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Abstract

:

In 5G heterogeneous networks (HetNets), small-cell base stations (SBSs) are deployed in the coverage of macro base stations (MBSs) to improve the system performance. However, some macro user equipments (MUEs) have strong interference from neighboring SBSs and thus the performance of MBSs decreases. Thus, in this paper, we propose a novel intelligent dynamic power control (DPC) with cell range expansion (CRE) to improve the downlink performance of both small-cell user equipments (SUEs) and CRE user equipments (CUEs) in 5G HetNets. That is, in the proposed DPC scheme, each MUE first collects the received signal strength indicator (RSSI) measurements from neighboring SBSs and sends them to the serving MBS. Then, the MBS finds MUEs with strong interference from neighboring SBSs based on a given target threshold of CRE and offloads a fraction of MUEs from MBSs to SBSs. In addition, SBSs divide their SUEs and CUEs into two groups, i.e., inner and outer groups, to assign different subchannels and dynamically allocate the appropriate transmission power to increase the performance of both SUEs and CUEs. Through simulation results, it is shown that the proposed DPC scheme outperforms others in terms of the capacity and outage probability of SUEs and CUEs.
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1. Introduction


Recently, the fifth generation (5G) wireless cellular technology has been developed to increase the speed and reliability of the rapidly increasing mobile data traffic from various smart devices such as smartphones, tablet PCs, and Internet of Things (IoT) devices [1,2,3,4,5]. In addition, 5G networks adopt a heterogeneous network (HetNet) architecture where different types of small-cells, i.e., microcells, picocells, and femtocells are overlapped with the conventional macrocells [6,7,8]. The small cell is a cost-effective radio base station with low transmission power to improve the system capacity and extend the coverage. 5G networks also consider an ultra-dense network (UDN) architecture where a large number of small cells with a short coverage range are densely deployed on the coverage of macrocells [9,10]. However, in HetNets, macro base stations (MBSs) serve most smart devices in their coverage since the transmission power of MBSs is higher than that of small-cell base stations (SBSs). It means that SBSs have enough subchannels to assign each small-cell user equipment (SUE) but MBSs lack subchannels to assign for each MUE when SBSs reuse the limited frequency bands of MBSs [11]. Thus, in order to solve the load balancing problem, the third generation partnership project (3GPP) standardized cell range expansion (CRE) technology to extend the coverage of SBSs by adding a bias to the reference signal receive power (RSRP) and then a fraction of MUEs located close to SBSs are offloaded to SBSs, i.e., some MUEs become CRE user equipments (CUEs) [12,13,14,15,16]. Further, in HetNets, MBSs and SBSs have strong interference with each other  [17,18,19,20,21,22,23,24,25,26] and CUEs have more serious interference from both MBSs and neighboring SBSs than SUEs. Therefore, it is necessary to study interference management schemes with consideration of CRE for 5G HetNets.



Research has investigated interference management schemes using static and dynamic power control for MBSs and SBSs in HetNets with time division duplex (TDD) and frequency division duplex (FDD) [27,28,29,30,31,32,33,34,35,36]. In [27,28,29,30,31], authors proposed power control schemes using almost blank subframe (ABS) to dynamically or statically configure frames with empty or low transmission power to reduce interference to CUEs. In [32], authors proposed a static power control scheme that allocates the same transmission power for all subchannels of SBSs according to the CRE bias and thus it is difficult to allocate the appropriate transmission power to both CUEs and SUEs even though the power control algorithm is simple. In [33], the authors proposed a dynamic power control (DPC) scheme to dynamically allocate different transmission power of every subchannel for CUEs only and thus it has a system performance higher than other schemes with static power control. In [34,35], authors proposed DPC schemes in which MBSs assign different groups of subchannels to MUEs and CUEs and allocate the appropriate transmission power for CUEs. In [36], authors proposed DPC schemes in which MBSs and SBSs assign the same group of subchannels to MUEs and CUEs and then SBSs allocate the appropriate transmission power for CUEs. Most of the previous work only considered the performance of CUEs using the power control of either MBSs or SBSs after CRE but did not consider the performance of SUEs served by the SBSs. Table 1 summarizes the methods used in existing studies. In [37,38,39], as a broader concept than CRE, authors introduced user association schemes in which MUEs or SUEs establish connections to MBSs and SBSs for various purposes, i.e., spectrum efficiency, energy efficiency, quality of service (QoS) provision and fairness, using RSSI, power control, and bias.



