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 With the remarkable impact and fast growth of the mobile networks, the 

mobile base stations have been increased too, especially in the high 

population areas. These base stations will be overloaded by users, for that 

reason the small cells (like pico cells) were introduced. However, the inter-

cell interference will be high in this type of Heterogeneous networks. There 

are many solutions to mitigate this interference like the inter-cell interference 

coordination (ICIC), and then the further enhanced ICIC (Fe-ICIC) where the 

almost blank subframes are used to give priority to the (victim users). But it 

could be a waste of bandwidth due to the unused subframes. For that reason, 

in this paper, we proposed an adaptive reduced power subframe that reduces 

its power ratio according to the user’s signal-to-interference-plus-noise ratio 

(SINR) in order to get a better throughput and to mitigate the intercell 

interference. When the user is far from the cell, the case will be considered as 

an edge user and will get a higher priority to be served first. The results show 

that the throughput of all users in the macro cells and pico cell will be 

improved when applying the proposed scheme in term of throughput for the 

users and the cells. 
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1. INTRODUCTION 

The Heterogeneous network in the long-term evolution (LTE) and LTE-Advanced (LTE-A) is 

considered as one of the solutions that were introduced by the 3rd generation partnership project (3GPP) to 

increase the network coverage and increase its capacity. However, because of the co-channel and multi cells 

in such networks, the Inter-cell interference (ICI) can be considered as an issue. Generally, the user and the 

cell throughput of the whole network will be affected negatively and this negative impact will affect the edge 

user mostly. The main components of the Heterogeneous network can be listed as: Macro cell, pico cell, 

femto cell, and the user equipment (UE) which can also be classified according to the serving cell, pico cell 

user (PUE), macro cell user (MUE) and femto cell user (FUE). Moreover, the users can also be classified 

according to their location within the cell, so if the user is in the center of the cell coverage, the case will be 

considered as a normal user, but if the user is at the edge of the cell coverage then the case will be considered 

as an edge user [1]. Figure 1 shows the main components of the Heterogeneous network.  

As shown in Figure 1, the main macro cell will add an interference to the low-power cell users 

(LPCs), the green line is showing the serving cells connection while the red line showing the interferences 

https://creativecommons.org/licenses/by-sa/4.0/
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from the macro cell. Usually, the UE will select the cell with a maximum reference signal received power 

(RSRP) among the surrounding cells. However, in some cases and because of the differences in the power 

levels in the heterogonous network, the UE may select the macro cell as a serving cell because it has the 

highest power, and this leaves the small cells unused. This may cause interference to the other small cells in 

the network [2]. To solve this problem, the cell range expansion (CRE) was introduced in order to get a 

balance to the network. The concept of the CRE is adding the cell-specific offset (CSO) to the reference 

signal received power (RSRP) of the small cells to get larger coverage area and to serve more users. But the 

cell expanded areas will still have an interference due to macro cell high power. Figure 2 shows the CRE 

region (the gray area) [3]. 

 

 

 
 

Figure 1. Components of heterogeneous networks 

 
 

Figure 2. Cell range expansion 

 

 

From release 10, the third-generation partnership project (3GPP) introduced the time-domain inter-

cell interference coordination (TD-ICIC) schemes. In this proposal, the interference caused by the multi-

channels will be mitigated and the power of the macro cell will be lowered in certain subframes to let the 

other small cells use these subframes [2]. When using the TD-ICIC method, the transmission power of some 

subframes of the macro cell within the resource blocks will be reduced to minimum in the CRE, to reduce the 

interference to the victim UEs, this type of subframe is called almost blank subframes (ABS) [4-8]. Figure 3 

shows these types of subframes. 

The scheme works by muting the macro cell in certain subframes namely (ABS), and give the 

priority to other cells to use a protected subframe to avoid the interferences that may be caused by the macro 

cells to the other cells. Where the N is the normal subframe, ABS is the almost blank subframe in which the 

macro cell gets muted or uses a very low power, and the PSF is the protected subframe. These ABS 

subframes are usually used only for common signals (control, page signal, broadcast signals) by the macro 

cells [9, 10] and using these subframes along with CRE will improve the throughput of the cell edge users as 

long as the macro cell is silent or reduced power [7, 11]. 

