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Abstract 
 

Coordinated multiple points transmission and reception (CoMP) technology is used to 
mitigate the inter-cell interference, and increase cell average user normalized throughput and 
cell edge user normalized throughput. There are two kinds of radio resource schedule 
strategies in LTE-A/5G CoMP system, and they are called centralized scheduling strategy and 
distributed scheduling strategy. The regional centralized scheduling cannot solve interference 
of inter-region, and the distributed scheduling leads to worse efficiency in the utilize of 
resources. In this paper, a novel distributed scheduling scheme named 9-Cell alternate 
authorization (9-CAA) is proposed. In our scheme, time-domain resources are divided 
orthogonally by coloring theory for inter-region cooperation in 9-Cell scenario [6]. Then, we 
provide a formula based on 0-1 integer programming to get chromatic number in 9-CAA. 
Moreover, a feasible optimal chromatic number search algorithm named CNS-9CAA is 
proposed.  In addition, this scheme is expanded to 3-Cell scenario, and name it 3-Cell alternate 
authorization (3-CAA). At last, simulation results indicate that 9/3-CAA scheme exceed All 
CU CoMP, 9/3C CU CoMP and DLC resource scheduling scheme in cell average user 
normalized throughput. Especially, compared with the non-CoMP scheme as a benchmark, the 
9-CAA and 3-CAA have improved the edge user normalized throughput by 17.2% and 13.0% 
respectively. 
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1. Introduction  

With a growing demand to support larger throughput with higher spectral efficiency in 
mobile networks, Multiple Input Multiple Output (MIMO) and Orthogonal Frequency 
Division Multiplexing (OFDM) have been introduced in the Third Generation Partnership 
Project (3GPP) Long Term Evolution Advanced (LTE-A) transmission and reception system 
and have been studied widely in 5G [1]-[3]. As one of the key technology in LTE-A/5G, the 
Coordinated Multiple Points (CoMP) technology has been initiated as an effective way to 
mitigate the inter-cell interference as well as increase cell average and cell edge throughputs in 
3GPP Release 11 [3-6]. 

CoMP transmission techniques are divided into two categories: Joint Processing (JP) and 
Coordinated Scheduling/Beamforming (CS/CB), as shown in Fig. 1. Data are available at each 
cell in CoMP cooperating set in JP while data are only available at serving cell in CS/CB [2]. 
Information exchange between CoMP nodes will lead extra time delay inevitably, which 
reduces the cooperative gain. The key issues of CoMP technology contain three aspects: 
transmission and reception, power allocation, radio resource allocation and scheduling. So, the 
radio resource allocating and scheduling strategy is essential to improve system performance 
especially in CoMP-JP system [2]. 
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Fig. 1. CoMP transmission technology 

 
In this paper, we only consider inter-region CoMP scenario. There are two kinds of radio 

resource scheduling strategies in it: (1) the centralized global scheduling; (2) the distributed 
local scheduling [7]. Fig. 2 depicts the two types of strategies.  
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(a) The centralized global scheduling method (b) The distributed local scheduling method
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Fig. 2. Radio resource scheduling strategies in downlink CoMP transmission 

 
In the current works, centralized scheduling methods usually have one Central Unit (CU) 

and a corresponding cooperation set. The cooperation set is composed of a pre-fixed number 
of evolved NodeBs (eNBs), which is not only used for reduce the cost and processing capacity 
of CU, but also keep CU collects all users channel state information (CSI) and allocate 
resource blocks (RB) to evolved eNBs efficiently. When CU selects eNBs for transmitting the 
users’ data cooperatively, and they connect all eNBs in the cooperation set with high-capacity 
and low-latency links. Thus, users can get the best cooperative resources. At the same time, the 
inter-cell interference (ICI) was mitigated within a cooperation set [6]. In order to make CU 
eliminates ICI more effectively, many novel methods have been studied [3][8]. In [8], Dario et 
al. innovatively utilized the advantage of cloud radio access network (C-RAN) architecture to 
mitigate the bandwidth-limiting ICI problem. This method is more dynamic and 
power-efficient than the traditional methods. During handover (HO) scenario, LTE-A/5G 
implement hard HO which requires a single connection for each user at any time. In [3], 
Maissa et al. proposed a HO algorithm based on CoMP joint transmission scheme in order to 
minimize the ICI problem and enhance the average throughput. Graph theory is also used for 
the reduction of interference in LTE-A network [9]-[11]. In [9], Chang et al. proposed a 
method to solve multi-cell OFDMA downlink channel assignment. The method consists of 
two phases. ICI reduction was mapped to the MAX k -CUT problem, and then solved it in the 
first phase. Channel assignment was conducted by taking into account instantaneous channel 
conditions in the second phase. In [10], interference graph (IG) is constructed by Tang et al. in 
which the vertexes represent Macro User (MUE) and femtocell. The purpose is to reduce the 
interference both MUE and femto user. Therefore, a dynamic spectrum assignment algorithm 
called hybrid clustering based on interference graph (HCIG) was proposed, in which the 
optimal clustering problem was constructed as a MAX k -CUT problem, and then a heuristic 
algorithm was given. Based on the results, a resource allocation scheme was given. In [11], the 
uplink resource allocation problem was modeled by Alexis et al. as the weighted fractional 
coloring problem (WFCP) in terms of graph theory, and a heuristic algorithm was proposed to 
obtain a solution in reasonable time. But, this paper does not consider distributed algorithm, 
user priority needs and traffic prediction. Fairness is another important factor. In [12], equal 
rate (ER) networks had been worked from G.J. Foschini et al. to guarantee users fairly. In [13], 
Han et al. proposed dynamic resource allocation (DRA) algorithm to get higher throughput 
than soft frequency reuse (SFR) and get fairness. In [14], Wang et al. proposed the scheme was 
called quantized time-domain compressed feedback (QTDCF). The scheme achieved higher 
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performance improvement compared with existing feedback schemes. However, centralized 
methods cannot solve the ICI among many CSs. Therefore, the distributed method will come 
into being. Compared with centralized scheduling methods, distributed scheduling methods 
provide more flexibility, fairness, and higher network stability. The computational complexity 
and cost are also lower. The cooperative gain can be improved by better negotiations between 
eNBs before resource allocation. 

