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1.	Introduction
In this contribution, we discuss mechanisms to improve reliability of Broadcast/Multicast service.
2.	PUCCH resource configuration
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 1: 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 2: 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 3: 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 4: 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 5: 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.
If NACK only HARQ-ACKs are multiplexed with ACK/NACK based HARQ-ACK, UE can determine PUCCH resource based on the PUCCH resource configured for ACK/NACK based HARQ-ACK. However, it is not clear how to determine a PUCCH resource when only NACK only HARQ-ACKs are multiplexed and all NACK only HARQ-ACKs are changed to ACK/NACK based HARQ-ACK.
We think that for more than one NACK only based HARQ-ACK feedback changed to ACK/NACK based HARQ-ACK to be multiplexed, determining the PUCCH resources for transmission can be based on the PRI indicated in the “last DCI”, where the “last DCI” refers to the last DCI indicating PRI for NACK only based HARQ-ACK feedback. Considering that if PUCCH-config for multicast is not configured, PUCCH-config for unicast can be used for ACK/NACK based HARQ-ACK for multicast, we think that the PRI can refer to PUCCH-config for ACK/NACK based HARQ-ACK feedback for multicast or PUCCH-config for unicast for multiplexing more than one NACK only based HARQ-ACK feedback changed to ACK/NACK based HARQ-ACK.
Proposal 6: For more than one NACK only based HARQ-ACK feedback changed to ACK/NACK based HARQ-ACK to be multiplexed, 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 NACK only based HARQ-ACK feedback based on PUCCH-config for ACK/NACK basesd HARQ-ACK feedback for multicast or PUCCH-config for unicast.
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 7: 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 8: 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.
4.	Group common SPS
NOTE: Some proposals in this section are also shown in LG’s other contribution to AI 8.12.1.
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 9: 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 10: 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. 
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 11: 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 12: 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 13: 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 14: 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 15: 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 16: 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 17: 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.
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 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 2: HARQ-ACK to PTP retransmission is treated as HARQ-ACK to normal unicast transmission for construction of HARQ-ACK codebook.
Proposal 3: 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 4: 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 5: 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 6: For more than one NACK only based HARQ-ACK feedback changed to ACK/NACK based HARQ-ACK to be multiplexed, 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 NACK only based HARQ-ACK feedback based on PUCCH-config for ACK/NACK basesd HARQ-ACK feedback for multicast or PUCCH-config for unicast.
Proposal 7: 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 8: 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.
Group common SPS
Proposal 9: For a UE not confirming SPS activation, gNB can schedule PTP initial transmission of missed TB(s).
Proposal 10: 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 11: 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 12: For multiplexing HARQ-ACKs for multicast SPS and dynamically scheduled unicast, UE determines a PUCCH resource based on the last unicast DCI.
Proposal 13: For multiplexing HARQ-ACKs for multicast SPS and dynamically scheduled multicast, UE determines a PUCCH resource based on the last multicast DCI.
Proposal 14: 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 15: 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 16: 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 17: 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.
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