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1.	Introduction
The WID on NR Multicast and Broadcast Services was revised in RAN#88e [1]. 
One of the objectives led by RAN1 is to specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state:
· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided.[RAN1, RAN2]
In addition, RAN1 is involved in specification of RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:
· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].
· Note: the possibility of receiving Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, without the need for those UEs to get the configuration of the PTM bearer carrying the Broadcast/Multicast service while in RRC CONNECTED state beforehand, is subject to verification of service subscription and authorization assumptions during the WI. 
In this contribution, we discuss mechanisms to improve reliability of Broadcast/Multicast service.
2.	PUCCH resource configuration
RAN1 agreed to support ACK/NACK based HARQ-ACK feedback for multicast for RRC_CONNECTED UEs receiving multicast. However, it is not clear how to individually allocate UE specific ACK/NACK based HARQ-ACK feedback for group common PDCCH/PDSCH. For example, considering PUCCH resource indicator and PDSCH-to-HARQ_feedback timing indicator in DCI Format 1_0 and 1_1, group common DCI may require multiple indicators for different UEs which seems not so feasible in case that a large number of UEs is receiving group common PDCCH/PDSCH.
We think that group common DCI can simply indicate a single PUCCH resource indicator and a single PDSCH-to-HARQ_feedback timing indicator at least for ACK/NACK based HARQ-ACK. But, different UEs in a same group could be configured to differently interpret the single indicators in DCI with individual dictionaries given by PUCCH-config. If different UEs in the group can be configured with different values of at least PUCCH-Resource and dl-DataToUL-ACK in UE dedicated PUCCH-config, different UEs can be allocated with different PUCCH resources by the same PUCCH resource indicator and the same PDSCH-to-HARQ_feedback timing indicator of the group common DCI. In this way, each UE could be provided individual PUCCH resource even with the single indicators in group common DCI. 
Proposal 1: For PTM scheme 1, group common DCI indicates a single PUCCH resource indicator and a single PDSCH-to-HARQ_feedback timing indicator at least for ACK/NACK based HARQ-ACK. 
Proposal 2: For UE specific PUCCH resource allocation for ACK/NACK based HARQ-ACK to group common DCI, different UEs in the group can be configured with different values of at least PUCCH-Resource and dl-DataToUL-ACK in UE dedicated PUCCH-config for multicast or for unicast (unless PUCCH-config for multicast is configured). 
· Different UEs can be allocated with different PUCCH resources by the same PUCCH resource indicator and the same PDSCH-to-HARQ_feedback timing indicator of the group common DCI.
When it comes to PTP, RAN1 previously agreed that for RRC_CONNECTED UEs, if ACK/NACK based HARQ-ACK feedback is supported for PTM scheme 1, and if initial transmission for multicast is based on PTM transmission scheme 1, retransmission(s) using PTP transmission is supported. The HARQ process ID and NDI indicated in DCI is used to associate the PTM scheme 1 and PTP transmitting the same TB. The DCI is UE specific for PTP retransmission. The PUCCH resource indicator and the PDSCH-to-HARQ_feedback timing indicator in UE specific DCI have no ambiguity. 
However, since RAN1 agreed that for ACK/NACK based feedback, UE can be optionally configured a separate PUCCH-Config for multicast. Otherwise, PUCCH-Config for unicast applies, we should clarify whether PUCCH-Config for multicast can be used to interpret the PUCCH resource indicator and the PDSCH-to-HARQ_feedback timing indicator in UE specific DCI. 
In our view, PTP retransmission and unicast transmission could have commonality in terms of allocation of PUCCH resources. Thus, we propose that for PTP retransmission, the PUCCH resource indicator and the PDSCH-to-HARQ_feedback timing indicator in UE specific DCI are interpreted based on PUCCH-config for unicast, regardless of whether PUCCH-config for multicast is configured or not.
Proposal 3: For PTP retransmission, the PUCCH resource indicator and the PDSCH-to-HARQ_feedback timing indicator in UE specific DCI are interpreted based on PUCCH-config for unicast, regardless of whether PUCCH-config for multicast is configured or not.
In addition, we also think that HARQ-ACK to PTP retransmission can be treated as HARQ-ACK to normal unicast transmission for construction of HARQ-ACK codebook. For example, for separate codebooks for unicast and multicast are constructed, PTP retransmission could be treated as unicast.
Proposal 4: HARQ-ACK to PTP retransmission is treated as HARQ-ACK to normal unicast transmission for construction of HARQ-ACK codebook.
