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1 Introduction
According to 3GPP RAN1#61, following is agreed for UCI multiplexing on PUSCH in case of SU-MIMO [1]:
· HARQ-ACK and RI:

· Replicated across all layers of both CWs 

· TDM multiplexed with data such that UCI symbols are time-aligned across all layers 

· CQI/PMI: transmitted only on 1 codeword

· Reuse Rel-8 multiplexing and channel interleaving mechanisms

· Extension: The input to data-control multiplexing {
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 of length Q_m*L 

· L (1 or 2) is the number of layers the CW is mapped onto

· Enable time (RE) alignment across 2 layers for L=2

· UCI symbol-level layer mapping: same as (treated as a part of) data

In this contribution, the following remaining issues are discussed:

· How to determine the number of UCI symbols on each CW and each layer;
· Mechanism for CW selection [1] for CQI/PMI multiplexing;
2 Number of Symbols for UCI
Since the HARQ-ACK and RI symbols will be replicated on each layer, determining the number of HARQ-ACK and RI symbols on each layer is equivalent to determining the total number of HARQ-ACK and RI symbols on all the transmission layers. 
Assuming the same principles used in Release 8 are used here, to determine the number of HARQ-ACK and RI symbols on each layer, there are at least 3 options: 
· Option 1 is to derive the number of HARQ-ACK/RI symbols based on the MCS levels (or MPR) of all CWs the HARQ-ACK/RI mapped to, for example, a weighted average of them. 
· Option 2 is to derive the number of HARQ-ACK/RI symbols from the higher MCS level of the 2 CWs, 
· Option 3 is to derive the number of HARQ-ACK/RI symbols from the lower MCS level of the 2 CWs. 
The number of coded symbols associated with each option can be found in the Appendix (Section 7.1). With option 1, the coding rate of HARQ-ACK/RI is related to the channel quality of all the CWs they mapped to. With option 2, the coding rate of HARQ-ACK/RI is only related to the channel quality of the CW with better quality, which results in less number of HARQ-ACK/RI symbols compared to option 1 and leads to performance degradation of HARQ-ACK/RI. With option 3, the coding rate of HARQ-ACK/RI is only related to the channel quality of the CW with worse quality, which results in an increased number of HARQ-ACK/RI symbols compared to option 1. Although this leads to a performance improvement of the HARQ-ACK/RI, the increased puncturing of the data CW leads to a greater impact of data performance.
As for CQI and/or PMI, it will be multiplexed on only one CW. Therefore the number of coded symbols for CQI/PMI should be determined according to the MCS level of the multiplexed CW and the configured offset, similar to that of Release 8 but with possible modifications for the case in which the CW may have 2 layers.
Proposal: derive the number of HARQ-ACK/RI symbols based on the MCS levels (or MPR) of all CWs the HARQ-ACK/RI mapped to.

Please find a detailed formula to determine the numbers of symbols for UCI in the Appendix.
3 CW selection for CQI/PMI
For CQI/PMI, as it will be transmitted only on 1 CW (see the agreement in Section 1), the remaining issue is CW selection. There are at least 2 mechanisms for CW selection: 
· Option 1 is that CW selection can be predefined, for example, always the 1st CW or the last CW, for CQI/PMI multiplexing. The pro is no extra signalling needed, the con is that CW selection not related to channel status resulting in potential CQI/PMI and/or UL-SCH data performance loss. 
· Option 2 is that CW selection is according to channel status, with explicit or implicit signalling indication. The advantage is that CQI/PMI can be transmitted efficiently on the appropriate CW. Furthermore, with implicit indication by combination of DCI fields, no extra signalling is needed. Therefore, option 2 is preferred.