In this paper, we propose a novel intelligent DPC scheme with CRE to improve the performance of both SUEs and CUEs in the downlink (DL) 5G HetNets. That is, in the proposed DPC scheme, each MUE first collects the received signal strength indicator (RSSI) measurements from SBSs and sends them to the serving MBS. Then, the MBS finds MUEs with strong interference from neighboring SBSs based on a given target threshold of CRE and offloads a fraction of MUEs from MBSs to SBSs. In addition, SBSs divide their SUEs and CUEs into two groups, i.e., inner and outer groups, to assign different subchannels and dynamically allocate the appropriate transmission power to increase the performance of both SUEs and CUEs. Through simulation results, it is shown that the proposed DPC scheme outperforms others in terms of the capacity and outage probability of SUEs and CUEs. In other words, the proposed DPC scheme increases the mean SUE capacity by up to 119% with the same performance of the mean MUE capacity compared to other DPC schemes with CRE.



The rest of this paper is organized as follows. Section 2 introduces the system model of 5G HetNets and assumptions adopted in this paper. Section 3 describes the proposed DPC with CRE while Section 4 evaluates the simulation results with various parameters. Finally, Section 5 contains the conclusion with future research directions. Table 2 summarizes the main symbols and notations in this paper.




2. System Model


2.1. System Topology and Channel Assignment


We consider the DL of 5G HetNets based on orthogonal frequency division multiple access and FDD (OFDMA-FDD). Figure 1 shows the system architecture in which SBSs are overlapped on the coverage of MBSs. We assume that there are M hexagonal macrocells (  M = 7  ) where the target macrocell is surrounded by six macrocells and a set of M MBSs,   M = | M |  ,   M = { 1 , 2 , … , M }  , is located at the center of each macrocell. Let   d  I S    denote the inter-site distance between MBSs. In addition, sets of N MUEs,   N = { 1 , 2 , … , N }  , and S SBSs,   S = { 1 , 2 , … , S }   are uniformly distributed in the coverage of each site of MBSs. SBSs are installed in outdoor environments and have a set of T SUEs,   T = { 1 , 2 , … , T }   in the coverage of each SBS (SBSs have no overlapping coverages with each other). Each MBS has a three-sectored directional antenna and thus the coverage of MBSs is divided into three sites, i.e., sites 1, 2 and 3, while SBSs have an omnidirectional antenna. Figure 2 shows the channel assignments of MBSs and SBSs (including CUEs) in 5G HetNets. Each MBS uses a set of K subchannels,   K = { 1 , 2 , … , K }  , and K subchannels are divided into three subchannel groups (SGs) (each SG has one-third subchannels), i.e., A, B and C, assigned to site 1, 2, and 3 of MBSs, respectively. On the other hand, all SBSs use K subchannels to serve their SUEs and CUEs without the transmission power control and thus MBSs and SBSs have strong interference with each other.




2.2. SINR Model, System Capacity and Outage Probability


In order to analyze the system performance of 5G HetNets, we first calculate the signal-to-interference plus noise ratio (SINR) of MUEs and SUEs. Let   γ  m n  k   and   γ  m s t  k   denote the SINR of MUE n (  ∀ n ∈ N  ) served by MBS m (  ∀ m ∈ M  ) and the SINR of SUE t served by SBS s (  ∀ s ∈ S  ) in the coverage of MBS m (  ∀ m ∈ M  ) at subchannel k (  ∀ k ∈ K  ), respectively. Then,   γ  m n  k   and   γ  m s t  k   can be expressed as


        γ  m n  k   =           h  m n    A  ( θ )    ψ  m n  k       ∑     ∀ i ∈ M ∖ { m }         h  i n    A  ( θ )    ψ  i n  k    +   ∑  ∀ i ∈ M     ∑  ∀ s ∈ S      h  i s n    ψ  i s n  k   +  σ 2     ,           ∀ m ∈ M , ∀ s ∈ S , ∀ n ∈ N , ∀ k ∈ K ,     



