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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. Most of the functionalities of HARQ-ACK feedback for MBS have been finalized [2]. In this contribution, we provide our analysis and TPs for the remaining issues.
 
[bookmark: OLE_LINK32]2	NACK-only feedback
2.1 Time domain overlapping between multiple NACK-only PUCCHs
In RAN1#108-e meeting, the following agreement has been achieved, but still some FFSs are left.
	Agreement
For supporting more than one NACK-only feedback in the same PUCCH transmission, define RRC configuration to configure between Alt1 and Alt4 (from previous agreements):
· Alt1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. 
· FFS: how to determine PUCCH resource
· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission. 
· define up to 15 orthogonal PUCCH resources to select from according to combinations of up to 4 TBs with NACK-only feedback, 
· FFS: The PUCCH slot for the transmission is based on the K1 in the “last DCI” scheduling multicast. 
· FFS: The PUCCH resource for the transmission is from PUCCH-config configured for NACK-only based feedback according to the mapping between number of TBs with PUCCH resource ID.
· FFS mapping details. 
· How to determine the number of TBs is discussed separately, e.g., Type-1-like and/or Type-2-like codebook.
· FFS: whether this applies to a single G-RNTI or multiple G-RNTIs
· Alt4 is not supported for more than 4 TBs
· FFS: whether RRC configuration between Alt1 and Alt4 is per G-RNTI or per CFR
· FFS: UE capability



Remaining issues of Alt1
For the remaining issues of Alt1, for example, how to determine a PUCCH resource if only MBS services are being transmitted for the UE. For example, define a dedicated PUCCH resource, the PUCCH resource is used to transmit multiplexed UCIs from multiple NACK only. 
It can also be considered that it may be left to the base station implementation if there is no time to solve it. For example, the base station can always schedule a unicast PDSCH for the UE, and the corresponding HARQ-ACK and NACK only overlap in the time domain. If there is no actual unicast PDSCH for the UE, the base station can also schedule a null unicast PDSCH for the UE in order to obtain a PUCCH resource. From the UE side, the UE can process according to the existing procedure. The base station can ignore the HARQ-ACK feedback from the UE for the false PDSCH. 
Proposal 1: In order to support NACK only feedback of more than one MBS PDSCHs by converting NACK only to HARQ-ACK, dedicated PUCCH resources are defined to transmit multiplexed UCIs from multiple NACK only.

Remaining issues of Alt4
The order in which the MBS PDSCH is received is determined based on the DAI mechanism, which is similar to the type2 codebook for multicast. In the PDCCH corresponding to each scheduled MBS PDSCH, the DAI assignment rule reuses the multicast type2 codebook. 
For the remaining issues of Alt4, the mapping relationship between up to 15 PUCCH resources and MBS PDSCHs decoded as NACK is defined as Table 1. In Table 1, the PUCCH resources are determined based on the number of MBS PDSCHs decoded as NACKs and the order in which the MBS PDSCHs are received. For example, up to 4 MBS PDSCHs are received, where the number associated with the MBS PDSCH indicates the order in which the MBS PDSCH is received. The order in which MBS PDSCHs are received can also be determined based on the DAI mechanism if the DAI mechanism is reused to determine the number of MBS PDSCHs received. If the received MBS PDSCHs are from different G-RNTIs, the order in which the MBS PDSCHs are received is further based on the ascending order of the G-RNTIs.
Table 1 Mapping relationship between up to 15 PUCCH resources and MBS PDSCHs decoded as NACK
	One or more MBS PDSCH decoded as NACK
	PUCCH resources