The number of coded symbols for the CQI/PMI can be found in the Appendix (Section 7.2). To select the appropriate CW according to channel status, two aspects should be considered: the performance of CQI/PMI and the impact on UL-SCH data. Since CQI/PMI is important for the proper functioning of the system, they need to be protected more than data so that they can be received by the eNB correctly. In addition, CQI/PMI information is relatively small and is protected by relatively weak codes such as block codes and convolutional codes, thus the physical channel with better quality is preferred for CQI/PMI multiplexing. On the other hand, because the amount of resource for UL-SCH data will be reduced to multiplex CQI/PMI symbols, to ensure the performance of UL-SCH data, the CW that induces smaller impact to the UL-SCH performance is preferred for CQI/PMI multiplexing. These two criteria should be jointly considered when selecting CW for CQI/PMI. 
In the case of each CW mapped to an equal number of layers (i.e. two CWs mapped to two layers and two CWs mapped to four layers), these two criteria are consistent. In these two cases, each codeword contains the same number of modulation symbols if control information is excluded. The number of coded symbols for the CQI/PMI can be found in the Appendix (Section 7.2). In the formula, assume only one
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 is configured by RRM, i.e. the same
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 for CW1 and CW2. As the CW with better channel quality transmits with higher MCS and hence a larger TB size, consequently there will be less symbols need to be punctured to place CQI/PMI and less impact on UL-SCH data decoding if CQI/PMI is multiplexed with the CW with better channel quality. 
In the case of CW1 and CW2 mapped to non-equal number of layers, CW1 is mapped to one layer and CW2 is mapped to two layers. With the same
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 configured by RRM for both CWs, if the TB size of CW1 is equal to that of CW2, based on the proposed formula in Section 7.2, the proportion of data modulation symbols punctured is the same when multiplexing with CW1 or CW2. The impacts on these 2 CWs can be considered almost the same. Therefore, with the aspect of the impact on data, the CW with larger TB size is preferred for CQI/PMI multiplexing.
In summary, TB size (usually consist with channel capacity) can be used to determine the CW for CQI/PMI multiplexing. 
As for implicit indication, since it is agreed that 2 MCS fields will be indicated in the new DCI format for 2CW UL scheduling grant in LTE-A, and TB size can be deduced from MCS, assigned RB size and the rank, selecting the CW with larger TB size for CQI/PMI multiplexing needs no extra signalling.
Proposal: Choose CW with larger TB size and signal implicitly using the UL-MIMO DCI format.
4 Aperiodic CQI/PMI/RI with multi-layer PUSCH
Besides the scenarios discussed (UCI sent on PUSCH with UL-SCH data), UCI may also be sent on PUSCH when aperiodic CQI/PMI/RI reporting is triggered without UL-SCH data. Multi-layer transmission of CQI/PMI should then be considered. In addition, when aperiodic CQI/PMI/RI is sent without UL-SCH data, specification needs to deal with the case where UCI (HARQ-ACK) may also be multiplexed with multi-layer CQI/PMI transmission without UL-SCH data.
Another scenario is that aperiodic CQI/PMI/RI reporting is triggered when the assigned PUSCH resources are relative small with multi-CW transmission. For this scenario, to satisfy different performance requirement of CQI/PMI and UL-SCH data efficiently, CQI/PMI and data using different CWs, i.e. spatial division multiplexing of CQI/PMI and data may be considered. 
5 Conclusions

This contribution discusses the remaining issues of UCI multiplexing on multi-layer PUSCH transmission. A slightly revised/redefined formula in Rel-8 is preferred to determine the number of UCI symbols on each CW and each layer. The coding rate of HARQ-ACK/RI is preferred to be related to the channel quality of all CWs. For codeword selection for CQI/PMI, implicit indication by selecting the CW with larger TB size is preferred. In case that same TB size for both CWs, the first CW may be selected.
In addition, aperiodic CQI/PMI/RI with multi-layer PUSCH transmission may be defined.
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7 Appendix - Formulas for Number of UCI Symbol
7.1 Number of Coded Symbols For HARQ-ACK/RI

Option 1: 
It shall determine the number of coded symbols 
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 for HARQ-ACK/RI on each layer as
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Here notation from Rel-8/9 is reused and extend to multiple codewords. 
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 is the number of HARQ-ACK or RI symbols on each layer, 
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 are obtained from the signalling for the CW1 and CW2 separately, 
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 the configured offsets for CW1 and CW2 where one value may be enough. Definitions of other symbols are the same as what defined in TS 36.212 [3].

Option 2 and Option 3: 
It shall determine the number of coded symbols 
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 for HARQ-ACK/RI on each layer as
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where 
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 is the number of HARQ-ACK or RI symbols on each layer,
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 are obtained from the DL signalling for the CW
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 (for option 2, CW
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 is CW with better channel quality; for option 3, CW
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 is CW with worse channel quality ), 
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 and 
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is the total layer number of all CWs. Other symbol definitions are the same as what defined in [3].

For all options:
The number of coded bits of HARQ-ACK on CW
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 shall be determined according to RRM configuration.
The number of coded bits of RI on CW
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7.2 Number of Coded Symbols For CQI/PMI

It shall determine the number of coded symbols 
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 for CQI/PMI as
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where 
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 is the number of CQI/PMI symbols on the CW
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 on which CQI/PMI is multiplexed, 
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. Other symbol definitions are the same as what defined in [3]. The total number of coded bits of CQI/PMI 
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Note that the configured offset value(s) (
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) may depend on the total number of transmission layers as well as the codeword(s) for multiplexing.
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