(1)






        γ  m s t  k   =           h  m s t     ψ  m s t  k       ∑  ∀ i ∈ M      h  i t    A  ( θ )    ψ  i t  k    +   ∑  ∀ i ∈ M    ∑     ∀ l ∈ S       ∖ { s }         h  i l t    ψ  i l t  k   +  σ 2     ,           ∀ m ∈ M , ∀ s ∈ S , ∀ t ∈ T , ∀ k ∈ K ,     



(2)




where    h  m n   =  P  M B S    L  m n     and    h  m s t   =  P  S B S    L  m s t     are the RSSI measurements between MBS m and MUE n and between SBS s and SUE t in the coverage of MBS m, respectively.   P  M B S    and   P  S B S    are the transmission power for each subchannel of MBSs and SBSs, respectively.   L  m n    and   L  m s t    denote the path losses between MBS m and MUE n and between SBS s and SUE t in the coverage of MBS m in dB, respectively. Further,   ψ  m n  k   and   ψ  i s t  k   are indicator variables for the channel assignment, e.g.,    ψ  m n  k  = 1   and    ψ  i s t  k  = 1   if MBS m assigns subchannel k to MUE n and if SBS s of MBS i assigns subchannel k to SUE t, respectively, and otherwise is 0. The SINR of CUEs served by SBSs is also calculated by (2).   A ( θ )   is the azimuth antenna pattern from MBSs to MUEs (or SUEs) in dB while   σ 2   is the white noise power. Then,   A ( θ )   can be expressed as


  A  ( θ )   =   A  m g   − min  12 (  θ  θ  3 dB     ) 2   ,  A  m a    ,  −  180 ∘  ≤ θ ≤  180 ∘  ,  



(3)




where   A  m g    and   A  m a    are the maximum antenna gain and maximum attenuation in dB, respectively, while  θ  and    θ  3 d B   =  70 ∘    are the azimuth antenna pattern of MBSs and 3 dB beamwidth, respectively [40].



Through (1) and (2), we use Shannon’s formula to calculate the capacities of MUE n served by MBS m,   C  m n   , and SUE t served by SBS s of MBS m,   C  m s t   . Then,   C  m n    and   C  m s t    can be expressed as


    C  m n    =   ∑  ∀ k ∈ K    W  ψ  m n  k  ·  log 2   ( 1 +  γ  m n  k  )  ,  ∀ m ∈ M , ∀ n ∈ N ,   



(4)






    C  m s t    =   ∑  ∀ k ∈ K    W  ψ  m s t  k  ·  log 2   ( 1 +  γ  m s t  k  )  ,  ∀ m ∈ M , ∀ s ∈ S , ∀ t ∈ T ,   



(5)




where W is the bandwidth of each subchannel.



In addition, we calculate the outage probability of MUEs and SUEs (including CUEs),   P  o u t   M U E    and   P  o u t   S U E   . Then,   P  o u t   M U E    and   P  o u t   S U E    can be expressed as


    p  o u t   M U E   = P r  (  γ  m n  k  <  Γ  t h   )  ,  ∀ m ∈ M , ∀ n ∈ N ,   



(6)






    p  o u t   S U E   = P r  (  γ  m s t  k  <  Γ  t h   )  ,  ∀ m ∈ M , ∀ s ∈ S , ∀ t ∈ T ,   



(7)




where   Γ  t h    is a given target SINR threshold of MUEs and SUEs.





3. Proposed Intelligent Dynamic Power Control with Cell Range Expansion


In this section, we propose the intelligent DPC scheme with CRE to improve the performance of SUEs and CUEs for 5G HetNets. Figure 3 shows an example of the CRE operation in the proposed DCA scheme. In general, the RSRP of MUEs decreases gradually as the distance between MBSs and MUEs increases. Thus, it is necessary to offload MUEs with low RSRP from MBSs to SBSs using CRE to resolve the load and increase the performance of the remaining MUEs. The coverage of SBSs is virtually divided into inner and outer zones. Let  η  denote a given target bias to offload MUEs to SBSs. The area of the inner zone is the original coverage of SBSs, while the area of the outer zone is the boundary with RSRP + bias, i.e., extended coverage of SBSs, for CUEs. The proposed DPC scheme has two steps for CRE and DPC operations.



