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Abstract— Multicasting is a bandwidth efficient mechanism in
group communication. However, multicast communication
suffers because of lack of reliable and scalable mechanism. IEEE
802.11aa standard is a recent amendment to the IEEE 802.11
standard focus on multimedia streaming reliability in 802.11
networks. For reliable transmission, IEEE 802.11aa standard
proposes a new mechanism named Groupcast with retries.
Groupcast with retries defines two retransmission policies for
group communication: Groupcast with retries unsolicited retry
and Groupcast with retries block acknowledgement. In this
paper, we comparatively evaluate the performance of reliable
multicast schemes defined in 802.11aa.

Keywords—802.11aa; Reliability; Multicast;

l. INTRODUCTION

The transmission of audio-video streams over wireless local
area networks (WLANSs) has become prevalent and greatly
contributes to the Internet traffic [1]. Due to the increasing
number of audio-video streams Cisco estimates predict that
“by 20135, the world will reach 3 trillion Internet video minutes
per month, which is 1 million Internet video minutes every
second” [2]. Therefore, as a result, a number of quality of
service (QoS) aware medium access control (MAC) protocols
have been proposed during the last decade in the literature to
support audio-video streaming applications. One of the first
and most fundamental milestones was the IEEE 802.11e
amendment [3]. IEEE 802.11e standard defined hybrid
coordination function (HCF), which includes two coordination
functions which are: enhanced distributed channel access
(EDCA) and hybrid coordination function controlled channel
access (HCCA). However, neither EDCA nor HCCA can
provide absolute service guarantees [4].

Recently, IEEE 802.1laa standard introduced new
amendments [5]. IEEE 802.11aa amendment defines the new
mechanism target at significantly improving the performance
of multimedia streams. (i) Stream classification service (SCS),
allows streams to be arbitrarily mapped to the primary and
alternative queues. (ii) Groupcast with retries (GCR), which
provide reliable multicast service. (iii) Overlapping basic
service set (OBSS) management, in order to limit the neighbor
capture effect and extend admission control and scheduling
policies. (iv) Interworking with the IEEE 802.1Q stream

reservation protocol (SRP), to provide end-to-end QoS
guarantees by reserving network resources for specific traffic
streams in bridged local area networks (LANS) [6]. (V) Intra-
access category (Intra-AC) prioritization, to obtain a finger-
grained prioritization between individual audio and video
streams [1]. The focus of this paper is on reliable multicast
scheme, GCR. The detailed overview of GCR scheme is
provided in section Il.

K. K-Szott et al. [4] provide the first description of the new
QoS solution introduced in IEEE 802.11aa and IEEE 802.11ae
standards. This tutorial helps the researcher and engineers to
easily understand the new mechanism as well as become
familiar with the area left open by the new amendments.
However, they did not provide any evaluation on the
amendments. There have been efforts to evaluate the
mechanism defined in IEEE 802.11aa standard [7][8]. In [7],
authors provide a qualitatively description of the new
mechanism, and in [8], a numerical assessment based on
simulation is presented. Banchs et al. [9] provide the analysis
and evaluation of the IEEE 802.11aa multicast mechanism, in
terms of throughput and reliability. However, they just
consider the single source in the multicast group. According to
their results, there is no “absolutely the best” reliable multicast
scheme in IEEE 802.11aa standard. There is performance,
complexity tradeoff. Santos et al. [10] evaluates the directed
multicast service (DMS) and GCR services in terms of
throughput and delay. However, higher throughput does not
always mean better video quality as proven by Xiao et al. [11].
K. K-Szott et al. [12] present the first analytical saturation
model of the intra-AC prioritization feature of the IEEE
802.11aa standard. Their results show that the new IEEE
802.11aa intra-AC prioritization feature provides a finer
grained prioritization of voice and video streams, as compared
to the currently EDCA inter-AC prioritization. In this paper,
we describe the reliable multicast scheme of IEEE 802.11aa in
detail. Additionally, we compare the GCR schemes of IEEE
802.11 standard in term of reliability.

The rest of the paper is organized as follows. Section Il
explains the GCR mechanism in detail. In Section I1I, we
provide the performance evaluation in detail, and finally,
Section 1V concludes the paper.
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Fig. 1. Operation example of (a) Legacy 802.11 multicast (b) GCR Unsolicited Retry (c) Block ACK.

