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The contribution is focused on reliability improvement issues for RRC-CONNECTED UEs in Rel-17 NR MBS.
In RAN1#109-e meeting, regarding NACK-only based HARQ-ACK feedback and HARQ-ACK codebook determination, the corresponding agreements are made as below:
[bookmark: _Hlk39170201]Agreement
For the 2-bit UL-DAI for multicast indicating the total number of Type-2 HARQ-ACK bits multiplexed in PUSCH, UE generates the Type-2 HARQ-ACK sub-codebook for each G-RNTI per the UL-DAI and concatenates all the sub-codebooks in the ascending order of G-RNTI value. 
· If the 2-bit UL-DAI field for multicast has the value of  and the UE has not received any PDCCH within the monitoring occasions with DCI format 4_1/4_2, the UE does not multiplex HARQ-ACK information for multicast feedback in the PUSCH transmission.

Agreement
When UE is configured with multiple cells for unicast and Type-1 codebook is configured for both multicast and unicast, 
· if the UE is configured to construct the HARQ-ACK codebooks for unicast and multicast jointly, a single UL DAI bit applies for unicast and multicast;
· Otherwise, 1 additional bit UL DAI is included for multicast in DCI format 0_1/0_2, in addition to the UL DAI for unicast. The 1-bit UL DAI for multicast is applied to all configured G-RNTIs.

Agreement
For UE configured with NACK-only HARQ-ACK feedback, for Alt4 (from previous agreement), define the mapping between HARQ-ACK values and the PUCCH resources for the TBs configured with NACK-only as follows:
· The mapping is applied to both a single G-RNTI
· FFS: multiple configured G-RNTIs cases.
· FFS: how to order the TBs, whether/how to account for missed or non-scheduled TBs
· FFS whether/how PRI is used for indication. 

	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




Agreement
For power determination of a PUCCH transmission for the “NACK-only” reporting mode in clause 7.2.1 in TS 38.213, .  

Agreement
For power determination of a PUCCH transmission with multicast HARQ-ACK mode in clause 7.2.1 in TS 38.213, a UE with two CLPC adjustment states applies the one corresponding to .  

Agreement
For multicast, for addressing how to count and order the HARQ-ACK bits for NACK-only for Alt4:
· Case 1: when the HARQ-ACK-to-PUCCH mapping table for Alt4 (from previous agreement) is applied to a single G-RNTI (from network and UE perspective) 
· Opt1-1: based on C-DAI included in DL DCI for counting the number of HARQ-ACK bits and for ordering the HARQ-ACK bits.
· FFS: whether Opt1-1 can also work when different G-RNTIs are used for different UEs
· Note: other cases are not precluded

Agreement
· For the case when the PUCCH transmission for the NACK-only based feedback for one G-RNTI collides with the PUCCH transmission for ACK/NACK feedback for another G-RNTI with the same priority and then UE multiplexes the NACK-only based feedback with the ACK/NACK feedback onto the same PUCCH by transforming NACK-only into the ACK/NACK based HARQ-ACK bit, the PUCCH resources for transmitting the multiplexed HARQ-ACK bits is from the PUCCH-Config/PUCCH-ConfigurationList configured for multicast with ACK/NACK based feedback. 
· For a UE configured with G-RNTI(s) with NACK-only HARQ-ACK feedback, when NACK-only HARQ-ACK bits are transformed into ACK/NACK HARQ-ACK bits, the PUCCH resource used for transmitting the multiplexed HARQ-ACK bits is determined from PUCCH-Config/PUCCH-ConfigurationList configured for multicast with ACK/NACK based feedback based on the k1 and the PRI indication in the last DCI scheduling multicast. If PUCCH-Config/PUCCH-ConfigurationList configured for multicast with ACK/NACK based feedback is not configured, the PUCCH-Config/PUCCH-ConfigurationList configured for unicast is used. 
· FFS: the case NACK-only is for multicast SPS PDSCH only. 

