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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Based on the agreements achieved in the last meeting [1], this contribution discusses the remaining issues for HARQ-ACK feedback for multicast. 
ACK/NACK based feedback
Different codebook types/PUCCH structures for the same priority
Now we have agreed to support separate configurations of codebook types and PUCCH structure for unicast and multicast. Whether UE can be configured with different codebook types or different PUCCH structures for unicast and multicast especially when the HARQ-ACK feedback is with the same priority was discussed in the last meeting. 
This discussion was triggered by one issue for not supporting sub-slot based PUCCH and only supporting multiplexing HARQ-ACK feedback for unicast and multicast with the same priority as illustrated in Fig.  1. Specifically, UE is configured with a separate PUCCH-Config for multicast from that for unicast and slot-based PUCCH and sub-slot based PUCCH are configured wherein, respectively, as shown in Fig. 1. When UE is indicated to feedback HARQ-ACK on PUCCH3 for unicast with priority index 0 and is indicated to feedback HARQ-ACK on PUCCH5 for multicast with priority index 0 as well, how does UE generate the HARQ-ACK codebook? Following the current agreements reached for multicast, UE is supposed to generate a single HARQ-ACK codebook consisting of HARQ-ACK for unicast and multicast. However, as such, the low latency benefit for feeding back the HARQ-ACK early on PUCCH3 is lost if assuming the single generated codebook will be transmitted on PUCCH5. Another case is UE being indicated to transmit PUCCH2 for unicast and to transmit PUCCH5 for multicast and the HARQ-ACK for unicast and multicast are the same priority. UE processing timeline may need to be discussed whether UE can manage to multiple the HARQ-ACK for unicast and multicast on PUCCH5. What if unicast takes PUCCH1 or PUCCH4 but multicast takes PUCCH5? Such discussion will be much complicated. 

[image: ]
[bookmark: _Ref78374282][bookmark: _Ref86835030]Fig.  1: Sub-slot based PUCCH for unicast and slot.-based PUCCH for multicast
Rel-16 only supports different codebook types or different PUCCH structures configured for eMBB and URLLC with different priorities. Therefore, multiplexing the HARQ-ACK with the same priority but different codebook types or different PUCCH structures is a new case introduced by MBS. Rel-17 URLLC is discussing multiplexing HARQ-ACK feedback for eMBB and URLLC with different priorities, where the codebook for eMBB or URLLC is independently generated and coded. Adopting the same to MBS is not straightforward nor necessary. 
Two questions and possible candidate alternatives were discussed in the last meeting [2]:
Q1: Can UE be configured with different CB types for unicast and multicast respectively with the same priority? If yes, how is the CB generated for the overlapping/non-overlapping PUCCHs cases in the same PUCCH slot? 
· Possible candidate alternatives (Companies can indicate which one is you preferred): 
· Alt1: support generating the separate CBs with the same priority that are to be transmitted on two non-overlapping case. UE is not expected to be configured with different CB types for the overlapping cases. 
· Alt2: support generating separate sub-codebooks and concatenating them by appending one sub-codebook to the other sub-codebook for both overlapping and non-overlapping cases.
· Alt3: UE is not expected to be configured with different CB types for unicast and multicast with the same priority and it is to be captured into the spec.
· Alt4: Up to network to configure to avoid. No spec impact. 
· Alt5: The UE is not scheduled with unicast and multicast PUCCHs in the same slot with same priority, if unicast and multicast are configured to with different CB types.

Enhanced Type-2 and Type-3 CB are not supported for MBS but can be configured for unicast. From this perspective, UE can be configured with different CB types for unicast and multicast respectively with the same priority. Alt1 works with the most flexibility to network but transmitting two non-overlapping PUCCHs with the same priority in the same slot needs UE capability and it is precluded for multiplexing two TBs with NACK-only feedback. If Alt1 is not agreed, Alt2 can be considered which does not restrict the network scheduling as Alt3/4/5. 
Q2: Can UE be configured with slot-based PUCCH for multicast and sub-slot based PUCCH for unicast with the same priority? If yes, how is the CB generated?
· Possible candidate alternatives (Companies can indicate which one is you preferred): 
· Alt1: UE is not expected to be configured with different PUCCH structure for unicast and multicast with the same priority and it is to be captured into the spec.
· Alt2: up to network to configure to avoid. No spec impact. 

