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

Reliability Enhancements
Enabling/Disabling a HARQ-ACK report
The working assumption from RAN1#105-e was updated in RAN1#106-e 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

There were concerns that the above WA may have functional issues. Our understanding based on the “non-FFS” part of the WA is as follows:
a) If no RRC signaling is provided, there is a default mode for HARQ-ACK reporting – e.g. no reporting and a UE ignores the fields in the DCI associated with HARQ-ACK reporting.
b) RRC signaling can configure either DCI-based enabling/disabling, or enabling without DCI-based indication. 
a. UEs that are provided RRC signaling for enabling (not based on DCI), generate HARQ-ACK regardless of what the DCI indicates. 
b. UEs that are provided RRC signaling for DCI-based enabling/disabling, follow the indication by the DCI. 

For a UE that does not follow the enabling/disabling indication by the DCI, there is clearly no issue. For a UE that does, the following cases exist.

For the Type-1 HARQ-ACK CB, any of the following options can apply and there is impact on the WA. 
a) DCI-based indication is not supported (i.e. UE does not expect to be configured Type-1 HARQ-ACK CB and DCI-based enabling/disabling) 
b) a UE can expect to be provided a same indication for enabling/disabling in all DCIs, 
c) a UE can follow the indication by the last detected DCI for whether or not to provide the Type-1 HARQ-ACK CB (that can have error cases but it is up to the gNB as the gNB can always apply option (b) above) 

For the Type-2 HARQ-ACK CB, a UE ignores DCIs (for the purpose of the HARQ-ACK CB generation) that indicate disabled HARQ-ACK. There is no issue when the UE fails to detect a DCI, regardless of the enabling/disabling indication in the DCI. There is also no issue with how the gNB sets the DAI values, and there is no issue with the DAI values from the UE perspective if some UEs in the group support enabling/disabling while others do not (up to the gNB whether or not to use dynamic enabling/disabling in such case – a UE follows whatever a DAI value is for HARQ-ACK CB construction based on DCIs indicating enabling for HARQ-ACK). Basically, for the Type-2 HARQ-ACK CB, there is no issue or any aspect that requires resolution to confirm the WA and there is no specification impact on the Rel-16 Type-2 HARQ-ACK CB generation other than that a UE does not consider a DCI that indicates disabling for a respective HARQ-ACK report.

For the FFS on for NACK-only HARQ-ACK, support of enabling/disabling by DCI can either be precluded (UEs ignore DCI indication) because there is no apparent benefit and there are possible drawbacks, or can wait for resolution of the multi-bit HARQ-ACK case. For simplicity and to avoid over-optimizations that are unlikely to provide any practical benefit, it is preferred to not support DCI-based enabling/disabling for NACK-only, particularly if that would require any additional specification impact (including the possibility for separate indications for the NACK-only and ACK/NACK modes).

For the FFS on multiple G-RNTIs, there is no issue as HARQ-ACK is generated per G-RNTI. Configuration of DCI-based enabling/disabling can be per G-RNTI or can be common to all G-RNTIs. There is no significant tradeoff between the two options and no difference is expected in specifications other than whether or not the RRC signaling is per G-RTNI.  

For the FFS on retransmissions, there is also no issue as there is no difference for HARQ-ACK between initial transmission and retransmission. If a retransmission is by unicast PDSCH, corresponding unicast HARQ-ACK CB rules apply. 

For the FFS on whether/how to allow UE not to react to the DCI, but instead follow UE-specific RRC, there is no need for additional conditions/optimizations. 

Finally, for the FFS on SPS PDSCH, the UE can follow the (activation) DCI indication, as for DG PDSCH.  

Therefore, the WA can be confirmed and all FFS, except for the NACK-only feedback mode, can be removed. 

Proposal 1: Confirm WA for HARQ-ACK enabling/disabling and remove all FFS. 
· Conclude how HARQ-ACK enabling/disabling applies for the Type-1 HARQ-ACK codebook. 
· Clarify that for SPS PDSCH, the UE follows the DCI indication as for DG PDSCH (when applicable). 
· For NACK-only, DCI-based enabling/disabling of HARQ-ACK report is not supported.

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 different for different UEs in the multicast group (e.g. UEs that ignore the DCI-based indication for disabling, need to interpret all DCI fields as when HARQ-ACK is enabled).

Proposal 2: DCI-based HARQ-ACK enabling/disabling is by a 1-bit field in first/second DCI formats for multicast.


