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1. Introduction

In RAN1 #58bis meeting, it was agreed that both two layer mapping modes of layer shifting or no layer shifting are kept during the study item stage of LTE-Advanced, but only one of the two modes will be selected in the work item stage.  Moreover, layer shifting is combined with HARQ spatial bundling since layer shifting averages the channels across the layers, which is very beneficial to HARQ spatial bundling.
In this contribution, we further discuss HARQ spatial bundling and various layer shifting methods.
2. HARQ Spatial Bundling and Layer Shifting
In [1], we have shown that layer shifting could achieve additional diversity gain by spreading the data from two codewords across multiple layers. Moreover, layer shifting has robust performance to non-ideal link adaptation.  In previous discussions [2]-[4], some companies have demonstrated that HARQ spatial bundling with layer shifting could achieve better or comparable performance over no HARQ spatial bundling without layer shifting, even in some unfriendly scenarios to layer shifting such as antenna gain imbalance and enhanced link adaptation.  With the spatial bundling of HARQ parameters for all transport blocks, the control signalling design could be simplified and overhead could be reduced.  Each codeword has its respective MCS level to enjoy the benefit of SIC receiver.
However, the independent error events of two codewords may degrade the throughput performance due to retransmissions resulting from ACK/NACK spatial bundling.  To address this issue, we further provided a method in [5] by utilizing the redundant PMI to implicitly indicate the codeword that is decoded incorrectly while the other codeword was decoded successfully. This method can efficiently reduce the throughput loss resulting from HARQ spatial bundling.  Furthermore, it is demonstrated in [2] that the probability of simultaneous  error events of two codewords with HARQ spatial bundling is much higher than the one without HARQ spatial bundling.  
HARQ spatial bundling with layer shifting is preferred considering the reduced control signalling overhead and robust performance.
3. Layer Shifting Methods

For layer shifting methods, three alternatives have been investigated in [1]-[6], which are illustrated as follows.

· Alt1: shifting per virtual subcarrier

Although Alt1 has the most flexibility of layer shifting and the potential to achieve the most diversity gain, it incurs additional receiver complexity when a SIC receiver is employed due to joint spatial-time domain equalization as discussed in [4].  Meanwhile, the performance of Alt1 may be degraded due to the inter-symbol interference during layer cancellation as discussed in [3].

· Alt2: shifting per DFT-precoded OFDM symbol

Fig. 1 illustrates the layer shifting pattern operating at the DFT-precoded OFDM symbol level, assuming two codewords are transmitted and mapped to two layers for normal CP subframe without SRS configuration.  In Alt2, half the data of every layer experience different spatial-domain channels to achieve diversity gain.  The abovementioned additional receiver complexity is avoided.  However, the shifting pattern varies significantly depending on the different scenarios including normal CP or extended CP, respective SRS configuration or no SRS configuration for each antenna, etc.  If four transmit antennas are configured, the number of the shifting patterns for different scenarios increases due to the increased number of codeword-to-layer mapping schemes as specified in [7].   
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 Fig. 1 DFT-precoded OFDM symbol level layer shifting
· Alt3: shifting per slot


Fig. 2 illustrates the layer shifting pattern operating at the slot level during one subframe, assuming two codewords are transmitted and mapped to two layers for normal CP subframe without SRS configuration.  It is known that the diversity gain of layer shifting is achieved by turbo coding, where the data from one turbo-coded codeword are spread over different sub-channels similar to inter-slot frequency hopping.  In Alt3, up to half the data of every layer also experience different spatial-domain channels, which is similar to Alt2.  It is possible that Alt3 can achieve the similar diversity gain to Alt2, which is confirmed by the simulation results in [1].  Moreover, the diversity gain of layer shifting saturates as the channel variation increases.  Therefore, the OFDM symbol-level layer shifting in Alt2 may be unnecessary.
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 Fig. 2 Slot level layer shifting

In addition, shifting across the multiple layers belonging to the same codeword may not bring additional diversity gain since the data of the codeword is already spread through the multiple layers.
3.1. Layer Shifting Patterns of Alt3

In the UL spatial multiplexing of LTE-A, up to two codewords and four layers can be transmitted from a scheduled UE in a subframe per uplink component carrier, which is like the DL spatial multiplexing of LTE Rel-8.  Therefore, it is assumed that the codeword-to-layer mapping for DL spatial multiplexing specified in LTE Rel-8 [7] is also used for UL spatial multiplexing of LTE-A.
Table. 1 Codeword-to-layer mapping for UL spatial multiplexing of LTE-A
	Index
	Number of layers
	Number of codewords
	Mapping schemes

	1
	1
	1
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	2
	2
	2
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	3
	2
	1
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	4
	3
	2
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	5
	4
	2
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For the codeword-to-layer mapping schemes 1 and 3, the layer shifting is unnecessary due to the single codeword transmission.  For the other mapping schemes, the possible layer shifting patterns are summarized in Fig. 3-5.
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Fig. 3 Layer shifting pattern for CW-to-layer mapping scheme 2
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(b)

Fig. 4 Layer shifting pattern (a) and (b) for CW-to-layer mapping scheme 4
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Fig. 5 Layer shifting pattern for CW-to-layer mapping scheme 5


For CW-to-layer mapping scheme 4, two layer shifting pattern (a) and (b) are enough since the CW1 is spread over the virtual channels of antenna port 1 and antenna port 2, respectively.  For CW-to-layer mapping scheme 5, one layer shifting pattern is enough since both two codewords of CW1 and CW2 are spread over all virtual antennas from antenna port 1 to 4.   

Therefore, without the simulation comparison between layer shifting Alt2 and Alt3, Alt3 cannot be excluded.  If the performance difference between Alt2 and Alt3 is small, Alt3 is preferred due to its limited number of shifts and limited number of layer shifting patterns.
4. Conclusions

In this contribution, we discussed the HARQ spatial bundling and different layer shifting methods for UL SU-MIMO.

· Due to the reduced control signalling overhead and robust performance, HARQ spatial bundling with layer shifting is preferred.

· Without simulation comparison between layer shifting Alt2 (shifting per OFDM symbol) and Alt3 (shifting per slot) for different scenarios, Alt3 cannot be excluded.  If the performance difference between Alt2 and Alt3 is small, Alt3 is preferred due to its limited number of shifts and limited number of layer shifting patterns.
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