
A New Dynamic Channel Assignment Scheme Based-on Channels 
Swapping in DWCS∗  

 
WU Shuxing, YANG Tao and WU Weiling  
 
WU Shuxing  
School of Information Engineering, Beijing University of Posts and Telecommunications, 
100876, Beijing, P.R. China 
wushuxing@163.com
 
YANG Tao  
School of Information Engineering, Beijing University of Posts and Telecommunications, 
100876, Beijing, P.R. China 
yangtao_bupt@163.com
 
WU Weiling  
School of Information Engineering, Beijing University of Posts and Telecommunications, 
100876, Beijing, P.R. China 
weilwu@bupt.edu.cn
 
Abstract: Distributed wireless communication system (DWCS) is a new architecture, and 
channel assignment scheme is one of its key technologies. When each user is simultaneously 
communicating with multiple antennae, because of randomness of positions and arriving sorts 
of users, channel efficiency is very low. In this paper, we propose a new channel assignment 
scheme based-on channels swapping, which can pack up the useless channels to become into 
available channels via adjusting the channels occupied by the assigned users and increase 
system capacity. By simulation, we can examine the validity of the showed method in the 
cases of both the same user number for each area and the different user number for each area 
in DWCS.  
Keywords: DWCS, virtual cells, dynamic channel assignment(DCA), multiple antennae 
channels swapping 
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1. INTRODUCTION 
 

The many problems that need to solve for future wireless communication systems are 
still how to efficiently use limited time, frequency, space and code. A solution is adopting the 
network architecture based on distribution concepts, called distributed wireless 
communication system (DWCS)[1]. DWCS is a valid combination of multiple input multiple 
output theory and multiple antennae theory in the system networks architecture layer, which 
can supply the higher transmitting speed and higher system capacity. 

  DWCS is different from the traditional cellular communication systems, which mainly 
adopts distributed architecture and distributed process method to realize wireless 
communication system.  In DWCS, the traditional cell concept, which is centered on the 
base station, no longer exists. Instead, a new concept is proposed as virtual cell, which is 
MT-centered. For each mobile terminal (MT), the system will assign a set of distributed 
antennae to serve user on the basis of MT’ location. The set of antennae composes the virtual 
cell of MS. Each user transmits and/or receives radio signals to and/or from the multiple 
antennae included by the set, and those signals is processed by a certain distributed process 
node. Virtual cell is dynamic, and is temporarily formed, which will be cancelled after 
finishing transmission. Each MT has its own virtual cell, and virtual cell is not fixed, which 
changes with the MT moving or the environment changing (e.g., changing of system load). 

DWCS system has large potential advantages, but more and more users, high 
transmitting speed, variable services and different QOS demands also bring the challenges for 
the novel wireless network. The solutions for the problems need advanced wireless resource 
management technologies [2,3]. DWCS is a dynamic network, whose prominent 
characteristic is the continual variety of the virtual cell, and in which virtual cell is decided on 
the basis of user position and demands. Time-slot, frequency, code and space resources are 
assigned, and simultaneously the power control is carried out. Hence, good wireless resource 
management technology should accomplish the real-time demand and make good use of the 
finite wireless resources to achieve the optimization of the system. 

Channel assignment is one of the vital contents in wireless resource management. There 
are three types of channel allocation schemes: fixed channel allocation (FCA), dynamic 
channel allocation (DCA), and hybrid channel allocation (HCA) [3]. Compared with FCA, 
DCA needs the more information, which increases the information exchanging of control 
channel, but can reach the higher system capacity by means of the advanced algorithms, and 
also has the better adaptability. In DWCS, by distributed processing technology, the high  
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                      Figure1 the antennae position and the sketch 

map of a certain co-channel in DWCS 
 

complexity of realizing DCA can be overcome, so adopting efficient DCA assignment 
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strategy for DWCS is feasible. Since lots of antennae are distributed on the tops of buildings, 
the distance between antennae is about tens of meters, and density of antennae is very high, 
DCA is preferable selection.   

