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Abstract 

In order to solve the problem of supporting resource allocation of D2D in C-RAN 

architecture, Minimum Interference Resource Allocation (MIRA) is proposed by using the 

centralized processing of C-RAN to obtain the mutual interferences among users. The 

proposed scheme takes the minimum aggregation of mutual interferences among users as 

the target to construct the optimization mathematical model, and then to achieve the 

optimal solution. The simulation results show that even though the SINR of D2D users is 

decreased to some extent by adopting the proposed MIRA algorithm, the performance of 

network throughput, the number of connections and the SINR of cellular users are 

improved efficiently compared with other schemes. 
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1. Introduction 

C-RAN architecture supports collaborative communications, energy conservation, 

centralized processing, etc. [1-4], and can achieve D2D communication more easily. 

Our previous work proposes a D2D communication mechanism in C-RAN architecture 

with the characteristics of achieving high data rate, low latency and low power 

consumption, and the research work was published as reference [5]. However, the lack of 

correspondingly resource allocated mechanism causes significant interference between 

users. 

The current resource allocation of D2D mainly focused on the LTE network [6-8], 

studying for resource allocation problems about multi-group D2D users reusing the same 

spectrum resources of the same cellular subscriber. In [6], a resource allocation algorithm 

based on cooperative game is proposed, in [8] a semi-distributed resource allocation 

algorithm is designed. Only intra-cell interference is considered in the single-cell resource 

allocation algorithm, but the inter-cell interference is ignored. The resource allocation 

mechanism in [9] using the Hungarian algorithm to achieve inter cell interference 

coordination, but the mutual interference between D2D users and cellular subscribers is 

not considered. And the characteristic of centralized processing in C-RAN architecture is 

not used adequately. So the study of resource allocation algorithm which D2D users exist 

is meaningful to improve network performance in C-RAN architecture.  

 

2. System Model 

We assume the network of C-RAN architecture consisting of K cells, and each one 

share M resources; the number of cellular users and D2D users in each cell 

is  1, ,k Kc c cC  and  1, ,k Kd d dD , respectively, the number of users per 
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cell can be expressed as: 

k k kn c d                                                                 (1) 

cP 、 dP  is the transmitted power of cellular users and D2D users respectively. So the 

received signal of cellular users c，c C on the m th RB，m M can be expressed as: 

, , , , , ,c m c m c m u u m u m c mc
u

y p g x P g x w


  
cI

                              (2) 

,c mg is the channel gain of user c achieved on the m th RB.  

cI  represents interference user set that interfere with cellular users c . 

,c mx is transmitted data expressed by users c on resource block m . 

,c mw  represents additive white gaussian noise, with the power spectral density 0N . 

uP is transmitted power expressed by user u who is the interfered user of c ,and satisfy 

the following: 

c

u

d

P u C
P

P u D


 


                                                          (3) 

The SINR of user c on resource block m is: 
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The received signal of D2D user d , d D on the m th RB can be expressed as: 
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The SINR of user d on resource block m is: 
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According to Shannon capacity formula, the mR of cellular subscribers, D2D users can 

obtain respectively is the following:  
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which , ,c m d ma a 、 A ,  , , , , ,
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kA is the allocation vector of system RB. 

, km na is binary variable, , 1
km na   presents the kn th  user  in cell k using resource 

block m . 

The sum of system interference is:  
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Here u I ， c dI I I  . 

In order to avoid the same frequency interference in a cell, each RB can be used only 

by a cellular user or a D2D user. Resource block should be allocated to the cellular users 

for uplink and downlink. However, it needs RB which transmits directly for the D2D 

users and each link can get only one RB. The optimization model for resource allocation 

of cellular users, D2D users coexisting in C-RAN architecture is expressed by: 
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The first formula in restrictive condition means that resource block m can only be used 

by a cell user or a D2D user, the second formula ensures that only one resource block can 

be used by user n , the third formula guarantees that  the number of accessed users should 

be less than or equal to the number of resource block. 

