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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 defined in [1]. The results were for the scenarios without interference coordination for RSRP-based cell selection, with different power levels of low-power nodes, and the biased cell selection approaches. In this contribution, we present simulation results for the same configurations while adopting almost blank subframes at the macro layer to address the interference issue for pico-cell UEs. The results are presented for Case 1 and Case 3.
Under the described assumptions, the considered TDM scheme gives noticeable gains in the overall network throughput in Case 1, given the sufficient number of low-power nodes per cell, whilst the gains are significantly smaller in Case 3. In some scenarios, further improvement can be achieved by using biased cell selection, which in other scenarios results in a loss. The gains with TDM are mainly due to the increased cell-edge pico UE throughput, which is, however, at a cost of a lower throughput of macro-cell UEs as a result of the reduced transmission activity in macro cells. Significant gains can also be achieved, especially with TDM, when using 30 dBm nodes instead of 24 dBm nodes.
2. Simulation assumptions
The simulation assumptions are as described in [1] and [2]. In this contribution, we present simulation results for the full buffer traffic model in Case 1 and Case 3 with 30 users per macro cell (Nusers) and the following configurations,

· Configuration #4b, 2 pico nodes, Photspot = 2/3,

· Configuration #4a, 10 pico nodes, Photspot = 2/3,

· Configuration #4a, 4 pico nodes, Photspot = 4/15.

DL data performance is studied for 

· 50% TDM at the macro layer, RSRP-based cell selection, 24 dBm pico nodes,

· 50% TDM at the macro layer, RSRP-based cell selection, 30 dBm pico nodes,

· 50% TDM at the macro layer, biased cell selection (6 and 13 dB), 24 dBm pico nodes.

The almost blank subframes are statically configured every second subframe in macro cells, assuming perfect synchronization and time-alignment among all cells in the network. In pico cells, any UE can be scheduled in the subframes with the improved interference conditions, so the presented results may be a bit pessimistic with this respect. In these simulations, the impact of interference from CRS transmitted in almost blank subframes is not modelled. Therefore, the TDM results for the pico layer may be optimistic.
3. Simulation results, Case 1
Tables 1 and 2 show results for the three configurations with 24 dBm and 30 dBm nodes, assuming RSRP-based cell selection and 50% TDM adopted at the macro layer. Tables 3 and 4 show results for 24 dBm nodes, assuming TDM and the biased cell selection with 6 dB and 13 dB, where the pico-user share with the 6 dB bias is the same as with RSRP-based cell selection and 30 dBm pico nodes. In every column of the four tables, the minimum and the maximum values are underlined and shown in bold, respectively. Several observations can be drawn from the tables for the studied scenarios,
· Densely populated hotspots improve the bitrate statistics in the network, but may have not so good UE throughput,
· Densely deployed pico nodes have worse bitrate statistics, but better UE throughput,

· Cell throughput decreases with the bias in most of the cases which is inline with e.g. [3],
· The considered TDM approach significantly boosts cell throughput, whilst a smaller additional gain may be obtained with the biased cell selection in scenarios with densely deployed pico nodes.
Table 1. DL user share and bitrate statistics (TDM)
	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
	15.68
	13.99
	22.01
	4.09
	3.78
	7.64

	 2 / 2/3 / 30 dBm
	66.2
	33.8
	16.38
	13.56
	21.92
	4.27
	3.89
	7.14

	 10 / 2/3 / 24 dBm
	67.0
	33.0
	12.99
	12.04
	12.57
	3.74
	3.39
	4.41

	 10 / 2/3 / 30 dBm
	48.6
	51.4
	12.31
	12.04
	12.57
	3.52
	3.24
	4.03

	 4 / 4/15 / 24 dBm
	82.2
	17.8
	14.53
	13.99
	17.04
	3.87
	3.58
	5.53

	 4 / 4/15 / 30 dBm
	71.4
	28.6
	14.17
	13.16
	16.71
	3.59
	3.19
	5.22


Table 2. DL throughput (TDM)
	N / Photspot / Ptotal,pico
	Cell throughput, mean, [Mbps]
	User mean throughput, [Mbps]
	User 5%-ile throughput, [Mbps]