Based on the eNBs whether are in a same CS or not, we notice that the existing works of 
distributed scheduling methods were divided into three types: static CS, semi-dynamic CS and 
dynamic CS. For static CS method, in [15], Sivarama Venkatesan defined a static coordination 
cluster as a subset of base stations, which had been proved to improve the spectral efficiency 
of cellular systems. The author highlighted the dependence of the user rate distribution on the 
number of rings of neighbors with which each base station is coordinated, as well as the 
underlying signal-to-noise ratio (SNR) distribution in the network. For semi-dynamic CS 
method, in [16], Zhou et al. proposed a distributed scheduling method, it was modified from 
Round Robin (RR) scheme for UE-specific CoMP. The conflict resource and the rest resource 
were reallocated by this method. However, the cooperative gain will decreased, and even 
worse than some centralized scheduling methods in some cases. In the studies of distributed 
scheduling schemes, the orthogonal division of resources in time-frequency domain was 
studied to avoid resources scheduling conflicts in order to reduce negotiation [7]. Compared 
with semi-dynamic CS and static CS, dynamic clustering approach outperforms static 
coordination schemes with much larger cluster sizes and enhances the fairness of the system. 
For dynamic CS method, in [17], Agisilaos Papadogiannis et al. described a novel dynamic 
greedy cooperating algorithm for the formation of the clusters of cooperating BSs is presented 
for a cellular network incorporating Multi-Cell Cooperative Processing (MCP). This 
algorithm is better than some static coordination schemes. But, in dynamic CS method, the 
negotiation would lead to more interaction time delay and signaling overhead [16]. Especially 
in [18], Zhou et al. evaluated the effect backhaul and interaction delay on the overall system 
performance. 

The conclusion is that distributed scheduling methods will degrade with the rise of time 
delay and the negotiation becomes more complex. Thus, there are some studies to combine 
two kinds of methods. In [19], Yang et al. developed the method by deriving two kinds of IG 
which were called enhanced interference graph (EIG) and simplified interference graph (SIG). 
Then, they proposed both centralized algorithms and distributed algorithm to reduce the 
interference for the LTE-A uplink resource allocation. The throughput and fairness are better 
in centralized global scheduling, but the cost is higher. In [20], for the purpose of maximizing 
total downlink throughput of all edge users, Fu et al. according to each edge user of reference 
signal received power, they proposed two efficient transport scheme to select physical RB for 
edge user from the cooperative BS. One scheme was distributed, and the other one was 
centralized. After that, the authors also took the interference into consideration and proposed a 
non-cooperative game power allocation scheduling method. 

Our main contributions are summarized as follows: 
1) We propose a resource scheduling scheme which is called 9-Cell alternate authorization 

(9-CAA). Based on 9-CAA, we define region interference graph coloring (RIGC) method. 
And then, utilizing 0-1 integer programing method, we formulate an optimum formula to 
evaluate cooperative gain in the system under RIGC. 
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2) We give some theorems to simplify the optimum problem. In order to find a feasible 
optimal solution to solve RIGC under 9-CAA with lower computational complexity, we 
propose a chromatic number determination algorithm which is called CNS-9CAA. 

3) We implement our scheme on a LTE system level simulation platform and compare it 
with some other schemes. The simulation result shows that the performance of our scheme is 
better than some other schemes with larger cooperative area, more fairness and less 
negotiation. 

