A technique for stable multicast transmis-
sion is required when PSM-STAs are connected to the 
AP.

3.   Priority control technique suitable for multi-
cast transmission on WLANs

The priority control techniques suitable for multi-
cast transmission and the ways they resolve the tech-
nical issues of multicast transmission are shown in 
Table 1. These techniques are described below:

i. Multicast priority control
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Fig. 1.   Multicast service on WLAN.
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ii. Multicast packet collision reduction
iii. Transmission rate selection 
iv. Multicast bandwidth control for PSM
Here, we focus on multicast priority control (i). 

This technique guarantees communication quality 
and supports two-way streaming, such as VoIP and 
video conferencing. It has an extra AC for multicast-
ing (AC_MC) in addition to the existing ACs, as 
shown in Fig. 2. The multicast packets are classified 
and assigned to AC_MC. The AC_MC priority access 
parameter is set to a value equal to or lower than those 
of AC_BE (best effort) and AC_BK (background). 
That is to say, the priority for AC_MC is set lower 
than that for AC_VI (video), which treats the same 
kind of video application (here, packets for two-way 
streaming are classified and assigned to AC_VI.).

An example of the access procedure is shown in 
Fig. 3. AC_MC senses the carrier in the wireless 
channel being used before it sends packets. The 
access parameters (arbitration inter-frame space 
(AIFS) or contention window (CW)) needed to sense 
the carrier are assigned large values, as shown in Fig. 
3(b). The AIFS and CW values for AC_VI (high pri-
ority) are smaller than those for AC_MC (low priori-

ty). With this setting, voice and video applications 
with access categories AC_VO and AC_VI (shown in 
Fig. 3(a)) that are sensitive to fixed and variable 
delays will be able to acquire a transmission opportu-
nity with a high probability and keep the delay to a 
minimum without being influenced by sending mul-
ticast packets. Although the fixed and variable multi-
cast delays will increase because the access parameter 
for AC_MC is assigned a low priority, AC_MC will 
be able to transmit multicast packets continuously by 
extending the length of the optimal TXOP period. 
This technique will maintain the throughput (band-
width) for multicast transmission. This is how multi-
cast priority is controlled.

Simulation results for the multicast priority control 
technique are shown in Figs. 4 and 5. In the computer 
simulation scenario, the AP generated multicast traf-
fic (0 to �.75 Mbit/s) to STAs. At the same time, APs 
and the other STAs sent and received two-way video 
streaming traffic (each downlink and uplink was �.75 
Mbit/s). The other STA created a saturated wireless 
band environment by generating a background best-
effort load. We chose a wireless transmission rate of 
�� Mbit/s (IEEE802.��b) for our evaluation. 

Excellent
iv. Multicast bandwidth control
technique for PSM
Dynamically selects a transmission
cycle for multicast that supports PSM-
STA and communication quality of
multicasting

Fair
Conventional techniques either
consume a lot of power or
degrade communication quality

Multicasting is performed
in long cycles when PSM-
STA is connected.

IV. Power saving mode

Excellent
iii. Transmission rate selection
technique
Selects a transmission rate suitable for
each set of contents (each IP multicast
address)

Fair
Some commercial products can
change the transmission rate, but
cannot change it for each set of
contents (each IP multicast
address)

Multicast packets are
usually transmitted at the
lowest transmission rate.III. Minimum

transmission rate

Excellent
ii. Multicast packet collision reduction
technique 
Reduces probability of packet collision,
thereby reducing the number of lost
packets

Poor
Conventional techniques have no
packet loss reduction function for
multicasting.

Multicasting does not have
a retransmission function,
and packet collisions lead
immediately to packet
loss.

II. Simulcast
transmission method

Excellent
i. Multicast priority control technique
(For details see Section 3.)

Poor
Conventional techniques have no
communication quality function.

• Required
   communication quality
   is different for one-way
   and two-way streaming. 
• It is necessary to
   maintain throughput.

I. One-way streaming

Our technique resolves 
the technical issues

Conventional technique and
technological issues

Technical issuesFeature

Table 1.   Technical issues and features.
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The multicast throughput characteristics of our 
technique (multicast priority control technique), of 
the conventional technique with priority control (with 
EDCA mechanism), and of the conventional tech-
nique without priority control (without EDCA mech-
anism) are compared in Fig. 4. In the computer simu-

lation evaluation, the conventional technique with 
priority control identified the multicast and two-way 
video streaming as the same video streaming, so 
these applications were classified and assigned to 
AC_VI. The throughput of the multicasting was 
mostly maintained when our technique and the con-
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Fig. 2.   Configuration of AC queues.
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Fig. 3.   Access control procedure.
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ventional technique with priority control were used. 
The cumulative delay time frequency of the video 
two-way streaming was obtained for both our tech-
nique and the conventional technique with priority 
control. The results are shown in Fig. 5. Although the 

fixed and variable delays of the video two-way 
streaming increased when the conventional technique 
with priority control was used, the fixed delay was 
kept to a minimum when our new technique and vari-
able delay was used.
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Fig. 4.   Multicast throughput characteristics.
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Fig. 5.   Cumulative frequency characteristics of delay time.
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These results indicate that although the multicast 
priority control technique provides few opportunities 
for multicast transmission, it can provide high-prob-
ability transmission opportunities for two-way video 
streaming and keep the low delay time. Furthermore, 
multicast throughput is maintained by extending the 
length of the optimal TXOP period.

4.   Future work

The priority control techniques described in this 

article simultaneously satisfy communication quality 
for multicasting and other multimedia applications 
(such as voice and video telephony). We expect to 
create highly desirable services with these techniques 
in the future.
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