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Introduction
This contribution considers open issues on reliability enhancements for RRC_CONNECTED UEs with multicast services. 

Reliability Enhancements
PUCCH Transmissions
1.1.1 Multiplexing of unicast UCI/data and multicast HARQ-ACK 
The relative HARQ-ACK priority between multicast and unicast for a same priority index was also discussed in RAN1#105-e and the following was agreed. 

[bookmark: _Hlk77265949]Agreement:
For ACK/NACK based HARQ-ACK feedback for multicast, the multiplexing/prioritizing rule between the HARQ-ACK for multicast and SR/CSI can reuse Rel-16 multiplexing/ prioritizing rule between the HARQ-ACK for unicast and SR/CSI.

One remaining issue is the multiplexing of unicast and multicast HARQ-ACK. To simplify UE operation and specifications, Rel-16 can apply (i.e. as for unicast overlapping channels with different priorities) for overlapping PUCCH with multicast HARQ-ACK and unicast PUSCH/PUCCH of different priorities (e.g. as if the multicast HARQ-ACK is unicast HARQ-ACK) – this expands the above agreement to include HARQ-ACK. 

Proposal 1: A UE does not support multiplexing of multicast HARQ-ACK and unicast UCI/data of different priorities – the UE transmits only the information of larger priority. 


1.1.2 Sub-slot based PUCCH transmissions for multicast
Support of sub-slot based PUCCH for multicast has been proposed due to support of low/high priority PUCCH for multicast. However, such link is not correct in general as for MBS low/high priority is associated with reliability and not with latency. There is no multicast application for Rel-17 that requires sub-slot level HARQ-ACK reporting for latency. Support of sub-slot based PUCCH would also require that all UEs receiving applicable multicast services support Rel-16 URLLC features which is against the Rel-17 WID [1] and would have material UE hardware impact. Also, support of sub-slot based PUCCH would need to be coupled with span-based monitoring for GC-PDCCH that also requires hardware enhancements. From a specification perspective, unless sub-slot configurations for multicast and all associated unicast are restricted to be always same, PUCCH overlapping would need to be resolved for different sub-slot lengths and similar discussions as in Rel-17 URLLC would need to occur for PUCCH resource selection. Further, PDCCH monitoring for different  combinations (for unicast and multicast), in addition to slot-based PDCCH monitoring, will need to be specified, including the partitioning of PDCCH candidates/non-overlapping CCEs and the search space set dropping procedure (unless  is also restricted to be always same for multicast and all associated unicast). The result would be a new UE capability that is more complex than a UE capability for URLLC. 

Observation 1: Introduction of Rel-16 URLLC features, such as sub-slot based PUCCH or span-based PDCCH, for Rel-17 multicast is not necessary and would require material specification and implementation complexity.


1.1.3 Resource determination for a PUCCH with unicast and multicast HARQ-ACK
The issue is whether to determine a PUCCH resource with unicast and multicast HARQ-ACK based on the PRI value in the last unicast DCI format or based on the PRI value in the last DCI format even when it schedules multicast PDSCH. 

Using the last unicast DCI format enables the gNB to control the PUCCH resource based on the total (unicast and multicast) HARQ-ACK payload until the last unicast DCI format. The drawback is that additional HARQ-ACK for multicast PDSCH scheduled after the PDCCH with the last unicast DCI format may not be accounted by the gNB in the indicated PUCCH resource. However, in practice, that drawback is trivial in TDD and non-existent in FDD. For TDD, given the absence of CA and CBG-based HARQ-ACK for multicast, the number of additional bits due to later multicast PDSCH receptions is minimal (e.g. 0 to 2) and unlikely to result to a PUCCH resource that the gNB cannot avoid a collision. Moreover, unlike unicast scheduling, multicast scheduling is easily predictable over the span of few slots and there is no ambiguity in the HARQ-ACK payload (even with CA and CBG-based HARQ-ACK for multicast). For FDD, the problem can be completely avoided as HARQ-ACK reporting can be per slot.     
 
