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1.
Introduction
Single user uplink MIMO is seen as one of the key techniques to meet the requirements set for LTE-Advanced uplink in [1]. In 3GPP RAN1 #56 meeting, layer mapping for UL SU-MIMO spatial multiplexing was discussed based on results presented, e.g. in [3]-[5], and a way forward was agreed. In the way forward, captured in [2], it was decided that
· Same layer mapping as in downlink LTE Rel-8 is used, with maximum of 2 codewords.
· It is possible to configure spatial multiplexing with or without layer shifting, and that layer shifting is done in time domain.

Spatial bundling of HARQ parameters was also found desirable, although final decision was delayed for RAN1#56bis meeting, allowing for the verification of performance impact of spatial HARQ bundling. Also the number of MCS fields was left FFS.  In this contribution, we consider these issues.
2.
Performance impact of spatial HARQ bundling
Performance of SIC receiver was evaluated with and without bundling in ITU NLOS urban macro-cell channel [7]. Both 2x4 and 2x2 Tx-Rx antenna configurations were considered with 4 PRB user allocation. Simulation parameters are tabulated in Table 1. Throughput curves are presented in Figure 1 for both rank 1 and rank 2 transmissions.  Results for rank 1 transmission are included to indicate the SNR region of interest for the rank 2 tranmission results. 
Table 1 Simulation parameters
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Carrier center frequency 2.0 GHz

System bandwidth 10 MHz

Effective bandwidth 9 MHz (50 PRB)

User allocation 720 kHz (4 PRB)

Cyclic prefix Normal CP

Velocity 3 km/h

Channel NLOS, urban macro-cell

Tx-Rx antenna configuration 2x4, 2x2

Antenna arrangement antenna element separation 0.5 lambda in UE, 4 lambda in Node B

Channel estimation Real

Receiver SIC

Decoding iterations In total 8 per CW

Modulation QPSK, 16-QAM, 64-QAM

Coding Rate 1/3, 1/2, 2/3, 3/4, 5/6

HARQ transmission max 4 transmissions

Multi-stream precoding  not used

Layer shifting not used 


From the presented results, it was noted that performance loss from spatial HARQ parameter bundling is marginal for the 2x4 antenna configuration, and in the range of 2-3% with 2x2 antenna configuration in the region of interest. In the light of presented results, performance loss from the spatial HARQ parameter bundling may be reasonable. 
On the other hand, the benefit from spatial HARQ parameter bundling, e.g., in the sense of reduced control overhead in DL, is also limited and difficult to evaluate as a single topic isolated from other DL control channel design changes. Without a solid justification to perform bundling, we do not see reason to assume spatial HARQ parameter bundling during SI and ITU evaluation. Of course, signalling of spatial HARQ parameters should be critically reviewed when LTE-Advanced DL control channel is designed and control signalling  is optimised, that is, during the LTE-Advanced WI.
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Figure 1 Throughput curves for SIC receiver with and w/o spatial HARQ bundling
3.  Number of MCS fields

In uplink, there can be a considerable difference in the received signal power between the signals transmitted from different UE antennas, as discussed in [6]. Such difference can occur due to a number of reasons, including typical fading but also shadowing by hand grip as well as attenuation differences between the horizontal and vertical polarization directions.  
In the case of spatial multiplexing, the difference between the spatial layers can be averaged, e.g., with layer shifting. However, a more efficient alternative is to adapt the link to the signal quality of the spatial layers.  With spatial bundling of HARQ parameters, the necessary spatial link adaptation can be done only with codeword specific MCS while keeping the transmission rank constant. 

Based on the presented discussion, we prefer codeword specific MCS fields. Detailed design of the MCS indicator for the second codeword involves e.g. considerations between full and differential MCS indicators and, thus, requires further studies during the potential LTE-Advanced WI. 
4.  Summary

In this contribution, we considered the spatial multiplexing for UL SU-MIMO and, in particular, open issues indicated in the agreed way forward [2]. 

Based on the presented results, we see that spatial bundling of HARQ parameters can be done without significant loss. However, lacking a solid justification to perform bundling, we see that the bundling of spatial HARQ parameters should be critically reviewed during the actual design of LTE-Advanced DL control channel in the LTE-Advanced WI. For the SI phase and the ITU evaluation we propose not to assume the use of ACK/NACK bundling due to lack of  any  benefit from the bundling in addition to the WI related control signaling optimisation.

 Regarding the  spatial bundling of HARQ parameters, we see codeword specific MCS as a necessary method for spatial link adaptation.
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