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Introduction
This contribution considers remaining issues on reliability enhancements for multicast services. 

Reliability Enhancements
HARQ-ACK codebooks
The following was agreed in RAN1#107-e.

Agreement
When UE is configured with different codebook types for unicast and multicast and when UE is scheduled to multiplex HARQ-ACK for unicast and HARQ-ACK for multicast with the same priority in the same PUCCH slot, 
· UE generates two separate sub-codebooks for unicast and multicast respectively and then concatenates them by appending sub-codebook for multicast to the sub-codebook for unicast. 
· Note: The PUCCH resource for transmitting the codebook is based on the last unicast DCI.
· FFS: when Type-3 HARQ-ACK codebook or enhanced Type-2 codebook is used for unicast
· Define a UE capability 

Regarding the FFS, the above agreement can directly apply regardless of the unicast HARQ-ACK codebook type (including the enhanced Type-3 CB introduced in Rel-17). It is noted that there can be more than one unicast HARQ-ACK CB (e.g. TB-based or CBG-based). For the Rel-16 Type-3 HARQ-ACK CB, if the multicast HARQ-ACK CB is appended, there would be duplication of HARQ-ACK bits since the HARQ processes are shared for unicast and multicast – that duplication can be avoided by the UE not appending the multicast HARQ-ACK CB to the Rel-16 Type-3 HARQ-ACK CB for unicast.  

Proposal 1: If a UE would provide unicast and multicast HARQ-ACK CBs in a same PUCCH/PUSCH, the UE drops the multicast HARQ-ACK CB when the unicast HARQ-ACK CB is the Rel-16 Type-3; otherwise, the UE appends the multicast HARQ-ACK CB to the unicast HARQ-ACK CB. 


   PUCCH resource for HARQ-ACK associated with multiple G-RNTIs
For the “ACK/NACK” feedback mode, a conclusion is needed for the determination of a PUCCH resource when a UE receives PDSCHs associated with different G-RNTIs. A likely common assumption is that the UE determines a PUCCH resource based on a PRI value of a DCI format in a last PDCCH reception regardless of the G-RNTI. Although that works from a specification perspective, there are challenges from an actual deployment perspective that may make the “ACK/NACK” feedback mode for multiple G-RNTIs infeasible in practice.

Consider a simple case where there are just 2 G-RNTIs and 3 groups of UEs where the first group of UEs is associated with {G-RNTI 0}, the second group of UEs is associated with {G-RNTI 1}, and the third group of UEs is associated with {G-RNTI 0, G-RNTI 1}. Also consider the TDD configuration DDDDU where PDSCHs received over 4 slots need to have corresponding HARQ-ACK provided by a PUCCH in 1 slot. 

In a first DDDDU series, PDSCHs for {G-RNTI 0, G-RNTI 1}, {G-RNTI 1}, {G-RNTI 0}, and {G-RNTI 1} are scheduled in a first/second/third/fourth slot, respectively. For the second and third groups of UEs, the last DCI format is associated with G-RNTI 1, and the PUCCH resource sets correspond to 3 and 5 bits. For the first group of UEs, the last DCI format is associated with G-RNTI 0, and the PUCCH resource set corresponds to 2 bits. In a second DDDDU series, PDSCHs for {G-RNTI 0, G-RNTI 1}, {G-RNTI 1}, {G-RNTI 0}, and {G-RNTI 0} are scheduled in a first/second/third/fourth slot, respectively. For the first and third groups of UEs, the last DCI format is associated with G-RNTI 0, and the PUCCH resource sets correspond to 3 and 5 bits. For the second group of UEs, the last DCI format is associated with G-RNTI 0, and the PUCCH resource set corresponds to 2 bits. 

