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Introduction
This contribution considers remaining maintenance issues on reliability enhancements for multicast services. 

Reliability Enhancements
NACK-only based multi-bit HARQ-ACK 
This following was agreed in RAN1#108-e [1]. 

	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. 



For “Alt1”, there is an FFS for PUCCH resource determination. Possible options are by RRC or by DCI using the PRI field. Although PUCCH resource indication by multicast DCI formats is not as efficient as by unicast DCI formats, the equivalent of having RRC configuration can always be achieved by the gNB indicating the first PUCCH resource (and RRC can provide one PUCCH resource for any resource set). Therefore, for specification simplicity but also for offering some flexibility in PUCCH resource indication, PRI-based resource indication can apply for PDSCHs scheduled by DCI formats (and the SPS-PUCCH-AN-List can be used for SPS PDSCHs). 

[bookmark: _Hlk99379736]Observation 1: PUCCH resource indication for the “NACK-only” mode can be as for the “ACK/NACK” mode.

For “Alt4”, a first FFS is for the slot of PUCCH transmission. The FFS itself is unclear as the slot for a PUCCH transmission with HARQ-ACK is always based on K1 (or is RRC configured if there is no K1) and there is no such thing as “last DCI format” in determining a slot of a PUCCH transmission.  

Another FFS is the PUCCH resource mapping. The FFS says “between number of TBs with PUCCH resource ID” but it is HARQ-ACK values, not TBs, that are mapped to PUCCH resource ID. Any mapping works as long as corresponding PUCCH resources are orthogonal. For example, the mapping in Table 1 as discussed in previous meetings can apply. 

Table 1: Mapping of values of HARQ-ACK information bits to PUCCH resources 
	HARQ-ACK Values
	PUCCH resource

	{0}
	{0, 0}
	{0, 0, 0}
	{0, 0, 0, 0}
	1st PUCCH resource in resourceList

	
	{1, 0}
	{1, 0, 0}
	{1, 0, 0, 0}
	2nd PUCCH resource in resourceList

	
	{0, 1}
	{0, 1, 0}
	{0, 1, 0, 0}
	3rd PUCCH resource in resourceList

	
	
	{1, 1, 0}
	{1, 1, 0, 0}
	4th PUCCH resource in resourceList

	
	
	{0, 0, 1}
	{0, 0, 1, 0}
	5th PUCCH resource in resourceList

	
	
	{1, 0, 1}
	{1, 0, 1, 0}
	6th PUCCH resource in resourceList

	
	
	{0, 1, 1}
	{0, 1, 1, 0}
	7th PUCCH resource in resourceList

	
	
	
	{1, 1, 1, 0}
	8th PUCCH resource in resourceList

	
	
	
	{0, 0, 0, 1}
	9th PUCCH resource in resourceList

	
	
	
	{1, 0, 0, 1}
	10th PUCCH resource in resourceList

	
	
	
	{0, 1, 0, 1}
	11th PUCCH resource in resourceList

	
	
	
	{1, 1, 0, 1}
	12th PUCCH resource in resourceList

	
	
	
	{0, 0, 1, 1}
	13th PUCCH resource in resourceList

	
	
	
	{1, 0, 1, 1}
	14th PUCCH resource in resourceList

	
	
	
	{0, 1, 1, 1}
	15th PUCCH resource in resourceList



Another FFS relates to the determination of the number of TBs or, more appropriately, the number of HARQ-ACK bits. For both Type-1 and Type-2 HARQ-ACK CBs, a UE can construct the HARQ-ACK CB as for the case of “ACK/NACK” reporting mode and transmit a PUCCH when the UE incorrectly receives at least one TB. For the Type-1 HARQ-ACK CB, as the TDRA entries and the K1 values are same for all G-RNTIs, there is no issue with supporting “NACK-only” for one G-RNTI or for multiple G-RNTIs. Although Type-1 HARQ-ACK CB may not be meaningful for “NACK-only” reporting mode (e.g. if there are non-overlapping TDRA entries for the typical use case of one PDSCH/slot), it is trivial to directly support by existing specifications and there is no reason to preclude. There is also no issue for the Type-2 HARQ-ACK CB as sub-CBs are constructed/appended per G-RNTI. Basically, the UE procedures and specifications can be same as for the “ACK/NACK” reporting mode with the only difference being the use of the “NACK-only” reporting mode (for the mapping of HARQ-ACK values to PUCCH resources and for the PUCCH transmission only in case of at least one incorrect TB reception) – that is also useful when “NACK-only” is converted to “ACK/NACK” as a UE does not need to apply any additional procedure other than either selecting a resource to report HARQ-ACK values for “NACK-only” or directly reporting them by individual “ACK” or “NACK” values. Therefore, current specifications are essentially complete with the only thing missing being a mapping table for combinations of {ACK, NACK} values to a PUCCH resource. 

