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[bookmark: _Ref4817]1 Introduction
During RAN#88-e meeting, the revised WI on NR MBS has been approved [1]. One of its objectives is to specify required changes to improve reliability of Broadcast/Multicast service for RRC_CONNECTED UEs.
In RAN1#106-e meeting, some main issues about reliability improvement mechanism for MBS transmission were discussed and some agreements were made [2]. In this contribution, we focus on details of mechanisms to improve reliability of Broadcast/Multicast service for RRC_CONNECTED UE. 
2 ACK/NACK feedback
2.1 Type-1 Codebook
During RAN1#105-e and 106-e meetings, the following agreements were made. Details of construction for Type-1 codebook for MBS are remained for further discussion.
	Agreement:
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.
Companies are encouraged to continue discussion of pros and cons for each alternative for further down-selection in the next meeting. 
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.
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.



TDMed case
As agreed, for TDM-ed Type-1 HARQ-ACK codebook construction for unicast and multicast that are to be multiplexed in the same PUCCH resource, 2 alternatives are on the table to determine PDSCH reception candidate occasions. Considering that the potential overhead saving for HARQ-ACK codebook using alternative 1 is decided by relation of K1 set for unicast and multicast, when the intersection of K1 sets for unicast and multicast is relatively large, the overhead of both options are quite close, so that the overhead saving for alternative 1 differs in different cases. And for alternative 2, it provides a unified solution for Type-1 HARQ-ACK codebook construction for unicast and multicast, which results in almost few modification for specification. Thus, alternative 2 is preferred.
Proposal 1: For TDMed 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 the union of the PDSCH TDRA sets for slot timing values  for unicast and  set for multicast (Alternative 2).
For the case where multiple MBS services or MBS services and unicast services are overlapped within one SLIV group in the intersection of K1 sets for unicast and multicast, we believe that it is necessary to determine the number of HARQ-ACK bits for a PDSCH SLIV group in the type-1 HARQ-ACK codebook based on the UE capability on how many overlapped PDSCHs can be received simultaneously. For example, 3 MBS services are overlapped within a SLIV group, but the UE capability is to receive up to 2 PDSCHs at the same time, then for a PDSCH SLIV group, min {2, 3} HARQ-ACK bits should be generated. That is, for a PDSCH SLIV group, the number of HARQ-ACK bits generated by the UE is min {N, M}, where N is the number of overlapped PDSCHs in the SLIV group, and M is the UE receiving capability for multiple PDSCHs.
Proposal 2: Type-1 HARQ-ACK codebook construction for overlapped multicast and multicast or overlapped unicast and multicast, for a PDSCH SLIV group, the number of HARQ-ACK bits generated by the UE takes the UE capability of PDSCH reception into account.
FDMed case
As agreed, when constructing Type-1 codebook in FDMed manner for unicast and multicast with the same priority, 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. Both FDMed and TDMed scheduling for unicast and multicast will exist as multicast is scheduled for the group and it is difficult to always guarantee FDMed PDSCHs. Taking an example shown in Figure-1, if TDRA table is shared for unicast and multicast, UE can not distinguish the PDSCHs, 3 bits HARQ-ACK information for unicast and 3 bits HARQ-ACK information for multicast will be generated. If TDRA table is separately allocated for unicast and multicast, HARQ-ACK bits for multicast will only include the HARQ-ACK information of PDSCH#2, and HARQ-ACK bits for unicast will only include the HARQ-ACK information of PDSCH #1 and#3, the redundant HARQ-ACK information will not be included. In conclusion, the codebook overhead in Type-1 codebook construction with FDMed manner can be reduced if TDRA table is separately allocated to unicast and multicast.  
Proposal 3: Support separate configuration of TDRA tables for unicast and multicast.
[image: ]
Figure-1: Candidate SLIVs for multicast and unicast.
2.2 Type-2 Codebook
During RAN1#105-e and 106-e meeting, the following agreements were made. The number of Type-2 sub-codebooks for multicast needs further discussion.
	Agreement:
For Type-2 HARQ-ACK codebook concatenation to be multiplexed in the same PUCCH resource,
· The first Type-2 HARQ-ACK sub-codebook for unicast precedes the second Type-2 HARQ-ACK sub-codebook for multicast.
· FFS: The number of Type-2 HARQ-ACK sub-codebooks for multicast. 
· Note: The case of SPS PDSCH will be discussed separately. 
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.


The sub-codebook for MBS may consists of multiple sub-codebooks for different MBS services, the maximum number of sub-codebooks for MBS should be determined by UE capability for MBS. When the number of transmitting MBS service is no more than UE receiving capability, the number of sub-codebooks for MBS could be equal to the number of G-RNTI configured by gNB, or the number of interested MBS services reported by UE.   
Proposal 4: Regarding Type-2 HARQ-ACK codebook construction for MBS, the maximum number of Type-2 HARQ-ACK sub-codebooks for multicast is determined by UE capability for MBS.
2.3 Common issues for ACK/NACK feedback
2.3.1 PUCCH resource set configuration for ACK/NACK feedback 
[bookmark: OLE_LINK31]In RAN1#106-e meeting, the following agreements were reached. 
	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.