Agreement
When the nominal NACK-only PUCCH overlaps with other PUCCH/PUSCH transmission, NACK-only is transformed into ACK/NACK and multiplexed with other PUCCH/PUSCH transmission. Down-select from the following options for the nominal NACK-only PUCCH:
· Opt1: The nominal NACK-only PUCCH consists of all the symbols from PUCCHs of the NACK-only PUCCH resource set.
· Opt2: The nominal NACK-only PUCCH starts from the earliest starting symbol of PUCCHs in the NACK-only PUCCH resource set, and ends at the latest ending symbol of PUCCHs in the set.
· Opt3: The nominal NACK-only PUCCH consists of all the symbols of the PUCCH slot.
· Opt4: All PUCCHs have the same starting symbol and the same time duration
· Other options are not precluded, e.g. based on PRI, or based on the number of TBs that will be transmitted in the PUCCH slot
· Note1: The terminology of the “nominal NACK-only PUCCH” is used for facilitate describing the issue. Up to editor for the specification impact. 
· Note2: The following factors can be considered for down-selection:
· Up to 12 initial cyclic shifts can be configured to PF0. Up to 12 initial cyclic shifts and up to 7 time domain OCC can be configured to PF1.
· Up to 32 PUCCHs resources in the resource set are configured for NACK-only.
· The PUCCH configuration for unicast will be used when the PUCCH is not configured for NACK-only. 

Agreement
Regarding the PDSCH and/or PUCCH processing procedure timeline for NACK-only based feedback, further discuss on whether/how to extending the PDSCH and/or PUCCH processing procedure timeline. 
· Note1: The current PDSCH processing procedure timeline defined in clause 5.3 TS38.214 is for ACK/NACK based feedback.
· Note2: For NACK-only based feedback for more than 1 TB, one possible issue is that the PUCCH resource for NACK-only can only be determined after obtaining the decoding result of all the related PDSCHs for the UE. 

Agreement
For Type-1 codebook generation, if at least one configured G-RNTI is with HARQ-ACK enabled by RRC, it is up to UE to report NACK or ACK/NACK for the G-RNTI with HARQ-ACK disabled
· FFS whether UE needs to generate Type-1 CB, when UE does not detect any DCI for G-RNTI(s) with HARQ-ACK enabled when at least one configured G-RNTI is with HARQ-ACK enabled by RRC.
· For the PUCCH resource for the codebook transmission,
· Opt2: PUCCH resource/slot is based on last DCI for a G-RNTI with HARQ-ACK enabled 

Agreement
When UE supports and is configured with more than one G-CS-RNTI, for TB retransmissions that are scheduled by G-CS-RNTI,
· for Type-2 codebook construction, DL-DAI is separately counted per G-CS-RNTI, 
· Type-2 codebook is constructed by concatenating Type-2 sub-codebook of each G-CS-RNTI following the ascending order of the G-CS-RNTI value.
· Type-2 HARQ-ACK sub-codebook for G-CS-RNTIs is appended to the one for G-RNTI. 

Agreement
For multicast, for addressing how to count and order the HARQ-ACK bits for NACK-only for Alt4, further down-selection on the following cases/options in the next meeting: 
· Case 2: for the case of all UEs configured with the same set of G-RNTIs
· Opt2-1: support Alt4 for this case
· Opt2-1-1: based on the sum of C-DAI included in the last scheduling DCI from each G-RNTI for counting the total number of HARQ-ACK bits. The ordering of HARQ-ACK bits is per C-DAI from each G-RNTI and in the ascending order of G-RNTI values. 
· Opt2-1-2: based on C-DAI* included in the last scheduling DCI for counting the number of HARQ-ACK bits and for ordering the HARQ-ACK bits. The C-DAI* is accumulating the scheduled TBs across different G-RNTIs 
· Opt2-2: does not support Alt4 for this case. 
· Case 3: for the case of different UEs configured with different G-RNTIs
· Opt3-1: support Alt4 for this case
· Opt3-1-1: based on the sum of C-DAI included in the last scheduling DCI from each G-RNTI for counting the total number of HARQ-ACK bits. The ordering of HARQ-ACK bits is per C-DAI from each G-RNTI and in the ascending order of G-RNTI values. 
· Opt3-1-2: based on C-DAI* included in the last scheduling DCI for counting the number of HARQ-ACK bits and for ordering the HARQ-ACK bits. The C-DAI* is accumulating the scheduled TBs across different G-RNTIs. 
· Opt3-2: does not support Alt4 for this case. 


