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1. Introduction
In this contribution we evaluate the performance of dual-layer beamforming with SU and MU-MIMO for Rel-9 and compare it with LTE-Rel-8 performance. We restrict the evaluation to a system with 4Tx antennas at the eNode-B and 2Rx antennas at the UE (co-polarized antennas). We consider a TDD scenario and an IMT-A UMa channel model. This contribution complements the studies done in [1]

 REF _Ref242167600 \n \h 
[2]

 REF _Ref242167603 \n \h 
[3]

 REF _Ref242167605 \n \h 
[4].
2. TDD Scenario
It is assumed that the downlink covariance matrix is known at the eNode-B which is delayed but otherwise ideal. In practice the downlink covariance matrix, especially which is wideband may be estimated fairly accurately at the eNode-B assuming SRS transmission from two antennas at the UE either simultaneously or through time-switching. It is observed in [5][7] that the loss due to a single antenna sounding is negligible in this case.  
In the case of single-layer or dual-layer beamforming it is also assumed that a standards transparent antenna aggregation technique is used to reduce the downlink overhead due to CRS from individual eNode-B antenna elements. The resultant performance loss with such an antenna aggregation technique (compared to 4Tx pairwise Alamouti) is within 1.25-1.75 dB and is discussed in detail in [6].

Table 1: 4x2 system performance in TDD for UMa Scenario
	
	Sector SE
	Edge SE
	% Improvement

	Rel-8 SU-MIMO SU(R1,R2) 
	1.531
	0.0646
	0

	Rel-8 single layer BF SU(R1)
	1.732
	0.0625
	13%

	Rel-9 dual layer BF SU(R1,R2)
	1.884
	0.0605
	23%

	Rel-9 dual layer BF SU(R1)+MU
	2.228
	0.0736
	46%

	Rel-9 dual layer SU(R1,R2)+MU
	2.324
	0.067
	52%
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APPENDIX
Table 2: Simulation Assumptions

	Scenario 
	IMT-A, UMa

	BW
	10MHz

	UE Speed 
	3kmph

	Antenna Config
	4Tx, 2Rx co-polarized (0.5λ)

	Chanel Estimation 
	Non-Ideal

	# of Control Symbols
	3

	Receiver
	MMSE

	Feedback Periodicity
	5ms

	Scheduler
	PF, FSS
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