The main problem that this paper tries to address is to mitigate the inter cell interference in the 

heterogeneous networks by utilizing the subframes of the macro and pico cells. So, we proposed a novel scheme to 

solve the problem, our contribution is the design and implementation of an adaptive ICIC that adaptively change 

the percentage of power in the (new version) of the almost blank subframes based on the priority of the UE in 

the queue according to its signal to interference plus noise ratio and its distance from the serving cell. 

 

 

 
 

Figure 3. Subframe example showing the (ABS) in Heterogeneous networks 

 

 

The proposed work in this paper is special and different than the other authors’ works in several points: 

 We proposed special subframes that can adaptively change their percentage of the power while other 

systems usually have a fixed power. 
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 We give the priority to the cell-edge users while other schemes give the user’s priority based on the 

scheduler they used. 

 We take the SINR as the main element to be checked to give the priority to the users, other works also 

used it but many use the SNR (signal to noise ratio) only. 

The rest of the paper is organized as follows: Section 2 will show the related works, section 3 will 

show the proposed method, section 4 will show the results and it’s followed by the discussion in section 5. 

Finally, the conclusions will be presented in section 6.  

 

 

2. RELATED WORK IN ICIC 

The idea of using CRE has attracted the researchers to improve the Heterogeneous network 

performance. Many researchers change the CRE region depending on signal-to-interference-plus-noise ratio 

(SINR) like in [7, 12] and other researchers suggested to extend the region based on the analysis and update 

of the CSO as proposed [13]. Then the TD-ICIC was introduced by 3GPP to reduce the interferences from 

multi-cells toward pico cells and femto cells in the Heterogeneous networks by using the ABS [14], in which 

the macro cell is abstained from transmission in this period of subframes because these subframes are 

protected to be used by cell-edge users who are using the same frequency band [15, 16]. To control and 

coordinate these subframes, a scheduler has to be used like the proposal that is introduced by [17]. The 

researchers used a decentralized resource management framework by using the dynamic fractional frequency 

reuse (FFR) to coordinate the inter-cell interference between the UEs and give a priority to the edge users. 

The throughput of the low power cells generally and the cell-edge specifically will be enhanced when using 

the ABS scheme as can be seen in [9, 15, 16] 

TD-ICIC scheme has been chosen by [7] to be used along with extended version of CRE, which 

divided the CRE region into inner and outer areas. The whole bandwidth has been shared with the macro 

cells and the low power cells (Pico cells), the author used the reduced power subframe (RPS) along with the 

almost blank subframe (ABS). This will keep an optimal performance for the Pico cells while keeping the 

Heterogeneous network performance balanced.  

In release 11 LTE, the 3GPP proposed the new scheme which is the further enhanced ICIC  

(FeICIC) [18, 19]. The scheme will reduce the power of some subframes for a specific node instead of blank 

it totally, such subframes are called low power ABS (LP-ABS) which will give a better efficiency to the 

network. The scheme has been used by [19], it gives a higher priority to the UE in the center of the macro 

cells. These schemes allow to decrease the power to 30 dBm as mentioned in [20, 21] to give a better 

performance to the edge users in the macro cells. The value of power level is not constant and can be variable 

which depends on many factors, like ABS power ratio, the value of extended region in CRE and the model of 

the channel. However, the value of 30 dBm has always been used by the researcher even though it is not 

always the optimum value [22-24].  Because of the fact that the network performance can be changed 

according to the power level in the LP-ABS and the extended area of the CRE, authors of [25] proposed an 

adaptive ICIC based on FFR. Also, the authors of [26] introduced a method where the small cells can organize 

themselves in the network to reduce the interferences by suggesting a dynamic FFR (DFFR) method.  

The authors of [2] also suggest a mechanism that changes the power of ABS dynamically to get a 

better quality of service (QoS). The authors used the traffic mode that supports the multimedia communications 

only. Different cell-selection offsets (CSOs) has been suggested by [27] to change the coverage of the CRE 

area. The CSO is changed adaptively in order to improve the performance of the Heterogeneous network. 