However, there are still some FFS issues which need to be resolved in maintenance phase. Hence, in this contribution, more detailed views on remaining issues are present from our side.

Discussion

HARQ-ACK feedback for PDSCH scheduled by DCI format 4-1
According to latest RAN1 agreement, for a given G-RNTI, when RRC configures presence of HARQ-ACK feedback enabling/disabling indication (HEI) in the DCI format with CRC scrambled by the given G-RNTI, this enabling/disabling HARQ-ACK feedback indication is only included in DCI format 4-2 with CRC scrambled by the given G-RNTI. In detail, this enabling/disabling HARQ-ACK feedback indication is not included in DCI format 4-1 with CRC scrambled by the given G-RNTI. Thus, upon reception of a PDSCH scheduled by DCI format 4-2, UE assume HARQ-ACK feedback is enabled or disabled for the scheduled PDSCH according to the enabling/disabling HARQ-ACK feedback indication in DCI format 4-2; however, upon reception of a PDSCH scheduled by DCI format 4-1, should the UE assume HARQ-ACK feedback is enabled or disabled for the scheduled PDSCH?
Observation 1: HARQ-ACK feedback for PDSCH scheduled by DCI format 4-1 is not determined in current spec.

The straightforward solution is to include 1-bit HEI in both DCI format 4-1 and DCI format 4-2 to simplify the UE behavior and avoid any misunderstanding between UE and gNB on HARQ-ACK codebook size. Considering each field in DCI format 4-1 has fixed size, this 1-bit HEI is always included in DCI format 4-1. In detail, if RRC signaling configures presence of enabling/disabling HARQ-ACK feedback indication (HEI) in multicast DCI format for a given G-RNTI, one-bit HEI is included in the multicast DCI format 4-1 indicating enabled or disabled HARQ-ACK feedback for group-common PDSCH scheduled by the multicast DCI format 4-1; otherwise, this bit is ignored. This follows same design principle of 1-bit UL/SUL indicator in fallback DCI format 1-0. For DCI format 4-1, one of the reserved three bits can be used as 1-bit HEI. The presence of this bit is always there and not configurable by RRC signaling so as to guarantee each field in the multicast DCI format 4-1 is of fixed size.
If the principle of unconfigurable fields in DCI format 4-1 is preferred, another way is to always assume the HARQ-ACK feedback for PDSCH scheduled by DCI format 4-1 with CRC scrambled by a G-RNTI is enabled if RRC configures presence of HARQ-ACK feedback enabling/disabling indication (HEI) in DCI format 4-2 with CRC scrambled by the G-RNTI.

Based on above discussion, we have below proposals:
Proposal 1: UE assumes HARQ-ACK feedback for PDSCH scheduled by DCI format 4-1 with CRC scrambled by G-RNTI is enabled if RRC configures presence of HARQ-ACK feedback enabling/disabling indication (HEI) in DCI format 4-2 with CRC scrambled by the G-RNTI. 
Proposal 2: Adopt below TP1 in TS38.213:

TP1:
[bookmark: _Toc106629505]18	Multicast Broadcast Services

**********************<irrelevant part omitted>************************************************

A UE can be configured per G-RNTI or per G-CS-RNTI, by harq-FeedbackEnablerMulticast with value set to 'enabled', to provide HARQ-ACK information for PDSCH receptions. When the UE is not provided harq-FeedbackEnablerMulticast for a G-RNTI or G-CS-RNTI, or when the UE is provided harq-FeedbackEnablerMulticast with value set to 'disabled', the UE does not provide HARQ-ACK information for respective PDSCH receptions. If a UE is provided harq-FeedbackEnablerMulticast with value set to 'dci-enabler' for a G-RNTI or a G-CS-RNTI, the UE provides the HARQ-ACK information for PDSCH receptions scheduled by the multicast DCI format 4-1 associated with the G-RNTI or the G-CS-RNTI, and determines whether or not to provide the HARQ-ACK information for PDSCH receptions based on an indication by the multicast DCI format 4-2 associated with the G-RNTI or the G-CS-RNTI [4, TS 38.212].
If a UE would multiplex multicast HARQ-ACK information according to the second HARQ-ACK reporting mode with multicast HARQ-ACK information according to the first HARQ-ACK reporting mode, or unicast HARQ-ACK information, or CSI reports 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 a UE is provided multiple G-RNTIs or G-CS-RNTIs, a configuration for a HARQ-ACK codebook type applies to all G-RNTIs or G-CS-RNTIs.
If a UE is provided pdsch-HARQ-ACK-Codebook-Multicast = semi-static, the UE generates a Type-1 HARQ-ACK codebook as described in clauses 9.1.2, 9.1.2.1, and 9.1.2.2.
If a UE is provided pdsch-HARQ-ACK-Codebook-Multicast = dynamic, the UE generates a Type-2 HARQ-ACK codebook as described in clause 9.1.3.1. 
**********************<irrelevant part omitted>************************************************


Type-2 HARQ-ACK codebook issues

For a given G-RNTI, when RRC configures presence of HARQ-ACK feedback, 1-bit enabling/disabling indication (HEI) is included in DCI format 4-2 with CRC scrambled by the given G-RNTI while not included in DCI format 4-1 with CRC scrambled by the given G-RNTI. If one DCI format is missed by UE, e.g., DCI format 4-1 or DCI format 4-2, UE knows there is one DCI missed based on counter DAI, however, can’t know whether the missed DCI indicates enabled HARQ-ACK feedback or disabled HARQ-ACK feedback. In that sense, UE can’t determine a HARQ-ACK codebook for the given G-RNTI. 
Observation 2: HARQ-ACK codebook ambiguity may be caused according to current spec if one multicast DCI is missed by UE.

To resolve the above issue, DAI should be used to indicate the accumulative number of PDSCHs or PDCCHs which require HARQ-ACK feedback information so that the ambiguity on HARQ-ACK codebook between UE and gNB can be avoided. In detail, when a DCI format 4-2 with disabled HARQ-ACK feedback is missed, since the counter DAI in the DCI is not updated compared with the latest counter DAI in multicast DCI with enabled HARQ-ACK feedback, although UE can’t identify the missed DCI, there is no impact on HARQ-ACK codebook generation; when a DCI format 4-2 with enabled HARQ-ACK feedback is missed, since the counter DAI in a next DCI will be updated with consideration of the counter DAI in the current DCI, UE can identify the missed DCI and generate a NACK for the missed DCI. In this way, the HARQ-ACK codebook ambiguity is addressed. 
For multicast PDSCHs for a given G-RNTI, there are three cases that the multicast PDSCHs don’t require HARQ-ACK feedback: (1) the UE is not provided harq-FeedbackEnablerMulticast for the G-RNTI; (2) the UE is provided harq-FeedbackEnablerMulticast with value set to 'disabled'; (3) the UE is provided harq-FeedbackEnablerMulticast with value set to 'dci-enabler' for the G-RNTI and multicast DCI format 4-2 associated with the G-RNTI indicates disabled HARQ-ACK feedback by 1-bit HARQ-ACK enabling/disabling indication. Therefore, the DAI counting should not consider the PDSCHs in above three cases. The more details are provided in below TP2. 
Based on above discussion, we have below proposals:
Proposal 3: For multicast, DAI indicates the accumulative number of PDSCHs or PDCCHs which require HARQ-ACK feedback information.
Proposal 4: Adopt below TP2 in TS38.213:

TP2:

**********************<irrelevant part omitted>************************************************
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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 per 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, followed by the HARQ-ACK codebooks for the multicast DCI formats in ascending order of the corresponding G-CS-RNTI values. 
A UE determines monitoring occasions for PDCCH with DCI format scheduling PDSCH receptions, or having associated HARQ-ACK information without scheduling PDSCH reception, on an active DL BWP of a serving cell , as described in clause 10.1, and for which the UE transmits HARQ-ACK information in a same PUCCH in slot  based on
-	PDSCH-to-HARQ_feedback timing indicator field values, or a dl-DataToUL-ACK, dl-DataToUL-ACK-r16 or dl-DataToUL-ACK-DCI-1-2 value if the PDSCH-to-HARQ_feedback timing indicator field is not present in a DCI format, for PUCCH transmission with HARQ-ACK information in slot , as described in clause 9.2.3, in response to PDSCH receptions, or in response to a DCI format having associated HARQ-ACK information without scheduling PDSCH reception
-	slot offsets  [6, TS 38.214] provided by time domain resource assignment field in a DCI format scheduling PDSCH receptions and by pdsch-AggregationFactor, or pdsch-AggregationFactor-r16, or repetitionNumber, when provided.
The set of PDCCH monitoring occasions for DCI formats scheduling PDSCH receptions, or having associated HARQ-ACK information without scheduling PDSCH reception, is defined as the union of PDCCH monitoring occasions across active DL BWPs of configured serving cells. PDCCH monitoring occasions are indexed in an ascending order of their start times. The cardinality of the set of PDCCH monitoring occasions defines a total number  of PDCCH monitoring occasions.
A value of the counter downlink assignment indicator (DAI) field in DCI formats denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pairs in which PDSCH receptions, excluding PDSCH receptions that provide only transport blocks for HARQ processes associated with disabled HARQ-ACK information if donwlinkHARQ-FeedbackDisabled is provided or PDSCH receptions for multicast if the corresponding HARQ-ACK feedback is disabled by Enabling/disabling HARQ-ACK feedback indication in associated DCI format 4-2 if higher layer parameter harq-FeedbackEnabler-Multicast indicates dci-enabler or if the high layer parameter harq-FeedbackEnabler-Multicast is provided with value set to 'disabled' or if the high layer parameter harq-FeedbackEnabler-Multicast is not provided, or HARQ-ACK information bits that are not in response for PDSCH receptions, associated with the DCI formats, excluding the SPS activation DCI, is present up to the current serving cell and current PDCCH monitoring occasion, 
-	first, if the UE indicates by type2-HARQ-ACK-Codebook support for more than one PDSCH reception on a serving cell that are scheduled from a same PDCCH monitoring occasion, in increasing order of the PDSCH reception starting time for the same {serving cell, PDCCH monitoring occasion} pair, 
-	second in ascending order of serving cell index, and 
-	third in ascending order of PDCCH monitoring occasion index , where . 
If, for an active DL BWP of a serving cell, the UE is not provided coresetPoolIndex or is provided coresetPoolIndex with value 0 for one or more first CORESETs and is provided coresetPoolIndex with value 1 for one or more second CORESETs, and is provided ackNackFeedbackMode = joint, the value of the counter DAI is in the order of the first CORESETs and then the second CORESETs for a same serving cell index and a same PDCCH monitoring occasion index. 
The value of the total DAI, when present [5, TS 38.212], in a DCI format denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s), excluding PDSCH receptions that provide only transport blocks for HARQ processes associated with disabled HARQ-ACK information if donwlinkHARQ-FeedbackDisabled is provided or PDSCH receptions for multicast if the corresponding HARQ-ACK feedback is disabled by Enabling/disabling HARQ-ACK feedback indication in associated DCI format 4-2 if higher layer parameter harq-FeedbackEnabler-Multicast indicates dci-enabler or if the high layer parameter harq-FeedbackEnabler-Multicast is provided with value set to 'disabled' or if the high layer parameter harq-FeedbackEnabler-Multicast is not provided, or HARQ-ACK information that does not correspond to PDSCH receptions, associated with DCI formats, excluding the SPS activation DCI, is present, up to the current PDCCH monitoring occasion  and is updated from PDCCH monitoring occasion to PDCCH monitoring occasion. If, for an active DL BWP of a serving cell, the UE is not provided coresetPoolIndex or is provided coresetPoolIndex with value 0 for one or more first CORESETs and is provided coresetPoolIndex with value 1 for one or more second CORESETs, and is provided ackNackFeedbackMode = joint, the total DAI value counts the {serving cell, PDCCH monitoring occasion}-pair(s) for both the first CORESETs and the second CORESETs.
**********************<irrelevant part omitted>************************************************


