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1 Introduction
In 3GPP RAN1#60bis, companies shared views on UCI multiplexing in MIMO PUSCH transmissions [1]—[8]. As a conclusion, UL MIMO chairman captured the following:
Conclusion
· Continue discussion until next meeting

· Focus the discussion 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

In Rel-8, UCI and UL data are simultaneously transmitted in a subframe, while keeping a single-carrier property. A few rules are defined for UCI and UL data multiplexing for different cases:
· Rule 1: when ACK/NACK and PUSCH transmission are scheduled in the same subframe, ACK/NACK is piggybacked on the PUSCH.

· Rule 2: when periodic CQI/PMI/RI and PUSCH transmission are scheduled in the same subframe, periodic CQI/PMI/RI is piggybacked on the PUSCH.
· Rule 3: when aperiodic CQI reporting is initiated by a UL grant with CQI request = 1, the corresponding CQI/PMI/RI is transmitted in the PUSCH. If the number of pairs of UL PRBs scheduled in the subframe is larger than 4, the CQI/PMI/RI is multiplexed with UL data in PUSCH.
In this contribution, we further discuss about UCI multiplexing in PUSCH for UEs configured in UL MIMO transmission mode, especially when the UE reports ACK/NACK and aperiodic CQI/PMI/RI in PUSCH.  
2 Multiplexing UCI and MIMO PUSCH Transmission
We first consider a generic N layer transmission on an Nt transmit antenna UE, as illustrated in Figure 1. The layer mapping is performed before DFT precoding, so that data and UCI are properly multiplexed and interleaved. The transmit precoding is performed between the DFT precoders and IFFTs to transform, on a RE basis, an N dimensional signal at the output of the DFT precoders to an Nt dimensional signal as an input to the group of IFFTs. The RE mapping at the input of IFFTs can include non-contiguous clusters of REs.
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Figure 1: Uplink Transmission chain for an Nt transmit antenna, N layer transmission.

In the contributions in 3GPP RAN1#60bis, at least three UCI multiplexing methods are identified for rank-4 UL MIMO transmissions. 
· Method 1: UCI is mapped onto all the 4 layers. 

· Method 2: UCI is mapped onto two layers corresponding to one selected CW, where the one selected CW is e.g., a CW with a higher MCS.

· Method 3: UCI is mapped onto a single layer from one selected CW, where the one selected CW is e.g., a CW with a higher MCS, and the single layer is e.g., a layer with smaller index.

Among these methods, Method 1 would allow the most reliable reception of UCI, with expense of the highest UCI overhead. In some contributions, it is proposed to give the same set of UCI REs in the virtual subcarrier domain for all the layers, which is illustrated in Figure 2. On the other hand, Method 3 would use the smallest UCI overhead, while it may not provide reliable reception of UCI since the MCS selected for the two layers corresponding to a CW does not always reflect the channel SINR of the layer carrying the UCI. Finally, Method 2 provides a good tradeoff between a reliability of UCI and data throughput. 
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Figure 2 Matching UCI REs across all the layers

As ACK/NACK, RI and CQI/PMI have different reliability requirement, different methods can be considered for mapping different types of UCI. Some alternatives are listed below:
· Alternative 1. All the UCIs’ coded symbols are repeated in the same set of REs of all the layers. 

· Alternative 2. ACK/NACK and RI coded symbols are repeated in the same set of REs of all the layers, while CQI/PMI is mapped onto layers corresponding to one CW.

· Alternative 3. All the UCIs are mapped onto layers corresponding to one CW. 

Among these alternatives, Alternative 1 is not preferred as it incurs high UCI overhead. Between remaining two alternatives, for facilitating unequal error protection of ACK/NACK, RI and CQI/PMI, Alternative 2 is preferred. On the other hand, for a better data throughput with smaller UCI overhead, Alternative 3 is preferred.
3 Conclusion
For UCI multiplexing in PUSCH, three alternatives are considered:
· Alternative 1. All the UCIs are mapped onto all the layers. 

· Alternative 2. ACK/NACK and RI coded symbols are repeated in the same set of REs onto all the layers, while CQI/PMI is mapped onto layers corresponding to one CW.
· Alternative 3. All the UCIs are mapped onto layers corresponding to one CW. 

Among these alternatives, Alternative 2 or Alternative 3 is preferred. For facilitating unequal error protection of ACK/NACK, RI and CQI/PMI, Alternative 2 is preferred. For a better data throughput with smaller UCI overhead, Alternative 3 is preferred.
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