A total number of RBs required for PUCCH transmission depends on the number of UEs and the PUCCH format used for above 2 bits – for simplicity, PUCCH format 3 requiring 1 RB and 10 UEs are assumed in each group. The issue in the above example is the placement of RBs as it is not possible to avoid BW fragmentation that will lead to further resource overhead as fragmented RBs may not be possible to fully utilize for other transmissions. In the first DDDDU series, the RBs for the second and third groups of UEs can be the second 10 RBs and the third 10 RBs in the UL BWP – BW fragmentation occurs. In the second DDDDU series, the RBs for the first and third groups of UEs can be the first 10 RBs and the third 10 RBs in the UL BWP – BW fragmentation again occurs. In either case, it is not possible for a network to allocate PUCCH resource sets to UEs while avoiding BW fragmentation (on top of the large PUCCH overhead). 

The above relatively simple example shows that even with 2 G-RNTIs, if all UEs are not associated with the 2 G-RNTIs, the resource overhead and the overall system impact for supporting the “ACK/NACK” feedback mode can be prohibitive even under relatively benign conditions and practically make the “ACK/NACK” feedback mode infeasible for actual deployments in such cases. Nevertheless, from a specification perspective, a legacy-based rule can apply for determining a PUCCH resource as no other alternative can be generally better.

Observation 1: When a network operates with multiple G-RNTIs associated with different groups of UEs, it may not be realistic to support the “ACK/NACK” feedback mode in actual deployments.
   
Proposal 2: If a UE receives PDSCHs with multiple G-RNTIs that are scheduled by respective PDCCHs, the UE determines a resource for a PUCCH with corresponding HARQ-ACK based on the DCI format provided by the PDCCH that starts last.


   NACK-only based HARQ-ACK 
In RAN1#107-e, the following was discussed without conclusion [1]. 

Proposal 3.2.5: Continue discussing the following proposal
· When more than one NACK-only feedback is available for transmission in the same PUCCH slot for a given G-RNTI,
· define up to [A] orthogonal PUCCH resources to select from according to combinations of up to [B] TBs with NACK-only feedback, 
· for more than [B] TBs with NACK-only feedback, NACK-only feedback is transformed into ACK/NACK based, i.e., the UE reports HARQ-ACK as in Rel-16 if the UE is provided UE-specific PUCCH resources. Otherwise, the UE does not report HARQ-ACK.
· FFS: Which PUCCH resources UE uses.
· FFS: values of A and B. 
· FFS: UE is not expected to transmit more than one NACK-only feedback corresponding to different G-RNTIs in the same PUCCH slot. 

Before considering specific operational aspects, a general comment is that a design should aim to provide efficient operation for typical deployments. The first part of the above proposal is based on using resource selection to indicate a combination of ACK/NACK values, similar to the use of PUCCH format 0 in Rel-15 (for A=4, the resulting operation is as in Rel-15). It is beneficial to have a larger value for A and A=16 is suitable for typical deployments. UE transmitter/gNB receiver implementations from Rel-15 can be re-used, practically regardless of the value of A. 

A concern that was raised for the above proposal related to the case of multiple G-RNTIs. However, unlike the “ACK/NACK” feedback mode, having multiple G-RNTIs is not a problem (or is a much smaller problem) for the “NACK-only” feedback mode as a PUCCH resource set can be for a group of UEs associated with same G-RNTIs. For example, if A=16 resources are allocated to a group of UEs associated with {G-RTNI 0, G-RNTI 1, G-RNTI 2}, the operation is same as if the group of UEs is associated only with one G-RNTI (there is no FDM for multicast PDSCH and the G-RNTI for a given PDSCH does not matter). For example, if at a given time a network provides 3 multicast services associated with 3 corresponding G-RNTIs, and if there is at least one UE associated with each combination of G-RNTIs, the network needs to provision for a total of orthogonal 8 resource sets (one resource set per combination of G-RNTIs) for a total of ~10 RBs in case of A=16. For the case of 1 G-RNTI or of 2 G-RNTIs, ~1 RB or ~5 RBs are needed. For any of those cases, the “NACK-only” feedback mode is preferable to the “ACK/NACK” feedback mode, both in terms of overhead and overall system operation as discussed in the previous section, and it is trivial for a network to allocate PUCCH resources to UEs. 