Type-1 HARQ-ACK codebook issues

If RRC configures the presence of 1-bit HEI in DCI, for Type-1 HARQ-ACK codebook determination, each candidate PDSCH reception occasion is mapped to one HARQ-ACK information bit. If the DCI is detected, then one-bit ACK or NACK is generated regardless of whether HARQ-ACK feedback enabled or disabled; If the DCI is not detected, then NACK is generated.
To resolve the issue, Type-1 HARQ-ACK codebook and presence of 1-bit HEI in DCI should not be configured simultaneously. Hence, UE doesn’t expect to be configured with Type-1 HARQ-ACK codebook with presence of 1 bit HEI in DCI.
Proposal 5: UE doesn’t expect to be configured Type-1 HARQ-ACK codebook simultaneously with presence of 1-bit HACK-ACK enabling/disabling in DCI for a G-RNTI. 
Proposal 6: Adopt below TP3 in TS38.213:

TP3:
**********************<irrelevant part omitted>************************************************
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This clause applies if the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static. In clauses 9.1.2, 9.1.2.1, and 9.1.2.2, if the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static for only one of unicast or multicast HARQ-ACK codebook, the Type-1 HARQ-ACK codebook is generated considering only one of respective unicast or multicast configurations for PDSCH receptions or for PDCCH monitoring for detection of DCI formats.    
If a UE is provided HARQ-feedbackEnabling-disablingperHARQprocess indicating disabled HARQ-ACK information for a HARQ process associated with a transport block in PDSCH reception occasion  on serving cell , the UE reports a NACK value for a HARQ-ACK information bit corresponding to the transport block in a Type-1 HARQ-ACK codebook and does not consider the transport block as received in the determination of  in clause 9.1.2.1. If the UE is also provided PDSCH-CodeBlockGroupTransmission, the UE reports NACK values for HARQ-ACK information bits corresponding to CBGs of the transport block in the Type-1 HARQ-ACK codebook and does not consider the CBGs as received in the determination of  in clause 9.1.2.1. If the UE is also provided HARQ-feedbackEnablingforSPSactive, the UE considers a HARQ process associated with a transport block in a first SPS PDSCH reception, after an activation of SPS PDSCH receptions, to have enabled HARQ-ACK information and the UE provides a HARQ-ACK information bit according to a decoding outcome for the transport block in the first SPS PDSCH reception.
If a UE reports HARQ-ACK information associated with a G-RNTI or a G-CS-RNTI with disabled HARQ-ACK information, as described in clause 18, a value of the HARQ-ACK information is a UE implementation choice.
If a UE is configured with pdsch-HARQ-ACK-Codebook = semi-static for multicast HARQ-ACK codebook, the UE does not expect to be simultaneously configured with harq-FeedbackEnabler-Multicast indicating dci-enabler.
A UE reports HARQ-ACK information for a corresponding PDSCH reception or SPS PDSCH release or TCI state update only in a HARQ-ACK codebook that the UE transmits in a slot indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format or provided by dl-DataToUL-ACK or dl-DataToUL-ACK-r16 or dl-DataToUL-ACK-DCI-1-2 if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI format as described in clause 9.2.3. The UE reports NACK value(s) for HARQ-ACK information bit(s) in a HARQ-ACK codebook that the UE transmits in a slot not indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format. 
If a UE is not provided pdsch-HARQ-ACK-OneShotFeedback, the UE does not expect to receive a PDSCH scheduled by a DCI format that the UE detects in any PDCCH monitoring occasion and includes a PDSCH-to-HARQ_feedback timing indicator field providing an inapplicable value from dl-DataToUL-ACK-r16.