	PDSCH0
	PUCCH 0

	PDSCH1
	PUCCH 1

	PDSCH2
	PUCCH 2

	PDSCH3
	PUCCH 3

	PDSCH0 and PDSCH1
	PUCCH 4

	PDSCH0 and PDSCH2
	PUCCH 5

	PDSCH0 and PDSCH3
	PUCCH 6

	PDSCH1 and PDSCH2
	PUCCH 7

	PDSCH1 and PDSCH3
	PUCCH 8

	PDSCH2 and PDSCH3
	PUCCH 9

	PDSCH0, PDSCH1 and PDSCH2
	PUCCH 10

	PDSCH 0, PDSCH1 and PDSCH3
	PUCCH 11

	PDSCH0, PDSCH2 and PDSCH3
	PUCCH 12

	PDSCH1, PDSCH2 and PDSCH3
	PUCCH 13

	PDSCH0, PDSCH1, PDSCH2 and PDSCH3
	PUCCH 14


The above NACK only codebook should be applicable to a single G-RNTI or multiple G-RNTIs. Obviously, the specific scheduling of MBS PDSCHs can be left to the base station to implement. For example, the base station may schedule multiple MBS PDSCHs corresponding to a single G-RNTI, or may schedule MBS PDSCHs corresponding to multiple G-RNTIs to feed back NACK only in the same PUCCH transmission.
Proposal 2: In order to support NACK only feedback of no more than 4 MBS PDSCHs in the same PUCCH, the number and HARQ-ACK feedback order of the MBS PDSCHs are determined based on the DAI mechanism. 
Proposal 3: In order to support NACK only feedback of no more than 4 MBS PDSCHs in the same PUCCH, Table 1 for the mapping relationship between up to 15 PUCCH resources and MBS PDSCHs decoded as NACK should be adopted. 
· The MBS PDSCHs can correspond to a single G-RTNI or multiple G-RTNIs based on base station implementation.
Table 1 Mapping relationship between up to 15 PUCCH resources and MBS PDSCHs decoded as NACK
	One or more MBS PDSCH decoded as NACK
	PUCCH resources

	PDSCH0
	PUCCH 0

	PDSCH1
	PUCCH 1

	PDSCH2
	PUCCH 2

	PDSCH3
	PUCCH 3

	PDSCH0 and PDSCH1
	PUCCH 4

	PDSCH0 and PDSCH2
	PUCCH 5

	PDSCH0 and PDSCH3
	PUCCH 6

	PDSCH1 and PDSCH2
	PUCCH 7

	PDSCH1 and PDSCH3
	PUCCH 8

	PDSCH2 and PDSCH3
	PUCCH 9

	PDSCH0, PDSCH1 and PDSCH2
	PUCCH 10

	PDSCH 0, PDSCH1 and PDSCH3
	PUCCH 11

	PDSCH0, PDSCH2 and PDSCH3
	PUCCH 12

	PDSCH1, PDSCH2 and PDSCH3
	PUCCH 13

	PDSCH0, PDSCH1, PDSCH2 and PDSCH3
	PUCCH 14



2.2 Time domain overlapping between NACK-only PUCCH and SR
In the RAN1#108-e meeting, NACK only PUCCH and SR PUCCH overlapped in the time domain, for example, the following proposal was discussed, but no consensus was reached.
	Proposal 3.2.1.4-1 (GTW)
When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority, support the following:
· For up to two HARQ-ACK bits for NACK-only feedback is transformed into ACK/NACK HARQ bits and is multiplexed with SR as legacy procedure of Rel-15/16.
· Alt1-1: PUCCH resources configured for unicast will be used. 
· Note: either the PUCCH resource for SR or for ACK/NACK is used per the legacy procedure of Rel-15/16. 
· the PUCCH resource is determined by the PRI in the last DCI for multicast;
· Alt1-2: the PUCCH resource is determined by RRC configuration;
· Alt1-3: the PUCCH resource for NACK-only feedback transmission is SR resource.
· For the case of more than two TBs of NACK-only, FFS which alternative from the following is supported:
· Alt2-1: SR is dropped
· Alt2-2: NACK-only feedback is transformed into ACK/NACK HARQ bits and PF 2/3/4 is used for the transmission per the legacy SR and HARQ-ACK multiplexing rule of Rel-15/16.
· Alt2-3: NACK-only is dropped
Proposal 3.2.1.4-2 (if proposal 3.2.1.4-1 is not agreeable)
Multiplexing NACK-only based feedback for multicast with SR is not supported in Rel-17, 
· It is up to UE implementation when the PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR. 