Proposal 1: HARQ-ACK codebook construction is same for both HARQ-ACK reporting modes. For the “NACK-only” mode and reporting in a PUCCH, the 1/2/3/4 HARQ-ACK information bits are mapped to 1/3/7/15 orthogonal PUCCH resources (e.g. as in Table 1).

Additional issues for the “NACK-only” reporting mode include the PUCCH transmission power and the multiplexing in the PUSCH. The PUCCH transmission power can be determined using  (as for PUCCH format 0 in Rel-15) since, due to the orthogonal resource selection, there is practically no dependence of the BLER on the number of HARQ-ACK bits. 

Proposal 2: For power determination of a PUCCH transmission for the “NACK-only” reporting mode, .  

Also, regardless of HARQ-ACK reporting mode, the power for a PUCCH transmission with multicast HARQ-ACK follows the one for PUCCH with unicast HARQ-ACK. One remaining aspect is the CLPC adjustment state to apply when unicast PUCCH has two CLPC adjustment states. The CLPC adjustment state should be the one for  (as when the UE is not provided twoPUCCH-PC-AdjustmentStates or PUCCH-SpatialRelationInfo for PUCCH with unicast HARQ-ACK).

Proposal 3: For power determination of a PUCCH transmission with multicast HARQ-ACK, a UE with two CLPC adjustment states applies the one corresponding to .  

For HARQ-ACK multiplexing in a PUSCH, “NACK-only” is converted to “ACK/NACK” and no other support is needed for determining the HARQ-ACK values. However, unlike the “ACK/NACK” reporting mode, for the “NACK-only” mode the gNB does not know which resource the UE will use to transmit the PUCCH and therefore, in general, the gNB cannot know in advance whether there is a PUCCH/PUSCH collision in order to determine whether or not the UE multiplexes HARQ-ACK in the PUSCH (or whether the UE drops the PUSCH in case of LP PUSCH and HP PUCCH). An example is shown in Figure 1. The same applies for multiplexing multicast HARQ-ACK with other UCI, e.g. CSI, in a PUCCH. Also, when all bits are “ACK”, there is no resource for the UE to determine PUCCH overlapping with the PUSCH in order to multiplex the ACK bits in the PUSCH (or with CSI in a PUCCH). 

[image: cid:image003.png@01D854FF.A0B8AA00]
Figure 1: “NACK-only” mode - whether or not a UE multiplexes HARQ-ACK in PUSCH can depend on decoding outcomes (gNB does not know).

Observation 2: For “NACK-only” reporting, a gNB does not know the PUCCH resource used by a UE and, if the PUCCH resources do not have same number of symbols, the gNB may not know if HARQ-ACK is multiplexed in a PUSCH/PUCCH.

To remove the ambiguity from TB decoding outcomes in determining collisions, one option is to require that all PUCCH resources have same symbols. In practice, all PUCCH resources would need to have same symbols as otherwise it is not practical for a gNB to handle different possibilities for determining overlapping of a “NACK-only” PUCCH with other PUCCHs or PUSCHs of variable durations – i.e. a gNB implementation would configure same symbols. However, if the specifications allow for PUCCH resources to have different symbols, as the UE does not know which resource will be used (at least prior to the last TB decoding), the specifications would also need to redefine the Rel-16 timelines for determining multiplexing (e.g. ‘last DCI format/PDCCH’ becomes ‘last TB/PDSCH’) and the new timelines will need to be shortened in order to account for the PDSCH processing time. Another option is to define a reference resource for determining timelines for multiplexing, such as the one for “all-NACK” values as it is the only possibility in case of 1 HARQ-ACK bit. Using a reference PUCCH resource does not avoid the requirement for a gNB to configure same symbols for the PUCCH resources, but for the timeline determination for resolving overlapping in the specifications the reference resource can be used (instead of specifying that all resources have same symbols). 