The rest of this paper is organized as follows: Section 2 provides a system model. Then, we 
give a general description and propose a resource scheduling scheme named 9-CAA based on 
RIGC in Section 3. In Section 4, we proof some theorems to simplify the optimum problem 
and find an optimal solution under 9-Cell scenario. Numerical results to compare this 
proposed scheme with the current schemes are given in Section 5 and followed by conclusion 
in Section 6. 

2. System Model 

2.1 9-Cell Scenario of LTE-A CoMP-JP SYSTEM 
In this paper, we consider a CoMP-JP system model based on 9-Cell scenario which is 
considered as the baseline and recommended by 3GPP [6] as shown in Fig. 3. The CoMP 
under homogeneous network with 9 high Tx power remote radio heads (RRHs). The 3 eNBs 
are controlled by a CU. There are intra-site and inter-site CoMP within a 9-Cell region, and 
were considered by [6]. In this paper, we consider additional inter-region CoMP between 
different 9-Cell regions in the proposed scheme. Hence, the CU needs full CSI of its regional 
internal and between. 
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Fig. 3. 9-Cell scenario of LTE-A CoMP-JP system 

2.2 SINR Comparison of Non-CoMP and COMP-JP 
In non-CoMP scheme, it assumes UE is under eNB 1 (denoted as 1eNB ) and receive signals 
from it, receive interference from eNB 2 and eNB 3 (denoted as 2eNB  and 3eNB ). Assume 

iH  is the channel gain from ieNB  to UE, 1P  is the signal transmitted at 1eNB , 2P  and 3P  are 
the interference transmitted at 2eNB and 3eNB , iW  is the precoding matrix at ieNB , N  is 
noise at the UE. So, the signal-to-noise-plus interference ratio (SINR) of UE in non-CoMP 
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was expressed as (1) [22]. 

 
2

1 1 1
2 2

2 2 2 3 3 3
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H W P H W P N
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+ +
 (1) 

But in CoMP-JP scheme, 2eNB  and 3eNB  compose a CoMP cooperating cluster, wherein UE 
are served by these 3 eNBs. So, the SINR of each UE in CoMP-JP was expressed as (2) [22].  
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+ +
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It can be seen that CoMP-JP scheme has a better SINR than the non-CoMP scheme obviously. 

3. 9-Cell Alternate Authorization Resource Scheduling Scheme and 
Problem Formulation 

3.1 9-Cell Alternate Authorization Resource Scheduling Scheme 
In Fig. 4, we give an example to show the main idea of 9-Cell alternate authorization (9-CAA) 
scheme. We define some conceptions in the scheme at first: 
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Fig. 4. An example of our resource scheduling scheme 

 
Centralized Region (CR): A region is a CR that the CU uses the centralized scheduling 

method to allocate radio resources and conduct intra-CR CoMP. 
Color: All CRs are assigned with a kind of color to distinguish orthogonal resources by 

different time slots. 
Granted Region (GR): GR is a kind of CR that CU of itis granted to schedule resources of 

neighboring CRs. 
Non-Granted Region (NGR): NGR is a kind of CR when resources of GR have been 

retake. 
Blank Region (BR): BR is a kind of CR that cannot be granted at any time slot. 
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Cooperation: eNBs cooperation by three ways in our scheme: intra-CR, one-way inter-CR 
and two-way inter-CR. 

Intra-CR Cooperation: eNBs cooperation in one CR as intra-CR cooperation. 
Inter-CR Cooperation: eNBs cooperation between different CRs as inter-CR cooperation. 

It is divided two kinds: one-way and two-way inter-CR cooperation. In both of them, CU of 
GR is granted schedule resources of BRs. Especially, in two-way inter-CR cooperation, CU of 
GR is granted schedule resources of each other. 

Based on the definitions above, the cooperation scheduling is described as follows: 
Phase 1. The division of time slots. 
We divide resources by orthogonal in time slots. After that, we assigned a kind of color to 

each CR to avoid resources scheduling conflicts. When the resources of some CRs are used in 
same time slots, these CRs are assigned with same colors. The number of color is equal to time 
slots. 

Phase 2. The resource scheduling process in a time slot. 
GRs and NGRs are alternatly scheduled with time slots by RR scheme. 
a. GRs 
In GRs, the CU schedules the resources of their own for non-CoMP and intra-CR CoMP 

users, and schedules the resources of their neighbor NGRs and BRs for inter-CR CoMP users. 
When a CU works, it collects users’ information under it and allocates resources by 
high-efficiency scheduling methods such as Score Based (SB) [23]. For example, in Fig. 4, if 

2R  is granted, the CU in 2R  schedule resources of 5eNB  in 3R  for 2UE  to inter-CR CoMP. 
b. NGRs and BRs 
NGRs and BRs will wait until getting resource occupy and transmission information from 

their neighbor GRs. After that, the remain resources are scheduled for their own users. 
Especially, we allow cooperation from eNBs in NGRs or BRs to eNBs in GRs, and name this 
scheduling method as Agent-Scheduling (AS). In AS, the CSI of inter-CR CoMP users are 
transmitted to GRs. For example, in Fig. 4, the CU of 4R  schedules resources by intra-CR 
CoMP for 4UE  and by non-CoMP for 3UE  after getting scheduling information from 1R  and 

2R . In addition, 1UE  in 2R  and 5UE  in 4R  use AS to schedule resources which in 3R . 
After cooperative scheduling, the system will go into next time slot. 