Multiplexing unicast and multicast HARQ-ACK in PUCCH or PUSCH
For unicast/multicast HARQ-ACK multiplexing in a PUCCH, an issue is how to determine a PUCCH resource. The two options are to use the PRI value in the last unicast DCI format or to use the PRI value in the last DCI format regardless of whether it schedules unicast or multicast PDSCH (with enabled HARQ-ACK). 

Using the last unicast DCI to determine the PUCCH resource cannot account for later received multicast DCIs and, as a result, the PRI indication of the last unicast DCI may not be accurate. However, that disadvantage is of little importance and is manageable by the network. Unlike unicast scheduling that depends on the per UE data buffer at the gNB, on the per-UE CSI feedback, etc., multicast scheduling conditions are relatively stable and the scheduler can know with sufficient accuracy a number of scheduled multicast PDSCHs in the next few slots after scheduling a unicast PDSCH (with HARQ-ACK in a same PUCCH). Further, as the UE anyway adjusts a number of RBs and a PUCCH transmission power based on an actual HARQ-ACK payload, the network only needs to indicate a PUCCH resource to avoid collision with previously triggered PUCCHs as in Rel-16. It is noted that the above is a more complex issue for determining a PUCCH resource for HARQ-ACK reporting associated with different G-RNTIs than it is when there is unicast HARQ-ACK. 

Using the last multicast DCI format to determine a PUCCH resource for unicast HARQ-ACK is infeasible and practically same as being unable to indicate a PUCCH resource by DCI. First, it is inapplicable for the NACK-only HARQ-ACK reporting mode. Second, even though there is a PRI in the multicast DCI format, that PRI needs to provide a PUCCH resource for all UEs (with enabled HARQ-ACK) in the multicast group. PUCCH resources allocated to UEs that may report both unicast and multicast HARQ-ACK 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 (assuming for simplicity a same nrofPRBs for each UE). 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 – that can easily exceed the active UL BWP size. Also, as any RBs from the nrofPRBs configured for PUCCH resources to a UE cannot be configured for PUCCH resources to any other UE, that leads to UL BW fragmentation (that BW is lost as most/all UEs do not support Type 0 resource allocation in the UL to avoid PUCCH transmission from another UE). 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 a network would not be able to operate with the above conditions, the only option would be to disable multicast HARQ-ACK. In general, PUCCH resource indication by multicast DCI for ACK/NACK based HARQ-ACK reporting is problematic, including for resolving overlapping with RRC configured PUCCHs for unicast UCI (for SR or CSI where the multiplexing is based on the PUCCH resource for HARQ-ACK when for more than 2 bits, and possibly for HARQ-ACK in response to SPS PDSCH), and for multiplexing HARQ-ACK for different G-RNTIs.  

Proposal 3: 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.

When the multiplexing of multicast HARQ-ACK and unicast HARQ-ACK is in a PUSCH, each multicast sub-codebook is an additional one to the Rel-16 sub-codebooks and needs to have its own DAI value in the UL grant. 

Proposal 4: An UL grant provides a DAI value per G-RNTI for the multicast HARQ-ACK sub-codebook.


Sub-slot based PUCCH 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 multicast 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, and would even require support of Rel-17 features such as sub-slot-based Type-1 HARQ-ACK codebook. 

Support of sub-slot based PUCCH for latency purposes would also need to be coupled with span-based monitoring for GC-PDCCH that also requires UE hardware enhancements. Also, unless sub-slot configurations for multicast and all associated unicast are restricted to be always same for all UEs, PUCCH overlapping would need to be resolved for different sub-slot lengths and similar discussions as in Rel-17 URLLC would be needed. 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 for all UEs). The result would be a new UE capability that is more complex than a UE capability for URLLC. It is also noted that if there was a UE capability to transmit multiple PUCCHs with HARQ-ACK in a slot (other than for URLLC or M-TRP), “sub-slot” based PUCCH could be even achieved by gNB implementation based on configuration of PUCCH resources (e.g. half in the first half of the slot and half in the second half of the slot). 

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 mandatory implementation of UE capabilities that are optional or not supported even for Rel-16 URLLC.


Priority index in first DCI format
The following was agreed in RAN1#106-e. 

Agreement:
[bookmark: _Hlk82202634]The priority index is,
· for the second DCI format for GC-PDCCH, optionally configured to be included in the DCI format. If not configured, the priority index is not included in the DCI format and is low priory by default. 
· for the first DCI format for GC-PDCCH, down-select from:
· Alt1: Optionally configured to be included in the DCI format. If not configured, the priority index is not included in the DCI format and is low priory by default.
· Alt2: Always low priority, i.e., the priority index is not included in the DCI format. 