For the case that all HARQ-ACK bits have ACK values, a reference resource needs to be defined for resolving overlapping with another PUCCH or PUSCH. If all PUCCH resources have same symbols (as for the determination of collisions), that reference resource can be any resource. Otherwise, a reference resource needs to be specified for a virtual PUCCH that provides “all ACK” values in order to determine overlapping with other PUCCHs/PUSCHs and whether to multiplex in a PUCCH/PUSCH (e.g. the “all-NACK” PUCCH resource can again be used). Basically, a single solution can apply for collision resolution and for determining collision in case HARQ-ACK values are “all ACK”.

Proposal 4: For resolving collisions with other PUCCHs or PUSCHs of same priority for a UE in case of “NACK-only” reporting mode, specify one of:
a) all PUCCH resources have same symbols 
b) the UE assumes the PUCCH resource for all-NACK values for any HARQ-ACK values 


Fallback operation for the Type-1 HARQ-ACK codebook
The following was agreed in RAN1#108-e. The fallback operation for multicast follows the one for unicast. However, unlike unicast where there is no PDSCH scheduling restriction at any slot on any activated cell with non-dormant active DL BWP, it was also agreed that multicast can be scheduled only on the PCell or on an SCell but not on both. Therefore, the restriction below for the PCell is not correct as there is no difference between the PCell and an SCell for multicast PDSCH. As is, for DCI-based PDSCH, there is no fallback support if multicast PDSCH is configured on an SCell.

	Agreement
· For the following two cases, the fallback operation for the Type-1 HARQ-ACK codebook for multicast is applied to G-RNTI/G-CS-RNTI configured with HARQ-ACK enabled only,
· a SPS PDSCH release indicated by DCI format 4_1 with counter DAI field value of 1, 
· a PDSCH reception scheduled by DCI format 4_1 with counter DAI field value of 1 on the PCell, 
· SPS PDSCH reception(s) associated with G-CS-RNTIs.
· Note: If the UE receives two SPS PDSCH releases for two respective G-CS-RNTIs with DAI=1, or two PDSCHs by DCI 4_1 with DAI=1 for two respective G-RNTIs on the PCell, there is no fallback. 



Proposal 5: Remove the “PCell” condition for fallback operation with Type-1 HARQ-ACK codebook for multicast.


Multiplexing NACK-only HARQ-ACK and SR 
This topic was discussed for several meetings. For negative SR, there is no issue. For positive SR, suggested alternatives are to (a) transform 1-2 bits of “NACK-only” to “ACK/NACK” and multiplex as in Rel-16 or (b) transmit NACK-only using the SR resource and drop [SR] if the PUCCH resource cannot accommodate signalling of both NACK-only and SR. 

The first and second alternatives are basically same for 1-2 bits and PUCCH format 1. For PUCCH format 0, additional PUCCH resource would be required for every UE, which is not compatible with having “NACK-only” reporting. However, use of PUCCH format 0 can be considered as secondary for MBS HARQ-ACK due to the associated substantial coverage reduction and any corresponding optimization is unnecessary.

Overall, the issue is of rather marginal importance as its occurrence is relatively rare (less typical than in Rel-16 as a UE needs to have at least one NACK to report in addition to positive SR in a same slot), it has no impact on the network operation, and support for the case of more than two “NACK-only” bits can be complex. It is therefore meaningful to leave such case to the UE implementation for whether the UE drops “NACK-only” and provides a positive SR, or provides “NACK-only” and waits for the next opportunity to provide a positive SR (can also depend on required latency, periodicity of SR transmission, etc. which can be considered by the UE implementation). As an optimization, for PUCCH format 1, it can be considered to allow multiplexing for up to 2 “NACK-only or ACK/NACK” bits but given that this is not an essential correction, a uniform treatment can apply for all HARQ-ACK payloads and PUCCH formats. 

Proposal 6: Handling of overlapping PUCCHs for “NACK-only” and positive SR is left to UE implementation. 


Multiplexing NACK-only HARQ-ACK and CSI 
In RAN1#106bis, the following was agreed.

	Agreement
When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for HARQ-ACK feedback/CSI for unicast  for the same priority or PUSCH transmission for the same priority, support UE multiplexing the NACK-only based feedback with the HARQ-ACK feedback/CSI on PUCCH or on to PUSCH by transforming NACK-only into the ACK/NACK HARQ bit. 
· This applies to at least the case of the feedback addressing one TB. NACK-only based feedback for more than one TBs is to be handled separately. 
· Note: When the TB is correctly decoded, the ACK will be transmitted and multiplexed with others.
· FFS the case of PUCCH for SR. 