 

3. Resource Allocation Mechanism 

Based on the mathematical model above, the Minimum Interference Resource 

Allocation mechanism (MIRA: Minimum Interference Resource Allocation) by using the 

idea of iterative solution is proposed as Figure1. 
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The 

distribution of 

resources C is saved  

and outputted.

Distribution of resource of 

cellular users and D2D 

users is initialized by 

baseband resource pool

System  interference I  is calculated in the case 

of every user under resource distribution C with 

the use of user mutual interference  by baseband 

resource pool

The distributed resource of each user is 

readjusted by baseband resource 

pool,and the  temporary interference I1 is 

calculated respectively.

The temporary interference I1 is compared with the 

System  interference I , selecting user  showing the 

largest difference as the one showing the greatest 

impact to the system interference, and the resource r 

used by the user .

The temporary resource r is readjusted to the 

user who shows the greatest impact to the 

system by base band resource pool, and 

record the system interference as I2.

If I2<I

Rresource distribution C is 

readjusted by baseband resource 

pool, the resource used by the user 

showing the greatest impact is 

replaced by temporary resouce r.

Y

N

 

Figure 1. Flow Chart of Resource Allocation of MIRA Algorithm 

The steps of MIRA algorithm is as the following. 

Step-1.The resource of users is allocated by base band resource pool, the initial 

resource allocation is saved as resource allocation C . 

Step-2. System interference I is calculated according to the mutual user interference 

database which is achieved by the base band resource pool by the interference 

coordination scheme. 

Step-3. Temporary system interference 1I  is calculated when every user takes turn to 

use other resource in base band resource pool. 

Step-4. Compared 1I  with I , select user showing the largest differences as the one 

showing the greatest impact to the system interference and calculate the temporary 

resource r used by the users. 

Step-5. The resource allocated to the user shows the greatest impact on the system is 

adjusted to R and the system interference 2I  is calculated, compare 2I  with I . 

Step-6. If 2I  is less than I , the allocated resource C is updated, then do Step-

2.Otherwise, keep the original base band resource pool distribution system C unchanged, 

and using this resource allocation result to D2D users and cellular users to allocate 

resources. 
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4. Simulation and Performance Analysis 
 

4.1. Simulation Environment 

To investigate the performance of MIRA, a simulation of C-RAN architecture is 

conducted with the help of MATLAB, and both cellular users and D2D users are in the 

system.  The pass loss model of cellular users and D2D users can be expressed as 

10128.1 37.6log ( [ ])d km and 10148 40log ( [ ])d km  
[10] respectively. The number of resource 

block is 14 and the system frequency reuse factor is 1. The transmit power of cellular 

users is 24dbm and the maximum distance of D2D users is 40m. Meanwhile the noise 

power spectral density is -174 dbm/Hz and infinite buffer is chosen as simulation model. 

Related simulation parameters is shown in Table 1. The weights of the same frequency 

interference Wn is 510  [11], the interference outside the range and from non-adjacent cell 

zW is 0. Effective interference in interference range is the signal intensity which received 

by the user who is disturbed. 

Table 1. Simulation Parameters 

Parameter Values 

Number of cells 19 

Cell radius of cells /m 100 

Number of resource block 14 

System frequency reuse factor 1 

Transmit power of cellular users 

/dbm 
43 

Path loss of cellular users 10128.1 37.6log ( [ ])d km
 

Transmit power of D2D users /dbm 24 

Path loss of D2D users 10148 40log ( [ ])d km
 

The maximum distance of D2D users 

/m 
40 

Noise power spectral density 

(dbm/Hz) 
-174 

Simulation model Infinite buffer 

 

The users whose distance of the nearest RRU is more than 20m and the distance 

between the users less than 15m will be chosen as a pair of D2D users. If there are more 

than one users can meet this condition, then randomly selected two users. In the 

simulation process, when the delivery process of RRU is used, the resource block is 

allocated to the uplink and downlink, which is the users to the RRU and the RRU to the 

users respectively, and the system throughput is calculated. When the direct 

communication is used, the resource block only allocated to the direct communication 

link, and the system throughput is calculated too. The number of the users that the system 

supported is the users who has been allocated with resource block.  The physical 

resources of D2D users and RRU forwarding users used is mutually orthogonal, unified 

by a centralized processing baseband resource pool, and the smallest unit of scheduling is 

a RB. 