[bookmark: OLE_LINK13][bookmark: OLE_LINK10][bookmark: OLE_LINK14]As agreed, PUCCH-Config/PUCCH-ConfigurationList of ACK/NACK based HARQ-ACK feeback for multicast is the same as that for unicast in Rel-16, and the separate PUCCH-ConfigurationList can be optionally configured for NACK-only. When the separate PUCCH-Config/PUCCH-ConfigurationList for multicast is not configured, for ACK/NACK based feedback, the PUCCH-Config/PUCCH-ConfigurationList for unicast can be used. In this case, PUCCH resources are shared for unicast and multicast, it is up to gNB to allocate resources.
Proposal 5: Regarding configuration of PUCCH resource sets for ACK/NACK feedback for multicast, PUCCH-Config/PUCCH-ConfigurationList is shared for unicast and multicast if the separate PUCCH-Config/PUCCH-ConfigurationList is not configured for multicast.
2.3.2 Time domain overlap between MBS PUCCHs or between MBS PUCCH and unicast PUCCH
In the RAN1#104b-e and 105-e meeting, the following agreements on PUCCH time-domain overlapping were reached. 
	Agreement:
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, down-select the following alternatives:
· Alt.1: the last DCI for unicast;
· Alt.2: the last DCI across unicast and multicast;
Agreement:
NR supports at least the following cases for UE supporting multicast:
· UE supports two non-overlapping slot-based PUCCHs for ACK/NACK based HARQ-ACK feedback for multicast with different priorities in a slot subject to UE capability. 
· UE supports two non-overlapping slot-based PUCCHs for ACK/NACK based HARQ-ACK feedback for multicast and unicast with different priorities, respectively, in a slot subject to UE capability.




In unicast, only one HARQ-ACK PUCCH for the same priority can be transmitted in one UL slot. Note that if the UL subslot is configured for PUCCH, the number of symbols contained in a “UL slot” equals to the number of symbols in the UL subslot. According to the overriding mechanism of HARQ-ACK PUCCH in UL slot, in the same UL slot, the subsequent HARQ-ACK PUCCH can replace the previous HARQ-ACK PUCCH. For a UE receiving multicast, this overriding mechanism should be reused for the same priority. In one UL slot, only one HARQ-ACK PUCCH for the same priority can be transmitted for multicast. For the case where multiple MBS services with the same priority are transmitted, overriding should be applied so that the second HARQ-ACK PUCCH will replace the first PUCCH resource if the second HARQ-ACK PUCCH is transmitted later.
For a UE receiving unicast and multicast, if HARQ-ACK PUCCH for unicast and HARQ-ACK PUCCH for multicast are indicated in the same UL slot, then the overriding mechanism (which is also a multiplexing mechanism) should be used for two HARQ-ACK PUCCHs for the same priority. In other words, the PUCCH overriding mechanism should also be supported between unicast and multicast when their PUCCHs are indicated in the same UL slot and have the same priority (regardless of whether PUCCHs overlap in the time domain). 
[bookmark: OLE_LINK7]Proposal 6: Regarding the case of non-overlapping PUCCHs resources for HARQ-ACK in the same UL slot
· HARQ-ACK PUCCH overriding mechanism is reused for multicast with the same priority at least for the same MBS service.
· if HARQ-ACK PUCCH for unicast and HARQ-ACK PUCCH for multicast are determined to be in the same UL slot, then the overriding/multiplexing should be used for the two HARQ-ACK PUCCHs for the same priority (regardless of whether they overlap in the time domain).
· sub-slot based PUCCH transmission for HARQ-ACK is supported.
The final PUCCH resource is determined based on the PRI in the last DCI for unicast. With this, even for UEs receiving multicast scheduled by a same group-common PDCCH, they can have separate indication of K1 and PRI in their UE specific PDCCH for unicast.
If the last multicast DCI indicates PUCCH resource, all UEs in the group use TPC parameter (if present) indicated by group-common DCI to control transmitting power. Obviously, one TPC value cannot apply to all UEs with their own power control demand, and the last unicast DCI can address the issue by indicating specific TPC parameter to each UE.    
Proposal 7: 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 Alt.1: the last DCI for unicast.
2.3.3 Separate HARQ-ACK codebook generation with different priorities
During the RAN1#105-e meeting, proposals about separate codebook generation for unicast and multicast with different priorities have been discussed but not approved.
[bookmark: OLE_LINK5]When codebooks for unicast and multicast with the same priority need to be generated, if PUCCH-config /PUCCH-ConfigurationList for multicast is not configured, since the agreement on multiplexing codebooks for unicast and multicast with the same priority has already been reached, it is straightforward to transmit one codebook, including the HARQ-ACK feedback for unicast and multicast in the PUCCH resource corresponding to PUCCH-config /PUCCH-ConfigurationList configured for unicast.
[bookmark: OLE_LINK16]When codebooks for unicast and multicast with different priorities need to be generated, both PUCCH-config /PUCCH-ConfigurationList for unicast and PUCCH-config/PUCCH-ConfigurationList for multicast are configured, HARQ-ACK bits for unicast and multicast with the same priority can be constructed as one codebook or separate codebooks. If codebooks for unicast and multicast are generated and transmitted separately, as illustrated in Table-1, up to 4 PUCCH resources are needed, transmitting each codebook for unicast or multicast with low or high priority respectively, which easily results in PUCCH overlapping in one slot. It is straightforward to multiple HARQ-ACK codebooks for unicast and multicast with the same priority into one PUCCH. In this case, it is more appropriate to use the PUCCH resource configured by PUCCH-config /PUCCH-ConfigurationList for unicast to transmit this PUCCH carrying HARQ-ACK codebooks for both unicast and multicast. 
For the case where PUCCH resource with different priorities, carrying one corresponding codebook including HARQ-ACK codebooks for unicast and multicast that are overlapped in the slot, the PUCCH with low priority will be dropped according to prioritizing mechanism in Rel-16. Since multiplexing between PUCCH resources with different priorities is one potential solution during discussion about Rel-17 URLLC feature, HARQ-ACK codebooks with different priorities can be multiplexed in one PUCCH resource if it is supported via Rel-17 URLLC.
Proposal 8: If separate HARQ-ACK codebook generation for unicast and multicast is configured, UE multiplexes HARQ-ACK codebooks for unicast and multicast with the same priority in one PUCCH resource from PUCCH-config /PUCCH-ConfigurationList configured for unicast instead of multicast.