The proposal from RAN1#107-e considers that up to [B] TBs can be supported for “NACK-only” feedback. If multicast PDSCH is limited to one TB, the proposal is OK; otherwise, as spatial domain bundling can apply as in Rel-16, the proposal would be more accurate if [B] was the number of HARQ-ACK bits (not the number of TBs).

Finally, the proposal considers that the “NACK-only” feedback mode is not supported when the number of TBs/HARQ-ACK bits is larger than [B]. Although this may be viewed as providing full specification support for HARQ-ACK feedback for any value of [B], it is practically certain that no network will accommodate a separate design in such case, especially considering that even the whole UL BW may not be sufficient to provide required PUCCH resources for “ACK/NACK” feedback mode when the number of UEs is relatively large (tens or hundreds). However, as it can be up to the NW to provide such PUCCH resources (otherwise, HARQ-ACK is not reported when the number of TBs/HARQ-ACK bits is larger than [B]), the second part of the proposal can be acceptable. The last FFS of the above proposal is unnecessary – as described, there is no issue with a UE providing “NACK-only” feedback for more than one G-RNTI in a same slot. 

Proposal 3: Support the following
When more than one NACK-only feedback is available for transmission in the same PUCCH slot for a given G-RNTI,
· define up to 15 [A] orthogonal PUCCH resources to select from according to combinations of up to 4 [B] TBs/HARQ-ACK bits with NACK-only feedback, 
· for more than 4 [B] TBs/HARQ-ACK bits with NACK-only feedback, NACK-only feedback is transformed into ACK/NACK based, i.e., the UE reports HARQ-ACK as in Rel-16 if the UE is provided UE-specific PUCCH resources. Otherwise, the UE does not report HARQ-ACK.


   Multiplexing NACK-only HARQ-ACK and SR 
In RAN1#107-e, the following proposal was considered in the last round of discussions, without conclusion, for multiplexing of NACK-only HARQ-ACK and SR [1].

[bookmark: _Hlk91777226]Proposal
When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority, support [Alt1] from the following alternatives:
· Alt1: up to two TBs of NACK-only feedback is transformed into ACK/NACK HARQ bits and is multiplexed with SR as legacy procedure as Rel-15/16.
· PUCCH resources configured for unicast will be used in concerned cases subject to legacy procedure as Rel-15/16. 
· For the case of more than two TBs of NACK-only, [FFS: SR] is dropped.
· Alt2: 
· for positive SR, NACK-only is transmitted on the PUCCH resource configured for SR; 
· If the PUCCH resource for SR cannot accommodate multiplexed UCI (e.g., in case of multiple NACK-only bits are multiplexed with SR), [FFS: SR] is dropped.
· for negative SR, NACK-only feedback is transmitted on the PUCCH resource configured for NACK-only.

The following discussion assumes positive SR. The general rule for multiplexing “NACK-only” HARQ-ACK in a PUSCH or with other UCI in a PUCCH is to switch to “ACK/NACK” reporting. The implicit assumption for multiplexing with other UCI in a PUCCH is that there can be a PUCCH resource to accommodate the combined UCI. For SR, that assumption is not valid when the “NACK-only” HARQ-ACK bits are more than 1 (e.g. when there is also one unicast HARQ-ACK bit) or 2. A similar case exists when HARQ-ACK for multicast (either “NACK-only” or “ACK/NACK) is to be multiplexed with unicast HARQ-ACK for SPS PDSCH and the unicast PUCCH resource is for 1-2 HARQ-ACK bits. 

