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1
Introduction
Carrier aggregation can be very beneficial in heterogeneous network deployments, even when the system bandwidth is contiguous, and does not exceed 20 MHz. Multiple carriers enable interference management between different power class cells as well as open access and closed subscriber group (CSG) cells [2]. Long-term resource partitioning can be carried out by exclusively dedicating carriers to a certain power class cell (Macro/Pico/CSG). Further optimizations include sharing those carriers among cells and applying power control, fractional frequency reuse (FFR) schemes, or time domain resource partitioning.

In this contribution we present simulation results that show the UL performance in heterogeneous networks with semi-static carrier partitioning and co-channel deployments. Two UE association approaches are considered - best DL SNR and range expansion [2] [3] (associating UE with a cell that has a relatively weak DL received signal (RSRP), in order to achieve performance benefits).
2 Performance
2.1
Simulation Assumptions
Configurations 1 and 4, as defined in Table A.2.1.1.2-3 in [1] for macro/hotzone(Pico) cell deployment, are evaluated. In configuration 1, 25 UEs and a fixed number of hotzone cells are uniformly dropped within each macro cell. In configuration 4, a fixed number of UEs are dropped within each hotzone’s coverage and the rest of UEs are randomly dropped within each macro cell area. In this particular setup, there are 2 UEs dropped within a 30 meters radius of each hotzone cell, e.g., 20 UEs in hotzone coverage and 5 UEs in macro cell coverage in the case of 10 hotzone cells per macro cell.
Two UE association approaches are considered - best DL SNR and range expansion (RE) [2] [3]. The RE is the cell-selection strategy that takes interference efficiency into account, in addition to traditional metrics such as DL SINR. As a result, UEs are associated with a cell that could have a relatively weak DL received signal (RSRP), in order to achieve performance benefits. The assumption here is that the UE association is based on the maximum received RSRP with 25 dB and 16 dB bias towards hotzone cells for multicarrier and co-channel deployment, respectively.
In case of co-channel deployment, 10 MHz bandwidth is used by both macro and hotzone cells. For the multicarrier deployment, there are two 5 MHz carriers, where one carrier is exclusively used by macro cells and the other carrier is used by hotzone cell exclusively.
Additional details on the simulation assumptions can be found in [4].
2.2
Simulation Results and Discussion
The Figure 1 shows the performance for co-channel and multicarrier deployment with the best DL SINR UE association technique and configuration 1 (uniform layout). Due to the difference in the DL transmit power and antenna configuration, the majority of UEs in the system with co-channel deployment will be associated with the macro cells when best DL SINR UE association rule is used (Figure 3). In the multicarrier deployment, the percentage of UEs associated with hotzone cells is larger (Figure 5), resulting in improved mean and median UE throughput (Table 2).
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Figure 1:
Co-channel and multicarrier deployment with the best DL SINR UE association; Configuration 1
The performance of co-channel and multicarrier deployment with the best DL SINR UE association technique and configuration 4 (non-uniform layout) is depicted in Figure 2. In this configuration, larger density of UEs is dropped in the vicinity of the hotzone cells than the macro cells (1/10 of the macro cell radius). As a result, close to 30% of UEs are associated with hotzone cells in the case of 10 hotzone cells and co-channel deployment, and about 60% in case of multicarrier deployment (Figures 4 and 6). Comparison of Tables 1 and 2 shows that the improvement offered by the multicarrier over co-channel deployment in such scenario is about 70% at the tail, and 750% at the median UE throughput.
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Figure 2:
Co-channel and multicarrier deployment with the best DL SINR UE association; Configuration 4

Table 1:
UE Throughput; Configuration 1 with the best DL SINR UE association

	
	5% (kbps)
	50% (kbps)
	Mean (kbps)

	Co-channel; 2 hotzones
	134
	187
	397

	Co-channel; 4 hotzones
	135
	189
	592

	Co-channel; 10 hotzones
	133
	191
	1217

	MC; 2 hotzones
	111
	200
	602

	MC; 4 hotzones
	134
	248
	990

	MC; 10 hotzones
	147
	276
	1843


Table 2:
UE Throughput; Configuration 4 with the best DL SINR UE association

	
	5% (kbps)
	50% (kbps)
	Mean (kbps)

	Co-channel; 2 hotzones
	128
	194
	1196

	Co-channel; 4 hotzones
	131
	202
	2146

	Co-channel; 10 hotzones
	145
	255
	4957

	MC; 2 hotzones
	123
	253
	745

	MC; 4 hotzones
	163
	429
	1434

	MC; 10 hotzones
	244
	1931
	3493


[image: image3.emf]Macro+2 Hotzones Macro+4 Hotzones Macro+10 Hotzones

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Fraction of UEs

UE association statistics: All UEs

 

 

