
288        Yaru Fu et al.: Joint Resource Allocation Scheme for Relay Enhanced Multi-cell Orthogonal Frequency Division Multiple Networks 

 

This work is supported by National Natural Science Foundation of China (61171094), National Basic Research 

Program of China (973 program: 2013CB329005), National Science & Technology Key 

Project(2011ZX03001-006-02, 2011ZX03005-004-03, 2012ZX03003011-005) and Key Project of Jiangsu 

Provincial Natural Science Foundation（BK2011027） 

http://dx.doi.org/10.3837/tiis.2013.02.007 

A Joint Resource Allocation Scheme for 

Relay Enhanced Multi-cell Orthogonal 

Frequency Division Multiple Networks 
Yaru Fu

1,2
, Qi Zhu

1,2
 

1 The Key Wireless Lab of Jiangsu Province，School of Telecommunication and Information Engineering,  

Nanjing University of Posts and Telecommunications  

Nanjing, 210003 – P.R.China [e-mail: fuyaru1990@163.com] 

2 Key Lab on Wideband Wireless Communications and Sensor Network Technology of Ministry of Education, 

Nanjing, 210003 – P.R.China [e-mail: zhuqi@njupt.edu.cn] 

*Corresponding author: Qi Zhu 

Received December 1, 2012; revised January 1, 2013; accepted February 4, 2013; published February 26, 2013 

Abstract 

This paper formulates resource allocation for decode-and-forward (DF) relay assisted 

multi-cell orthogonal frequency division multiple (OFDM) networks as an optimization 

problem taking into account of inter-cell interference and users fairness. To maximize the 

transmit rate of system we propose a joint interference coordination, subcarrier and power 

allocation algorithm. To reduce the complexity, this semi-distributed algorithm divides the 

primal optimization into three sub-optimization problems, which transforms the mixed 

binary nonlinear programming problem (BNLP) into standard convex optimization problems. 

The first layer optimization problem is used to get the optimal subcarrier distribution index. 

The second is to solve the problem that how to allocate power optimally in a certain 

subcarrier distribution order. Based on the concept of equivalent channel gain (ECG) we 

transform the max-min function into standard closed expression. Subsequently, with the aid 

of dual decomposition, water-filling theorem and iterative power allocation algorithm the 

optimal solution of the original problem can be got with acceptable complexity. The third 

sub-problem considers dynamic co-channel interference caused by adjacent cells and 

redistributes resources to achieve the goal of maximizing system throughput. Finally, 

simulation results are provided to corroborate the proposed algorithm. 

 

Keywords: OFDM, DF relaying, inter-cell interference, multi-cell joint optimization, 

Equivalent channel gain 
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1. Introduction 

orthogonal frequency division multiplexing (OFDM) is a mature technique to mitigate 

frequency selective fading and inter-symbol interference by dividing the total bandwidth into 

several orthogonal subcarriers. The fading of each subcarrier can be seen as flat fading which 

can provide higher spectrum utilization. Cooperative relaying has been regarded as a 

promising candidate for next generation broadband wireless communication systems, and 

has been considered by the IEEE 802.16j standard [1] because it can provide an efficient 

way to overcome the disadvantages brought by wireless fading channel through exploiting 

multiuser diversity (MUD). According to the difference of the received signal, two main 

relay strategies have been identified: amplify-and-forward (AF) and decode-and-forward 

(DF) [1, 2]. A large number of works has been devoted to the resource allocation of OFDM 

and cooperative relaying systems [3-5]. However, the future wireless communication 

network needs to provide higher transmission rate and broader coverage that a single 

technology cannot satisfy these requirements. Thus, there emerges combination of OFDM 

and relay technology which can provide better customer service experiences, assure fairness 

of inside and the edge users in multi-cell mobile communication networks. However, the 

resource allocation for it is more challenging because three issues should be taken into 

account [6], they are, how to allocate power at source and relay nodes to the subcarriers, how 

to match subcarriers of first-hop and the second-hop, and which pair of subcarrier should be 

allocated to which user. 

Although there is a rich literature consider the resource allocation for relay-enhanced 

OFDM networks, most of them focus on the single-cell scenario [6-10], in which inter-cell 

interference (ICI) is ignored. However, in reality ICI severely degrades system performance. 

Hence, for practical systems it should be considered in the resource allocation process. 

