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Abstract: Protocols of different layers in the protocol stack are usually designed separately. 
However, we observe that simple integration of MAC and network layers in the MANETs may 
result in inferior performance especially under heavy traffic. We exemplify this using Adaptive 
Round-robin Acknowledge and Retransmit (ARAR) for the MAC layer and the Gateway-Based 
Multicast Protocol (GBMP) for the network layer. In order to have a smooth and efficient 
integration, we propose a Queue Splitting (QS) mechanism, which splits the queue in-between the 
MAC and routing layer, into two queues, the Control Queue and the Default Queue. A priority 
scheduling is used at the MAC layer, which alleviates the congestion and improves the 
performance substantially. 
Keywords: MAC, routing, Mobile Ad hoc Networks. 
 

1. INTRODUCTION 
 
In Mobile Ad hoc Networks (MANETs), communication between two nodes that are not in 

each other’s transmission range is accomplished via other intermediate nodes to form multi-hop 
transfers. Since all the nodes may move arbitrarily, the network topology changes dynamically. 
Performing multi-hop communications in this dynamic topology is a challenging task. 

In facilitating multicasting in such networks, the cooperation between the Media Access 
Control (MAC) layer and the Network layer is an important issue. The problems of hidden and 
exposed terminals as well as the high transmission error rate in a wireless environment are the main 
concerns while designing the MAC protocol. In the network layer, the multicast protocols, such as 
CAMP [1], ODMRP [2], ADMR [3] and GBMP [4], rely heavily upon the MAC layer’s broadcast 
service for multicast architecture construction and data distribution. CAMP and ODMRP build a 
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multicast mesh for delivering data packets (in a mesh, a node is allowed to receive a data packet 
from any neighbor, as opposed to multicast trees where packets are accepted from a parent only). 
ADMR and GBMP build loosely structured multicast trees for multicast data distribution (a 
loosely structured tree has less number of nodes involved in data forwarding than a mesh; and 
nodes may also receive a data packet from any branch). For both the mesh and the loosely 
structured tree, data packets are forwarded in a broadcast manner to exploit the nature of wireless 
transmission. Hence, the broadcast service provided by the MAC layer can have a significant 
impact on the performance of these protocols.  

In [5], we proposed the Adaptive Round-robin Acknowledge and Retransmit (ARAR) 
mechanism to provide reliable broadcast scheme at the MAC layer. ARAR introduces an 
acknowledgement and retransmission scheme that avoids the problem of “ack explosion”. In 
addition, it adjusts the frame length dynamically to counteract the effect of any possible increase in 
the control overhead of the MAC layer. In [5], we have also studied the performance improvement 
of ODMRP using ARAR in contrast to IEEE 802.11 [6] MAC. However, the effect of using ARAR 
with other multicast routing protocols still needs to be studied. For protocols that have link repair 
mechanisms, such as GBMP and ADMR, ARAR’s retransmission causes congestion in the 
network, which results in routing layer’s packets being discarded. Because of this, either the 
multicast architecture is not constructed properly, which affects the data delivery as the links are 
more likely to break; or the routing layer may initiate link repair mechanisms directly, which 
generate more control traffic. If these control packets are lost or arrive late, the routing layer 
considers that the repair has failed, and tries to reinitiate the repair until finally giving up entirely. 
Therefore, in such protocols, ARAR's retransmission may result in more severe congestion; and 
the network may become inoperable.  

In this paper, we study this issue in the context of GBMP and propose a Queue-Splitting (QS) 
mechanism to smoothly incorporate ARAR in order to improve the performance of GBMP. The 
rest of the paper is organized as follows. Section 2 reviews ARAR and GBMP briefly. Section 3 
reviews related work on congestion control. The Queue-Splitting mechanism is proposed in 
Section 4. Section 5 studies the performance improvement using simulation techniques. Finally, 
Section 6 concludes the paper. 