Hotzone UEs

Macro UEs


Figure 3:
UE association statistics; Co-channel deployment with the best DL SINR UE association; Configuration 1
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Figure 4:
UE association statistics; Co-channel deployment with the best DL SINR UE association; Configuration 4
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Figure 5:
UE association statistics; Multicarrier deployment with the best DL SINR UE association; Configuration 1
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Figure 6:
UE association statistics; Multicarrier deployment with the best DL SINR UE association; Configuration 4
The Figure 7 presents the results for co-channel and multicarrier deployment with the RE UE association method and configuration 1 (uniform layout). The multicarrier deployment provides significant throughput gain for larger hotzone density (4 and 10 hotzones) while somewhat degrading system performance for lower hotzone density (2 hotzones). The performance loss at low hotzone density for multicarrier deployment is due to the loss of usable macro cell bandwidth, (which is not efficiently utilized by the hotzone cells), and therefore the co-channel operation performs better. The tail, median and mean UE throughput numbers and UE association to a cell statistics are given in Tables 1 and 2, and Figures 9 and 11, respectively.

Note that the median IoT is below 8 dB for all cases. Hence, the results are somewhat conservative and could be improved, for example, by employing a closed loop power control mechanism.
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Figure 7:
Co-channel and multicarrier deployment with the RE UE association; Configuration 1
The Figure 8 presents the results for co-channel and multicarrier deployment with the RE UE association method and configuration 4 (non-uniform layout). In the case of configuration 4, the multicarrier deployment is shown to provide substantial gain over the co-channel deployment for the medium to large hotzone density. More specifically, 90% and 210% gain has been observed with 10 hotzone cells per macro cell for tail and median UE throughput, respectively. However, a non-negligible performance loss of 20% for the multicarrier deployment is observed for tail UE throughput with 2 hotzone cells per macro cell. 

Note that the median IoT is again below 8 dB for all cases, and, hence the results are conservative from a power control point of view.
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Figure 8:
Co-channel and multicarrier deployment with the RE UE association; Configuration 4

Table 3:
UE Throughput; Configuration 1 with the RE UE association

	
	5% (kbps)
	50% (kbps)
	Mean (kbps)

	Co-channel; 2 hotzones
	140
	203
	370

	Co-channel; 4 hotzones
	145
	227
	555

	Co-channel; 10 hotzones
	167
	316
	1137

	MC; 2 hotzones
	100
	176
	600

	MC; 4 hotzones
	149
	347
	883

	MC; 10 hotzones
	275
	864
	1534


Table 4:
UE Throughput; Configuration 4 with the RE UE association

	
	5% (kbps)
	50% (kbps)
	Mean (kbps)

	Co-channel; 2 hotzones
	141
	229
	667

	Co-channel; 4 hotzones
	162
	299
	1203

	Co-channel; 10 hotzones
	281
	821
	3328

	MC; 2 hotzones
	113
	222
	754

	MC; 4 hotzones
	189
	637
	1231

	MC; 10 hotzones
	537
	1715
	2844
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Figure 9:
UE association statistics; Co-channel deployment with the RE UE association; Configuration 1
[image: image10.emf]Macro + 2 hot zones Macro + 4 hot zones Macro + 10 hot zones

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Fraction of UEs

UE association statistics: All UEs

 

 

Pico UEs

Macro UEs


Figure 10:
UE association statistics; Co-channel deployment with the RE UE association; Configuration 4
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Figure 11:
UE association statistics; Multicarrier deployment with the RE UE association; Configuration 1
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Figure 12:
UE association statistics; Multicarrier deployment with the RE UE association; Configuration 4
3
Summary 
We presented simulation results that show the UL performance in heterogeneous networks with semi-static carrier partitioning and co-channel deployments. The best DL SNR and range expansion UE association approaches are considered. 
In the medium to high hotzone (Pico) cell density, the dual-carrier deployment in conjunction with range expansion cell selection is shown to provide throughput gain compared to the multicarrier and co-channel deployments that do not utilize range expansion technique. This further implies that the carrier aggregation can be very beneficial in heterogeneous network deployments, even when the system bandwidth is contiguous, and does not exceed 20 MHz. 
In the case of low hotzone density the co-channel deployment with range expansion UE association offers the best performance, since some loss at the tail UE throughput is observed with the multicarrier deployment. Better carrier granularity (larger number of carriers in the system) could potentially improve the performance in the low hotzone density, since a smaller fraction of carriers could be allocated to the hotzone cells. On the other hand, the co-channel deployment performance could be improved by utilizing fractional frequency reuse (FFR) schemes to manage interference on data channel, and orthogonalize control channel regions among interfering cells. 
In any case, regardless of the deployment scenario (multicarrier or co-channel), the range expansion cell selection approach can provide the UL performance gains in the tail and median UE throughputs in heterogeneous networks. 
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