	
	Macro
	Pico
	All
	Macro
	Pico
	All
	Macro
	Pico

	 2 / 2/3 / 24 dBm
	6.96
	21.15
	1.64
	0.29
	6.71
	0.08
	0.07
	1.67

	 2 / 2/3 / 30 dBm
	6.80
	22.26
	1.71
	0.34
	4.39
	0.09
	0.08
	1.00

	 10 / 2/3 / 24 dBm
	6.58
	8.19
	2.95
	0.33
	8.28
	0.09
	0.08
	1.90

	 10 / 2/3 / 30 dBm
	6.01
	10.18
	3.59
	0.41
	6.60
	0.13
	0.10
	1.22

	 4 / 4/15 / 24 dBm
	7.02
	12.75
	1.93
	0.28
	9.53
	0.07
	0.07
	1.67

	 4 / 4/15 / 30 dBm
	6.58
	15.35
	2.27
	0.31
	7.16
	0.08
	0.07
	1.23


Table 3. DL user share and bitrate statistics (TDM + biased cell selection)
	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
	66.2
	33.8
	16.65
	15.52
	18.87
	4.75
	4.54
	5.85

	 2 / 2/3 / 24 dBm, 13 dB bias
	47.4
	52.6
	16.74
	17.79
	15.79
	4.50
	4.83
	4.01

	10 / 2/3 / 24 dBm, 6 dB bias
	48.6
	51.4
	13.30
	15.90
	10.84
	3.71
	5.02
	3.05

	10 / 2/3 / 24 dBm, 13 dB bias
	28.4
	71.6
	12.25
	20.04
	9.15
	2.22
	6.30
	1.88

	4 / 4/15 / 24 dBm, 6 dB bias
	71.4
	28.6
	14.97
	15.24
	14.29
	4.15
	4.25
	3.92

	4 / 4/15 / 24 dBm, 13 dB bias
	50.7
	49.3
	14.50
	17.96
	10.94
	3.11
	5.12
	2.51


Table 4. DL throughput (TDM + biased cell selection)
	N / Photspot / Ptotal,pico
	Cell throughput, mean, [Mbps]
	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
	7.78
	19.20
	1.54
	0.39
	3.79
	0.11
	0.09
	0.80

	 2 / 2/3 / 24 dBm, 13 dB bias
	8.92
	16.08
	1.37
	0.63
	2.04
	0.19
	0.14
	0.42

	10 / 2/3 / 24 dBm, 6 dB bias
	7.96
	8.76
	3.19
	0.55
	5.68
	0.20
	0.15
	0.96

	10 / 2/3 / 24 dBm, 13 dB bias
	10.13
	8.46
	3.16
	1.19
	3.94
	0.41
	0.30
	0.54

	4 / 4/15 / 24 dBm, 6 dB bias
	7.61
	13.15
	2.01
	0.36
	6.13
	0.10
	0.09
	1.01

	4 / 4/15 / 24 dBm, 13 dB bias
	8.96
	11.15
	1.79
	0.59
	3.02
	0.19
	0.16
	0.45


Figure 1 shows the total throughput for the three configurations in Case 1 over a macro cell area in average. In the figure, for each configuration, the reference scenario (Ref) is that without interference coordination [2] assuming RSRP-based cell selection for the same network configuration with 24 dBm pico nodes deployed. The red dash-dot line denotes the level of the throughput achieved in an average macro cell in the reference scenario. As expected, the total throughput over the macro area increases with the number of deployed low-power nodes and is the maximum for configuration #4a with 10 pico nodes per macro cell area, which means that the largest amount of traffic is served in this scenario. The highest gains are achieved in scenarios with the increased transmit power of low-power nodes and/or TDM, reaching the maximum for the combination of the two. Without TDM, the biased cell selection results in a total throughput loss in all configurations with respect to the reference scenario. With TDM, the biased cell selection gives additional gains to what is achieved with only TDM with the two #4a configurations. 
Also, as expected, with TDM schemes the throughput at the macro layer drops below the reference level, i.e. the TDM gains are achieved at a cost of macro UE throughput loss due to the restricted transmission activity in macro cells. Cell-edge UE throughput is shown in Figure 2, indicating poor performance at the cell edge with the biased cell selection which shifts the operation to a low-geometry point.
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Figure 1. Macro cell area throughput for different configurations and network operation approaches, Case 1.
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Figure 2. Cell-edge UE throughput for different configurations and network operation approaches, Case 1.
4. Simulation results, Case 3

Tables 5-8 show simulation results for the same scenarios as in Section 3 but for Case 3, i.e. assuming inter-site distance for macro eNodeBs of 1732 m. The total macro cell area throughput and cell-edge UE throughput for all the scenarios are shown in Figure 3 and Figure 4, respectively. The results indicate marginal gains with TDM in Case 3 and losses with TDM and the biased cell selection. Figure 4 further indicates that for Case 3 the considered TDM scheme is not efficient at least for configurations #4b (2 pico nodes) and #4a (4 pico nodes) also from the cell-edge performance point of view.
Table 5. DL user share and bitrate statistics (TDM)
	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
	39.0
	61.0
	21.89
	9.85
	29.65
	2.08
	1.35
	6.87

