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1 Introduction
During the LTE-advanced study item phase, some design guidelines for UL MIMO has been discussed [1], including number of CWs/MCSs, layer shifting, number of DL A/N bits per UE, precoding codebooks for both 2Tx and 4Tx antenna configurations, etc.  On the other hand, most of the discussions have focused on the UL PUSCH transmission, and not much discussion has taken place on how to multiplex UCI in PUSCH for the case when the UE is configured in the UL MIMO transmission mode.  
In this contribution, we initiate discussions on the issues that arise when we consider simultaneous UCI and PUSCH data transmission for UEs configured in UL MIMO mode.  Here the UCI of interest is similar to the a-periodic PUSCH feedback in Rel-8, where the UCI feedback payload size is relatively large and therefore cannot be carried in PUCCH.  The multiplexing of periodic PUCCH feedback and PUSCH data transmission is not the focus of this contribution, since it’s possible in LTE-A for a UE to transmit PUCCH and PUSCH in separate carriers , especially in the situation when the UE is not power-limited. 
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 this contribution, we focus on a 2Tx UL MIMO system. With this assumption, we propose to have all UCI (including CQI, RI and A/N bits) carried on only one of the layers, with the following ways of choosing a particular layer. Here we denote the total number of transmission layers as N, and Nt=N=2 in the case of 2Tx system. 
· If the MCS used by the N layers are different, then we choose the layer that has the largest MCS to carry UCI such as CQI, RI and A/N. The motivation is to minimize the amount of REs used by UCI since the number of REs required for UCI is inversely proportional to the MCS used for data transmission on that layer. The control region size is defined as the number of REs. For example, in Figure 2, the CQI control region size is illustrated in purple, the RI size in green, and A/N size in yellow.,

· If the MCS used by the N layers are the same, then we choose the first layer to carry the UCI. This could be suitable for situations where techniques such as layer mixing/layer permutation are used to ensure the same channel quality and therefore the same MCS values on all the layers. 
· In the case of equal MCS across layers, an alternative to using the first layer is to split the UCI equally across all layers. However, this will result in a different design compared to the case of non-equal MCS, and also will require additional handling since the number of REs used by UCI may not be divisible by the number of layers. 
The above approach is illustrated in Figure 2 for an N=2 two-layer transmission, where the first layer is selected to carry the UCI and only data and RS are transmitted on the second layer. While all three control regions are shown in the figure, we note that in a given subframe we may have only a subset of these three regions, e.g. only CQI+RI and no A/N. 
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Figure 2Transmitting control information in the first layer for N=2 two layers MIMO transmission.

The sizes of the three control regions (CQI, RI, A/N) are determined as a function of the corresponding size, the MCS value associated with the layer on which each of the previous UCI is transmitted, and a higher layer signaled offset. While Rel-8 type of approach can be a starting point, the exact equations for control region size determination require further study, due to the fact that the MCS selection at the eNB side will now depend on whether eNB is using an MMSE or an MMSE-SIC receiver, the impact of inter-layer interference from the other data layer on the UCI, etc.    

3 Conclusion
In this contribution, we considered the issues relating to the simultaneous transmission of UCI and MIMO PUSCH, and we propose that for a 2Tx system. 
· If the MCS on all layers are the same, the first layer is used to carry UCI. Otherwise, the layer with highest MCS is used to carry UCI.
· The exact equations dictating the UCI resource size is FFS. 
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