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Introduction
In RAN1#61 meeting ‎[1], UCI multiplexing on PUSCH in the case of single user spatial multiplexing was discussed, and several agreements were made for both single and multiple component carriers:

· For HARQ-ACK and RI it was agreed that HARQ-ACK/RI are replicated across all layers of both codewords and TDM multiplexed with data such that UCI symbols are time-aligned across all layers. 

· For CQI/PMI it was agreed that CQI/PMI is transmitted only on one codeword. Rel’8 multiplexing and channel interleaving mechanisms is reused with extension that the input to data-control multiplexing is grouped into column vectors of length Qm*L, where L (1 or 2) is the number of layers the CW is mapped onto. In the case of CQI/PMI, UCI symbol-level layer mapping is the same as for data, i.e., UCI symbols are treated as part of data in the layer mapping.
Some related issues that remain open were also pointed out in RAN1#61 meeting, in particular, determination of the number of UCI symbols on each CW and each layer for HARQ-ACK/RI and CW selection mechanism for CQI/PMI. These issues are discussed in this contribution.  
2 Discussion
HARQ-ACK and RI
In the following, we focus especially on 1 and 2 bit cases. Of course, significantly larger HARQ-ACK and RI bit sizes are needed with carrier aggregation and TDD, and the larger bit sizes will most likely impact on some details of UCI transmission with SU-MIMO. However, to maximise commonality with the baseline solution, we see that discussion on UCI multiplexing on PUSCH in the case of 1-Tx UE should progress further before considering the details of larger HARQ-ACK and RI bit sizes in the case of SU-MIMO.   
We see preferable that UCI transmission with SU-MIMO is similar to UCI transmission on PUSCH with 1-Tx UE and changes are made only when reasonable. In the case of 1 and 2 bit HARQ-ACK and RI, this means similarity with Rel’8 UCI transmission on PUSCH. Thus we see that Rel’8 encoding scheme and modulation, i.e., the use of corner constellation points should be reused as such per layer. Additionally, Rel’8 puncturing of HARQ-ACK and RI coded bits into data should be adopted as such per layer. As channel interleaver extends over whole CW, this will cause some minor changes to the exact definition, similarly to CQI/PMI. Finally, HARQ-ACK and RI symbols should be treated as part of PUSCH data in the following layer mapping and resource element mapping.  
However, changes are needed to the determination of the number of coded HARQ-ACK and RI symbols on each CW and layer. On other hand, Rel’8 principle can be re-used with only minor modification. As proposed in ‎[2], the total number of coded HARQ-ACK and RI symbols per layer is determined by:
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denotes the transport block i. We see this as a reasonable way to take the link quality differences between layers and CWs into account.  As HARQ-ACK and RI have same number of coded symbols on each layer and CW, and they are punctured same way on each layer, time-alignment across the layers is obtained. 
Nevertheless, the link quality differences between multi-layer and single-layer transmission schemes (i.e. single-layer scheme in MAP mode and SAP mode transmission schemes) require some further consideration. In the single-layer schemes, the channel is the same for both UCI and data bits on which the number of UCI symbols depends. In the multi-layer schemes, HARQ-ACK / RI will experience different transmit diversity than data bits and also data bits will experience a variety of link qualities via different layers. Finally, the HARQ-ACK / RI detection can use different receiver structure for multi-layer and single-layer transmission schemes. Due to these differences, it can be questioned if single 
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value can efficiently cover both cases. Hence, it is proposed that two 
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values are configured for SU-MIMO UE; one for single-layer transmission schemes and the other for multi-layer transmission scheme.  Potentially the same set of 
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values can be used in configuration of both parameters.         
Proposal 1:  Total number of coded HARQ-ACK and RI symbols per layer is determined by 
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Proposal 2:  
Two 
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values are configured for SU-MIMO UE; one for single-layer transmission schemes and the other for multi-layer transmission scheme.  
Proposal 3:  
HARQ-ACK and RI with more than 2 bits FFS.
CQI and PMI
In previous contributions, e.g., ‎[3]-‎[7], CW selection is considered and several alternative methods are pointed out: by higher layer configuration, dynamical signalling via PDCCH, implicitly by higher MCS, or, simply by fixing CW. In our view, CW selection should be simple and should not require additional control signalling. Such CW selection methods are implicit indication based on MCS and use of fixed CW. As MCS is related to the link quality, we see that selecting the CW having higher MCS is a reasonable and simple method. 
Proposal 4:  
CW with higher MCS is selected for CQI and PMI.
3
Summary 

In this contribution we considered details remaining open in UCI multiplexing on PUSCH in the case of SU-MIMO. Based on discussions, we propose following:
Proposal 1:  Total number of coded HARQ-ACK and RI symbols per layer is determined by 
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Proposal 2:  
Two 
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values are configured for SU-MIMO UE; one for single-layer transmission schemes and the other for multi-layer transmission scheme.  
Proposal 3:  
HARQ-ACK and RI with more than 2 bits FFS.
Proposal 4:  
CW with higher MCS is selected for CQI and PMI.
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