For SR and 1-2 HARQ-ACK bits for multicast PDSCH with “NACK-only” reporting, the straightforward approach is to convert the “NACK-only” bits to “ACK/NACK” bits and apply the same multiplexing procedure as in Rel-16 for unicast HARQ-ACK. Keeping the “NACK-only” mapping is also functionally possible but is unnecessary (no benefit) – also, as a UE may first need to determine a PUCCH resource that includes unicast HARQ-ACK, a “NACK-only” bit would be converted to an “ACK/NACK” bit in case it is multiplexed with a unicast HARQ-ACK bit.

For SR and more than 2 HARQ-ACK bits for multicast PDSCH with “NACK-only” reporting, it is preferable for the UE to prioritize HARQ-ACK especially given that there is at least one NACK value. That also follows Rel-15 where the UE transmits HARQ-ACK instead of SR when the resource for HARQ-ACK is with PUCCH format 1 and the resource for SR is with PUCCH format 0. For the present case, prioritizing “NACK-only” reporting makes even more sense as the UE is likely to have ACK(s) for the PDSCH reception(s) and would then anyway transmit the PUCCH using the SR resource. 

Although not related to “NACK-only” and SR multiplexing, if a UE has a PUCCH resource for unicast HARQ-ACK that cannot accommodate multicast HARQ-ACK, such as in case of a PUCCH resource corresponding to one unicast SPS PDSCH, the UE can multiplex only unicast HARQ-ACK in the PUCCH resource and drop the multicast HARQ-ACK.

Proposal 4: Support the following
When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority, support [Alt1] from the following alternatives:
Alt1: up to two TBs/HARQ-ACK bits of NACK-only feedback is transformed into ACK/NACK HARQ bits and is multiplexed with SR as legacy procedure as Rel-15/16.
· PUCCH resources configured for unicast will be used in concerned cases subject to legacy procedure as Rel-15/16. 
· For the case of more than two TBs/HARQ-ACK bits of NACK-only, [FFS: SR] is dropped.

Proposal 5: If a PUCCH resource for unicast HARQ-ACK cannot accommodate multiplexing of multicast HARQ-ACK, the UE transmits a PUCCH with only unicast HARQ-ACK.


   Multiplexing HARQ-ACK for multicast PDSCH in a PUSCH 
For a PUSCH scheduled by a DCI format other than DCI format 0_0, a DAI field indicates whether or not a UE should multiplex HARQ-ACK in the PUSCH. The DAI field has 1 bit for the Type-1 HARQ-ACK codebook or 2 bits for the Type-2 HARQ-ACK codebook. For multiplexing multicast HARQ-ACK, the following can be considered.
a) Use the Rel-16 DAI field for both multicast and unicast HARQ-ACK codebooks of same type 
a. For Type-1 HARQ-ACK codebooks, the UE multiplexes both codebooks when the DAI field is set to 1. 
b. For Type-2 HARQ-ACK codebook, it is up to the gNB to set the DAI value (e.g. to the maximum one).
b) Add a 1-bit DAI field for the multicast Type-1 HARQ-ACK codebook – the functionality is as for the unicast Type-1 HARQ-ACK codebook.
c) Add a 2-bit DAI field for each multicast Type-2 HARQ-ACK codebook - the functionality is as for the unicast Type-2 HARQ-ACK codebook.
a. Some variations are also possible such as adding one 2-bit DAI field that is applicable to all G-RNTIs

Another related issue occurs when the multicast HARQ-ACK codebook is Type-1 or Type-2 and the unicast HARQ-ACK codebook is Type-2 or Type-1, respectively. Then, the following can be considered for the DCI field in the UL grant:
a) Same as in Rel-16 for the unicast HARQ-ACK codebook. No DAI for the multicast HARQ-ACK codebook.
b) Include DAI for the multicast HARQ-ACK codebook.

Each of the above options is functional, has minimal specification impact, and there are DCI/UCI overhead trade-offs. To avoid UCI multiplexing errors in a PUSCH, it is preferable for DCI format 0_1/0_2 to include DAI for each codebook when the unicast HARQ-ACK codebook is different from the multicast HARQ-ACK codebook. 