In DWCS, each user simultaneously communicates with multiple antennae, so there exist 
differences compared with the traditional cellular systems for channel assignment. Many 
literatures have discussed channel assignment problems of cellular networks [3], but since 
DWCS is a new system, the channel assignment problems of DWCS have hardly been 
discussed. The problem that the paper will resolve is from the multiple antennae transmitting 
in DWCS, as is showed in figure 1, where black point represents antennae, there are totally 25 
areas, where users are distributed, selecting the nearest four antennae to serve user. We also 
may consider the figure 1 as the sketch map of a certain co-channel, here black point 
represents the special co-channel for all antennae. If there is respectively one user occupying 
the co-channel in 7, 9 ,17,19 areas that are indicated by solid squares, for the co-channel, the 
only 16 antennae out of 36 antennae can be used, which involve 7, 9, 17, 19 areas, whereas 
other antennae are idle, becoming unavailable wireless resources. The traditional cellular 
system only selects one antenna, so the problem does not exist. The dynamic channel 
assignment scheme based on channel swapping proposed by us exactly aims at solving the 
resource waste problem when the channels of multiple antennae are assigned in DWCS. 
 
2. CHANNEL ASSIGNMENT SCHEMES  

 
In the paper, we mainly consider the assignment of the channel resources (frequencies or 

time-slots) for uplink of DWCS with CDMA mode. Here, the difference between the DWCS 
system and the traditional CDMA system is that in DWCS multiple antennae simultaneously 
receive signals from MS. Assume that each frequency or each time-slot includes the several 
orthogonal codes, and different frequencies or time-slots are also orthogonal. Here we only 
study and analyze the impacts of selection strategies for frequencies or time-slots for DWCS. 
In DWCS, for antenna units and processing nodes, processing nodes and processing nodes, 
and processing nodes and control centers are connected by fiber-optic, although the 
centralized channel assignment schemes need the exchanging of a mount of signaling, the 
scheme can be adopted. The status of the assigned channels of all antenna units which are 
linked to different nodes can be gathered to CC or a certain processing node, and then the 
system selects the four antennae whose signals are the strongest to compose the visual cell of 
the MT. Adopting ideal power control, make the SIR be the target value after combining the 
signals received by four antennae via MRC. 

2.1. Channel Assignment Process 
 
The channel assignment process of DWCS is similar to that of traditional cellular system 

[4], but there exist some differences. It includes the below several steps: 
1. Selecting the four antennae whose signals are the strongest in all the antennae 
2. Find out the available channels to assign  
3. Execute the procedure of pre-access for feasibility check by calculating if all 

co-channel users can achieve their Tr s, if the new user is admitted. 
4. Select the channel according to the channel selection strategies.  
5. Interactive admission and initial power. 

The procedure of pre-access: for each available channel, find all the users included by 
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co-channel, and calculate , so that when the user is accessed, the system guarantees:  ir
 

irr T
i ∀> ,                                                            

(1) 
 

and simultaneously the SIRs of all the admitted users must be maintained. If the cases 
can be satisfied, the channel is feasible, or is not feasible and can be not assigned. If the 
feasible channels do not exist, the user will be blocked. According to (1), find out all the 
feasible channels for next step. The process will be implemented by the power iteration 
process: if the transmitting powers of all the admitted users and the new user can be 
maintained in the range of demanded powers when a certain available channel is assigned, it 
means that all the users realize the target , and the channel is the feasible channel. Tγ

For each available channel, the pre-access is applied, we can find out the several feasible 
channels to select. According to channel selection strategy, pick out the optimal channel for 
the requiring user. In the processing of pre-access, we can freely select any of the idle codes 
of the assigned channel, since we assume that the codes are orthogonal, and fixed spectrum 
factor is used, so the different selection of codes do not influent the system performance. 
Evaluate the co-channel interference resulted from the new user, and then decide if the SIR 
target Tr can be satisfied via measuring and calculating. 