In step 1, in the proposed DPC scheme, the MBS finds some MUEs to offload them to SBSs using CRE. Let   ξ  m n   M B S    and   ξ  m s n   S B S    denote the RSRP between MBS m and MUE n and between SBS s of MBS m and MUE n, respectively. Then, MBS m offloads MUE n to SBS s using CRE if the condition below is satisfied.


   ξ  m n   M B S   < =  ξ  m s n   S B S   + η .  



(8)




where    ξ  m n   M B S   =  h  m n   A  ( θ )  − 10 ∗ l o g  ( 12 ∗  N  R B   )    and    ξ  m s n   S B S   =  h  m s n   − 10 ∗ l o g  ( 12 ∗  N  R B   )   .   N  R B    is the number of resource blocks in the channel bandwidth. Then, SBSs assign subchannels in different SGs for both SUEs and CUEs in the inner and outer zones. That is, SBSs assign subchannels in the same SG of MBSs in each site to their SUEs and CUEs in the inner zone while subchannels in different SGs are to their SUEs and CUEs in the outer zone. For example, in site 1, SBSs assign subchannels in SG A to SUEs and CUEs in the inner zone while subchannels in SG B and C to SUEs and CUEs in the outer zone. Thus, SBSs first calculate the SINRs of SUEs and CUEs using the same subchannels of MBSs and find some SUEs and CUEs that have SINRs less than a given threshold,   Γ  s t h    to assign subchannels in other two SGs. In other words, SUEs and CUEs in the outer zone use different subchannels of MBSs to reduce interference between MBSs and SBSs.



In step 2, SBSs dynamically allocate the appropriate transmission power for SUEs and CUEs. Figure 4 shows three different power control schemes, i.e., conventional (no power control), reduced equal power (REP) [35] and proposed DPC. In the conventional scheme, MBSs use no CRE and SBSs divide the total transmission power by the number of subchannels to fairly allocate for SUEs. In the REP scheme, SBSs allocate the transmission power statically and dynamically after CRE. That is, SBSs use a fixed transmission power obtained by   α  P  m a x   S B S     for SUEs and CUEs in the inner zone.   p  m a x   S B S    is the total transmission power of SBSs and  α  is a parameter value to control the maximum transmission power for each subchannel. On the other hand, SBSs dynamically allocate the transmission power for subchannels over   p  m a x   S B S    using the reduced transmission power from subchannels in the outer zone. Finally, in the proposed DPC scheme, SBSs dynamically allocate the appropriate transmission power to SUEs and CUEs in both inner and outer zones after CRE. In order to find appropriate transmission power, SBSs repeat the operation of increasing or decreasing transmission power using   Γ  t h    until   γ  m s t  k   ==   Γ  t h   . However, SBSs stop repeating to use the current transmission power for SUEs and CUEs if   p  m a x   S B S    ==   p  S B S    or   p  S B S    is close to 0. The procedure of the proposed DPC scheme with CRE is described in Algorithm 1.






	Algorithm 1: Proposed DPC scheme with CRE.



	Require:   ∀ m ∈ M , ∀ n ∈ N , ∀ t ∈ T , ∀ k ∈ K  

	1:

	
// MBSs find some MUEs to offload them to SBSs.




	2:

	
for   n = 1 : N  do




	3:

	
    for   s = 1 : S   do




	4:

	
        MBS m calculates   ξ  m n   M B S    and   ξ  s n   S B S   ;




	5:

	
        if   ξ  m n   M B S    <=   ξ  s n   S B S    +  η  then




	6:

	
           MBS m offloads MUE n to SBS s as a CUE;




	7:

	
           for   t = 1 : T   do




	8:

	
               Calculate   γ  m s t  k   using the same SG as MBSs according to (2);




	9:

	
               if   γ  m s t  k   <   Γ  s t h    then




	10:

	
                   SBS s allocates different SGs from the MBS to SUE t;




	11:

	
               else




	12:

	
                   SBS s allocates the same SG of the MBS to SUE t;




	13:

	
               end if




	14:

	
           end for




	15:

	
        end if




	16:

	
    end for




	17:

	
end for




	18:

	
// SBSs dynamically assign the appropriate transmission power to SUEs and CUEs.




