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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#105-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. 
HARQ-ACK for Multicast
For ACK/NACK for Multicast, ACK/NACK feedback can reuse most of the existing methods in multiplexing due to overlapping, while NACK-only feedback will face more new issues, and new multiplexing methods need to be studied. In the following sub-sections, analysis on ACK/NACK feedback and NACK-only feedback are provided.
2.1 ACK/NACK feedback
In order to support ACK/NACK feedback for NR MBS, some potential issues are analyzed as below.
2.1.1 PUCCH resource set configuration for ACK/NACK feedback and NACK-only feedback 
In RAN1#105-e meeting, the following agreement and conclusion were reached. Proposals aiming at addressing FFS have been discussed but not approved, details of PUCCH resource configuration are still remained to be discussed further. 
	Agreement:
The signaling for URLLC feature can be reused to configure separate codebooks for unicast and multicast, respectively, at least for the case of different priorities, at least for Type-2 HARQ codebook
· FFS: The case for the same priority.
· FFS: The case of Type-1 HARQ codebook
· FFS: Whether this applies to separate PUCCH transmissions only
Conclusion:
PUCCH resource for NACK-only can be shared by UEs transmitting the NACK-only based HARQ-ACK feedback.



In unicast, the maximum number of PUCCH resource set per BWP is 4, each PUCCH resource set contains multiple PUCCH resources, and their corresponding UCI size is configured, except for the PUCCH resource set 0, which only supports no more than 2 UCI bits. The current PUCCH mechanism allows the gNB to dynamically select appropriate PUCCH resources for the UE in each scheduling.
Similar to unicast mechanism, for example, a maximum of 4 PUCCH resource sets are configured for multicast, and their corresponding UCI size is configured, except for the PUCCH resource set 0, which only supports no more than 2 UCI bits. The UCI size for each PUCCH resource set corresponding to the unicast and the UCI size for each PUCCH resource set corresponding to the multicast can be configured independently.
NACK-only feedback has been supported, NACK-only PUCCH resources and ACK/NACK PUCCH resources should be configured via 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, for example, 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.
Proposal 1: Regarding configuration of PUCCH resource sets for multicast (reuse unicast mechanism)
· A maximum of 4 PUCCH resource sets are configured for multicast for the UE.
· NACK-only and ACK/NACK feedback share the same PUCCH resource set.
· UCI size limit for each PUCCH resource set is configured, except for the PUCCH resource set 0, which only supports no more than 2 UCI bits.

For unicast, the signaling of URLLC feature, which is pdsch-HARQ-ACK-CodebookList parameter, can indicate UE to generate two separate codebooks with each PUCCH-Config provided by PUCCH-ConfiguratinList. Reusing the signaling for Type-2 HARQ-ACK codebook with different priorities for unicast and multicast respectively has been agreed. PUCCH-Config/PUCCH-ConfigurationList can be provided separately for unicast and multicast or shared if corresponding parameter is not configured for multicast. 
For Type-2 HARQ-ACK codebook, it is straightforward to generate separate codebooks for unicast and multicast as long as the DAI for unicast and multicast are separately counted. However, based on the existing specification, for type-1 HARQ-ACK codebook, UE generates feedback based on candidate SLIVs regardless of its priorities. 
It seems difficult to reuse the URLLC-like mechanism for MBS here. To avoid any further confusion, it is better to clarify the detailed UE behaviors clearly. From our perspective, for Type-1 HARQ codebook, if separate codebooks for unicast and multicast is configured for the case of different priorities, the intended UE behaviour is as following. For unicast codebook, UE reports ACK value(s) for HARQ-ACK information bit(s) only if UE correctly decodes a unicast PDSCH in this SLIV candidate; UE reports NACK value(s) for HARQ-ACK information bit(s) if UE successfully decodes a multicast PDSCH, doesn’t receive any PDSCH or failed to decode the unicast PDSCH. For multicast codebook, UE reports ACK value(s) for HARQ-ACK information bit(s) only if UE correctly decodes a multicast PDSCH in this SLIV candidate; UE reports NACK value(s) for HARQ-ACK information bit(s) if UE successfully decodes a unicast PDSCH, doesn’t receive any PDSCH or failed to decode the multicast PDSCH.
Proposal 2: For Type-1 HARQ codebook, if separate codebooks for unicast and multicast is configured for the case of different priorities, the intended UE behaviour is as following. 
· For unicast codebook, UE reports ACK value(s) for HARQ-ACK information bit(s) only if UE correctly decodes a unicast PDSCH in this SLIV candidate; UE reports NACK value(s) for HARQ-ACK information bit(s) if UE successfully decodes a multicast PDSCH, doesn’t receive any PDSCH or failed to decode the unicast PDSCH. 
· For multicast codebook, UE reports ACK value(s) for HARQ-ACK information bit(s) only if UE correctly decodes a multicast PDSCH in this SLIV candidate; UE reports NACK value(s) for HARQ-ACK information bit(s) if UE successfully decodes a unicast PDSCH, doesn’t receive any PDSCH or failed to decode the multicast PDSCH.

