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1. Background

In [2], we have presented DL simulation results for two dense hotspot scenarios, in particular for Configuration #4a with N=10 and Photspot =2/3, and Configuration #4b with N=2 and Photspot =2/3 [1]. Configuration #4a is dense from the low-power node distribution point of view and Configuration #4b is dense considering the user distribution within each hotspot, while both scenarios have the same Photspot and thus the same total number of hotspot users over the network. The results have shown a possible DL performance degradation for pico cell edge users with the biased cell selection and that a reasonable cell edge performance with the extension of pico cell coverage can be achieved by increasing pico cell transmit power with the RSRP-based cell selection.
In this contribution, we further study by simulations the same hotspot scenarios, while looking at UL performance. In particular, we present results for 
· the conventional UL power control approach [3], and

· the biased UL power control approach which compensates for the transmit power difference at different base stations.
The results indicate that the second approach may provide some gains in heterogeneous networks making the power control more fair with respect to users in small cells.
2. Uplink Power Control

With the UL power control strategy described in [3], the UE transmit power,
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, for the physical uplink shared channel transmission in subframe i is defined by 
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 with first component being cell-specific and the second component being UE-specific, which can be signalled by higher layers. 

In heterogeneous networks, the power imbalance between DL and UL transmissions is known to be challenging. Specifically, in the uplink a UE connected to a macro base station but located close to the border to a low-power node can cause high interference in this low-power node. Assuming that 
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 are the macro base station and the low-power node transmit power levels, respectively, the pathloss can be up to a value 
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 better to the low-power node, while still being connected to the macro base station. Then, if the same P0 value is used in both the macro base station and the low-power node, a macro UE may cause a signal-to-interference ratio of 
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 in the low-power node. 

One way to mitigate this is to increase P0 in the low-power nodes. Such a biased UL power control strategy can be realized by setting 
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 in a low-power node, and 
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A similar UL power control strategy could also be used, for example, for UL control channels.

In the low-power nodes P0 (used here as a general notation for 
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 or, for example, its alternative for the control channels) is hence increased by a value corresponding to the difference in the downlink power for the two node types.
To enable this macro base stations and low-power nodes may exchange the necessary parameters (downlink power and P0) over X2.

3. Simulation assumptions
The simulation assumptions are as described in [1] and [2]. In this contribution, we present simulation results for Case 1 with 30 users per macro cell (Nusers), hotspot user dropping share (Photspot) of 2/3, and the number of hotspot areas (N) set to 2 and 10. The presented results are for the full buffer traffic model and pathloss model 1. The default 3D antenna with fifteen-degree antenna tilt has been used in simulations.
Two pico base station power levels (Ptotal,pico) have been considered, 24 dBm and 30 dBm, to study the impact of the increased pico user share and the corresponding pico cell ranges. The RSRP-based cell selection has been assumed for both power control strategies. The power control parameters used in the simulations are the pathloss compensation factor (=0.8 and the SNR target of 8 dB.
4. Simulation results

This section presents results for the biased uplink power control, with different P0 in macro and low-power nodes, and compares it with the conventional power control with equal P0 in macro and low-power nodes.

Results are presented in Tables 1-4 and Figures 1-4. The results in Figures 1-4 are for the scenario with 24 dBm low-power nodes. It can be seen that with the conventional power control, pico users get very low bitrates, close to zero at the 5th percentile. The biased power control dramatically improves this situation. For comparison, in Tables 1 and 2 we also show results for the macro-only case, i.e. when only macro eNodeBs are deployed and only macro users are present in the area.
Table 1. User shares and UL user bitrate statistics (conventional power control)
	N / Photspot /  Ptotal,pico
	Users share, [%]
	User mean bitrate, [Mbps]
	User 5%-ile bitrate, [Mbps]