Using the last DCI format can result to an inability by the gNB to indicate a PUCCH resource, as the unicast PRI can be disabled, or can result to inefficient or infeasible PUCCH resource allocation. When the determination of a resource for a PUCCH that includes both unicast and multicast HARQ-ACK is based on the multicast PRI, there is basically no PUCCH resource indication (regardless of whether multicast HARQ-ACK is NACK-only or ACK/NACK) as the PUCCH resource is UE-specific. The PUCCH resources allocated to UEs that can potentially receive both unicast and multicast PDSCH need to be configured with a separation of nrofPRBs RBs. If the number of such UEs is NUE, the total number of RBs is NUE x nrofPRBs (nrofPRBs is the average value of the UE-specific values of nrofPRBs). The maximum value of nrofPRBs for PUCCH format 3 is 16. For an average nrofPRBs value of 8 RBs and a total of NUE = 40 UEs, a total of 320 RBs needs to be reserved for PUCCH resources – for 30 kHz SCS, that can easily exceed the active UL BWP size. Also, any RBs from the nrofPRBs configured for PUCCH resources to a UE cannot be configured for PUCCH resources to any other UE. That also leads to UL BW fragmentation whenever a PUCCH transmission by a UE does not use all nrofPRBs RBs. Further, at least P/SP-SRS transmissions would not be possible to support in practice and CG-PUSCH transmissions would need to be in RBs other than the NUE x nrofPRBs RBs. Basically, as the functionality of the unicast PRI is lost, PUCCH resources (e.g. RBs, starting symbol, number of symbols) for unicast and multicast HARQ-ACK need to be fixed/RRC configured for each UE, cannot be overlapping, and NR operation is fundamentally compromised.  

There other reasons, of somewhat lesser importance, for avoiding using a multicast PUCCH resource for multiplexing unicast HARQ-ACK information. For example, when the time units for multicast PUCCH and unicast PUCCH are different, (e.g. for priority 1), additional criteria would be needed for the multiplexing procedure of multicast and unicast HARQ-ACK, similar to the ones being considered in Rel-17 URLLC for multiplexing HARQ-ACK of different priorities. That may also lead to an inability to multiplex unicast and multicast HARQ-ACK (e.g. when the time unit for unicast PUCCH is smaller than the time unit for multicast PUCCH).  

Proposal 2: When a UE multiplexes HARQ-ACK associated with unicast DCIs and HARQ-ACK associated with multicast DCIs in a PUCCH, the UE determines a PUCCH resource from the PRI value in the last unicast DCI.


1.1.4 Transmission power for a PUCCH with multicast HARQ-ACK 
In addition to a PUCCH resource, a UE needs to determine a PUCCH transmission power. Similar to sidelink, there is no reason for a multicast DCI to include a TPC command field. Further, the OLPC component of the PUCCH transmission power can be determined as in Rel-16. It is noted that a UE without unicast traffic still needs to transmit measurement reports, CSI reports, or HARQ-ACK in response to UE specific configurations for multicast services. Even if such PUSCH/PUCCH transmissions are not considered, the configurations for the OLPC parameters are UE-specific and there is no difference between ‘unicast’ and ‘multicast’, especially in the UL. Basically, there is no need for a separate PUCCH-PowerControl IE for multicast. The Rel-16 power control formula also remains applicable as a UE can be configured to receive PDCCH for detection of a DCI format 2_2 with CRC scrambled by TPC-PUCCH-RNTI or, even when a UE does not monitor such PDCCH, the CLPC component remains applicable but is not updated when there are no TPC commands.

Observation 2: The Rel-16 determination for a PUCCH transmission power remains applicable when the PUCCH includes HARQ-ACK for multicast PDSCH, regardless of whether or not the PUCCH includes any unicast UCI.


1.1.5 Enabling/Disabling a HARQ-ACK report
The following working assumption was reached in RAN1#105-e. 

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.
· [bookmark: _Hlk77330184]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.
· [bookmark: _Hlk77330491]FFS whether/how to apply it to SPS group-common PDSCH.

First, there is no technical problem with the WA and can be confirmed. RRC-based enabling/disabling of HARQ-ACK reporting can be by presence/absence of configuration for respective PUCCH resources. The RRC configurations (and the configuration for NACK-only or ACK/NACK reporting mode) should be per G-RNTI as, in general, HARQ-ACK reporting aspects are specific to the multicast service (e.g. due to different number of UEs, reliability requirements, etc.). 

Observation 3: There is no technical reason to not confirm the WA for enabling/disabling ACK/NACK reporting.
   
In the following it is assumed that the configuration of the HARQ-ACK reporting mode (NACK-only or ACK/NACK) and the configuration for HARQ-ACK reporting (enable/disable by RRC or by DCI for a given G-RNTI) are UE-specific.  