[bookmark: OLE_LINK32]3 NACK-only feedback
3.1 PUCCH resource set configuration for NACK-only feedback
In RAN1#106-e meeting, the following agreement were reached. 
	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.



For NACK-only based feedback, NACK-only PUCCH resources and ACK/NACK PUCCH resources should share the same PUCCH-config. For example, if a separate PUCCH-config is used for multicast, then ACK/NACK PUCCH resources and NACK-only PUCCH resources are configured via the PUCCH-config and can be configured in the same PUCCH resource set for multicast. More specifically, at least in PUCCH resource set 0, NACK-only PUCCH resources and ACK/NACK PUCCH resources can be configured together. RRC signaling configures the feedback mode to be ACK/NACK based or NACK-only based for each PUCCH resource in the PUCCH resource set, so that PRI filed in the DCI can indicate HARQ-ACK feedback mode dynamically. The similar action should be taken when PUCCH-Config/PUCCH-ConfigurationList for unicast is shared with multicast when PUCCH-Config/PUCCH-ConfigurationList for multicast is not configured.
Proposal 9: Regarding configuration of PUCCH resource sets for NACK-only feedback for multicast, it shares the same PUCCH-Config/PUCCH-ConfigurationList for ACK/NACK-based codebook for multicast (or PUCCH-Config/PUCCH-ConfigurationList for ACK/NACK-based codebook for unicast) if separate configuration for NACK-only is not configured.
3.2 Time domain overlapping between multiple NACK-only PUCCHs
In RAN1#106-e meeting, the following agreement has been achieved, further choice from the alternatives need to be considered.
	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 NACK-only feedback, different UEs in an MBS group can share the same PUCCH resource. PUCCH resources can be configured per MBS service. The UE receiving the MBS service can feed back in the corresponding PUCCH resource. If NACK-only PUCCH resources of different MBS services are indicated in the same slot, multiplexing rules should be defined. For the alternatives mentioned in the agreement, if only multiple NACK-only based feedback are indicated to transmit in one PUCCH slot, normally the number of simultaneously receiving MBS services is comparatively small, supporting sub-slot based PUCCH transmission for NACK-only based feedback can address the issue.    
If sub-slot based PUCCH is not supported, multiple NACK-only based HARQ-ACK multiplexing can be realized by two Alts. Alt 1 is to transform NACK-only feedback states into ACK/NACK information bits. Alt 4 is to configure a set of PUCCH resources, in which each PUCCH resource corresponds to one possible NACK-only feedback, UE transmits the corresponding PUCCH resource according to the NACK-only feedback. 
For Alt 1, PUCCH resources for ACK/NACK based feedback is needed, PUCCH-config/PUCCH-ConfigurationList for ACK/NACK based feedback can be used. The HARQ-ACK bits is organized in ascending order of G-RNTI, bit value 0 represents NACK or DTX of the PDSCH, bit value 1 represents ACK of the PDSCH. 
For Alt 4, assume NACK-only based feedback of three PDSCHs (PDSCH#1, PDSCH#2 and PDSCH#3) for multicast are indicated in one slot, each PDSCH belongs to different MBS services. A possible allocation of NACK-only feedback resources from the perspective of gNB for these MBS services are shown in Table 1, i.e., 7 NACK-only PUCCHs in total are employed for 3 MBS services. The additional NACK-only feedback resources are allocated for receiving statuses with more than one PDSCH decoded incorrectly.
Table 1: A possible NACK-only resource allocation for 3 MBS services
	NACK-only feedback resource
	Receiving status