3.2 Problem Formulation 
It can be seen that the SINR will increase because of the interference is mitigated by CoMP 
technology. We use the interference from eNB i  to eNB j  ( ), =1,2,i j   to evaluate the 
cooperative utility, denoted it by ,i jp . Thus, the cooperative utility of eNB-to-eNB 
represented by ,i je  is given by (3): 

 ( ) ( ), , , , , , , , ,
1 1

i j i j i j i j i j j i i j i j j ie x p y p p z p p
T T

α β= + + + +  (3) 

In equation (3), the value of , ,,i j i jx y  and ,i jz  are respectively from { }1,0  denote the 
cooperation is existing or not. ,i jx  denotes the internal cooperation between eNB i  and j . 
Also, ,i jy  is interpreted as the one-way inter-CR cooperation from eNB i  and j . Similarly, 
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,i jz  is interpreted as the two-way inter-CR cooperation of between eNB i  and j  in different 

time slot. Assume there are B ( )=1,2,B   eNBs in one CR. Moreover, we assume the number 
of time slot is T  ( )=1,2,T  , α  and β  are represent the impact factors of one-way and 
two-way inter-CR cooperation to the utility in the AS method respectively. Because in the AS 
method, interaction delay leads to cooperative going decrease, so 0 1,0 1α β< < < < . 
Especially, as the cellis utilized in one-way, the edge user of it could be cooperated by AS. So, 
there have more affect in this case, therefore α β< . 

Our goal is to determine an optimization model to ensure the effectiveness of collaboration 
by equation (3). It can find the best way to divide the whole system into CRs and collaborative 
approach for Inter-CR. Especially, in order to simplify the optimization problem, we use 
eNB-to-eNB instead of CR-to-eNB. We use graph theory to define a conception in inter-CR 
CoMP as below. 

Region Interference Graph (RIG): Define RIG as a directed graph ,G V A=  where 
vertexes represent entities (i.e., eNBs) which are assigned resources. Two vertexes 

( ), ,i j i j V∈  represent region identity number are linked by an arc ij  ( ij A∈ ) if they have 
interference from i  to j , and weight of ij  represents the interference from j  to i  denoted by 

,i jp .  

And then, we have some properties between them: 
1) , , ,, 1, 0i i i i i ii V x y z∀ ∈ = = = ; 

2) , , , ,, , ,i j j i i j j ii j V x x z z∀ ∈ = = ; 

3) ,, , 1i ji j V y∀ ∈ =  implies , 0j iy = ; 

4) ,i j V∀ ∈  implies , , , {0,1}i j i j i jx y z+ + = ; 

5) , ,, , , 1, 1i j j ki j k V x x∀ ∈ = =  implies , 1i kx = ; 

6) ,, , , 1i ji j k V x∀ ∈ =  implies , , , ,,i k j k i k j ky y z z= = ; 

7) ,i j V∀ ∈  implies ,i j
j

x B≤∑ . 

Region Interference Graph Coloring (RIGC): Let ( )Gχ  colors (corresponding to time 
slots, i.e., ( )=G Tχ ) are available, and they compose the color set L , each color is denoted by 

iL . In addition, we assign 0L  is blank specially. We want to find a coloring scheme of RIG 
which in the period of configured GR grants, maximize the cooperative utility of CR-to-CR 
and model it by a new method that we call it RIGC. It is allowed to use up to ( )Gχ  colors for 
the whole system, but each CR is assigned one color only. Assume there are V  eNBs in 

whole system. And then, we have 
V
B

 CRs in the system (ignore some edge eNBs). Denoted 

iC  represents the color  of CR i . Therefore, there are some properties: 

8) i V∀ ∈  implies { } ( )0 1 1, , , ,i m

V
C L L L L L G

B
χ−∈ = = ≤ ; 
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9) ,, , 1i ji j V x∀ ∈ =  implies i jC C= ; 

10) ,, , , , 0i j i ji j k V C C x∀ ∈ = =  implies , , , , 0i k j k i k j ky y z z= = ; 

11) , , i ji j V C C∀ ∈ =  implies , , , , 0i j j i i j j iy y z z= = = = ; 

12) 0, ii V C L∀ ∈ =  implies , , 0i j i jy z= =∑ ∑ . 

