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Abstract: 'The objective of this paper is (i) to construct a robust ad hoc mobile network 
using the Direct Sequence CDMA technology, (ii) to self-create the 
transmission schedules for downlink and uplink communications, and then 
(iii) to multicast data packets with the collision-free transmission and the 
hidden-terminal avoidance. In this paper, we proposed the Hierarchical Linked 
Cluster Multicast (HLCM) network architecture and the HLCM Network 
Formation algorithm based on the characteristic of the DS-CDMA 
communication to construct a robust ad hoc multicast network. To achieve the 
collision-free and hidden-terminal avoidance multicast communications, the 
Uplink Multicast Schedule Algorithm (UMSA) and the Downlink Multicast 
Schedule Algorithm (DMSA) are proposed to generate the intra-cluster and 
inter-cluster transmission schedules, respectively. Each mobile node multicasts 
data packets to the destination nodes according to the pre-assigned time slots 
of the transmission schedules. 'The corresponding simulation results show that 
the proposed algorithms and control schemes effectively solve the hidden
terminal problem and achieve the self-organization and self-operation of a 
CDMA-based ad hoc multicast network. 

Key words: Ad Hoc Network, CDMA, Hierarchical Linked Cluster, Hidden Terminal 
Problem, Multicast Communications. 

1. INTRODUCTION 

As the rapid progress of broadband wireless/mobile network 
technology, the state-of-the-art mobile multimedia applications, such as the 
Mobile Video Conferencing and Mobile Telemedicine, are eagerly required 
and developed [1, 2, 11]. For such popular mobile multimedia applications, 
many of them are based on an ad hoc network. There are two essential 
technology issues, which are (i) the creation and operation of an ad hoc 
network among the mobile hosts/devices to quickly adapt the mobility and 
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(ii) the provision of the multicast communications to effectively reduce the 
consumption of the wireless network bandwidth [3, 4, 6]. Ad hoc wireless 
networks consist of mobile hosts and dynamically create a communication 
network among them without using any infrastructure or administrative 
devices [14]. In contrast to conventional wireless networks, which require 
the provisions of the prerequisite network infrastructure and centralized 
administration devices for mobile communications, ad hoc wireless 
networks can adapt the dynamic network topology to the mobile hosts and 
are self-creation, self-organization, and self-administration with the 
collision-free and hidden-terminal avoidance [3, 7, 12, 13, 15]. The "hidden
terminal" problem in an ad hoc network is that two mobile nodes 
simultaneously transmit messages to the third node and the transmission 
collision occurs. The third node is the "hidden-terminal". 

The Third-Generation (30) wireless network, which provides higher 
bandwidth and could achieve mobile multimedia applications, is the key 
revolution of the broadband wireless/mobile network [5, 8]. The air interface 
of 30 focuses on the Code Division Multiple Access (CDMA) technology, 
which supports a high transmission rate and has the characteristics, including 
the anti-jamming, high capacity, and security, is very suitable for multimedia 
communications in ad hoc networks [6, 9, 10]. For example, each mobile 
device of a Mobile Video Conferencing, which is a CDMA-based 
communication system, can dynamically join or leave the conference and 
achieve perceivable presentation qualities with feasible communication 
schemes. In such kinds of mobile multimedia applications, it is critically 
required to rapidly construct an ad hoc mobile network with a robust 
topology, and distribute the data packets with collision-free multicasting [14, 
15, 16]. There are few researches on the self-organization and self-operation 
of a feasible CDMA-based ad hoc network with the provision of multicast 
communications. To achieve the characteristics of ad hoc multicast 
networks, the state-of-the-art organization and communication schemes on 
the CDMA air interface are urgently required. In this paper, we proposed (i) 
the Hierarchical Linked Cluster Multicast (HLCM) network architecture, 
which is a robust ad hoc mobile network using the Direct Sequence CDMA 
(DS-CDMA) technology, and (ii) the transmission schedules with self
creation for downlink and uplink multicast communications with the 
collision-free transmission and the hidden-terminal avoidance. 