From our point of view, if up to 2 NACK only PUCCHs overlap with one SR in the time domain, then convert NACK only to ACK/NACK bits, and then reuse the existing 1/2 bits HARQ-ACK and SR multiplexing mechanism. But the multiplexing result PUCCH must be the PUCCH resource of the SR, because NACK only PUCCH is shared by multiple UEs, so it cannot be used as the multiplexing result PUCCH.
For two NACK only PUCCHs and one SR overlapping in the time domain, one problem is that the multiplexing result PUCCH cannot be determined. But this problem is similar to the legay problem of Alt1 discussed in the NACK only codebook. For example, when only MBS PDSCHs need to be fed back based on NACK only, multiple NACK only PUCCHs are converted to ACK/NACK bits respectively, but the multiplexing result PUCCH cannot be obtained due to lack of a unicast PUCCH. Similar resolution mechanisms can be considered. For example, a dedicated PUCCH resource is configured for this case.
Proposal 4: When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority,
· For NACK only PUCCH carrying no more than 2 bits, convert NACK only bits to ACK/NACK bits, and determine CS based on HARQ-ACK bits and SR status, and always use SR PUCCH as the multiplexing result PUCCH.
· For NACK only PUCCHs carrying more than 2 bits, convert NACK only bits to ACK/NACK bits, and convert SR to 1 bit, and always use a separate configured PUCCH resource as the multiplexing result PUCCH.
3. ACK/NACK feedback
3.1	Disabling feedback for type1 codebook
In the RAN1#108-e meeting, the following agreement was reached, but an FFS was still left.
	Agreement
For Type-1 codebook generation, 
· if all configured G-RNTIs are with HARQ-ACK disabled by RRC signalling, UE does not report any HARQ-ACK information in the PUCCH slot;
· For other cases, FFS between the 3 alternatives below:
· Alt1: if at least one configured G-RNTI is with HARQ-ACK enabled, UE will report NACK for the G-RNTI with HARQ-ACK disabled regardless of decoding results of corresponding PDSCH.
· Alt2: if at least one configured G-RNTI is with HARQ-ACK enabled, UE reports actual HARQ-ACK result for all G-RNTIs.
· Alt3: UE is not expected to be configured with some G-RNTI with HARQ-ACK disabled by RRC signalling and some other G-RNTI with HARQ-ACK enabled by RRC signalling for all configured G-RNTI
· Other alternatives are not precluded



First of all, we don't like Alt3 because it requires new configuration constraints for the base station, which makes the base station more complicated. Obviously, Alt1 and Alt2 do not have this constraint on the base station.
For Alt1 and Alt2, from the perspective of reducing overhead, there is no difference between the two because the actual number of bits fed back is the same in the type1 codebook. From a simplification point of view, they are very close because the UE always has to decode the MBS PDSCH with feedback disabled and generate one bit information in the type1 codebook. We believe that Alt2 is more in line with the existing process, it actually invalidates the configured disabled feedback.
For the three Alts in the above agreement, we prefer Alt2, followed by Alt1.
Proposal 5: For Type-1 codebook generation, Alt2 should be adopted.
· Alt2: .if at least one configured G-RNTI is with HARQ-ACK enabled, UE reports actual HARQ-ACK result for all G-RNTIs.
In the RAN1#108-e meeting, the following agreement was reached, but still 4 Alts are left. The following analysis is provided to address this issue.
	Agreement
If a UE supports ACK/NACK based feedback for dynamic multicast scheduling and for multicast SPS, and if the UE is configured with ACK/NACK based feedback for multicast dynamic scheduling and is configured with disabled HARQ feedback for multicast SPS scheduling, for Type-1 codebook generation, 
· FFS between the 4 alternatives below:
· Alt1: UE will report NACK for the G-CS-RNTI with HARQ-ACK disabled regardless of decoding results of corresponding PDSCH.
· Alt2: UE will report ACK/NACK for the G-CS-RNTI with HARQ-ACK disabled regardless of decoding results of corresponding PDSCH.
· Alt3: UE is not expected to be configured with G-RNTI with HARQ-ACK enabled by RRC signalling and G-CS-RNTI with HARQ-ACK enabled by RRC signalling. 
· Alt4: UE does not report any HARQ-ACK information for G-CS-RNTI with HARQ-ACK feedback disabled by RRC.
· Other alternatives are not precluded. 