And then, we define ( )( )f Gχ  as the probability of inter-CR cooperate. Therefore, for a 

particular CR, the probability of a GR is given by 
( )
1
Gχ

, so letting ( )( ) ( )
1f G
G

χ
χ

=  when 

( ) 1Gχ ≥ . We have cooperative utility of CR-to-CR in whole system is represented by 

,i j
i j

e∑∑  and given by (4): 

 ( )( ) ( ) ( )( ) ( ), , , , , , , , ,i j i j i j i j i j j i i j i j j i
i j

e x p f G y p p f G z p pχ α χ β= + + + +∑∑  (4) 

We proof RIGC method is better than non-coloring method by Theorem 1 below. 
Theorem 1. The cooperative performance of any coloring scheme ( ( ) 2Gχ ≥ ) is equal or 

better than non-coloring scheme (every CR is assigned blank, e.t., ( ) 1Gχ = ). 

Proof: In the non-coloring scheme, there have ( ) , ,1, 0i j i jG y zχ = = = , and substitute them 
into equation (4), the resource utilize of whole system is expressed as: 

 
( )( ) ( ) ( )( ) ( )( ), , , , , , , , ,

,              .

i j i j i j i j i j j i i j i j j i
i j i j

i j
i j

e x p f G y p p f G z p p

p

χ α χ β= + + + +

=

∑∑ ∑∑

∑∑
 (5) 

When there have ( ) 2,Gχ ≥  the resource utilizes of whole system based on equation (4) is 
expressed as: 

 
( )( ) ( ) ( )( ) ( )( ), , , , , , , , ,

,              .

i j i j i j i j i j j i i j i j j i
i j i j

i j
i j

e x p f G y p p f G z p p

p

χ α χ β= + + + +

≥

∑∑ ∑∑

∑∑
 (6) 

Then, iff , , ,1, 0i j i j i jx y z= = = , the equal sign is established in equation (6), i.e., when 

( ) 2Gχ ≥ , the utility of coloring scheme is larger than non-coloring scheme.  

Therefore, Theorem 1 is proved.                                                                                         □ 
Remark 1. In order to guarantee fairness in CRs scheduling resources, set equal 

opportunity for all CRs. 

Based on the analysis above, the optimal color ( )*Gχ  assignment to highest resource 
utilize of whole system under RIGC is formalized as follows: 

 ( )*
,, 1, ,

arg max i ji j V i j
G eχ

=

 
=  

 
∑∑



 (7) 

subject to 
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 { }, , ,, , 0,1 ;i j i j i jx y z =  (8) 

 , 1i ix = ; (9) 

 , 0i iy = ; (10) 

 , 0i iz = ; (11) 

 , , 0i j j ix x− = ; (12) 

 { }, , 0,1 ;i j j iy y+ =  (13) 

 { }, , 0,2 ;i j j iz z+ =  (14) 

 { }, , , 0,1 ;i j i j i jx y z+ + =  (15) 

 , ;i j
j

x B≤∑  (16) 

 ;iC L∈  (17) 

 , 1i j i jx C C= ⇒ = ; (18) 

 , ,0 0 0 ;i i j i j
j j

C y z
    

= ⇔ = ∧ =         
∑ ∑  (19) 

 ( ) ( ) ( ) ( ), , , , ,0 0 0 ;i j i j i k j k i k j kC C x y y z z= ∧ = ⇒ = ∧ =  (20) 

 ( ) ( ) ( ) ( ) ( ), , , ,0 0 0 0 ;i j i j j i i j j iC C y y z z= ⇒ = ∧ = ∧ = ∧ =  (21) 

 , , 1,2,3, ,i j k V=  ; (22) 

 1α β< < . (23) 

4. Problem Solution Under the Particular CoMP Scenario 

4.1 Simplify the Objective Problem 
In this section, we analyze the utility maximization problem and prove the following theorems 
to simplify the objective function.  

The global optimum is obtained by a collection of sub-optimum under different values of 
( )Gχ . Each sub-optimum is resolved by 0-1 integer programming under different value of 

( )Gχ . However, the exhaustion method is too complex to get the optimum. So we elaborate 
three properties of the proposed scheme, and then we characterized them by the following 
theorems to obtain a simplify method to decrease computational complexity.  

Theorem 2. For a coloring scheme, the cooperative utility , ,i j j ie e+  gets maximum when 
CR i  and j  implement intra-CR cooperation.  

