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1. Introduction
In RAN#86 meeting, the work item of NR support of Multicast and Broadcast Services has been approved [1]. The followings have been identified as the objectives related with physical layer of the work item.
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· 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.
· [bookmark: _Hlk47347546][bookmark: _Hlk47366295][bookmark: _Hlk47362778]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]
· Specify 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 RAN1 #106 e-meeting, the following agreements and working assumptions were made regarding the mechanisms to improve reliability for RRC_CONNECTED UEs [2].
Agreement:
For UE supporting both unicast and multicast, the pdsch-HARQ-ACK-Codebook/pdsch-HARQ-ACK-CodebookList can be separately configured for multicast from that for unicast.

Agreement:
When UE is configured Type-1 codebooks for unicast and multicast with different priorities, respectively, the UE separately generates each of the Type-1 codebooks. 
· FFS: How UE is configured one codebook for unicast and one codebook for multicast and the two codebooks are of different priorities. 

[bookmark: _Hlk80364727]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.

Agreement:
For UEs supporting ACK/NACK-based HARQ-ACK feedback for multicast and unicast, the following values are unchanged compared to unicast in Rel-16:
· The maximum number of PUCCH resources sets in each PUCCH-Config, 
· The maximum number of PUCCH resources in a PUCCH resource set in each PUCCH-Config, 
· The maximum number of UCI information bits for the first PUCCH resource set. 
· The total number of PUCCH resources from all PUCCH-Config/PUCCH-ConfigurationList.
· Note: 
· This applies to both cases of whether or not UE is configured optionally with a separate PUCCH-Config or PUCCH-ConfigurationList for multicast.
· The case of NACK-only based is discussed separately. 

Agreement:
When UE is configured with the pdsch-HARQ-ACK-Codebook/pdsch-HARQ-ACK-CodebookList for ACK/NACK based feedback for multicast, it is applied to all G-RNTIs configured to UE.

Agreement:
For the separate PUCCH-ConfigurationList that is optionally configured to UE for NACK-only based HARQ-ACK feedback for multicast,
· The separate PUCCH-ConfigurationList for multicast configuration can be a list which includes up to 2 PUCCH-Config configurations corresponding low priority feedback and high priority feedback, respectively.
· FFS: how to handle the case when separate PUCCH-ConfigurationList is not configured to UE for NACK-only based HARQ-ACK feedback for multicast.

Agreement:
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. 

Agreement:
The priority of multicast for NACK-only based feedback is the same as the priority of unicast for the same priority index of HARQ-ACK. 

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

Agreement:
When UE supports and is configured with more than one G-RNTI, 
· for Type-2 codebook construction, DAI is separately counted per G-RNTI. 
· Type-2 codebook is constructed by concatenating Type-2 sub-codebook of each RNTI following the ascending order of the G-RNTI value. 

Agreement:
Update the WA made in RAN1#105-e meeting regarding enabling/disabling HARQ-ACK feedback 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

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.In this contribution, we will make discussions on the mechanisms to improve reliability for RRC_CONNECTED UEs.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
HARQ-ACK feedback 
· Enable/disable HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast
It was agreed as in the last meeting that for RRC_CONNECTED UEs, RRC signalling configures the enabling/ disabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback. Considering that NACK only feedback is also supported for multicast, UEs can be generally defined into three types in terms of HARQ-ACK feedback option:
· Type 1 UE: does not support any feedback
· Type 2 UE: supports NACK-only based HARQ-ACK feedback 
· Type 3 UE: supports ACK/NACK based HARQ-ACK feedback

Therefore, this scheme should be extended by taking NACK-only into account, i.e, it is not only for enabling/disabling ACK/NACK feedback, it is for the configuration/indication of HARQ-ACK feedback options among the three options, i.e., no any feedback, ACK/NACK feedback, NACK only feedback.

[bookmark: _Ref47365789]In addition, multiple g-RNTIs are supported according to the LS from RAN2. Considering that the level of reliability should be based on the requirements of the application/service (i.e., g-RNTI) provided, whether to transmit HARQ-ACK feedback or how to transmit the feedback should be configured/indicated based on the QoS requirement of multicast services. Thus, the configuration/indication should be per g-RNTI. For example, when RRC signalling disables the DCI indication function, RRC configures HARQ-ACK feedback option per g-RNTI. When RRC signalling enables the DCI indication function, the HARQ-ACK feedback option is indicated by g-RNTI implicitly. For the given QoS of one MBS service, the benefit of switching between NACK-only and ACK/NACK based HARQ-ACK feedback for the same service (or g-RNTI) is not clear, but causing additional standard effort, and thus, it’s not supported.

