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1. Background

A set of hotspot scenarios with more clustered user distribution have been agreed during RAN1#60. In this contribution, we present the data performance results with no enhanced interference management for a selected subset of 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. 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.
For the selected scenarios, we study two approaches for controlling the user assignment by cells. In particular, we show results for
· the RSRP-based user association in combination with different pico cell transmit levels, and

· the biased user association approach with the biases corresponding to the power level offsets in the first approach.
The results indicate that the first approach is capable of dealing with the dense hotspot scenarios, even without enhanced interference management, whilst the second approach may lead to performance degradation in heterogeneous network deployments.
2. Simulation assumptions
The simulation assumptions are as described in [1]. 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 earlier agreed for Case 1, 24 dBm and 30 dBm, which have been used in the simulations. However, we also present results for pico cells transmitting at 37 dBm to study the impact of the resulting increased pico users share in the network achieved by increasing the pico base station power. The RSRP-based user assignment approach is used for the baseline simulations. The results are then compared to the biased assignment with biases of 6 and 13 dB, while considering the smallest Ptotal,pico, i.e. 24 dBm.
3. Simulation results

In the first part, the study aims at providing baseline simulation results for the selected hotspot scenarios, i.e. assuming DL RSRP-based user assignment and no enhanced interference management, while investigating the impact of the pico cell transmit power. The DL user bitrate and throughput results are presented in Tables 1 and 2, respectively, where the bitrate is the effective bitrate experienced by UEs when being scheduled, and the user throughput depends on the cell load and in particular on the number of users served in own cell. The average and the 5-th percentile results are shown for each simulated scenarios, both for all users in the network and per layer (macro and pico). In Table 1, for each simulated scenario, we also show the users share per layer over the entire network, and in Table 2 we additionally show the mean cell throughput per layer. The results for the same user distributions but with only macro base stations deployed are also shown in both tables.
Table 1. DL user assignment and user bitrate statistics (RSRP-based assignment)
	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
	13.40
	13.99
	11.16
	3.85
	3.78
	3.91

	 2 / 2/3 / 30 dBm
	66.4
	33.6
	13.57
	13.56
	13.60
	3.90
	3.89
	4.00

	 2 / 2/3 / 37 dBm
	47.2
	52.8
	14.48
	12.97
	15.85
	3.90
	3.56
	4.38

	 10 / 2/3 / 24 dBm
	67.1
	32.9
	11.79
	13.11
	  9.12
	3.30
	3.39
	3.15

	 10 / 2/3 / 30 dBm
	48.6
	51.4
	11.10
	12.04
	10.20
	3.18
	3.24
	3.06

	 10 / 2/3 / 37 dBm
	28.5
	71.5
	10.75
	10.38
	10.90
	2.75
	2.63
	2.79

	 Macro only
	100.0
	0.0
	15.19
	15.19
	-
	3.89
	3.89
	-


Table 2. DL throughput (RSRP-based assignment)
	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
	13.92
	10.34
	1.15
	0.59
	3.28
	0.16
	0.14
	0.82

	 2 / 2/3 / 30 dBm
	13.61
	13.32
	1.34
	0.69
	2.63
	0.19
	0.16
	0.61

	 2 / 2/3 / 37 dBm
	13.11
	15.88
	1.50
	0.92
	2.01
	0.27
	0.20
	0.47

	 10 / 2/3 / 24 dBm
	13.16
	5.73
	2.35
	0.65
	5.80
	0.17
	0.15
	1.38

	 10 / 2/3 / 30 dBm
	12.02
	8.11
	3.10
	0.82
	5.26
	0.26
	0.20
	0.96

	 10 / 2/3 / 37 dBm
	10.43
	10.01
	3.69
	1.22
	4.66
	0.44
	0.27
	0.76

	  Macro only
	15.17
	-
	0.51
	0.51
	-
	0.12
	0.12
	-


From Table 1, one can observe that the pico users share by assignment is comparable to the users share in hotspots by generation only when N=10 and Ptotal,pico=37 dBm, i.e. only in this scenario the hotspot areas are fully covered and served by pico cells, although the pico base station power level of 37 dBm has only been agreed for Case 3.

