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1. Introduction

In the recent meetings, design principles to extend the Rel8 single-layer beamforming to single-user dual-layer beamforming are being discussed. As an importance issue of dual-layer beamforming, codeword-to-layer mapping with or without layer shifting is discussed in RAN1 #56bis and some conclusions were reached as below.
Conclusion on the codeword-to-layer mapping:
· Up to 4 layers, reuse LTE codeword-to-layer mapping as in 36.211 section 6.3.3.

· Above 4 layers, seek the unified solution taking the LTE codeword-to-layer mapping as baseline.
From summary of email discussions on dual-layer beamforming after #56bis in [1], some different understandings of the scope of the decision in last meeting arose, and further evaluation of the gain of layer shifting especially when spatial bundling is applied is needed. We study the performance of layer shifting for dual-layer beamforming in this contribution. Some link simulation results are provided to support our views.
2. Discussion

In the RAN1#57 meeting, some companies suggested that layer shifting should be considered for dual-layer beamforming. By layer shifting, each codeword is uniformly distributed over two layers and layer diversity gain can be obtained as the symbols in one codeword experiences different spatial channels. Moreover, layer shifting could be beneficial for non-ideal link adaptation. However, all the codewords experience the same amount of spatial diversity after layer shifting, and the SINR of different codewords will be similar. As SINRs are averaged over the layers, CQIs of different layers do not match the respective channel gains. Considering the aspect of link adaptation, the performance of two-codeword transmission becomes similar to one codeword performance, which will lead to loss of system throughput especially when the spatial gains of two layers vary greatly. If SIC operation is supported in UE, the same MCS for all layers after layer shifting will also decrease the performance gains of SIC operation. 
Corresponding simulation result of layer shifting is presented in Section 3.2.

3. Simulation Results

3.1. Simulation assumption

Performance of dual-layer beamforming based on 8x2 antenna configuration is provided in this section. The simulation assumptions are listed in table 1.
Table 1. Simulation assumptions
	Parameter

	Assumption

	Antenna configuration
	8x2(cross-polarization)

	Distance of UE antennae
	0.5 lambda

	Distance of BS antennae
	0.5 lambda

	Bandwidth
	5M

	Channel estimation
	Perfect

	CQI estimation
	Based on SRS and CRS with 5ms delay [2]

	CSI 
	Perfect SRS with 5 ms delay

	Channel model
	SCM-UrbanMacro(AS=15)

	Transmission scheme
	Dual-layer SVD based beamforming

	MCS 
	Refer to 36.213 R8

	Channel code
	Turbo code

	HARQ retransmission number
	4

	Carrier frequency
	2.0 GHz

	Receiver 
	MMSE

	Codeword number
	2

	Layer number
	2

	Scheduled resource block
	6 RB, contiguous allocation

	Precoding granularity 
	2 RB

	Pilot overhead 
	R8 Port0/1 CRS
Port5/6 DRS with 12RE per PRB

	PDCCH configuration
	2 OFDM symbols per sub-frame

	UE mobile speed
	3or 30 km/h


3.2. Performance of layer shifting
Figure 1-2 compare the performance of dual-layer beamforming with and without layer shifting. Because of the loss due to SINR mismatch between layers and codewords, the performance of layer shifting is 1-2dB worse than the case without layer shifting in most of the SNR region with UE speed of 3km/h. Even in relative high speed (30km/h), no-layer-shifting is still comparable with layer shifting. 
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Figure1: Performance of layer shifting for downlink dual layers beamforming in 3km/h
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Figure2: Performance of layer shifting for downlink dual layers beamforming in 30km/h
4. Conclusion

In this contribution we analyze the performance of layer shifting for dual-layer beamforming. Combining the analysis and simulation results, we do not see the advantage of introducing layer shifting for dual layer beamforming, so we suggest:
· Layer shifting is not needed for downlink dual-layer beamforming.
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