	19:

	
for   s = 1 : S   do




	20:

	
    SBS s sorts SUEs in order of their SINR;




	21:

	
    for   t = 1 : T   do




	22:

	
        for   k = 1 : K   do




	23:

	
           SBS s calculates   γ  m s t  k   according to (2);




	24:

	
           if   γ  m s t  k   <   Γ  t h    then




	25:

	
               repeat     p  S B S    =   p  S B S    +   Δ p     and calculate   γ  m s t  k   until   γ  m s t  k   ==   Γ  t h   ;




	26:

	
           else




	27:

	
               repeat     p  S B S    =   p  S B S    −   Δ p     and calculate   γ  m s t  k   until   γ  m s t  k   ==   Γ  t h   ;




	28:

	
           end if




	29:

	
        end for




	30:

	
    end for




	31:

	
end for















4. Simulation Results


In this section, we investigate the performance of the proposed DPC scheme for the DL of 5G HetNets using Monte Carlo simulation with Matlab simulator. We compare the proposed DPC scheme with/without DPC (Prop. DPC and Prop.) to two different schemes, i.e., conventional (Conv.) and REP in [35] as shown in Figure 4, in terms of the mean capacity and outage probability for MUEs and SUEs (including CUEs). Further, we evaluate the performance of the proposed DPC scheme in two types to show the effect of the DPC in step 2. In other words, the proposed DPC scheme (Prop. DPC) uses both CRE and DPC in steps 1 and 2, respectively, while the proposed DPC scheme without DPC (Prop.) uses only CRE in step 1. The system topology and channel assignment for the macrocell and small-cell are shown in Figure 1 and Figure 2, respectively. The values of  η  and   Γ  s t h    are important parameters that determine the coverage of SBSs to serve CUEs. Thus, we decided  η  = 4 and 8 dB after the experiment from   Γ  s t h    −20 to 0 dB since we consider the coverage of SBSs to be like hotspot areas. Table 3 shows the key system parameters.



Figure 5 shows the distribution of MUEs and CUEs with different values of   Γ  s t h    and  η . The results of MUEs with  η  = 4 dB are higher than those with  η  = 8 dB. On the other hand, the results of CUEs with  η  = 4 dB are lower than those with  η  = 8 dB. The reason is that the coverage of SBSs with   ξ  m s n   S B S    +  η  increases when  η  = 8 dB and the number of CUEs offloaded from MUEs increases. In addition, the results of MUEs and CUEs are almost the same as   Γ  s t h    increases.



Figure 6 shows the distribution of SUEs and CUEs in the inner and outer zones of SBSs based on   Γ  s t h   . The number of both SUEs and CUEs in the inner zone decreases while that in the outer zone increases as the value of   Γ  s t h    increases. The value of   Γ  s t h    is used to assign different groups of subchannels and thus the number of SUEs and CUEs in the inner zone using the same subchannels of MBSs increases as the value of   Γ  s t h    decreases. At the same time, the number of SUEs and CUEs in the outer zone using different subchannels of MBSs increases as the value of   Γ  s t h    increases.



Figure 7 shows the results of the mean MUE capacity as the value of   Γ  s t h    increases. We compare the results of the proposed DPC scheme to those of the conventional and REP schemes. The results of the conventional scheme show the worst performance because MUEs have strong interference from neighboring SBSs. On the other hand, the results of the REP and proposed scheme with/without DPC are higher than those of the conventional scheme. That is, some MUEs that have strong interference from neighboring SBSs are offloaded to SBSs as CUEs using CRE and then the results of the mean MUE capacity increase because MBSs assign subchannels to reduced number of MUEs. As a result, it is shown that the results of both REP and proposed DPC schemes with  η  = 4 and 8 dB are 3% and 4% higher than those of the conventional scheme, respectively. In addition, the results of both REP and proposed DPC schemes with  η  = 8 dB are higher than those with  η  = 4 dB because the number of CUEs that are offloaded with  η  = 8 dB is higher than that with  η  = 4 dB.