 

2. REVIEW OF ARAR AND GBMP 
 
2.1. Adaptive Round-robin Acknowledge and Retransmit (ARAR) 

For every broadcast DATA frame, the sender requires (using a field in the DATA frame 
header) one of its neighbors to send back an acknowledgment, which is called Broadcast 
Acknowledgment (BrACK). The BrACK is defined to contain the sequence number of the latest 
received frame and a bitmap specifying the previous frames that are received or lost with reference 
to the latest received frame. The selection of the neighbor to send a BrACK is performed in a 
round-robin style among all the neighbors. Then, by checking the bitmap in the received BrACK, 
the DATA sender records those frames that are not received and thus need retransmission, and 
sends them when there is temporarily no packet coming from the upper layers. ARAR tries to pack 
multiple upper layer packets into one frame so as to improve the throughput when the traffic load is 
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heavy. If the packing generates a long frame, before it is transmitted, RTS/CTS are exchanged 
between the DATA sender and its neighbors. This is to avoid the hidden terminal problem and to 
reduce the possibility of costly retransmissions. 

 
2.2. The Gateway-Based Multicast Protocol 

GBMP employs a hierarchical topology. The lower level consists of local groups, in which 
receivers and intermediate nodes are included. These intermediate nodes are called Forwarding 
Group (FG) nodes. The loosely structured tree (the upper level) among the local groups also 
contains the FG nodes. GBMP constructs and maintains the multicast architecture using Global 
Join Query (GJQ), Global Join Reply (GJR), Local Join Query (LJQ) and Local Join Reply (LJR) 
messages. For GBMP’s data delivery, a node may receive data packets from any branch. GBMP 
utilizes the Responsibility Table (RSP Table) of a given node to store the IDs of all the downstream 
nodes for whose data packet receipt that node is responsible. A new link repair strategy, called 
Bi-directional Local Link Repair (BLLR), is employed to deal with link breakages. In order to 
achieve high transmission efficiency, GBMP employs Passive Receive Mode (PRM). By listening 
to the Passive Acknowledgements (PsvAcks) of the data packets transmitted, an FG node is able to 
know whether there is any downstream node receiving data packets from it. If it is not the case, the 
FG node enters the PRM. While in PRM, a node continues to receive data packets from its 
upstream node without issuing frequent acknowledgements. 

 

3. RELATED WORK 
 
Blind flooding causes redundancy of packets, as well as congestion and collision in the 

network. Alleviating congestion at the routing layer caused by the broadcast storm has been 
studied in [7-10]. In [7], adaptive counter-based, location-based and neighbor-coverage schemes 
are proposed to limit the rebroadcast, such that the congestion can be alleviated. Directional 
antenna-based schemes have been proposed in [8] to forward broadcast packets to uncovered 
directions (excluding the direction from which the packets came from). By assuming that each 
node is equipped with GPS, [9] and [10] rely on nodes’ location to reduce unnecessary rebroadcast 
and congestion.  

Congestion control is also achieved by regulating the source’s transmission rate, together 
with link algorithms that measure the congestion, perform congestion signaling and/or queue size 
management. [11] proposes a scheme that measures the service rate (the low service rate is an 
indication of congestion) on each node. Then, by adjusting the transmission power, in an iterative 
manner, on the severely congested links, the scheme seeks to increase the transmission rates on 
these links, such that the overall system congestion is mitigated. [12] uses the channel load and 
local queue size for measuring the congestion status, and if congestion is detected, out-of-band 
signals are sent to upstream nodes to slow down the traffic. A similar mechanism is utilized in [13], 
in which a new metric, called jitter ratio, is calculated based on measurements to determine the 
congestion. Similarly, [14] measures the weighted load metric of a node and its forwarding 
neighbors to decide the congestion level. The Congestion-controlled Adaptive Lightweight 
Multicast (CALM) proposed in [15] utilizes NAcks received from receivers to detect loss of 
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consecutive packets (the authors assume that the loss is caused by congestion). The affected source 
will then slow down its traffic rate until Acks are received from the complaining receivers, 
meaning that the congestion has disappeared. The Medium Access Delay Regulator (MADR) [16] 
dynamically adapts the MAC layer queue size in order to maintain the average media access delay 
for packets. The queue size is calculated to be a target media access delay divided by the average 
service time measured over a sliding window. [17] modifies the ODMRP routing protocol by 
always choosing the path with the minimum ‘mean aggregate queue length’, for congestion 
control/avoidance. Moreover, an end-to-end congestion notification is also introduced for 
controlling source rate.  