In this simulation process, we selected that the recent RRU distance is more than 20m 

and the distance between the users is less than 15m of two users as a pair of D2D users. 
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The RB scheduling rule is: when the number of users is smaller than the number of RB, 

the polling distribution is used until assignment of RB is completed; when the number of 

users in the system is greater than the RB number, the saving resource by using D2D will 

be allocated to the users without RB, and the RB assigned the each user is no more than 

one. 

 

4.2 Performance Analysis 

Performance between MIRA and ARA on throughput, access number of users and 

SINR of the users of cellular users and D2D users in C-RAN architecture is compared as 

following. 

1. Throughput 

Figure 2 to Figure 4 shows the throughput CDF graph of using ARA and MIRA 

algorithm. 

As it is shown in the Figure, Figure 2 is the throughput CDF graph of the system, 

Figure 3 is the throughput CDF graph of cellular users while Figure 4 is the throughput 

CDF graph of D2D users. It can be seen from the Figure, the throughput is improved by 

using MIRA more than ARA algorithm, the reason is that in MIRA, the resource saved by 

D2D users is allocated to other D2D users or cellular users, by doing this, more users can 

be accessed into the system, so the throughput of the system, the cellular users and D2D 

users is promoted. 
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Figure 2. The Throughput of System 
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Figure 3. The Throughput of Cellular Users 

2. Access number of users 

Figure 5 is the CDF graph of number of accessed users with the use of ARA and MIRA 

algorithm. 
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Figure 4. The Throughput of D2D Users 
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Figure 5. The Number of Accessed Users 

As it is shown in the Figure, more users can be accessed into the system by using 

MIRA algorithm, this is achieved by allocating the resource which D2D users saved to the 

users without resource, so the number of accessed users is increased. At 50% of the CDF 

graph, the number of system users can be increased by 28, the reason for this is that the 

resource saved by D2D users is allocated to users without resource, so more users can be 

accessed into the system by using MIRA algorithm. 

3. Comparison of SINR of the users  

Figure 6 to Figure 8 shows the SINR graph of the users using ARA and MIRA 

algorithm. 
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Figure 6. The SINR of System Users 
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Figure 7. The SINR of Cellular Users 

-60 -40 -20 0 20 40 60 80 100
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

The SINR of  D2D users(db)

C
D

F

 

 

ARA Algorithm

MIRA Algorithm

 

Figure 8. The SINR of D2D Users 

It can be seen from Figure 6, compared with ARA algorithm, SINR of the system users 

is decreased by using MIRA algorithm; it shows in Figure 7 that the SINR of cellular 

users and D2D users is almost the same by using both of the algorithms, so the 

performance of cellular users is protected by using MIRA algorithm; Figure 8 shows that 

SINR of D2D users is poor, when the value of the vertical coordinate is 0.5,the SINR 

improved by 4db when the ARA algorithm is used, the reason is that the interference 

increased with more cellular users and D2D users access into the system, meanwhile, as 

the interference range of and the transmitted power of D2D users smaller than cellular 

users, so the interference of D2D users is larger than cellular users. 