	PUCCH#0
	[bookmark: OLE_LINK1]UE decodes PDSCH#1 incorrectly

	PUCCH#1
	UE decodes PDSCH#2 incorrectly

	PUCCH#2
	UE decodes PDSCH#3 incorrectly

	PUCCH#3
	UE decodes PDSCH#1 and PDSCH#2 incorrectly

	PUCCH#4
	UE decodes PDSCH#1 and PDSCH#3 incorrectly

	PUCCH#5
	UE decodes PDSCH#2 and PDSCH#3 incorrectly

	PUCCH#6
	UE decodes PDSCH#1, PDSCH#2 and PDSCH#3 incorrectly



For N MBS services, N PUCCH resources configured per MBS service are needed, and 2^N-1-N PUCCH resources bundling with each possible NACK-only feedback states are needed. If configured as such for multiplexed NACK-only, only 2^N-1-N PUCCH resources are additional configured, which is more efficient. According to the PUCCH resource comparison between NACK-only feedback and ACK/NACK feedback in [4], more than 50% resource can be saved by assuming that there are 20 UEs and 8 MBS services in total.
When the number of UEs is bigger than that of MBS services, Alt 4 can report HARQ-ACK feedback using less PUCCH resources. The PUCCH resources configured for Alt 4 is determined by the number of MBS services, e.g. 2^N-1 PUCCH resources are required for N MBS services. Alt 1 should be chosen if the number of UEs is smaller or the number of MBS services is too large.
Proposal 10: When multiple NACK-only based feedbacks are indicated to be transmitted in the same slot,
· If sub-slot based PUCCH is supported, i.e. Alt 2, UE transmits multiple sub-slot based PUCCHs with each corresponding to one NACK-only feedback;
· Otherwise, consider the following Alts
Alt 1: UE transforms multiple NACK-only feedback to ACK/NACK information bits, share the PUCCH resources configured to ACK/NACK based feedback for unicast or multicast;
Alt 4: Multiple PUCCH resources are configured, where each PUCCH resource corresponds to one NACK-only feedback state 
· Up to 2^N-1 PUCCH resources are needed for NACK-only feedback for N MBS services from network perspective.

3.3 Time domain overlapping between NACK-only PUCCH and PUCCH/PUSCH
In RAN1#106-e meeting, the following proposal summarized by FL has been discussed but not approved, analysis below is based on the proposal. 
	Proposal 3.2.1-1
When PUCCH transmission for NACK-only feedback for multicast collides with PUCCH transmissions for HARQ-ACK feedback for unicast or other UCI for the same priority, support UE multiplexing the NACK-only with others by replacing the NACK-only with ACK/NACK HARQ bits.


