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1. Introduction

In RAN1 #60 meeting, it is agreed that no layer shifting is employed although spatial H-ARQ bundling is still FFS. The layer shifting was proposed to minimize the performance impact when spatial H-ARQ bundling is used since it can increase error correlation across the codewords so that the CRC failures for codewords are likely to be occurred at the same time. However, since the layer shifting is ruled out, further evaluation seems to be needed to adequately decide the H-ARQ process without layer shifting in uplink.
So far, two retransmission options such as non-blanking and blanking have been considered and studied for multiple codeword (MCW) based SU-MIMO mode. Here, the blanking implies spatial H-ARQ bundling since it requires retransmission of both codewords although only one codeword has an error for the sake of low signaling overhead. On the other hand, the non-blanking allows separate H-ARQ control for each codeword so that unnecessary retransmission can be avoided.
In this contribution, therefore, we evaluate uplink SU-MIMO performance without layer shifting according to the H-ARQ retransmission types.
______________________________________________________________________________
2. Link-level Performance Evaluation
In this section, we investigate the link level performance of non-blanking and blanking HARQ retransmission). When two ACK/NACKs are signalled, we assume non-blanking and non-adaptive HARQ retransmission. Also, for one ACK/NACK signalling, blanking and non-adaptive HARQ retransmission is assumed. Remaining simulation assumptions are listed in the Table 1.
Figure 1 shows link throughput performance when MMSE receiver is used. In both 0dB and 6dB AGI case, non-blanking without layer shifting shows best performance and blanking with layer shifting provide similar performance as shown in figure 1 (a) and (b). Blanking without layer shifting has about 8% performance degradation due to unnecessary retransmission for the codeword succeeded in its the initial transmission.
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Figure 1. Link throughput performance (In case of MMSE receiver)  
______________________________________________________________________________
3. Conclusion
In this contribution, we evaluated two options according to uplink spatial HARQ (e.g. Non-blanking, Blanking). From the evaluation results, we can conclude as follows:  
· In UL SU-MIMO without layer shifting case, blanking HARQ retransmission shows about 8% performance degradation as compare with non-blanking HARQ retransmission case.
· To enjoy an advantage of MCW retransmission, non-blanking HARQ retransmission should be used in LTE-A UL MIMO.
· Details of control signalling design to support non-blanking HARQ retransmission is FFS.
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Appendix

Table 1. Basic simulation assumption

	Parameter
	Assumption

	Multiple Access Scheme for UL
	SC-FDMA

	Carrier Frequency
	2GHz

	System Bandwidth
	5MHz

	Subframe structure
	PUSCH

	Allocated RBs
	4RBs

	Channel Model
	6-ray TU

	Mobile Speed
	3km/h

	Channel Estimation
	Perfect estimation

	Feedback delay and period
	5ms

	Modulation and Coding
	27 states MCS entries

	HARQ modeling
	Chase Combining

	Max number of retransmissions
	4 (In addition to new transmission)

	Transmit scheme
	Spatial Multiplexing – 2CWs

	Codeword to layer mapping
	codeword to layer mapping in Rel-8

	Channel coding
	Turbo code: max-log MAP

	Antenna configuration
	2Tx-2Rx

	Antenna correlation
	(0%, 0%)

	MIMO receiver
	MMSE

	Layer shifting
	SC-FDMA symbol level

	Antenna Gain Imbalance (AGI)
	0dB, 6dB
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