Figure 8 shows the results of the mean SUE capacity (including CUEs) as the value of   Γ  s t h    increases. The results of the conventional scheme are the highest because SBSs only assign subchannels to their SUEs without considering CUEs. On the other hand, the results of other schemes are lower than the conventional scheme because SBSs assign subchannels to their SUEs and CUEs but CUEs are located in the outer zone with low SINRs in general. Even though the power control is applied, the results of the REP schemes are almost the same regardless of   Γ  s t h   . The results of the proposed DPC scheme increase as   Γ  s t h    increases since the proposed DPC scheme appropriately assigns subchannels with consideration of interference from MBSs and allocates the transmission power for SUEs and CUEs in the inner and outer zones. As a result, the results of the proposed DPC scheme (Prop. DPC) with  η  = 8 dB are 43% and 119% higher than the REP schemes when   Γ  s t h    = −15 and 0 dB, respectively. In addition, the result of the proposed DPC scheme (Prop. DPC) with  η  = 4 dB is also 21% and 109% higher than the REP schemes when   Γ  s t h    = −20 and 0 dB, respectively.



Figure 9 shows the results of the mean SUE capacity in the inner zone as the value of   Γ  s t h    increases. The results of the proposed DPC scheme with  η  = 4 and 8 dB are the same and increase as   Γ  s t h    increases while those of other schemes are almost the same regardless of   Γ  s t h   . The results of the proposed DPC scheme are lower than those of the REP schemes when   Γ  s t h    < −10 dB but those are higher than the conventional scheme when   Γ  s t h    = 0 dB. That is, the results of the proposed DPC scheme increase since the number of SUEs and CUEs in the inner zone decreases as   Γ  s t h    increases and SBSs assign the same subchannels assigned to MBSs to SUEs and CUEs. As a result, the results of the proposed DPC scheme are 9% and 221% higher than those of the REP schemes when   Γ  s t h    = −10 dB and 0 dB, respectively.



Figure 10 shows the results of the mean SUE capacity in the outer zone as the value of   Γ  s t h    increases. The results of the proposed DPC scheme decrease as   Γ  s t h    increases while those of other schemes are almost the same regardless of   Γ  s t h   . It is shown that the DPC in step 2 of the proposed DPC scheme increases the performance of SUEs and CUEs since the results of the proposed DPC scheme with DPC (Prop. DPC) are always higher than those of the proposed DPC scheme (Prop.). In addition, the results of the proposed DPC scheme are always higher than those of the REP schemes but are lower than those of the conventional scheme except the proposed scheme with DPC (Prop. DPC) with  η  = 8 dB when   Γ  s t h    = −20 dB. As a result, the results of the proposed DPC scheme with DPC (Prop. DPC) with  η  = 8 dB are 647% and 227% higher than those of the REP schemes with  η  = 8 dB when   Γ  s t h    = −20 dB and 0 dB, respectively.



Figure 11 shows the outage probability of MUEs as   Γ  s t h    increases. The results of the conventional scheme are the worst performance due to the significant interference from neighboring SBSs. The results of the proposed DPC scheme are the same as those of the REP scheme since MUEs have no effect on   Γ  s t h   . As a result, the results of the proposed DPC and REP schemes are reduced by 123% and 191% compared to those of the conventional scheme when  η  = 4 dB and 8 dB, respectively.



