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1 Introduction

In this contribution, the Phase 2 evaluation results for CoMP in Scenario 3 (heterogeneous network with low power RRHs deployed within the macro cell coverage) are presented and discussed.
2 CRE bias setting
The Cell Range Expansion (CRE) mechanism was used in our simulations to control the number of UEs associated with the low power RRH cells. The criterion of choosing the serving point is:
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where for macro cell the CRE bias value is 0 dB and it is chosen from {0, 6, 12} dB for low power RRH cells, respectively, in both Config #1 and Config #4b.

3 Analysis of the simulation results

The performance comparisons of SU-MIMO, eICIC, CS/CB and JP in terms of cell average and cell edge spectral efficiency, where the spectral efficiency here refers to aggregated spectral efficiency over set of the transmission points associated with one macro coverage area, is provided in Table 1 and 2 for placement  option of Config #1 and Config #4b, respectively. The UEs served by macro eNB are denoted as MUE, and the UEs served by the low power RRH cells are denoted as Low-power UE (LUE). The ABS ratio for eICIC was set according to the LUE association rate. In our simulations, the ABS ratio was set to 17% for Config #1 and 32.5% for Config #4b.
Table 1: Scenario 3 results for Config #1.
	CRE Bias (dB)
	Association ratio (LUE: MUE)
	Schemes
	Cell average
	Cell edge
	Jain index

	
	
	
	Value (bps/Hz)
	Gain
	Value (bps/Hz/)
	Gain
	

	0
	1:1
	SU-MIMO
	9.649
	-
	0.075
	-
	0.53

	
	
	eICIC
	9.524
	-1.30%
	0.063
	-15.63%
	0.50

	
	
	JP
	10.141
	5.10%
	0.093
	23.70%
	0.52

	
	
	CS/CB
	9.308
	-3.53%
	0.083
	10.24%
	0.54

	6
	2:1
	SU-MIMO
	9.372
	-
	0.111
	-
	0.61

	
	
	eICIC
	9.643
	2.89%
	0.111
	0.40%
	0.60

	
	
	JP
	10.097
	7.73%
	0.150
	35.11%
	0.62

	
	
	CS/CB
	9.125
	-2.64%
	0.118
	6.55%
	0.62

	12
	3:1
	SU-MIMO
	9.464
	-
	0.092
	-
	0.64

	
	
	eICIC
	9.722
	2.73%
	0.127
	38.01%
	0.66

	
	
	JP
	10.129
	7.02%
	0.154
	67.66%
	0.67

	
	
	CS/CB
	9.121
	-3.62%
	0.111
	20.75%
	0.67


Table 2: Scenario 3 results for Config #4b.
	CRE Bias (dB)
	Association ratio (LUE : MUE)
	Schemes
	Cell average
	cell edge
	Jain index

	
	
	
	Value (bps/Hz)
	Gain
	Value (bps/Hz/)
	Gain
	

	0
	7:3
	SU-MIMO
	10.834
	-
	0.121
	-
	0.74

	
	
	eICIC
	10.635
	-1.84%
	0.079
	-34.20%
	0.70

	
	
	JP
	11.508
	6.22%
	0.149
	23.76%
	0.73

	
	
	CS/CB
	10.760
	-0.68%
	0.131
	8.54%
	0.76

	6
	8: 2
	SU-MIMO
	10.485
	-
	0.129
	-
	0.79

	
	
	eICIC
	10.635
	1.43%
	0.135
	4.49%
	0.70

	
	
	JP
	11.267
	7.46%
	0.198
	53.02%
	0.83

	
	
	CS/CB
	10.546
	0.58%
	0.139
	7.81%
	0.81

	12
	9: 1
	SU-MIMO
	9.958
	-
	0.070
	-
	0.70

	
	
	eICIC
	10.278
	3.21%
	0.127
	82.25%
	0.80

	
	
	JP
	10.760
	8.05%
	0.128
	83.95%
	0.73

	
	
	CS/CB
	9.781
	-1.77%
	0.083
	19.63%
	0.72


Observations:
· The LUE association rate rises from 1:1 to 3:1 in Config #1 and 7:3 to 9:1 in Config #4b with the CRE bias value increased from 0 dB to 12 dB, since more UEs around the edge of macro were associated to the low power RRH cells.
· When the bias was set to 0 dB, the eICIC method showed a performance loss over SU-MIMO. A medium gain was observed when the bias value was increased to 6 dB, and a significant gain especially in cell edge throughput was obtained when the bias value was further increased to 12 dB.
· CS/CB may provide promising gain in terms of cell edge throughput (6.55%~20.75%) by exploiting the spatial scheduling gain available at cell edge. However, it performs slightly worse than SU-MIMO in terms of cell average throughput, since spatial scheduling gain can hardly be enjoyed by cell center UEs.
· Thanks to the joint processing gain, JP can offer significant gain in cell edge throughput (23.70%~83.95%), while still maintaining about 7% gain in cell average throughput.

