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1. Introduction
In RAN1 #108-e meeting [1], the remaining issues on MBS transmission reliability improvement were discussed and the agreements of most issues were reached, but there are still some problems to resolve as followings yellow color issues. 
	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
Agreement
Regarding RRC configuring Alt1 or Alt4 (from the previous agreement) for multiplexing more than one NACK-only in the same PUCCH transmission, the configuration is per CFR.

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

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

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. 


In this document, the remaining issues on improving reliability of Multicast and Broadcast Service (MBS) are discussed, including ACK/NACK based and NACK-only based HARQ-ACK feedback schemes.
2. Discussion 
2.1. Details issue on supporting more than one NACK-only feedback in the same PUCCH transmission
The following agreements have been agreed in RAN1#108-e meeting for supporting more than one NACK-only feedback in the same PUCCH transmission.
	Agreement:(RAN1#108-e)
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


Issue 1： How to determine PUCCH resource for Alt1
For the Alt1, when a number of HARQ-ACK information bits is more than 1, if the UE is indicated by mode1 in moreThanOneNackOnly-Mode to provide the HARQ-ACK information bits in a PUCCH according to the NACK-only feedback reporting mode, the UE will multiplex the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. The remaining issue is how to determine PUCCH resource configuration for Alt.1. For PUCCH resource configuration of NACK-only reporting mode, the following agreements have been achieved.
	Agreement (RAN1#105-e)
Support PUCCH format 0 and format 1 for NACK-only based HARQ-ACK feedback for multicast.

Agreement (RAN1#106b-e)
For UE supporting both ACK/NACK based and NACK-only based feedback for multicast, for the same G-RNTI, support the following
· UE can be configured with either ACK/NACK based or NACK-only feedback for a single G-RNTI.
· Note: Case1-1: if configured with ACK/NACK based feedback, UE can be optionally configured a separate PUCCH-Config/PUCCH-ConfigurationList for multicast. Otherwise, PUCCH-Config/PUCCH-ConfigurationList for unicast applies (This has been agreed.)
· Case 1-2: if configured with NACK-only based feedback, when separate PUCCH-Config/PUCCH-ConfigurationList for NACK-only is not configured, PUCCH-Config/PUCCH-ConfigurationList for unicast applies.



According to the agreements listed above, it should be noted that only PUCCH format 0 and PUCCH format 1 are supported for NACK-only based HARQ-ACK feedback for multicast and they can only carry up to 2 bits for HARQ-ACK feedback. For supporting more than 2 bits NACK-only feedback in same PUCCH, there are several options on the PUCCH resource configured for Alt.1 are discussed.

· Option 1: using PUCCH resource configured for unicast 
If UE is indicated to provide the HARQ-ACK information bits in a PUCCH according to Alt.1, regardless whether separate PUCCH-Config/PUCCH-ConfigurationList for NACK-only is configured, PUCCH-Config/PUCCH-ConfigurationList for unicast applies. 

· Option 2: using PUCCH resource configured for unicast only if a number of HARQ-ACK is more than 2
If UE is indicated to provide the HARQ-ACK information bits in a PUCCH according to Alt.1, and a number of HARQ-ACK information bits is more than 2 bits, regardless whether separate PUCCH-Config/PUCCH-ConfigurationList for NACK-only is configured, PUCCH-Config/PUCCH-ConfigurationList for unicast applies. 

· Option 3: using PUCCH resource configured for NACK-only with PUCCH format 2, format 3 and format 4 
If UE is indicated to provide the HARQ-ACK information bits in a PUCCH according to Alt.1, and a number of HARQ-ACK information bits is more than 2 bits, the UE can be configured with either one of PUCCH format 2, format 3 or format 4 in PUCCH-Config-Multicast2/PUCCH-ConfigurationList-Multicasts when separate PUCCH-Config/PUCCH-ConfigurationList for NACK-only is configured.
For option 2, the determination of PUCCH resource configuration will depend on the number of the HARQ-ACK information bits for NACK-only based HARQ-ACK feedback, which will cause design complexity. In our view, option 2 and option 3 can be further studied for determining PUCCH resource for Alt 1. For the determination of PUCCH slot, PUCCH resource set and PUCCH resource, the current mechanism for unicast can be reused.