Multiplexing of “NACK-only” HARQ-ACK with CSI has not yet been captured. Basically, the multiplexing can be as for SPS HARQ-ACK and CSI as described in clause 9.2.5.2 of TS 38.213. 

Proposal 7: Adopt the following text proposal.

	18	Multicast Broadcast Services
…
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 the first PUCCH includes only CSI reports, the UE multiplexes the HARQ-ACK information as described in clause 9.2.5.2 for HARQ-ACK information that is in response to PDSCH reception without corresponding PDCCH. 
…




Multiplexing HARQ-ACK for multicast PDSCH in a PUSCH 
The following was agreed in RAN1#108-e.

	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



Basically, the remaining issue is how to apply the UL DAI value in case of Type-2 HARQ-ACK CBs for multiple G-RNTIs. The DAI can be directly interpreted/utilized per G-RNTI as for unicast, or as for single G-RNTI for multicast, following the Rel-16 procedures. There is no apparent need/benefit to specify new procedures in case of multiple G-RNTIs. 

In particular, for Alt1-1, it is unclear how a UE would construct the Type-2 HARQ-ACK CB per G-RNTI if the UL DAI indicates the sum of DL DAIs, or how error cases due to the modulo operation can be avoided while providing same protection using the DAI as in case of per G-RNTI application, or why that would be preferable over having a same UE procedure for multiplexing HARQ-ACK in the PUSCH as in Rel-16 regardless of the number of G-RNTIs. Alt1-2 implies scheduler restrictions on the G-RNTIs that can have scheduled PDSCHs and/or loss in spectral efficiency as some slots may have to be skipped – also, a same result would occur by a per G-RNTI application of the UL DAI value if the gNB scheduler wanted to apply any restriction. Alt1-3 is reasonable but it is a gNB implementation issue how to set the value of the UL DAI and it is not a matter for specifications (same as in Rel-16). 

Proposal 8: For Type-2 HARQ-ACK codebook, a UE applies a DAI value in an UL grant per G-RNTI and applies the Rel-16 procedure to determine a multicast Type-2 HARQ-ACK codebook based on the DAI.


Multiplexing Type-2 HARQ-ACK codebook for unicast and multicast SPS PDSCH 
The following was agreed in RAN1#106-e.

	Agreement:
When UE supports and is configured with more than one G-RNTI, 
· for Type-2 codebook construction, DAI is separately counted per G-RNTI. 
· Type-2 codebook is constructed by concatenating Type-2 sub-codebook of each RNTI following the ascending order of the G-RNTI value. 



Generation of Type-2 HARQ-ACK CB for a DCI format with CRC scrambled with G-CS-RNTI, e.g., a DCI format scheduling PTM based SPS PDSCH retransmission, is not yet captured. The unicast behavior cannot be reused because, while C-RNTI and CS-RNTI are not differentiated when generating Type-2 HARQ-ACK CB and DAI is counted regardless of the RNTI, that is not possible for G-RNTIs and G-CS-RNTIs as there is no direct mapping between a G-CS-RNTI and a G-RNTI. 

One option is to treat each G-CS-RNTI as a G-RNTI. The advantage of this option is simplicity while the disadvantage is reduced protection for the whole Type-2 HARQ-ACK codebook from using DAI because typically there will be only one DCI format with CRC scrambled by G-CS-RNTI (for PTM based SPS PDSCH retransmission or release) that is associated with the Type-2 HARQ-ACK CB and the Type-2 HARQ-ACK CB will be incorrectly decoded if the UE fails to detect any DCI format for any G-CS-RNTI (each will practically be a ‘last’ DCI format). 

To reduce the impact from a UE failing to detect a DCI format with any G-CS-RNTI on the Type-2 HARQ-ACK CB, another option is to generate a same HARQ-ACK sub-CB for all G-CS-RNTIs as that can increase protection from using the counter DAI (DAI is applied across all G-CS-RNTIs instead of per G-CS-RNTI). For either the first or the second option, the Type-2 HARQ-ACK CB for G-CS-RNTIs can be appended to the one for G-RNTIs.