[bookmark: _Ref78990592][bookmark: _Ref47365794]Proposal 1: For indicating HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast via dynamic group-common PDSCH 
· RRC signalling configures or DCI indicates the HARQ-ACK feedback option among three HARQ-ACK feedback options of no feedback, ACK/NACK feedback, NACK-only feedback.
[bookmark: _Ref78990595]Proposal 2: HARQ-ACK feedback option for multicast for RRC_CONNECTED UEs should be configured/indicated per g-RNTI.
· When RRC disables HARQ-ACK feedback option indication function of group-common DCI, for RRC_CONNECTED UE receiving multicast, the HARQ-ACK feedback option is configured per g-RNTI.
· When RRC enables HARQ-ACK feedback option indication function of group-common DCI, for RRC_CONNECTED UE receiving multicast, the HARQ-ACK feedback option is implicitly indicated by g-RNTI.
For SPS group-common PDSCH, considering that different SPS configurations may be for different MBS services with different Qos requirements, it should also be supported to enable/disable HARQ-ACK for each SPS configuration, and it is suggeted to enable/disable HARQ-ACK for SPS group-common PDSCH by RRC. In addition, NACK only feedback option is also supported for mulitcast SPS PDSCH, the HARQ-ACK feedback option for each SPS group-common PDSCH should be RRC configured.  
[bookmark: _Ref68631075]Proposal 3: For MBS for RRC_CONNECTED UEs, HARQ-ACK feedback option for SPS group-common PDSCH is configured per SPS PDSCH index.
· Type 1 HARQ-ACK codebook for multicast PDSCH
For the construction of type 1 HARQ-ACK codebook, UE needs to determine the candidate PDSCH reception occasions based on K1 set and PDSCH TDRA table.
[bookmark: _Hlk78894140]It was agreed that for TDM-ed unicast and multicast, for Type-1 HARQ-ACK codebook construction for ACK/NACK-based unicast and multicast to be multiplexed in the 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.
Considering that the configuration of K1 set for multicast must take into the worse UEs in the MBS group, the value of K1 would be larger than that of unicast for the UE with PDSCH processing capability 2. It is obviously that Alt 1 can benefit from the HARQ-ACK codebook size reduction, since the union operation of the PDSCH TDRA sets of the unicast service and the multicast service only applies to the slots corresponding to the intersection of K1 set of unicast and K1 set of multicast. For example, assuming K1 set for unicast is {2,4}, and K1 set for multicast is {4,8}. Then the type 1 HARQ-ACK codebook construction should be based on the union of these two K1 sets, that is {2,4,8}. Then the UE needs to determine the candidate of PDSCH reception occasions in each downlink slot corresponding to each K1 value. Note that when k1=2, there is only unicast in this slot and no need to take the union of PDSCH TDRA sets of unicast and multicast, and when k1=8, there is only multicast and no need to take the union of PDSCH TDRA sets of unicast and multicast, either. The operation of taking the union of PDSCH TDRA sets of unicast and multicast only is needed when k1=4. 
In addition, for both of the two alternatives, UE needs to determine the PDSCH reception occasions based on PDSCH TDRA table for each K1 value, there is no additional procedure complexity is observed for Alt 1 comparing with Alt 2.
Based on the above, the following proposal is given. 
[bookmark: _Ref78990599][bookmark: _Ref68626435]Proposal 4: For TDM-ed unicast and multicast, for Type-1 HARQ-ACK codebook construction for ACK/NACK-based unicast and multicast to be multiplexed in the same PUCCH resource, determining PDSCH reception candidate occasions is based on 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. 