The authors in  [28] suggested a new novel idea that changes the CRE area and the ABS dynamically based 

on the cell traffics of each cell in the Heterogeneous network [28]. Some researchers tried to get a better 

performance for the user in the 5G system like in [29] where they investigated the interference coordination in 

massive MIMO and how that will be affected by the transfer from 4G to 5G network. Also the authors in [30] 

suggested many techniques to mitigate the inter cell interference: ICIC of pilot sequence configuration for 

cell-edge users, coordinated small cell DTX for the downlink and on-demand power boosting and 

coordinated muting. From the above literature, it is obvious that CRE and the change of the power rate in the 

ABS and LP-ABS can increase the throughput of the cells, the users in the cells and the edge users as well. 

From that we suggest an adaptive power ABS that can be changed according to the distance between the user 

and the cell which will change the value of the SINR, and give a higher priority to the edge user in the scheduler.  

 

 

3. PROPOSED WORK 

The user throughput calculation is based mainly on many factors, and one of these factors is the 

SINR, which is used to calculate the signal to interference ratio and take the noise in account [31, 32]. Also, 

the distance plays a role in the SINR value that when the distance between the UE and serving cell is 
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increased, the interferences from other cells will be increase too. The SINR of UE (y) that is connected to a 

cell (x) can be calculated as in (1) [7, 33-35]. 
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where 𝑃𝑥  is the transmitting power of the attached cell (x), and 𝑃𝑞 is the transmitting power of the interferer-

neighbor cells. 𝐻𝑥,𝑦 is the gain of the serving cells and  𝐻𝑞,𝑦 is the accumulated gain of the serving plus the 

interferer cells from the UE perspective view, and N0 is the noise. 

To find the SINR of a specific cell some modification should be applied so the macro cell SINR will 

be as shown in (2) [33-35].  
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where 

 

𝑃𝑥
𝑀 = {

          𝑃𝑚     , 𝑖𝑓 𝑛𝑜𝑟𝑚𝑎𝑙 𝑠𝑢𝑏𝑓𝑟𝑎𝑚𝑒𝑠 𝑎𝑟𝑒 𝑢𝑠𝑒𝑑  
𝑃𝐿𝑃       , 𝑖𝑓 𝑅𝑃 𝑠𝑢𝑏𝑓𝑟𝑎𝑚𝑒𝑠 𝑎𝑟𝑒 𝑢𝑠𝑒𝑑 

 (3) 

 
Noting that, 𝑃𝑛𝑆

 is the transmitting power from the neighbor macro cells and 𝑃𝑛𝑧
 is the transmitting 

power of the neighbor Pico cells. While the,  𝐻𝑛𝑠,𝑦 and 𝐻𝑛𝑧,𝑦 denote the channel gains from both neighbor 

macro and pico cells respectively.  

The SINR of a user (y) that is connected to a Pico cell (L) can have three different values according to 

the sub frame, shown in (4) [33-35]: 

 

1 1

,

,

, . . 0

.

. . .
S Z

m m Z ZS Z

P

L L y

L y N N

x y n n y n n yn n

P H

H P H P H N



 

 
 
   
  

 (4) 

 

Noting that 𝑃𝐿
𝑃 is the transmitting power of the serving pico cell (L) and 𝐻𝐿,𝑦 is the gain to the user 

(y), while the Φ is the transmitting power of the main macro cell. 

 

𝛷 = {

    𝑃𝑚  , 𝑖𝑓 𝑡ℎ𝑒  𝑛𝑜𝑟𝑚𝑎𝑙 𝑠𝑢𝑏𝑓𝑟𝑎𝑚𝑒𝑠 𝑎𝑟𝑒 𝑢𝑠𝑒𝑑                  
𝑃𝐿𝑃 ,        𝑖𝑓 𝑡ℎ𝑒  𝑅𝑒𝑑𝑢𝑐𝑒𝑑 𝑃𝑜𝑤𝑒𝑟 𝑠𝑢𝑏𝑓𝑟𝑎𝑚𝑒𝑠 𝑎𝑟𝑒 𝑢𝑠𝑒𝑑 

