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1 Introduction
In 3GPP TSG RAN WG1 meeting #60-BIS meeting, it was concluded for the UCI and PUSCH multiplexing in UL MIMO, the discussion needs to focus on
· Consider the aspects of simplicity, decoding latency, throughput loss, robustness of UCI

· Different UCI may have different robustness requirements
· It is possible that different UCIs could have different mapping rules
This contribution discusses the UCI and PUSCH multiplexing options considering the aspects above.

2 Multiplexing of Control and Data in LTE-A
As discussed in [5], there are two strategies to extend the control-data multiplexing to multi-layer MIMO PUSCH transmissions:

Strategy (A). Single-CW. Select all the layers associated with one of the CWs for control-data multiplexing. A criteria/rule is needed to select the CW that has the better link quality.

Strategy (B). All-CW. Use all the layers for control-data multiplexing. Note that when one CW is mapped to two layers, Strategy (A) degenerates to strategy (B).
These two strategies are analyzed below following the discussion in 3GPP TSG RAN WG1 meeting #60-BIS.
· Simplicity

It is simpler for the receiver if the control information is mapped to layers belonging to a same codeword. 
· The resource assignment of the All-CW control multiplexing is more difficult due to the separate processing of two TBs. For instance, the two TBs may have different modulation orders, causing control information (CQI/PMI) to use two different modulation orders. 
· If SIC receiver is used, mapping control information to all layers makes it difficult to implement the cancellation. 
· Due to the need of having two separate CWs corresponding to two separate TBs for codeword-to-layer mapping, it is expected that separate symbol-level channel interleavers need to be used for each CW. If it is desired to map UCI to the same REs on all layers, it is difficult to arrange the UCI symbols on the channel interleavers if the two CWs occupy a different number of layers, e.g., CW1 occupies one layer, CW2 occupies two layers.
· Decoding Latency
The Single-CW strategy has lower decoding latency. If the symbols on each layer are processed layer by layer, e.g., IDFT, demodulation, descrambling, the UCI can be decoded earlier if only symbols on a subset of layers need to be processed. Moreover, if successive-interference cancellation is used in the receiver, the symbols of the CW with better link quality (as well as the UCI that resides on the same layers with it) is  bound to be decoded before the symbols of the CW with inferior link quality is decoded.
· Throughput loss
Throughput loss of the data due to UCI multiplexing is expected to be small for both strategies. In addition, with HARQ re-transmission, increasing BLER from UCI multiplexing on only one TB should generally incur slightly less throughput loss comparing to increasing BLER for both TBs.
· Robustness of UCI
The single-CW strategy provides a better tradeoff between the amount of resources for UCI multiplexing and the robustness of UCI assuming relatively accurate knowledge of the channel and good link adaptation. On the other hand, all CW multiplexing has the advantage of maximizing the spatial diversity and coverage for UCI. Considering the size of UCI is relatively small and the PUSCH with multiple layers implies relatively good channel condition, coverage benefit from higher diversity may be small. 
It is also noted that different UCI may have different robustness requirements, for example, HARQ ACK/NACK feedback and RI information need to be more robust than CQI/PMI. This can be accommodated by providing different levels of modulation and coding rate to each UCI information type. The same principle as the Rel-8 UCI design can be used where offset values are set separately by RRC for different UCI formats.
3 Conclusions

This contribution discusses the merits of the single-CW and all-CW multiplexing strategies of UCI and PUSCH. Overall the analysis shows that the single-CW strategy is more favourable.
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