· HARQ-ACK codebook for multicast SPS PDSCH
For the case of SPS PDSCH, there may be unicast SPS PDSCH and multicast SPS PDSCH. Then how to construct HARQ-ACK codebook for unicast SPS PDSCH and multicast SPS PDSCH needs to be considered. One option is that HARQ-ACK codebook for SPS PDSCH is constructed in the same way as Rel-16 with multiple SPS PDSCHs regardless it is unicast SPS PDSCH or multicast SPS PDSCH. Another option is that the HARQ-ACK codebook for unicast SPS PDSCH and multicast SPS PDSCH is constructed separately and then concatenated. For each HARQ-ACK sub-codebook, it is constructed in the same way as Rel-16 with multiple SPS PDSCHs. 
If SPS PDSCH HARQ-ACK codebook is constructed using the first option, then it straight to concatenate the HARQ-ACK codebook for SPS PDSCH by appending HARQ-ACK sub-codebook for SPS after HARQ-ACK sub-codebook for dynamic PDSCH. i.e. HARQ-ACK sub-codebooks are concatenated in the order of HARQ-ACK sub-codebook for unicast for DG PDSCH, HARQ-ACK sub-codebook for multicast for DG PDSCH and HARQ-ACK sub-codebook for unicast and multicast for SPS PDSCH.
If SPS PDSCH HARQ-ACK codebook is constructed using the second option, then it can concatenate the HARQ-ACK codebook for SPS PDSCH by appending HARQ-ACK sub-codebook for SPS after HARQ-ACK sub-codebook for dynamic PDSCH for unicast and multicast separately. i.e. HARQ-ACK sub-codebooks are concatenated in the order of HARQ-ACK sub-codebook for unicast for DG PDSCH, HARQ-ACK sub-codebook for unicast for SPS PDSCH, HARQ-ACK sub-codebook for multicast for DG PDSCH and HARQ-ACK sub-codebook for multicast for SPS PDSCH. Or in the order of HARQ-ACK sub-codebook for unicast for DG PDSCH, HARQ-ACK sub-codebook for multicast for DG PDSCH, HARQ-ACK sub-codebook for unicast for SPS PDSCH and HARQ-ACK sub-codebook for multicast for SPS PDSCH.
[bookmark: _Ref78990602]Proposal 5: For the HARQ-ACK codebook for SPS PDSCHs, UE generates HARQ-ACK codebooks for SPS PDSCHs in the same way as that in Rel-16 regardless it is unicast SPS PDSCH or multicast SPS PDSCH.
If multicast scheduling is based on PTM scheme 2, then for type 2 HARQ-ACK codebook, the current mechanism can be reused. 
· [bookmark: _Hlk47364568]Multiplexing/prioritization for HARQ-ACK for multicast unicast
In NR Rel-15, a UE will construct one HARQ-ACK codebook in one slot if multiple unicast PDSCHs are scheduled to transmit HARQ-ACK in the same slot, and the UE would transmit the HARQ-ACK codebook on one PUCCH determined based on the HARQ-ACK payload and PRI indicated by the last DCI. In NR Rel-16, two simultaneous HARQ-ACK codebooks for URLLC and eMBB in one slot is supported, and a UE separately constructs the HARQ-ACK codebook for URLLC and eMBB, and transmits two PUCCHs with HARQ-ACK in a slot if they are not overlapped.  
It was agreed that for the cases of HARQ-ACK feedback (at least for ACK/NACK based feedback) is available for multicast and unicast for a given UE receiving multicast, for determining the PUCCH resource, support multiplexing for the same priority and prioritizing for different priorities at least when the corresponding PUCCH resources overlap in time in a slot. This is similar to the multiplexing/prioritization in NR Rel-16 for the PUCCHs with the same priority and different priorities. In NR Rel-16, when a UE supports two HARQ-ACK codebooks, it will support the multiplexing/prioritization. Similarly, it can be supported when a UE supports simultaneous unicast and multicast, the UE supports multiplexing for the same priority and prioritizing for different priorities, and no separate UE capability is needed. Or we can discuss how to define UE capability in the UE feature discussion.
For the determination of PUCCH resource, when HARQ-ACK for unicast and multicast are multiplexed into one PUCCH, it is possible that the DCI for multicast PDSCH is the last DCI. Considering that DCI for multicast is group-common and it is not flexible to indicate UE-specific PUCCH resource, it is better to use the last DCI for unicast scheduling to determine the PUCCH for multiplexing. 