This paper only considers the case of the limited resources, for the impact from the user 
interference is not our target, so the simulation will not concern the th4 step above, in other 
words, if only the feasible idle channel exists, we assign it to the user. The proposed scheme 
can pack up the useless channels to become into available channels, which do not relate to the 
interference brought from users, hence, no influence on our conclusion is produced. The 
simulation of the paper is executed at the assumption.       
 

2.2. Channel Assignment Schemes 
 
Channel assignment schemes include the above 2 and 4 processes. The different channel 

assignment schemes have the differences in the two processes. 
For DWCS, since only if those antennae that communicate with user simultaneously have 
the common channels available channels can be attained, the channel efficiency is very low. 
We will search for the channel strategy with high channel efficiency. Below, we describe the 
three types of channel assignment schemes in detail: 

Fixed channel assignment scheme: Figure 2 shows four modes of fixed channel 
assignment scheme. Each mode is assigned with a certain number of channel resources 
according to service quantity, and the assigned channels for each mode are not overlapped, so 
we call it fixed channel assignment scheme. The method is similar to that of the traditional 
cellular system. 

Two dynamic channel assignment schemes: Here are two schemes, random dynamic 
channel assignment scheme and maximal assigned adjacent channels number scheme. 

 Random dynamic channel assignment scheme: The scheme is similar to the dynamic 
channel assignment scheme of the traditional cellular system. The difference is that only if the 
four antennae that are the nearest to the user must hold the common channel resource, the 
available channel can be attained in DWCS, and then randomly select one channel among the 
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available channels to be assigned to the new user.  The scheme is the simplest one in the type 
of dynamic channel assignment schemes.   

Maximal assigned adjacent channels number scheme: The scheme is similar to the 

            
(a)                 (b)                  (c)                  (d) 

Figure 2 fixed channel assignment scheme 
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Figure 3 Maximal assigned adjacent channels number scheme 

 
above mentioned random dynamic channel assignment scheme. The main difference is that 
the scheme does not adopt random selection, but via computing the sum of the assigned 
channel neighboring to the required channel select the available channel that corresponds to 
the maximal sum for the new user.  The figure 3 shows the scheme, the hollow circles 
represent the adjacent channels.  The assigned channel sum is 4. 

For the uplink building of DWCS, firstly select the four antennae to serve the new user, 
execute the maximal rate combination after the four antennae receive the user signals, and 
deliver it to processing node. Due to the random characteristics of user location and arriving 
sort, Selection of four antennae produces the useless channels that cannot compose the 
available channel among the virtual cells, which lead to the low channel efficient. To solve the 
problem, we propose the dynamic channel assignment scheme based on channel swapping: 

Dynamic channel assignment scheme based on channel swapping: When having the 
available channels, assign the channel to the user according to random dynamic channel 
assignment scheme, whereas, when not getting the channel resource, we pack up the useless 
channels that do not compose the available channel, through the dynamic adjusting process 
that swap the channels occupied by the two communicating users, to attain the available 
channel. We detailedly explain the process by means of the figure 4: Figure 4(a) represents 
that in the th11 area a new user is applying the channel, but no available channel can be 
gained, and the shadowing area shows the special user who is occupying the channel that the 
requiring user needs.  Figure 4(b) represents the occupied scene of other channel. If we swap 
the channels that are represented by the shadowing areas in the figure 4(a) and (b), the 
requiring user can get the available channel resource showed in the figure 4(a). We try to find 
out the channels showed in the figure 4(b). If the channel can be found, we can get the 
available channel to supply the requiring user, but if the channel cannot be found, the 
requiring user will be blocked, which is the idea of the scheme. Figure 4(c) shows that after 
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swapping channels the system assigns the packed up channel to the new user. The proposed 
dynamic channel assignment scheme can adapt the various numbers of users of each area, 
which is a good selection for DWCS. We can see the advantage in the below simulation.         
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(a)                      (b)                      (c) 

Figure 4 Dynamic channel assignment scheme based on channel swapping 
 

3. SYSTEM SIMULATION AND RESULTS 
 

3.1. Simulation Parameters 
 
The path loss can be calculated between MS and BS, between MS and MS, and between 

BS and BS: 
 

)(6.373.15 10 rLogL +=                                                   
(2) 
 
Where r  is the transmitter-receiver separation in meters.  