Meanwhile, it is unclear whether HP HARQ-ACK can be configured for multicast in case that HP HARQ-ACK is not configured for unicast. In our view, considering that PUCCH-Config for unicast can apply multicast HARQ-ACK, it seems better not to configure HP HARQ-ACK for multicast, in case HP HARQ-ACK is not configured for unicast.
Proposal 5: Clarify whether HP HARQ-ACK can be configured for multicast in case that HP HARQ-ACK is not configured for unicast.
3.	NACK only based HARQ-ACK
RAN1 agreed to support PUCCH format 0 and format 1 for NACK-only based HARQ-ACK feedback for multicast. In PUCCH-config, PUCCH format 0 and format 1 are only allowed for a resource in a first PUCCH resource set. PUCCH format2, format3 and format4 are only allowed for a resource in non-first PUCCH resource set. Thus, considering the current specification, if NACK only based HARQ-ACK is configured in PUCCH-config, it seems natural that only the first PUCCH resource set with PUCCH resource set ID = 0 in PUCCH-config for multicast can be configured for NACK only based HARQ-ACK.
Proposal 6: Only the first PUCCH resource set with PUCCH resource set ID = 0 in PUCCH-config for multicast can be configured for NACK only based HARQ-ACK.
We think that when more than one NACK-only based feedback are available for transmission in the same PUCCH slot, the NACK-only based feedback can be changed to ACK/NACK based feedback, because multiplexing of ACK/NACK based feedback has been well developed since Rel-15. Benefits of the other alternatives are not clear, either. Especially, Alt2 and Alt4 may require enhanced UE capability which may be not what all UEs receiving multicast would support. Thus, we propose that when different PUCCHs for different NACK only HARQ-ACKs are overlapped, all NACK only HARQ-ACKs are changed to ACK/NACK based HARQ-ACK to be multiplexed.
Proposal 7: When different PUCCHs for different NACK only HARQ-ACKs are overlapped, all NACK only HARQ-ACKs are changed to ACK/NACK based HARQ-ACK to be multiplexed.
In RAN1#106bis, RAN1 agreed that for multiplexing the ACK/NACK-based HARQ-ACK feedback for multicast and unicast, determining the PUCCH resources for transmission is based on the PRI indicated in the “last DCI”, where the “last DCI” refers to the last DCI for unicast. In addition, when PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for HARQ-ACK feedback/CSI for unicast for the same priority or PUSCH transmission for the same priority, UE multiplexes the NACK-only based feedback with the HARQ-ACK feedback/CSI on PUCCH or on to PUSCH by transforming NACK-only into the ACK/NACK HARQ bit.
Considering the above agreements, we could further discuss the case when NACK-only based HARQ-ACK feedback is configured for multicast. We think that for multiplexing the NACK only based HARQ-ACK feedback for multicast and ACK/NACK-based HARQ-ACK feedback for unicast, determining the PUCCH resources for transmission can be also based on the PRI indicated in the “last DCI”, where the “last DCI” refers to the last DCI for unicast.
Proposal 8: For multiplexing the NACK only based HARQ-ACK feedback for multicast and ACK/NACK-based HARQ-ACK feedback for unicast, determining the PUCCH resources for transmission is based on the PRI indicated in the “last DCI”, where the “last DCI” refers to the last DCI for unicast.
In addition, we think that for multiplexing the NACK only based HARQ-ACK feedback for multicast and ACK/NACK-based HARQ-ACK feedback for multicast, determining the PUCCH resources for transmission is based on the PRI indicated in the “last DCI”, where the “last DCI” refers to the last DCI indicating PRI for ACK/NACK-based HARQ-ACK feedback for multicast.
Proposal 9: For multiplexing the NACK only based HARQ-ACK feedback for multicast and ACK/NACK-based HARQ-ACK feedback for multicast, determining the PUCCH resources for transmission is based on the PRI indicated in the “last DCI”, where the “last DCI” refers to the last DCI indicating PRI for ACK/NACK-based HARQ-ACK feedback for multicast.
For unicast, UE procedure for multiplexing HARQ-ACK and SR with PUCCH format 0 and/or 1 has been specified in 38.213. RAN1 previously agreed that 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. Thus, we assume that ACK/NACK based HARQ-ACK for multicast can be multiplexed with SR for PUCCH format 0 and/or 1 as specified for unicast.
However, it is not clear how to multiplex NACK-only based HARQ-ACK and SR for PUCCH format 0 and/or 1. We propose to discuss multiplexing NACK-only based HARQ-ACK and SR for PUCCH format 0 and/or 1.