	
	Macro
	Pico
	All
	Macro
	Pico
	All
	Macro
	Pico

	 2 / 2/3 / 24 dBm
	79.0
	21.0
	8.30
	9.82
	2.56
	0.03
	2.57
	0.01

	 2 / 2/3 / 30 dBm
	66.4
	33.6
	7.81
	10.41
	2.72
	0.02
	3.12
	0.01

	 10 / 2/3 / 24 dBm
	67.1
	32.9
	8.01
	10.59
	2.77
	0.30
	3.64
	0.01

	 10 / 2/3 / 30 dBm
	48.6
	51.4
	6.78
	10.91
	2.87
	0.20
	4.79
	0.01

	 Macro only
	100.0
	0.0
	8.76
	8.76
	-
	1.36
	1.36
	-


Table 2. UL throughput (conventional power control)
	N / Photspot / Ptotal,pico
	Cell throughput, mean, [Mpps]
	User mean throughput, [Mbps]
	User 5%-ile throughput, [Mbps]

	
	Macro
	Pico
	All
	Macro
	Pico
	All
	Macro
	Pico

	 2 / 2/3 / 24 dBm
	9.74
	2.30
	0.48
	0.41
	0.73
	0.02
	0.1
	0.01

	 2 / 2/3 / 30 dBm
	10.38
	2.61
	0.52
	0.52
	0.52
	0.02
	0.14
	0.01

	 10 / 2/3 / 24 dBm
	10.61
	1.77
	0.94
	0.53
	1.79
	0.08
	0.17
	0.01

	 10 / 2/3 / 30 dBm
	10.93
	2.29
	1.13
	0.75
	1.48
	0.08
	0.28
	0.01

	  Macro only
	8.85
	-
	0.89
	0.89
	-
	0.12
	0.12
	-


Table 3. User shares and UL user bitrate statistics (biased power control)
	N / Photspot /  Ptotal,pico
	Users share, [%]
	User mean bitrate, [Mbps]
	User 5%-ile bitrate, [Mbps]

	
	Macro
	Pico
	All
	Macro
	Pico
	All
	Macro
	Pico

	 2 / 2/3 / 24 dBm
	79.0
	21.0
	6.42
	4.21
	14.76
	0.92
	0.78
	3.34

	 2 / 2/3 / 30 dBm
	66.4
	33.6
	8.15
	6.13
	12.09
	1.63
	1.49
	1.91

	 10 / 2/3 / 24 dBm
	67.1
	32.9
	4.17
	1.72
	9.16
	0.46
	0.38
	2.62

	 10 / 2/3 / 30 dBm
	48.6
	51.4
	4.80
	2.55
	6.91
	0.91
	0.72
	1.77


Table 4. UL throughput (biased power control)
	N / Photspot / Ptotal,pico
	Cell throughput, mean, [Mpps]
	User mean throughput, [Mbps]
	User 5%-ile throughput, [Mbps]

	
	Macro
	Pico
	All
	Macro
	Pico
	All
	Macro
	Pico

	 2 / 2/3 / 24 dBm
	4.23
	14.14
	1.08
	0.18
	4.49
	0.04
	0.03
	0.69

	 2 / 2/3 / 30 dBm
	6.15
	12.23
	1.02
	0.31
	2.41
	0.09
	0.07
	0.32

	 10 / 2/3 / 24 dBm
	1.70
	5.96
	2.04
	0.08
	6.02
	0.02
	0.02
	1.08

	 10 / 2/3 / 30 dBm
	2.57
	5.56
	1.94
	0.18
	3.60
	0.06
	0.04
	0.60
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Figure 1. UL user bitrate.                       



Figure 2. UL user throughput.
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    Figure 3. UL SINR.










Figure 4. UE power.
5. Conclusions
Two UL power control strategies, the conventional UL power control and the biased UL power control, have been studied in this contribution. The results show that the impact of the power imbalance which may become crucial in heterogeneous networks employing the conventional RSRP-based cell selection scheme can be reduced by means of the biased UL power control. With the biased UL power control approach, the P0 values compensate for the difference in the downlink power, which is a simple and effective way to control interference in heterogeneous networks.
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