Proposal 9: For Type-2 HARQ-ACK CB construction, down-select between the following two options and append the Type-2 HARQ-ACK CB for G-CS-RNTIs to the Type-2 HARQ-ACK for G-RNTIs
Option 1) DAI is counted separately per G-CS-RNTI - the HARQ-ACK sub-codebooks associated with G-CS-RNTIs are in ascending order of the corresponding G-CS-RNTI values
Option 2) DAI is counted jointly across all G-CS-RNTIs


TS 38.213 is missing a statement for appending HARQ-ACK bits for both unicast and multicast SPS PDSCHs to a Type-2 HARQ-ACK codebook. As for DCI-based PDSCHs, multicast HARQ-ACK bits can be appended to unicast HARQ-ACK bits according to the ascending order of the G-CS-RNTI value.

Proposal 10: Adopt the following text proposal.

	[bookmark: _Ref500250940][bookmark: _Toc12021473][bookmark: _Toc20311585][bookmark: _Toc26719410][bookmark: _Toc29894843][bookmark: _Toc29899142][bookmark: _Toc29899560][bookmark: _Toc29917297][bookmark: _Toc36498171][bookmark: _Toc45699197][bookmark: _Toc99993815]9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
…
If a UE is configured to receive SPS PDSCH and the UE multiplexes HARQ-ACK information for one activated SPS PDSCH reception, including the ones associated with the corresponding activation DCI, in the PUCCH in slot , the UE generates one HARQ-ACK information bit associated with the SPS PDSCH reception and appends it to the  HARQ-ACK information bits.
If a UE is configured to receive SPS PDSCH and the UE multiplexes HARQ-ACK information for multiple activated SPS PDSCH receptions, including the ones associated with the corresponding activation DCI, in the PUCCH in slot , the UE generates the HARQ-ACK information as described in clause 9.1.2 and appends it to the  HARQ-ACK information bits.
If a UE multiplexes HARQ-ACK information for multicast SPS PDSCH receptions in a Type-2 HARQ-ACK codebook, the UE concatenates the HARQ-ACK information in ascending order of the corresponding G-CS-RNTI values, appends it to HARQ-ACK information for unicast SPS PDSCH receptions, if any, and appends the resulting HARQ-ACK information to the  HARQ-ACK information bits. 
…





Out-of-order scheduling 
As captured below in clause 9 of TS 38.213, a UE does not expect to receive first PDCCHs with associated HARQ-ACK in a PUCCH in a slot after the UE receives a second PDCCH scheduling an (overlapping) PUSCH in the slot. 

	A UE does not expect to detect a DCI format scheduling a PDSCH reception or having associated HARQ-ACK information report without scheduling a PDSCH reception, and indicating a resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot if the UE previously detects a DCI format scheduling a PUSCH transmission in the slot and if the UE multiplexes HARQ-ACK information in the PUSCH transmission. 



The above condition is required to ensure a  timeline that is as large as 3 slots at 15 kHz or 5.3 slots at 30 kHz if CSI is also multiplexed (). That is OK for unicast PDSCHs as the gNB can indicate a later slot for HARQ-ACK report in DCI formats provided by PDCCHs transmitted after the PDCCH providing the UL grant. However, for multicast PDSCHs, all UEs and for all G-RNTIs will need to wait multiple slots before providing HARQ-ACK reports given that at least one of the UEs receiving multicast PDSCH with any of the G-RNTIs can have a scheduled PUSCH. In TDD, a number of slots before a UE can provide HARQ-ACK can be as large as 9 for a DDDDU configuration if an UL grant is provided in the first D slot. Also, the limitation of 16 HARQ processes for both unicast and multicast can be problematic and the same applies for the gNB scheduler operation. Therefore, a UE should not treat as an error case the reception of PDCCHs scheduling multicast PDSCHs and having respective HARQ-ACK reports in a same slot as a previously scheduled PUSCH. A UE with PUSCH transmission can skip multiplexing of HARQ-ACK bits associated with multicast PDCCHs that the UE receives after an UL grant scheduling the PUSCH.  

Proposal 11: A UE can receive multicast PDSCHs with associated PUCCH transmission of HARQ-ACK in a slot after the UE is scheduled to transmit a PUSCH in the slot. The UE does not include the HARQ-ACK in the PUSCH. 
[bookmark: _Hlk57243931]

Other
A pending issue is the resource determination for a PUCCH with HARQ-ACK for multicast DCI-based PDSCHs and HARQ-ACK for multicast SPS PDSCHs, when (a) corresponding HARQ-ACK reporting modes are different or (b) both are “NACK-only”. For the first case, the principle of converting “NACK-only” to “ACK/NACK” can be maintained and the PUCCH resource can be the one associated with the “ACK/NACK” reporting mode. For the second case, the PUCCH resource determination can be as for the “ACK/NACK” reporting mode (i.e. based on the last multicast DCI format).  