[bookmark: _Ref71386914]Proposal 6: 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.
For the case of non-overlapping PUCCHs resources for HARQ-ACK in the same slot, it should support separate transmission of HARQ-ACK PUCCH for unicast and HARQ-ACK PUCCH for multicast. For the case of different priorities, separate PUCCH transmission was agreed to be supported. If separate PUCCH transmission is not supported, for the case of same priority, the UE does not need to construct the HARQ-ACK codebook separately and determine the PUCCH for unicast and multicast separately, the UE can directly jointly construct one HARQ-ACK codebook for unicast and multicast. 
[bookmark: _Ref78990605][bookmark: _Ref47365799][bookmark: _Ref54015739]Proposal 7: For the cases of HARQ-ACK feedback (at least for ACK/NACK based feedback) is available for multicast and unicast for a given UE receiving multicast,
· For the case of non-overlapping PUCCHs resources for HARQ-ACK in the same slot, separate transmission of HARQ-ACK PUCCH for unicast and HARQ-ACK PUCCH for multicast is supported.
· Multiplexing multicast HARQ-ACK on PUSCH
In NR Rel-15/Rel-16, UE does not support simultaneous PUCCH and PUSCH transmission in a PUCCH group. When PUCCH and PUSCH are overlapped in time domain, UE will multiplex UCI on PUSCH. When PUCCH including HARQ-ACK for multicast overlaps with PUSCH, same rule should be applied. When unicast HARQ-ACK multiplexes on PUSCH, UL-DAI is used for the codebook generation. For multicast HARQ-ACK on PUSCH, same rule should be applied. However, it is possible that both unicast HARQ-ACK and multicast HARQ-ACK are multiplexed on one PUSCH but there is only one UL-DAI field, then how to indicate UL-DAI needs to be considered. One option is that the UL-DAI is only for unicast HARQ-ACK and there is no UL-DAI for multicast HARQ-ACK. Another option is that the UL-DAI indicates the total bits of unicast HARQ-ACK and multicast HARQ-ACK. Similar issue also exists when HARQ-ACK for multiple G-RNTIs are multiplexed on one PUSCH.
[bookmark: _Ref79157116]Proposal 8: For PUCCH including multicast HARQ-ACK overlaps with PUSCH, reuse Rel-16 multiplexing/ prioritizing rule between the HARQ-ACK for unicast and PUSCH.
· FFS UL-DAI indication when both unicast HARQ-ACK and multicast HARQ-ACK, or HARQ-ACK for multiple G-RNTIs are multiplexed on one PUSCH
· Support of sub-slot based HARQ-ACK for multicast
In Rel-16, to reduce the latency of uplink feedback, sub-slot based HARQ-ACK feedback was supported. To satisfy low HARQ-ACK latency requirement of some multicast services, sub-slot based HARQ-ACK feedback should also be supported for multicast. In addition, PUCCH-config for unicast and multicast can be separately configured, if the sub-slot configuration for unicast and multicast are different, e.g., sub-slot for unicast and slot for multicast or sub-slot lengths are different, it will be very complex to do HARQ-ACK multiplexing between unicast and multicast of the same priority. For simplicity, it is suggested to configure the same sub-slot length for unicast and multicast with the same priority.
[bookmark: _Ref78990607]Proposal 9: Support sub-slot based PUCCH transmission for multicast HARQ-ACK.
· PUCCH resources for NACK-only based HARQ-ACK feedback 
In the last meeting, it was agreed that separate PUCCH-ConfigurationList can be optionally configured to UE for NACK-only based HARQ-ACK feedback for multicast. And there is one remaining issue on how to handle the case when separate PUCCH-ConfigurationList is not configured to UE for NACK-only based HARQ-ACK feedback for multicast. In our view, PUCCH-ConfigurationList configured to UE for ACK/NACK based HARQ-ACK feedback for multicast can be used for NACK-only based HARQ-ACK feedback for multicast in this case. If PUCCH-ConfigurationList for ACK/NACK based HARQ-ACK feedback for multicast is not configured, PUCCH-ConfigurationList for HARQ-ACK feedback for unicast is used for NACK-only based HARQ-ACK feedback for multicast.
 