**********************<irrelevant part omitted>************************************************


Multiple NACK-only based feedback multiplexing

	Agreement
For multicast, for addressing how to count and order the HARQ-ACK bits for NACK-only for Alt4, further down-selection on the following cases/options in the next meeting: 
· Case 2: for the case of all UEs configured with the same set of G-RNTIs
· Opt2-1: support Alt4 for this case
· Opt2-1-1: based on the sum of C-DAI included in the last scheduling DCI from each G-RNTI for counting the total number of HARQ-ACK bits. The ordering of HARQ-ACK bits is per C-DAI from each G-RNTI and in the ascending order of G-RNTI values. 
· Opt2-1-2: based on C-DAI* included in the last scheduling DCI for counting the number of HARQ-ACK bits and for ordering the HARQ-ACK bits. The C-DAI* is accumulating the scheduled TBs across different G-RNTIs 
· Opt2-2: does not support Alt4 for this case. 
· Case 3: for the case of different UEs configured with different G-RNTIs
· Opt3-1: support Alt4 for this case
· Opt3-1-1: based on the sum of C-DAI included in the last scheduling DCI from each G-RNTI for counting the total number of HARQ-ACK bits. The ordering of HARQ-ACK bits is per C-DAI from each G-RNTI and in the ascending order of G-RNTI values. 
· Opt3-1-2: based on C-DAI* included in the last scheduling DCI for counting the number of HARQ-ACK bits and for ordering the HARQ-ACK bits. The C-DAI* is accumulating the scheduled TBs across different G-RNTIs. 
· Opt3-2: does not support Alt4 for this case. 




As shown in above, for Alt 4, there is still one remaining issue on determining the NACK-only based codebook, i.e., the number of HARQ-ACK bits and ordering.
In Case 2 of all UEs configured with the same set of G-RNTIs, for option 2-1-1, we see the problems of last DCI missing if the number of HARQ-ACK bits is determined based on the sum of C-DAI included in the last scheduling DCI from each G-RNTI. It is obvious that as long as one last DCI of any G-RNTI is missed, UE and gNB will have different understanding on the number of HARQ-ACK information bits as well as the different HARQ-ACK codebook size for multiple NACK-based feedback. This error can’t be solved based on either option 2-1-1. For example, when the number of configured G-RNTI is 4, there are 4 last DCIs, and if gNB transmits only 4 DCIs for 4 G-RNTIs, then each DCI is not protected by C-DAI. It does not make sense to use the sum of last DCI for determining number of bits. 
However, in option 2-1-2, with the reinterpretation of cDAI* among the same set of G-RNTIs, UE just follows the last cDAI* among the set of G-RNTIs. In this way, it can work properly as legacy.
For case 3 of different UEs configured with different G-RNTIs, for option 3-1-1, the same problem of last DCI missing happens as option 2-1-1 and the performance is even worse since different UEs have different configured G-RNTIs and one UE can’t know the last C-DAI for a G-RNTI if the G-RNTI is not configured. In that sense, Option 3-1-1 can’t work.
For Option 3-1-2, for a UE which is not configured with a G-RNTI, the UE has to generate a NACK bit for the G-RNTI since cDAI* is incremented across different G-RNTIs. Although unnecessary NACK bit is generated, it can avoid the HARQ-ACK codebook ambiguity between gNB and UE. It is noted that redundant NACK bits for padding in HARQ-ACK codebook is widely adopted in 3GPP to sync-up the HARQ-ACK codebook size between gNB and UE, e.g., Type-1 HARQ-ACK codebook, Type-3 HARQ-ACK codebook, CBG-based HARQ-ACK information bits per TB, etc. 
Based on above discussion, we have below proposals:
Proposal 7: For multiplexing multiple NACK-only based feedback into one HARQ-ACK codebook, the number of HARQ-ACK information bits and ordering is based cDAI* accumulating the scheduled TBs across different G-RNTIs (support Option 2-1-2 and Option 3-1-2).