It can be seen from Figure 6, compared with ARA algorithm, SINR of the system users 

is decreased by using MIRA algorithm; it shows in Figure 7 that the SINR of cellular 

users and D2D users is almost the same by using both of the algorithms, so the 
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performance of cellular users is protected by using MIRA algorithm; Figure 8 shows that 

SINR of D2D users is poor, when the value of the vertical coordinate is 0.5,the SINR 

improved by 4db when the ARA algorithm is used, the reason is that the interference 

increased with more cellular users and D2D users access into the system, meanwhile, as 

the interference range of and the transmitted power of D2D users smaller than cellular 

users, so the interference of D2D users is larger than cellular users. 

1. Comparison of the SINR of the edge users 

Figure 9 to Figure 11 shows the SINR graph of the edge users using ARA and MIRA 

algorithm. 
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Figure 9. The SINR of System Edge Users 
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Figure 10. The SINR of Cellular Edge Users 
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Figure 11. The SINR of D2D Edge Users 

It can be seen from Figure 9, compared with ARA algorithm, SINR of the system edge 

users is decreased by using MIRA algorithm. From Figure 10, we can see that the SINR 

of the cellular edge users is almost the same by using ARA algorithm and MIRA 

algorithm. From Figure 11, it is showed that the SINR of D2D users is decreased about 

8db when the value of vertical coordinates is 0.5. This is mainly because when the MIRA 

algorithm is used, the number of the accessed users is increased, the interference of cell 

edge users is stronger, compared with the interference of cell center users, at the same 

time, the D2D users are limited to the transmitting power and the smaller interference 

range, so the interference of the D2D edge users is more obviously. 

From Figure 6 to Figure 11, it can be seen that the SINR of cell users is the same by 

using MIRA and ARA algorithm, at the same time, the SINR of D2D users decreased by 

a little. When combined with Figure 2 to Figure 4, it can be found that more throughput 

can be achieved when MIRA algorithm is used. Meanwhile, Figure 5 shows that more 

users can be accessed to the system by using MIRA algorithm. In this paper, the MIRA 

algorithm can obtain higher system throughput, the number of accessed users and 

guarantee the cellular user SINR by sacrificing the D2D user's SINR. The MIRA 

algorithm makes full use of the same frequency interference between cellular users and 

D2D users by the centralized management of C-RAN networks. 

 

5. Conclusion 

The problem of resource allocation in C-RAN Architecture is translated into 

interference management between users, i.e. on the base of interference between multi-

cell D2D users and cellular users, the optimization function which aimed at making the 

interference be minimum is constructed, so the interference management is transformed 

into optimization problem, the resource allocated scheme is the optimization solution of 

this problem. 

According to the resource allocation mechanism of direct communication in C-RAN 

architecture, by using effective interference of cellular users and D2D users which is pre-

defined, the interference between users is calculated, the interference date base between 

users is constructed; the interference of system is calculated by using interference date 

base, so the optimization function aimed at the interference in system is established; the 

resource allocation scheme of D2D users and cellular users is obtained by the iterative 
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computation of the system interference which can achieve this result that is convergent 

resource allocation. 

Simulation results show that at the expense of SINR of D2D users, the SINR of cellular 

users is guaranteed, more users can be accessed into the system and a higher throughput is 

achieved by using MIRA algorithm. In this algorithm, the centralized management of C-

RAN architecture is fully used to coordinate the co-frequency interference between 

cellular users and D2D users. 

The deficiency of this paper is that the resource sharing between D2D users and 

cellular users in the same cell is not considered. The MIRA algorithm uses orthogonal 

resource allocation by the users in the same cell to avoid co-channel interference between 

users, but it is not conducive to the system to improve the resource utilization. While D2D 

cell users share the same resources with the cellular users, the cellular users will not only 

be interfered by the cellular user from the  adjacent cell, but also from the D2D users in 

the same cell, and at the same time, the interference of the D2D users will be changed too. 

In multi cell, by the way of shared resources with D2D users and cellular users in the 

same cell can significantly increase network capacity and resource utilization. However, 

the interference problem will be more severe, therefore at the same time, relevant research 

in this area is very significant. 
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