· HARQ-ACK for activation/deactivation of SPS group-common PDSCH
It was agreed in the last meeting that NACK only feedback is supported for SPS PDSCHs. One remaining issue is whether to support it for SPS activation/deactivation. For SPS activation, if UE only feed back NACK when the first PDSCH after activation is decoded failed, then from gNB’s side, it wouldn’t be able to distinguish between UE receiving the first PDSCH succefully and failing to decode the activation PDCCH. For SPS deactivation, there is the same issue. Thus, NACK only can’t be applied to SPS activation/deactivation.
[bookmark: _Ref78990611]Proposal 10: NACK-only based HARQ-ACK feedback is not supported for multicast SPS activation/deactivation. 

· Multiple NACK-only are available in the same PUCCH slot
For NACK only feedback, it is possible that there are multiple PDSCHs to be fed back in the same slot in TDD downlink heavy or DL CA case. In this case, how to feed back NACK needs to be considered. In the last meeting, this issue was discussed and the following agreements were achieved,
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 Alt 1, when more than one NACK-only based feedback is available for transmission, ACK/NACK feedback rather than NACK only feedback is used, and UE generates HARQ-ACK codebook determines PUCCH resource in the same way as ACK/NACK feedback. One issue of this alternative is DAI counting. For NACK-only feedback, there may be no DAI in the group-common DCI or the DAI field is not available. If HARQ-ACK multiplexing is used in that slot, UE has to generate HARQ-ACK codebook based on DAI for type 2 codebook, which implies the gNB has to foresee the multiplexing and set DAI correctly for each scheduling DCI. In addition, this alternative will cause PUCCH resource collision in the case of 2-bit HARQ-ACK, since the PUCCH for 2-bit HARQ-ACK may be the same as that for NACK-only transmission. When gNB schedules multiple PDSCHs to be fed back in the same slot, but UE only detects one, it will cause ambiguity between gNB and UE.
For Alt 2, it depends on UE capability and the number of PUCCHs that a UE can transmit within one slot is limited. It can’t solve the issue when the number of NACK-only is out of UE’s capability.
For Alt 3, it depends on UE capability and the number of sub-slots are 7 at most, which can’t solve the issue when there are more than 7 NACK-only are available in the same PUCCH slot.
For Alt 4, more PUCCH resources reservation is needed and it is not easy to implement in practice considering the number of NACK-only feedback available in different slots are various.
For Alt 5, one option is that UE transmits NACK when any of the PDSCHs fails to be decoded. Another option is that UE transmits NACK for the PDSCH with the highest priority.

[bookmark: _Ref78990612]Proposal 11: When more than one NACK-only based feedback is available for transmission in the same PUCCH slot, UE transmits NACK when any of the PDSCHs is NACK.
PDSCH repetition
In the previous meetings, it was agreed that PDSCH transmission with repetition is supported to improve reliability and the number of PDSCH repetitions can be semi-statically configured or dynamically indicated by corresponding DCI. Considering that differnet MBS services which may be assocated with different group-common RNTIs can have different reliablity requirements, it is suggested to support seperate configurations for PDSCH aggregation factor for different MBS services. 

[bookmark: _Ref79157164]Proposal 12: For PDSCH repetition of group-common PDSCH, if a UE is configured with multiple g-RNTIs,
· The PDSCH aggregation factors for group-common PDSCHs with different g-RNITs can be separately configured.
3. RRC parameter
[bookmark: _Ref83918023][bookmark: _GoBack]Proposal 13: Update the RRC parameter list for 8.12.2 according to the table in section 3 in R1-2109002.
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	NR_MBS-Core
	Reliability improvement for multicast
	　
	　
	BWP-UplinkDedicated
	　
	pucch-ConfigurationList-Multicast1
	new
	　
	pucch-ConfigurationList-Multicast1 is used to configure UE specific PUCCH parameters (per BWP) for two simultaneously constructed HARQ-ACK codebooks with different priority index for multicast.
It is FFS whether pucch-ConfigurationList-Multicast for A/N and Nack only is separately configured or not. This parameter is used for ACK/NACK-based feedback specifically.
	SEQUENCE (SIZE (1..2)) OF pucch-Config-Multicast1
	pucch-ConfigurationList
	per UL BWP
	UE-specific
	38.331
	Agreement:
For a separate PUCCH-ConfigurationList for multicast that is optionally configured, at least for ACK/NACK based HARQ-ACK feedback, 
• The separate PUCCH-ConfigurationList for multicast configuration can be a list which includes up to 2 PUCCH-Config configurations corresponding low priority codebook and high priority codebook, respectively.
• FFS other configurations 
 

	NR_MBS-Core
	Reliability improvement for multicast
	　
	　
	BWP-UplinkDedicated/pucch-ConfigurationList-Multicast1
	　
	pucch-Config-Multicast1
	new
	　
	The IE PUCCH-Config-Multicast1 is similar as the existing PUCCH-Config. It is FFS whether all the parameters in the existing PUCCH-Config are needed or not for PUCCH-Config-Multicast1.
	　
	pucch-Config
	per UL BWP
	UE-specific
	38.331
	Agreement:
For ACK/NACK based feedback if supported for RRC_CONNECTED UEs receiving multicast, UE can be optionally configured a separate PUCCH-Config for multicast. Otherwise, PUCCH-Config for unicast applies. 

	NR_MBS-Core
	Reliability improvement for multicast
	　
	　
	BWP-UplinkDedicated
	　
	pucch-ConfigurationList-Multicast2
	new
	　
	pucch-ConfigurationList-Multicast2 is used to configure UE specific PUCCH parameters (per BWP) for two PUCCH-Config configurations corresponding low priority feedback and high priority feedback, respectively. 
It is FFS whether pucch-ConfigurationList-Multicast for A/N and Nack only is separately configured or not. This parameter is used for NACK-only based feedback specifically.
	SEQUENCE (SIZE (1..2)) OF pucch-Config-Multicast2
	FFS
	per UL BWP
	UE-specific
	38.331
	Agreement:
For the separate PUCCH-ConfigurationList that is optionally configured to UE for NACK-only based HARQ-ACK feedback for multicast,
• The separate PUCCH-ConfigurationList for multicast configuration can be a list which includes up to 2 PUCCH-Config configurations corresponding low priority feedback and high priority feedback, respectively.
• FFS: how to handle the case when separate PUCCH-ConfigurationList is not configured to UE for NACK-only based HARQ-ACK feedback for multicast.