For the existing type1 codebook construction, if a type1 HARQ-ACK codebook contains HARQ-ACK for DG PDSCH and HARQ-ACK for SPS PDSCH, then the type1 codebook is constructed based on the configured PDSCH TDRAs.
Under the conditions corresponding to the above agreement, if only part (or all) of the multicast SPS is disabled for HARQ-ACK feedback, then the UE should construct the type1 codebook based on part (or all) of the PDSCH TDRAs. Obviously, the PDSCH corresponding to the disabled multicast SPS should be excluded from PDSCH TDRAs. However, this will lead to additional complexity.
So, for simplicity, we believe that UE should always construct type1 codebook based on full PDSCH TDRAs if only part of PDSCH is disabled for HARQ-ACK feedback. So, we prefer Alt2 in the above agreement.
Proposal 6: If a UE supports ACK/NACK based feedback for dynamic multicast scheduling and for multicast SPS, and if the UE is configured with ACK/NACK based feedback for multicast dynamic scheduling and is configured with disabled HARQ feedback for multicast SPS scheduling, for Type-1 codebook generation, Alt2 should be adopted.
· Alt2: UE will report ACK/NACK for the G-CS-RNTI with HARQ-ACK disabled regardless of decoding results of corresponding PDSCH.

3.2	PUCCH for multicast and unicast PUSCH overlap in time domain
In RAN1#108-e meeting, we reached the following agreements. Further analysis for the remaining issues is provided below.
	Agreement
If Type-2 codebook is configured for unicast and multicast, the following option2-2 (from the previous agreement) is adopted: 
· Option2-2: 2-bit UL DAI(s) are included in DCI for multicast, in addition to the 2-bit UL DAI for unicast. 
· The 2-bit UL DAI for multicast is applied for all configured G-RNTIs.
· FFS: how to count the total number of HARQ-ACK bits for all configured G-RNTIs. 
· Alt1-1: UL-DAI indicates the sum of DL-DAIs 
· Alt1-2: DL-DAIs have the same value. 
· Alt1-3: largest DL DAI value among the configured G-RNTIs.
· Other alternatives are not precluded
Agreement
When Type-1 codebook is configured for unicast and Type-2 codebook is configured for multicast, or when Type-2 codebook is configured for unicast and Type-1 codebook is configured for multicast, the UL-DAI for multicast is included in DCI format 0_1/0_2, in addition to the UL-DAI field for unicast.
· The UL-DAI for multicast is 1-bit for Type-1 codebook
· The 1-bit UL-DAI for multicast is applied to all configured G-RNTIs. 
· The UL-DAI for multicast is 2-bit for Type-2 codebook applied for all configured G-RNTIs. 
· FFS: how to count the total number of HARQ-ACK bits for all configured G-RNTIs. 
· Alt1-1: UL-DAI indicates the sum of DL-DAIs 
· Alt1-2: DL-DAIs have the same value. 
· Alt1-3: largest DL DAI value among the configured G-RNTIs.
· Other alternatives are not precluded
· FFS: details of the UL DAI field



