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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Last meeting progressed further in aspect of separate codebooks for unicast and multicast with different priorities, codebook generation, NACK-only based feedback, HARQ-ACK feedback for SPS, and HARQ-ACK enabling/disabling, etc., This contribution pursues the discussion regarding the FFS of such agreements achieved in the last meeting [1]. 
ACK/NACK based feedback
Separate codebooks for the same priority
Regarding the codebook construction for UE receiving both unicast and multicast, it has been agreed to support separate codebooks for unicast and multicast with different priorities for Type-1 or Type-2 codebook and FFS the case for the same priority. 
Agreement:
The signaling for URLLC feature can be reused to configure separate codebooks for unicast and multicast, respectively, at least for the case of different priorities, at least for Type-2 HARQ codebook
· FFS: The case for the same priority.
· FFS: The case of Type-1 HARQ codebook
· FFS: Whether this applies to separate PUCCH transmissions only

Agreement:
When UE is configured Type-1 codebooks for unicast and multicast with different priorities, respectively, the UE separately generates each of the Type-1 codebooks. 
· FFS: How UE is configured one codebook for unicast and one codebook for multicast and the two codebooks are of different priorities. 

In addition, whether supporting sub-slot based PUCCH was also discussed without conclusion. Sub-slot based PUCCH has been specified and supported for URLLC feature. Whether supporting it for multicast brings substantial specification efforts was controversial [2]. 
One issue for not supporting sub-slot based PUCCH and only supporting multiplexing HARQ-ACK feedback for unicast and multicast with the same priority was brought up in the last meeting 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]Fig. 1: Sub-slot based PUCCH for unicast and slot.-based PUCCH for multicast
There are also some simple solutions to address the above issues. For instance, UE is either not indicated to transmit one sub-slot based PUCCH which is in the same slot as the slot-based PUCCH indicated for multicast or not configured with sub-slot PUCCH for unicast at all. As such, clearly network scheduling will be restricted. Alternatively, supporting sub-slot based PUCCH for multicast or allowing separate codebooks for unicast and multicast with the same priority can solve the above issues, which can also benefit network to have more choices to solve the issues. However, there are concerns from some company for supporting sub-slot based PUCCH for multicast, in addition to substantial specification impact, including supporting sub-slot based PUCCH but not supporting span-based GC-PDCCH does not make much technical sense, all UEs within the group needs to be configured with same sub-slot based PUCCH configuration, etc. [2]. 
Based on the overall discussion, when UE is configured with sub-slot based PUCCH for unicast URLLC services and with slot-based PUCCH for multicast, supporting generating separate codebooks for unicast and multicast with the same priority can help keep the benefit of low latency for unicast. 
Proposal 1: Supporting generating separate codebooks for unicast and multicast with the same priority, especially when 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.
The “last DCI” issue
When determining the PUCCH resources after multiplexing HARQ bits for unicast and multicast, the issue whether the PRI is based on the last unicast DCI or the last DCI across unicast and multicast was discussed a couple of meetings without progress. The discussion points include the power control adjustment, codebook size ambiguity due to DCI missing, whether the PUCCH resources allocated to multicast can support unicast HARQ-ACK, and PUCCH resources configuration flexibility/limitation. 
We note that PUCCH resources for unicast or multicast is up to network configuration which is either the same or separate PUCCH-Config and the PRI included in the group-common PDCCH can also indicate UE specific PUCCH resources for multicast, so multiplexing the HARQ-ACK on the PUCCH resource indicated by the last multicast DCI does not necessarily mean unworkable. For the alternative of the “last unicast DCI”, since the discussion is talking about multiplexing HARQ-ACK for unicast and multicast, the concerns that unicast has to be scheduled and that scheduling multicast is not well predicted are not very meaningful. In addition, DAI counting for Type-2 codebook for unicast and multicast will be separately executed anyway, so codebook size ambiguity is not unique to the alternative of the “last unicast DCI” and should be solvable per the current specification. 
Overall, we think both “last unicast DCI” and “last DCI across unicast and multicast” are workable and the specification impact should be comparable. Given that the TPC command in the DCI scheduling multicast may not work for power control adjustment, the flexibility of adjusting the PUCCH power will be lost when using the PUCCH resource indicated by the last multicast DCI for the transmission of the multiplexed HARQ-ACK. Therefore, we would prefer to have Alt 1 (i.e., last unicast DCI). 
Proposal 2: For multiplexing the ACK/NACK-based HARQ-ACK feedback for multicast and unicast, determining the PUCCH resources for transmission is based on the PRI indicated in the last unicast DCI.
[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: ]. 
[bookmark: _Ref82794139]More than one NACK-only and overlapping PUCCH/PUSCH
A list of alternatives were identified for further down-selection as follows in the last meeting for the case when more than one NACK-only feedback is to be transmitted in the same PUCCH slot:
Agreement:
When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, down-select from the following alternatives:
· 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