As expected, the mean user bitrate in pico cells generally increases with Ptotal,pico and the increase is more significant in scenarios with N=2, due to less introduced interference. The impact of the interference on the pico user performance can be clearly seen in the bitrate results for the 5-th percentile, where the bitrate is increasing with the pico base station power for N=2 but descreasing for N=10. Furthermore, the increased interference from pico cells has a negative impact on the macro user bitrate, which decreases with a higher pico base station power in almost all scenarios. The only exception is the macro cell edge user bitrate for N=2 which slightly increases when going from Ptotal,pico=24 dBm to Ptotal,pico=30 dBm due to the off-loading effect.

In spite of the increasing bitrate of pico users, their throughput is decreasing with the pico users share, while the macro user throughput is increasing due to the off-loading. At the same time, the average pico cell throughput and the total throughput over a macro cell area increase with Ptotal,pico, while degrading the average macro cell throughput due to a smaller serving area and fewer users.

Figures 1 and 2 provide further details on the user throughput and show user SINR levels, respectively.
Next, we investigate the impact of the user assignment strategy on the user and overall cell performance. In particular, the biased assignment approach is further simulated and compared to the traditional RSRP-based approach. Tables 3 and 4 show results for Ptotal,pico =24 dBm and bias of 6 and 13 dB, respectively. The results indicate that although the macro cell throughput and the user throughput as well as the user bitrate improve with the biased user assignment due to off-loading by pico cells at no additional interference since the pico base station power is kept constant at 24 dBm, the pico user performance and overall pico cell throughput degrade drastically. For example, with the 13 dB bias, i.e. when the users shares are the same as those obtained with the pico base station power of 37 dBm in Table 1, the user fifth percentile bitrate in Table 3 drops down to 0.01 Mbps for both Configuration #4a and #4b compared to 4.38 and 2.79 Mbps, respectively, in Table 1. The degradation is due to that with the biased assignment approach, the pico cells tend to overtake more users than they are capable to serve at a satisfactory level, which becomes obvious when looking at the pico cell edge throughput statistics. As a result, the total throughput over the macro cell area is also larger with the RSRP-based assignment.
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Figure 1. DL performance: user throughput, [Mbps].
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Figure 2. DL performance: SINR.
Table 3. DL user assignment and user bitrate statistics (biased assignment)
	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, 6 dB bias
	66.4
	33.6
	12.95
	15.52
	7.93
	1.97
	4.54
	0.91

	 2 / 2/3 / 24 dBm, 13 dB bias
	47.2
	52.8
	11.17
	17.79
	5.20
	0.03
	4.83
	0.01

	 10 / 2/3 / 24 dBm, 6 dB bias
	48.6
	51.4
	11.21
	15.90
	6.76
	1.62
	5.02
	0.99

	 10 / 2/3 / 24 dBm, 13 dB bias
	28.5
	71.5
	9.23
	20.04
	4.93
	0.02
	6.30
	0.01


Table 4. DL throughput (biased assignment)
	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, 6 dB bias
	15.55
	7.64
	1.03
	0.78
	1.51
	0.17
	0.18
	0.15

	2 / 2/3 / 24 dBm, 13 dB bias
	17.84
	5.09
	0.93
	1.25
	0.65
	0.02
	0.29
	0.01

	10 / 2/3 / 24 dBm, 6 dB bias
	15.91
	5.30
	2.30
	1.09
	3.44
	0.31
	0.30
	0.35

	10 / 2/3 / 24 dBm, 13 dB bias
	20.27
	4.42
	2.15
	2.38
	2.06
	0.03
	0.60
	0.01


4. Conclusions
We have presented simulation results for the two dense hotspot scenarios, with N=2 and N=10 for the same Photspot=2/3, assuming no enhanced interference management techniques. 
Furthermore, two downlink user assignment approaches for controlling the users shares by layers have been compared: 
· the traditional RSRP-based assignment in combination with the transmit power planning, i.e. setting the maximum transmit power level of pico base stations so that the pico base stations cover the hotspot areas, and 
· the biased assignment.
The results show that with the biased assignment approach, the pico cells tend to get assigned more users than they can actually serve at a reasonable quality, which may result in a significant performance degradation. At the same time, the first approach is capable of dealing with the dense hotspot scenarios under the same other assumptions, even without enhanced interference management.
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