0, 𝑖𝑓 𝑎𝑙𝑚𝑜𝑠𝑡 𝐵𝑙𝑎𝑛𝑘 𝑆𝑢𝑏𝑓𝑟𝑎𝑚𝑒𝑠 𝑖𝑠 𝑢𝑠𝑒𝑑         
  

 

It is obvious that the value of Φ will change the value of the SINR of the Pico cell users and could 

be a higher SINR for that users who are near the edge of the cell and most of the interference signals are 

coming from the main macro cell, the minimum SINR threshold is -2dB.  

In this paper the urban model will be used. In this model, the wave propagation will have two major 

paths: over the rooftop when the user is far from the cell, and along the street which is considerable when the 

user is close to the serving cell [7, 36]. The propagation model for the main cell can be expressed as in (5) [37]. 

 

𝐿 = 40. (1 − 4 ∗ 10−3. 𝐻𝑏). log(𝑅) − 18. log(𝐻𝑏) + 21. log(𝑓) + 80 𝑑𝑏 (5) 

 

where f is the frequency in MHz, Hb is the antenna height, R is the distance in Km. After applying the carrier 

frequency used in the paper 2 GHz, the antenna height is equal to 15 meter and the shadowing with standard 

of 8 dB will be added, the calculation of the pathloss of the macro cell will be as in (6) [7, 37]. 

 

𝑝𝑎𝑡ℎ𝑙𝑜𝑠𝑠𝑚𝑎𝑐𝑟𝑜 = 𝐿 + log(𝑓) (6) 
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Also, in a same way, the propagation model calculation of the pico cells for the urban areas will be 

as in (7) [7, 37]. 

 

𝐿 = 140.7 + 36.7 log(𝑅) (7) 

 

So for that reason, we proposed an algorithm that uses TD-ICIC with adaptive rate of LP-ABS 

power. This power can be changed according to the distance from the serving cells in order to increase the 

throughput of the edge users in the pico cells. Figure 4 shows the proposed algorithm, where N is a normal 

subframe, ABS is the almost blank frame, and RP is the reduced power subframe where our proposed scheme 

will be changing the power adaptively. 

 

 

 
 

Figure 4. Proposed scheme subframes  

 

 

In order to control and manage the resource block effectively, the schedullar has to give different 

priorities for the users depending on some factors. The (victim users) who are the useres that are located at 

the edge of the cell will have a higher priority, the schedullar will give the priority to the user with less SINR 

to use the subframe of the pico cells during the ABS and RP subframes of the macro cells, after that other 

users can connect and use the desired subframes. In this paper, we simulate the LTE-A HetGen network with 

a central eNodeB (evolved node B) that has three macro cells and two pico cells for each macro cell which 

gives a total of 6 pico cells. As can be seen in Figure 5, the X2 interface is used to connect these cells 

coordinating the interferences and to share the resources between them.  

Different number of users are taken in different scenarios starting from 100, 200, 300, and 400, these 

UEs are distributed randomly in the network and set to attach the cell with the higher reference signal 

received power. We considered the interference that came from the neighboring macro cells. Then adding a 

bias of 3 dB for the CRE in each time to check the network behavior and the edge user throughput along with 

the cell throughput. 

 

 

 
 

Figure 5. Heterogeneous network scenario 

 

 

4. RESULTS 

In this paper we used a system level simulation using a full-buffer for traffic mode. Different values 

of CRE have been taken in the results with different power ratios for the Reduced power subframes, the 

subframe takes a different ratio of power reduction starting from 10% to 90% with a step of 5%, this ratio 

will depend on the SNIR of the user after sorting them in the queue before serving them. Figure 6 shows the 
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average and edge user throughput for different power ratios (namely 25%, 50%, and 75%) for the reduced 

power subframes with different CRE bias.  