Alt2 relies on UE supporting sub-slot based PUCCH, which support is even concerned for ACK/NACK-based feedback. Alt3 also requires UE has capability of transmitting more than one slot-based PUCCHs. Alt5 will result in plenty of unexpected retransmissions. 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 can also be applied to the case when the PUCCH resources for NACK-only are overlapped with other PUCCH or PUSCH transmissions.
Likewise, such issue also exists for the case of NACK-only for multicast SPS without PDCCH scheduling as discussed in section 5. 
Overall, comparing all of these alternatives, Alt1 is favorable because it seems the simplest and can solve all these issues together with minimum specification impact. 
Proposal 5: 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,  the NACK-only feedback is transformed into the ACK/NACK based feedback. 

[bookmark: _Ref82772317][bookmark: _Ref78535989]PUCCH resources
According to the discussion of PUCCH resources for NACK-only in previous meetings, as concluded in the earlier meeting that the PUCCH resources can be shared by UEs transmitting NACK-only from network perspective, although the resource configuration is eventually up to network anyhow. 
The question is whether NACK-only feedback requires specific resource configuration or can share the same configuration with ACK/NACK based feedback. For example, if sharing the same configuration which is associated with the same PUCCH resource ID, when the ACK/NACK bits and NACK-only feedback are both available to be transmitted on the same PUCCH resource, the NACK-only can be transformed into ACK/NACK based feedback to generate a HARQ-ACK codebook. From this sense, the PUCCH resources for NACK-only are not necessarily dedicated. Alternatively, network CAN configure a dedicated PUCCH resource for all UEs to feedback NACK when failed in decoding PDSCH. Overall, it can be up to network for a proper configuration. 
[bookmark: OLE_LINK22]Proposal 6: A separate PUCCH-Config or PUCCH-ConfigurationList for multicast can be but is not necessarily configured for NACK-only based HARQ-ACK feedback. 
HARQ-ACK feedback common
Feedback mode selection
As discussed in section 3.3, PUCCH resources configuration for NACK-only can be separate but not necessarily required. Even though the PUCCH resources configuration for NACK-only is separately configured, the configuration can still point to the same PUCCH resources which are configured for ACK/NACK based feedback. As such, when the same PUCCH resources are to be used for both NACK-only based and ACK/NACK based feedback, the RRC configuration needs to indicate whether the NACK-only is supported. 
When the resources for ACK/NACK based and NACK-only based are both configured, the feedback mode can be dynamically indicated in DCI via PRI or one field in the DCI. 
Proposal 7: If PUCCH resources are configured for ACK/NACK based or NACK-only based feedback, the feedback mode is dynamically indicated by DCI. Otherwise, the feedback mode is semi-statically configured by RRC signaling. 
Enabling/disabling HARQ feedback
The working assumption regarding HARQ-ACK feedback enabling/disabling was discussed in the last meeting and the updated working assumption was agreed as follows:
Agreement:
Update the WA made in RAN1#105-e meeting regarding enabling/disabling HARQ-ACK feedback as follows:
Working assumption:
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. 
· FFS whether/how this option is extended to apply to NACK-only based feedback and multiple G-RNTI cases. 
· FFS the relation to the HARQ-ACK codebook types and HARQ-ACK codebook construction.
· FFS the relation to the enabling/disabling ACK/NACK based HARQ-ACK feedback for retransmission.  
· FFS whether/how to allow UE not to react to the DCI signaling, but instead follow UE-specific RRC configuration for HARQ feedback.
· FFS whether/how to apply it to SPS group-common PDSCH.
· UE capability for enabling/ disabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback is introduced and FFS details. 
· Note: It is up to network implementation to avoid any potential HARQ ACK mismatch between different UEs in the same multicast group