[bookmark: OLE_LINK11] 
For NACK-only feedback , multiple UEs share the same PUCCH resource in order to feed back NACK. If a NACK-only PUCCH conflicts with the PUCCH/PUSCH of unicast service in the time domain, how to resolve the time domain overlapping should also be studied.
For example, the different overlapping cases here include: unicast ACK/NACK/SR PUCCH F0/F1 overlaps with NACK-only PUCCH; unicast ACK/NACK/CSI PUCCH F2/F3/F4 overlaps with NACK-only PUCCH; unicast PUSCH and NACK-only PUCCH overlap. Necessary solutions need to be considered for these cases, respectively.
Proposal 11: For the time domain overlapping between NACK-only PUCCH and unicast PUCCH/PUSCH, RAN1 study PUCCH multiplexing for the following scenes.
· Unicast ACK/NACK/SR PUCCH F0/F1 overlaps with NACK-only PUCCH.
· Unicast ACK/NACK/CSI PUCCH F2/F3/F4 overlaps with NACK-only PUCCH; 
· Unicast PUSCH overlaps with NACK-only PUCCH.
For a UE receiving unicast and multicast, if HARQ-ACK PUCCH for unicast and NACK-only PUCCH for multicast are indicated in the same UL slot, then these two PUCCHs should be determined independently first, and then be multiplexed for the same priority. The multiplexed PUCCH resource is determined based on the PRI in the last DCI corresponding to the unicast HARQ-ACK PUCCH, because NACK-only PUCCH cannot carry more than 1 bits. Multiplexing issue is simpler when all the PUCCHs are ACK/NACK based. When multiple NACK-only PUCCHs overlaps with PUCCH/PUSCH for unicast and multicast, analysis in clause 3.2 can be applied. 
[bookmark: OLE_LINK17]Proposal 12: If HARQ-ACK PUCCH for unicast and NACK-only PUCCH for multicast are determined in the same UL slot, then they are multiplexed for the same priority (regardless of whether they overlap in the time domain).
· The multiplexed PUCCH resource is determined based on the PRI in the last DCI corresponding to the unicast HARQ-ACK PUCCH.
· NACK-only based HARQ-ACK needs to be transformed to ACK/NACK based HARQ-ACK bits.
3.4 DAI field in the uplink scheduling DCI
For unicast, DAI field in the uplink scheduling DCIs indicate whether HARQ-ACK information is to be transmitted in the slot (semi-static codebook) or the number of HARQ-ACK information bits (dynamic codebook). As DAI counting is performed per G-RNTI for ACK/NACK based feedback of multicast, DAI field for multicast in uplink scheduling DCIs should not be separate for different MBS service, otherwise the overhead is too large. Whether joint UL DAI for multicast ACK/NACK based feedback is needed and how does it work need further consideration. For NACK-only, one DAI field can be included in the DCI to indicate the HARQ-ACK information of NACK-only, UL DAI is set to the number of received PDSCHs by UE.
When NACK-only feedback multiplex with PUSCH by transforming to ACK/NACK bits, for PDSCH which is decoded correctly, i.e. the corresponding NACK-only resource is not sent, 1 is set to the HARQ-ACK bit, for PDSCH which is decoded incorrectly, 0 is set to the HARQ-ACK bit. When DTX occurs, the corresponding HARQ-ACK information will be missed. When UL DAI for NACK-only is included in the DCI scheduling PUSCH, UE can realize the DTX case by judging whether the DAI value equals to the number of received PDSCHs or not. For example, NACK-only feedback of 3 PDSCHs are to be multiplexed with PUSCH, the first PDSCH is ACK, the second PDSCH is DTX, and the third PDSCH is NACK, DAI value in the DCI is 3, and UE only receives 2 PDSCHs, so that one NACK value will be added in the transformed bits, HARQ-ACK information {1,0,0} will be multiplexed with PUSCH..
Proposal 13: The DAI filed in UL scheduling DCI is used to indicate the number of PDSCHs received by the UE corresponding to NACK-only feedback.

4 Common issue for both ACK/NACK and NACK-only based feedback
4.1 Support both ACK/NACK feedback and NACK-only feedback
In RAN1#106-e meeting, the following proposals were discussed but not approved.  
	Proposal 4.2.1-1
For a given UE supporting both ACK/NACK-based and NACK-only based HARQ-ACK feedback for multicast, it is up to network to configure PUCCH resources for ACK/NACK based and/or PUCCH resources for NACK-only based.
Proposal 4.2.1-3
When UE is configured with both PUCCH resources for ACK/NACK based and PUCCH resources for NACK-only based HARQ-ACK feedback for multicast, it is up to network to
· Configure the same or different PUCCH resource sets for ACK/NACK based and NACK-only based,
· Configure the same or different PUCCH resource in the same resource set.



