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1 Introduction

For SU-MIMO PUSCH transmission with two codewords (CWs), the eNB scheduler may operate each CW with a different BLER in order to best utilize its receiver implementation (e.g. a SIC receiver) and maximize the UL throughout gains achievable from SU-MIMO. Having a different BLER per CW implies that if the UCI multiplexing is performed only in a single CW, as it is the case for HARQ-ACK/RI multiplexing in single-CW retransmission or it is always the case for CQI multiplexing, the required UCI resources to achieve the desired reliability will depend on the particular CW. This issue was also discussed during RAN1#63 but no conclusion was reached. 

2 UCI Resources for Single-CW Multiplexing
For HARQ-ACK/RI multiplexing in the PUSCH, in order to determine the number of coded symbols 
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 for single-CW retransmission, the link between the 
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 values for single-CW and multi-CW PUSCH needs to be established. Assuming that the capacity curve is linear between the SINR operating points for the two CWs (this assumption is also behind the present formula to the HARQ-ACK/RI resource determination with SU-MIMO [1]), the virtual MCS of the combined transmission of the two CWs can be viewed as the average of the individual MCS. Moreover, since the two CWs may operate under different BLERs, having the same 
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 value to determine the HARQ-ACK/RI resources when the HARQ-ACK/RI multiplexing is only in the first or only in the second CW will lead to different HARQ-ACK reception reliability. Then, in order to always ensure the target HARQ-ACK/RI reception reliability, 
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 should be selected according to the larger of the two BLERs thereby resulting to unnecessary overhead when the HARQ-ACK/RI multiplexing occurs in the CW with the lower BLER. 

Consequently, the 
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 value that would be used to determine the HARQ-ACK/RI resources in case only 
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 is transmitted should be different than the 
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 value that would be used to determine the HARQ-ACK/RI resources in case only 
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 is transmitted. However, under the previous assumption for the capacity curve, a 
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 value that is common to both CWs can be defined as 
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Equivalently, 
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 is practically the average of 
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. The selection of the 
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 value is an implementation issue.
The 
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 value is currently assumed to be the same for rank-1 SU-MIMO transmission and for SIMO transmission (otherwise, separate 
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  would need to be signaled for rank-1 SU-MIMO and SIMO transmissions) and it is signaled with the 
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For retransmission only with 
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, x = 0 or x =1, the HARQ-ACK/RI coded symbols per layer are determined as 
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An alternative to determining the 
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 value as in Equation (1) would be to also signal it together with the 
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 values. However, in addition to this signaling not being necessary, it is also against the decision for signaling a first 
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 value for single-CW transmission and a second 
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 value for multiple-CW transmission. 
Proposal 1: The number of coded modulation symbols for HARQ-ACK/RI multiplexing in the PUSCH with single-CW retransmission is determined as in Equation (2). 

The same issue regarding the resource determination for HARQ-ACK/RI multiplexing in single-CW retransmission always occurs for CQI multiplexing (which is always in a single CW) in case of multi-CW PUSCH transmission. As the CW for CQI multiplexing is the one with the highest MCS and the MCS for each CW can be different, using the same 
[image: image27.wmf]CQI

offset

b

 regardless of whether the PUSCH transmission is with single-CW (SIMO or rank-1 SU-MIMO) or multi-CW and regardless of which CW is selected will lead to inconsistent CQI reliability and to an overestimation of the required resources in case the CW with the larger operating BLER (which is also likely to have the larger MCS) is selected. Considering DL CA where the aperiodic CQI payload can be several times larger than the Rel.8 one, the resource overestimation can have a significant impact on the UL throughput and the data QoS.  

Similar to the HARQ-ACK/RI multiplexing, 
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 can be determined as in Equation (1) and the number of coded modulation symbols for CQI multiplexing in the PUSCH is determined as 
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Proposal 2: The number of coded modulation symbols for CQI multiplexing in the PUSCH with SU-MIMO transmission is determined as in Equation (3). 

3 Conclusions

This contribution considered the CQI resource determination in a multi-CW PUSCH transmission and the HARQ-ACK/RI resource determination in a single-CW retransmission of a multi-CW initial transmission. In order to achieve the desired UCI reception reliability without unnecessarily increasing the overhead, the following are proposed.
Proposal 1: The number of coded modulation symbols for HARQ-ACK or RI multiplexing in the PUSCH with single-CW retransmission is determined as in Equation (2). 

Proposal 2: The number of coded modulation symbols for CQI multiplexing in the PUSCH with SU-MIMO transmission is determined as in Equation (3). 
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