If a type2 codebook is configured for unicast and multicast, and if a type2 codebook is transmitted in a PUSCH scheduled by a UL grant, then the 2 bit-UL DAI in the UL grant is for all configured G-RNTIs . But how to count the total number of HARQ-ACK bits for all configured G-RNTIs?
For Alt1-1, UL-DAI indicates the sum of DL-DAIs. It's simple. But it can cause ambiguity in the position of the missing bits. For example, type2 subcodebooks are constructed per G-RNTI, and all type2 subcodebooks are concatenated to form type2 codebooks. If the value of UL DAI is greater than the sum of T-DAI of DL DAI, it indicates that there are missing bits, but the UE is not sure which type2 subcodebook the missing bits belong to. So it causes the order of the bits of the type2 codebook to be out of order. Thus, Alt.1 is not preferred.
For Alt1-2, DL-DAIs have the same value. Our understanding is that T-DAI of DL-DAI are kept the same across all configured G-RNTIs. That is, the T-DAI value corresponding to each G-RNTI is the same in a type2 codebook. In this way, the value of UL DAI is equal to the sum of T-DAI corresponding to all G-RNTIs, and the T-DAI value corresponding to each G-RNTI is the same. If we understand correctly, Alt1-2 is a valid method that overcomes the problem of Alt1-1.
For Alt1-3, the T-DAI values in last DCIs corresponding to each G-RNTI can be different, but the value of UL DAI equals to the largest T-DAI value among all T-DAI values. The size of sub-codebook corresponding to each G-RNTI will be determined according to the value of UL DAI. 
From our point of view, either Alt1-2 or Alt1-3 is workable, and has its own advantages. Alt1-3 has less scheduling limitation, but it may bring larger feedback overhead comparing with Alt1-2. Further downselection can be made between them.
Proposal 7: If a type2 codebook is configured for unicast and multicast, and if a type2 codebook is transmitted in a PUSCH scheduled by a UL grant, then the 2 bit-UL DAI in the UL grant is for all configured G-RNTIs. Either Alt1-2 or Alt1-3 is workable, and further downselection can be made between them.
· Alt1-2: DL-DAIs have the same value. For example, the T-DAI value in the last DCI corresponding to each G-RNTI is the same in a type2 codebook.
· Alt1-3: DL-DAIs can have different values, and the largest DL DAI value among the configured G-RNTIs is used for determining the size of sub-codebook corresponding to each G-RNTI in a type2 codebook.
Proposal 8: When Type-1 codebook is configured for unicast and Type-2 codebook is configured for multicast, or when Type-2 codebook is configured for unicast and Type-1 codebook is configured for multicast, the UL-DAI for multicast is included in DCI format 0_1/0_2, in addition to the UL-DAI field for unicast. The UL-DAI for multicast is 2-bit for Type-2 codebook applied for all configured G-RNTIs. Alt1-2 should be adopted
· Alt1-2: DL-DAIs have the same value. For example, the T-DAI value corresponding to each G-RNTI is the same in a type2 codebook.

3.3	Fallback operation for Type-1 HARQ-ACK codebook of MBS PDSCHs
In the RAN1#107b meeting, the fallback operation for Type-1 HARQ-ACK codebook to multicast PDSCH receptions was discussed and the following agreement was reached. But some FFSs are left over and need to be discussed further.
	Agreement
Extending the fallback operation for Type-1 HARQ-ACK codebook to multicast PDSCH receptions.
· FFS how to handle the fallback operation for the case of multiple G-RNTIs/G-CS-RNTIs configured
· FFS how to handle the fallback operation for the case that PTP retransmission is used for PTM initial transmission. 




The fallback operation for the type1 codebook is mainly to reduce overhead if no PDSCHs are scheduled for the UE. From this perspective, we prefer a simple fallback operation for all configured G-RNTIs/G-CS-RNTIs.
If the fallback operation is performed separately for each configured G-RNTI, it is not necessary, because it is applicable only when the type1 codebook is constructed in the FDM mode (that is, the type1 codebook sub-codebook is constructed independently for each MBS service). If the type1 codebook is constructed in the TDM manner for multiple configured G-RNTIs, the fallback operation itself is for all configured G-RNTIs. Obviously, considering the benefits, usecases, and complexity, it is not necessary to introduce optimizations to perform fallback operations separately for each configured G-RNTI. 
If a PTM initial transmission is retransmitted via PTP, then the PTP retransmission should be handled as unicast PDSCHs. This is the easiest method and does not require modification of the current specification.