Proposal 10: Discuss UE procedure for multiplexing NACK-only based HARQ-ACK and SR for PUCCH Format 0 and/or 1
4.	Group common SPS
NOTE: Some proposals in this section are also shown in LG’s other contribution to AI 8.12.1.
Since multiple UEs receive group common SPS, it seems essential for gNB to ensure whether a particular UE in the group is receiving group common SPS activation/(re-)transmission/release. We think that HARQ-ACK for group common SPS will be helpful for gNB to ensure that all UEs in the group are following group common SPS. Especially we propose that all UEs in the group individually send UE specific confirmation to DCI indicating SPS activation or deactivation by using HARQ-ACK on UE specific PUCCH resource. The UE specific PUCCH resource can be allocated by DCI indicating SPS activation or deactivation.
Proposal 11: For group common SPS, UE specific confirmation to group common SPS (de-)activation can be supported by PUCCH A/N. 
· UE specific PUCCH resource is allocated by DCI indicating SPS (de-)activation. 
When gNB activates group common SPS, a UE in the group may miss the activation DCI. If gNB did not receive confirmation from the UE or gNB did not receive HARQ-ACK to SPS PDSCH of a TB, gNB could schedule PTP transmission of the TB. In this case, initial HARQ transmission of the TB should be supported based on PTP transmission.
Proposal 12: For a UE not confirming SPS activation, gNB can schedule PTP initial transmission of missed TB(s).
When gNB releases group common SPS, a UE in the group may miss the release DCI. If gNB did not receive confirmation from the UE, it is not clear how UE could finally release the group common SPS. Considering such erroneous case, it would be beneficial to introduce UE autonomous SPS release. It seems possible to use a UE’s individual timer based SPS release. However, considering misalignment among different UEs in the group, we should make sure that all UEs autonomously release group common SPS release at a same slot which could be pre-determined e.g. by RRC and/or DCI.
Proposal 13: After group common SPS activation, all UEs autonomously release the group common SPS right after a pre-determined slot 
· The pre-determined time is determined by RRC and/or DCI. 
We think that when SPS retransmission is dynamically scheduled by GC-PDCCH, either NACK only based HARQ-ACK or UE specific ACK/NACK based HARQ-ACK can be used.
Proposal 14: Either NACK only based HARQ-ACK or UE specific ACK/NACK based HARQ-ACK is used for SPS PDSCH retransmission.
In case of SPS PDSCH, PDSCH is not scheduled by DCI. Thus, if UE receives unicast/multicast SPS and dynamically scheduled unicast/multicast, it is not clear how we can determine PUCCH resource. We think that for multiplexing HARQ-ACKs for dynamically scheduled multicast and unicast SPS, UE could determine a PUCCH resource based on PRI of the last DCI with dynamic scheduling or unicast SPS. Alternatively, UE could drop either multicast HARQ-ACK or unicast HARQ-ACK without multiplexing.
Proposal 15: For multiplexing HARQ-ACKs for dynamically scheduled multicast and unicast SPS, UE determines a PUCCH resource based on one of the following options:
· Option 1: The PRI of the last DCI with dynamic scheduling.
· Option 2: Unicast SPS
· Option 3: No multiplexing by dropping e.g. multicast HARQ-ACK
In RAN1#106bis, RAN1 agreed that for multiplexing the ACK/NACK-based HARQ-ACK feedback for multicast and unicast, determining the PUCCH resources for transmission is based on the PRI indicated in the “last DCI”, where the “last DCI” refers to the last DCI for unicast. Considering this agreement, we think that for multiplexing HARQ-ACKs for multicast SPS and dynamically scheduled unicast, UE determines a PUCCH resource based on the last unicast DCI.
Proposal 16: For multiplexing HARQ-ACKs for multicast SPS and dynamically scheduled unicast, UE determines a PUCCH resource based on the last unicast DCI.
Similarly, we think that for multiplexing HARQ-ACKs for multicast SPS and dynamically scheduled multicast, UE determines a PUCCH resource based on the last multicast DCI.
Proposal 17: For multiplexing HARQ-ACKs for multicast SPS and dynamically scheduled multicast, UE determines a PUCCH resource based on the last multicast DCI.
Furthermore, in case of multicast SPS PDSCHs possibly with unicast SPS PDSCH and/or SR, neither unicast nor multicast are scheduled by DCI. In this case, it is not clear whether we can determine PUCCH resource based on the last DCI. We think that UE could determine a PUCCH resource based on sps-PUCCH-AN-List in PUCCH-config as specified in 9.2.1 of 38.213.
