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1. Introduction

Uplink control information (UCI) time division multiplexing (TDM) on PUSCH with SU-MIMO was discussed in previous 3GPP meetings. In RAN1 #62 [1], it was agreed to adopt the baseline assumption for HARQ-ACK/RI resource size and CQI/PMI resource size from RAN1 #61bis[1], the modification to the data spectral efficiency to account for large UCI payload was not supported. However, the TB choice for CQI/PMI report in the case of 2TB transmission is still an open issue. 
In RAN1 #61bis[2] 
 the following agreement was reached for TB choice for CQI/PMI report in the case of 2TB transmission

· Baseline assumption is that TB associated with highest MCS or TBS indicated by the UL grant 

· Can be revisited if major performance loss is identified,  compared to other approaches such as lowest MCS 

· 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

These items do not appear to have been settled in RAN1 #62.  Therefore, in this contribution, we discuss some of the remaining issues for CW selection with UCI multiplexing of CQI/PMI considering MCS settings and HARQ process of the CWs.  In particular we address:
· Why the current baseline assumption for codeword selection for UCI should continue to be taken as the Way Forward
· How ties are decided in the event of 2 CWs with the same MCS, and

· Why that tie-breaking method also applies to the “ping-pong” issue.
2. CW selection on UCI multiplexing on PUSCH 
In case of 2 TB transmissions, the CW or TB with the highest MCS or TBS should be used as in the current baseline assumption. The TB with higher MCS or TBS requires a smaller number of symbols to satisfy the same β-offset requirement for a control message, thus the CW control/data overhead ratio is minimized. Therefore, we propose that RAN1 should confirm and adopt the current assumption of CW selection with higher MCS/TBS. 

If the 2 TBs have the same MCS or TBS, the HARQ status should be further considered when dynamic CW selection is used [3]

 REF _Ref272136094 \r \h 
[4]

 REF _Ref272136496 \r \h 
[5]. 
With HARQ, the same or a different redundancy version of a CW is transmitted if the previous transmission is not successful. Use the CW with initial transmission or a lower number of re-transmissions increases the frame error rate of the current transmission, but the CW has more chances to be recovered by HARQ process. 
On the other hand, since a previous version is already available at the receiver, it is more advantageous for the receiver to decode the CW using soft combining of the current transmission. Therefore, relinquishing resources on a HARQ retransmission CW for control multiplexing causes less impact on the data performance compared with taking resource away from a CW from an initial transmission. However, taking resources away from re-transmitted CW may cause longer delay for the re-transmitted CW if it results in an error again. Furthermore, if the last retransmission of a CW is in error, it may trigger higher layer ARQ, e.g. RLC ARQ, thus cause more overhead.

Therefore, we propose that in the event of a situation with identical MCS levels, that either of the following could be done:

· When Incremental Redundancy transmission is being used, the codeword carrying the UCI should be the one with the higher number of retransmissions (except if that codeword is the last retransmission, to avoid higher layer retransmissions).  This is because soft-combining should yield a gain over and above simple retransmission.

· In the case of a tie then, always use Codeword 0.

This scheme is guaranteed then always to have a single “winning” codeword to carry the UCI, and has minimal impact to system throughput.

3. The same methodology can remedy the “Ping-pong” issue

In the event that the eNB adjusts the MCS of the TB with UCI, without additional logic the introduction of UCI would reverse the order of MCS among two TBs, and if this process were continued without additional logic to stop it, the “ping-pong” effect would happen, where the codeword assigned to carry UCI bounces back and forth between codewords.  
However, this case can also be handled as a “tie” where both codewords have the same MCS (in effect, it is a tie).  Since one codeword typically will have a different number of retries than the other codeword, and because Codeword 0 is obviously unique, the remedy of the previous section also remedies the “ping-pong” issue.
4. Conclusions

We have addressed the open issues regarding the codeword selection for carrying UCI on the PUSCH with SU-MIMO.  We recommend:

· The assumption of CW selection with the highest MCS and TBS setting be confirmed and taken as the Way Forward

· The tie-breaking scheme using HARQ retransmission in the IRV case and having a default tie-breaking codeword be used.

· This method also remedies the “ping-pong” issue.
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