A method of configuring the feedback mode is required in order to combine the feedback mode with its applicable scenarios. Possible methods include:
Option 1: Configure the feedback mode semi-statically, for example, through UE-specific RRC signaling or MBS control signaling (MCCH). This method is simple but lacks of flexibility. In some cases, the feedback mode cannot be adjusted in time to avoid PUCCH overlap.
Option 2: Dynamically indicate the feedback mode, for example, DCI can be used to determine the feedback mode. For example, a new field is introduced in DCI to indicate the feedback mode.
Option 3: Determine the feedback mode dynamically + semi-statically. For example, PUCCH resource sets is configured for multicast (mentioned in 2.1). ACK/NACK PUCCH resources and NACK-only PUCCH resources are configured in the PUCCH resource sets. Then the PUCCH resource and feedback mechanism can be simultaneously indicated in the PRI in the DCI.
[bookmark: OLE_LINK4]With Option 2 and Option 3, the feedback mechanism can be flexibly determined. It allows the gNB to flexibly change the NACK-only feedback to ACK/NACK feedback, which can avoid the complicated intra UE multiplexing caused by the NACK-only PUCCH, e.g. if ACK/NACK based PUCCH and NACK-only based PUCCHs are indicated to transmit in one PUCCH slot, switching NACK-only to ACK/NACK dynamically is more effective and efficient than considering multiplexing.  Dynamically switching the feedback mode can better adjust the UE's receiving quality. For example, when the channel quality of the UE deteriorates (located at the edge of a cell), the base station can trigger the UE to feed back ACK/NACK using PUCCH format 1 for the potential PTP retransmission, thereby improving the reliability of feedback and reducing interference to neighboring cells. When PUCCH/PDSCH resources are tight, the base station can trigger the UE to feed back NACK-only format 0 for the potential PTM retransmission, thereby saving PUCCH/PDSCH resources. 
For Option 2, if PUCCH-Config for ACK/NACK and NACK-only based feedback are configured separately, a new filed in DCI indicating feedback mode is essential. For Option 3, PUCCH resources for ACK/NACK and NACK-only are configured in one PUCCH-Config, PRI indication can work well to dynamically switch feedback mode.   
Proposal 14: Considering the following method to determine the feedback mechanism for the UE between ACK/NACK feedback and NACK-only feedback:
· Both ACK/NACK PUCCH resources and NACK-only PUCCH resources for multicast can be configured in the same PUCCH resource set.
· PRI in DCI is used to indicate the feedback mechanism and PUCCH resources from the PUCCH resource set.
4.2 Enabling/disabling HARQ-ACK feedback for MBS
In RAN1#106-e meeting, the following agreement updates the working assumption on enabling/disabling HARQ-ACK feedback for MBS service and the proposal was discussed but not approved. Details of enabling/disabling function are still FFS, analysis of which is as follows. 
	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
Proposal 4.3.1-3
For group-common DCI indicating whether ACK/NACK based HARQ-ACK feedback is enabled/disabled, down-select from the following alternatives:
· Alt 1: Reuse the existing field in the group-common DCI.
· Alt 2: Introduce a new field in the group-common DCI.




Configuring whether to perform feedback for an MBS service via RRC is beneficial in some scenarios. For example, if an MBS service is disabled for feedback, the feedback will not be performed for each MBS PDSCH of this MBS service. In this way, it is beneficial to avoid the overhead of DCI. Of course, it is also suitable for requirements, such as MBS services with low reliability requirements.
As analysis aforementioned in clause 4.1, dynamically switching NACK-only based feedback to ACK/NACK based by PRI indication in DCI can avoid complex multiplexing issue and can better adjust the UE's receiving quality. It is flexible to only indicate whether or not HARQ-ACK feedback is enabled/disabled, and ACK/NACK or NACK-only based feedback can be dynamically indicated by group-common DCI to switch feedback mode for all UEs in the group. From our opinion, dynamically switch feedback mode by DCI field indication should also be considered. 
As discussed in the last meeting, when UEs with “RRC configured HARQ enabling” and UEs with “DCI indicating HARQ disabling” both exist, for one PDSCH, DAI counting is not suitable for both kinds of UEs. For GC-DCI scheduling PDSCHs of MBS service in one single carrier, UEs with different HARQ-ACK enabler configuration will face with the issue in Figure-2, i.e. UE 1 is configured with DCI indicating HARQ-ACK enabling/disabling, it is indicated to provide HARQ-ACK information of PDSCH #1 and #3. UE 2 is, , HARQ-ACK information of all PDSCHs are needed. UE 3 is configured to disable HARQ-ACK by RRC, feedback is not needed and DAI field values corresponding with HARQ-ACK are ignored. When constructing Type-2 codebook according to DAI value in the GC-DCI, UE 2 requires that the DAI value is set to {1,2,3}, while UE 1 need to set the DAI value to 2 for the GC-PDSCH#3.
The DAI mismatch issue was discussed in RAN1#106-e meeting and the working assumption is to address it via network implementation. For example, configuring all the UEs in the MBS group with the same mode. It is ok to leave it to network implementation, but flexibility of the HARQ-ACK enabling/disabling mechanism will be limited, e.g. HARQ-ACK enabling/disabling is configured per group rather than per UE. If companies prefer to have a clean solution specified, we propose the following.
[image: ]
[bookmark: OLE_LINK20]Figure-2: DAI mismatch issue
One potential solution is to perform separate DAI counting for “PDCCH indicating HARQ-ACK enabling” and “PDCCH indicating HARQ-ACK disabling”. For all the PDSCHs corresponding to PDCCH indicating HARQ-ACK enabling, the DAI is counted in order; for all the PDSCHs corresponding to PDCCH indicating HARQ-ACK disabling, the DAI is counted in order. 
· For UEs configured with “DCI indicating HARQ disabling”, they only need to take the DAI counting for “PDCCH indicating HARQ-ACK enabling” into account. 
· For UEs configured with “RRC configured HARQ enabling”, they need to take both the DAI counting for “PDCCH indicating HARQ-ACK enabling” and DAI counting for “PDCCH indicating HARQ-ACK disabling” into account.
[bookmark: OLE_LINK33]Proposal 15: Regarding DAI mismatch issue existing in the working assumption, if RAN1 prefers to address this issue via specification, network performs separate DAI counting for “PDCCH indicating HARQ-ACK enabling” and “PDCCH indicating HARQ-ACK disabling”.
4.3 HARQ-ACK feedback for SPS-based MBS transmission
In RAN1#105-e and 106-e meeting, the following agreements on HARQ-ACK feedback for SPS group-common PDSCH for MBS were reached. And the HARQ-ACK details for SPS are still FFS.
	[bookmark: _Hlk63418960]Agreement:
Support NACK-only based HARQ-ACK feedback at least for multicast SPS PDSCH without PDCCH scheduling.
FFS for SPS activation/deactivation
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.



