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1 Introduction

Based on the simulations assumption agreed in RAN1#57bis meeting for ITU-R submission [1], DL system simulation results for LTE Rel-8 4x2 closed-loop SU-MIMO with full buffer traffic are provided in this contribution. In addition, advanced MIMO features (MU-MIMO with and without intra-site coordination) are evaluated for ITU Urban Micro and Urban Macro scenario, which LTE Rel-8 baseline configuration fails to meet the ITU-R target. It is shown that with Rel-8 CQI/PMI report, DL MU-MIMO without coordination is able to meet the performance requirement for both ITU urban micro and ITU urban macro scenario.
2 Simulation Models and Assumption

A list of simulation assumptions are provided in Table 1, according to the set of evaluation parameters agreed in RAN1#57bis [1]. 

Table 1: Simulation Assumptions

	Parameters
	Setting

	Duplex method
	FDD

	Cell layout
	Hexagonal grid 19 sites, 3 cells per site

	System load
	Average 10 UEs per cell with full buffer traffic

	System bandwidth
	20MHz for ITU indoor hotpot, 10MHz otherwise

	eNB antenna configuration
	ITU indoor hotspot: 4 co-polarized antennas with 4( spacing
ITU urban micro, ITU urban macro, ITU rural macro: 4 co-polarized antennas with 1/2( spacing

	UE antenna configuration
	2 co-polarized antennas with 1/2( spacing

	Downlink scheduler
	Proportional fair in time and frequency

	Feedback periodicity
	5ms

	Feedback delay
	6ms

	BS antenna downtilt
	InH: N/A,  Umi: 12deg, Uma: 12deg, Rma: 6 deg

	Receiver algorithm
	MMSE with interference rejection combining

	Channel estimation
	Ideal

	CQI report
	PUSCH mode 3-1, frequency-selective CQI with 6RB subband, wideband PMI

	HARQ scheme
	Chase combining,  maximum 4 transmission


3 Rel-8 4x2 SU-MIMO Performance Results
· The average cell spectral efficiency and cell edge spectral efficiency (bps/Hz) are shown in Table 2. Overall, LTE Rel-8 4x2 baseline configuration fulfills the cell edge and cell average throughput targets for ITU indoor hotspot and rural macro scenarios. However, it cannot meet the cell edge and cell average throughput targets for ITU urban micro and urban macro scenario.
Table 2: System simulation results (Rel-8 4x2 CL SU-MIMO)

	Minimum technical requirements item
	Scenario
	Rel-8 4x2 SU-MIMO
	Target
	Gap from target

	Cell average spectral efficiency(bps/Hz)
	Indoor
	4.36
	3.0
	45%

	
	Urban Micro
	2.06
	2.6
	-21%

	
	Urban Macro
	1.58
	2.2
	-28%

	
	Rural Macro
	2.06
	1.1
	87%

	Cell edge spectral efficiency (bps/Hz)
	Indoor
	0.209
	0.10
	109%

	
	Urban Micro
	0.062
	0.075
	-17%

	
	Urban Macro
	0.048
	0.06
	-20%

	
	Rural Macro
	0.078
	0.04
	95%


4 Advanced MIMO Performance Results
Advanced DL MU-MIMO are evaluated for ITU urban micro and urban macro, in particular DL MU-MIMO without coordination and DL MU-MIMO with intra-site coordinated beamforming 
DL MU-MIMO without coordination [2]
· Rank-1 single-layer transmission per UE
· A semi-static MU-MIMO mode configuration with two UEs paired in the same frequency resources, sub-band UE paring. 

· Implicit CSI feedback based on Rel-8 SU-MIMO CQI/PMI framework:  Each UE reports its SU rank-1 CQI/PMI..  4-bit wideband PMI with Rel-8 codebook is reported per UE along with rank-1 SU CQI with frequency-granularity of 6 RBs..

· MU-MIMO based on regularized zero-forcing beamforming (RZFBF) is evaluated. For each hypothetical set of UEs, eNB derives the non-codebook based beamforming vectors based on a ZF transformation of the concatenated PMI, and estimates the MU CQI based on the SU-MIMO PMI/CQI report. UE pairing is then performed on a sub-band basis. 
DL MU-MIMO with coordination [3]
· Coordinated beamforming is performed within 3 cells in the same site. No inter-site coordination is performed.

· Long-term wideband transmit covariance matrix assumed available [1]. Block diagonalization (BD) beamforming is used for MU beamforming vector design. 
· Narrow-band short-term interference power from non-coordinating cells assumed available for link adaptation. 
It is shown in Table 3 that both schemes are able to meet the ITU-R performance requirement for urban micro and urban macro scenarios.

Table 3: System simulation results (MU-MIMO w/ and w/o coordination)
	Minimum technical requirements item
	Scenario
	MU-MIMO w/o coordination 
(Rel-8 CQI/PMI report)
	MU-MIMO w/ coordination

(Long-term Covariance)
	Target

	Cell average spectral efficiency(bps/Hz)
	Urban Micro
	3.17
	3.09
	2.6

	
	Urban Macro
	2.66
	2.44
	2.2

	Cell edge spectral efficiency(bps/Hz)
	Urban Micro
	0.084
	0.086
	0.075

	
	Urban Macro
	0.070
	0.067
	0.06


5 Conclusions and Summaries
In this contribution we present a set of performance evaluation results for ITU-R submission 
· Rel-8 closed-loop SU-MIMO can meet the ITU indoor hotspot and ITU rural macro performance requirement, but cannot reach the ITU urban micro and urban macro requirements.
· MU-MIMO without coordination based on Rel-8 CQI/PMI reports and DL MU-MIMO with intra-site coordination based on long-term wideband transmit covariance can both meet the performance target o ITU urban micro and ITU urban macro scenarios. 
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