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Abstract: Despite of the advantage of the third generation mobile communication 
systems over the second generation mobile communication systems, its low frequency 
efficiency and small system capacity couldn’t keep up with the rapid development of 
wireless services. Many advanced techniques suited for high bit rate, high frequency 
efficiency has come out, such as STC, MIMO, OFDMA and distributed antenna. But 
besides physical techniques, basic network layer techniques, such as the constructions 
of cellular and scheduling of radio resource must be broken through in the fourth 
generation mobile communication systems. This paper proposes a novel tri-angle 
cellular architecture with distributed antennas, making full use of those advanced 
physical layer technique. A related radio resource scheduling algorithm for resolving 
interference in OFDMA systems has also been studied. Compared with the distributed 
radio resource scheduling algorithm, the centralized one could descend interference 
by 13.4 dB.  
Keywords: Distributed Antenna, OFDMA, Interference, Radio Resource Scheduling, 
Tri-angle Cellular Architecture 

1. INTRODUCTION 

 With the rapid development of wireless service, spectrum resource is in urgent 
need. Despite of the advantage of the third generation mobile communication systems 
over the second generation mobile communication systems, its low frequency 
efficiency and small system capacity have to be improved. As a result, there should be 
great changes in physical techniques in the fourth generation mobile communication 
systems and many advanced techniques aimed at high bit rate, high frequency 
efficiency, such as STC (Space Time Code), MIMO(Multiple Input Multiple Output),  
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OFDMA[1], distributed antenna[2], are taken into considerations. But besides 
physical techniques, basic network layer techniques, such as the construction of cell 
and radio resource scheduling must be broken through in the fourth generation mobile 
communication systems. 
 The bunch concept was proposed in [3] which is hybrid between random and  
radio resource management (RRM), but there is no essential difference between 
distributed antenna and bunched system. Lee proposed a macro diversity system with 
selection switching [4]. It can provide higher performance than distributed antenna 
system. In [5], an interference resolving algorithm was proposed to allow 
asynchronous cell overlaps. Using directional antennas in TDD-CDMA could bring 
down inter-cell interference [6]. Although increasing frequency efficiency and system 
capacity to some extent, all those attempts based on traditional cellular structure 
concept. 
 In this paper, a new tri-angle cellular architecture, which employs distributed 
antennas at three vertexes (shown as Fig.1), rather than one base station in the center 
of traditional cell was proposed. The tri-angle cell could decrease the system outage 
ratio by combining with advanced physical layer techniques, such as distributed 
antennas and OFDMA. A centralized radio resource scheduling algorithm based on 
the architecture could decrease interference dramatically. Tcell is used to denote the 
tri-angle cell for convenience later. 

 
Fig.1: The tri-angle cellular architecture 

 
 The remaining parts of this paper are organized as follows. In Section 2, we 
describe the architecture and characteristic of Tcell. The centralized radio resource 
scheduling algorithm is also explained. Section 3 discusses the computed simulation 
results. Concluding remarks and suggestion for future work are given in Section 4. 
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2. TRI-ANGLE CELLULAR ARCHITECTURE AND RELATIVE 

CENTRALIZED RESOURCE SCHEDULING ALGORITHM 

2.1 Tri-angle cellular architecture  

 The Tcell employs three distributed antennas at its vertexes. They could use the 
same sub-carriers to communicate with UEs to achieve transmitting/receiving 
diversity gain. The 31 neighboring antennas shown in Fig.1 belong to one radio 
network controller (RNC), so that RNC could apply the centralized radio resource 
algorithm proposed in multiple Tcells. 
 Spectrum is formulated in the following pattern to decrease inter-Tcell 
interference. The system bandwidth is divided into 6 parts as resource pools for Tcells, 
as shown in Fig.2. Because of the orthogonality between OFDM sub-carriers, the 
intra-Tcell interference could be assumed as 0. Base point always points to the first 
available resource in a pool. Once UEs requests for radio resource, available resource 
will be assigned for them based on the resource pool of their visiting Tcell. If radio 
resource for Tcell A is depleted, its subscribers could use resource from neighboring 
Tcell B, with homologously backing off of the base point for Tcell B. Tcell F could 
occupy resource from Tcell A cyclically. 

