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1 Introduction
In FeCoMP, one of the main objectives of the study item is to identify and evaluate the performance benefits of the following enhancements related to coordinated multi-point schemes [1]: 
-
Extension of beamforming and scheduling coordination (CS/CB) for Rel-13 FD-MIMO on the transmission points
In this contribution, we provide simulation results of CS/CB for FD-MIMO.

2 Evaluated schemes
CS/CB aims to mitigate inter-cell interference by inter-cell coordination. In this contribution, we focus on the CS/CB, which measures the precoding matrix indicator (PMI) of the interferences from coordinated transmission points (TPs) and then the PMIs are utilized in scheduling thereafter. 
In our simulation, we implement both of the SU-MIMO and MU-MIMO schemes. SU-MIMO calls one UE in each cell at one time, while MU-MIMO calls multiple UEs in each cell at one time. In both schemes, it is assumed that CSI information from the current cell and the PMIs from coordinated TPs are measured and then reported for the current cell scheduling. When measuring the current cell’s CQI, the UE considers two different cases: one is without coordinated TPs’ interference beam, and the other one is with the coordinated TPs’ interference beam. In this way, more CSI measurement information can be used for TPs’ coordinated beamforming and scheduling. The scheduling algorithm is proportional fair (PF) for SU and greedy PF for MU. Specifically, when one beam from neighbour cells imposes strong interference to the current UE, the scheduler in the current cell would change the current UE’s modulation and coding scheme (MCS) or call another UE instead. We adopt the antenna configurations, as well as other cell and group parameters according to reference [2]. Details of the simulation assumptions are shown in the Appendix. Based on the above configurations, some simulation results of CS/CB with FD-MIMO are presented.
3 Evaluation results
We have one baseline scheme to be compared with, which is the non-CoMP scheme of Release-13 with FD-MIMO. The gains compared to the baseline under different schemes are shown as below: 

Table 1 Simulation Results of CS/CB
	scheme
	Antenna 
	Resource Utility
	5th percentile UPT gain
	Mean UE throughput gain

	SU 
	(8,4,2) 8ports
	75%
	+16.32%
	-0.14%

	
	
	47%
	+4.46%
	-1.79%

	
	
	24%
	+3.49%
	-2.82%

	SU
	(8,1,2) 8ports
	77%
	+26.37%
	-4.92%

	
	
	46%
	+15.67%
	-5.4%

	
	
	24%
	+3.28%
	-3.45%

	MU
	(8,4,2) 8ports
	67%
	+8.32%
	-0.63%

	
	
	44%
	+8.82%
	+0.59%

	
	
	26%
	+5.04%
	+3.58%


From the simulation results, we have following observations:
The 5th percentile UPT in both of the SU and MU schemes have throughput gains compared to their baselines, which verifies the positive effect of CS/CB, especially for cell edge users. Also, CS/CB can provide higher throughput gains for 5th percentile UPT with higher resource utility (RU) in the SU scheme, while, lower gains are reached with lower RU. In the MU scheme, we set the rank to 1 and the number of pairing UEs is up to 8. From the simulation results, SU outperforms MU when the RU is approximately 70% and the rank in MU is limited. 
Observation 1: Higher RU of CS/CB has higher 5th percentile UPT gains. For approximately 70% RU, CS/CB SU scheme achieves 16%~26% gains for the 5th percentile UPT. 

Observation 2: SU outperforms MU when the RU is approximately 70% and the rank in MU is limited. 
4 Conclusion
This contribution provides simulation results for CS/CB under FD-MIMO. We have two observations: 
Observation 1: Higher RU of CS/CB has higher 5th percentile UPT gains. For approximately 70% RU, CS/CB SU scheme achieves 16%~26% gains for the 5th percentile UPT. 

Observation 2: SU outperforms MU when the RU is approximately 70% and the rank in MU is limited. 
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Appendix: Simulation assumptions for FeCoMP Scenario B
	Parameters 
	Scenario B 

	Type 
	Urban Micro 

	Layout 
	Single layer
Macro layer: Hex. Grid with three tiers 

	ISD 
	200m 

	Minimum distances 
	According to TR 36.897 

	Carrier frequency 
	2GHz 

	Coordination cluster size for ideal backhaul 
	3 macro sites

	System Bandwidth 
	10MHz (50RBs) 

	Channel model 
	Macro: 3D UMi 
(see TR 36.897) 

	TP antenna configuration (M,N,P) 
	(8,4,2) 8 ports
(8,1,2) 8 ports

	TP Tx power 
	41dBm 

	TP antenna pattern 
	3D directional with 8dBi gain (According to  TR 36.873) 

	TP antenna height 
	10m 

	UE antenna height/UE dropping 
	According to TR 36.873 

	Maximum CoMP measurement set size
	3 Macro sites, 9 TPs

	UE antenna gain 
	According to TR 36.873 

	UE receiver noise figure 
	9 dB 

	Traffic model 
	Non full buffer FTP traffic model 1, S = 0.5Mbytes 

	Traffic load (Resource utilization) 
	20%, 40%, 70%

	UE receiver 
	MMSE-IRC 

	UE antenna 
	2Rx, 00/900 polarization slants, 0.5 wavelength spacing 

	Feedback assumption 
	PUSCH 3-2 

	Transmission mode 
	TM10 based 

	Number of CSI-RS antenna ports 
	Same as the TP antenna ports number

	Channel estimation 
	Realistic 

	CRS interference modelling 
	4 CRS ports

	Handover margin 
	3dB 

	Backhaul link delay 
	0ms 

	Baseline scheme 
	non-CoMP Rel-13 FD-MIMO


