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1          Introduction
Enhanced DL transmission for support of dual layer beamforming is included in Rel-9 work items [1]. The baseline configuration of maximum supported codeword is two. The mapping should be defined in one codeword mapping to dual-layer and two codewords mapping to dual-layer. The effective SNR for these two layers are always different. In this contribution, we introduce the concepts of “priority allocation” and further discuss the codeword-to-layer mappings with layer shifting in dual-layer beamforming.
2
Discussion
In the dual-layer beamforming system, one codeword mapping to dual-layer and two codewords mapping to dual-layer are shown in Fig. 1a and 1b, respectively.
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Fig. 1a System model of dual-layer beamforming for one codeword
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Fig. 1b System model of dual-layer beamforming for two codewords
xn,l is the nth modulated symbol from lth codeword. Codeword-to-layer mapping the mapping from xn,l to ym,l for 
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. It should be noticed that the effective SNRs of the two spatial layers
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 in general are assumed to be different. A scheme based on the signal priority for data allocation with layer shifting is thus introduced in dual-layer beamforming to improve the link performance.
For one codeword case, the first part of modulated symbol 
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 is always from the systematic part and second part is from the parity part as shown Fig. 2. Since there are two different quality layers, putting the higher priority part into high SNR layer as possible will have better performance then equally putting 
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 into the two layers.
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Fig. 2 Priority allocation for one codeword case in dual-layer beamforming system
For two codewords case, layer-shifting is a kind of mapping try to make two codewords with same experienced effective SNRs as shown in Fig. 3.
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Fig. 3 Layer shifting for two codeword in dual-layer beamforming system

As similar in one codeword case, putting the higher priority bit into high SNR layer can further improve the performance as shown in Fig. 4.
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Fig. 4 Layer shifting combining with priority allocation for two codewords in dual-layer beamforming system
3 Performance evaluation
In this section, the link level of performance of the dual layer beamforming system is evaluated. There are 8 transmit antenna at eNB side and 2 receive antennas at UE side. The simulation parameters are listed in TABLE 1. The first three OFDM symbols are used for control channel. The overhead for DM-RS is 12 REs per RB for both rank 1 and rank 2 beamforming. The precoding vector is SVD beamforming. For one codeword case, the mapping rule for priority allocation is
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. The mapping rule for Rel-8 is 
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. Fig. 5a and 5b shows the performance comparison between priority allocation CW-to-layer mapping and Rel-8 CW-to-layer mapping.
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Fig. 5a Performance comparison between priority allocation and Rel-8 CW-to-layer mapping in one codeword case.
At 1% BLER, the priority allocation mapping outperforms 1.4 dB than Rel-8 mapping for QPSK and 1.4 dB and 0.8dB for 16QAM and 64QAM in 1/2 code rate, respectively. Fig. 5b shows the performance comparison with 3/4 code rate. The performance improvements are 0.2 dB, 0.52dB, and 0.8dB for QPSK, 16QAM and 64QAM.
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Fig. 5b Performance comparison between priority allocation and Rel-8 CW-to-layer mapping in one codeword case.
In the following, we compare two codewords case between layer shifting (Fig. 3) and layer shifting with priority allocation (Fig. 4). Fig. 6a shows the performance comparison for each codeword with 1/2 code rate. The block error means that any one of codeword is wrong. The priority allocation mapping is also better than layer shifting mapping about 1.8dB, 1.6dB and 1.4dB for QPSK, 16QAM and 64QAM, respectively at 1% BLER.
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Fig. 6a Performance comparison between layer shifting with and without priority allocation in two codewords case.
Fig. 6b also shows the performance comparison in two codeword case and each codeword with 3/4 code rate. The priority allocation mapping is also better than layer shifting mapping about 0.4dB, 0.4 dB and 0.7 dB for QPSK, 16QAM and 64QAM, respectively at 1% BLER.
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Fig. 6b Performance comparison between layer shifting with and without priority allocation in two codewords case.
	Parameter
	Assumption

	
	

	Bandwidth
	10MHz

	
	

	Antenna configuration
	8x2

	Channel model
	SCM-E

	UE speeds of interest
	3km/h

	
	

	Number of RB allocation 
	One RB 

	Channel coding
	Turbo code, iteration number 8

	Codeword size
	1 CWs : 208 bits

2 CWs: 88 bits for each codeword

	Number of CWs and layer numbers 
	1 CWs to 2 layers,  2 CWs to 2 layers

	MIMO detector
	MMSE detector

	Channel estimation
	Ideal channel estimation


Table. 1 Simulation parameters
4 Conclusion
In this contribution, we introduce the concept of priority allocation mapping with layer shifting for dual-layer beamforming system to improve the link performance. From the simulation results, the performance can be improved by introducing the priority allocation mapping. We thus suggest that the priority allocation CW-to-layer mapping can be adopted in Rel-9 dual-layer beamforming and in Rel-10 MIMO scheme.
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