For the NACK-only reporting mode, there are no PUCCH resource savings by configuring some UEs to not report HARQ-ACK and UE-specific power savings are negligible. Reliability of NACK-only reporting is worse when some UEs do not report HARQ-ACK. For the ACK/NACK reporting mode, there are PUCCH resource savings while, as the PUCCH resource is UE-specific, there is no impact on reliability. There are three basic options for the DCI-based indication to report HARQ-ACK for UEs configured with different reporting modes (and configured by RRC to report HARQ-ACK):
a) Separately indicate per HARQ-ACK reporting mode whether a HARQ-ACK report is to be provided.
b) A single indication applies to both HARQ-ACK reporting modes (NACK-only and ACK/NACK).
c) The indication is applicable only to the ACK/NACK only reporting mode.   

The first option is most flexible, the second option is simple but detrimental as the reasons and consequences for skipping HARQ-ACK reports are different for the ACK/NACK and NACK-only reporting modes, and the third option is simple and functional as there is no reason to dynamically skip HARQ-ACK reporting for NACK-only (when RRC enables that reporting for a UE). The third option is preferable and the first option can also be considered subject to the DCI format design (e.g. if there are always spare bits from padding). 

Proposal 3: Enabling/disabling HARQ-ACK reporting by RRC is per G-RNTI and can apply for any HARQ-ACK reporting mode. Enabling/disabling HARQ-ACK reporting by DCI does not apply to NACK-only reporting.


For the DCI-based indication, either a separate field can be introduced or a specific value of an existing field (such as a value of the PDSCH-to-HARQ_feedback timing indicator field as in NR-U) can be used. Using a specific value of an existing field is not feasible if the configuration for DCI-based enabling/disabling of HARQ-ACK reporting is UE-specific because, otherwise, the functionality of the existing field is disabled for UEs that are configured by RRC to report HARQ-ACK and are not configured for DCI-based enabling/disabling of HARQ-ACK reporting.

Observation 4: A separate/new DCI field needs to be introduced for DCI-based enabling/disabling of HARQ-ACK reporting if that functionality is UE-specific.
  
The Type-1 HARQ-ACK codebook does not depend on DCI format detection and therefore the DCI-based indication for enabling/disabling HARQ-ACK reporting is not applicable (i.e. there is no specification impact to the Type-1 HARQ-ACK codebook construction). For the Type-2 HARQ-ACK codebook, the UE does not generate HARQ-ACK when the DCI indicates to the UE to not generate HARQ-ACK – i.e. the Type-2 HARQ-ACK codebook construction ignores DCIs indicating disabling of respective HARQ-ACK reports. It is noted that it is up to the gNB to set the DAI value in the DCI format and there is no impact on the Type-2 HARQ-ACK codebook construction from a missed DCI format regardless of whether the missed DCI format indicates enabling or disabling of a respective HARQ-ACK report (i.e. no impact on the specifications of UE procedures for the Type-2 HARQ-ACK codebook construction).

Observation 5: DCI-based indication for enabling/disabling of a respective HARQ-ACK report can operate with both Type-1 and Type-2 HARQ-ACK codebook configuration for a UE.

A TB retransmission can be scheduled by a unicast DCI or by a multicast DCI. Disabling of a HARQ-ACK report is not applicable for unicast DCI and there is no need (would actually be detrimental) to have any dependence of an indication for enabling/disabling of a HARQ-ACK report between initial transmission and retransmission of a TB via a multicast DCI as the reason for enabling/disabling of a HARQ-ACK report by DCI is for a network to adjust to instantaneous conditions for UL resource availability, interference, etc. 

Observation 6: There is no need (and it is detrimental) to link DCI-based indication for enabling/disabling of HARQ-ACK report for initial transmission and retransmissions of a TB.

For SPS GC-PDSCH, the same UE behavior as for DG GC-PDSCH can apply and the UE can follow the indication in the DCI activating the SPS GC-PDSCH for enabling/disabling of a HARQ-ACK report.

Observation 7: There is no need to differentiate SPS GC-PDSCH and DG GC-PDSCH regarding the DCI-based indication for enabling/disabling of a respective HARQ-ACK report.