In our approach for reducing congestion, we introduce QS in-between the MAC and network 
layers, which is specifically designed to facilitate cooperation between the MAC and routing layers. 
We do not employ Explicit Congestion Notification (ECN) and the source control mechanisms as 
we believe that it is more appropriate to let the upper layers decide the traffic rate according to their 
specific requirements, if the underlying layers cannot reduce congestion. 

 

4. THE QUEUE-SPLITTING (QS) HEURISTIC 
 
As stated in Section 1, simply incorporating ARAR with GBMP does not result in good 

performance especially in heavy traffic. Hence, in this section, we introduce a mechanism, called 
Queue-Splitting (QS), so that the two protocols are able to cooperate effectively. 

We split the inter-MAC-Routing queue into two queues (see Figure 1): the Control Queue 
(CtrlQ) and the Default Queue (DfQ). The CtrlQ contains control packets that are used for 
construction and maintenance of the multicast architecture. The DfQ contains data packets and 
other control packets (such as link repair packets). Packets in the CtrlQ have higher priority over 
those in the DfQ. However, to avoid starvation in serving the DfQ, we guarantee that in every 
MAX_DFQ_PKT_ITVL interval, the queue is served at least once. The exact value of 
MAX_DFQ_PKT_ITVL should be assigned according to the requirement of the upper layers.  

In this arrangement, packets such as GJQ, GJR, LJQ and LJR are sent to the CtrlQ; other 
packets are sent to the DftQ by the routing protocol. Since GJQ, GJR, LJQ and LJR are the most 
important packets, they should be sent with a higher priority than the other packets. This decreases 
the occurrence of link breakages. The other control packets that are used for link repair are given 
the same priority as the data packets. The reason is, in GBMP, the loss of several consecutive data 
packets is deemed as the result of a link breakage. The resulting link repair packets are used for 
local repairs, and therefore, if they are not delivered in time, the local link repair may fail and only 
a few receivers will suffer. Furthermore, link repair packets are large in number and if they are 
given a higher priority, the multicast architecture construction and maintenance will suffer, 
affecting the smooth data packet delivery as well. 
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Figure 1. The Queue-Splitting (QS) mechanism 
 

A doubt may arise that assigning a high priority to the architecture construction and 
maintenance packets may delay the packets in the DfQ. On close scrutiny, we find that it is not so. 
The reason is that, most of the CtrlQ packets are generated at a much lower frequency than the data 
and other control packets. For instance, in GBMP, GJQs are sent every 60 seconds by the sources 
and LJQs are sent every 9 seconds by the gateway nodes. Therefore, queue splitting does not affect 
the service of the DfQ significantly. Even when the CtrlQ holds many packets in some rare cases, 
the DfQ is served at least once every MAX_DFQ_PKT_ITVL interval, ensuring that the local link 
repair and data packets are not delayed excessively. 

As the QS mechanism is a general one, it is also applicable to other routing protocols, which 
normally have three kinds of packets: architecture construction and maintenance packets, link 
repair control packets and data packets. The QS can also be applied in ODMRP, where only two 
categories of packets are there, the data packets and the multicast architecture construction and 
maintenance packets. 

The objective of our QS mechanism is very different from the service differentiation in IEEE 
802.11e [18, 19]. In IEEE 802.11e standards, MSDUs belonging to different Traffic Categories 
(TCs) are transmitted through different backoff instances: high priority TCs compete for the 
medium earlier than the low priority ones; the minimum value of Contention Window (CW) is 
assigned depending on various TCs. The service differentiation is accomplished in a probabilistic 
manner. However, the purpose of the QS is to reduce the congestion, which may be caused by 
ARAR, to improve the data delivery at the upper layers. This is achieved by giving higher priority 
to the ConstPkts over the other packets. 