Supporting sub-slot based PUCCH is apparently the most flexible solution. If it is not agreed and considering multiplexing HARQ-ACK with different PUCCH structure configurations may involve more additional spec impact, it is acceptable in this release that UE is not expected to be configured with different PUCCH structures or not expected to be scheduled to feedback the HARQ-ACK with the same priority in the same PUCCH slot when configured with different PUCCH structures. 
Proposal 1: When UE is configured with different codebook types for unicast and multicast, support generating separate sub-codebooks and concatenating them by appending one sub-codebook to the other sub-codebook for both overlapping and non-overlapping cases.
Proposal 2: UE is not expected to be configured with different PUCCH structures. Alternatively, UE is not expected to be scheduled to feedback the HARQ-ACK with the same priority in the same PUCCH slot when configured with different PUCCH structures. 
[bookmark: _Ref129681832]NACK-only based HARQ-ACK feedback
[bookmark: _Ref82544122][bookmark: _Ref78382577]PUCCH format
Both PUCCH format 0 and format 1 are supported for NACK-only based HARQ-ACK feedback. These two formats both support 1 or 2 HARQ-ACK bits and are transmitted on one PRB. PUCCH format 0 occupy one or two symbols but PUCCH format 1 can be transmitted over four and more symbols for better coverage. The common questions for both formats are whether two bits or only one bit is used to NACK-only feedback and what the cyclic shift is used to represent NACK. 
The minor specification impact way is only supporting one HARQ-ACK bit for NACK-only given that NACK-only can be transformed into the ACK/NACK based feedback for cases, e.g., when more than one NACK-only based feedback are available for transmission in the same PUCCH slot, when the NACK-only feedback are available with other UCI feedback on the same PUCCH resource, or when the PUCCH resources are overlapped with PUSCH transmission. 
Accordingly, the sequence cyclic shift for NACK-only can be hard-coded into[image: ].
Proposal 3: Support only one HARQ-ACK bit for NACK-only feedback for PUCCH format 0 or format 1. 
Proposal 4: The sequence cyclic shift for NACK-only is [image: ]. 

NACK-only overlapping with SR
For the case when PUCCH of NACK-only feedback overlaps with unicast PUCCH/PUSCH, the following agreement was achieved. The remaining issue is how to handle the case that PUCCH for NACK-only feedback overlaps with PUCCH for SR. 
Agreement:
When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for HARQ-ACK feedback/CSI for unicast for the same priority or PUSCH transmission for the same priority, support UE multiplexing the NACK-only based feedback with the HARQ-ACK feedback/CSI on PUCCH or on to PUSCH by transforming NACK-only into the ACK/NACK HARQ bit. 
· This applies to at least the case of the feedback addressing one TB. NACK-only based feedback for more than one TBs is to be handled separately. 
· Note: When the TB is correctly decoded, the ACK will be transmitted and multiplexed with others. 
· FFS the case of PUCCH for SR. 

In the current specification, in case of HARQ-ACK feedback using PUCCH format 0 (PF0), UE transmits the HARQ-ACK always on the PUCCH resource configured for the HARQ-ACK using the sequence with different cyclic shifts to represent different state combinations of ACK/NACK and negative/positive SR. In case that both HARQ-ACK and SR use PUCCH format 1 (PF1), PUCCH resource selection is performed for HARQ-ACK transmission in case of positive/negative SR. SR using PF0 is dropped when colliding with HARQ-ACK using PF1. The legacy schemes for HARQ-ACK and SR multiplexing for PF0/1 are summarized in Table 1. 
Table 1 Legacy schemes for HARQ-ACK and SR multiplexing for PF0/1
	
	SR using PF0
	SR using PF1

	HARQ-ACK using PF0
	Positive SR: HARQ-ACK on PUCCH resource for HARQ-ACK using additional cyclic shift(s) 
Negative SR: HARQ-ACK on PUCCH resource for HARQ-ACK using original cyclic shift(s) 
Note: same “original cyclic shift(s)” are used for HARQ-ACK feedback when 
(1) HARQ-ACK collides with SR
(2) HARQ-ACK doesn’t collides with SR

	HARQ-ACK using PF1
	Drop SR
	Positive SR: HARQ-ACK on PUCCH resource for SR
Negative SR: HARQ-ACK on PUCCH resource for HARQ-ACK