Finally, as the configurations for enabling/disabling HARQ-ACK reports are UE-specific, there is no need for a UE that is configured for DCI-based enabling/disabling of a HARQ-ACK report to ignore the DCI indication. Of course, if the UE is not configured for DCI-based enabling/disabling of a HARQ-ACK report, the UE ignores the corresponding indication by the DCI (this also relates to having a separate field, not a specific value of a field serving a different function, provide the indication for enabling/disabling). 


  HARQ-ACK codebooks 
In RAN1#105-e, the following was agreed. 

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

Separate Type-2 codebook construction for multicast HARQ-ACK (e.g. for G-RNTI) and unicast (e.g. for C-RNTI) HARQ-ACK is default due to the separate DAI settings in respective DCI formats, regardless of priority or of whether the two HARQ-ACK codebooks are multiplexed in a same PUCCH (or PUSCH), in case of overlapping and same priorities, or in separate PUCCHs in case of different priorities. Therefore, the “signaling for URLLC feature” in the above agreement is not needed as there cannot be specifications for a joint HARQ-ACK codebook for multicast and unicast HARQ-ACK. However, as for unicast, a pdsch-HARQ-ACK-CodebookList-MBS can be provided for multicast in case of two priorities. 

The unicast HARQ-ACK codebook types of different priorities indicated by pdsch-HARQ-ACK-CodebookList in Rel-16 are independent (e.g. any can be Type-1 or Type-2) and the same should apply for the multicast HARQ-ACK codebook types of different priorities. A next issue is whether there should be any dependence between the unicast and multicast HARQ-ACK codebook types of same priority. The reason Type-1 HARQ-ACK codebook was introduced in Rel-15 was to support some specific cases in CA where scheduled cells have more than one scheduling cells and the schedulers of the scheduling cells cannot communicate in real time in order to appropriately set the DAI values for a Type-2 HARQ-ACK codebook. Otherwise, including single-cell operation, there is no reason for a network to configure a Type-1 HARQ-ACK codebook as the Type-2 HARQ-ACK codebook is substantially more efficient despite the DAI bits in the DCI format that have practically no impact on PDCCH coverage or overhead. A likely deployment for a UE with both unicast and multicast services is CA operation for unicast while Rel-17 multicast is only for single cell operation. Therefore, there should be no dependence on the HARQ-ACK codebook types for unicast or multicast and there should be no dependence on the HARQ-ACK codebooks types for different priorities of a service type. Also, due to the HARQ process sharing between unicast and multicast, if a Type-3 HARQ-ACK codebook is configured for unicast, there is no need to configure a HARQ-ACK codebook for multicast for an ACK/NACK feedback mode. 

Proposal 4: HARQ-ACK codebook type configuration is separate for unicast and multicast, regardless of priority.

Proposal 5: A UE is provided separate pdsch-HARQ-ACK-CodebookList for unicast and multicast (for two priorities).


Type-2 HARQ-ACK codebooks associated with different G-RNTIs need to be separately constructed (and also be separately constructed from a unicast Type-2 HARQ-ACK codebook). For same priority, joint encoding can apply and the multicast Type-2 HARQ-ACK codebooks can be placed in ascending order of the G-RNTI, before or after the Type-2 HARQ-ACK codebook for unicast. 

Proposal 6: For a same priority and a same TRP, Type-2 HARQ-ACK codebooks for multicast are placed in ascending order of a corresponding G-RNTI after a Type-2 HARQ-ACK codebook for unicast and are jointly coded.


1.1.6    Optimizations for Type-1 HARQ-ACK codebook 
For the Type-1 HARQ-ACK codebook, the following was agreed in RAN1#105-e.

Agreement:
For TDM-ed unicast and multicast, for Type-1 HARQ-ACK codebook construction for ACK/NACK-based unicast and multicast to be multiplexed in the same PUCCH resource, determining PDSCH reception candidate occasions is based on down-selecting one of the two alternatives as follows:
· Alt 1:
· for slot timing values  in the intersection of  set for unicast (termed set A) and  set for multicast (termed set B), based on union of the PDSCH TDRA sets, 
· for slot timing values  in set A but not in set B, based on PDSCH TDRA set for unicast, and
· for slot timing values  in set B but not in set A, based on PDSCH TDRA set for multicast. 
· Alt 2: for slot timing values  in the union of  set for unicast and  set for multicast, based on the union of the PDSCH TDRA sets.
· Companies are encouraged to continue discussion of pros and cons for each alternative for further down-selection in the next meeting. 