	NR_MBS-Core
	Reliability improvement for multicast
	　
	　
	BWP-UplinkDedicated/pucch-ConfigurationList-Multicast2
	　
	pucch-Config-Multicast2
	new
	　
	The IE PUCCH-Config-Multicast2 is similar as the existing PUCCH-Config. It is FFS whether all the parameters in the existing PUCCH-Config are needed or not for PUCCH-Config-Multicast2.
	　
	FFS
	per UL BWP
	UE-specific
	38.331
	No explicit agreement but straightforward extension of the agreement for ACK/NACK based feedback. 

	NR_MBS-Core
	Reliability improvement for multicast
	　
	　
	PUCCH-Config-Multicast
	　
	sps-PUCCH-AN-List-Multicast
	new
	　
	Indicates a list of PUCCH resources for all SPS multicast configurations. If not configured, the existing sps-PUCCH-AN-List applies to all SPS unicast and SPS multicast configurations.
	SEQUENCE (SIZE(1..4)) OF SPS-PUCCH-AN-Multicast
	sps-PUCCH-AN-List
	per UL BWP
	UE-specific
	38.331
	Agreement:
For support of ACK/NACK based HARQ-ACK feedback for SPS multicast, 
• the HARQ-ACK codebook index corresponding the HARQ-ACK codebook for SPS PDSCH is included in the configuration for SPS multicast. 
o UE determines a priority index from the HARQ-ACK codebook index
• UE can be optionally configured a separate SPS-PUCCH-AN-List for all SPS multicast configurations. Otherwise, a common SPS-PUCCH-AN-List applies to all SPS unicast and SPS multicast configurations.

	NR_MBS-Core
	Reliability improvement for multicast
	　
	　
	PUCCH-Config-Multicast
	　
	sps-PUCCH-AN-Multicast
	new
	　
	When a separate list of PUCCH resources for all SPS multicast configuration is configured, a separate sps-PUCCH-AN-Multicast should be configured as well. 
	　
	　
	per UL BWP
	UE-specific
	38.331
	Agreement:
For support of ACK/NACK based HARQ-ACK feedback for SPS multicast, 
• the HARQ-ACK codebook index corresponding the HARQ-ACK codebook for SPS PDSCH is included in the configuration for SPS multicast. 
o UE determines a priority index from the HARQ-ACK codebook index
• UE can be optionally configured a separate SPS-PUCCH-AN-List for all SPS multicast configurations. Otherwise, a common SPS-PUCCH-AN-List applies to all SPS unicast and SPS multicast configurations.

	NR_MBS-Core
	Reliability improvement for multicast
	　
	　
	ServingCellConfig/UplinkConfig
	　
	harq-FeedbackEnabler-Multicast
harq-FeedbackOption-Multicast
	new
	　
	harq-FeedbackOption-Multicasharq-FeedbackEnabler-Multicast indicates UE's behavior whetherich option is used for feedback HARQ-ACK. 
    {dci-enabler} means whether feedback HARQ-ACK for multicast is indicated by DCI.
    {enabled} means UE will ignore the indication in DCI and feedback the HARQ-ACK.
    {disabled} means UE will ignore the indication in DCI and does not feedback the HARQ-ACK.
Note: whether such configuration is per UE per G-RNTI or just per G-RNTI is FFS. If it is per UE, whether there is a configuration indicating whether the GC-DCI includes the field indicating HARQ-ACK enabling/disabling could also be FFS.
	ENUMERATED { dci-enabler, enabledACK/NACK, NACK-only}
	disabled
	FFS
Per G-RNTI
	UE-specific
	38.331
	Agreement:
Update the WA made in RAN1#105-e meeting regarding enabling/disabling HARQ-ACK feedback 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.
o 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 
o Otherwise, enabling/disabling ACK/NACK based HARQ-ACK feedback is configured by RRC signaling. 
o 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
Proposal 1: For indicating HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast via dynamic group-common PDSCH 
•	RRC signalling configures or DCI indicates the HARQ-ACK feedback option among three HARQ-ACK feedback options of no feedback, ACK/NACK feedback, NACK-only feedback.
Proposal 2: HARQ-ACK feedback option for multicast for RRC_CONNECTED UEs should be configured/indicated per g-RNTI.
•	When RRC disables HARQ-ACK feedback option indication function of group-common DCI, for RRC_CONNECTED UE receiving multicast, the HARQ-ACK feedback option is configured per g-RNTI.
•	When RRC enables HARQ-ACK feedback option indication function of group-common DCI, for RRC_CONNECTED UE receiving multicast, the HARQ-ACK feedback option is implicitly indicated by g-RNTI.