If the HARQ-ACK codebook is Type-1 for both unicast and multicast, a 1-bit DAI can be added for the multicast HARQ-ACK codebook as the Type-1 HARQ-ACK codebook overhead is large while the DCI overhead would be 1 bit. 

If the HARQ-ACK codebook is Type-2 for both unicast and multicast, the Rel-16 DAI field can apply to both codebooks. For multiple G-RNTIs, the cost of adding one or multiple DAI fields will be somewhat larger than the cost of few more HARQ-ACK bits, on average. For one G-RNTI, the cost-benefit is similar for adding or not adding DAI bits for multicast. 

Proposal 6: For multiplexing unicast and multicast HARQ-ACK in a PUSCH scheduled by DCI format 0_1/0_2
a) If the unicast and multicast HARQ-ACK codebooks are Type-1 or of different Type, DCI format 0_1/0_2 includes a Rel-16 DAI field for each corresponding HARQ-ACK codebook.
b) If both unicast and multicast HARQ-ACK codebooks are Type-2, the Rel-16 DAI field is applicable to all HARQ-ACK codebooks. 


   Out-of-order scheduling 
As captured below in clause 9 of TS 38.213, a UE does not expect to receive first PDCCHs with associated HARQ-ACK in a PUCCH transmission in a slot after the UE receives a second PDCCH scheduling an (overlapping) PUSCH transmission in the slot. 

	A UE does not expect to detect a DCI format scheduling a PDSCH reception or having associated HARQ-ACK information report without scheduling a PDSCH reception, and indicating a resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot if the UE previously detects a DCI format scheduling a PUSCH transmission in the slot and if the UE multiplexes HARQ-ACK information in the PUSCH transmission. 



The above condition is broadly required to ensure a  timeline that is as large as 3 slots at 15 kHz or 5.3 slots at 30 kHz if CSI is also multiplexed (). That is OK for unicast PDSCHs as the gNB can indicate a later slot for HARQ-ACK report in DCI formats provided by PDCCHs transmitted after the PDCCH providing the UL grant. However, for multicast PDSCHs, all UEs and for all G-RNTIs will need to wait multiple slots before providing HARQ-ACK reports given that at least one of the UEs receiving multicast PDSCH with any of the G-RNTIs can have a scheduled PUSCH. In TDD, a number of slots before a UE can provide HARQ-ACK can be as large as 9 for a DDDDU configuration if an UL grant is provided in the first D slot. In addition to the increased latency for HARQ-ACK reports, the limitation of 16 HARQ processes for both unicast and multicast may also be challenging and the same may generally apply for the gNB scheduler operation. 

To avoid significant scheduling restrictions for MBS PDSCH while maintaining the Rel-16 procedure for UCI multiplexing in a PUSCH, a UE should not treat the reception of PDCCHs scheduling multicast PDSCHs and having respective HARQ-ACK reports in a same slot as a previously scheduled PUSCH as an error case. A UE with PUSCH transmission can skip a HARQ-ACK report associated with a multicast PDCCH that is received after an UL grant scheduling the PUSCH.  

Proposal 7: A UE can receive multicast PDSCHs that are scheduled after a PUSCH and have an associated PUCCH transmission in a same slot as the PUSCH transmission. The UE does not include HARQ-ACK for those multicast PDSCHs in the PUSCH. 


Fallback operation for the Type-1 HARQ-ACK codebook
It is currently unclear whether the UE provides a Type-1 HARQ-ACK codebook if the multicast DCI formats that the UE detects indicate disabling of HARQ-ACK information reports. As there is no reason for a gNB to indicate HARQ-ACK disabling if the UE would anyway provide the Type-1 HARQ-ACK codebook, the UE should not provide the Type-1 HARQ-ACK codebook.

Proposal 8: A UE does not provide the Type-1 HARQ-ACK codebook if all multicast DCI formats that the UE detects indicate disabled HARQ-ACK report. 