Proof: If CR i  and j  implement intra-CR cooperation, based on the notion of RIG and 
properties, we have ( ), , , , , ,1, 0, 1i j j i i j j i i j j ix x y y z z Gχ= = = = = = = . Then, substitute them 
into equation (3), we have 
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 , , , ,i j j i i j j ie e p p+ = + . (24) 
Similarly, if eNBs implement one-way inter-CR cooperation from i  to j , we have 

( ), , , , , ,1, 0, 2i j i j j i j i i j j iy x x y z z Gχ= = = = = = ≥ , then 

 ( )( )( ), , , , , ,i j j i i j j i i j j ie e f G p p p pχ α+ = + < + . (25) 

If eNBs implement one-way inter-CR cooperation from j  to i , we have 
( ), , , , , ,1, 0, 2j i i j j i i j i j j iy x x y z z Gχ= = = = = = ≥ , then 

 ( )( )( ), , , , , ,i j j i i j j i i j j ie e f G p p p pχ α+ = + < + . (26) 

If eNBs implement two-way inter-CR cooperation between i  and j , we have 
( ), , , , , ,1, 0, 2i j j i i j j i i j j iz z x x y y Gχ= = = = = = ≥ , then 

 ( )( )( )( ), , , , , ,1i j j i i j j i i j j ie e f G p p p pχ β+ = + + < + . (27) 

Thus, the cooperative utility of each other under inter-CR cooperation in any case are less 
than intra-CR cooperation. 

Therefore, Theorem 2 is proved.                                                                                         □ 
Remark 2. If the size of a CR is infinite, i.e., constraint (16) in section 3.2 is untenable, the 

cooperative utility will gets maximum because all eNBs are in the same CR, which guarantee 
the cooperation of any two eNBs is internal, i.e., if two eNBs cooperation by intra-CR or 
inter-CR in the optimization process, they priority select intra-CR. 

Theorem 3. For any coloring scheme, the upper bound of the cooperative utility is 
obtained when the cooperation between any two eNBs of different CRs are two-way inter-CR 
cooperation. 

Proof: We assume V V′ ⊆ , V ′  represents the eNBs which from intra-CR to two-way 
inter-CR. 

If V ′ = ∅ , i.e., all eNBs are in a same CR, they implement intra-CR cooperation with each 
other. 

If V V′ ⊂ , and then ,a b V ′∀ ∈ . Based on theorem 2, we know that is the upper bound of 
the whole system. The utility of this case is expressed as equation (28). 

 , ,a b a b
a b a b

e p=∑∑ ∑∑ . (28) 

If V V′ = , the system is divided into B -eNB CR and change cooperation from intra-CR to 
two-way inter-CR based on the cooperative principles in section 3.1. In this case, 

, , 0,i j i jx y= =  0α β= = . And then, the whole cooperative utility in system by two-way 
inter-CR cooperation is expressed as equation (29). 

 ( )( ), ,a b a b
a b a b

e f G pχ=∑∑ ∑∑ . (29) 

Base on equation (28) and (29), the cooperative utility of decrease is denoted by ∆ , and 
then describe it as equation (30).  

 ( )( ) ( )( )( ), , ,1a b a b a b
a b a b a b

p f G p f G pχ χ∆ = − = −∑∑ ∑∑ ∑∑  (30) 
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Because of the value of equation (28) is permanent. When equation (29) gets maximum, 
i.e., the cooperation between any two eNBs of different CR are two-way inter-CR cooperation, 
equation (30) will gets maximum value at the same time. 

Therefore, Theorem 3 is proved.                                                                                         □ 
Remark 3. If two eNBs with different colors cooperation by inter-CR, they priority select 

two-way inter-CR. 
Theorem 4. The cooperative utility function is monotone decreasing function when ( )Gχ  

increasing. 
Proof: We consider the scenario under section 2.1, there are two constraints in the 

scenario:  
1) 3B = , i.e., there are 3 eNBs in a CR except some edge CRs. From theorem 1, we have 

the division of CRs is optimal in this case. We assume the system area is large enough, and we 
will not take the non-9-Cell CRs into consideration.  

2) Neighbor CRs are in different colors and there nonexistence BRs. Different color CRs 
are authorized in turn with the time slots by RR, and the authorized probability is equal.  

Assume there are 
V
B

 CRs in the system and transmission conditions are same (i.e., ,i jp  

are same, hence we use p  instead of ,i jp ). For 3B = , every eNB have intra-CR cooperation 
with 2 eNBs nearest and inter-CR cooperation with 4 eNBs nearest. From theorem 3, we have 
the upper bound function of ( ) 2Gχ ≥  is denoted as ( )( )E Gχ  and thenexpress it as (31): 

 ( )( )
( )
( )

( )( )
( )

4 1 2 2 2
2

3

V
p p V GV BE G p

B G G

α χ α
χ

χ χ

+ + +
= + = . (31) 

The derivative of equation (32) is: 

 
( )( )
( )

( )
( )( )2

d 4 1
0

d 3

E G p V
G G

χ α
χ χ

+
= − <  (32) 

Therefore, the upper bound function is monotone decreasing function. 
Therefore, Theorem 4 is proved.                                                                                         □ 
Based on the theorems above, we produce a feasible algorithm named Chromatic Number 

Search Algorithm Base on 9-CAA (CNS-9CAA) to get the optimal solution:  
 

Algorithm 1. Chromatic Number Search Algorithm Base on 9-CAA (CNS-9CAA).  
Initialization: Set chromatic number ( ) 1Gχ = . 