	NR_MBS-Core
	Reliability improvement for multicast
	　
	　
	ServingCellConfig
	　
	fdmed-Reception-Multicast
	new
	　
	fdmed-Reception-Multicast is used to indicate whether UE receive FDM-ed multicast and unicast 
	ENUMERATED {true}
	N/A
	per UE
	UE-specific
	38.331
	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.

	NR_MBS-Core
	Reliability improvement for multicast
	　
	　
	PDSCH-Config-Multicast
	　
	pdsch-AggregationFactor-Multicast
	new
	　
	Number of repetitions for dynamic scheduling multicast data. 
	ENUMERATED { n2, n4, n8 }
	1
	per PDSCH-config-Multicast G-RNTI
	UE-specific
	38.331
	Agreement:
For slot-level repetition for group-common PDSCH for RRC_CONNECTED UEs receiving multicast,
• (Config A) UE can be optionally configured with pdsch-AggregationFactor.
• (Config B) UE can be optionally configured with TDRA table with repetitionNumber as part of the TDRA table. 
• If UE is configured with Config B, UE does not expect to be configured with Config A for the same group-common PDSCH.

If UE is configured with repetitionNumber-MBS, UE does not expect to be configured with pdsch-AggregationFactor-MBS for the same group-common PDSCH.
Proposal 12: For PDSCH repetition of group-common PDSCH, if a UE is configured with multiple g-RNTIs,
· The PDSCH aggregation factors for group-common PDSCHs with different g-RNITs can be separately configured.

	NR_MBS-Core
	Reliability improvement for multicast
	　
	　
	SPS-Config
	　
	pdsch-AggregationFactor
	existing
	　
	Number of repetitions for multicast SPS PDSCH.
Note: When the field is absent, whether the UE applies PDSCH aggregation factor of PDSCH-Config-Multicast, PDSCH-Config, or fixed as 1 will be FFS. 
	ENUMERATED { n2, n4, n8 }
	FFS
	per SPS-Config
	UE-specific
	38.331
	Agreement: 
For RRC_CONNECTED UEs, more than one SPS group-common PDSCH configuration for MBS can be configured per UE subject to UE capability
• The total number of SPS configurations supported by a UE currently defined for unicast is not increased due to additionally supporting MBS.
• FFS: How to allocate the total SPS configurations between MBS and unicast.

Agreement: 
For RRC_CONNECTED UE supporting MBS, support up to 8 configured SPS configurations in a BWP of a serving cell for unicast and MBS in total. 
l It is up to gNB implementation to configure the SPS configuration indexes for unicast and MBS, respectively.

	NR_MBS-Core
	Reliability improvement for multicast
	　
	　
	SPS-Config
	　
	harq-FeedbackOption-Multicast
	new
	
	Used to configure HARQ-ACK option for the SPS pdsch
	ENUMERATED { ACK/NACK, NACK-only}
	disabled
	Per SPS-config
	UE-specific
	38.331
	Proposal 3: For MBS for RRC_CONNECTED UEs, HARQ-ACK feedback option for SPS group-common PDSCH is configured per SPS PDSCH index.

	NR_MBS-Core
	Reliability improvement for multicast
	　
	　
	PDSCH-Config-Multicast/pdsch-TimeDomainResourceAllocation
	　
	repetitionNumber-Multicast
	new
	　
	Indicates the number of multicast PDSCH transmission occations for slot-based repetition scheme in IE RepetitionSchemeConfig.
	ENUMERATED {n2, n3, n4, n5, n6, n7, n8, n16}
	N/A
	per pdsch-TimeDomainResourceAllocation for Multicast
	UE-specific
	38.331
	Agreement:
For slot-level repetition for group-common PDSCH for RRC_CONNECTED UEs receiving multicast,
• (Config A) UE can be optionally configured with pdsch-AggregationFactor.
• (Config B) UE can be optionally configured with TDRA table with repetitionNumber as part of the TDRA table. 
• If UE is configured with Config B, UE does not expect to be configured with Config A for the same group-common PDSCH.

If UE is configured with repetitionNumber-MBS, UE does not expect to be configured with pdsch-AggregationFactor-MBS for the same group-common PDSCH.

