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

Reliability Enhancements
NACK-only based multi-bit HARQ-ACK 
This topic was discussed in several meetings without conclusion. The last proposal from RAN1#107bis-e is as follows [1]. 

	Proposal 3.2.1
When more than one NACK-only feedback are available for transmission in the same PUCCH slot,
· define up to 15 orthogonal PUCCH resources to select from according to combinations of up to 4 TBs with NACK-only feedback, 
· for more than 4 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.
· The PUCCH resource to be used for the transmission is based on the last DCI scheduling multicast.



The following observations apply:
a) The above proposal is no more complex for a UE/gNB to support than the (mandatory) support of PUCCH format 0 in Rel-15 that is based on essentially the same PUCCH resource selection.
b) There is no issue with having multiple G-RNTIs – PUCCH resources can be allocated to UEs having a same set of G-RNTIs. That can be transparent to a UE and, in practice, PUCCH resource allocation for “ACK/NACK” based feedback with multiple G-RNTIs is practically prohibitive for a network [2].
c) Not supporting multi-bit “NACK-only” based HARQ-ACK feedback practically results to no supporting NACK-only HARQ-ACK feedback in TDD systems and, considering the overhead of “ACK/NACK” based HARQ-ACK feedback and the DL-heavy UL-DL configuration, not supporting HARQ-ACK feedback at all. 

The above proposal has a conflict in that it solves the PUCCH overhead problem for up to 4 HARQ-ACK bits but does not for more than 4 HARQ-ACK bits (when it is even more serious). There are (at least) two options to address that discrepancy. A first option is to ignore it (i.e. consider the case of >4 HARQ-ACK bits only for specification completeness and ignore its existence in practice) considering that CA is not supported in Rel-17 and that, in typical deployments, there will not be more than one multicast PDSCH in a slot, at least because all MBS UEs will not have a larger capability and/or because some UEs will receive unicast PDSCH in some slots. That makes support for up to 4 bits acceptable in practice for the typical DDDDU (or DDDUU) configuration. A second option suggested in past meetings is to use time-domain bundling – e.g. per slot. That can allow support for more than one PDSCH reception per slot. That option can also be acceptable.

Proposal 1: Support multi-bit “NACK-only” HARQ-ACK.
When more than one NACK-only feedback is available for transmission in the same PUCCH slot
· For up to 4 TBs (or for up to 8 TBs with spatial bundling), define up to 15 orthogonal PUCCH resources to select from according to combinations of up to 4 TBs with NACK-only feedback
· For more than 4 TBs (or for more than 8 TBs with spatial bundling), support one of the following:
· (a) NACK-only is transformed into ACK/NACK based, i.e., UE reports HARQ-ACK as in Rel-16 if UE is provided UE-specific PUCCH resources. Otherwise, UE does not report HARQ-ACK.
· (b) Same method as for up to 4 TBs by applying time-domain bundling per slot.


Fallback operation for the Type-1 HARQ-ACK codebook
The following was agreed in RAN1#107bis-e. 

Agreement
Extending the fallback operation for Type-1 HARQ-ACK codebook to multicast PDSCH receptions.
· FFS how to handle the fallback operation for the case of multiple G-RNTIs/G-CS-RNTIs configured
· FFS how to handle the fallback operation for the case that PTP retransmission is used for PTM initial transmission. 

The above FFS do not affect “fallback” operation for the Type-1 HARQ-ACK codebook. Whether there is one or multiple G-RNTIs/G-CS-RNTIs (and C-RNTI/MCS-C-RNTI/CS-RNTI) is not relevant to “fallback” operation which only depends on whether or not the UE reports HARQ-ACK for only one DCI-based PDSCH and SPS PDSCH release (“fallback”) or for multiple PDSCHs and SPS PDSCH releases (no “fallback”). This is because the Type-1 HARQ-ACK codebook is constructed jointly for all RNTIs and “fallback” was introduced to account only for the case that there is a single PDSCH reception or a single SPS PDSCH release for a UE (e.g. there is no “fallback” in Rel-16 if the UE reports HARQ-ACK for both a DCI-based PDSCH reception and a SPS PDSCH release, or if the DCI format is not the “fallback” DCI format 1_0). Similar, whether or not a PTP retransmission is used for PTM initial transmission does not relate to “fallback”. 

