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1. Introduction 

In RAN1#61 meeting, UCI (HARQ-ACK, RI, CQI and PMI) and PUSCH multiplexing in UL SU-MIMO were discussed [1]-[12] and the following were agreed. 

· HARQ-ACK and RI:

· Replicated across all layers of both CWs 

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

· CQI/PMI: transmitted only on 1 codeword

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

· FFS: Mechanism for CW selection

In this document, we discuss the following: 
- how to determine the number of UCI symbols on each CW and each layer 
- the mechanism for CW selection
2. Review of Rel.8 design for HARQ-ACK/RI and CQI/PMI
In Rel-8, MCS of UCI is decided by MCS of UL data in case UCI is assigned on PUSCH. In this section, we review the definition of the number of UCI in Rel.8 design. 

The number of HARQ-ACK and RI symbols is decided by follows. 
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The number of CQI/PMI symbols is decided by follows. 
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where 
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 is the number of HARQ-ACK, RI or CQI/PMI. L is the number of CRC bits. 
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 is the scheduled bandwidth for PUSCH for CW (or TB). 
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is the number of SC-FDMA symbols per subframe for PUSCH for the same CW (or TB). 
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is the number of bits for the same CW (or TB). 
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is offset value indicated by higher layer signalling. 
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 is different among HARQ-ACK, RI and CQI/PMI, i.e. 
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3. Number of symbols for HARQ-ACK/RI on PUSCH with rank > 1
HARQ-ACK and RI are replicated across all layers of both CWs. For this case, we consider two approaches for the determination of the number of UCI symbols. 
Approach 1: The number of HARQ-ACK and RI symbols is derived from the parameter of 1 CW. 
The total number of HARQ-ACK and RI symbols on all layers is defined based on the equation (1) with the parameter of one CW. In details, the term related to the resources (
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) are multiplied by the number of layers for CW#0 (Ycw#0) and the number of bits for one CW (
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) are used in the denominator. Then, the number of H-ARQ and RI symbols per layer is calculated by dividing them by the total number of layers. As the result, the number of HARQ-ACK and RI symbols per layer is expressed as follows. 
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where, Y is the total number of layers for CW#0 and CW#1. Ycw#0 is the number of layers for CW#0. 
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 is different among H-ARQ and RI, i.e. 
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 is used for the adjustment of the HARQ-ACK and RI quality. 
Note that H-ARQ and RI do not have the inter-layer interference while data has the inter-layer interference. Hence, 
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 would be different value from 
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 used for single rank. In addition, 
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 may depend on the number of layers for data. 

[Merit]
· Almost no modifications in specification perspective because the Rel-8 designs are reused. 
[Demerit]
· The number of the required symbols for HARQ-ACK and RI depends on the channel quality of both CWs. If the number of the required symbols is decided by one CW, the number of symbols does not reflect the situation of both CWs. So, it is not efficient. 
Approach 2: The number of UCI symbols is derived from the parameter of 2 CWs. 

The total number of HARQ-ACK and RI symbols on all layer is defined based on the equation (1) with the parameter of 2 CWs (i.e. CW#0, CW#1).The number of HARQ-ACK and RI symbols per layer is defined by follows.  
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where Ycw#1 is the number of layers for CW#1. Also in approach 2, 
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 used for single rank and may depend on the number of layers. 
[Merit]
· The number of the required symbols depends on the channel quality of both CWs. In case the number of the required symbols is decided by both CWs, the number of symbols can be adjusted according to the channel quality between CW#0 and CW#1. So, it is efficient. 
[Demerit]
· Need of some modifications from Rel.8 designs although the modification is small. 
In our view, we prefer Approach 2 because of the appropriate number of required symbol and specification impact.
4.   Number of symbols for CQI/PMI on PUSCH with rank > 1 
CQI/PMI is transmitted only on 1 CW. It would be natural to use the parameter of CW on which CQI/PMI is mapped. Below we describe one approach for the determination of the number of resources of CQI/PMI. 
The total number of CQI/PMI symbols on all layer is defined based on the equation (1) with 
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 of 1 CW (e.g. CW#0). So, the number of CQI/PMI symbols per layer is defined as follows.  
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where 
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 should be defined separately from 
[image: image36.wmf]PUSCH

offset

b

 and may depend on the number of layers for data since  data would have more coding gain and better cancelling performance of inter-layer interference. 

[Merit]
· Almost no modification from specification perspective because the Rel-8 design is reused. 
· Can set the number of resources properly. 
[Demerit]
· No demerit identified.
We propose this method is taken as the agreement. . 

5. CW selection for CQI/PMI

In this section, we discuss which CW is assigned by CQI/PMI (i.e. Mechanism for CW selection). 

· Throughput
In either case CQI/PMI is assigned on CW#0 or CW#1, the data throughput of 
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 is decreased by CQI/PMI assignment. Hence, in case offset value is the same between CW#0 and CW#1, there is no difference to assign CQI/PMI on CW#0 or CW#1 in the point of data throughput. 
However, the number of data may become low in case CQI/PMI is mapped on CW with low MCS. At this case, the data throughput may be decreased because coding gain is small and cancelling performance of inter-layer interference is not good. 

· Capacity for CQI/PMI
CW with high MCS can support larger CQI/PMI payload size than CW with low MCS. Hence, if a large CQI/PMI payload size exists, use of CW with higher MCS would be preferable. 
· Robustness
The MCS for CQI/PMI is decided by data MCS and offset value. Hence, in either case CQI/PMI is assigned on CW#0 or CW#1, MCS for CQI/PMI can be robust. 

· Antenna gain imbalance 
In case CQI/PMI is mapped on better/worse antenna, semi-static signal from UE is necessary to indicate which one is better antenna. In addition, this requires additional step for UE manufacture to check which antenna is better. The rule based method like higher MCS is used for CQI/PMI assignment can avoid such additional step for UE manufacturer.
· CQI payload size 
CQI payload size could be large in Rel.10. So, it may not be possible to assign these bits in case of smaller PRB allocation. In such case, we may need to discuss whether all CQI information is mapped on single CW. We note that the CQI payload issue exists also in normal carrier aggregation without UL MIMO transmission. 
From these perspectives, it would be beneficial to assign CQI on CW with high MCS if the whole CQI payload is mapped on single CW. 
6. Conclusion

We discussed and proposed the following on how to determine the number of UCI symbols on each CW and each layer. 
· HARQ-ACK/RI
· To define from the parameter of 2 CWs  
· CQI/PMI
· To define from the information of 1 CWs (Same as Rel.8 design).
· For both cases, the offset value (
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