Undoubtedly, interference coordination and interference elimination will be a new trend in 

future communication networks since it can help to achieve a higher system capacity. In 

[11-15] multi-cell resource allocation scheduling are studied under different system 

configuration. However, [11, 13] have not consider the fairness of heterogeneous users. The 

authors of [12] use intermediate variable （interference constraint） to transform the 

max-min DF problem into standard closed expression which can only get a lower bound for 

the original problem instead of optimal solution. Reference [14] gives a two-stage resource 

allocation scheme: in the first stage, all of the users in each cell are selected sequentially and 

the joint subcarrier allocation and scheduling is conducted for the selected users, in the 

second stage, the optimal power control is performed by geometric programming method. 

However, [14, 15] only allow each user connect with one fixed relay, such kind of 

distribution method cannot make full use of space diversity, which will greatly reduce the 

flexibility of carrier allocation. In addition, the majority methods of the above researches are 

centralized or half-centralized solutions. Therefore, frequent and complex signaling 
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interaction is indispensable among base stations of different cells which are difficult to apply 

in real large-scale wireless communication systems.  

Also, there are some recent works on the space-time coding design in cooperative 

decode-and-forward relay systems [17] for the combination of space-time coding with 

cooperative relay can further improve the wireless transmission performance. The author of 

[17] proposed two O-DSTC (opportunistic distributed space-time coding) schemes for 

full-duplex and half-duplex relaying scenarios which provided a new direction for the 

application of cooperative relay. In addition, the research of relaying selection [18] can also 

be used in resource allocation of relay-enhanced OFDM systems. 

To maximize system capacity, we propose a low complexity distributed algorithm which 

considers not only inter-cell interference but also heterogeneous users’ fairness of DF relay 

enhanced OFDM systems in this paper. We deduce the optimization model under the power 

constraints of source and relay nodes and formulate resource allocation as a joint interference 

coordination, subcarrier and power distribution problem. Through dividing the original 

optimization into three sub-optimization problems, we transform the primal BNLP into 

convex optimization problem thus the optimal solutions of the objective function can get by 

using dual decomposition approach, water-filling theorem and iterative power allocation 

algorithm. Finally, the performance of our proposals is evaluated by extensive simulations.  

The remainder of this paper is organized as follows. DF relay based multi-cell OFDM 

system model and problem formulation are introduced in Section 2. Section 3 introduces our 

proposed resource allocation algorithm. Performance results and analysis are presented in 

section 4. In the last section we give a brief summary of this paper. 

2. System Model and Problem Formulation 

2.1 System Model 

Consider the downlink transmission of a relay-aided multi-cell OFDM system that consists 

of   cells. Each cell has one base station (BS) locates at the center of the hexagon area,   

users, and   relay stations (RS) uniformly distribute on the circle around the BS. We 

assume universal frequency reuse which means that the   base stations share the total 

bandwidth. The intra-cell interference does not considered in this paper. Each subcarrier can 

be used by one user or relay at any time. All nodes hold only one antenna and can’t transmit 

and receive simultaneously. And we assume that there is no direct transmission from source 

to relay, the destination can receive signals only from the relay because of high shadowing 

between source and destination. The TDD transmission protocol is adopted that the 

communication between source and destination covers two time slots. The source transmits 

an OFDM symbol through the source to relay channel (first-hop) during the first time slot. 

During the second time slot, the relay decodes and re-encodes the previously received signal, 

and retransmit it toward the corresponding destination over the relay-destination channel 
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(second-hop). The destination decodes the signal based on the received signal from the relay. 

It is assumed that the base station knows all of the channel state information (CSI) at the 

transmitter in each cell. The relay enhanced multi-cell OFDM system model as is shown in 

Fig. 1. 
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RelayBS Mobile  

Fig. 1. Relay-enhanced multi-cell OFDM networks 

This paper uses two different time slot allocation strategies to minimize the inter-cell 

interference. For example, if cell 1 uses time slot allocation strategy 1 for subcarrier  , the 

base station of cell 1 communicates with relay stations during the first time slot through 

subcarrier   and relay stations decodes and re-encodes the previously received signal, and 

retransmits it toward the corresponding user in the second phase; Meanwhile, the adjacent 

cell 2 may use the strategy 2 for subcarrier  , that is the base station communicate with relay 

stations in the second time slot and relay stations communicate with users during the next 

first time slot. Therefore, if one cell uses the strategy 1 for a subcarrier the adjacent cell may 

uses the strategy 2 for this subcarrier, and vice versa. Table 1 is the time slot allocation 

scheme on subcarrier   of different cells in this paper. 