Proposal 1: When more than one NACK-only feedback is transmitted in the same PUCCH transmission and Alt 1 is applied, the PUCCH resource can be determined by one of the following options:
· Option 1: using PUCCH resource configured for unicast 
If UE is indicated to provide the HARQ-ACK information bits in a PUCCH according to Alt.1, regardless whether separate PUCCH-Config/PUCCH-ConfigurationList for NACK-only is configured, PUCCH-Config/PUCCH-ConfigurationList for unicast applies.
· Option 3: using PUCCH resource configured for NACK-only with PUCCH format 2, format 3 and format 4
If UE is indicated to provide the HARQ-ACK information bits in a PUCCH according to Alt.1, and a number of HARQ-ACK information bits is more than 2 bits, the UE can be configured with either one of PUCCH format 2, format 3 or format 4 in PUCCH-Config-Multicast2/PUCCH-ConfigurationList-Multicasts when separate PUCCH-Config/PUCCH-ConfigurationList for NACK-only is configured.

Issue 2： PUCCH resource slot & PUCCH resource mapping for alt 4
For the Alt 4, when a number of HARQ-ACK information bits is more than 1, if the UE is indicated by mode 2 in moreThanOneNackOnly-Mode, the UE will provide the HARQ-ACK information in a PUCCH by selecting a resource from a set of resources for NACK-only feedback based on the mapping between the values of the HARQ-ACK information bits and the PUCCH resource provided in Table 1from [2]. 
Table 1. Mapping of HARQ-ACK value to a PUCCH resource in the first PUCCH resource set with maximum 16 PUCCH resources
	HARQ-ACK Value
	PUCCH resource

	{0}
	{0,0}
	{0,0,0}
	{0,0,0,0}
	1st PUCCH resource provided by pucch-ResourceId obtained from the 1st value of resourceList

	
	{1,0}
	{1,0,0}
	{1,0,0,0}
	2nd PUCCH resource provided by pucch-ResourceId obtained from the 2nd value of resourceList

	
	{0,1}
	{0,1,0}
	{0,1,0,0}
	3rd PUCCH resource provided by pucch-ResourceId obtained from the 3rd value of resourceList

	
	
	{1,1,0}
	{1,1,0,0}
	4th PUCCH resource provided by pucch-ResourceId obtained from the 4th value of resourceList

	
	
	{0,0,1}
	{0,0,1,0}
	5th PUCCH resource provided by pucch-ResourceId obtained from the 5th value of resourceList

	
	
	{1,0,1}
	{1,0,1,0}
	6th PUCCH resource provided by pucch-ResourceId obtained from the 6th value of resourceList

	
	
	{0,1,1}
	{0,1,1,0}
	7th PUCCH resource provided by pucch-ResourceId obtained from the 7th value of resourceList

	
	
	
	{1,1,1,0}
	8th PUCCH resource provided by pucch-ResourceId obtained from the 8th value of resourceList

	
	
	
	{0,0,0,1}
	9th PUCCH resource provided by pucch-ResourceId obtained from the 9th value of resourceList

	
	
	
	{1,0,0,1}
	10th PUCCH resource provided by pucch-ResourceId obtained from the 10th value of resourceList

	
	
	
	{0,1,0,1}
	11th PUCCH resource provided by pucch-ResourceId obtained from the 11th value of resourceList

	
	
	
	{1,1,0,1}
	12th PUCCH resource provided by pucch-ResourceId obtained from the 12th value of resourceList

	
	
	
	{0,0,1,1}
	13th PUCCH resource provided by pucch-ResourceId obtained from the 13th value of resourceList

	
	
	
	{1,0,1,1}
	14th PUCCH resource provided by pucch-ResourceId obtained from the 14th value of resourceList

	
	
	
	{0,1,1,1}
	15th PUCCH resource provided by pucch-ResourceId obtained from the 15th value of resourceList



The first issue is that how to determine the PUCCH slot for the transmission. For the ACK/NACK based HARQ-ACK feedback, the PUCCH slot for transmission is based on the K1 indication of the scheduling DCI and the end slot of the corresponding PDSCH. If multiple HARQ-ACK feedback bits are feedback in the same slot, those HARQ-ACK bits will be multiplexed into the same PUCCH resource. Per our understanding, the PUCCH slot determination mechanism for ACK/NACK based HARQ-ACK feedback can be reused for Alt4 of NACK-only based HARQ-ACK feedback.

