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1          Introduction
In LTE Rel-8, single layer beamforming in antenna port 5 is already supported. To further evolve the DRS based beamforming technology, in the RAN#43 plenary meeting, a work item on enhanced DL transmission for support of single user dual-layer beamforming using UE specific RS was agreed for Rel-9 [1]. The objective of this work item is to include support for the following radio link enhancement techniques for LTE:

· Support single user dual-layer beamforming using UE specific RS for both LTE-TDD and FDD
· The design of the UE specific demodulation reference signals and the mapping of physical data channel to resource elements should aim for forward compatibility with LTE-A Demodulation RS 

· Principles exploiting channel reciprocity shall be considered in the feedback design where applicable. The need for additional feedback shall be assessed.
· All new enhanced features and capabilities shall be backward compatible with networks and UEs compliant with LTE Release 8, and also should aim to be as an extension of the beamforming in Release 8.

Extending single user dual-layer beamforming to multi-user dual-layer beamforming was also agreed to be discussed in RAN#44 plenary meeting. In order to progress this work item, we present a multi-user dual-layer beamforming scheme and the corresponding system level performance evaluation which show that the multi-user dual-layer beamforming can bring significant gains to both the average sector throughput and the 5% of user throughput. Therefore, considering performance gain forward compatibility to Rel-10, multi-user dual-layer beamforming should be supported in Rel-9. From the standardization perspective, DM-RS issue for multi-user dual-layer beamforming needs to be considered.
This contribution is a revision of Doc R1-092188 with some simulation parameters modified to align with some existed evaluation assumption.
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Fig. 1 single user single-layer BF, single user dual-layer BF, and multi-user dual-layer BF
2
Multi-user dual-layer beamforming
In the multi-user dual-layer beamforming system, as shown in Fig. 2, the instantaneous channel information of each UE can be obtained by eNB from measurements of the uplink SRS with channel reciprocity in TDD. Based on the instantaneous channel information, UE pairing for MU-MIMO transmission is performed and beamforming weight vectors which can effectively mitigate the interference among the users and increase the system spectral efficiency are calculated according to some interference nulling criteria, e.g. eigenvalue decomposition. Then dual layers of data are beamformed to a pair of matched UEs with one layer transmission for each UE in the downlink. 
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Fig. 2 System model of multi-user dual-layer beamforming

3 Performance evaluation
In this section, the performance of the multi-user dual layer beamforming scheme under 3GPP Case 1 with 2D antenna pattern is evaluated by system level simulation. TDD UL/DL subframe configuration 1 is applied. There are 8 transmit antennas at eNB side and 2 receive antennas at UE side. The detailed simulation parameters are listed in appendix 1, some main simulation details are listed following:

· Cellular layout: Hexagonal grid, 7 sites, 3 sectors per site

· eNB antenna configuration: 8 Tx, 0.5 Lamda, co-polirized antenna
· UE antenana configuration: 2Tx, 0.5 Lamda, co-polirized antenna
· SRS delay is 20ms, CQI delay is 10ms

· No SRS and DM-RS channel estimation error

· SRS transmission with 2 antenna switching on UE side

· Overhead: 3 symbol for downlink control channel, 1 CRS, 12 RE DM-RS per PRB

· Eigen-value vector based beamforming algorithm for single user single-layer beamforming scheme

· Block diagonalization (BD) algorithm for multi-user dual-layer beamforming scheme

· MRC detection at the UE side for both schemes

The average cell spectral efficiency and cell-edge user spectral efficiency are shown in TABLE 1.
TABLE 1
	Beamforming Schemes
	Average cell throughput and
spectral efficiency
[Mb/s] / [bps/Hz/cell] 
	Cell-edge user throughput and
spectral efficiency
[Mb/s] / [bps/Hz/cell] 

	Single user single-layer beamforming
	12.79/ 1.93 (0%)
	0.444/ 0.064 (0%)

	Multi-user dual-layer beamforming
	17.97/ 2.71 (40.4%)
	0.517/ 0.074 (15.6%)


Compared with single use single-layer beamforming, multi-user dual-layer beamforming enhances the downlink average cell spectral efficiency and cell-edge user spectral efficiency by 40.4% and 15.6% respectively. 
4 DM-RS for multi-user dual-layer beamforming
From the simulation results provided in last section, multi-user dual-layer beamforming can improves system performance significantly. Multi-user dual-layer beamforming can be supported by transparent scheme and non-transparent scheme. In the transparent scheme, the scheduled UE has no knowledge of the presence of another UE and relies solely on its DM-RS for demodulation. Non-orthogonal DM-RS together with SDMA processing is utilized, which will introduce some DM-RS interference between paired users and subsequently cause performance loss. Furthermore, the transparent scheme is an implemented issue. Multi-user dual-layer beamforming can already be implemented based on Rel-8 without any additional standardization effort, however, the performance loss due to DM-RS interference need to be assessed. In the non-transparent scheme, orthogonal DM-RS is used without interference between DM-RS, each DM-RS supporting one layer per UE. If the UE has knowledge of both DM-RS, the SIC processing can be used to cancel the interference between two layers. Considering performance gain and forward compatibility to Rel-10, multi-user dual-layer beamforming with non-transparent scheme should be supported in Rel-9. The benefit of non-transparent scheme as compared to transparent scheme needs to be discussed and assessed further before next RAN plenary meeting.
5 Conclusion
In this contribution, we present a multi-user dual-layer beamforming scheme and the corresponding system level performance evaluation. From the simulation results, it can be seen that the multi-user dual-layer beamforming can mitigate the inter-user interference and increase the average cell throughput and cell-edge user throughput effectively. Moreover, multi-user dual-layer beamforming has little impact on current Rel-8 specification. Therefore, 
· Considering performance gain and forward compatibility to Rel-10, multi-user dual-layer beamforming with non-transparent scheme should be supported in Rel-9. 
· The benefit of non-transparent scheme as compared to transparent scheme needs to be further discussed and assessed before next RAN plenary meeting.
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7 Appendixes
Appendix 1: Simulation parameters.
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 7 sites, 3 sectors per site, wrap arround

	Simulation scenarios
	Case1 with 2D antenna pattern 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 pattern
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	eNB antenna configuration
	8 Tx, 0.5 Lamda, co-polirized antenna

	UE antenna configuration
	2Rx, 0.5 Lamda, co-polirized antenna

	
	

	Traffic model
	Full buffer

	Link to system interface
	EESM

	
	

	Scheduler
	Schedule 2 UEs per RB with Proportional Fair user-pairing algorithm 

	HARQ
	Maximum 3 retransmission 

	Channel estimation
	Ideal channel estimation

	CQI feedback period / delay
	10ms / 10ms

	Sounding period / delay
	10ms / 20ms

	DRS overhead
	12 REs per PRB

	CRS overhead
	1 CRS

	Control channel
	3 OFDM symbols

	Precoding
	Every PRB

	Beamforming algorithm
	EBB for single user single-layer BF

BD for multi-user dual-layer BF

	Receiver
	MRC detection for both schemes
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