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Introduction
This document discusses corrections and clarifications on HARQ-ACK multiplexing on PUSCH in TS38.212, relating to reservation of resources on PUSCH

[bookmark: _Ref228947482]Discussion 
TS 38.212 subclause 6.2.7 specifies data and control multiplexing on PUSCH and part of this section covers the reservation of resources on PUSCH for HARQ-ACK. We thus find the following pseudo-code text for Step 1:-
if the number of HARQ-ACK information bits to be transmitted on PUSCH is 0, 1 or 2 bits

the number of reserved resource elements for potential HARQ-ACK transmission is calculated according to Subclause 6.3.2.4.1.1, by setting ;
Presumably the intention is to reserve the same amount of resource on PUSCH independently of whether the number of HARQ-ACK bits is 0, 1 or 2. This has the benefit that for all three of these cases multiplexing of HARQ-ACK on PUSCH is unaffected by the actual number of HARQ-ACK bits that the UE determines from received PDSCH etc, giving some robustness against error cases.

However it is not clear exactly how to interpret the case of 0 bits of HARQ-ACK. Some possibilities are:-
1. “0 bits HARQ-ACK” occurs when generation of HARQ-ACK bits is possible, but the size of the dynamic HARQ-ACK codebook is zero (e.g. the outcome of procedure in TS 38.213 subclause 9.1.3.1 is zero HARQ-ACK bits because no PDSCHs or SPS PDSCH releases were received).
· This would have the possible advantage of robustness for some error cases where a PDSCH is scheduled by PDCCH, but the PDCCH is not received by the UE.
2. “0 bits HARQ-ACK” occurs when generation of HARQ-ACK is not possible (e.g. semi-static HARQ-ACK codebook is configured, but there are no suitable occasions for possible reception of PDSCH or SPS PDSCH release which could generate HARQ-ACK bits to be multiplexed on this PUSCH)
· This would have the disadvantage that resources would be always be reserved on PUSCH for HARQ-ACK, even if there is no possibility that they could be used 

One possible way forward to resolve the ambiguity, if this is in line with the common understanding, would be to clarify that this text refers to the number of HARQ-ACK bits to be multiplexed on PUSCH but that the case of “0 bits HARQ-ACK” does not apply when semi-static HARQ-ACK codebook is configured, and therefore does apply for any other cases with no HARQ-ACK bits to transmit on PUSCH. 

[bookmark: _GoBack]Proposal 1: Clarify that in TS 38.212 subclause 6.2.7, Step 1 refers to the number of HARQ-ACK bits to be multiplexed on PUSCH, and the case corresponding to “0 bits HARQ-ACK” does not apply when semi-static HARQ-ACK codebook is configured (see text proposal in Annex).

Note that other possibilities would be to remove the case of “0 bits HARQ-ACK” altogether, or always reserve resources for 2 bits of HARQ-ACK, including when there is no HARQ-ACK to be multiplexed.

Conclusions
Based on the above discussion, to resolve the ambiguity in resource reservation for HARQ-ACK bits on PUSCH we offer the following proposal:-

Proposal: Clarify that in TS 38.212 subclause 6.2.7, Step 1 refers to the number of HARQ-ACK bits to be multiplexed on PUSCH, and the case corresponding to “0 bits HARQ-ACK” does not apply when semi-static HARQ-ACK codebook is configured (see text proposal in Annex).



Annex

Text proposal for TS 38.212

---------------------------------start of text proposal------------------------------------
[bookmark: _Toc517077598]6.2.7	Data and control multiplexing
----------------------------------------unchanged parts omitted------------------------------------------

The multiplexed data and control coded bit sequence  is obtained according to the following:
Step 1:


Set  for ;


Set  for ;


Set  for ;


Set  for ;
if the number of HARQ-ACK information bits to be multiplexed for transmissiontted on PUSCH is 0, 1 or 2 bits, or if there are no HARQ-ACK bits to be multiplexed on PUSCH and the UE is not configured with pdsch-HARQ-ACK-Codebook = semi-static

the number of reserved resource elements for potential HARQ-ACK transmission is calculated according to Subclause 6.3.2.4.1.1, by setting ;
----------------------------------------unchanged parts omitted------------------------------
--------------------------------------end of text proposal-------------------------------------
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