For NACK-only feedback configured for multicast, one NACK-only PUCCH resource (e.g., cyclic shift #0 in case of PF0) is configured to be probably shared among UEs in the multicast group in order to save PUCCH resources. However, if more than one UE within the multicast group has their SR PUCCH resources overlapped with the common NACK-only PUCCH resource, following the legacy multiplexing rule, another common cyclic shift (e.g., #3) will be chosen for the transmission of HARQ-ACK and positive SR. Therefore, gNB cannot identify which UE transmits the positive SR according to the common cyclic shift. Taking Fig. 2 as an example, for both UE#1 and UE#2, assuming NACK-only HARQ-ACK feedback is configured with the shared PUCCH using PF0 and the shared PUCCH overlaps with PUCCHs for SR for UE#1 and UE#2, respectively. If UE#1 is NACK-ed and SR is negative SR, UE#1 will use the common cyclic shift (e.g., #0) on the shared PUCCH. If UE#2 is NACK-ed and but SR is positive SR, UE#2 will use another common cyclic shift (e.g., #3) on the shared PUCCH. For gNB, when it detects two sequences with cyclic shift #0 and #3, it knows to retransmit the TB just via PTM scheme 1, but it doesn’t know whom it should transmit UL grant to according to these shared cyclic shift, e.g., #3.
[image: ]
[bookmark: _Ref86835145]Fig.  2 Example of PUCCH transmission in case that SR collides with NACK-only HARQ-ACK 
In R17 URLLC, UCI multiplexing for high priority (HP) SR overlapping with low priority (LP) HARQ-ACK was discussed, and one method that was proposed could be workable for this issue. If HP SR is negative, LP HARQ-ACK is transmitted on the PUCCH for LP HARQ-ACK. If HP SR is positive, LP HARQ-ACK is transmitted on PUCCH for HP SR. Similarly, this method can be applied for identifying which UE has positive SR in above case for NACK-only and SR multiplexing. That is, for positive SR, UE transforms NACK-only into ACK/NACK bits and transmits the ACK/NACK bits on the dedicated PUCCH configured for SR. While for negative SR, NACK-only HARQ-ACK is transmitted on the originally shared PUCCH configured for NACK-only feedback to save PUCCH resource. Moreover, this method can be a unified solution applied to all PUCCH format combinations, especially including the case of SR using PF0 and HARQ-ACK using PF1 which is not supported for legacy.
Proposal 5: For the case that PUCCH for NACK-only overlaps with PUCCH for SR,  
· if the SR is negative SR, NACK-only HARQ-ACK is transmitted on the PUCCH configured for NACK-only, and
· if the SR is positive SR, NACK-only HARQ-ACK is transformed into ACK/NACK HARQ-ACK and transmitted on the PUCCH configured for SR.

[bookmark: _Ref82794139]More than one NACK-only and overlapping PUCCH/PUSCH
For the case when more than one NACK-only feedback is to be transmitted in the same PUCCH slot, the following agreement was achieved: 
[bookmark: OLE_LINK49][bookmark: OLE_LINK50]Agreement:
When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, further decide based on the following subset of alternatives (from previous agreement) with potential further down-selection:
· Alt1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. 
· Alt2: Support sub-slot based PUCCH for this case. 
· Alt3: Support UE transmitting more than one slot-based PUCCHs in the same PUCCH slot. 
· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission. 
· Alt5: NACK-only bundling

Comparing Alt1 and Alt4, Alt4 may have substantial specification impact depending on how many bits are combined and carried on a PUCCH. Clearly, the least specification impact is carrying a single NACK-only as discussed in section 3.1 and the NACK-only is transformed into ACK/NACK based feedback when more than one NACK-only is to be transmitted in the same PUCCH slot. Furthermore, the NACK-only transforming into ACK/NACK based feedback has been agreed when the PUCCH resources for NACK-only are overlapped with other PUCCH or PUSCH transmissions for the same priority case 
Therefore, consider the following three cases for NACK-only multiplexing, Alt1 will be a unified solution for the following 3 cases while Alt4 can only be applied for Case 2.
Case 1: PUCCH for HARQ-ACK of one NACK-only TB overlaps with unicast PUCCH
Case 2: PUCCH for HARQ-ACKs of more than one NACK-only TB
Case 3: PUCCH for HARQ-ACKs of more than one NACK-only TB overlaps with unicast PUCCH

Likewise, such issue also exists for the case of NACK-only for multicast SPS without PDCCH scheduling as discussed in section 5. 
Overall, Alt1 is favorable with minimum specification impact. 
Proposal 6: When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, the NACK-only feedback is transformed into the ACK/NACK based feedback. 

Enabling/disabling HARQ feedback
The enabling/disabling HARQ-ACK feedback mechanism has been focusing on ACK/NACK-based feedback. Whether it can be applicable to NACK-only based is one open issue. 
It has been agreed up to network configuration either ACK/NACK based or NACK-only based feedback is to be used per G-RNTI by UE RRC signalling. When NACK-only is configured, UE can also be configured to feedback or not feedback at all if the TB is failed in decoding per DCI indication. Similar to ACK/NACK-based feedback, RRC signalling can directly configure UE feedback or not feedback if the TB is failed as well. Therefore, the enabling/disabling mechanism agreed for ACK/NACK-based can be applicable to NACK-only as well. 
Proposal 7: Support enabling/disabling NACK-only based HARQ-ACK feedback by replacing ACK/NACK with NACK-only as in the following previous agreement:
For enabling/disabling ACK/NACK-based HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast via dynamic group-common PDSCH:
· RRC signaling configures the enabling/ disabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback.
· If RRC signaling configures the function of group-common DCI based indication, group-common DCI indicates (explicitly or implicitly) whether ACK/NACK based HARQ-ACK feedback is enabled/disabled 
· Otherwise, enabling/disabling ACK/NACK based HARQ-ACK feedback is configured by RRC signaling. 
· FFS details on RRC signaling and group-common DCI indicating. 