The justification given for Alt2 is because DCI format 1_0 for unicast does not include a priority index. However, that was done because the size of DCI format 1_0 is fixed and no optionally configured field is included. For the first DCI format for multicast, the only relation to DCI format 1_0 (in CSS) is the size. The first DCI format will include configurable fields that are not present in DCI format 1_0 and will be present in the second DCI format and, even if it did not, not supporting priority indication by the first DCI format would be baseless. There is no reason for the first DCI format to have reduced capabilities than the second DCI format particularly as deployment of the second DCI format may be more challenging for a network due to potential size alignment issues. 

Proposal 5: The priority indicator field can be configured to be included in any multicast DCI format.


   NACK-only HARQ-ACK 
For a PUCCH with NACK-only HARQ-ACK for multiple PDSCHs, the following was agreed in RAN1#106-e.  

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

For Alt1, the solution to NACK-only reporting mode corresponding to multiple PDSCHs is to not support the NACK-only reporting mode and switch to the ACK/NACK reporting mode. Clearly, that is meaningless because, if there is an overhead problem for ACK/NACK reporting mode in case of 1 PDSCH/bit, that problem exists and is magnified for more than 1 PDSCH/bit. Basically, for TDD, the NACK-only mode is not supported. 

Alt2 and Alt3 are similar and both are inapplicable as a UE cannot be expected to support more than one PUCCH with HARQ-ACK per slot (URLLC/M-TRP operation is not applicable). Alt2 and Alt3 are also suboptimal as they result in materially reduced coverage. They would also be complex to apply as a number of UL symbols in a slot can be variable, or would require new UE procedures to resolve overlapping with unicast PUCCHs such as for SR or CSI, or with PUSCH (e.g. multiple PUCCHs for NACK-only overlap with a PUSCH, some others do not – in Rel-16, the UE does not multiplex HARQ-ACK from multiple PUCCHs in a PUSCH). 

Alt5 would practically lead to constant retransmissions for a bundling window. Unlike bundling for the case of a single UE, where there is still typically a 10+% loss in spectral efficiency but retransmissions are not automatic, for multicast PDSCHs an incorrect reception for any PDSCH in a bundling window by any UE would lead to rescheduling and retransmission of all PDCCHs/PDSCHs associated with bundled HARQ-ACK.

Alt4 is the only realistic option, it uses the same multiplexing principle as PUCCH format 0 in Rel-15, it does not reduce coverage, it does not degrade the BLER regardless of the number of NACK combinations assuming orthogonal resources for multiplexing (e.g. for PUCCH format 0, the BLER of 2 bits is same as the BLER of 1 bit), does not require new procedures to resolve overlapping or to multiplex in a PUSCH, and is directly supportable by Rel-15 UE/gNB hardware. The PUCCH resource overhead is negligible (e.g. any combination of 4 NACK-only HARQ-ACK for the typical DDDSU UL-DL configuration can be indicated with 15 resources – i.e. ~1 RB/slot for PUCCH format 1). 

A concern with Alt4 is its scalability with the number of PDSCHs – e.g. for 7 PDSCHs per slot and 4 slots for DDDSU, 228 resources/sequences would be needed which is infeasible. However, NACK-only HARQ-ACK does not need to be designed for such cases that will not even exist. For example, to schedule 7 PDSCHs in a slot for multicast, and assuming 8 CCEs/PDCCH to avoid shrinking cell coverage, all non-overlapping CCEs that a UE can support per slot will be used for multicast at 15 kHz and such scheduling is not even possible at 30 kHz. For example, as support of more than one PDSCH per slot is a UE capability, it would not be typical that all UEs in a multicast group support more than one PDSCH per slot and it is actually certain that will not happen as most UEs do not implement such capability. NACK-only HARQ-ACK should be supported in the best possible manner for performance and coverage, and for realistic deployments and UE/gNB implementations without being compromised to support cases that will not happen in practice. 

Proposal 6: A UE is provided orthogonal PUCCH resources to select from according to combinations of NACK values for PDSCH/TB receptions.

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 7: 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.


Optimizations for the 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 a 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 can reduce the Type-1 HARQ-ACK CB size. In practice, there is no benefit for several reasons, including that Alt 1 and Alt 2 would result to basically a same codebook and that for the single-cell multicast operation in Rel-17 the Type-1 CB size is small to begin. Alt 2 follows the Rel-16 design, for a UE 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). Also, the Rel-16 text concerning the union of the rows for the TDRA tables can remain unchanged.

