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1. Introduction  
In RAN1 #61, UCI multiplexing on PUSCH in case of SU-MIMO has been discussed and the following has been taken as agreement for both single CC and multiple CCs:

· 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 

· FFS: How to determine the number of UCI symbols on each CW and each layer  

· 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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· 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

· FFS: Mechanism for CW selection

There are still two pending issues for further study. One is how to determine the number of UCI symbols on each CW and each layer. The other is how to select the CW for CQI/PMI transmission. In this contribution, we show our views  on these two issues and point out some special cases to be considered
2. Determination for the number of UCI symbols on each CW and each layer

Since the multiplexing of different UCI is different, the number of UCI symbols on each CW and each layer may also be different. 

2.1 Number of HARQ-ACK/RI symbols
The HARQ-ACK and RI are replicated across all layers of both CWs. Assuming that both CWs have the same
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, the number of HARQ-ACK/RI symbols should be calculated as follow:
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 are the number of layers of CW0 and CW1 respectively.  All the other notations have the same meaning as Rel-8. Details of derivation of equation (1) are illustrated in Annex.

2.2 Number of CQI symbols
Although the CQI/PMI is transmitted only on 1 CW and the Rel-8 multiplexing and channel interleaving mechanisms can be reused, the calculation of the number of CQI/PMI symbols should also be modified since there is only on layer supported in Rel-8 while there is up to 2 layers can be supported in LTE-A. Given the number of layers the selected CWs to be mapped to, the number of required CQI/PMI coded symbols should be calculated as follow:
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 is the number of layers of the CW for CQI/PMI transmission. All the other notations have the same meaning as Rel-8.
3. Mechanism for CW selection

Since the CQI/PMI is transmitted only on 1 CW, we need a mechanism for the CW selection. Currently there are mainly four alternatives discussed in [4] [5]:

(1) Alternative 1: Semi-statically configured by higher layer; 

(2) Alternative 2: Signalled dynamically via PDCCH; 

(3) Alternative 3: Implicitly linked to MCS; 

(4) Alternative 4: Simply fix the selected CW to the first CW.

Among these alternatives, if the selected CW is configured by RRC, it may not reflect the exact channel quality in time due to the long periodicity of higher layer signalling. On the other hand, for the method of selecting the CW through UL grant in PDCCH, it will introduce additional overhead in the downlink control. And for most cases, the CW with higher MCS level is also the one with better channel quality, thus selecting the CW with higher MCS level is preferred, and in case that both CWs share the same MCS, the first or the second CW can be selected. If the future evaluation shows that the performance difference between selecting the CW with higher MCS and fixing it to the first one is negligible, it is also fine to fix the selected CW to the first CW from the simplification point of view.

4. Special scenario
From our understanding, there is one special scenario that needs further consideration for UCI multiplexing in case of SU-MIMO. This special case is that when the UE is in the SU-MIMO mode but with only one TB to be transmitted. In such scenario, how to select the CW to transmit the CQI/PMI needs special attention. If one CW is disabled by PDCCH, the CQI/PMI should be multiplexed on the CW being enabled. Otherwise, if one CW is enabled for UCI transmission only, the CQI/PMI should be transmitted on this CW and data TB should be transmitted on the other CW. We think this rule should have the highest priority compared with the mechanism for CW selection described in section 3. Mechanism in Rel-8 can be used to disable one CW or enable one CW for UCI only transmission, but new design should not be precluded at current stage. Note that if the CQI/PMI is transmitted on one CW and data TB is transmitted on the other CW, the calculation of the number of HARQ-ACK/RI symbol should also be reconsidered.
5. Conclusions

In this contribution, we show our views on two pending issues left in the last meeting and point out one special case to be considered. Based on the agreement made in last meeting, we propose to use equation (1) and (2) to calculate the number of UCI symbols on each CW.
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Annex 

Take the calculation for RI symbol as an example, we give details of how to obtain equation (1).

Since the RI symbol is replicated across all layers of both CWs, MRC is applied at the receiver. Then we will have:
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correspond to the total SNR, the SNR for the CW#0 and SNR for CW#1 respectively.

Based on (A-1) we will have:
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Assuming both CWs use the same 
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From (A-3) and (A-4), we can get
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Considering the RI symbol can only be allocated on up to four symbols, the number of RI symbols would have to satisfy


[image: image23.wmf](

)

min,4

PUSCHcurrent

sc

QxxxM

-

¢

=×

éù

êú

, where 
[image: image24.wmf]xxx

is the expression in (A-5), that is
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Finally, we have 
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