Figure 12 shows the outage probability of SUEs (including CUEs) as   Γ  s t h    increases. The results of the conventional scheme are the lowest performance because SBSs have no CUEs with low SINRs. The results of the REP scheme are almost the same regardless of   Γ  s t h    and higher than those of the conventional scheme. The results of the proposed DPC scheme decrease as   Γ  s t h    increases. The results of the proposed DPC scheme with DPC (Prop. DPC) are higher than those of the REP scheme when   Γ  s t h    < −10 dB because the number of SUEs and CUEs in the outer zone is high. On the other hand, the results of the proposed DPC scheme (Prop. DPC) are lower than those of the REP scheme when    Γ  s t h   ≥   −10 dB. In addition, the results of the proposed DPC scheme (Prop. DPC) with  η  = 4 dB are close to those of the conventional scheme when    Γ  s t h   ≥   −10 dB since SBSs allocate the appropriate transmission power for SUEs and CUEs. As a result, the results of the proposed DPC scheme are reduced by 66% and 32% compared to those of the REP scheme when  η  = 4 dB and 8 dB, respectively.




5. Conclusions


In this paper, we proposed an intelligent DPC scheme with CRE to increase the performance of both SUEs and CUEs for the DL of 5G HetNets. In the proposed DPC scheme, MBSs first found some MUEs that have serious interference from neighboring SBSs and then offloaded them to SBSs to reduce the load of MBSs. In addition, SBSs divided their SUEs and CUEs into two groups, i.e., inner and outer groups, to assign different subchannels and dynamically allocate the appropriate transmission power to increase the performance of both SUEs and CUEs. Through simulation results, it is shown that the proposed DPC scheme increased the mean capacities of SUEs and CUEs by up to 119% with the same performance of the mean MUE capacity and reduced the outage probability of MUEs and SUEs by 191% and 32%, respectively, compared to other DPC schemes with CRE. As a result, the proposed DPC scheme reduced the load of MBSs using CRE and increased the capacity of SUEs and CUEs using the power control of SBSs. We think that the proposed DPC scheme with CRE can be used in 5G advanced and 6G systems if the HetNet is introduced. For future work, we plan to extend the proposed DPC scheme using reinforcement learning to improve the system performance of 5G HetNets.
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Figure 1. System architecture of 5G HetNets. 
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Figure 2. Channel assignments for MBSs and SBSs in 5G HetNets (MBSs assign subchannel group A, B, and C to MUEs in site 1, 2, and 3, respectively, while each SBS assigns total subchannels to its SUEs and CUEs). 
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Figure 3. An example of the CRE operation in 5G HetNets. 
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Figure 4. Comparison of the transmission power operation for conventional (no power control), REP, and proposed DPC schemes (in the proposed DPC scheme, SBSs of site 1 assign subchannel group A with power contorl to each of SUEs and CUEs in the inner zone, and assign subchannel group B and C to SUEs and CUEs in the outer zone). 
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Figure 5. Distribution of MUEs and CUEs based on   Γ  s t h    and  η . 
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Figure 6. Distribution of SUEs and CUEs in SBS as   Γ  s t h   . 
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Figure 7. Mean MUE capacity vs.   Γ  s t h   . 
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Figure 8. Mean SUE capacity (including CUEs) vs.   Γ  s t h   . 
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Figure 9. Mean SUE capacity in the inner zone vs.   Γ  s t h   . 
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Figure 10. Mean SUE capacity in the outer zone vs.   Γ  s t h   . 
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Figure 11. Outage probability of MUEs vs.   Γ  s t h   . 
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Figure 12. Outage probability of SUEs vs.   Γ  s t h   . 
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	Reference
	Duplex

Mode
	Almost Blank Subframe

(ABS)
	Split

Subchannels
	Power

Control
	Power Control Devices

(Active)
	Target Devices

(Passive)





	 [27]
	TDD
	√
	√
	Dynamic
	MBS
	CUE



	 [28]
	TDD
	√
	n/a
	Static
	MBS
	CUE



	 [29]
	TDD
	√
	n/a
	Dynamic
	MBS, SBS
	CUE



	 [30]
	TDD
	√
	n/a
	Dynamic
	MBS
	CUE



	 [31]
	TDD
	√
	n/a
	Dynamic
	SBS
	CUE



	 [32]
	FDD
	n/a
	n/a
	Static
	SBS
	CUE



	 [33]
	FDD
	n/a
	√
	Dynamic
	SBS
	CUE



	 [34]
	FDD
	n/a
	√
	Dynamic
	MBS
	CUE



	 [35]
	FDD
	n/a
	√
	Dynamic
	MBS
	CUE



	 [36]
	FDD
	n/a
	√
	Dynamic
	SBS
	CUE



	Proposed
	FDD
	n/a
	√
	Dynamic
	SBS
	CUE, SUE










 