The organization of the rest of this paper is as follows. In Section 2, we 
introduce the HLCM network infrastructure. Section 3 describes the 
proposed construction and multicast schedule algorithm. Section 4 describes 
the simulation results of the proposed algorithms. Section 5 presents our 
conclusion. 
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The proposed Hierarchical Linked Cluster Multicast (HLCM) network 
architecture is based on the characteristic of the DS-CDMA communication. 
As depicting in Figure 1, the whole COMA frequency spectrum is divided 
into M frequency sub-bands, each of which conducts a communication range 
and forms a specific network topology. Each sub-band is composed of two 
communication periods, which are (i) the epoch period and (ii) the data 
communication period. An epoch period is the time period of creating and 
organizing an ad hoc mobile network. During each sub-band, the epoch 
period repeats periodically to ensure an up-to-date linkage of the network. A 
data communication period is the time period that all mobile hosts multicast 
data packets according to the transmission schedules for the specific HLCM 
ad hoc network. 
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Figure 1. The frequency, time, and code division structure for the organization and 
communication of the HLCM network. 

Figure 2 depicts a HLCM network topology, which is composed of 
hierarchical linked clusters. Mobile nodes in a HLCM cluster are defmed as 
follows. 
(1) Cluster Head. Each cluster has only a cluster head, which is the based 

station (BS) in a cluster. For example, the nodes H], H3, H4, and H9 are 
the cluster heads of clusters C], C3, C4, and C9, respectively. 

(2) Gateway Node. It is an interconnection node, which is responsible for 
forwarding data packets between/among clusters. To construct a robust 
ad hoc network, three kinds of gateway nodes are specifically defined. 
(i) The Overlapping Gateway. It is located in the overlapping area 
between clusters. (ii) The Non-overlapping Gateway. H two clusters 
don't overlap and have at least a pair of nodes, each of which is located 
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in the corresponding cluster and can communicate with each other. 
These two nodes are the non-overlapping gateways. (iii) The Duality 
Gateway. A node not only is an overlapping gateway but also is a non
overlapping gateway. 

(3) Ordinary Node. An ordinary node is neither the cluster head nor the 
gateway. 

3. SYSTEM IMPLEMENTATION 

In this Section, we proposed three algorithms to achieve the self
construction of the HLCM network and the uplink/downlink multicast 
communications with collision-avoidance. To achieve the network self
organization and self-linkage, we proposed an HLCM Network Construction 
(HLCM-NC) algorithm, which operates in the epoch period, to rapidly 
construct a two-tier hierarchical ad hoc network. Figure 3 depicts the 
structure of the epoch period. The HLCM-NC algorithm divides each epoch 
into two frames and some time slots. Two frames F/ and F2 are further 
divided N time slots and N is the number of all nodes in the ad hoc network. 
Each node broadcasts the control message in its assigned time slot of the two 
frames according to the node 10. The transmission order in frame F/ is with 
the increased manner, i.e., from node NJ to node NN, and the 
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Figure 2. A HLCM network topology. Figure 3. The structure of the epoch period. 

transmission order in frame F2 is with the decreased manner, i.e., from node 
NN to node N/. 

The construction operations during frame F/ are as follows. (i) The 
node NH, which doesn't "hear" any node announce to be a cluster head 
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before NH'S announcement, NH becomes a cluster head and broadcasts this 
message in its assigned time slot. (ii) A node Nit which "hears" the node NH 
announce to be a cluster head before its announcement, the node Ni becomes 
a member of the cluster CH and broadcasts its node ID. (iii) A node Ng, 

which "hears" two or more than two nodes announce to be cluster heads 
before Ng's announcement, Ng becomes an overlapping gateway and 
broadcasts this message in its assigned time slot. (iv) A node NJO which 
"hears" a node NH announce to be a cluster head and the other node Ny 
announce to be a member of another cluster before Nx's announcement, N:x 
pairs for Ny and becomes the non-overlapping gateway. Nx broadcasts this 
message in its assigned time slot. (v) A node Nd, which already announced to 
be an overlapping gateway and then "hears" the other node Ny announce to 
be a member of another cluster, Nd becomes a duality gateway. (iv) If a node 
Hj joins a multicast group Gk, Nj announces its multicast group ID (Gk) in its 
broadcasting time slot. 

After frame FJ of the epoch period, we have the following realization. 
(i) Each cluster head realizes its cluster members. (ii) Each overlapping 
gateway realizes its cluster head. (iii) Each non-overlapping gateway 
announces its cluster heads and the linked clusters. However, the cluster 
head doesn't agree yet. (iv) Each ordinary node realizes its cluster head. (v) 
Each cluster head realizes the multicast groups in its cluster. 