Table 1. Time slot strategies of different cells 

     Slot 

Cell No. 

Slot1 Slot2 Slot1 Slot2 Slot1 Slot2 Slot1    

Cell 1, subcarrier  

（strategy 1） 

Bs-RS Rs-Ms Bs-RS Rs-Ms Bs-RS Rs-Ms Bs-RS    

Cell 2, subcarrier  

（strategy 2） 

 Bs-RS Rs-Ms Bs-RS Rs-Ms Bs-RS Rs-Ms    

Cell 3, subcarrier  

（strategy 1） 

Bs-RS Rs-Ms Bs-RS Rs-Ms Bs-RS Rs-Ms Bs-RS    

Cell 4, subcarrier  

（strategy 2） 

 Bs-RS Rs-Ms Bs-RS Rs-Ms Bs-RS Rs-Ms    

                           

Cell , subcarrier   

（strategy 1） 

Bs-RS Rs-Ms Bs-RS Rs-Ms Bs-RS Rs-Ms Bs-RS    
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2.2 Problem Formulation 

For each cell   (suppose that   is an odd number), considering the downlink of OFDM 

system with   subcarriers. We assume the signal of user   transmitted on the  -th first-hop 

subcarrier is decoded and re-encoded by relay   and finally retransmitted on the  -th 

second-hop subcarrier. To express conveniently here we do not consider subcarrier pairing of 

two hops for the moment. The subcarrier matching strategy will be presented more detail in 

section 3.1. Thus the first-hop capacity and the second-hop capacity of subcarrier   , 
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The Additive White Gaussian Noise (AWGN) variance is denoted by   .      
 ( ) is the 

transmit power for subcarrier   during the source to relay channel that allocated by BS  ; 

       
 ( ) is the transmit power of subcarrier   during the relay to destination channel; 

   represents the set of adjacent cells which use the same time slot allocation strategy as   

and    the set of adjacent cells which use different time slot allocation strategy;     
   

 and 

    
   

 are the total interference that caused by the BSs of    and relays of    respectively. 

And  
    
   ( ) is the transmit power for subcarrier   during the first-hop that distributed by 

base station   ,  
    
   ( ) indicates the transmit power of subcarrier   during second-hop; 

| 
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and | 
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are the channel gains of the two phases severally. 

Using the similar analysis approach we can get the expression of       
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where    represents the set of adjacent cells that use the same time slot allocation strategy 

as   and    the set of adjacent cells which use different time slot allocation 

strategy;       
   

and      
   

 are the total interference caused by the RSs of    and BSs of 

  ;  
    
   ( ) is the transmit power allocated by relay   in cell    for  -th subcarrier of 

second-hop and  
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We use DF relay in this paper and with the above definition, the achievable capacity of the 

 -th sub-channel       ( ) is  
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The 1/2 factor appears in (5) due to the two hops used for a complete transmission. 

Therefore, the joint interference coordination, subcarriers and power allocation algorithm 

with relay and BS power constraints can be formulated as follows 
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where      is the priority value of user   in cell  ;    and    are the transmit power 

constraints of BS and relay nodes respectively.       ( ) is the subcarrier allocation index 

which can be 0 or 1,       ( )    means that the signal of user   transmitted on the  -th 

first-hop subcarrier is decoded and re-encoded by relay   and finally retransmitted on 

the   -th second-hop subcarrier. Constraints    (   ) indicates the individual power 

constraint for each BS (relay) with maximum transmit power    (  ).    and    are 

imposed to guarantee each subcarrier can only be used by one relay or user for any time.    

and    are the positive power constraints. 

3. The Proposed Resource Allocation Algorithm  

The optimization problem in (6) is a mixed binary nonlinear programming problem, which is 

generally hard to solve. In this section, we divide the original problem into three 

sub-problems thus transform (6) into convex optimization problem based on the concepts of 

semi-distributed resource allocation method. This method optimizes resource allocation of 

single-cell firstly then coordinate inter-cell interference to achieve higher system capacity. 