The motivation for Alt 1 is that, in theory, it that can reduce the Type-1 HARQ-ACK codebook size. In practice, such optimization is either irrelevant or marginal while the impact on the specifications is material. Alt. 2 follows the Rel-16 design, when the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2, and is directly applicable. For example, the following is a possible generic specification impact for Alt. 2 (assuming for simplicity a single G-RNTI or a same dl-DataToUL-ACK-MBS for all G-RNTIs – a generalization is trivial in case of more than one dl-DataToUL-ACK-MBS for different G-RNTIs).

	[bookmark: _Ref505248562][bookmark: _Toc12021470][bookmark: _Toc20311582][bookmark: _Toc26719407][bookmark: _Toc29894840][bookmark: _Toc29899139][bookmark: _Toc29899557][bookmark: _Toc29917294][bookmark: _Toc36498168][bookmark: _Toc45699194][bookmark: _Toc74762933]9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
For a serving cell , an active DL BWP, and an active UL BWP, as described in clause 12, the UE determines a set of  occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot . If serving cell  is deactivated, the UE uses as the active DL BWP for determining the set of  occasions for candidate PDSCH receptions a DL BWP provided by firstActiveDownlinkBWP-Id. The determination is based:
a)	on a set of slot timing values  associated with the active UL BWP
a)	If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for either DCI format 1_1 or DCI format 1_2 on serving cell ,  is provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} 
b)	If the UE is configured to monitor PDCCH for DCI format 1_1 and is not configured to monitor PDCCH for DCI format 1_2 for serving cell ,  is provided by dl-DataToUL-ACK 
c)	If the UE is configured to monitor PDCCH for DCI format 1_2 and is not configured to monitor PDCCH for DCI format 1_1 for serving cell ,  is provided by dl-DataToUL-ACK-ForDCIFormat1_2 
d)	If the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 for serving cell ,  is provided by the union of dl-DataToUL-ACK and dl-DataToUL-ACK-ForDCIFormat1_2 
e)	If the UE is configured to monitor PDCCH for DCI formats with CRC scrambled by G-RNTI,  is additionally provided by the union of dl-DataToUL-ACK-MBS
b)	on a set of row indexes  of a table that is associated with the active DL BWP and defining respective sets of slot offsets , start and length indicators SLIV, and PDSCH mapping types for PDSCH reception as described in [6, TS 38.214], where the row indexes  of the table are provided by the union of row indexes of time domain resource allocation tables for DCI formats the UE is configured to monitor PDCCH for serving cell   
…



Regarding Alt. 1, from an operational perspective: 
a) For the single-cell multicast operation in Rel-17, there is no reason to use a Type-1 HARQ-ACK codebook – the Type-2 codebook (implemented since LTE Rel-8) is more efficient and for single TB per PDSCH and without CBG-based HARQ-ACK, the payload would be trivial (a few bits) even for TDD.
b) For TDD, the construction of the Type-1 HARQ-ACK codebook depends on the UL/DL configuration (e.g. DDDSU) and that essentially removes most slot timing values – a same Type-1 HARQ-ACK codebook would be practically obtained for either the intersection of sets of slot timing values or the union of sets of slot timing values.  
c) There is no apparent reason for the sets of slot timing values for multicast DCIs to not be also slot timing values for unicast DCI, or for the corresponding TDRA tables to be (substantially) different. 

From a specification/implementation perspective of Alt. 1 the Rel-16 Type-1 HARQ-ACK codebook construction needs to be modified. Also, if a UE is configured for multiple multicast services (that may also be targeting different sets of UEs), corresponding multiple iterations for Alt. 1 would be needed for the general case of separate  sets for the multiple multicast services.  

Observation 8: There is no reason/benefit to modify the, union-based for K1 sets, Rel-16 construction of Type-1 HARQ-ACK codebook for TDM-ed unicast and multicast PDSCHs - Alt. 2 is sufficient.  


   NACK-only HARQ-ACK 
For transmitting PUCCH with HARQ-ACK for NACK-only reporting mode corresponding to multiple PDSCH receptions in a slot, the following alternatives were discussed in RAN1#105-e.  
· Alt1: Support multiplexing the HARQ-ACK bits. 
· Alt2: Support UE transmitting more than one PUCCHs in the same slot-based PUCCH slot. 
· Alt3: NACK-only bundling
· Alt4: support sub-slot based PUCCH for NACK-only based feedback.