  
Fig.2: Frequency formulation for 6 Tcells around a distributed antenna 

 
 By this kind of Tcell deployment, UEs using the same resource at the same time 

would separate from each other for at least 3 / 2  Tcell length. This makes the upper 

limit of the inter-Tcell interference between UEs. 

2.2 Centralized radio resource scheduling algorithm 

 Based on the Tri-angle cellular architecture, the centralized radio resource 
scheduling algorithm proposed could descend inter-Tcell interference by 13.4 dB 
additionally. 
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 In the centralized resource scheduling algorithm, sumP  is the total power received 

by the UE at the target sub-carrier, and c  is the times that the sub-carrier has been 
used in the scheduling range of a RNC. Then resource selecting factor (RSF) is 

introduced to token the bias to select one resource and 1

sum

RSF
P c

= . For example, if 

an UE selects a sub-carrier which has been used 3 times and sumP  is -3dBm, it will 

suffer less interference than selecting a sub-carrier used 5 times and sumP  is 3dBm. In 

short, the larger RSF  for one resource, the less interference would be brought when 
UE employs it. RSF  is stored in the scheduling RNC. 

If RSF  for the current resource is less than that of some following one, the latter 
would be used firstly without moving the base point for resource pool, resulting in 
gap among the used resource. So we should judge whether the resource has already 
been used in a Tcell before scheduling. If so we would investigate the next ones 
directly to avoid intra-Tcell interference.  

The optimization length is imported to indicate how many sub-carriers would be 
investigated including the current one. It could be easily understood with sliding 
window. If the optimization length is n, the following n-1 sub-carriers including the 
current one could be seen as within a window.  Only if the header resource has been 
used, the window could sliding wholly backward to the next resource unused (shown 
as Fig.3). Even though all the resource within the window would bring much 
interference while the following outside the window would cause little interference, 
resource within the window has to be chosen. So the longer the optimization length, 
the more samples will be investigated in the centralized algorithm, leading to more 
reasonable resource assigning which causes less interference. If the optimization 
length is large enough to traverse the whole bandwid th, the interference would be 0, 
although the processing delay would be too long to bear. 

 
Fig.3: The sliding process of resource window when optimization length is 5 

 
 The centralized scheduling algorithm is expressed as follows. 

(1) UE requests for radio resource. 
(2) RNC decides the base point resource of the UE’s visiting cell, assumed as A. 
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(3) RNC calculates RSF for the resource and stores the result for later 
comparison. 

(4) RNC investigates the next resource in its resource list. 
(5) If the resource has been used in Tcell A but doesn’t overpass the 

optimization range, repeat step 4. 
(6) Else if the resource hasn’t been used in Tcell A and doesn’t overpass the 

optimization range, repeat step 3. 
(7) Until the current resource overpasses the optimization range, RNC guides the 

antennas of Tcell A to assign the resource with maximum RSF for UE. 
 When the transmission time interval (TTI) is short enough, such as 2ms, the 

scheduling algorithm could keep track of fast fading of channels, and detect sumP  in 

real time. By this way radio resource could be configured more suitably for the 
instantaneous network status, and then increase the system capacity.  

3. NUMERICAL RESULTS 

  To show the effectiveness of the proposed algorithm, we compare the 
performance of distributed radio resource assigning algorithm and centralized 
scheduling algorithm over tri-angle cellular architecture. Radio resource is 
configured independently based on UE’s visiting Tcell in distributed resource 
assigning, without control from the higher layer. The simulation model is shown as 
Fig.4, and simulation parameters in table 1. 