The figure shows that when reducing the power of the RP subframes in the macro cell the 

throughput for the edge users and average throughput for the whole UE in the pico cell can be improved. The 

reason of this is that there will be more power for the pico UE to use the subframes and also will be given a 

higher priority in the scheduler. For that we proposed a method to change the power of the users adaptively 

depending on the SINR, in which the power rate of the reduced power subframe can change accordingly, as 

can be seen in Figure 7. 

 

 

 
(a) 

 
(b) 

 

Figure 6. Pico cell users average throughput for; (a) all users, (b) edge user 

 

 

 
(a) 

 
(b) 

 

Figure 7. Throughput of the Pico cells users after and before applying the proposed scheme; (a) all UEs, 

 (b) edge users 

 

 

We can see the difference in the throughput for the UEs with and without the proposed scheme and 

it is clear that the throughput is improved when using the proposed scheme especially for the edge users. The 

macro cells are considered as the coordinator for many Pico cells and can share the resources between them. 

Figure 8 shows the throughput for the macro cell users with and without our scheme.  

It can be clearly seen that the throughput of all users and the edge users in the macro cells have been 

improved. The edge users get better throughput because the scheduler has set a priority to them. Finally, the 

throughput of the total users in the networks can also be improved for the same reason as can be seen in Figure 9. 

Finally, we take a different scenario to check the same user throughput with different distances from 

the cell, with and without using our proposed method and the results can be seen in Figure 10. As can be seen 

and because of the scheduler and due to the application of our proposed scheme, the user that has a higher 
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distance from the serving cell will get a higher priority. For that reason, we can see a better performance for 

the users at the edge.  

 

 

 
(a) 

 
(b) 

 

Figure 8. Macro UE Throughput before and after using the proposed scheme; (a) all users, (b) edge users 

 

 

 
(a) 

 
(b) 

 

Figure 9. Total UE Throughput after and before the scheme; (a) all UE in the network,  

(b) edge users in the network 

 

 

 
 

Figure 10. User throughput with different distances 
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5. DISCUSSION 

The paper proposed a shceme that reduces the power of special subfames in order to give more 

resources to the cell-edge users and give them a priority in the scheduler depending on their SINR. The 

reduced power subframes will change their power percentage depending on the value of the SINR, the ratios 

shown in the results are (25%, 50%, and 75%) while in the simulation the power ratios are taken from (10% 

to 90%) with a step of 5%.  

The results shown in this paper have four parts, firstly, we have to prove that the performance of the 

users will be affected if the power of the subframe has changed, so Figure 6 shows that the average 

throughput of the UEs in the pico cell will be improved when the power is lowered. On the other hand, the 

increased power in the subframe will improve the cell-edge user throughput for different values of the CRE. 

Secondly, we applied our proposed scheme, in which the power will be changed adaptively according to the 

SINR, so Figure 7 shows how the throughput has been improved for both the normal and the cell-edge users 

if we applied the scheme for pico cell, and the same situation if we applied the scheme for the macro cell as 

shown in Figure 8. 

Thirdly, we took a bigger look for the whole network and as can be seen in Figure 9, all the UEs 

throughput has been improved. Finally, in Figure 10, we investigate what will happen if the user is far from 

the serving cell, to prove that the scheduler is giving a higher priority to the cell-edge users because they have 

a higher SINR, and then the users who are far from the cell but not considered as cell-edge users, and the 

lowest priority will be for those users who are near the serving cell because they will have a lower SINR in 

the network. The throughput improvement that is seen from the results is due to the adaptive change of the 

power percentage of the subframes, and thus will give the optimum scheduling to the users and consequently 

a better efficiency for the whole network. 

 

 

6. CONCLUSION 

The enhanced ICIC can be considered as a good solution to solve the problem of ICI but it could 

result in unused subframes in some cases. So, in this paper we proposed an adaptive method that uses 

reduced power subframes which can change their power adaptively according to the user distance and 

consequently change the SINR. The edge users have the most benefit from this scheme as the scheduler 

focuses on those users. The results show that the average throughput of the users and edge users for both 

macro cells and pico cells have improved and the throughput for the whole network as well. There are many 

suggested further development for the proposed work, like adding the artificial intelligence to the system to 

decide which of the users should get the higher priority and not just relying on the SINR. 
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