Alt2 and Alt4 are similar and both are inapplicable, as a UE should not support more than one PUCCH transmission in a slot (excluding the case of two PUCCHs for M-TRP, or for different priorities), suboptimal as they result to materially reduced coverage, and are complex to specify as a number of UL symbols in a slot slot can be variable. Alt3 would substantially increase the probability of unnecessary PDSCH retransmissions in a bundling window and therefore lead to significant reductions in spectral efficiency that would be larger than respective ones for time-domain unicast HARQ-ACK bundling (that typically lead to 10% or more throughput loss even for low UE speeds), thereby negating any benefit from a NACK-only reporting mode. Alt1 both the only realistic option, it uses the same multiplexing principle as PUCCH format 0, and does not degrade the BLER regardless of the number of NACK combinations for PDSCH receptions assuming orthogonal resources for multiplexing (e.g. for PUCCH format 0, the BLER of 2 bits is same as the BLER of 1 bit). The PUCCH resource overhead is negligible (e.g. 15 resources are needed to indicate any combination of 4 NACK values for 4 respective PDSCH receptions for the typical DDDSU TDD configuration – i.e. ~1 RB/slot for PUCCH format 1). 

Proposal 7: A UE is provided orthogonal PUCCH resources to select from according to combinations of NACK values for PDSCH/TB receptions.

The PRI field in a DCI format scheduling a multicast PDSCH reception is unnecessary for NACK-only reporting as a UE determines a resource for a PUCCH transmission based on the combination of NACK values that the UE needs to report. Therefore, if the DCI format includes a PRI field, it can be applicable for UEs configured to provide ACK/NACK reports and can be ignored by UEs configured to provided NACK-only reports.

Observation 9: PUCCH resource indication is unnecessary for UEs configured to provide NACK-only reports.

[bookmark: _Hlk77371753][bookmark: _Hlk77372293]Instead of a UE not providing HARQ-ACK when indicated HARQ-ACK ‘disabling’ for ACK/NACK reporting mode by a DCI format scheduling multicast PDSCH, the UE can be configured to then use NACK-only reporting mode. That is preferable as PUCCH resource overhead is controlled (and possibly not increased at all in case some UEs are configured for NACK-only reporting mode) while an HARQ-ACK report from the UE is provided.     

[bookmark: _Hlk77371942]Proposal 8: A UE can be configured to use NACK-only reporting mode when the UE is configured ACK/NACK reporting mode and is indicated ‘disable’ of HARQ-ACK reporting by DCI.


When a UE multiplexes HARQ-ACK with NACK-only reporting mode for multicast PDSCHs with other UCI (e.g. HARQ-ACK for unicast PDSCHs) in a PUCCH or with data/UCI in a PUSCH, although it would still be possible to provide NACK-only HARQ-ACK reports (e.g. for 4 PDSCH receptions, 4 bits can indicate one of the 16 combinations for NACK values (including no NACK values) instead of indicating individual ACK or NACK), it is simpler to keep the Rel-16 HARQ-ACK reporting as the resources are UE-specific and as there is no overhead reduction. 

Proposal 9: A UE reports ACK/NACK when the UE multiplexes HARQ-ACK for multicast PDSCH receptions with other UCI in a PUCCH or in a PUSCH.


   HARQ-ACK for SPS
The following were agreed in RAN1#104bis-e and RAN1#105-e, respectively. 

Agreement:
Support NACK-only based HARQ-ACK feedback for RRC_CONNECTED UEs receiving multicast. 

Agreement:
Support NACK-only based HARQ-ACK feedback at least for multicast SPS PDSCH without PDCCH scheduling.
· FFS for SPS activation/deactivation. 