Proposal 12: A UE determines a PUCCH resource for mixed mode multicast HARQ-ACK from the PUCCH resource associated with the “ACK/NACK” reporting mode. A UE determines a PUCCH resource for “NACK-only” mode for multicast HARQ-ACK for both DCI-based and SPS PDSCHs from the PUCCH resource indicated by the last multicast DCI format.

In RAN1#108-e, the Type-3 HARQ-ACK CB was discussed but an exact text for a proposal could not be agreed. As Type-3 HARQ-ACK CB construction can remain as in Rel-16 (or as in Rel-17 for the enhancements – i.e. the UE reports HARQ-ACK for indicated cells or HARQ processes), there is no need for an agreement/conclusion from the MBS WI. For Rel-17, a triggered state can include some or all of multicast HARQ-ACK as it can include some or all of unicast HARQ-ACK.

Observation 2: Type-3 HARQ-ACK codebook construction can remain as specified in TS 38.213 v17.1.0 – no additional agreements/conclusions are needed from the MBS WI.  

In RAN1#108-e, the case of Type-1 HARQ-ACK CB where some PDSCHs are associated with disabled HARQ-ACK (for respective G-RNTIs/G-CS-RNTIs) was discussed. Possible choices for PDSCHs associated with disabled HARQ-ACK are to (a) report ACK/NACK, (b) report a fixed value such as NACK, (c) not specify anything (i.e. a UE reports whatever it wants and the gNB does not use it), or (d) not support simultaneous operation of Type-1 HARQ-ACK CB and HARQ-ACK disabling. 

If ACK/NACK is reported, the benefit is clear (improved throughput/service, improved link adaptation, …). If NACK is reported, a benefit exists when Reed-Mueller coding is used in terms of reduced PUCCH transmission power for a given BLER (there is no benefit when multiplexing is in a PUSCH); however, it is noted that for an identical and possibly more likely/meaningful situation in NTN (enabling/disabling HARQ-ACK per HARQ process), PUCCH power reduction was not agreed (although that was due to flawed reasons) even though it was agreed for a UE to report fixed NACK when HARQ-ACK is disabled for a HARQ process. Options (c) and (d) basically correspond to no optimizations. Another related issue is whether a UE can be configured with both Type-1 HARQ-ACK CB and enabling/disabling of HARQ-ACK report by a DCI format. For all above scenarios, the fallback operation may also need to be amended (to exclude PDSCHs providing TBs with disabled HARQ-ACK).   

Considering the overall relevance/importance of the above scenarios, that the Type-1 HARQ-ACK CB intends to avoid dependence on detecting DCI formats, and that there is no need to optimize the Type-1 HARQ-ACK CB in Rel-17 MBS (e.g. no CA support for the Type-1 HARQ-ACK CB to be relevant), it is preferable to avoid further specification impact. 

Observation 3: It is preferable to not pursue optimizations for Type-1 HARQ-ACK CB and enabled/disabled HARQ-ACK reports by RRC or DCI – UE behavior can be undefined or such configuration combinations can be precluded.  

Multiplexing of multicast HARQ-ACK information with unicast or multicast HARQ-ACK information has so far been specified when the corresponding priority values are same. RAN1 needs to conclude whether or not to apply the Rel-17 multiplexing of HARQ-ACK with different priorities to the case that at least one of the priorities corresponds to multicast HARQ-ACK.

Proposal 13: Conclude whether or not to support multiplexing of multicast HARQ-ACK with first priority value in:
a) a PUCCH with unicast or multicast HARQ-ACK of second priority value
b) a PUSCH of second priority value


Conclusions
This contribution considered maintenance issues on reliability improvements for MBS and proposes the following.

Proposal 1: HARQ-ACK codebook construction is same for both HARQ-ACK reporting modes. For the “NACK-only” mode and reporting in a PUCCH, the 1/2/3/4 HARQ-ACK information bits are mapped to 1/3/7/15 orthogonal PUCCH resources (e.g. as in Table 1).