	NR_MBS-Core
	Reliability improvement for multicast
	　
	　
	PhysicalCellGroupConfig 
	　
	pdsch-HARQ-ACK-CodebookList-Multicast
	new
	　
	A list of configuration for at least two simultaneously constructed HARQ-ACK codebooks.
	　
	　
	per UE
	UE-specific
	38.331
	Agreement:
For UE supporting both unicast and multicast, the pdsch-HARQ-ACK-Codebook/pdsch-HARQ-ACK-CodebookList can be separately configured for multicast from that for unicast.
Agreement:
When UE is configured with the pdsch-HARQ-ACK-Codebook/pdsch-HARQ-ACK-CodebookList for ACK/NACK based feedback for multicast, it is applied to all G-RNTIs configured to UE.

	NR_MBS-Core
	Reliability improvement for multicast
	　
	　
	PhysicalCellGroupConfig/pdsch-HARQ-ACK-CodebookList-Multicast 
	　
	pdsch-HARQ-ACK-Codebook-Multicast
	new
	　
	The PDSCH HARQ-ACK codebook is either semi-static or dynamic.
	SEQUENCE (SIZE (1..2)) OF ENUMERATED {semiStatic, dynamic}
	FFS
	per UE
	UE-specific
	38.331
	Agreement:
For UE supporting both unicast and multicast, the pdsch-HARQ-ACK-Codebook/pdsch-HARQ-ACK-CodebookList can be separately configured for multicast from that for unicast.
Agreement:
When UE is configured with the pdsch-HARQ-ACK-Codebook/pdsch-HARQ-ACK-CodebookList for ACK/NACK based feedback for multicast, it is applied to all G-RNTIs configured to UE.




4. Conclusion
In this contribution, we make discussions on the mechanisms to improve reliability for RRC_CONNECTED UEs, and have the following proposals.
Proposal 1: For indicating HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast via dynamic group-common PDSCH
· RRC signalling configures or DCI indicates the HARQ-ACK feedback option among three HARQ-ACK feedback options of no feedback, ACK/NACK feedback, NACK-only feedback.
Proposal 2: HARQ-ACK feedback option for multicast for RRC_CONNECTED UEs should be configured/indicated per g-RNTI.
· When RRC disables HARQ-ACK feedback option indication function of group-common DCI, for RRC_CONNECTED UE receiving multicast, the HARQ-ACK feedback option is configured per g-RNTI.
· When RRC enables HARQ-ACK feedback option indication function of group-common DCI, for RRC_CONNECTED UE receiving multicast, the HARQ-ACK feedback option is implicitly indicated by g-RNTI.
Proposal 3: For MBS for RRC_CONNECTED UEs, HARQ-ACK feedback option for SPS group-common PDSCH is configured per SPS PDSCH index.
Proposal 4: For TDM-ed unicast and multicast, for Type-1 HARQ-ACK codebook construction for ACK/NACK-based unicast and multicast to be multiplexed in the same PUCCH resource, determining PDSCH reception candidate occasions
· 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. 
Proposal 5: For the HARQ-ACK codebook for SPS PDSCHs, UE generates HARQ-ACK codebooks for SPS PDSCHs in the same way as that in Rel-16 regardless it is unicast SPS PDSCH or multicast SPS PDSCH.
Proposal 6: 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.
Proposal 7: For the cases of HARQ-ACK feedback (at least for ACK/NACK based feedback) is available for multicast and unicast for a given UE receiving multicast,
· For the case of non-overlapping PUCCHs resources for HARQ-ACK in the same slot, separate transmission of HARQ-ACK PUCCH for unicast and HARQ-ACK PUCCH for multicast is supported.
Proposal 8: For PUCCH including multicast HARQ-ACK overlaps with PUSCH, reuse Rel-16 multiplexing/ prioritizing rule between the HARQ-ACK for unicast and PUSCH.
· FFS UL-DAI indication when both unicast HARQ-ACK and multicast HARQ-ACK, or HARQ-ACK for multiple G-RNTIs are multiplexed on one PUSCH
Proposal 9: Support sub-slot based PUCCH transmission for multicast HARQ-ACK.
Proposal 10: NACK-only based HARQ-ACK feedback is not supported for multicast SPS activation/deactivation.
Proposal 11: When more than one NACK-only based feedback is available for transmission in the same PUCCH slot, UE transmits NACK when any of the PDSCHs is NACK.
Proposal 12: For PDSCH repetition of group-common PDSCH, if a UE is configured with multiple g-RNTIs,
· The PDSCH aggregation factors for group-common PDSCHs with different g-RNITs can be separately configured.
Proposal 13: Update the RRC parameter list for 8.12.2 according to the table in section 3 in R1-2109002.
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