The first layer optimization problem is used to seek optimal subcarrier distribution index, 

and can be expressed as  
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The second is to solve the problem—how to optimization power allocation in a certain 

subcarriers distribution order and can be formulated as 
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The last sub-problem takes into account of the dynamic inter-cell interference caused by 

adjacent cells and redistributes resources to further improve system performance which can 

be expressed as 
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3.1 Subcarrier Allocation and Matching 

The first layer optimization problem can be reformulated as 
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 ( ) values the transmit rate       ( ) is constant and 

independent of       ( ). Additionally, each subcarrier has the same constraints    and   .   

Thus, problem (8) can be divided into per-subcarrier problem in each cell as 
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That is, each subcarrier should be allocated to the relay or user that can maximize its 

instantaneous transmit rate and this theory is the same as the single-hop systems. 

In the previous sections, we have assumed the symbols that the BS transmitted over 

the  -th first-hop subcarrier are encoded by the relay and retransmitted over the  -th 

subcarrier of the second-hop to destination without considering subcarrier matching. A 

higher performance will be achieved if the subcarriers of the two hops are matched 

according to their actual strength—the source to relay channel with the highest channel gain 

is matched with the relay to destination channel with the highest channel gain [1].  

3.2 Power Allocation 

After subcarrier allocation, each sub-channel is associated with a specific destination through 

a certain relay. We use the subcarrier pairing method mentioned in section 3.1 to further 

increase the system throughput. This subsection focuses on power distribution of 

sub-channels at BS and relay nodes separately. Due to the interference item contains power 

variables, we suppose that power variables in the interference are static values. Accurately, 

resource allocation optimization problem in a single-cell scenario need not consider the 

adjacent interference. Therefore, basing on the above hypothesis the non-convex problem 

can be thought as standard convex problem that can be solved by using optimization theory. 

We use equivalent channel gain (ECG) transform the max-min problem into closed 

expression. Meanwhile, to reduce the complexity without sacrificing performance we use 
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power constraints instead of binary subcarrier distribution index constraints that can make 

the power allocation process easily to operate. 

By using the Lagrange decomposition method we can get the Lagrangian function of the 

primal optimization problem (6). After rearranging the same terms, the Lagrangian is given 

by 

𝓛(𝑷𝒔 𝑷𝒓   𝝀 𝝁 𝜹 𝜼)
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where 𝑷𝒔 𝑷𝒓corresponding to the allocated power vector of first-hop and second-hop. 𝝀 is 

the Lagrange multiple vector associated with the individual BS power constraints. 𝝁 is the 

Lagrange multiple vector corresponding to the relay power constraints. Lagrange multiple 

vector 𝜹 and 𝜼 are connected with the subcarrier usage constraints    and   . 

Lemma 1：Through power transformation the Lagrangian 𝓛(𝑷𝒔 𝑷𝒓   𝝀 𝝁 𝜹 𝜼)can be 

equivalent to 𝕃(𝑷𝒔 𝑷𝒓 𝝆 𝝀 𝝁), which can be formulated as 

𝕃(𝑷𝒔 𝑷𝒓 𝝆 𝝀 𝝁)
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Proof：The re-arranged Lagrangian function (13) does not consider the constraints   ~  . 

However, through the processing (14) (15) for power transformation, (13) can achieve the 

same solution of the objective function as (12). 

{
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where     
 ∗ ( ),       

 ∗ ( ) denotes the optimal power allocation for  -th sub-channel pair. 

The superscripts and subscripts have the same definition as previous sections. Obviously this 
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approach in the process of achieving optimal solution of power allocation is suitable. 

The dual problem is： 

𝒟(𝝀 𝝁)     
𝜆≥  𝜇≥ 
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𝑷𝒔 𝑷𝒓 𝝆
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It is obvious that the innermost maximization in (16) can be regarded as optimization 

problem in single-cell scenario. Therefore, the assumption about interference we do at the 

beginning of this section is reasonable. In addition, the power optimization of single-cell can 

be divided into   independent per-subcarrier problems. By using the concept of equivalent 

channel gain we can get a simple closed-form expression for the optimal power values. 

Lemma 2：To assist mathematical discussion, we let       ( )̂  denote the equivalent 

channel gain of subcarrier pair   that can be expressed as 
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For DF relay it is obvious that only when both capacities are equated can the end-to-end 

capacity be maximized which means 
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where  ( ) is the equivalent power of subcarrier pair  , we assume that  ( )      
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, substituting this 

into (18) the corresponding ECG       ( )̂  is given by 
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The achievable capacity on the  -th subcarrier pair (5) can be formulated as a simple 

close-form expression  
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Substituting the capacity expression (20) to (13), the considered problem becomes a 

convex optimization problem. The derivative of (13) with respect to     
 ( ) is given by 
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Using a similar approach we can get the optimal       
 ∗ ( ) that should satisfy 
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The power allocation (22), (23) can be regarded as a multi-level water-filling scheme as 

the water levels of different users can be different. And the water levels of (22) (23) are 

determined by      𝜆  and      𝜇    respectively. 