For unicast, the following fallback operation is defined for the Type-1 HARQ-ACK codebook. The fallback operation should also apply for multicast by duplicating the following and replacing DCI format 1_0 with DCI format 4_1 and CS-RNTI by G-CS-RNTI (or by including DCI format 4_1 and G-CS-RNTI in the following).

	9.1.2	Type-1 HARQ-ACK codebook determination
<< Unchanged text is omitted >>
If a UE reports HARQ-ACK information in a PUCCH only for 
-	a SPS PDSCH release indicated by DCI format 1_0 with counter DAI field value of 1, or
-	a PDSCH reception scheduled by DCI format 1_0 with counter DAI field value of 1 on the PCell, or 
-	SPS PDSCH reception(s) associated with a CS-RNTI
within the [image: ] occasions for candidate PDSCH receptions as determined in clause 9.1.2.1, the UE determines a HARQ-ACK codebook only for the SPS PDSCH release or only for the PDSCH reception or only for one SPS PDSCH reception according to corresponding [image: ] occasion(s) on respective serving cell(s), where the value of counter DAI in DCI format 1_0 is according to Table 9.1.3-1 and HARQ-ACK information bits in response to more than one SPS PDSCH receptions that the UE is configured to receive are ordered according to the following pseudo-code; otherwise, the procedures in clause 9.1.2.1 and clause 9.1.2.2 for a HARQ-ACK codebook determination apply.
<< Unchanged text is omitted >>



Proposal 9: Extend fallback operation for Type-1 HARQ-ACK codebook to multicast PDSCH receptions.


HARQ-ACK for SPS PDSCH
The current specifications do not support the HARQ-ACK reports for SPS PDSCH receptions in several scenarios. For example, after adding the “with a CS-RNTI” in the above text from clause 9.1.2, G-CS-RNTI is excluded. Then, if there is no DCI-based HARQ-ACK, generation of a HARQ-ACK codebook corresponding to unicast and multicast SPS PDSCH receptions is undefined. Also, there is no support for the case that the unicast PUCCH resource is associated with SPS PDSCH receptions and the multicast PUCCH resource is associated with DCI-based PDSCH receptions.

Generation of Type-1/Type-2 HARQ-ACK codebook only for multicast SPS PDSCH receptions can be as specified in Rel-16 for unicast SPS PDSCH receptions. If a UE would include Type-1/Type-2 HARQ-ACK codebooks only for unicast and multicast SPS PDSCHs in a PUCCH, the UE appends the multicast CB to the unicast CB and uses the unicast PUCCH resource because the multicast PUCCH resource cannot address different unicast SPS PDSCH configurations among UEs. The unicast PUCCH resource should be used regardless of whether HARQ-ACK is for DCI-based or RRC-based multicast PDSCHs and regardless of whether the unicast PUCCH resource is indicated by DCI or is from sps-PUCCH-AN-List as the sps-PUCCH-AN-List can be configured in Rel-16 to accommodate any HARQ-ACK payload.

Proposal 10: A UE generates a HARQ-ACK codebook for multicast SPS PDSCH receptions as for unicast SPS PDSCH receptions in Rel-16. 

Proposal 11: If a UE reports HARQ-ACK for unicast SPS PDSCHs and for multicast PDSCHs, the UE uses a PUCCH resource from sps-PUCCH-AN-List for the combined HARQ-ACK payload.

[bookmark: _Hlk57243931]
Finally, it is currently FFS whether a UE always provides HARQ-ACK for SPS PDSCH activation (that is, HARQ-ACK for the first SPS PDSCH reception after activation) or SPS PDSCH release, or whether that is based on network configuration. Clearly, it is not generally possible for a network to accommodate PUCCH resources for hundreds of UEs only for HARQ-ACK associated with SPS PDSCH activation/release, particularly considering that network configuration has already been introduced for HARQ-ACK associated with DCI-based PDSCH receptions and additional mechanisms such as a “NACK-only” mode have been introduced to control the PUCCH overhead and simplify network deployments for multicast. 