Observation 1: Type-1 HARQ-ACK CB “fallback” is only for SPS PDSCHs, or only for a single DCI-based PDSCH or SPS PDSCH release using a “fallback” DCI format (1_0/4_1). If a UE receives more than one DCI-based PDSCHs, there is no “fallback” regardless of whether the PDSCHs are associated with same or different RNTIs (C-RNTI or G-RNTIs).


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

Regarding the FFS, the above agreement can directly apply regardless of the unicast HARQ-ACK codebook type. 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. There is no reason and it is not possible for a gNB to have unicast HARQ-ACK reported in different slots than multicast HARQ-ACK as that would imply at least 10 msec latency for DDDDU, inability to support PUCCH repetitions for coverage and, if that was the case, there would be no need to specify Type-1/Type-2 HARQ-ACK codebooks with both unicast and multicast HARQ-ACK.   

Proposal 2: There is no change to the Rel-16 Type-3 HARQ-ACK codebook due to the cast type of HARQ-ACK and no restrictions are introduced to the gNB scheduler operation. 


Multiplexing NACK-only HARQ-ACK and SR 
This topic was discussed in several meetings. For negative SR, there is no issue. For positive SR, suggested alternatives are to (a) transform 1-2 bits of “NACK-only” to “ACK/NACK” and multiplex as in Rel-16 or (b) transmit NACK-only using the SR resource and drop [SR] if the PUCCH resource cannot accommodate signalling of both NACK-only and SR. 

The first and second alternatives are basically same for 1-2 bits and PUCCH format 1. For PUCCH format 0, additional PUCCH resource would be required, which is not compatible with having “NACK-only” reporting, but use of PUCCH format 0 can be considered as secondary for MBS HARQ-ACK due to the associated substantial coverage reduction and any corresponding optimization is unnecessary.

Overall, the issue is of rather marginal importance as its occurrence is relatively rare (less typical than in Rel-16 as a UE needs to have at least one NACK to report in addition to positive SR in a same slot), it has no impact on the network operation, and it is also likely that there will be no support for the case of more than two “NACK-only” bits. It is therefore meaningful to leave such case to the UE implementation for whether the UE drops “NACK-only” and provides a positive SR, or provides “NACK-only” and waits for the next opportunity to provide a positive SR (can also depend on required latency, periodicity of SR transmission, etc. which can be considered by the UE implementation). As an optimization, for PUCCH format 1, it can be considered to allow multiplexing for up to 2 “NACK-only or ACK/NACK” bits. 

Proposal 3: Handling of overlapping PUCCHs for “NACK-only” and positive SR is left to UE implementation. For PUCCH format 1, multiplexing 1-2 ACK/NACK bits in the PUCCH resource for SR as in Rel-16 may be considered.


Multiplexing HARQ-ACK for multicast PDSCH in a PUSCH 
The following was agreed in RAN1#107bis-e.

Agreement
Support multiplexing unicast and multicast HARQ-ACK onto same PUSCH with the same priority for the following cases:
· If the unicast and multicast HARQ-ACK codebooks are both Type-1
· Option1-1: the 1-bit UL DAI with value “1” indicates multiplexing unicast and multicast HARQ-ACK codebooks onto the same PUSCH. 
· Option1-2: two bits UL DAI separately indicate whether multiplexing unicast and/or multicast HARQ-ACK codebooks onto the same PUSCH
· FFS whether it is applied to a single G-RNTI or applied to all configured G-RNTIs.
· If both unicast and multicast HARQ-ACK codebooks are Type-2, down-select from:
· Option2-1: the 2-bit UL DAI is applicable to both HARQ-ACK codebooks. 
· Option2-2: 2-bit UL DAI(s) are included in DCI for multicast, in addition to the 2-bit UL DAI for unicast. 
· FFS whether a single UL DAI field is applied to all G-RNTIs, or separate UL DAI fields are applied for each configured G-RNTI.
· FFS the unicast and multicast HARQ-ACK codebooks are different Types. 

For Type-1 HARQ-ACK CB for unicast and multicast, the choice between option 1-1 and option 1-2 can depend on TDRA and k1 set configurations and on whether unicast/multicast PDSCH receptions can be FDMed. If those configurations are largely same, option 1-1 is enough. For FDMed unicast and multicast PDSCHs, option 1-2 is preferable as a cost of one more bit in DCI format 0_1/0_2 is smaller than a cost of always providing two Type-1 HARQ-ACK CBs. For typical deployments, option 1-1 is expected be sufficient. Another reason for option 1-1 is to minimize/avoid other specification impact as currently, for non-FDMed unicast/multicast PDSCHs, the Type-1 HARQ-ACK CB is generated considering the union (or intersection) of k1 sets and of TDRA sets for unicast and multicast (single codebook is generated) – that will require modifications in case of option 1-2 to split unicast and multicast. Therefore, option 1-1 is preferred for non-FDMed unicast/multicast PDSCHs; otherwise, option 1-2 is preferred. Also, there is no need to consider the FFS (can be removed).