Proposal 2:  When more than one NACK-only feedback is transmitted in the same PUCCH transmission and Alt 4 is applied, the PUCCH slot is based on the K1 indication of the scheduling DCI and the end slot of the corresponding PDSCH.

The next issue is how to determine the number of TBs correctly. For Type-2-like codebook, there are two possible schemes to determine the number of the TBs as follows.
· Scheme 1: based on the sum C-DAI of all configured G-RNTI/G-CS-RNTI
The number of TBs is determined by the sum C-DAI of all configured G-RNTI/G-CS-RNTI, if UE is configured with more than one G-RNTI / G-CS-RNTI to feedback HARQ-ACK information according to NACK-only reporting mode. The UE shall count each configured G-RNTI or G-CS-RNTI separately, and add all the indicated C-DAI as the number of TBs corresponding to the NACK-only feedback. 

· Scheme 2: based on the number of PUCCH resource indicated for the UE
From the perspective of UE, the number of TB is determined by the maximum number of PUCCH resource indicated for the UE. For example, when the UE is configured 15 PUCCH resources for NACK-only feedback in a PUCCH resource set, the UE will consider the number of TB received to be 4. If the number M of actual received TB is less than the number N of expected received TB determined by configured PUCCH resources, the UE will feedback NACK for the last (M-N) unreceived TBs. 

It should be noted that scheme 1 will cause the ‘last DCI missing’ issue. This happens when the gNB schedules 4TBs and the last DCI is missed. Assuming that the first three TBs are correctly decoded by the UE and the fourth TB is not received by the UE due to DCI missing, the UE will feedback nothing because the HARQ-ACK value corresponds to {1,1,1} instead of {1,1,1,0}. In this case, the gNB will mistakenly regard that all 4 TBs have been decoded correctly by the UE. To avoid ‘last DCI missing’ issue, it is suggested to apply scheme 2 to determine the number of TBs when Type-2-like codebook is configured for Alt 4.

Observation 1: When more than one NACK-only feedback is transmitted in the same PUCCH transmission and Type-2-like codebook is configured for Alt 4, if the number of TBs is determined by the sum C-DAI of all configured G-RNTI/G-CS-RNTI, the ‘last DCI missing’ issue will occur.

Proposal 3: When more than one NACK-only feedback is transmitted in the same PUCCH transmission and Type-2-like codebook is configured for Alt 4, the number of TBs is determined by the maximum number of PUCCH resource indicated for the UE. 


Issue 3: The scheme for determining overlapping in time between PUCCH for NACK-only and other PUCCH/PUSCH for Alt4

If PUCCH transmission for NACK-only based feedback overlaps in time with other PUCCH or PUSCH, the UE will multiplex the NACK-only based feedback with other UCI in PUCCHs or PUSCHs by transforming NACK-only into the ACK/NACK information, as describe in section 18 of TS 38.213. 
	TS 38.213 section 18
If a UE would multiplex HARQ-ACK information that the UE would provide according to the second HARQ-ACK reporting mode with other UCI in a first PUCCH, or in a PUSCH, as described in clauses 9 and 9.2.5, the UE provides the HARQ-ACK information according to the first HARQ-ACK reporting mode. For resolving an overlapping among a second PUCCH with HARQ-ACK information according to the second HARQ-ACK reporting mode and other PUCCHs or PUSCHs prior to multiplexing the HARQ-ACK information in a PUCCH or PUSCH, the UE considers that the UE would transmit the second PUCCH when all values of the HARQ-ACK information are 'ACK'.