Search space configuration for multicast

For UE receiving multicast, UE monitors the PDCCH according to the search space configuration and performs PDCCH overbooking based on the search space type instead of the DCI formats. If a Type-3 CSS is configured for the UE to monitor DCI format 4-1/4-2 with CRC scrambled by G-RNTI, then the monitoring priority of the CSS is based on the search space indexes (similar to USS) even if DCI format 1-0 is also configured to be monitored in the Type-3 CSS. In addition, allowing support of monitoring DCI format 1_0 in multicast CSS can have scheduling flexibility from gNB side.
On the other hand, configuration of search space is based on possible traffic patterns. The multicast CSS is configured solely based on the traffic pattern of the multicast service, which is independently configured from the search space for unicast service. It does not make sense to support DCI format 1-0 for scheduling unicast service to be transmitted in the multicast CSS. It is simpler to restrict the multicast CSS to be configured only for multicast service. 
Considering DCI format 1-0 with CRC scrambled by C-RNTI can be used for scheduling a PTP-based retransmission which is initially scheduled by a DCI format 4-1 or 4-2 in the multicast CSS, it does make sense to support DCI format 1-0 monitored in the multicast CSS only for scheduling PTP-based retransmission of a multicast service since this DCI format 1-0 is used for multicast retransmission.
Based on above discussion, we have below proposals:
Proposal 8: For multicast reception, DCI format 1_0 scheduling PTP-based retransmission of multicast can be configured in the same CSS configuration with multicast DCI formats.
Proposal 9: DCI format 1_0 scheduling initial transmission or retransmission of unicast can’t be configured in the same CSS configuration with multicast DCI formats.

Conclusion
In this contribution, we focus on the reliability improvement for MBS transmission and have below proposals:
Proposal 1: UE assumes HARQ-ACK feedback for PDSCH scheduled by DCI format 4-1 with CRC scrambled by G-RNTI is enabled if RRC configures presence of HARQ-ACK feedback enabling/disabling indication (HEI) in DCI format 4-2 with CRC scrambled by the G-RNTI. 
Proposal 2: Adopt below TP1 in TS38.213.
Proposal 3: For multicast, DAI indicates the accumulative number of PDSCHs or PDCCHs which require HARQ-ACK feedback information.
Proposal 4: Adopt below TP2 in TS38.213.
Proposal 5: UE doesn’t expect to be configured Type-1 HARQ-ACK codebook simultaneously with presence of 1-bit HACK-ACK enabling/disabling in DCI for a G-RNTI. 
Proposal 6: Adopt below TP3 in TS38.213.
Proposal 7: For multiplexing multiple NACK-only based feedback into one HARQ-ACK codebook, the number of HARQ-ACK information bits and ordering is based cDAI* accumulating the scheduled TBs across different G-RNTIs (support Option 2-1-2 and Option 3-1-2).
Proposal 8: For multicast reception, DCI format 1_0 scheduling PTP-based retransmission of multicast can be configured in the same CSS configuration with multicast DCI formats.
Proposal 9: DCI format 1_0 scheduling initial transmission or retransmission of unicast can’t be configured in the same CSS configuration with multicast DCI formats.
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