Proposal 2: For power determination of a PUCCH transmission for the “NACK-only” reporting mode, .  

Proposal 3: For power determination of a PUCCH transmission with multicast HARQ-ACK, a UE with two CLPC adjustment states applies the one corresponding to .  

Proposal 4: For resolving collisions with other PUCCHs or PUSCHs of same priority for a UE in case of “NACK-only” reporting mode, specify one of:
a) all PUCCH resources have same symbols 
b) the UE assumes the PUCCH resource for all-NACK values for any HARQ-ACK values 

Proposal 5: Remove the “PCell” condition for fallback operation with Type-1 HARQ-ACK codebook for multicast.

Proposal 6: Handling of overlapping PUCCHs for “NACK-only” and positive SR is left to UE implementation. 

Proposal 7: Adopt the following text proposal.

	18	Multicast Broadcast Services
…
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 the first PUCCH includes only CSI reports, the UE multiplexes the HARQ-ACK information as described in clause 9.2.5.2 for HARQ-ACK information that is in response to PDSCH reception without corresponding PDCCH. 
…



Proposal 8: For Type-2 HARQ-ACK codebook, a UE applies a DAI value in an UL grant per G-RNTI and applies the Rel-16 procedure to determine a multicast Type-2 HARQ-ACK codebook based on the DAI.

Proposal 9: For Type-2 HARQ-ACK CB construction, down-select between the following two options and append the Type-2 HARQ-ACK CB for G-CS-RNTIs to the Type-2 HARQ-ACK for G-RNTIs
Option 1) DAI is counted separately per G-CS-RNTI - the HARQ-ACK sub-codebooks associated with G-CS-RNTIs are in ascending order of the corresponding G-CS-RNTI values
Option 2) DAI is counted jointly across all G-CS-RNTIs

Proposal 10: Adopt the following text proposal.

	9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
…
If a UE is configured to receive SPS PDSCH and the UE multiplexes HARQ-ACK information for one activated SPS PDSCH reception, including the ones associated with the corresponding activation DCI, in the PUCCH in slot , the UE generates one HARQ-ACK information bit associated with the SPS PDSCH reception and appends it to the  HARQ-ACK information bits.
If a UE is configured to receive SPS PDSCH and the UE multiplexes HARQ-ACK information for multiple activated SPS PDSCH receptions, including the ones associated with the corresponding activation DCI, in the PUCCH in slot , the UE generates the HARQ-ACK information as described in clause 9.1.2 and appends it to the  HARQ-ACK information bits.
If a UE multiplexes HARQ-ACK information for multicast SPS PDSCH receptions in a Type-2 HARQ-ACK codebook, the UE concatenates the HARQ-ACK information in ascending order of the corresponding G-CS-RNTI values, appends it to HARQ-ACK information for unicast SPS PDSCH receptions, if any, and appends the resulting HARQ-ACK information to the  HARQ-ACK information bits. 
…



Proposal 11: A UE can receive multicast PDSCHs with associated PUCCH transmission of HARQ-ACK in a slot after the UE is scheduled to transmit a PUSCH in the slot. The UE does not include the HARQ-ACK in the PUSCH. 

Proposal 12: A UE determines a PUCCH resource for mixed mode multicast HARQ-ACK from the PUCCH resource associated with the “ACK/NACK” reporting mode. A UE determines a PUCCH resource for “NACK-only” mode for multicast HARQ-ACK for both DCI-based and SPS PDSCHs from the PUCCH resource indicated by the last multicast DCI format.

Proposal 13: Conclude whether or not to support multiplexing of multicast HARQ-ACK with first priority value in:
a) a PUCCH with unicast or multicast HARQ-ACK of second priority value
b) [bookmark: _GoBack]a PUSCH of second priority value

In addition, the following are observed.

Observation 1: PUCCH resource indication for the “NACK-only” mode can be as for the “ACK/NACK” mode.

Observation 2: Type-3 HARQ-ACK codebook construction can remain as specified in TS 38.213 v17.1.0 – no additional agreements/conclusions are needed from the MBS WI.  

Observation 3: It is preferable to not pursue optimizations for Type-1 HARQ-ACK CB and enabled/disabled HARQ-ACK reports by RRC or DCI – UE behavior can be undefined or such configuration combinations can be precluded.  


References:
[bookmark: _Ref462779233][1] R1-2202883, “FL summary#5 on improving reliability for MBS for RRC_CONNECTED UEs”
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