Proposal 18: For multiplexing ACK/NACK based HARQ-ACKs for group common SPS PDSCHs, UE determines a PUCCH resource based on sps-PUCCH-AN-List of PUCCH-config for multicast as specified in 9.2.1 of 38.213.
· If PUCCH-config for multicast is not configured, PUCCH-config for unicast is used.
Proposal 19: For group common SPS PDSCH(s) and unicast SPS PDSCH(s), UE determines a PUCCH resource based on sps-PUCCH-AN-List of PUCCH-config for unicast as specified in 9.2.1 of 38.213.
· If NACK only based HARQ-ACK is configured for group common SPS, NACK only based HARQ-ACK is transformed to ACK/NACK based HARQ-ACK.
Proposal 20: For multiplexing NACK only based HARQ-ACK and ACK/NACK based HARQ-ACK for group common SPS PDSCHs, UE determines a PUCCH resource based on sps-PUCCH-AN-List of PUCCH-config for multicast for ACK/NACK based HARQ-ACK as specified in 9.2.1 of 38.213.
· If PUCCH-config for multicast is not configured, PUCCH-config for unicast is used.
Proposal 21: For multiplexing SR and HARQ-ACKs for group common SPS PDSCHs (and possibly unicast SPS PDSCHs), UE determines a PUCCH resource based on:
· Option 1: UE determines a PUCCH resource based on sps-PUCCH-AN-List of PUCCH-config for unicast as specified in 9.2.1 of 38.213
· Option 2: HARQ-ACKs for group common SPS PDSCHs or SR is dropped.
5.	HARQ-ACK codebook
RAN1 made some agreements on Type-1 HARQ-ACK codebook as follows:
	[bookmark: _Hlk80364727]RAN1#105e Agreement:
For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast with the same priority from the same TRP, support 
· Opt 4: HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells for unicast, precede, HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells for multicast. (This is similar to the joint Type-1 codebook for mTRP).
· FFS: If UE reports the capability of supporting the FDM-ed unicast and multicast in the same slot, UE can be indicated semi-statically to generate Type-1 HARQ-ACK codebook as FDM-ed manner (i.e., Opt 4).
· Otherwise, UE does not expect unicast and multicast are to be scheduled in FDM-ed. 

RAN1#106e Agreement:
For a UE configured with Type-1 HARQ-ACK codebook,
· If UE is not configured to receive FDM-ed unicast and multicast, Type-1 HARQ codebook is generated as the agreement for TDM-ed unicast and multicast. 
· If UE is configured to receive FDM-ed unicast and multicast, Type-1 HARQ codebook is generated as the agreement for FDM-ed unicast and multicast.



RAN1 agreed that for Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast with the same priority from the same TRP, HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells for unicast, precede, HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells for multicast. We think that when multiple serving cells are configured for a UE, it seems possible that only some of the serving cells are configured with CFRs. Thus, RAN1 could further clarify that ‘all serving cells for multicast’ in the previous agreement mean all serving cells where a CFR is configured and an interested service can be scheduled. 
 Proposal 22: For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast, HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells for unicast, precede, HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells where a CFR is configured for an interested service for multicast
6.	Conclusion
In conclusion, we propose to discuss the following proposals for mechanisms to improve reliability of multicast services.
PUCCH resource configuration
Proposal 1: For PTM scheme 1, group common DCI indicates a single PUCCH resource indicator and a single PDSCH-to-HARQ_feedback timing indicator at least for ACK/NACK based HARQ-ACK. 
Proposal 2: For UE specific PUCCH resource allocation for ACK/NACK based HARQ-ACK to group common DCI, different UEs in the group can be configured with different values of at least PUCCH-Resource and dl-DataToUL-ACK in UE dedicated PUCCH-config for multicast or for unicast (unless PUCCH-config for multicast is configured). 
· Different UEs can be allocated with different PUCCH resources by the same PUCCH resource indicator and the same PDSCH-to-HARQ_feedback timing indicator of the group common DCI.
Proposal 3: For PTP retransmission, the PUCCH resource indicator and the PDSCH-to-HARQ_feedback timing indicator in UE specific DCI are interpreted based on PUCCH-config for unicast, regardless of whether PUCCH-config for multicast is configured or not.