Table 2. List of main symbols and notations.
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	Notations
	Descriptions





	  M  
	Set of macro base stations (MBSs)



	  S  
	Set of small-cell base stations (SBSs)



	  N  
	Set of macro user equipments (MUEs)



	  T  
	Set of small-cell user equipments (SUEs)



	  K  
	Set of total subchannels



	   γ  m n  k   
	SINR of MUE n serviced by MBS m at subchnnel k



	   γ  m s t  k   
	SINR of SUE t serviced by SBS s in the coverage of MBS m at subchnnel k



	   h  m n    
	Channel gain between MBS m and MUE n



	   h  m s t    
	Channel gain between SBS s and SUE t in the coverage of MBS m



	   P  M B S    
	Transmission power of MBSs



	   P  S B S    
	Transmission power of SBSs



	   p  m a x   S B S    
	Maximum transmission power of SBSs



	   ξ  m n   M B S    
	RSRP between MBS m and MUE n



	   ξ  m s n   S B S    
	RSRP between SBS s and SUE t in the coverage of MBS m



	   L  m n    
	Path loss between MBS m and MUE n



	   L  m s t    
	Path loss between SBS s and SUE t in the coverage of MBS m



	   ψ  m n  k   
	Indicator variable to assign subchannel k from MBS m to MUE n



	   ψ  m s t  k   
	Indicator variable to assign subchannel k from SBS s of MBS m to SUE t



	   C  m n    
	Capacity of MUE n served by MBS m



	   C  m s t    
	Capacity of SUE t served by SBS s in the coverage of MBS m



	   P  o u t   M U E    
	Outage probability of MUEs



	   P  o u t   S U E    
	Outage probability of SUEs (including CUEs)



	   Γ  t h    
	Given target SINR threshold for outage probability



	   Γ  s t h    
	Given target SINR threshold for SUEs in the inner and outer zones



	W
	Bandwidth per subchannel



	  η  
	Given CRE bias for SBSs



	   d  I S    
	Inter-site distance between MBSs



	   A ( θ )   
	Antenna gain of MBSs



	   A  m g    
	Maximum antenna gain of MBSs



	   A  m a    
	Maximum attenuation of MBSs



	   σ 2   
	White noise power
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	Parameter
	Value





	Cellular layout
	Hexagonal grid, 3 sectors per cell



	Carrier Frequency
	2 GHz



	Bandwith
	10 MHz



	Traffic model
	Full buffer (continuous traffic)



	Number of RBs
	50



	Inter site distance (  d  I S   )
	500 m [40]



	SBS radius
	40 m



	Number of MBSs (M)
	7



	Number of SBSs per cell site (S)
	4



	Number of MUEs per cell site (N)
	30



	Number of SUEs per SBS (T)
	10



	Total transmission power of MBSs
	46 dBm  [41]



	Total transmission power of SBSs
	30∼37 dBm  [41]



	Path loss from MBSs to MUEs
	  128.1 + 37.6  log 10  d   dB [41]



	Path loss from SBSs to SUEs
	  140.7 + 37.6  log 10  d   dB [41]



	Minimum distance between MBSs and SBSs
	75 m [41]



	Minimum distance between SBSs and SBSs
	40 m [41]



	Minimum distance between MBSs and MUEs
	35 m [41]



	Minimum distance between SBSs and SUEs
	10 m [41]



	Given threshold of SUEs (  Γ  s t h   )
	−20 ∼ 0 dB



	Given target threshold (  Γ  t h   )
	−10 dB



	Given CRE bais ( η )
	4, 8 dB



	Power control value for the REP scheme ( α )
	  0.20   [35]



	  A  m g    and   A  m a   
	14 dB, 20 dB [41]



	Terminal noise level (  σ 2  )
	−174 dBm/Hz
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