 
 Fig.4: The simulation model 

Carrier frequency 5.8G 
System bandwidth 20MHz 
Number of sub-carriers 1024 
Number of effective sub-carriers 832 
Effective bandwidth 16.22MHz 
Interval between sub-carriers 19.5kHz 
Height of distributed antenna 12m 
Height of UE 1.5m 
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CIR target 13dB 
Number of UEs in the whole system 800 
UE mobility model fixed UE speed 5km/h 
Traffic model  voice and low bit rate data 
Propagation model L = 128.1 + 37.6 Log10(Dis) 

Table 1: Simulation parameters for OFDMA system    
The simulation procedures are described as follows. 

(1) Locate antennas following the tri-angle cellular architecture and formulate 
spectrum resource for every Tcell. 

(2) Distribute UEs and their services load in random, mapping to different amount of 
sub-carriers. 

(3) Consecutive ly configure resource for each UE according to its visiting Tcell, 
without centralized control. Or 

(4) Based on UE’s position and the centralized resource scheduling algorithm, 
resource that brings the least interference would be assigned to UEs. 

(5) Statistic the signal and interference received by UEs in the center 6 Tcells of 
simulation model (shown as dotted line in Fig.4). If a UE suffers too much 
interference that exceeds some threshold, its service will be blocked.  

(6) Calculate the CIR CDF and the system outage ratio, which equals UEs blocked 
divided by the total ones. 

(7) Repeat step 2. 
Figure 5 shows the downlink CIR CDF with both scheduling schemes when the 

Tcell length is 100m and the optimization length is 30. Although the complexity of 
distributed resource assigning algorithm is less than the centralized one, its 
performance and network adaptation is much worse. The effect from different 
amounts of antennas is also considered. The legend SANT1 means centralized 
resource scheduling system with one antenna to communicate with an UE at a time, 
and CANT2 means distributed resource assigning system using two antennas parallel. 
One can see that with the same amount of antennas, the centralized algorithm 
increases the downlink CIR dramatically. And the less antennas used, the gain is larger. 
The CIR of 50% UEs would exceed 275 resulting from centralized resource 
scheduling with one antenna. UEs would receive more signals because of transmitting 
diversity with more antennas in downlink. But the interference range for each 
resource is extended, causing that UEs receive more interference power. Proved by 
the simulation result, transmitting diversity in downlink would degrade the system 
performance, which means the more antennas used, the CIR received by UEs would 
be smaller. So the centralized resource scheduling algorithm with one antenna should 
be used in the tri-angle cellular architecture. 
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Fig.5: CIR CDF for the center 6 Tcells 

Figure 6 shows effect of the Tcell length on the system outage ratio in SANT1 
system when the optimization length is 30. As we can see, the system outage ratio 
falls to bottom when the Tcell length is 110m or 330m, rather than decreasing 
monotonely with the increment of Tcell length. The interference is diminished when 
Tcell length is increased, but so is the signal received by UE. The ratio of signal to 
interference maximizes when Tcell length is 110m and 330m, causing the least system 
outage ratio. But the best Tcell length is a relative value associated with transmitting 
power of antennas and channel status. Our simulation illustrates the trend which could 
be used to improve system capacity when deploying the Tcells. 
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Fig.6: System outage ratio with different Tcell lengths 

 Figure 7 shows effect of the optimization length on the system outage ratio in 
SANT1 system when the Tcell length is 110m. According to the result, the system 
outage ratio descends apparently when the optimization length changes from 5 to 25, 
while faintly when the length surpasses 25. For the service load in our simulation 
model, the centralized control algorithm has scheduled radio resources fully when the 
optimization length equals 25. So the scheduling result wouldn’t be changed a lot 
even if increasing the length additionally.  
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Fig.7: System outage ratio with different optimization lengths 

4. CONCLUSION 

 In summary, the OFDMA tri-angle  cellular system with distributed antennas 
could make better use of advanced physical layer techniques in the fourth generation 
communication system. The centralized radio resource scheduling algorithm based on 
the architecture could keep track of fast fading of channels, and then allocate for UEs 
the resource which brings the least interference. The system outage performance is 
improved dramatically consequently. One of possible future works is to study the 
handover process for the tri-angle cellular architecture.   
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