Multicast transmissions over IEEE 802.11 based standards
still have inefficiencies such as the unreliability caused by the
lack of ready-to-send (RTS)/clear-to-send (CTS) and
acknowledgement (ACK) packets. Fig. 1a shows the multicast
service with IEEE 802.11 standard. In order to provide a
robust and reliable multicast audio/video streaming, IEEE
802.11aa standard specifies GCR enhancement. GCR defines
two additional retransmission schemes: GCR unsolicited retry
(GCR-UR), and GCR block ACK (GCR-BA).

A. GCR Unsolicited Retry

GROUPCAST WITH RETRIES SERVICES

In GCR-UR mechanism, multicast frames are transmitted
several times without waiting for any ACK packet after each
transmission. The number of retry should be limited to a
threshold fixed by the transmitter. Retry threshold depends on
the application requirements. Although this mechanism
improves the reliability by increasing the delivery probability,
it leads to increasing the overhead when the number of retries
is large, and becomes meaningless when the channel quality
between transmitter and receivers is good. Fig. 1b represents
an operational example of GCR-UR scheme.

B. GCR Block ACK

This mechanism is considered as an extension of the BA
scheme defined in IEEE 802.11v and IEEE 802.11n standards.
In this scheme, sender transmits a block ACK request (BAR)
packet to all multicast members. The receiver station sends an
ACK packet only when it is requested by a BAR packet.
Therefore, this mechanism offers better reliability than other
ACK policies. Fig. 1c shows an example scenario of the GCR-
BA operation.

In this section, we provide the performance evaluation of
legacy 802.11 multicast, GCR-UR, and GCR-BA in term of
reliability. The reliability is defined as the number of
successfully received frames over the all transmitted frames.
We consider the different number of retries (1, 2, and 3) for
GCR-UR scheme. In legacy 802.11 multicast scheme, each
frame is transmitted only once. Therefore, a multicast frame is
successfully received by each multicast member when it does
not collide and does not suffer from the channel error. In
GCR-UR scheme, multicast frames transmitted several times
without waiting for any ACK packet after each transmission.
We assume that all stations experience the identical channel
conditions, and they suffer from the same channel error
probability.

PERFORMANCE EVALUATION

Fig. 2 shows the transmission and the failure probability of
legacy 802.11 multicast, GCR-UR and GCR-BA scheme as a
function of the number of nodes. Failure can happen because
of collisions and channel error. The failure probability of
legacy 802.1 and GCR-UR is higher than that of GCR-BA
because of the higher collision probability of IEEE legacy
802.11 and GCR-UR scheme. The collision probability in the
wireless networks depends on the number of contending
devices and the contention window.
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Fig. 2. Transmission and failure probability as a function of number of nodes.

If there is transmission failure, the transmitter increases the
contention window size to reduce the collision probability.
Since there is no ACK policy in IEEE legacy multicast and
GCR-UR, each packet is transmitted using the minimum size
of contention window. However, in the GCR-BA scheme size
of contention window is doubled on each retransmission, up to
the maximum retry limit, and hence reduce the failure
probability. The maximum retry limit is considered as 7 in the
GCR-BA.

Fig. 3 shows the drop probability of IEEE legacy 802.11,
GCR-UR and GCR-BA scheme. The drop probability of
legacy 802.11 is higher than others because there is no ACK
packet of the failed frame. The drop probability of GCR-UR
decreases when we increase the number of retries. GCR-UR
with retries 2 and 3 shows the less drop probability when the
number of nodes is less in the multicast group. However, on
the higher number of nodes GCR-UR drop probabilities
increase because of more collision in the network

Fig. 4 shows the reliability of different schemes as a
function of channel error probability. The number of nodes is
set to 10. GCR-BA shows higher reliability than others
schemes. However, reliability increases in the GCR-UR when
we increase the number of retries. Legacy 802.11 multicast
shows the worse performance as compared to other schemes.

IV. CONCLUSION

Multimedia transmission via multicast is one promising
technology over wireless local area networks. Therefore,
reliability is important in multimedia multicasting. To provide
the reliability, recently, IEEE 802.11aa standard introduced
new amendments. In this paper, we comparatively evaluate the
performance of GCR-UR and GCR-BA schemes with IEEE
802.11 legacy multicast scheme in term of reliability. Results
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show that GCR-BA performs well in term of reliability.
However, the reliability in the GCR-UR depends on the
number of retries.
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