	 2 / 2/3 / 30 dBm
	31.0
	69.0
	25.16
	10.03
	31.85
	2.55
	1.27
	6.20

	 10 / 2/3 / 24 dBm
	26.0
	74.0
	19.93
	10.72
	23.22
	2.78
	1.67
	4.17

	 10 / 2/3 / 30 dBm
	16.0
	84.0
	21.48
	11.26
	23.50
	3.36
	1.82
	3.84

	 4 / 4/15 / 24 dBm
	58.0
	42.0
	14.77
	9.39
	22.35
	1.40
	1.05
	2.70

	 4 / 4/15 / 30 dBm
	44.0
	56.0
	16.33
	10.03
	21.21
	1.66
	1.33
	2.35


Table 6. DL throughput (TDM)
	N / Photspot / Ptotal,pico
	Cell throughput, mean, [Mbps]
	User mean throughput, [Mbps]
	User 5%-ile throughput, [Mbps]

	
	Macro
	Pico
	All
	Macro
	Pico
	All
	Macro
	Pico

	 2 / 2/3 / 24 dBm
	4.79
	29.27
	2.11
	0.41
	3.21
	0.09
	0.05
	0.65

	 2 / 2/3 / 30 dBm
	4.97
	31.85
	2.29
	0.54
	3.06
	0.13
	0.06
	0.52

	 10 / 2/3 / 24 dBm
	5.48
	22.90
	7.82
	0.69
	10.36
	0.19
	0.09
	1.25

	 10 / 2/3 / 30 dBm
	6.05
	23.73
	8.11
	1.22
	9.47
	0.44
	0.15
	0.99

	 4 / 4/15 / 24 dBm
	4.73
	23.01
	3.23
	0.27
	7.39
	0.04
	0.03
	0.58

	 4 / 4/15 / 30 dBm
	5.07
	22.21
	3.13
	0.39
	5.25
	0.08
	0.05
	0.42


Table 7. DL user share and bitrate statistics (TDM + biased cell selection)
	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
	31.0
	69.0
	22.13
	11.22
	26.96
	1.91
	1.52
	2.65

	 2 / 2/3 / 24 dBm, 13 dB bias
	21.0
	79.0
	21.93
	13.57
	24.14
	0.46
	2.56
	0.20

	10 / 2/3 / 24 dBm, 6 dB bias
	16.0
	84.0
	20.01
	14.26
	21.14
	2.40
	2.91
	2.27

	10 / 2/3 / 24 dBm, 13 dB bias
	8.0
	92.0
	19.60
	20.02
	19.57
	1.50
	6.38
	1.40

	4 / 4/15 / 24 dBm, 6 dB bias
	44.0
	56.0
	14.81
	11.45
	17.41
	0.88
	1.87
	0.30

	4 / 4/15 / 24 dBm, 13 dB bias
	27.0
	73.0
	14.12
	15.08
	13.77
	0.01
	3.60
	0.01


Table 8. DL throughput (TDM + biased cell selection)
	N / Photspot / Ptotal,pico
	Cell throughput, mean, [Mbps]
	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
	5.52
	27.01
	1.98
	0.60
	2.60
	0.10
	0.07
	0.22

	 2 / 2/3 / 24 dBm, 13 dB bias
	6.71
	24.32
	1.85
	1.07
	2.05
	0.03
	0.15
	0.01

	10 / 2/3 / 24 dBm, 6 dB bias
	7.57
	21.38
	7.38
	1.53
	8.53
	0.43
	0.20
	0.64

	10 / 2/3 / 24 dBm, 13 dB bias
	10.04
	20.12
	7.04
	4.18
	7.29
	0.37
	0.88
	0.35

	4 / 4/15 / 24 dBm, 6 dB bias
	5.77
	18.45
	2.65
	0.44
	4.36
	0.07
	0.06
	0.06

	4 / 4/15 / 24 dBm, 13 dB bias
	7.62
	14.49
	2.19
	0.96
	2.63
	0.01
	0.20
	0.01
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Figure 3. Macro cell area throughput for different configurations and network operation approaches, Case 3.
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Figure 4. Cell-edge UE throughput for different configurations and network operation approaches, Case 3.
5. Conclusions
The following conclusions can be drawn from the presented simulation results,
· The gains obtained with the studied TDM scheme are scenario-dependent. For example, significant gains can be achieved in Case 1, but significantly smaller gains have been observed in Case 3,
· The full buffer traffic model has been assumed in the simulations, which may be not a typical scenario in practice, so for deciding an interference coordination scheme and evaluating the gains with the cell range expansion, studies with more realistic traffic are also necessary,
· The impact of the interference from CRS transmitted in almost blanked subframes has not been modelled, which may make the performance results for the pico layer a bit optimistic.
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