2.1.2 Construction of HARQ-ACK codebook containing HARQ-ACK of MBS service
During RAN1#104b-e and 105-e meeting, the following agreements were made. Details of construction for Type-1 and Type-2 HARQ-ACK codebook for MBS are remained for further discussion.
	[bookmark: OLE_LINK29][bookmark: OLE_LINK28]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:
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 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. 



· Type-1 HARQ-ACK codebook
For a UE that only receives MBS services, the following mechanisms on constructing a HARQ-ACK codebook for pure MBS services reception can be considered.
· For a UE that only receives the MBS service with PDCCH scheduling, it is completely similar to the unicast service based on PDCCH scheduling, so the existing Type-1 HARQ-ACK codebook mechanism can be reused. For example, if the UE receives multiple MBS services, the Type-1 HARQ-ACK codebook is constructed based on the union of the PDSCH TDRA of the multiple MBS services.
· [bookmark: OLE_LINK2]For a UE that only receives the MBS service without PDCCH scheduling, the Type-1 HARQ-ACK codebook can be constructed according to the period of the MBS service, and the UE generates an ACK/NACK at each period of MBS service, which is similar to constructing a HARQ-ACK codebook for only SPS PDSCH. 
· For a UE that receives MBS service with PDCCH scheduling and MBS service without PDCCH scheduling at the same time, it is completely similar to the dynamic unicast services and semi-static unicast services, so the existing Type-1 HARQ-ACK codebook mechanism can be reused. For example, the Type-1 HARQ-ACK codebook is constructed based on the union of the PDSCH TDRA of two types of MBS services (with/without PDCCH scheduling).
· For a UE that receives unicast services and MBS services at the same time, construction mechanism for the Type-1 HARQ-ACK codebook in Rel-16 can be reused. The UE always constructs a Type-1 HARQ-ACK codebook according to the union of the PDSCH sets of the unicast service and the MBS service.
For TDM-ed 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:
Option 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. 
Option 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 overhead saving for HARQ-ACK codebook using option 1 is determined by relation of K1 set for unicast and multicast, it can be unnecessary in cases where K1 sets for unicast and multicast are overlapped. And the usage of the union of the PDSCH TDRA sets provides a unified solution for Type-1 HARQ-ACK codebook construction for unicast and multicast, which results in almost few modification for specification. Thus, Option 2 is preferred.
Proposal 3: 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 (Option 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 to receive multiple PDSCHs. 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 4: 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.