Analysis of throughput gain for CoMP with different CRE bias values:
When the bias value is low, most of the UEs are likely to be associated with the macro eNB. Fig. 1 reveals that the cell edge throughput gain observed in Tables 1 mainly came from LUEs, when the CRE bias was set to 0 dB in Config 1. We can see that CS/CB provides higher throughput than SU-MIMO, and JP provides the largest gain over CS/CB and SU-MIMO, especially for cell edge UEs. When the bias value is increased, most of the MUEs at the macro cell edge will be relocated to the low power RRH cells, resulting in edge throughput reductions in the latter, as shown in Fig. 2.
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	Fig. 1: Normalized throughputs for CoMP with CRE bias = 0 dB in Config #1.
	Fig. 2: Normalized throughputs for CoMP with CRE bias = 12 dB in Config #1.


Analysis of throughput gain for eICIC with different CRE bias values:
Since most of the UEs will likely associate with macro when the CRE bias was as low as 0 dB, most of the cell edge UEs were MUEs, as demonstrated by Fig. 3. When the aggressor MeNB applies ABS for the sake of mitigating the interference imposed to the victim low power RRH cells under a low bias setting, the eICIC performance degrades due to the reduction of available resources in macro eNB. By contrast, when the CRE bias value was increased to 12 dB, most cell edge UEs were LUEs, as shown in Fig. 4. In this case, the cell edge performance was enhanced by eICIC. Furthermore, thanks to the absorption of ex-cell-edge MUEs by the low power RRH cells, the remaining MUEs are capable of maintaining a superior performance. Therefore, the cell-spliting gain can be achieved through eICIC under medium bias settings. For Config #4b, since over 70% UEs were associated with low power RRH cells, the macro eNB had a higher freedom in its resource scheduling than in the case of Config 1. Hence, in Config 4b scenario, eICIC can provide further gains with the aid of larger CRE bias values, as can be seen in Fig. 4 and Table 2.
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	Fig. 3: Normalized throughputs for eICIC with CRE bias = 0 dB in Config #1.
	Fig. 4: Normalized throughput for eICIC with CRE bias = 12 dB in Config #1.


4 Conclusion
In this contribution, system-level simulation results of SU-MIMO, eICIC, CS/CB and JP for Scenario 3 were presented. Based on the results, the following observations can be made:
· The performance of eICIC depends on CRE bias values. Significant gain in cell edge throughput may be attained when a medium CRE bias value is applied.
· CS/CB may offer promising gains in cell edge throughput, though performs slightly worse in cell average throughput.
· JP is capable of achieving a significant gain in cell edge throughput, while attaining a positive gain in cell average throughput.
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Appendix
A.1 Simulation assumptions

	Parameter
	Values used for evaluation

	Performance metrics
	Average user throughput, cell-edge user throughput

	Deployment scenarios
	Heterogeneous network with low power RRHs within the macro-cell coverage; 1 macro-cell with 4 low-power nodes

	Simulation case
	ITU UMa for macro, UMi for low power node

	High power RRH Tx power 
	46 dBm in a 10MHz carrier

	Low power RRH Tx power 
	30 dBm in a 10MHz carrier

	Number of UEs per cell
	30 for Config 4b, 25 for Config 1

	System bandwidth
	10 MHz

	Possible transmission schemes in DL
	SU-MIMO, CS/CB, JP

	Impairments modelling
	0 us

	CSI/CQI delay
	6 TTIs

	Overhead 
	3 OFDM symbols for DL CCHs，2 CRS ports outside PDCCH region, 20 REs/RB every 10ms for CSI-RS, 24 REs/RB for DM-RS

	Network synchronization
	Synchronized

	Number of antennas at transmission point
	4

	Number of antennas at UE
	2

	Antenna configuration
	2 columns, cross-polarized on each column, closely-spaced: X X

	Antenna pattern
	3D for macro eNB and high-power RRH

	
	omnidirectional for low-power node

	eNB Antenna tilt
	12 degrees for macro eNB and high-power RRH

	
	10 degrees for low-power node

	Antenna gain
	For macro eNB and high-power RRH: 17 dBi in 3GPP Case 1

	
	For low power node: 5 dBi

	Feedback scheme
	Unquantized spatial channel feedback

	Channel estimation
	Ideal

	UE receiver
	IRC receiver

	Traffic model
	Full buffer

	Backhaul assumptions
	Point-to-point fibre, zero latency and infinite capacity


A.2 Brief description of algorithms used
The CS/CB algorithm used in our simulations can be found in [1], while the JP algorithm follows a similar procedure except for the precoding. Our unified algorithm may be considered as a centralized scheduler with embedded precoding. The brief procedure of the algorithm is:
· Candidate UE selection;
· Enumerate possible UE pairs in cooperating set, and calculate their PF metrics in which the precoder is embedded;
· Find the best UE pair.
The precoding used for CS/CB was SVD-based precoding, and the precoding for JP was SLNR-based joint precoding. More details are available in [2].
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