The construction operations during frame F2 are as fellows. (i) Each 
cluster head announces its members, the multicast groups IDs, neighbouring 
cluster heads, and the gateways including the overlapping and non
overlapping gateways. (ii) Each overlapping gateway announces its cluster 
heads and the linked clusters. (iii) Each non-overlapping gateway announces 
its cluster head and the linked clusters after selecting by the cluster head. (iv) 
Each ordinary node announces its cluster head. (v) Each cluster head realizes 
the groups in the neighbouring clusters. 

To achieve the collision-free and hidden-terminal avoidance multicast 
communication, we proposed the Uplink Multicast Schedule Algorithm 
(UMSA) and the Downlink Multicast Schedule Algorithm (DMSA), which 
construct the Intra-Cluster and the Inter-Cluster transmission schedules, 
respectively. To achieve message routing for building transmission 
schedules, there are four kinds of cluster heads are specified: the Start Head 
(SH), the Mediate Head (MH), the End Head (EH), and the Isolated Head 
(IH). Between/among the neighbouring clusters, the smallest (largest) ID 
cluster heads are the SHs (EHs), and the other cluster heads are MH. The 
IRs have no neighboring cluster head. Based on the transmission of SHs, 
MRs, and ERs, the multicast schedules for uplink and downlink 
communications are self-created. 

Based on the UMSA and DMSA, each cluster head creates the uplink and 
downlink multicast schedules and broadcasts the schedules to all nodes 
during the epoch period. Using the uplink multicast schedule, each node of 
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the cluster can transmit data packets to its head in the pre-assigned time slots 
with collision-avoidance during the data communication period. Using the 
downlink multicast schedule, each cluster head can multicast data packets to 
all members of a multicast group between clusters via gateway nodes. Based 
on the transmission schedules, the hidden-terminal problem is effectively 
solved. 

4. SIMULATION RESULTS 

(0) (b) 

(c) (d) 

".':' 14 1 . 

1 2 
17 iI 1 3 

, J 
a 

(e) (I) 

Figure 4. An example of the connection 
topologies based on six different radio 
frequencies. 
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Figure 5. The corresponding HLCM 
network topologies based on Figure 4. 

As depicting in Figure 4, the simulation models are composed of 20 
mobile hosts, which form different connection topologies and have different 
mobility capabilities based on six different radio frequencies. Each mobile 
host is initially positioned randomly and free to move. By applying the 
proposed HLCM Network Construction algorithm, a robust ad hoc network 
is self-created and self -organized among mobile hosts. The corresponding 
HLCM networks based on different connection topologies are illustrated in 
Figure 5. 

Tables 1 and 2 show the uplink and downlink multicast schedules 
corresponding to the examples of Figure 5 based on the UMSA and DMSA 
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schemes. In the uplink multicast schedule, the "*,, represents the start head, 
the "#" represents the end head, the "+" represents the isolated head, and the 
mediate node is represented with blank. Each cluster member is assigned 
unique time slots for transmitting data packets to its head to ensure collision
free and hidden-terminal avoidance. In the downlink multicast schedule, 
each cluster head assigns dedicated time slots for each of its gateways to 
avoid collision. The cycle length of the transmission schedule is the sum of 
the time slots that the related cluster heads arrange for a specific gateway. 

Table 1. The uplink multicast schedule 
corresponding to Figure 5. 

Table 2. The downlink multicast schedule 
corresponding to Figure 5. 
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In this paper, we proposed the Hierarchical Linked Cluster Multicast 
(HLCM) network architecture and the HLCM Network Construction 
algorithm based on the characteristic of the OS-COMA communication to 
construct a robust ad hoc multicast network. To achieve the collision-free 
and hidden-terminal avoidance multicast communications, the Uplink 
Multicast Schedule Algorithm (UMSA) and the Downlink Multicast Schedule 
Algorithm (DMSA) are proposed to generate the intra-cluster and inter
cluster transmission schedules, respectively. Each mobile node multicasts 
data packets to the destination nodes according to the pre-assigned time slots 
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of the transmission schedules. The simulation results show that the proposed 
algorithms and control schemes effectively solve the hidden-terminal 
problem and achieve the self-organization and self-operation of a CDMA
based ad hoc multicast network. 
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