· Type-2 HARQ-ACK codebook
For type-2 HARQ-ACK codebook, the DAI of the PDCCH for unicast and the DAI of the PDCCH for multicast are separately counted. So, sub-codebook 1 for unicast can be constructed based on the DAI of the PDCCH scheduling unicast PDSCH. Sub-codebook2 for MBS services can be constructed based on the DAI of the PDCCH scheduling MBS PDSCH. Then two sub-codebooks are concatenated, for example, sub-codebook 1 is before sub-codebook 2.
The DAI count is performed per MBS service. If the UE receives multiple MBS services at the same time, then the UE should generate HARQ-ACK sub-codebook for each MBS service in order to get the sub-codebook 2. The HARQ-ACK sub-codebook for each MBS service can be concatenated based on the G-RNTI of each MBS service in ascending in order to obtain the sub-codebook 2. 
The sub-codebook 2 consists of multiple sub-codebook for each MBS service, 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 5: Regarding Type-2 HARQ-ACK codebook construction for MBS
· The DAI count is performed per MBS service.
· If the UE receives multiple MBS services, multiple sub-codebooks is generated separately for each MBS service, then UE cconcatenates these sub-codebooks based on the G-RNTI of each MBS service in ascending order to form a type-2 codebook for the multiple MBS services.
· The maximum number of Type-2 HARQ-ACK sub-codebooks for multicast is determined by UE capability for MBS.
2.1.3 Time domain overlap between MBS PUCCHs or between MBS PUCCH and unicast PUCCH
In the RAN1#104b-e and 105-e meeting, the following agreement on PUCCH time-domain overlap was reached. But there are still some remaining issues, the following analysis is for these issues.
	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.
Agreement:
For ACK/NACK based HARQ-ACK feedback for multicast, the multiplexing/prioritizing rule between the HARQ-ACK for multicast and SR/CSI can reuse Rel-16 multiplexing/ prioritizing rule between the HARQ-ACK for unicast and SR/CSI.



· The case of non-overlapping PUCCHs resources for HARQ-ACK in the same UL slot/subslot.
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” is equal 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 following HARQ-ACK PUCCH can replace the previous HARQ-ACK PUCCH. For a UE receiving multicast, this overriding mechanism should be used 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, and interested MBS services for each UE are different, e.g. UE #1 and #2 receive MBS service #1, UE #2 and #3 receive MBS service #2, UE #2 receives two MBS services simultaneously, if overriding is supported, the second HARQ-ACK PUCCH corresponding to MBS service #2 will replace the first PUCCH resource corresponding to MBS service #1 if second HARQ-ACK PUCCH corresponding to MBS service #2 is received 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). 
The final PUCCH resource is determined based on the PRI in the last DCI corresponding to the unicast HARQ-ACK PUCCH. 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.
[bookmark: OLE_LINK7]If the last multicast DCI indicates PUCCH resource, all UEs in the group use TPC parameter 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 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).
· The final PUCCH resource is determined based on the PRI in the last DCI corresponding to the unicast HARQ-ACK PUCCH.
· sub-slot based PUCCH transmission for HARQ-ACK is supported.
2.1.4 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.
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, 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. Based on the agreement that supports two non-overlapping slot-based PUCCH for ACK/NACK based HARQ-ACK feedback for unicast/multicast and multicast with different priorities, if these 4 PUCCH resources are indicated to transmit in one slot, UE need to drop 2 PUCCHs with corresponding HARQ-ACK information. The dropping problem does not exist if HARQ-ACK feedback for unicast and multicast with the same priority are multiplexed in one PUCCH resource.
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, according to prioritizing mechanism in R-16, the PUCCH with low priority will be dropped. Since multiplexing between PUCCH resources with different priorities is one potential solution during discussion about URLLC feature, HARQ-ACK codebooks with different priorities can be multiplexed in one PUCCH resource if it is supported via URLLC.
Proposal 7: 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.
· UE supports transmitting two non-overlapping PUCCH resources in one slot with different priorities for unicast and multicast, respectively.