Proposal 4: For DAI in UL grants and Type-1 HARQ-ACK CB for both unicast and multicast, the DAI has 1 bit for non-FDMed unicast/multicast PDSCHs and has 2 bits for FDMed unicast/multicast PDSCHs.

For Type-2 HARQ-ACK CB for both unicast and multicast, the trade-off is that option 2-1 saves 2 bits from DCI format 0_1/0_2, can be accurate for one of the Type-2 HARQ-ACK CBs, and results to 2 additional bits, on average, for other Type-2 HARQ-ACK CBs (if there is HARQ-ACK for a corresponding Type-2 HARQ-ACK CB). Therefore, option 2-1 is somewhat preferable to option 2-2 and also addresses the case of multiple G-RNTIs. 

Proposal 5: For DAI in UL grants and Type-2 HARQ-ACK CB for both unicast and multicast, the 2-bit DAI is applicable to all Type-2 HARQ-ACK CBs.

For mixed Type-1/Type-2 HARQ-ACK CB for unicast and multicast, the Rel-16 combination can apply – i.e., 1-bit DAI for Type-1 and 2-bit DAI for Type-2 (applicable to all G-RNTIs if Type-2 is for multicast and there are multiple G-RNTIs).

Proposal 6: For DAI in UL grants and mixed Type-1/Type-2 HARQ-ACK CBs for unicast and multicast, a 1-bit DAI is applicable for the Type-1 HARQ-ACK CB and a 2-bit DAI is applicable to the Type-2 HARQ-ACK CB(s).


HARQ-ACK for SPS PDSCH
The following were agreed in RAN1#107bis-e. 

Agreement
When HARQ-ACK for unicast SPS PDSCHs and multicast SPS PDSCHs with ACK/NACK based feedback are multiplexed on the same PUCCH for the same priority case, the PUCCH carrying the multiplexed HARQ-ACK is determined from the SPS-PUCCH-AN-List configured for unicast.
Agreement
When HARQ-ACK for multicast dynamic grant PDSCHs and multicast SPS PDSCHs with ACK/NACK based feedback are multiplexed on the same PUCCH for the same priority case, the PUCCH carrying the multiplexed HARQ-ACK is determined from PUCCH-Config/PUCCH-ConfigurationList configured for multicast.

The missing cases are: 
a) when HARQ-ACK for multicast dynamic grant PDSCHs and unicast SPS PDSCHs based feedback are multiplexed on the same PUCCH for the same priority case
b) when HARQ-ACK for multicast (dynamic grant or SPS) PDSCHs with NACK-only based feedback and unicast SPS PDSCHs are multiplexed on the same PUCCH

For both above cases, the PUCCH resource should be from the SPS-PUCCH-AN-List for unicast as (a) there is no applicable multicast PUCCH resource for “NACK-only” and (b) it is not possible in practice to have a UE-common indication for a PUCCH resource that can accommodate unicast traffic. Further, as PUCCH resources for multicast SPS PDSCHs are UE-specific, it should be considered to revert the second of the above agreements and use a PUCCH resource from SPS-PUCCH-AN-List instead of a PUCCH resource from PUCCH-Config for multicast because the indicated PUCCH resource from PUCCH-Config is same for all UEs in the group.

Proposal 7: For the following cases, the PUCCH resource is from SPS-PUCCH-AN-List for unicast
a) when HARQ-ACK for multicast dynamic grant PDSCHs and unicast SPS PDSCHs based feedback are multiplexed on the same PUCCH for the same priority case
b) when HARQ-ACK for multicast (dynamic grant or SPS) PDSCHs with NACK-only based feedback and unicast SPS PDSCHs are multiplexed on the same PUCCH

Proposal 8: Change the following agreement to use PUCCH resource from SPS-PUCCH-AN-List for multicast
“When HARQ-ACK for multicast dynamic grant PDSCHs and multicast SPS PDSCHs with ACK/NACK based feedback are multiplexed on the same PUCCH for the same priority case, the PUCCH carrying the multiplexed HARQ-ACK is determined from PUCCH-Config/PUCCH-ConfigurationList configured for multicast”

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


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 in a slot after the UE receives a second PDCCH scheduling an (overlapping) PUSCH 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 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 can also be problematic and the same applies for the gNB scheduler operation. Therefore, a UE should not treat as an error case the reception of PDCCHs scheduling multicast PDSCHs and having respective HARQ-ACK reports in a same slot as a previously scheduled PUSCH. A UE with PUSCH transmission can skip multiplexing of HARQ-ACK bits associated with multicast PDCCHs that the UE receives after an UL grant scheduling the PUSCH.  