 

5. PERFORMANCE EVALUATION 
 
In this section, we study the merit of introducing the Queue Splitting (QS) mechanism. We 

evaluate the performance using GloMoSim [20]. Table 1 lists the parameters used in our 
simulation. 

There are three sources that start to send data packets at the same time. The traffic intensity 
remains constant for different packet inter-arrival time. Hence, Table 2 associates various packet 
inter-arrival times with different packet lengths. Group members maintain their membership 
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throughout the simulation period. All the nodes are assumed to be mobile, with mobility 
parameters as given in Table 1.  

The performance of ODMRP is also studied for reference. We will show that even for 
protocols that do not have link repair mechanism (such as ODMRP), the QS mechanism leads to 
performance improvement. 

 
Table  1.  
Simulation Environment Parameters 
Parameters Value 
Mobility model Random-Way Point 
Nodes’ speed 20 m/s 
Pause time 5 s 
Radio transmission range 250 m 
Sensing range 500 m 
Propagation path-loss model Free space 
Channel capacity 2 Mbps 
Simulation time 300 s 
Number of sources 3 
Broadcast DATA queue length 64 frames 
Retransmit limit in ARAR 3 
Maximum number of packets 
packed in a frame 32 

MAX_FRAME_LENGTH 2048 octets 
MAX_DFQ_PKT_ITVL 100 msec 
Number of nodes 50 
Number of members 20 
Network area 1000m× 1000m 
 
Table  2.  
Packet Inter-Arrival Time And Corresponding Packet Length 
Packet Inter-Arrival Time 
(msec) 

Packet Length 
(Octets) 

20 64 
50 160 
100 320 
150 480 
200 640 
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5.1. Reliability 

To measure the reliability at the routing layer, we use the metric called Packet Delivery Ratio 
(PDR). It is the fraction of data packets that are delivered to all the receivers, and is defined as,  
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Figure 2 shows the PDR of two schemes ‘ARAR with QS’ and ‘ARAR only’ for GBMP and 
ODMRP. It is obvious that QS is able to provide much higher PDR to GBMP and ODMRP than 
that in the ‘ARAR only’. For instance, when the packets are generated by the sources at 20 msec 
interval and are 64 bytes long, many collisions occur. Even with ARAR, the PDR is only 55% for 
GBMP and 50% for ODMRP. However, by introducing QS, the PDR improves to 61% and 59%, 
respectively. This is because the QS mechanism improves the delivery of important control packets 
(GJQ, GJR, LJQ, LJR, Join Query and Join Reply), which is especially useful when the network is 
congested. Together with the reliability provided by the underlying ARAR, the QS yields a robust 
multicast architecture, which facilitates higher PDR. 
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Figure 2. Packet Delivery Ratio (PDR) 

 
5.2. End-to-end delay 

The improvement in the average end-to-end delay by introducing QS is noteworthy from 
Figure 3. The average delay is reduced by 20 to 50 % with respect to that in the ‘ARAR only’. 
Significant improvement is also observed in ODMRP’s performance. The improvement mainly 
results from the robust multicast architecture, which facilitates efficient data delivery. The 
MAX_DFQ_PKT_ITVL interval for serving the DfQ also helps in reducing the data packets’ 
end-to-end delay. Moreover, the above two factors reduce number of local link repair control 
packets, and hence avoid severe congestion situations.  
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6. CONCLUSION 
 

The interaction between protocols in different layers is an important issue, especially for 
mobile ad hoc networks because of the physical constraints. In this paper, we have analyzed this 
issue using the Adaptive Round-robin Acknowledge and Retransmit (ARAR) MAC layer protocol 
and the multicast routing protocol Gateway-Based Multicast Protocol (GBMP). Based on that, we 
have proposed the Queue Splitting (QS) mechanism, which alleviates the congestion under heavy 
traffic load and improves the GBMP’s performance. Simulations show that the performance 
metrics, such as packet delivery ratio and average end-to-end delay, improve considerably. 
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Figure 3. End-to-end delay 
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