Proposal 12: Whether or not a UE provides a HARQ-ACK report for SPS PDSCH activation/release is configured to the UE by the serving gNB.


Conclusions
This contribution considered reliability improvements for MBS and proposes the following.

Proposal 1: If a UE would provide unicast and multicast HARQ-ACK CBs in a same PUCCH/PUSCH, the UE drops the multicast HARQ-ACK CB when the unicast HARQ-ACK CB is the Rel-16 Type-3; otherwise, the UE appends the multicast HARQ-ACK CB to the unicast HARQ-ACK CB. 

Proposal 2: If a UE receives PDSCHs with multiple G-RNTIs that are scheduled by respective PDCCHs, the UE determines a resource for a PUCCH with corresponding HARQ-ACK based on the DCI format provided by the PDCCH that starts last.

Proposal 3: Support the following
When more than one NACK-only feedback is available for transmission in the same PUCCH slot for a given G-RNTI,
· define up to 15 [A] orthogonal PUCCH resources to select from according to combinations of up to 4 [B] TBs/HARQ-ACK bits with NACK-only feedback, 
· for more than 4 [B] TBs/HARQ-ACK bits with NACK-only feedback, NACK-only feedback is transformed into ACK/NACK based, i.e., the UE reports HARQ-ACK as in Rel-16 if the UE is provided UE-specific PUCCH resources. Otherwise, the UE does not report HARQ-ACK.

Proposal 4: Support the following
When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority, support [Alt1] from the following alternatives:
Alt1: up to two TBs/HARQ-ACK bits of NACK-only feedback is transformed into ACK/NACK HARQ bits and is multiplexed with SR as legacy procedure as Rel-15/16.
· PUCCH resources configured for unicast will be used in concerned cases subject to legacy procedure as Rel-15/16. 
· For the case of more than two TBs/HARQ-ACK bits of NACK-only, [FFS: SR] is dropped.

Proposal 5: If a PUCCH resource for unicast HARQ-ACK cannot accommodate multiplexing of multicast HARQ-ACK, the UE transmits a PUCCH with only unicast HARQ-ACK.

Proposal 6: For multiplexing unicast and multicast HARQ-ACK in a PUSCH scheduled by DCI format 0_1/0_2
a) If the unicast and multicast HARQ-ACK codebooks are Type-1 or of different Type, DCI format 0_1/0_2 includes a Rel-16 DAI field for each corresponding HARQ-ACK codebook.
b) If both unicast and multicast HARQ-ACK codebooks are Type-2, the Rel-16 DAI field is applicable to all HARQ-ACK codebooks. 

Proposal 7: A UE can receive multicast PDSCHs that are scheduled after a PUSCH and have an associated PUCCH transmission in a same slot as the PUSCH transmission. The UE does not include HARQ-ACK for those multicast PDSCHs in the PUSCH. 

Proposal 8: A UE does not provide the Type-1 HARQ-ACK codebook if all multicast DCI formats that the UE detects indicate disabled HARQ-ACK report.

Proposal 9: Extend fallback operation for Type-1 HARQ-ACK codebook to multicast PDSCH receptions.

Proposal 10: A UE generates a HARQ-ACK codebook for multicast SPS PDSCH receptions as for unicast SPS PDSCH receptions in Rel-16. 

Proposal 11: If a UE reports HARQ-ACK for unicast SPS PDSCHs and for multicast PDSCHs, the UE uses a PUCCH resource from sps-PUCCH-AN-List for the combined HARQ-ACK payload.

Proposal 12: Whether or not a UE provides a HARQ-ACK report for SPS PDSCH activation/release is configured to the UE by the serving gNB.


In addition, the following is observed.

Observation 1: When a network operates with multiple G-RNTIs associated with different groups of UEs, it may not be realistic to consider the “ACK/NACK” feedback mode in actual deployments.
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