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1 Introduction
According to the latest way forward agreement on UL-MIMO from RAN1#56 [1], the following uplink HARQ and link adaptation structures for UL MIMO (rank >1) are left open for further discussions:

Option 1: 2CW, 1MCS, 1A/N
Option 2: 2CW, 2MCS, 1A/N 

Option 3: 2CW, 2MCS, 2A/N

Option 4: 2CW, 1MCS, 2A/N

In addition, layer shifting in time domain is also agreed, but there is a possibility to turn it on or off.. 
In this contribution, we present our views on the different options under consideration and attempt to narrow down the number of options for consideration. In order to fulfill the peak data rate requirement of 15kbps/Hz for UL MIMO [2], advanced receiver such as the MMSE-SIC receiver should be considered as baseline receiver for analysis.
In our view, the discussions on the number of MCS fields can take priority due to its relative independence to the issue of the single or double ACK/NAK.

2 Number of MCS fields
According to the way forward agreement [1], it is FFS if the number of MCS fields should be one or two. The main motivation for using one MCS field for two codewords is to reduce the payload size of uplink grant for UL spatial multiplexing transmission. On the other hand, separate MCS fields for two codewords is beneficial for MMSE-SIC receiver [3]
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[4], i.e. the performance of MMSE-SIC is expected to be better in the case of 2 MCS fields compared to that of 1 MCS field. This holds true regardless of the decision on single or two ACKs/NAKs for two codewords, although the level of performance improvement could depend on whether it is one or two ACKs/NAKs.
New DCI format would be required for uplink spatial multiplexing. Separate MCS field costs a maximum of 5 additional bits. However, optimization via differential/delta MCS can reduce the overhead.

Proposal: The number of MCS fields is two for two codewords. Compression technique such as differential/delta MCS can be considered.

Based on the above, we consider Option 1 and Option 4 undesirable. In addition, Option 4 has further issue in the event that one of the codewords is retransmitted but the other codeword is a new transmission as elaborated in [4]. This leaves only Option 2 and Option 3.
3 Comparison between single and double ACK/NAK for two codewords
Throughput performance

Some promising preliminary result [3] has illustrated the potential of layer shifting with single ACK/NAK bits for multiple-layer transmission by showing that there is no significant performance loss as a result of equalization of SINR for all layers. However, our view is that more results are needed before the final decision can be made. It is foreseen that the support for two-codeword transmission is only targeting UEs experiencing high-geometry, low mobility channel condition, thus evaluation can focus on channel conditions conducive for two-codeword transmission.

PHICH resources

The number of PHICH resources (PHICH group, sequence pair) available in a subframe effectively imposes an upper bound on the number of UEs that can transmit PUSCH in a subframe. Option 3 allocates two PHICH resources for UE transmitting two codewords, hence the upper bound on the number of UEs is effectively reduced. This impacts LTE and LTE-A UEs alike and is generally undesirable. Therefore, Option 2 is preferred from this point of view.

DCI format payload size

Separate ACK/NCK for each codeword increases DCI format payload size only marginally (one NDI bit for the second codeword). Hence, we do not think control signaling payload size is not an important factor in decision making.

Implementation complexity

Option 2: Layer shifting. There is additional layer shifting operation at the UE and layer de-shifting operation at the eNB, but additional complexity is rather small.

Option 3: Additional PHICH decoding needed for the second ACK/NAK. Two ACK/NAKs may not belong to the same PHICH group and may be mapped to different resource element groups. The additional complexity is acceptable.

Hence, implementation complexity is also not considered an important factor in decision making.

Specification impact

The impacts on RAN1 specifications are generally in the following area.

Option 2: Layer mapping, DMRS, new DCI format, layer shifting

Option 3: Layer mapping, DMRS, new DCI format, PHICH extension to two codewords

In our opinion, the specification impacts of Option 2 and Option 3 are quite similar. 

Proposal: Based on the above considerations, single ACK/NAK for two codewords can be accepted if there is only marginal PUSCH performance loss for the UE. The performance evaluation on single ACK/NAK for two codewords should be studied for all channel conditions typical for two-codeword transmission.
4 Conclusions
In this contribution, we consider the current open issues listed in the latest way forward agreement on UL MIMO [1].
Our proposals are as follows:

· The number of MCS fields is proposed to be two for two codewords. Compression technique such as differential/delta MCS can be considered.

· The performance evaluation on single ACK/NAK for two codewords should be studied for all channel conditions typical for two-codeword transmission.

· Single ACK/NAK for two codewords if there is only marginal PUSCH performance loss for UE.
5 References
[1] R1-091102 “Layer Mapping for UL SU-MIMO Spatial Multiplexing”
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, AT&T, CATT, CEWiT, Ericsson, ETRI, Huawei, LG Electronics, Motorola, Nokia, Nokia Siemens Networks, Nortel, NTT DoCoMo, Panasonic, Qualcomm, Samsung, Texas Instruments
[2] TR 36.913 v8.0.0 
[3] R1-091093 “UL Single User MIMO” Ericsson

[4] R1-090589 “Layer Mapping Solution for Uplink SU-MIMO” Texas Instruments 