When more than one NACK-only feedback is transmitted in the same PUCCH transmission and Alt 4 is applied, the UE will select one PUCCH resource from the configured PUCCH resources for NACK-only feedback according to the decoding results of each PDSCH. For example, if all the TBs are not decoded correctly, the first PUCCH resource in the table will be selected to feedback NACK-only information. If only the first TB is decoded correctly and other TBs are not decoded correctly, the second PUCCH resource in the table will be selected to feedback NACK-only information. But, gNB doesn’t know the decoding result of each PDSCH before receiving HARQ-ACK report. One remaining issue is how to determine whether a PUCCH for NACK-only overlaps in time with other PUCCHs or PUSCH. It is recommended to use all PUCCH resources indicated for NACK-only to determine overlapping, i.e. overlap occurs if any one of PUCCH resource configured/indicated for NACK-only transmission overlaps in time with other PUCCHs/PUSCHs.
Thus, we suggest the following TPs to clarify ‘an overlapping among a second PUCCH with HARQ-ACK information according to the second HARQ-ACK reporting mode and other PUCCHs or PUSCHs’ in TS 38.213 section18, when the UE is indicated by moreThanOneNackOnly-Mode to provide the HARQ-ACK information bits in a PUCCH by selecting a resource from a set of resources for the PUCCH transmission based on the values of the HARQ-ACK information bits as described in Table 1.
Proposal 4: When more than one NACK-only feedback is transmitted in the same PUCCH transmission and Alt 4 is applied, use all PUCCH resources configured/indicated for NACK-only to determine if a PUCCH transmission for NACK-only overlaps in time with other PUCCHs or PUSCH. The TP#1 suggestions are as the following:

TP#1 for TS 38.213 section 18
< Unchanged text is omitted>
If a UE would multiplex HARQ-ACK information that the UE would provide according to the second HARQ-ACK reporting mode with other UCI in a first PUCCH, or in a PUSCH, as described in clauses 9 and 9.2.5, the UE provides the HARQ-ACK information according to the first HARQ-ACK reporting mode. For resolving an overlapping among a second PUCCH with HARQ-ACK information according to the second HARQ-ACK reporting mode and other PUCCHs or PUSCHs prior to multiplexing the HARQ-ACK information in a PUCCH or PUSCH, the UE considers that the UE would transmit the second PUCCH when all values of the HARQ-ACK information are 'ACK'. If UE is indicated by mode2 is in moreThanOneNackOnly-Mode, when any one PUCCH resource in the PUCCH resource set configured for NACK-only transmission overlaps in time with other PUCCHs or PUSCHs, an overlapping among a second PUCCH and other PUCCHs or PUSCHs occurs. 
< Unchanged text is omitted>

2.2. Details issue on HARQ-ACK disabled by RRC signaling
	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


In last meeting [1], it was agreed that 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 Type-1 codebook generation. But for the case of at least one configured G-RNTI is with HARQ-ACK enabled, it is still a FFS. We notice that there is a conclusion about ‘PUCCH resource Indicator’ and ‘PDSCH-to-HARQ_feedback timing indicator’ fields of DCI format 4_1/4_2 for HARQ feedback disabled as follows.
	Conclusion (RAN1#108e)
When HARQ feedback is disabled, the following fields (if present) of DCI format 4_1/4_2 can be assumed to be reserved and UE ignores them:
· PUCCH resource Indicator
· PDSCH-to-HARQ_feedback timing indicator


Per our understanding, PDSCH scheduled by DCI format 4_1/4_2 has no corresponding PRI and K1 indication when HARQ feedback is disabled, which is similar to the PDSCH scheduled by DCI format 1_0 scrambled by SI-RNTI. For Type-1 codebook is generated, the UE will not report any HARQ-ACK information of the PDSCH scheduled by DCI format 1_0 scrambled by SI-RNTI. In our view, the same principle as  PDSCH scheduled by DCI format 1_0 scrambled by SI-RNTI can be reused, if at least one configured G-RNTI is with HARQ-ACK enabled, UE does not report any HARQ-ACK information for the G-RNTI is with HARQ-ACK disabled for Type-1 codebook generation.

Proposal 5: For Type-1 codebook generation, the UE will not report any HARQ-ACK information for the configured G-RNTI with HARQ-ACK disabled by RRC signaling.