[bookmark: OLE_LINK3]Some companies concerned that if NACK-only feedback is configured for SPS-based MBS transmission and DTX occurs on an activation PDCCH, the UE will miss multiple SPS group-common PDSCHs. Furthermore, the gNB still thinks that the UE correctly receives all the SPS-based MBS transmission. Introducing ACK/NACK feedback to the activation PDCCH is a potential method. However, a new rule needs to be defined to determine the feedback mechanism, e.g., feedback resource, codebook generation, etc. 
For the ACK/NACK feedback of the current SPS-based unicast transmission, PDSCHs can be divided into ‘PDSCH with scheduling PDCCH’ and ‘PDSCH without scheduling PDCCH’. When generating the type2 codebook, the ‘PDSCH with scheduling PDCCH’ will be regarded as a dynamic scheduling PDSCH and is counted together with other dynamic scheduling PDSCHs. However, the feedback of ‘PDSCH without scheduling PDCCH’ will follow the SPS codebook generation rule. 
Similarly, PDSCHs in SPS-based MBS transmission can also be divided into two types, i.e., ‘PDSCH with scheduling PDCCH’ and ‘PDSCH without scheduling PDCCH’ as shown in Figure-3. For identifying DTX of the activation PDCCH, the NACK-only feedback mode can be applied to ‘PDSCH without scheduling PDCCH’ only, while the feedback mode to ‘PDSCH with scheduling PDCCH’ can be fixed to ACK/NACK feedback. 
[bookmark: OLE_LINK8]Alternatively, the feedback mode to ‘PDSCH with scheduling PDCCH’ can follow the configuration of feedback mode for DG-PDSCH, and it will up to implementation of the gNB. 
Regarding feedback for deactivation PDCCH, the NACK-only mode may also not work well. From the perspective of UE reception, there are two possible statuses, that is, 1) the deactivation PDCCH is received correctly; 2) the deactivation PDCCH is DTX. No matter which status appears, the UE will not feedback on the NACK-only resource corresponding to the deactivation PDCCH, which means that NACK-only feedback is invalid for deactivation PDCCH. So the feedback mode for deactivation PDCCH should also be further studied.
[image: ]
[bookmark: OLE_LINK19]Figure-3: HARQ-ACK feedback for SPS-based MBS transmission 
According to the analysis above, we have the following proposal. 
Proposal 16: Regarding HARQ-ACK feedback for SPS-based MBS transmission, if NACK-only feedback is configured:
· The NACK-only feedback mode applies to ‘PDSCH without scheduling PDCCH’ only
· The feedback mode for ‘PDSCH with scheduling PDCCH’ can be, 
· Option 1: fixed to ACK/NACK feedback
· Option 2: follow the configuration of feedback mode for DG-PDSCH
· FFS: the feedback mode for deactivation PDCCH
For HARQ-ACK feedback for multicast SPS PDSCH without PDCCH scheduling, both ACK/NACK and NACK-only based feedback are supported, feedback mode configuration is more flexible if it is indicated in the SPS activation DCI rather than configured per SPS configuration index. And for saving DCI overhead, it is preferred to use specific value of the existing field, e.g. K1 or PRI, to indicate the feedback mode.
Proposal 17: Support indicating the HARQ-ACK feedback mode (ACK/NACK or NACK-only) for multicast SPS PDSCH without PDCCH scheduling via SPS activation DCI.
6 Conclusion
[bookmark: OLE_LINK25]In this contribution, we discuss the potential candidate solutions to improve reliability for NR MBS with the following observations and proposals.
ACK/NACK feedback
Proposal 1: For TDMed 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 the union of the PDSCH TDRA sets for slot timing values  for unicast and  set for multicast (Alternative 2).
Proposal 2: Type-1 HARQ-ACK codebook construction for overlapped multicast and multicast or overlapped unicast and multicast, for a PDSCH SLIV group, the number of HARQ-ACK bits generated by the UE takes the UE capability of PDSCH reception into account.
Proposal 3: Support separate configuration of TDRA tables for unicast and multicast.
Proposal 4: Regarding Type-2 HARQ-ACK codebook construction for MBS, the maximum number of Type-2 HARQ-ACK sub-codebooks for multicast is determined by UE capability for MBS.
Proposal 5: Regarding configuration of PUCCH resource sets for ACK/NACK feedback for multicast, PUCCH-Config/PUCCH-ConfigurationList is shared for unicast and multicast if the separate PUCCH-Config/PUCCH-ConfigurationList is not configured for multicast.
Proposal 6: Regarding the case of non-overlapping PUCCHs resources for HARQ-ACK in the same UL slot
· HARQ-ACK PUCCH overriding mechanism is reused for multicast with the same priority at least for the same MBS service.
· if HARQ-ACK PUCCH for unicast and HARQ-ACK PUCCH for multicast are determined to be in the same UL slot, then the overriding/multiplexing should be used for the two HARQ-ACK PUCCHs for the same priority (regardless of whether they overlap in the time domain).
· sub-slot based PUCCH transmission for HARQ-ACK is supported.
Proposal 7: 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 Alt.1: the last DCI for unicast.
Proposal 8: If separate HARQ-ACK codebook generation for unicast and multicast is configured, UE multiplexes HARQ-ACK codebooks for unicast and multicast with the same priority in one PUCCH resource from PUCCH-config /PUCCH-ConfigurationList configured for unicast instead of multicast.	