Step 1: Set ( ) ( )* 1G Gχ χ= + . 

Step 2: Calculate the upper bound optimum base on equation (31) under ( )*Gχ . 

Step 3: If the upper bound under ( )*Gχ  is feasible, return to Step 1; otherwise, set 

( ) ( )* *= -1G Gχ χ , 
end. 
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4.2 An Optimal Solution Under the CoMP Scenario 
We implement CNS-9CAA in section 4.1 to produce the optimal solution in this scenario: 

When ( ) 2Gχ = , based on equation (9) to (11), we cannot guarantee that the colors of any 
two neighbor CRs are different or there are no BRs in the system. Thus, we cannot find a 
feasible solution when ( ) 2Gχ = .  

When ( ) 3Gχ = , an unique solution satisfying the above constraints is presented in Fig. 5. 
We find that 1R  and 2R  need to build two-way inter-CR cooperation with 3R . However, the 
resources of 1eNB  in 3R  which are used by CR 1R  and 2R  are overlapped. It cannot satisfy 
the equation (20). Thus, there is no feasible solution when ( ) 3Gχ = .  

 

R2R1 eNB1

R3

 
Fig. 5. A unique color scheme when ( ) 3Gχ =  

 

When ( ) 4Gχ = , based on equation (31), we have a feasible coloring scheme which is 
shown in Fig. 6. It reaches the upper bound of cooperative utility, i.e., 

( )( ) ( ) ( )3
4

3
p V

E G E
α

χ
+

= = . Because the theorem 4, ( )( )E Gχ  is monotone decreasing 

function. Then, we get the global optimum when ( )* 4Gχ = . 

 

 
Fig. 6. An optimal solution of the cooperative utility based CNS-9CAA 
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There are four advantages in this method:  
1) It ensure that each eNB cooperate with the nearest 6 eNBs around it, and its cells are 

intra-CR cooperation or two-way inter-CR cooperation with cells of the 6 neighbouring eNBs. 
UEs of each cell select cooperating nodes from 20 cells. So the cooperative area is large 
enough.  

2) The size of a CR is recommended by 3GPP, and the interaction process is efficient. This 
scheme conveniently deployment with a proper extension of X2 interface.  

3) Negotiation and signal overheads between CRs are reduced effectively compared with 
distributed scheduling methods. 

4) The complexity of CNS-9CAA in terms of running time depends on the cycle times, the 
main calculate only for equation (31). The time complexity of CNS-9CAA is ( )O n , which is 

much better than ( )3O n  of similar work [24]. 

Especially, our scheme can be deployment in 3-Cell Scenario. The 3-CAA scheme is 
similar to the 9-CAA scheme, the difference is that in 3-CAA scheme, there are 3 cells in a CR 
instead of 9 cells. The optimal solution of 3-CAA is shown in Fig. 7. 

 

 
Fig. 7. An optimal solution of the cooperative utility based model for 3-CAA 

 

5. Simulation Results 
We use a LTE-A CoMP simulation platform based on LTE system level simulation platform 
provided by Vienna University of Technical [25]. The simulation scenario consisting of 57 
BSs. We assume that the Inter-eNB distance is 500m. The channel model includes shadow 
fading, macroscopic path loss, and microscale fading. We adapt close loop spatial 
multiplexing (CLSM) as transmission model. Users are scheduled by SB, and then we use full 
buffer as traffic model. For further performance analysis, we classify all users into central and 
edge user, edge user is defined as the 5%-tile user. The main system simulation parameters are 
listed in Table 1.  
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Table 1. System simulation parameters 
Parameters Values 

Carrier frequency 2.0 GHz 
Bandwidth 10 MHz 

Thermal noise density -174 dBm/Hz 
Receiver noise figure 9 dB 

Antennas number 2 2×  
MIMO Single-User MIMO (SU-MIMO) 
Cells 57 cells 

Inter-eNB distance 500 m 
eNobeB Tx power 43 dBm 
Simulation loop 10 100× TTIs 
Shadow fading lognormal, space-correlated, 0, 10( )dBµ σ= =  

Macroscopic path loss ( )10128.1 37.6 log R+  
Microscale fading PedB uncorrelated time-correlated 

Transmission model CLSM 
UE position Homogeneous, 10 UEs/Cell 
UE speed 3 km/h 

Traffic model Full buffer 
User scheduling Score Based 

 
System level simulations are employed to evaluate the practical performance under our 

scheme (9-CAA) and other different resource scheduling scheme.  
1) All CU CoMP: In this scheme, each user is scheduled by a CU only. It is a centralized 

scheduling methods, and as the theory of upper bound. 
2) 9C CU CoMP: This is also a centralized scheduling methods, and it is recommended by 

3GPP. It is deployed in 9-Cell scenario like 9-CAA. 
3) DLC: This is a semi-dynamic distributed COMP scheme. 
4) Non-CoMP scheme. 
Cell average user normalized throughput and edge user normalized throughput are always 

the key factors to evaluate the system performance. We evaluate cell average user normalized 
throughput and edge user normalized throughput of these schemes by cumulative distribution 
function (CDF). The results are shown in Table 2, Fig. 8 and Fig. 9. 