We evaluate the performance of our system with snapshot simulations [4]. The antennae 
distribution is showed in figure 1. For simplicity, we only build the 36 antennae, which are 
located on the top of the buildings. The distances between the streets are 200 meters, and the 
distances between antennas a re also 200 meters. The strongest four antennae are selected, 
thus, with propagation in free space, only considering path loss means that the nearest four 
antennae are selected. The system presents totally 25 virtual cells, each antenna can provide 
the 10 channels (frequencies or time-slots), and each channel includes 8 spread spectrum 
codes. Our simulation is performed by snapshots, totally 30000 users are simulated. 

 

3.2. Simulating Results 
 
The figure 5 gives the curves of the assigned user numbers for the several channel 

assignment schemes in the case of the same user number in each area. X-coordinate defines 
the total requiring user number, and Y-coordinate defines the assigned user number. From the 
figure 5, we can find that the performance of fixed channel assignment scheme is the best, the 
dynamic channel assignment scheme based on channel swapping take second place, but it is 
close to the fixed assignment scheme, and those of other schemes are the least. The total 
channel number of dynamic channel assignment schemes is 80, and the fixed channel 
assignment scheme has the four modes, which the channel number of each mode is 20. Since 
in simulation the given channel number of the four modes of the fixed channel assignment 
scheme fits the service quantity of each area, its performance is preferable, which is similar to 
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the conclusion of the traditional cellular networks. 
The figure 6 shows the performance curves of the fixed channel assignment scheme, 

random dynamic channel assignment scheme and dynamic channel assignment scheme based 
on channel swapping in the case of the different user number in each area. The results are 
from the case: the user number of odd number area : the user number of even area =3:1.  

    
 
 

 
 
 
 

 

Figure 6 the performance curves of the 
fixed channel assignment scheme, random 
dynamic channel assignment scheme and 
dynamic channel assignment scheme 
based on channel swapping in the case of 
the different user number in each area 

Figure 5 the performances of the several 
channel assignment schemes in the case 
of the same user number in each area 

 
 
 
 

From the figure 6, we can see that the performance of dynamic channel assignment 
scheme based on channel swapping is better than those of the other two schemes, the 
performance of the fixed channel assignment scheme is better than that of random dynamic 
channel assignment scheme in the case of heavy load, but less in the case of light load. In the 
different service quantity for each area, dynamic channel assignment scheme based on 
channel swapping put up the prominent performances. 

Figure 7 dynamic channel assignment scheme based on 
channel swapping increases the user numbers in the 
cases of both the same service quantity and the different 
service quantity for each area 

The figure 7 shows that dynamic channel assignment scheme based on channel swapping 
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increases the user numbers in the cases of both the same service quantity and the different 
service quantity for each area. From the figure 7, we can see that the increasing user number 
by adopting dynamic channel assignment scheme based on channel swapping proposed by us 
is from 15 to 40, compared with random dynamic channel assignment scheme, which achieve 
the higher system capacity. 

 
4. SUMMARY AND PROSPECT 

 
This paper gives a new dynamic channel assignment scheme based-on channels 

swapping applied to DWCS. Via adjusting the channels occupied by users, solve the problem 
of the low efficiency resulted from randomness of positions and arriving sorts of users in 
DWCS, and achieve the higher system capacity. By simulation, confirm that the scheme 
proposed by us can increase user number, which is valid in the cases of both the same service 
quantity and the different service quantity for each area. It is proper channel assignment 
scheme for DWCS. 

Because the packing up is done only once in the scheme proposed by us, the effect of 
packing up multiple times would be studied in future, but maybe it has the higher complexity. 

Distributed wireless communication system is a novel architecture. The channel 
assignment problems in wireless resource management for DWCS are the key technologies, 
which are the crucial aspects for achieving the advantages from the new system. Selection of 
the antenna, selection of channels and assignment of powers will become the main aspects in 
future researches for DWCS. 
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