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1. Introduction

It was agreed that simultaneous transmission of UCI on PUCCH and data on PUSCH is allowed in a same subframe. However, in some cases, UCI piggybacking on PUSCH like Rel-8 might be necessary for UL MIMO in power limited scenario. This contribution discusses some multiplexing schemes of UCI and data on PUSCH for UL MIMO on the assumption that it is introduced.
2. UCI Multiplexing Schemes
Considering that UCI is required to be more robust than data, UCI should be transmitted with robust signal construction. In Rel-8, there is a UCI piggybacking on PUSCH when PUCCH and PUSCH are transmitted in a same subframe. Since UL MIMO with multiple layers is used in LTE-A, a study may be necessary for UCI piggybacking on PUSCH in power limited scenarios In the following, a few alternatives on the UCI multiplexing with data on PUSCH for UL MIMO transmission will be discussed.
A) UCI on a single layer
One way to multiplex UCI with data on PUSCH is to transmit UCI on the layer with the best channel quality which may be associated with MCS level. This approach is illustrated in Figure 1 for two codewords and two layers. This scheme may guarantee the layer with the best channel quality for UCI if CQI reporting is error-free. However, the inter-layer interferences may provide a negative impact on UCI decoding performance. In consequence, the performance for UCI may be degraded.
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Figure 1 Transmitting UCI and data on PUSCH for 2 codeword and 2 layers in a single layer
B) UCI over multiple layers

Another way for UCI multiplexing could be to distribute UCI to multiple or all layers. This approach is illustrated in Figure 2 for two codewords and two layers. The overall performance may be dominated by the layer with the worst channel quality. The lower coding rate for UCI may be anticipated to overcome that fading and inter-layer interference accordingly.
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Figure 2 Transmitting UCI and data on PUSCH for 2 codeword and 2 layers in multiple or all layers
C) Repeated UCI over multiple layers

The other UCI multiplexing scheme could be repeated UCI over multiple layers. As an example, the UCI will have the same rank as data on PUSCH, and the same encoded UCI will be repeated on every layer. Since the effective coding rate has been increased by repetition, the UCI performance may be enhanced. In addition, since the rank for UCI is substantially one, the receiver can decode UCI without inter-layer interference depending on implementation. The above approach is illustrated in Figure 3 for 1 codeword and 2 layers and Figure 4 for 2 codewords and 2 layers.
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Figure 3 Transmitting UCI and data on PUSCH for 1 codeword and 2 layers with repeated single-rank UCI
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Figure 4 Transmitting UCI and data on PUSCH for 2 codeword and 2 layers with repeated single-rank UCI
3. Conclusions 
 In this contribution, we discussed some UCI multiplexing schemes with data on PUSCH in UL MIMO transmission. Three alternatives were identified; 1) UCI on a single layer 2) UCI on multiple layers 3) Repeated UCI over multiple layers. Further study will be required considering performance aspect particularly for uplink control information.
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