In the last meeting, there was discussion whether the RRC configuration is per UE, per G-RNTI, or per UE and per G-RNTI. Since the RRC configuration is per UE signalling, UEs can be independently configured to or not to react to the DCI indication since the DCI format or the size needs to be unique due to group-common DCI. 
From UE perspective, when RRC configuring the group-common indicating the function, UE reacts to the DCI indication to enable or disable the feedback. Otherwise, RRC can configure UE always to enable or disable the feedback and not react to the potential indication from the DCI because network may configure other UEs to listen to the DCI indication. 
Depending whether a new field is introduced into DCI or reuse one existing filed in the DCI to indicate enabling/disabling the HARQ-ACK feedback, one another RRC parameter may be needed to configure whether the DCI includes such field. This issue can be further discussed later when the DCI discussion is more mature. 
[bookmark: OLE_LINK23]Proposal 8: The enabling/ disabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback is configured per G-RNTI by unicast RRC signalling.
Proposal 9: If the enabling/ disabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback is not configured, whether UE feedbacks ACK/NACK or not is configured per G-RNTI by unicast RRC signalling.
[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 10: 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 11: 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. 
Regarding the HARQ-ACK mode selection for multicast SPS, in the last meeting two alternatives were agreed for further discussion. 
Agreement
For UE supports both ACK/NACK-based and NACK-only based HARQ-ACK feedback for multicast SPS PDSCH without PDCCH scheduling, select one or more of the following alternatives:
· Alt1: HARQ-ACK feedback option is configured per SPS configuration index.
· Alt2: HARQ-ACK feedback option is indicated in the SPS activation DCI. 
· Note: enabling/disabling HARQ-ACK feedback for multicast SPS can be discussed separately. 

Similar to the dynamic scheduling, the same PUCCH resources can be used for both NACK-only based and ACK/NACK based feedback and the RRC configuration indicates whether the NACK-only is supported for multicast SPS. When the resources for ACK/NACK based and NACK-only based are both configured, the feedback mode can be dynamically indicated in DCI via PRI or one field in the DCI. Otherwise, the feedback mode is configured together with the configuration for multicast SPS. 
Proposal 12: If PUCCH resources are configured for ACK/NACK based or NACK-only based feedback for multicast SPS, the feedback mode is dynamically indicated by SPS activation DCI. Otherwise, the feedback mode is semi-statically configured by RRC signaling. 

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution, based on the agreements achieved and the discussions without conclusion happened in the last meeting, continues to discuss the separate HARQ-ACK codebooks, the “last DCI” issue, some issues regarding NACK-only based including NACK-only for multicast SPS, and the follow-up issues regarding enabling/disabling HARQ-ACK feedback. The discussion in this paper leads to the following proposals:
Proposal 1: Supporting generating separate codebooks for unicast and multicast with the same priority, especially when 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.
Proposal 2: For multiplexing the ACK/NACK-based HARQ-ACK feedback for multicast and unicast, determining the PUCCH resources for transmission is based on the PRI indicated in the last unicast DCI.
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: 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,  the NACK-only feedback is transformed into the ACK/NACK based feedback. 
Proposal 6: A separate PUCCH-Config or PUCCH-ConfigurationList for multicast can be but is not necessarily configured for NACK-only based HARQ-ACK feedback. 
Proposal 7: If PUCCH resources are configured for ACK/NACK based or NACK-only based feedback, the feedback mode is dynamically indicated by DCI. Otherwise, the feedback mode is semi-statically configured by RRC signaling. 
Proposal 8: The enabling/ disabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback is configured per G-RNTI by unicast RRC signalling.
Proposal 9: If the enabling/ disabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback is not configured, whether UE feedbacks ACK/NACK or not is configured per G-RNTI by unicast RRC signalling.
Proposal 10: For multicast SPS activation/deactivation, NACK-only based HARQ-ACK feedback is not supported.
Proposal 11: 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. 
Proposal 12: If PUCCH resources are configured for ACK/NACK based or NACK-only based feedback for multicast SPS, the feedback mode is dynamically indicated by SPS activation DCI. Otherwise, the feedback mode is semi-statically configured by RRC signaling. 
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