Proposal 9: Extending the fallback operation for Type-1 HARQ-ACK codebook to multicast PDSCH receptions,

· The fallback operation is applied for all configured G-RNTIs and G-CS-RNTIs 
· The fallback operation for the case that PTP retransmission is used for PTM initial transmission should be handled as unicast PDSCHs

4	Feedback for multicast SPS
4.1	How to feedback for the PDSCH associated with reactivation PDCCH
Currently, GC-PDCCH is supported for activating the SPS transmission. If a UE fails to receive a GC-PDCCH for activating a SPS transmission (e.g., the UE joined the MBS group after the activation GC-PDCCH or it miss detected the activation GC-PDCCH), the gNB should resend the activation GC-PDCCH for this UE. Then, some UEs which had already received the initial transmission of the activation may also receive this retransmission of the activation. Let’s call it as ‘reactivation PDCCH’ for these UEs. 
Furthermore, according to current agreements, only ACK/NACK feedback is supported for SPS activation/deactivation, while three feedback modes can be configured for SPS PDSCH without PDCCH, i.e., ACK/NACK, NACK-only, and disabled. 
Then, the issue is that how to feed back for the PDSCH associated with the reactivation PDCCH? As shown in Table-2, different feedback information will be generated by UEs with different reception status of reactivation PDCCH. More specifically, 
· [bookmark: OLE_LINK2]If the reactivation PDCCH is detected by a UE, the PDSCH associated with it will no longer be an SPS PDSCH without PDCCH. And it should only be fed back according the rule of SPS activation. 
· But, if the reactivation PDCCH is miss detected by a UE, the PDSCH will be considered as an SPS PDSCH without PDCCH by this UE, and will be fed back in a different way. 
Assuming ACK/NACK feedback with type-2 codebook is configured for SPS activation and NARQ-ACK feedback is disabled for SPS PDSCH without PDCCH, then, codebook with different sizes will be generated, i.e., 1bit for UE detected the reactivation PDCCH, and 0 bit for UE miss detected the reactivation PDCCH. 
Table 2: Different feedback information generated by UEs with different reception status of reactivation PDCCH
	Feedback information
	According to feedback mode of SPS activation
	According to feedback mode of SPS PDSCH without PDCCH

	Reactivation PDCCH is detected by the UE
	√
	×

	Reactivation PDCCH is missed by the UE
	×
	√



A way for avoiding this confusion is that considering the PDSCH scheduled by reactivation PDCCH as an SPS PDSCH without PDCCH. Then, no matter whether a UE receives the reactivation PDCCH or not, its feedback information will not change. Come back to the above example case, the UE will not feed back for the PDSCH.
Proposal 10: A GC-PDCCH activating a SPS transmission which has already been activated can be considered as a reactivation GC-PDCCH. 
· [bookmark: OLE_LINK1]For the PDSCH associated with the reactivation GC-PDCCH, feedback information are generated according to feedback mode of SPS PDSCH without PDCCH.
5	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.
NACK-only feedback
Proposal 1: In order to support NACK only feedback of more than one MBS PDSCHs by converting NACK only to HARQ-ACK, dedicated PUCCH resources are defined to transmit multiplexed UCIs from multiple NACK only.
Proposal 2: In order to support NACK only feedback of no more than 4 MBS PDSCHs in the same PUCCH, the number and HARQ-ACK feedback order of the MBS PDSCHs are determined based on the DAI mechanism. 
Proposal 3: In order to support NACK only feedback of no more than 4 MBS PDSCHs in the same PUCCH, Table 1 for the mapping relationship between up to 15 PUCCH resources and MBS PDSCHs decoded as NACK should be adopted. 
· The MBS PDSCHs can correspond to a single G-RTNI or multiple G-RTNIs based on base station implementation.
Table 1 Mapping relationship between up to 15 PUCCH resources and MBS PDSCHs decoded as NACK
	One or more MBS PDSCH decoded as NACK
	PUCCH resources