Proposal 10: A UE can receive multicast PDSCHs that are scheduled after a PUSCH and have associated PUCCH in a same slot as the PUSCH. The UE does not include HARQ-ACK for those multicast PDSCHs in the PUSCH. 
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Conclusions
This contribution considered maintenance issues on reliability improvements for MBS and proposes the following.

Proposal 1: Support multi-bit “NACK-only” HARQ-ACK.
When more than one NACK-only feedback is available for transmission in the same PUCCH slot
· For up to 4 TBs (or for up to 8 TBs with spatial bundling), define up to 15 orthogonal PUCCH resources to select from according to combinations of up to 4 TBs with NACK-only feedback
· For more than 4 TBs (or for more than 8 TBs with spatial bundling), support one of the following:
· (a) NACK-only is transformed into ACK/NACK based, i.e., UE reports HARQ-ACK as in Rel-16 if UE is provided UE-specific PUCCH resources. Otherwise, UE does not report HARQ-ACK.
· (b) Same method as for up to 4 TBs by applying time-domain bundling per slot.

Proposal 2: There is no change to the Rel-16 Type-3 HARQ-ACK codebook due to the cast type of HARQ-ACK and no restrictions are introduced to the gNB scheduler operation. 

Proposal 3: Handling of overlapping PUCCHs for “NACK-only” and positive SR is left to UE implementation. For PUCCH format 1, multiplexing 1-2 ACK/NACK bits in the PUCCH resource for SR as in Rel-16 may be considered.

Proposal 4: For DAI in UL grants and Type-1 HARQ-ACK CB for both unicast and multicast, the DAI has 1 bit for non-FDMed unicast/multicast PDSCHs and has 2 bits for FDMed unicast/multicast PDSCHs.

Proposal 5: For DAI in UL grants and Type-2 HARQ-ACK CB for both unicast and multicast, the 2-bit DAI is applicable to all Type-2 HARQ-ACK CBs.

Proposal 6: For DAI in UL grants and mixed Type-1/Type-2 HARQ-ACK CBs for unicast and multicast, a 1-bit DAI is applicable for the Type-1 HARQ-ACK CB and a 2-bit DAI is applicable to the Type-2 HARQ-ACK CB(s).

Proposal 7: For the following cases, the PUCCH resource is from SPS-PUCCH-AN-List for unicast
a) when HARQ-ACK for multicast dynamic grant PDSCHs and unicast SPS PDSCHs based feedback are multiplexed on the same PUCCH for the same priority case
b) when HARQ-ACK for multicast (dynamic grant or SPS) PDSCHs with NACK-only based feedback and unicast SPS PDSCHs are multiplexed on the same PUCCH

Proposal 8: Change the following agreement to use PUCCH resource from SPS-PUCCH-AN-List for multicast
“When HARQ-ACK for multicast dynamic grant PDSCHs and multicast SPS PDSCHs with ACK/NACK based feedback are multiplexed on the same PUCCH for the same priority case, the PUCCH carrying the multiplexed HARQ-ACK is determined from PUCCH-Config/PUCCH-ConfigurationList configured for multicast”

Proposal 9: Whether or not a UE provides a HARQ-ACK report for SPS PDSCH activation/release is configured to the UE by the serving gNB.

Proposal 10: A UE can receive multicast PDSCHs that are scheduled after a PUSCH and have associated PUCCH in a same slot as the PUSCH. The UE does not include HARQ-ACK for those multicast PDSCHs in the PUSCH. 

In addition, the following is observed.

Observation 1: Type-1 HARQ-ACK CB “fallback” is only for SPS PDSCHs, or only for a single DCI-based PDSCH or SPS PDSCH release using a “fallback” DCI format (1_0/4_1). If a UE receives more than one DCI-based PDSCHs, there is no “fallback” regardless of whether the PDSCHs are associated with same or different RNTIs (C-RNTI or G-RNTIs).
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