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1 Introduction
In RAN1#61bis meetings, significant progress has been made on the topic of UCI multiplexing on PUSCH in case of SU-MIMO. Several remaining issues that need to be resolved are identified. They are repeated below.
HARQ and RI resource size 
· FFS whether or not a compensation factor should be included to account for  large RI/AN payload 
· FFS whether or not a rank-dependent spectrum efficiency adjustment, or spectrum efficiency cap, is needed for multi-layer case
CQI/PMI resource size:
· FFS whether or not a compensation factor should be included to account for  large RI/CQI/PMI payload 

TB choice for CQI/PMI report in the case of 2TB transmission

· FFS whether “Ping-pong” effect is an issue? And if it’s an issue, how to address it.

· “Ping-pong” effect refers to the case when the introduction of UCI  reverses the order of MCS among two TBs, if eNB decides to adjust the MCS of the TB with UCI

· FFS the treatment of TB choice,  in case MCS or TBS is the same for both TBs

Other remaining issues to be discussed next meeting:

· Need to clarify the exact interpretation of “Replica” 
· Option A) Replicate before Channel Coding 

· Option B) Replicate after Channel Coding 

· Option C) Replicate after Scrambling
· Need to clarify which modulation is used  in case of 2 CW transmission

· Mapping schemes for RI and AN
This contribution addresses the remaining issues listed above. 
In addition, the case of CQI/PMI transmitted over an entire CW should be considered also, for example, the UCI may be sent on PUSCH when aperiodic CQI/PMI/RI reporting is triggered without UL-SCH data. This scenario is discussed in details in a companion contribution [6].
2 Compensation Factor for Large UCI

In LTE-A, large UCI may occur, for example, due to CQI/PMI, RI, or HARQ-ACK feedback for multiple carriers. This problem may become acute when the number of carriers to report on is high, e.g., 4 or 5.
How to handle large UCI can be an implementation issue for eNB. If the ratio of UCI size to the TB size is below a threshold, the eNB can indicate implicitly the UCI to be multiplexed with a TB over a CW. If the ratio of UCI size to the TB size is above a threshold, then the eNB can signal that UCI is carried by an entire CW without being multiplexed with a TB. 

With a proper choice of threshold, multiplexing a relatively large UCI with the TB is not expected to cause severe degradation. Even if the MCS selected does not provide perfect balance between UCI and data, the error event can be recovered if it occurs. For the UCI, since the size is relatively large, CRC bits would be attached to provide error detection. The eNB can discard an erroneous CQI/PMI and wait for the subsequent CQI/PMI report.  For the TB, the CRC bits are always attached, and the eNB can wait for a retransmission if an error occurs.
3 TB Choice for CQI/PMI Report
The ping-pong effect in the TB choice is not an issue as long as the relative order of the MCS among two TBs is not reversed. Since the order of the two MCS carries the channel quality indication, the order should be maintained even when UCI is multiplexed in. In other words, the eNB is allowed to adjust (lower, in this case) the MCS of the TB with UCI, as long as the adjusted MCS is still higher than the MCS of the TB without UCI. When necessary, the MCS of the TB without UCI can be lowered as well so as not to reverse the MCS order. Operations like this can be realized via eNB implementation.
When the MCS or TBS is the same for both TBs, a fixed choice, e.g., the first TB, is defined to carry the UCI. 
4 Other Remaining Issues
Replicating RI and HARQ-ACK can be defined simply at the channel interleaving stage, which is after channel coding and before scrambling. This is a convenient way to make sure the RI and HARQ-ACK modulation symbols are replicated over the same RE locations across the layers. This keeps the encoding and scrambling steps of RI and HARQ-ACK the same as for Rel-8.
As an example, the pseudo code for RI in TS 36.212 can be modified by changing one equation to define replication,  where L is the total number of uplink layers. A similar change can be inserted for HARQ-ACK.
	TS36.212:

5.2.2.8 Channel interleaver

….
If rank information is transmitted in this subframe, the vector sequence 
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 is written onto the columns indicated by Table 5.2.2.8-1, and by sets of Qm rows starting from the last row and moving upwards according to the following pseudocode. 

Set i, j to 0.

Set r to 
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end while

Where ColumnSet is given in Table 5.2.2.8-1 and indexed left to right from 0 to 3.



While RI and HARQ-ACK was only 1 or 2 bits in Rel-8, more bits are expected in LTE-A. Block coding is to be defined accordingly. However, the effective modulation should be kept as QPSK, as at the low effective MCS levels the combination of {QPSK, code rate R} provides better performance than {16-QAM, code rate R/2} or {64-QAM, code rate R/3}. Placeholder bit like those defined in LTE-A can be inserted to provide the effective QPSK modulation.
5 Conclusions

This contribution addressed the remaining issues on UCI multiplexing on PUSCH in case of SU-MIMO. The recommendations can be adopted to resolve the final issues on multiplexing UCI on PUSCH.
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