NACK-only feedback
Proposal 9: Regarding configuration of PUCCH resource sets for NACK-only feedback for multicast, it shares the same PUCCH-Config/PUCCH-ConfigurationList for ACK/NACK-based codebook for multicast (or PUCCH-Config/PUCCH-ConfigurationList for ACK/NACK-based codebook for unicast) if separate configuration for NACK-only is not configured.
Proposal 10: When multiple NACK-only based feedbacks are indicated to be transmitted in the same slot,
· If sub-slot based PUCCH is supported, i.e. Alt 2, UE transmits multiple sub-slot based PUCCHs with each corresponding to one NACK-only feedback;
· Otherwise, consider the following Alts
Alt 1: UE transforms multiple NACK-only feedback to ACK/NACK information bits, share the PUCCH resources configured to ACK/NACK based feedback for unicast or multicast;
Alt 4: Multiple PUCCH resources are configured, where each PUCCH resource corresponds to one NACK-only feedback state 
· [bookmark: _GoBack]Up to 2^N-1 PUCCH resources are needed for NACK-only feedback for N MBS services from network perspective.
Proposal 11: For the time domain overlapping between NACK-only PUCCH and unicast PUCCH/PUSCH, RAN1 study PUCCH multiplexing for the following scenes.
· Unicast ACK/NACK/SR PUCCH F0/F1 overlaps with NACK-only PUCCH.
· Unicast ACK/NACK/CSI PUCCH F2/F3/F4 overlaps with NACK-only PUCCH; 
· Unicast PUSCH overlaps with NACK-only PUCCH.
Proposal 12: If HARQ-ACK PUCCH for unicast and NACK-only PUCCH for multicast are determined in the same UL slot, then they are multiplexed for the same priority (regardless of whether they overlap in the time domain).
· The multiplexed PUCCH resource is determined based on the PRI in the last DCI corresponding to the unicast HARQ-ACK PUCCH.
· NACK-only based HARQ-ACK needs to be transformed to ACK/NACK based HARQ-ACK bits.
Proposal 13: The DAI filed in UL scheduling DCI is used to indicate the number of PDSCHs received by the UE corresponding to NACK-only feedback.

Other issues for HARQ-ACK feedback
Proposal 14: Considering the following method to determine the feedback mechanism for the UE between ACK/NACK feedback and NACK-only feedback:
· Both ACK/NACK PUCCH resources and NACK-only PUCCH resources for multicast can be configured in the same PUCCH resource set.
· PRI in DCI is used to indicate the feedback mechanism and PUCCH resources from the PUCCH resource set.
Proposal 15: Regarding DAI mismatch issue existing in the working assumption, if RAN1 prefers to address this issue via specification, network performs separate DAI counting for “PDCCH indicating HARQ-ACK enabling” and “PDCCH indicating HARQ-ACK disabling”.
Proposal 16: Regarding HARQ-ACK feedback for SPS-based MBS transmission, if NACK-only feedback is configured:
· The NACK-only feedback mode applies to ‘PDSCH without scheduling PDCCH’ only
· The feedback mode for ‘PDSCH with scheduling PDCCH’ can be, 
· Option 1: fixed to ACK/NACK feedback
· Option 2: follow the configuration of feedback mode for DG-PDSCH
· FFS: the feedback mode for deactivation PDCCH
Proposal 17: Support indicating the HARQ-ACK feedback mode (ACK/NACK or NACK-only) for multicast SPS PDSCH without PDCCH scheduling via SPS activation DCI.
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