After the optimal transmit power value is derived, the problem (6) is a function of 𝝀 𝝁. 

Parameters 𝝀 and 𝝁 can be obtained by sub-gradient method iteratively. 
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                                         (27) 

where 𝑡 is the iterative times, 𝜃(𝑡) and 𝛩(𝑡) represent the step size which are equal to a 

small positive real number or update as  𝜃(𝑡)  
𝛼

𝑡
,  𝛩(𝑡)  

𝛽

𝑡
 [7] where 𝛼 𝛽  are 

constants. ∆𝜆  and ∆𝜇    are gradients stated in (26) and (27). 

The first and second layer sub-problems can be interpreted as the optimal resource 

allocation of single-cell scenario. The optimal resource allocation processing is summarized 

as follows. 

Algorithm I: Optimal resource allocation 

𝕤 . Initialize     
 ( )    / ,       

 ( )    /  ,       ( )             

●Find the optimal       ( ) 

For    ：  

For    ：   

(     )=  𝑟    ̂        ( ) 

End 

End 

𝕤 . Initialize loop number, 𝝀 𝝁; 

●Find the optimal       
 ( )     

 ( ) 

For 𝑗   ：loo  nu ber 

Calculate     
 ( ) and       

 ( ) by using (22), (23) respectively          

Update 𝜆 𝜇 base on (25) and (26) separately; 

Until convergence or 𝑗  loo  nu ber 

End 

3.3 Semi-Distribution Solution 

The resource allocation of relay-enhanced multi-cell OFDM systems can be classified into 

two categories [16]: centralized resource allocation and distributed resource allocation. 

Centralized means that there exists a central controller gathers all the information and 

feedback required from all the BSs and performs global resource allocation. Meanwhile, a 
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scheme may be considered as distributed if each cell individually performs its own resource 

allocation based on local information and perhaps aided with some inter-cell information. 

Distributed resources allocation can avoid frequent and complex signaling interaction among 

different cells, which can help to solve the difficulty of implementation for centralized in the 

large-scale communication network. However, there seems to be no agreement in the 

literature on the use of the terms “centralized” and “distributed”. This paper uses a 

semi-distributed resources allocation scheme, for we regard the co-channel interference 

caused by adjacent cells as noise in the previous section. This can help prevent frequent and 

complex signaling interaction to realizing distributed processing. However, it also makes 

power information of each cell lost at the same time. As a result BSs can’t coordinate to 

reduce the influence of inter-cell interference. So this section will concentrates on the solving 

of the third level problem——taking into account of the dynamic inter-cell interference 

caused by adjacent cells and redistributing resources to further improve system performance. 

The mathematical expression is given by 

   
𝑷𝒔

∗ 𝑷𝒓
∗  𝐼𝑙 𝑚

  𝐼𝑙 𝑚 𝑘
 

∑ ∑ ∑ ∑            ( )

 

   

 

   

 

   

 

   

                                           (28) 

where 𝑷𝒔
∗ 𝑷𝒓

∗  are the transmit power allocation vectors for subcarriers at BS and relay nodes 

which can get from the analysis of Algorithm I. 

In a word, the third sub-optimization problem combines Algorithm  I with inter-cell 

interference coordination process to reduce the influence of interference. Based on the 

analysis of the previous sections the resource allocation algorithm of this paper can be 

summarized as Algorithm II. 

Algorithm II: A semi-distribution resource allocation for relay assisted multi-cell OFDM 

networks 

𝕤 . Initialize      , the maximum inter-cell loop number ℕ 

𝕤 . Repeat inter-cell loop 

𝕤 . Initialize      
 ( )    / ,       

 ( )    /  ,       ( )             

●Find the optimal       ( ) 

For    ：  

For    ：   

(     )=  𝑟    ̂        ( ) 

End 

End 

𝕤 . Initialize intra-cell loop number 𝕞, 𝜆 𝜇; 

●Find the optimal       
 ( )     

 ( ) 
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For 𝑗   ：loo  nu ber 

Calculate     
 ( ) and       

 ( )using (22), (23) respectively         ; 

Update 𝜆 𝜇 base on (25) and (26) separately; 

Until convergence or 𝑗  𝕞 

End 

𝕤 . Each cell takes into account of the dynamic inter-cell interference caused by adjacent 

cells and redistributes resources. Until convergence or inter-cell loop number equals ℕ. 