2.2 NACK-only feedback
[bookmark: OLE_LINK1]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. 
2.2.1 PUCCH resources for NACK-only feedback
In the RAN1#105-e meeting, the following agreement on PUCCH resources for NACK-only feedback was reached. 
Agreement:
Support PUCCH format 0 and format 1 for NACK-only based HARQ-ACK feedback for multicast.
Since HARQ-ACK codebook construction for NACK-only will increase the number of feedbacks (i.e., UE can only transmit one bit information each time), which is not beneficial to save PUCCH resources in the time domain, then RAN1 should study some ways to save PUCCH resources in the time domain.
For example, consider that PUCCH resources for NACK can only be configured per MBS service. If an MBS service is configured with NACK-only PUCCH resource, all UEs receiving the MBS service can feed back NACK in the NACK-only PUCCH resource. In order to increase flexibility, it should be allowed to configure multiple NACK-only PUCCH resources for one MBS service.
Proposal 8: Regarding NACK-only feedback for MBS, PUCCH resource is configured per MBS service.
	
2.2.2 Time domain overlapping between multiple NACK-only PUCCHs
In RAN1#105-e meeting, the following proposal has been discussed but not approved, on which the analysis below is based.
	Proposal 3.2.1-2
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 multiplexing the HARQ-ACK bits. 
· Alt2: Support UE transmitting more than one PUCCHs in the same slot-based PUCCH slot. 
· Alt3: NACK-only bundling
· Alt4: support sub-slot based PUCCH for NACK-only based feedback.
· other alternatives are not precluded.



[bookmark: OLE_LINK12]Furthermore, adopting the aforementioned NACK-only resource determination method means that each MBS service corresponds to a NACK-only resource. Then, a new rule of multiplexing/prioritization should be defined for a new overlapping case, that is, multiple NACK-only PUCCHs corresponding to different MBS services overlap with each other in the time domain. For example, if a UE only receives multiple MBS services (no unicast services), the NACK-only PUCCHs corresponding to the multiple MBS services may overlap in the time domain, that is, only multiple NACK-only PUCCHs overlap. Obviously, this is a new case about overlapping. 
This overlapping case will easily occur if one UE is allowed to receive multiple MBS at the same time, and when a TDD with a heavier DL slot is configured. Therefore, some necessary solutions and UE behavior need to be considered. Some multiplexing mechanisms should also be discussed in order to better support NACK-only feedback. For example, the following overlapping scenarios should be considered:
· One NACK-only PUCCH overlaps with one NACK-only PUCCH;
· More than 2 NACK-only PUCCH overlap each other.
· One NACK-only PUCCH overlaps with multiple non-overlapped NACK-only PUCCHs.
Proposal 9: RAN1 supports PUCCH multiplexing for the following scenarios for NACK only PUCCH.
· One NACK-only PUCCH overlaps with another NACK-only PUCCH;
· More than 2 NACK-only PUCCHs overlap with each other.
· One NACK-only PUCCH overlaps with multiple non-overlapped NACK-only PUCCHs.
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, multiplexing NACK-only based HARQ-ACK bits can be realized by two options. Option 1 is to transform NACK-only feedback states into ACK/NACK information bits. Option 2 is to configure a set of PUCCH resources, in which each PUCCH resource is in corresponding to one possible NACK-only codebook, UE transmits in the corresponding PUCCH resource according to the NACK-only codebook. 
Taking an example of the second option, NACK-only based feedback of two PDSCHs for multicast are indicated in one slot, UE #1 decodes both PDSCHs incorrectly with the corresponding NACK-only codebook {0,0}, and UE #2 only decodes the first PDSCH correctly with codebook {1,0}, gNB configures a set of PUCCH resources with 3 PUCCH resources, UE #1 and #2 transmit the PUCCH resource with index 0 and index 2, respectively. When the number of UEs is bigger than that of MBS services, option 2 can report HARQ-ACK feedback using less PUCCH resources. The PUCCH resources configured for option 2 is determined by the number of MBS services, e.g. 2^N-1 PUCCH resources are required for N MBS services, so that option 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, UE transmits multiple sub-slot based PUCCHs with each corresponding to one NACK-only feedback;
· Otherwise, consider the following options
Option 1: UE transforms multiple NACK-only feedback to ACK/NACK information bits;
Option 2: Multiple PUCCH resources are configured, where each PUCCH resource corresponds to one codebook.