The reason for considering the restriction of the FFS to the general agreement from RAN1#104bis-e is that it is not possible for the gNB to determine that a UE missed a DCI activating/deactivating a multicast SPS PDSCH in case NACK-only reporting mode is used. Conversely, if ACK/NACK based reporting mode is used, the gNB would need to plan for PUCCH resource allocation (and configurations to all UEs receiving SPS PDSCH for the multicast service) for both NACK-only and ACK/NACK reporting modes when a primary motivation for the former is for SPS services. In principle, there is no reason to preclude configuration/use of NACK-only reporting mode as the only reporting mode for multicast and it can be a gNB implementation issue to address potential DCI misses for activation/deactivation of SPS PDSCH. For example, if it so prefers, the gNB can target a lower BLER for the activation/deactivation DCI by using a larger CCE aggregation level or a larger transmission power – it is even possible for the gNB to retransmit the activation/deactivation DCI to also obtain time/interference diversity. However, it is also reasonable to provide specification-based means for the gNB to address the issue as the configuration of PUCCH resources for both HARQ-ACK reporting modes would anyway be specified and the additional complexity is only for the gNB to possibly provide a separate configuration of the HARQ-ACK reporting mode for activation/deactivation of SPS PDSCH and for SPS PDSCH. 

[bookmark: _Hlk77446075]Proposal 10: A gNB can optionally provide separate configurations for the HARQ-ACK reporting mode for DCI activation/deactivation of SPS PDSCH and for SPS PDSCH receptions.

[bookmark: _Hlk57243931]
Conclusions
This contribution considered reliability improvements for MBS and proposes the following.

Proposal 1: A UE does not support multiplexing of multicast HARQ-ACK and unicast UCI/data of different priorities – the UE transmits only the information of larger priority. 

Proposal 2: When a UE multiplexes HARQ-ACK associated with unicast DCIs and HARQ-ACK associated with multicast DCIs in a PUCCH, the UE determines a PUCCH resource from the PRI value in the last unicast DCI.

Proposal 3: Enabling/disabling HARQ-ACK reporting by RRC is per G-RNTI and can apply for any HARQ-ACK reporting mode. Enabling/disabling HARQ-ACK reporting by DCI does not apply to NACK-only reporting.

Proposal 4: HARQ-ACK codebook type configuration is separate for unicast and multicast, regardless of priority.

Proposal 5: A UE is provided separate pdsch-HARQ-ACK-CodebookList for unicast and multicast (for two priorities).

Proposal 6: For a same priority and a same TRP, Type-2 HARQ-ACK codebooks for multicast are placed in ascending order of a corresponding G-RNTI after a Type-2 HARQ-ACK codebook for unicast and are jointly coded.

Proposal 7: A UE is provided orthogonal PUCCH resources to select from according to combinations of NACK values for PDSCH/TB receptions.

Proposal 8: A UE can be configured to use NACK-only reporting mode when the UE is configured ACK/NACK reporting mode and is indicated ‘disable’ of HARQ-ACK reporting by DCI.

Proposal 9: A UE reports ACK/NACK when the UE multiplexes HARQ-ACK for multicast PDSCH receptions with other UCI in a PUCCH or in a PUSCH.

Proposal 10: A gNB can optionally provide separate configurations for the HARQ-ACK reporting mode for DCI activation/deactivation of SPS PDSCH and for SPS PDSCH receptions.


In addition, the following observations are made.
Observation 1: Introduction of Rel-16 URLLC features, such as sub-slot based PUCCH or span-based PDCCH, for Rel-17 multicast is not necessary and would require material specification and implementation complexity.

Observation 2: The Rel-16 determination for a PUCCH transmission power remains applicable when the PUCCH includes HARQ-ACK for multicast PDSCH, regardless of whether or not the PUCCH includes any unicast UCI.

Observation 3: There is no technical reason to not confirm the WA for enabling/disabling ACK/NACK reporting.

Observation 4: A separate/new DCI field needs to be introduced for DCI-based enabling/disabling of HARQ-ACK reporting if that functionality is UE-specific.

Observation 5: DCI-based indication for enabling/disabling of a respective HARQ-ACK report can operate with both Type-1 and Type-2 HARQ-ACK codebook configuration for a UE.

Observation 6: There is no need (and it is detrimental) to link DCI-based indication for enabling/disabling of HARQ-ACK report for initial transmission and retransmissions of a TB.

Observation 7: There is no need to differentiate SPS GC-PDSCH and DG GC-PDSCH regarding the DCI-based indication for enabling/disabling of a respective HARQ-ACK report.

Observation 8: There is no reason/benefit to modify the, union-based for K1 sets, Rel-16 construction of Type-1 HARQ-ACK codebook for TDM-ed unicast and multicast PDSCHs - Alt. 2 is sufficient.  

Observation 9: PUCCH resource indication is unnecessary for UEs configured to provide NACK-only reports.
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