	PDSCH0
	PUCCH 0

	PDSCH1
	PUCCH 1

	PDSCH2
	PUCCH 2

	PDSCH3
	PUCCH 3

	PDSCH0 and PDSCH1
	PUCCH 4

	PDSCH0 and PDSCH2
	PUCCH 5

	PDSCH0 and PDSCH3
	PUCCH 6

	PDSCH1 and PDSCH2
	PUCCH 7

	PDSCH1 and PDSCH3
	PUCCH 8

	PDSCH2 and PDSCH3
	PUCCH 9

	PDSCH0, PDSCH1 and PDSCH2
	PUCCH 10

	PDSCH 0, PDSCH1 and PDSCH3
	PUCCH 11

	PDSCH0, PDSCH2 and PDSCH3
	PUCCH 12

	PDSCH1, PDSCH2 and PDSCH3
	PUCCH 13

	PDSCH0, PDSCH1, PDSCH2 and PDSCH3
	PUCCH 14



Proposal 4: When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority,
· For NACK only PUCCH carrying no more than 2 bits, convert NACK only bits to ACK/NACK bits, and determine CS based on HARQ-ACK bits and SR status, and always use SR PUCCH as the multiplexing result PUCCH.
· For NACK only PUCCHs carrying more than 2 bits, convert NACK only bits to ACK/NACK bits, and convert SR to 1 bit, and always use a separate configured PUCCH resource as the multiplexing result PUCCH.

ACK/NACK feedback
Proposal 5: For Type-1 codebook generation, Alt2 should be adopted.
· Alt2: .if at least one configured G-RNTI is with HARQ-ACK enabled, UE reports actual HARQ-ACK result for all G-RNTIs.
Proposal 6: If a UE supports ACK/NACK based feedback for dynamic multicast scheduling and for multicast SPS, and if the UE is configured with ACK/NACK based feedback for multicast dynamic scheduling and is configured with disabled HARQ feedback for multicast SPS scheduling, for Type-1 codebook generation, Alt2 should be adopted.
· Alt2: UE will report ACK/NACK for the G-CS-RNTI with HARQ-ACK disabled regardless of decoding results of corresponding PDSCH.
Proposal 7: If a type2 codebook is configured for unicast and multicast, and if a type2 codebook is transmitted in a PUSCH scheduled by a UL grant, then the 2 bit-UL DAI in the UL grant is for all configured G-RNTIs. Either Alt1-2 or Alt1-3 is workable, and further downselection can be made between them.
· Alt1-2: DL-DAIs have the same value. For example, the T-DAI value in the last DCI corresponding to each G-RNTI is the same in a type2 codebook.
· Alt1-3: DL-DAIs can have different values, and the largest DL DAI value among the configured G-RNTIs is used for determining the size of sub-codebook corresponding to each G-RNTI in a type2 codebook.
Proposal 8: When Type-1 codebook is configured for unicast and Type-2 codebook is configured for multicast, or when Type-2 codebook is configured for unicast and Type-1 codebook is configured for multicast, the UL-DAI for multicast is included in DCI format 0_1/0_2, in addition to the UL-DAI field for unicast. The UL-DAI for multicast is 2-bit for Type-2 codebook applied for all configured G-RNTIs. Alt1-2 should be adopted
· Alt1-2: DL-DAIs have the same value. For example, the T-DAI value corresponding to each G-RNTI is the same in a type2 codebook.
Proposal 9: Extending the fallback operation for Type-1 HARQ-ACK codebook to multicast PDSCH receptions,

· The fallback operation is applied for all configured G-RNTIs and G-CS-RNTIs 
· The fallback operation for the case that PTP retransmission is used for PTM initial transmission should be handled as unicast PDSCHs

Feedback for multicast SPS
Proposal 10: A GC-PDCCH activating a SPS transmission which has already been activated can be considered as a reactivation GC-PDCCH. 
· For the PDSCH associated with the reactivation GC-PDCCH, feedback information are generated according to feedback mode of SPS PDSCH without PDCCH.
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