2.2.3 Time domain overlapping between NACK-only PUCCH and PUCCH/PUSCH
In RAN1#105-e meeting, the following proposal summarized by FL has been discussed but not approved, analysis below is based on the proposal. 
	Proposal 4.2.1
For UE supports both ACK/NACK based and NACK-only based feedback for multicast, UE can be configured
· Alt1: either PUCCH resources for ACK/NACK based feedback or PUCCH resources for NACK-only based feedback.
· Alt2: both PUCCH resources for ACK/NACK based feedback and PUCCH resources for NACK-only based feedback.
Opt1: PRI in the DCI indicates the PUCCH resource of ACK/NACK based or of NACK-only based.
Opt2: a new field added in DCI indicates ACK/NACK based or NACK-only based. 
· Down-select from the two alternatives and options. 



[bookmark: OLE_LINK11] 
· Time domain overlapping between NACK-only PUCCH and unicast PUCCH/PUSCH
NACK-only feedback is that 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.
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 2.2.2 can be applied.
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 and NACK-only PUCCH overlap.
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.

2.2.4 Processing order of NACK-only related multiplexing
If an overlapping case contains both multiple NACK-only PUCCHs and multiple unicast PUCCHs, the processing order of different multiplexing types should be defined. 
One potential processing order is to first deal with the overlapping between different NACK-only PUCCHs, and then the overlapping between the unicast PUCCH and the PUCCH obtained in the previous step will be processed. Another processing order is to classify overlapped PUCCHs according to service type corresponding to the UCI, i.e., MBS or unicast, and deal with the overlapping between the same types of UCI PUCCHs first, and then deal with the overlapping between different types of UCI PUCCHs. Obviously, a processing order needs to be defined here.

2.3 Support both ACK/NACK feedback and NACK-only feedback
Based on RAN1#105-e meeting’s agreements, both ACK/NACK and NACK-only based HARQ-ACK feedback have been supported in MBS. 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 facilitates avoiding 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, and avoiding multiplexing can make time for discussion about other significant proposals. 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. If the base station needs to balance PUCCH resources and reliability, the base station can periodically instruct the UE to feed back ACK/NACK, for example, triggering one ACK/NACK feedback after multiple NACK-only feedbacks.
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 13: 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 are 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.

2.4 Enabling/disabling HARQ-ACK feedback for MBS
In RAN1#105-e meeting, the following assumption on enabling/disabling HARQ-ACK feedback for MBS service was achieved. Details of enabling/disabling function are still FFS, analysis of which is 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
· [bookmark: OLE_LINK13]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.



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.
If RRC signalling configures the function, DCI indicates (explicitly or implicitly) whether HARQ-ACK feedback is enabled/disabled. The RRC signaling can be carried in the MCCH per MBS service, and the DCI indicates the enable/disable feedback for the MBMS service. It is also possible that the RRC signaling is UE-specific RRC signaling, and the DCI indicates the enable/disable feedback for the PDSCH of each MBS service. There is no dispute to follow RRC signaling for enabling/disabling HARQ-ACK feedback if DCI indication function is set disabling.
As analysis aforementioned in clause 2.3, 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.   
Besides the above mechanis MAC CE is suitable for MBS services based on the SPS mechanism. Obviously, for SPS-based MBS services, the indication of enable/disable feedback in the activated DCI is equivalent to the indication of enable/disable feedback in the RRC signaling, because they are both slowly changing. However, the indication of enable/disable feedback in MAC CE has advantages in terms of flexibility. For example, if an SPS PDSCH contains a MAC CE with disabling feedback, the subsequent received SPS PDSCH is not fed back until an SPS PDSCH containing a MAC CE with enabling feedback is received, then the UE feeds back for the subsequent SPS PDSCH again. For SPS-based MBS services, the flexibility of MAC CE is close to dynamic indication after considering the periodicity of SPS and the effective timeline of MAC CE.
In summary, working assumption provides a solution combining RRC indicating and DCI indication, we believe MAC CE indicating can be considerable for its relatively lower latency, and the gNB can choose the corresponding method according to the needs. 
Proposal 14: Regarding enabling/disabling HARQ-ACK feedback for MBS, RAN1 confirms the working assumption reached in RAN1#105-e meeting and supports MAC-CE based enabling/disabling indication.


