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1. Introduction

Uplink control information (UCI) time division multiplexing (TDM) on PUSCH with SU-MIMO was discussed in previous meetings. 
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. Background

In RAN1 #61bis[1] the following agreement was reached:
· Take Alt 1 as baseline assumption

· 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

· Number of resources per layer is  given by 

· Alt 1: In case single beta value is agreed, simple extension of Rel-8
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In the case multiple beta values are agreed, the equation can be further changed to account for multiple beta value.

· Alt2: further optimization for high-payload cases
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CQI/PMI resource size:

· Take Alt 1 as baseline assumption

· FFS whether or not a compensation factor should be included to account for  large RI/AN payload 

· Number of resources per layer is  given by 

· Alt 1: In case single beta value is agreed, simple extension of Rel-8
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In the case multiple beta values are agreed, the equation can be further changed to account for multiple beta value.

· Alt2: further optimization for high-payload cases


[image: image5.wmf]÷

÷

ø

ö

ç

ç

è

æ

ú

ú

ú

ù

ê

ê

ê

é

+

×

×

+

-

=

CQI

CQI

CQI

offset

CQI

k

RI

all

CQI

Q

L

O

K

Q

Q

Q

CQI

.,

max

)

(

'

,

)

(

'

min

'

b

a


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

In this contribution we address the following issues:
1. Why alternative equations or compensation factors for 
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2. How to decide a tie in the event the MCS levels are the same

3.  Given the methodology for deciding a tie, the same methodology can remedy the “Ping-pong” issue (given the the eNB adjusts the MCS of the TB with UCI).
3. Alternative equations/compensation factors 
As we noted in [2], a higher MCS setting implies a better channel quality, thus allows higher data payload size (TBS) and higher order of modulation (Q​m). Thus, a smaller number of symbols on a layer are required to satisfy the same β-offset requirement for a control message, and the CW control/data overhead ratio is minimized. Therefore, the CW with higher MCS setting is preferred to carry CQI/PMI. If two CWs have the same MCS setting, the first CW or explicit signaling of CW selection could be used.
Since the β-offset setting are controlled by the eNB, for smaller or larger payloads the eNB simply needs to send a β-offset corresponding to the actual requirements for control, and so to simply the specification different equations or compensation factors do not appear to be necessary.
Furthermore, with the current assumption, the β-offset gives the protection ratio over the current data coding rate, which is directly linked to the modulation coding scheme (MCS) index setting. Therefore, for the current baseline with a given MCS index setting, the control performance is constant regardless of the number of PRBs and TBSs. The alternative equations of Alt2 make it harder to estimate the control performance because the scaling factor varies with TBS.

4. How to decide a tie in the event the MCS levels are the same
In [2] we also mentioned 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.
5. 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.
6. Conclusions

We have addressed 3 of the open issues regarding the codeword selection for carrying UCI on the PUSCH with SU-MIMO.  We recommend:

· Alternative 1 of the Agreed Baseline be 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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