4. Simulation Results and Analysis 

We use simulation results to show the performance of the proposed semi-distributed resource 

allocation. In our simulations we use the Okumura-Hata model:  (𝑑)   37.74  35.22 𝑑𝐵 

to measure path loss where 𝑑 (k ) is the distance between two nodes. We consider 

frequency-selective channels which can be defined in the time domain 

by ℎ(𝑡)  ∑ 𝛼( )𝛿(𝑡 −  𝑇/ ) − 
𝑝  , where 𝛼( ) is the complex amplitude of the  -th path, 

𝑃 the number of channel taps and 𝑇 the OFDM symbol interval. We assume that all taps 

are subject to Rayleigh fading  𝛼( )~  (   /𝑃) . The additive white Gaussian noise 

(AWGN) variance    of each subcarrier is the same. 

4.1 System Throughput Analysis 

The number one to seven cells in Fig. 1 compose a system names cluster, this subsection 

using the weighted rate of this cluster as the basis for comparison. Simulation parameters for 

system capacity analysis are given in Table 2. 

 

Table 2. Simulation parameters for system capacity analysis 

Parameters Values Parameters Values 

Transmit power of BS     

(dbm) 

35 Transmit power of RS      

(dbm) 

35/2 

Radius of each cell  

(Km) 

1 Radius of each relay circle 

(Km) 

0.5 

Cell number of every 

cluster 

7 Relay number/cell 3 

Number of subcarrier 128,64 User number   /cell  [3 4 5 6 7 8] 

Priority value of users 1    (dbm) -128 
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Fig. 2. System throughput versus user 

number  of each cell, the total subcarrier 

number    28  

Fig. 3. System throughput versus user 

number  of each cell, the total subcarrier 

number   64

 

Fig. 2 and Fig. 3 illustrate the cluster system (seven cells) capacity versus different user 

number of each cell. We compare our resource allocation algorithm with resource allocation 

method of [12] and [14] under different subcarrier number   and different user number 

  of each cell. It is clearly show that the method we propose in this paper can provide a 

significant performance improvements compared with the scheme of [12], about 15% when 

the use number of each cell is 4 or 5, because the method of [12] can only give a lower 

bound for the original problem and the proposed algorithm uses optimal power allocation 

solution which can utilize limited resources more effectively under the power constraints of 

base stations and relay nodes. The performance of our algorithm is still better than [14], for 

[14] only allow each user connect with one fixed relay which cannot make full use of space 

diversity.  

On one hand, seven-cell system capacity is increasing with the increase of total user 

number in every single cell. On the other hand, increasing the total subcarrier number can 

help enhance system capacity to some extent for the three different algorithms, which can be 

conclude by comparing simulation results Fig. 2 and Fig. 3. 

4.2 Convergence Performance Analysis 

The proposed power allocation algorithm can be divided into multi-level water-filling and 

cyclic iteration two parts. Through the analysis of 𝜆 𝜇  we can get system iterative 

convergence performance. Fig. 4 to Fig. 6 are system convergence performance versus 

number of iterations. The decision conditions for convergence are as follows 

|𝜆(𝑡) − 𝜆(𝑡 −  )|  ∆                                                                  (29) 

|𝜇   (𝑡) − 𝜇   (𝑡 −  )|  ∆                                                       (3 ) 
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where ∆ is a nonnegative constant; 𝜆(𝑡) and 𝜇   (𝑡) have the same meaning as previous 

introduction. Table 3 gives the related simulation parameters for convergence analysis. 

Table 3. Simulation parameters for convergence analysis 

Parameters Values Parameters Values 

Transmit power of BS     

(dbm) 

30 Transmit power of RS     

(dbm) 

   /2 

Radius of each cell  

(Km) 

2 Radius of each relay circle 

(Km) 

1 

Cell number of every 

cluster 

7 Relay number/cell 3 

Number of subcarrier 128 User number   /cell  [3 4 5 6 7 8] 

Priority value of users 1    (dbm) -128 

 

 

 Fig. 4. Lagrange multiplier 𝜆 versus iterations  

 

Fig. 5. Lagrange multiplier 𝜇 versus iterations in 

algorithm of [12] 

 

Fig. 6. Lagrange multiplier 𝜇 versus iterations in 

proposed algorithm
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  Fig. 4, Fig. 5 and Fig. 6 are different system convergence performance versus number of 

iteration times. λ is the Lagrange multiple vector associated with the individual BS power 

constraints. μ is the Lagrange multiple vector corresponding to the relay power constraints. 