2.5 HARQ-ACK feedback for SPS-based MBS transmission
In RAN1#105-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 activation/deactivation 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 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. 
· 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.


[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-1. 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 can 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: ]
Figure-1: HARQ-ACK feedback for SPS-based MBS transmission
According to the analysis above, we have the following proposal. 
Proposal 15: 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
CSI feedback for Multicast
In NR system, flexible CSI-RS resource configuration and CSI report configuration have already been supported. With the help of CSI measurement and feedback, gNB can perform better link adaptation to dynamically update MCS, precoding, and beam to transmit PDSCH. This is beneficial to the improvement of transmission reliability and system spectrum efficiency for both unicast and multicast transmission.
Considering the tradeoff between CSI feedback overhead and CSI accuracy, in the scenario where channel correspondence can be applied, e.g., gNB with significant large antenna arrays in TDD band, the SRS-assisted CSI acquisition for both unicast and multicast transmission is a candidate approach to simplify the UE complexity on CSI measurement and reporting. However, for the FDD band, channel correspondence cannot be applied, CSI feedback is still indispensable. We have studied the system performance under different CSI feedback modes and provided the simulation results in [3]. According to our preliminary simulation results, for the mode of only CQI feedback but without PMI/RI feedback, there is still much room for the system performance improvement. Therefore, it is necessary for gNB to perform PMI/RI self-adaptive selection through the feedback from a group of UEs. 
Based on the agreements reached in RAN1#102e meeting, existing CSI feedback can be used for multicast transmission. However, the current CSI reporting mechanism and reporting quantity are designed for unicast transmission, there may be some enhancement room for multicast transmission, which is targeting a group of UEs instead of single UE. The link adaptation for MBS transmission should take into account the requirements of a group of UEs. Therefore, each UE can be required to feedback multiple candidate {CQI, PMI, RI} sets, such as the optimal {CQI, PMI, RI} set and suboptimal {CQI, PMI, RI} set. So that gNB can learn more comprehensive channel status information of each UE in the group of UEs. Based on such information, gNB can schedule the MBS PDSCH with a more appropriate applicable MCS and precoding.
Proposal 16: UE supports reporting multiple candidate {CQI, PMI, RI} sets in one CSI report for MBS.
Subband size is another problem to be considered in CSI feedback used for MBS transmission. The bandwidth of common frequency resource for MBS may be smaller than a unicast BWP, so the subband size suitable for the common frequency resource may be different from the subband size suitable for the unicast BWP. In order to schedule a group of UEs on the common frequency resource, the gNB should be reported the CSI feedback with aligned subband size from different UEs. Therefore, in order to get CSI feedback that is applied in MBS transmission link adaptation, the subband size should be common for common frequency resource for MBS transmission for all UEs.
If the common frequency resource is defined as an MBS BWP, the existing mechanism can be reused. In this way, network can configure the same subband size for the MBS BWP for all UEs in the same group, without any additional standardization requirement.
If the common frequency resource is defined as an ‘MBS frequency region’ with a number of contiguous PRBs, which is configured within the dedicated unicast BWP, some additional mechanisms should be introduced for the UEs supporting both unicast and MBS transmission to determine the subband size applicable for the MBS frequency region. 
Proposal 17: Regarding CSI subband determination for MBS transmission, further study how to align different UE’s CSI subband size.
Conclusion
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: Regarding configuration of PUCCH resource sets for multicast (reuse unicast mechanism)
· A maximum of 4 PUCCH resource sets are configured for multicast for the UE.
· NACK-only and ACK/NACK feedback share the same PUCCH resource set.
· UCI size limit for each PUCCH resource set is configured, except for the PUCCH resource set 0, which only supports no more than 2 UCI bits.
Proposal 2: For Type-1 HARQ codebook, if separate codebooks for unicast and multicast is configured for the case of different priorities, the intended UE behaviour is as following. 
· For unicast codebook, UE reports ACK value(s) for HARQ-ACK information bit(s) only if UE correctly decodes a unicast PDSCH in this SLIV candidate; UE reports NACK value(s) for HARQ-ACK information bit(s) if UE successfully decodes a multicast PDSCH, doesn’t receive any PDSCH or failed to decode the unicast PDSCH. 
· For multicast codebook, UE reports ACK value(s) for HARQ-ACK information bit(s) only if UE correctly decodes a multicast PDSCH in this SLIV candidate; UE reports NACK value(s) for HARQ-ACK information bit(s) if UE successfully decodes a unicast PDSCH, doesn’t receive any PDSCH or failed to decode the multicast PDSCH.
Proposal 3: 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 (Option 2).
Proposal 4: 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 5: Regarding Type-2 HARQ-ACK codebook construction for MBS:
· The DAI count is performed per MBS service.
· If the UE receives multiple MBS services, multiple sub-codebooks is generated separately for each MBS service, then UE cconcatenates these sub-codebooks based on the G-RNTI of each MBS service in ascending order to form a type-2 codebook for the multiple MBS services.
· The maximum number of Type-2 HARQ-ACK sub-codebooks for multicast is determined by UE capability for MBS.
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).
· The final PUCCH resource is determined based on the PRI in the last DCI corresponding to the unicast HARQ-ACK PUCCH.
· sub-slot based PUCCH transmission for HARQ-ACK is supported.
Proposal 7: 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.
· UE supports transmitting two non-overlapping PUCCH resources in one slot with different priorities for unicast and multicast, respectively.	