Proposal 4: HARQ-ACK to PTP retransmission is treated as HARQ-ACK to normal unicast transmission for construction of HARQ-ACK codebook.
Proposal 5: Clarify whether HP HARQ-ACK can be configured for multicast in case that HP HARQ-ACK is not configured for unicast.
NACK only based HARQ-ACK
Proposal 6: Only the first PUCCH resource set with PUCCH resource set ID = 0 in PUCCH-config for multicast can be configured for NACK only based HARQ-ACK.
Proposal 7: When different PUCCHs for different NACK only HARQ-ACKs are overlapped, all NACK only HARQ-ACKs are changed to ACK/NACK based HARQ-ACK to be multiplexed.
Proposal 8: For multiplexing the NACK only based HARQ-ACK feedback for multicast and ACK/NACK-based HARQ-ACK feedback for unicast, determining the PUCCH resources for transmission is based on the PRI indicated in the “last DCI”, where the “last DCI” refers to the last DCI for unicast.
Proposal 9: For multiplexing the NACK only based HARQ-ACK feedback for multicast and ACK/NACK-based HARQ-ACK feedback for multicast, determining the PUCCH resources for transmission is based on the PRI indicated in the “last DCI”, where the “last DCI” refers to the last DCI indicating PRI for ACK/NACK-based HARQ-ACK feedback for multicast.
Proposal 10: Discuss UE procedure for multiplexing NACK-only based HARQ-ACK and SR for PUCCH Format 0 and/or 1
Group common SPS
Proposal 11: For group common SPS, UE specific confirmation to group common SPS (de-)activation can be supported by PUCCH A/N. 
· UE specific PUCCH resource is allocated by DCI indicating SPS (de-)activation. 
Proposal 12: For a UE not confirming SPS activation, gNB can schedule PTP initial transmission of missed TB(s).
Proposal 13: After group common SPS activation, all UEs autonomously release the group common SPS right after a pre-determined slot 
· The pre-determined time is determined by RRC and/or DCI. 
Proposal 14: Either NACK only based HARQ-ACK or UE specific ACK/NACK based HARQ-ACK is used for SPS PDSCH retransmission.
Proposal 15: For multiplexing HARQ-ACKs for dynamically scheduled multicast and unicast SPS, UE determines a PUCCH resource based on one of the following options:
· Option 1: The PRI of the last DCI with dynamic scheduling.
· Option 2: Unicast SPS
· Option 3: No multiplexing by dropping e.g. multicast HARQ-ACK
Proposal 16: For multiplexing HARQ-ACKs for multicast SPS and dynamically scheduled unicast, UE determines a PUCCH resource based on the last unicast DCI.
Proposal 17: For multiplexing HARQ-ACKs for multicast SPS and dynamically scheduled multicast, UE determines a PUCCH resource based on the last multicast DCI.
Proposal 18: For multiplexing ACK/NACK based HARQ-ACKs for group common SPS PDSCHs, UE determines a PUCCH resource based on sps-PUCCH-AN-List of PUCCH-config for multicast as specified in 9.2.1 of 38.213.
· If PUCCH-config for multicast is not configured, PUCCH-config for unicast is used.
Proposal 19: For group common SPS PDSCH(s) and unicast SPS PDSCH(s), UE determines a PUCCH resource based on sps-PUCCH-AN-List of PUCCH-config for unicast as specified in 9.2.1 of 38.213.
· If NACK only based HARQ-ACK is configured for group common SPS, NACK only based HARQ-ACK is transformed to ACK/NACK based HARQ-ACK.
Proposal 20: For multiplexing NACK only based HARQ-ACK and ACK/NACK based HARQ-ACK for group common SPS PDSCHs, UE determines a PUCCH resource based on sps-PUCCH-AN-List of PUCCH-config for multicast for ACK/NACK based HARQ-ACK as specified in 9.2.1 of 38.213.
· If PUCCH-config for multicast is not configured, PUCCH-config for unicast is used.
Proposal 21: For multiplexing SR and HARQ-ACKs for group common SPS PDSCHs (and possibly unicast SPS PDSCHs), UE determines a PUCCH resource based on:
· Option 1: UE determines a PUCCH resource based on sps-PUCCH-AN-List of PUCCH-config for unicast as specified in 9.2.1 of 38.213
· Option 2: HARQ-ACKs for group common SPS PDSCHs or SR is dropped.
HARQ-ACK codebook
Proposal 22: For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast, HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells for unicast, precede, HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells where a CFR is configured for an interested service for multicast
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