By changing the nonnegative constant ∆ in convergence conditions (29) (30) reasonably, the 

convergence time of system can be reduced. In addition, convergence can represent system 

time delay to some extent which means that when the algorithm convergence is good, the 

delay of system is relatively small. Carefully analysis the trends of the curves in the three 

pictures, we can find that the convergence performance of the proposed algorithm is slightly 

better than the algorithm of [12] for our curves tend to be gentle faster. Convergence 

performance analysis indicates the realizability of the resource algorithm we proposed in this 

paper. That is, convergence speed will not bring troubles to the process of system resource 

allocation.  

4.3 Fairness Performance Analysis 

This part we will give an analysis for system fairness performance, according to the author’s 

acknowledge that most of the existing research works have taken into account of user fairness 

by using the following two schemes: ①Proportional fairness scheduling, that is in the 

process of subcarrier allocation not only consider system capacity maximization but also 

consider the edge users requirements; ②QOS (Quality of system) constraints which adds the 

minimum rate requirements for specific users in the original target function. We use a more 

concise way to achieve system fairness by regulating the priority values of different users. 

The related simulation parameters for fairness performance analysis are given in Table 4. 

Table 5 represents the different user weights schemes. 

Table 4. Simulation parameters for fairness performance analysis 

Parameters Values Parameters Values 

Transmit power of BS    (dbm) 30 Transmit power of RS    (dbm)    /2 

Radius of each cell (Km) 1 Radius of each relay circle (Km) 0.5 

Cell number of every cluster 7 Relay number/cell 3 

Number of subcarrier 128 User number   /cell  5 

Priority value of users Table 5    (dbm) -128 

 

Table 5. Users weights schemes 

Weights schemes     , subcarrier matching 

Algorithm 1 [0.8 ,0.8 ,1.4 ,1.4 ,1.4], with subcarrier matching 

Algorithm 2 [0.8 ,0.8 ,1.4 ,1.4 ,1.4], without subcarrier matching 

Algorithm 3 [1.4 ,1.4, 0.8 ,0.8 ,0.8], with subcarrier matching 

Algorithm 4 [1.4 ,1.4, 0.8 ,0.8 ,0.8], without subcarrier matching 

Algorithm 5 [1 ,1 ,1 ,1 ,1], with subcarrier matching 

Algorithm 6 [1 ,1 ,1 ,1 ,1], without subcarrier matching 
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Fig. 7. User average transmission rates under different weight schemes.  

Fig. 7 depicts user average transmission rates under different weight schemes, there are 

five users in each single cell. Ordinate illustrates average transmission rate of users with the 

same weight coefficient of the seven-cell system. Abscissa indicates different user number. It 

is shown that algorithms with subcarriers matching performance better than schemes without 

subcarriers pairing. However, capacity increasing that the subcarriers matching can bring is 

limited because power allocation algorithm of this paper is the optimal scheme. At the same 

time users with heavier weights coefficient have higher capacity than these with lighter 

weights. When all user weights are 1, the average transmission rates of different users are 

almost the same. Therefore, it can be concluded that by regulating the priority values of 

different users reasonably the fairness of system can be achieved. 

5. Conclusion 

In this paper, we present a study on resource allocation for relay assisted multi-cell OFDM 

networks, deduce an optimization model under the power constraints of source and relay 

nodes, formulate resource allocation as a joint interference coordination and carrier, power 

distribution problem and propose a semi-distributed resource allocation algorithm. Through 

dividing the original optimization into three sub-optimization problems, we transform the 

original BNLP into standard convex optimization problem. By the application of dual 

decomposition approach, water-filling theorem and iterative power allocation algorithm we 

get the optimal solution of the primal problem finally. Meanwhile, by regulating the priority 

values of different users reasonably the fairness of system can be achieved. The proposed 

scheme is easy to operate which can help to solve the difficulty of implementation for 

centralized algorithms in the large-scale communication network. 
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