2.3. Details issue on UL DAI(s) on PUSCH
When gNB transmit a DCI format 0_1 to schedule PUSCH and Type-2 codebook is configured for multicast, it was agreed that additional 2-bit UL DAI is presented, which is applied for all configured G-RNTIs. There are three alternatives on how to count the total number of HARQ-ACK bits for all configured G-RNTI as following 
	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



For Alt 1-1, UL-DAI indicates the sum of DL-DAIs for all scheduled multicast, the benefit is that UE can compute “correct” total bits size of all configured G-RNTIs, but the conditions is very restrictive. If any one of configured G-RNTIs is missing last DCI, UE will not know how to construct “correct” sub-code book size. An example as shown as following table
Table 3 last DCI for G-RNTI2 is missed 
	Case-1
	g-NB (transmits DCI)
	UE(receives DCI)

	
	G-RNTI-1
	G-RNTI-2
	G-RNTI-1
	G-RNTI-2

	C-DAT
	C-DAI=1
	C-DAI=1
C-DAI=2
	C-DAI =1
	 C-DAI =1

	UL-DAI
	UL-DAI=3
	UL-DAI=3



As shown case-1, gNB schedules 1TBs for G-RNTI-1, and 2 TBs for G-RNTI-2. When transmitting DCI format 0_1, UL DAI is set to 3, and it indicates that total 3 DCIs are transmitted and gNB expects receive 3 bits HARQ-ACK codebook, but the last DCI of G-RNTI-2 is missing, thus UE can’t know which sub-codebook has 2 bits, and UE may generate a wrong HARQ-ACK codebook. 
From gNB side, for Alt-2, the actual number of DCI scheduling shall be same among configured G-RNTIs/G-CS-RNTIs. For Alt-3, the actual number of DCI scheduling for configured G-RNTIs/G-CS-RNTIs can be different. But from UE side, there is no difference between Alt-2 and Alt-3, since the legacy rule will be applied to each configured G-RNTI/G-CS-RNTIs separately. In our view, 2-bit UL DAI for multicast should be applied to each configured G-RNTI/G-CS-RNTI and the setting of the value of UL DAI can be up to the gNB implementation regardless of the value of DL DAI indicated for each G-RNTI/G-CS-RNTI.

Proposal 6: UL DAI for multicast should be applied to each configured G-RNTI/G-CS-RNTI and the setting of the value of UL DAI can be up to the gNB implementation regardless of the value of DL DAI indicated for each G-RNTI/G-CS-RNTI.

2.4. HARQ-ACK sub-codebook constitution for G-CS-RNTI
For supporting multicast transmission, one or more G-RNTI/G-CS-RNTIs can be configured, and Type-2 HARQ-ACK may be configured for multicast DCI scrambled by G-RNTI or G-CS-RNTI. It was also agreed that for each G-RNTI DCI scheduling, C-DAI is counted and sub-codebook is constructed separately. Considering that G-RNTI and G-CS-RNTI are configured by high layer separately, there is no association between G-CS-RNTI and G-RNTI. It is reasonable that each G-CS-RNTI can generate a sub-codebook independently. We suggest the following TPs to clarify the HARQ-ACK sub-codebook constitution for G-CS-RNTI in TS 38.213 section 9.1.3.1.
Proposal 7: If Type-2 HARQ-ACK is configured for one or more G-CS-RNTI, the C-DAI counted and sub-codebook constructed for each G-CS-RNTI separately. The TP#2 suggestions are as the following:

TP#2 for TS 38.213 section 9.1.3.1
< Unchanged text is omitted>
9.1.3.1 Type-2 HARQ-ACK codebook in physical uplink control channel
If a UE is configured to monitor PDCCH for multicast DCI formats with CRC scrambled by one or more G-RNTIs or G-CS-RNTIs that the UE generates a Type-2 HARQ-ACK codebook, the UE separately applies the procedures in this clause per G-RNTI or G-CS-RNTI  and determines the Type-2 HARQ-ACK codebook by concatenating the Type-2 HARQ-ACK codebook for unicast DCI formats followed by the HARQ-ACK codebooks for the multicast DCI formats in ascending order of the corresponding G-RNTI values.
< Unchanged text is omitted>

3. Conclusion 
In this document, the remain issues on improving reliability of Broadcast/Multicast service are discussed. The proposals are given as following:

Proposal 1: When more than one NACK-only feedback is transmitted in the same PUCCH transmission and Alt 1 is applied, the PUCCH resource can be determined by one of the following options:
· Option 1: using PUCCH resource configured for unicast 
If UE is indicated to provide the HARQ-ACK information bits in a PUCCH according to Alt.1, regardless whether separate PUCCH-Config/PUCCH-ConfigurationList for NACK-only is configured, PUCCH-Config/PUCCH-ConfigurationList for unicast applies.
· Option 3: using PUCCH resource configured for NACK-only with PUCCH format 2, format 3 and format 4
If UE is indicated to provide the HARQ-ACK information bits in a PUCCH according to Alt.1, and a number of HARQ-ACK information bits is more than 2 bits, the UE can be configured with either one of PUCCH format 2, format 3 or format 4 in PUCCH-Config-Multicast2/PUCCH-ConfigurationList-Multicasts when separate PUCCH-Config/PUCCH-ConfigurationList for NACK-only is configured.

Proposal 2:  When more than one NACK-only feedback is transmitted in the same PUCCH transmission and Alt 4 is applied, the PUCCH slot is based on the K1 indication of the scheduling DCI and the end slot of the corresponding PDSCH.

Observation 1: When more than one NACK-only feedback is transmitted in the same PUCCH transmission and Type-2-like codebook is configured for Alt 4, if the number of TBs is determined by the sum C-DAI of all configured G-RNTI/G-CS-RNTI, the ‘last DCI missing’ issue will occur.

Proposal 3: When more than one NACK-only feedback is transmitted in the same PUCCH transmission and Type-2-like codebook is configured for Alt 4, the number of TBs is determined by the maximum number of PUCCH resource indicated for the UE. 

Proposal 4: When more than one NACK-only feedback is transmitted in the same PUCCH transmission and Alt 4 is applied, use all PUCCH resources configured/indicated for NACK-only to determine if a PUCCH transmission for NACK-only overlaps in time with other PUCCHs or PUSCH. The TP#1 suggestions are as the following:

TP#1 for TS 38.213 section 18
< Unchanged text is omitted>
If a UE would multiplex HARQ-ACK information that the UE would provide according to the second HARQ-ACK reporting mode with other UCI in a first PUCCH, or in a PUSCH, as described in clauses 9 and 9.2.5, the UE provides the HARQ-ACK information according to the first HARQ-ACK reporting mode. For resolving an overlapping among a second PUCCH with HARQ-ACK information according to the second HARQ-ACK reporting mode and other PUCCHs or PUSCHs prior to multiplexing the HARQ-ACK information in a PUCCH or PUSCH, the UE considers that the UE would transmit the second PUCCH when all values of the HARQ-ACK information are 'ACK'. If UE is indicated by mode2 is in moreThanOneNackOnly-Mode, when any one PUCCH resource in the PUCCH resource set configured for NACK-only transmission overlaps in time with other PUCCHs or PUSCHs, an overlapping among a second PUCCH and other PUCCHs or PUSCHs occurs. 
< Unchanged text is omitted>

Proposal 5: For Type-1 codebook generation, the UE will not report any HARQ-ACK information for the configured G-RNTI with HARQ-ACK disabled by RRC signaling.

Proposal 6: UL DAI for multicast should be applied to each configured G-RNTI/G-CS-RNTI and the setting of the value of UL DAI can be up to the gNB implementation regardless of the value of DL DAI indicated for each G-RNTI/G-CS-RNTI.

Proposal 7: If Type-2 HARQ-ACK is configured for one or more G-CS-RNTI, the C-DAI counted and sub-codebook constructed for each G-CS-RNTI separately. The TP#2 suggestions are as the following:

TP#2 for TS 38.213 section 9.1.3.1
< Unchanged text is omitted>
9.1.3.1 Type-2 HARQ-ACK codebook in physical uplink control channel
If a UE is configured to monitor PDCCH for multicast DCI formats with CRC scrambled by one or more G-RNTIs or G-CS-RNTIs that the UE generates a Type-2 HARQ-ACK codebook, the UE separately applies the procedures in this clause per G-RNTI or G-CS-RNTI  and determines the Type-2 HARQ-ACK codebook by concatenating the Type-2 HARQ-ACK codebook for unicast DCI formats followed by the HARQ-ACK codebooks for the multicast DCI formats in ascending order of the corresponding G-RNTI values.
< Unchanged text is omitted>
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