NACK-only feedback
Proposal 8: Regarding NACK-only feedback for MBS, PUCCH resource is configured per MBS service.
Proposal 9: RAN1 supports PUCCH multiplexing for the following scenarios for NACK only PUCCH.
· One NACK-only PUCCH overlaps with another NACK-only PUCCH;
· More than 2 NACK-only PUCCHs overlap with each other.
· One NACK-only PUCCH overlaps with multiple non-overlapped NACK-only PUCCHs.
Proposal 10: When multiple NACK-only based feedbacks are indicated to be transmitted in the same slot,
· If sub-slot based PUCCH is supported, UE transmits multiple sub-slot based PUCCHs with each corresponding to one NACK-only feedback;
· Otherwise, consider the following options
Option 1: UE transforms multiple NACK-only feedback to ACK/NACK information bits;
Option 2: Multiple PUCCH resources are configured, where each PUCCH resource corresponds to one codebook.
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 and NACK-only PUCCH overlap.
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.

Other issues for HARQ-ACK feedback
Proposal 13: 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 are 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 14: Regarding enabling/disabling HARQ-ACK feedback for MBS, RAN1 confirms the working assumption reached in RAN1#105-e meeting and supports MAC-CE based enabling/disabling indication.
Proposal 15: 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

CSI feedback for multicast 
Proposal 16: UE supports reporting multiple candidate {CQI, PMI, RI} sets in one CSI report for MBS.
[bookmark: _GoBack]Proposal 17: Regarding CSI subband determination for MBS transmission, further study how to align different UE’s CSI subband size.
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