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Introduction
There still remain some final details open on PUSCH multiple antenna transmission. In this contribution, we briefly discuss some of these details related to MCS offset tables for multi-codeword PUSCH, aperiodic CQI-only transmission and UCI minimum resource allocation, and present our preferences on these issues.
2
Discussion 

MCS offset tables for multi-codeword PUSCH 
In RAN1#62 meeting ‎[1]resource dimensioning for UCI multiplexed on PUSCH was discussed and it was agreed that:

· Adopt two RRC-configured PUSCH beta offset values, one for single-CW transmission, the other for multi-CW transmission.

· Per-CW beta offset value is not supported for multi-CW transmission

· Each RRC-configured beta parameter is set to a single numerical value

The only detail remaining open is the tables for MCS offset in case of multi-codeword PUSCH. On other hand, the Rel-8 tables for single codeword MCS offsets provide already a wide range of offsets: 

·  from 2 to 126 for HARQ-ACK
·  from 1.25 to 20 for RI

·  from 1.125 to 6.25 for CQI.
It is hard to see any significant reason to modify these tables for multi-codeword PUSCH, especially as maximum code rate for HARQ-ACK and RI is (reasonably) restricted to roughly ½ rate via 
[image: image1.wmf]min

'

Q

 for more than two HARQ-ACK / RI bits. As a straightforward solution, we propose the same MCS offset tables are used for both single codeword and multi-codeword PUSCH in all cases of UCI. 
Proposal 1:
The same  control information MCS offset  tables are used  for both  single codeword and multi-codeword PUSCH in the cases of HARQ-ACK, RI and CQI.
Aperiodic CQI-only transmission 
In RAN1#63bis meeting [2], the triggering conditions for aperiodic CQI-only transmission in Rel-10 were agreed. Also the maximum resource allocation was increased to 20 PRBs to accommodate for larger CQI report sizes caused by carrier aggregation. However, adoption of 16-QAM and rank-2 transmission was left as open issue.   
 With the agreed resource allocation possibilities, Rel-10 CQI report sizes can be supported with QPSK and rank 1 transmission. Hence, improved spectral efficiency can be seen as the only motivation for the use of 16-QAM or rank-2 with for aperiodic CQI-only transmission. This means that they should provide significant improvement in efficiency for a wide range of frequently used aperiodic CQI configurations, and not only in some specific situations with extreme CQI and ACK/NACK configurations. Both methods require also rather good propagation conditions with reasonable SNR to work properly. On other hand, also higher coding rate can be used with QPSK under the same conditions. 
As an example of rather large CQI, CQI report size of 64 bits with 2 CCs results in CQI payload size of 136 bits (2*64+8). This means 102 QPSK symbols in the case of 2/3 code rate. This can be carried in a single rank-1 PRB, even when multiplexed with SRS and 6-bit RI encoded with code rate of 1/10. In other words, one can expect that even rather large CQI reports can be transmitted with relatively small PRB allocations when SNR is reasonably high, as required for 16-QAM or rank-2 transmission. Thus, any efficiency improvement can have only marginal improvement on overall efficiency. As a consequence, it is hard to see how 16-QAM or rank-2 can provide significant efficiency improvement for the CQI-only transmissions in Rel-10.

Observation 1:  There is no sufficient benefit from supporting 16-QAM or rank-2 for aperiodic CQI-only transmission.
Minimum resource allocation for over 11-bit UCI on PUSCH 
During the discussions on UCI resource dimensioning on PUSCH it was pointed out that heavy puncturing of RM code can result in undecodable codewords even at relatively reasonable coding rates. In RAN1#62bis meeting ‎[3], it was agreed that a standard-based solution for resolving the issue is introduced and in RAN1#63 meeting ‎[1] it was agreed that the minimum number of coded symbols for over 2-bit HARQ-ACK or RI is given by 
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 is the modulation order for codeword x. It was also agreed that the working assumption can be revisited in part of over 11-bit UCI if needed based on decisions made in CA session. Dual RM coding was agreed for 12-20 bit HARQ-ACK or RI in the email approval that followed RAN1#63 meeting. 

The agreed determination of 
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 ensures that maximum code rate is roughly ½. This can be seen as a reasonable maximum code rate value for HARQ-ACK and RI with tough requirements on detection and DTX performance. On other hand, if 
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 is determined so that it ensures that codewords are just barely decodable, that is, Hamming distances of zero are barely avoided, the minimum number of coded symbols can be defined to smaller than 
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. However, resulting code rates can be considerably larger than ½ and even quite close to 1. One can expect that such code rates can be used only rarely for HARQ-ACK and RI. Thus, we see that further optimization of  
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 for over 11-bit UCI results only in added complexity without tangible benefits. Hence,
Observation 2: 
There is no need to revisit the agreement of 
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3
Summary 

In this contribution, we have considered remaining open details related to PUSCH multi-antenna transmission.  We make the following proposal and observations: 

Proposal 1:

The same  control information MCS offset  tables are used  for both  single codeword and multi-codeword PUSCH in the cases of HARQ-ACK, RI and CQI.
Observation 1:  
There is no sufficient benefit from supporting 16-QAM or rank-2 for aperiodic CQI-only transmission.
Observation 2: 
There is no need to revisit the agreement of 
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