	[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, the Type-2 HARQ-ACK codebook (used since LTE Rel-8) is more efficient and can be directly used with no issue. Also, for single TB per PDSCH and no CBG-based HARQ-ACK, the size of the Type-1 HARQ-ACK codebook would be very small (a few bits) even for TDD. Therefore, Rel-17 multicast operation is not a scenario that motivates changing the Type-1 HARQ-ACK codebook design for optimizations.
b) For TDD, the Type-1 HARQ-ACK codebook depends on the UL/DL configuration (e.g. DDDSU) which removes most slot timing values K1 – 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 for unicast and multicast.  
c) There is no apparent reason for the TDRA tables for unicast and multicast to be (substantially) different (e.g. for most SLIVs to not be at least partially overlapping, if not identical). 

From a specification/implementation perspective of Alt 1, the Rel-16 Type-1 HARQ-ACK codebook construction needs to be modified. Also, as the specifications will support multiple G-RNTIs for a UE, corresponding multiple iterations for Alt. 1 would be needed for the general case of separate  sets for the multiple G-RNTIs.  

During the discussions in RAN1#106-e, the following comment was made in favor of Alt 1 [2] 
“It is possible for gNB to configure different K1 sets for unicast and multicast. For example, considering the MBS services periodicity is predictable and gNB can configure the PDCCH monitoring periodicity of GC-PDCCH as per multiple slots, but for unicast, the PDCCH monitoring periodicity is slot-based. That is the K1 sets of multicast is also a subset of unicast.”

However, even with the above K1 configuration, there is no apparent benefit for Alt.1 if the K1 set of multicast is a subset of the K1 set for unicast as there is no reason for the TDRA tables for unicast and multicast to be so different as to not include at least overlapping SLIVs (that would then be pruned during the Type-1 HARQ-ACK CB construction). Basically, for any realistic configuration of K1 sets and TDRAs for unicast and multicast, Alt 1 and Alt 2 would result to a same Type-1 HARQ-ACK CB.  

Observation 2: There is no need/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.  


   HARQ-ACK for SPS
The following was agreed in RAN1#105-e. 

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 is that it is not possible for the gNB to determine that a UE missed a DCI activating/deactivating a multicast SPS PDSCH for NACK-only reporting mode is used. However, that is because the UE provides NACK only in response to TBs and not in response to DCI formats. The gNB can configure a UE to provide NACK-only feedback in response to SPS activation/deactivation in configured slots. There is no overhead issue and the slots can be up to the gNB to configure, e.g. once every 5 slots or 10 slots. That can provide a uniform solution to the network without having to provision for ACK/NACK based PUCCH resources from potentially hundreds of UEs only for the case of SPS activation/deactivation and for each SPS PDSCH configuration. 

[bookmark: _Hlk77446075]Proposal 8: A gNB can configure to a UE a PUCCH resource for NACK-only feedback in response to detection of a DCI format activating/deactivating a SPS PDSCH configuration at configured slots.


Finally, the following was agreed in RAN1#106-e. 

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. 

Alt2 may appear as providing additional flexibility but it is not practical as it requires that all UEs with HARQ-ACK feedback are provided both PUCCH for ACK/NACK based feedback and PUCCH resource(s) for NACK-based feedback. Also, instead of UE-specific, the HARQ-ACK feedback option becomes UE-common. The additional flexibility from Alt2 is also unnecessary as the conditions for UEs receiving multicast SPS PDSCH for a given configuration are typically stable over the entire session even when there are variations in served UEs due to mobility. 

Proposal 9: The HARQ-ACK feedback option is configured per SPS configuration index.

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

Proposal 1: Confirm WA for HARQ-ACK enabling/disabling and remove all FFS. 
· Conclude how HARQ-ACK enabling/disabling applies for the Type-1 HARQ-ACK codebook. 
· Clarify that for SPS PDSCH, the UE follows the DCI indication as for DG PDSCH (when applicable). 
· For NACK-only, DCI-based enabling/disabling of HARQ-ACK report is not supported.

Proposal 2: DCI-based HARQ-ACK enabling/disabling is by a 1-bit field in first/second DCI formats for multicast.

Proposal 3: 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 4: An UL grant provides a DAI value per G-RNTI for the multicast HARQ-ACK sub-codebook.

Proposal 5: The priority indicator field can be configured to be included in any multicast DCI format.

Proposal 6: A UE is provided orthogonal PUCCH resources to select from according to combinations of NACK values for PDSCH/TB receptions.

Proposal 7: 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 8: A gNB can configure to a UE a PUCCH resource for NACK-only feedback in response to detection of a DCI format activating/deactivating a SPS PDSCH configuration at configured slots.

Proposal 9: The HARQ-ACK feedback option is configured per SPS configuration index.


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 mandatory implementation of UE capabilities that are optional or not supported even for Rel-16 URLLC.

Observation 2: There is no need/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.  
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