 
 

Table 2. The contrast of throughput between 9-CAA and other resource scheduling scheme 

Scheme Cell average user normalized 
throughput (bits/s/Hz/cell) 

Edge user normalized throughput 
(bits/s/Hz) 

9-CAA 2.8656 0.09798 
All CU CoMP 2.8565 0.09931 
9C CU CoMP 2.8579 0.09021 

DLC 2.7933 0.08780 
Non-CoMP 2.8600 0.08359 
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Fig. 8. CDF of cell average user normalized throughput of Scored Based with 9-CAA and other 

resource scheduling scheme 

 
Fig. 9. CDF of edge user normalized throughput of Scored Based with 9-CAA and other resource 

scheduling scheme 
 

The CDF histogram of cell average user normalized throughput for 9-CAA and four 
considered schemes are given in Fig. 8. In the statistical results of Table 2, it can be seen that 
9-CAA scheme achieve the highest cell average user normalized throughput than the others, 
because it can efficiently improve the edge user normalized throughput. The CDF histogram 
of edge user normalized throughput for 9-CAA and four considered schemes are given in Fig. 
9. From the statistical results of Table 2 and Fig. 9, we see that 9-CAA scheme provides 
higher performance gain in edge user normalized throughput compared with 9C CU CoMP, 
DLC and non-CoMP, and it is only slightly lower than All CU CoMP which is the upper 
bound. The reason is that in 9-CAA scheme, it has inter-CR cooperation. What is more, each 
9-Cell cluster is authorized alternately. Hence, the fairness is promoted especially for edge 
user performance in throughput. The edge user normalized throughput of the scheme is 
improved by about 8.6%, 11.6% respectively when compared with 9C CU CoMP and DLC, 
and improved notably compared with the benchmark scheme, non-CoMP, by 17.2% 
especially.  
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Further, the result in 3-CAA which is mentioned in section 4.2 is shown in Table 3, Fig. 10 
and Fig. 11.  

 
Table 3. The contrast of throughput between 3-CAA and other resource scheduling scheme 

Scheme Cell average user normalized 
throughput (bits/s/Hz/cell) 

Edge user normalized throughput 
(bits/s/Hz) 

3-CAA 2.8780 0.09287 
All CU CoMP 2.8607 0.09897 
3C CU CoMP 2.8598 0.08646 

DLC 2.7805 0.08513 
Non-CoMP 2.8503 0.08217 

 

 
Fig. 10. CDF of cell average user normalized throughput of Scored Based with 3-CAA and other 

resource scheduling scheme 
 

 
Fig. 11. CDF of edge user normalized throughput of Scored Based with 3-CAA and other resource 

scheduling scheme 
 
 

In Table 3 and Fig. 10, we see that 3-CAA scheme also exceed the other resource 
scheduling schemes in cell average user normalized throughput. From Fig. 11, the 
experimental result shows that 3-CAA is also close to All CU CoMP in edge user normalized 
throughput, and improve 13.0% compare with non-CoMP. 
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In general, from Table 2 and Table 3, we compare with the other resource scheduling 
schemes, our schemes under their respective scenario get more benefit from CoMP technology. 
From the analysis in section 4, the extra benefit come from inter-CR cooperation. CUs enable 
the appropriate cluster CRs the ability to cooperate with each other in scheduling the resources 
for the edge users. As a results, compared with 9/3C CU CoMP, DLC and non-CoMP scheme, 
our methods provide higher throughputs of edge users. 

6. Conclusion 
In this paper, we propose a novel cooperative scheduling scheme named 9-CAA. It combine 
the advantages of centralized and distributed scheduling strategies. In our scheme, we divide 
the system into some centralized regions of 9-Cell, and then use the orthogonal division of 
resources in time-domain to authorize centralized regions in turn for CoMP transmission. The 
proper designing of the authorized cycle reduces system complexity and interaction time delay. 
We performance RIG and RIGC as math models by graph theory. Based on RIGC, we 
establish a cooperative utility function in a novel cooperative model, and then formulate the 
optimization  problem by 0-1 integer programming to find optimal chromatic number. But we 
find that it is too hard to find the solution. Then, we use 3 theorems to find a feasible solution 
which is named CNR-9CAA algorithm. At last, we find the optimal chromatic number by 
CNR-9CAA. The simulation results indicate that the proposed scheme is close to the 
centralized global scheduling method in cooperative performance with less negotiation than 
the distributed local scheduling method. In addition, 9-CAA scheme can be extended to the 
3-Cell simply. In our experiment, 3-CAA scheme also outperforms the other schemes. 
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