[bookmark: _Ref82592377]HARQ-ACK for multicast SPS
Support of ACK/NACK based feedback for multicast SPS has been agreed earlier. Now the question is whether NACK-only is supported for SPS activation/deactivation. Given that multicast SPS is targeted to a group of UEs and the transmission of the activation/deactivation command should be robust and as such the PDSCH could be transmitted as configured or stopped. From this sense, most of UEs are very likely to decode the activation/deactivation command successfully. If NACK-only is supported for the activation/deactivation command, network could not differentiate whether the command is missing or all UEs decode it successfully. Hence, NACK-only based HARQ-ACK feedback is not supported for multicast SPS activation/deactivation.
[bookmark: OLE_LINK14]Proposal 8: For multicast SPS activation/deactivation, NACK-only based HARQ-ACK feedback is not supported.
It is worth noting that NACK-only for SPS without PDCCH scheduling is more naturally applied to the case that the HARQ feedback of one multicast SPS configuration is transmitted solely. When UE needs to transmit the HARQ-ACK feedback in the same PUCCH slot for multiple multicast SPS configurations, multicast SPS and unicast SPS, or multicast SPS and dynamic scheduling of unicast/multicast, one issue as discussed in section 3.2 needs to be solved, i.e., how the transmission will be when there are more than one PDSCH needs to report NACK-only. The simple and straightforward resolution is that the NACK-only feedback is transformed into the ACK/NACK based feedback in such cases.  
Proposal 9: When UE is configured with NACK-only for multicast SPS without PDCCH scheduling and when the HARQ-ACK bits for more than one multicast SPS configuration, for multicast SPS and unicast SPS, or for multicast SPS and dynamic scheduling of unicast/multicast, needs to be transmitted in the same PUCCH slot, the NACK-only based feedback for multicast SPS is transformed into the ACK/NACK based feedback. 

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution discusses the remaining issues regarding whether/how multiplexing HARQ-ACK with the same priority but different codebook types or different PUCCH structures, NACK-only feedback details, enabling/disabling HARQ-ACK for NACK-only and remaining issues for multicast SPS HARQ-ACK. This discussion leads to the following proposals:
Proposal 1: When UE is configured with different codebook types for unicast and multicast, support generating separate sub-codebooks and concatenating them by appending one sub-codebook to the other sub-codebook for both overlapping and non-overlapping cases.
Proposal 2: UE is not expected to be configured with different PUCCH structures. Alternatively, UE is not expected to be scheduled to feedback the HARQ-ACK with the same priority in the same PUCCH slot when configured with different PUCCH structures. 
Proposal 3: Support only one HARQ-ACK bit for NACK-only feedback for PUCCH format 0 or format 1. 
Proposal 4: The sequence cyclic shift for NACK-only is [image: ]. 
Proposal 5: For the case that PUCCH for NACK-only overlaps with PUCCH for SR,  
· if the SR is negative SR, NACK-only HARQ-ACK is transmitted on the PUCCH configured for NACK-only, and
· if the SR is positive SR, NACK-only HARQ-ACK is transformed into ACK/NACK HARQ-ACK and transmitted on the PUCCH configured for SR.
Proposal 6: When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, the NACK-only feedback is transformed into the ACK/NACK based feedback. 
Proposal 7: Support enabling/disabling NACK-only based HARQ-ACK feedback by replacing ACK/NACK with NACK-only as in the following previous agreement:
For enabling/disabling ACK/NACK-based HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast via dynamic group-common PDSCH:
· RRC signaling configures the enabling/ disabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback.
· If RRC signaling configures the function of group-common DCI based indication, group-common DCI indicates (explicitly or implicitly) whether ACK/NACK based HARQ-ACK feedback is enabled/disabled 
· Otherwise, enabling/disabling ACK/NACK based HARQ-ACK feedback is configured by RRC signaling. 
· FFS details on RRC signaling and group-common DCI indicating. 
Proposal 8: For multicast SPS activation/deactivation, NACK-only based HARQ-ACK feedback is not supported.
Proposal 9: When UE is configured with NACK-only for multicast SPS without PDCCH scheduling and when the HARQ-ACK bits for more than one multicast SPS configuration, for multicast SPS and unicast SPS, or for multicast SPS and dynamic scheduling of unicast/multicast, needs to be transmitted in the same PUCCH slot, the NACK-only based feedback for multicast SPS is transformed into the ACK/NACK based feedback. 
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