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1. Introduction
According the WID [1] in RAN#43, next RAN plenary will decide on dual-layer beamforming based MU-MIMO based on the evaluation in RAN1.  In previous contributions [2] [3] [4], single user dual-layer beamforming scheme and dual ports DRSs design have been presented. In this contribution, we analyze the feasibility of the dual-layer beamforming based rank one MU-MIMO, as well provide performance comparison with single layer beamforming. 
2. Discussion
In single user dual-layer beamforming, dual ports DRS is required thus in dual-layer beamforming based single layer MU-MIMO discussion, we assume dual ports DRSs are the baseline. The referred dual ports DRSs pattern is shown in the appendix 1. From the compatibility with Rel-8 LTE, rank one MU-MIMO is feasible in TDD system and it is very easy from the standardization perspective. In the following sections we discuss MU-MIMO in TDD taking advantage of channel reciprocity.
2.1. Reference Signal
With dual ports DRSs, two UEs can be supported simultaneously, each DRS supporting one layer per UE, without interference between two DRSs. The interference between two layers can be cancelled with MMSE SIC receiver at UE. Due to precoding the DRSs, PMI is not needed to inform the UE.
2.2. CQI Feedback
In MU-MIMO, an UE doesn’t have the channel information of the other UE (matched pair), so CQI feedback mechanism shall be similar to Rel-8 LTE i.e. UE only feeds back own CQI. For a pair of matched UEs, rank one for each UE, CQI feedback is same as in transmission mode 7 in Rel-8 LTE [5], however tuning at eNB is still necessary. In TDD system, with channel information obtained from SRS at eNB, the CQI for paired UEs can be calculated more precisely and thus select the suitable MCS.
2.3. UE Pairing
In TDD, the eNB can obtain the instantaneous channel information of each UE from SRS, so UE pairing for MU-MIMO transmission can be based on the instantaneous channel information. According to maximum throughput criterion, or other pairing criterion, the eNB select two suitable UEs for grouping, and select suitable MCS level for each UE. 
2.4. Control Signaling
In downlink PDCCH, the PMI indication is not needed in the DRS based MU-MIMO so the PMI information can be removed from DCI format. In terms of DCI format, a new format may be needed.
3. Performance evaluation
In this section, some simulation results are provided. When the number of users is high enough, beamforming based MU-MIMO can outperform single user dual-layer beamforming, as well superior to single layer beamforming. In order to evaluate performance of different transmission schemes effectively, we consider some non-ideal factors. CQI feedback mechanism of three transmission schemes in table 1 is same, based on CQI feedback mode of the transmission mode 7. Some general system level simulation assumptions are shown in the appendix 2.
The following is some additional simulation details:
(1) non-ideal assumption:  

a) SRS delay 20ms

b) CQI delay 10ms, quantized error 1 dB

c) SRS channel estimation error:1/Geometry, Geometry is signal to noise plus interference ratio

d)    EVM error: 5%

(2) Overhead: 3 symbol for downlink control channel, 2 CRS, 12 RE DRS per PRB, special subframe overhead in TDD configuration 1

(3) SRS transmission: 2 antenna switching

           (4)  Rank adaptation for SU-MIMO dual-layer transmission: enabled

Table 1 Performance of MU-MIMO
	
	Single stream BF
	Single user dual stream BF (rank daptation)
	Multi user dual stream BF
	Multi user dual stream BF gain over single user single stream BF

	Average user spectrum efficiency (bit/s/hz)
	1.94 
	2.25
	2.55
	31%


From above table, beamforming based MU-MIMO provides significant performance gains over single layer beamforming, about 31% benefit on average user spectrum efficiency. Due to fully exploiting channel reciprocity and multi-user diversity, dual-layer MU-MIMO shows 15% throughput gain than single user dual-layer beamforming.
4. Conclusion
In this contribution, we analyze some aspects on beamforming based MU-MIMO for LTE-TDD, as well show some simulation results. From feasibility and performance gain view point, MU-MIMO with rank one based on channel reciprocity of TDD system exhibits robust advantage, as expected. Based on above analysis, rank one MU-MIMO based beamforming for LTE-TDD can be accepted as a candidate technology in work item “Enhance DL transmission for LTE”.
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Appendix1：Dual ports DRSs pattern
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Appendix2: System simulation parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Simulation scenarios
	Case1 in TR25.814

	Load
	Average 10 UE per sector

	Antenna Bore-sight points toward flat side of cell 
	


	Users dropped uniformly in entire cell
	

	
	

	Bandwidth
	10MHz

	Total BS TX power (Ptotal)
	46dBm 

	BS antenna gain plus cable loss
	14 dBi 

	Noise figure at UE
	9dB

	
	

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2.0GHz

	Lognormal Shadowing with shadowing standard deviation
	8 dB

	Penetration Loss  
	20dB

	
	

	Channel model
	SCM-E

	UE speeds of interest
	3km/h

	Antenna unit pattern (horizontal)
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/4,  Am = 20 dB 

	Sector beamforming weight
	w1 = [-0.2421 + 0.3241i, -0.4938 + 0.8696i, -0.4938 + 0.8696i, 0.2603 - 0.5622i] for 4+4 polarized antenna;

	
	

	BS antenna configuration
	4+4 polarized
0.5 Lambda

	UE antenna configuration
	 2 (co-polarized),0.5 Lambda

	
	

	Traffic model
	Full buffer

	Link to system interface
	EESM

	
	

	Scheduler
	Proportional Fair

	HARQ
	Maximum 4 retransmission 

	SRS channel estimation error
	1/Geometry

	CQI feedback period
	10ms

	CQI feedback scheme
	Reuse transmission mode 7 in Rel-8

	Receiver algorithm
	MMSE 
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