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1. Introduction
In RAN1 #107b-e meeting [1], the remaining issues on MBS transmission reliability improvement were discussed and the following agreements were reached.
	Agreement
When PUCCH carrying multicast HARQ-ACK only overlaps with PUSCH with the same priority, support UL-DAI indicating the number of HARQ-ACK bits for multicast as defined in Rel-16 for unicast HARQ-ACK. 
· FFS it is applied to a single G-RNTI or applied to all configured G-RNTIs. 

Agreement
Support multiplexing unicast and multicast HARQ-ACK onto the same PUSCH with the same priority for the following cases:
· If the unicast and multicast HARQ-ACK codebooks are both Type-1
· Option1-1: the 1-bit UL DAI with value “1” indicates multiplexing unicast and multicast HARQ-ACK codebooks onto the same PUSCH. 
· Option1-2: two bits UL DAI separately indicate whether multiplexing unicast and/or multicast HARQ-ACK codebooks onto the same PUSCH
· FFS whether it is applied to a single G-RNTI or applied to all configured G-RNTIs.
· If both unicast and multicast HARQ-ACK codebooks are Type-2, down-select from:
· Option2-1: the 2-bit UL DAI is applicable to both HARQ-ACK codebooks. 
· Option2-2: 2-bit UL DAI(s) are included in DCI for multicast, in addition to the 2-bit UL DAI for unicast. 
· FFS whether a single UL DAI field is applied to all G-RNTIs, or separate UL DAI fields are applied for each configured G-RNTI.
· FFS the unicast and multicast HARQ-ACK codebooks are different Types. 
Agreement
When HARQ-ACK for unicast SPS PDSCHs and multicast SPS PDSCHs with ACK/NACK based feedback are multiplexed on the same PUCCH for the same priority case, the PUCCH carrying the multiplexed HARQ-ACK is determined from the SPS-PUCCH-AN-List configured for unicast.

Agreement
When HARQ-ACK for unicast SPS PDSCHs and multicast dynamic grant PDSCHs with ACK/NACK based feedback are multiplexed on the same PUCCH for the same priority case, down-select from:
· Option 1: the PUCCH carrying the multiplexed HARQ-ACK is determined from the SPS-PUCCH-AN-List configured for unicast.
· Option 2: the PUCCH carrying the multiplexed HARQ-ACK is determined from PUCCH-Config/PUCCH-ConfigurationList configured for multicast.

Agreement
For the separate PUCCH-Config/ PUCCH-ConfigurationList configured to UE for NACK-only based feedback, 
· 1 PUCCH resource set in each PUCCH-Config.
· up to 32 PUCCH resources in PUCCH resource set
· Note: the separate PUCCH-Config/PUCCH-ConfigurationList applies to all configured G-RNTIs configured with NACK-only based feedback. 
Agreement
When UE is configured with unicast SPS and multicast SPS with ACK/NACK based feedback for multiplexing on the same PUCCH for the same priority case, the HARQ-ACK codebook is constructed as for multiple SPS PDSCHs regardless of unicast SPS PDSCH or multicast SPS PDSCH. 

Agreement
When HARQ-ACK for multicast dynamic grant PDSCHs and multicast SPS PDSCHs with ACK/NACK based feedback are multiplexed on the same PUCCH for the same priority case, the PUCCH carrying the multiplexed HARQ-ACK is determined from PUCCH-Config/PUCCH-ConfigurationList configured for multicast.

Agreement
Extending the fallback operation for Type-1 HARQ-ACK codebook to multicast PDSCH receptions.
· FFS how to handle the fallback operation for the case of multiple G-RNTIs/G-CS-RNTIs configured
· FFS how to handle the fallback operation for the case that PTP retransmission is used for PTM initial transmission.


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. ACK/NACK based feedback
2.1.1. [bookmark: _GoBack]Multicast HARQ-ACK on PUSCH
The following agreements have been agreed in RAN1#107b-e meeting for multiplexing multicast HARQ-ACK in PUSCH. 
	Agreement
When PUCCH carrying multicast HARQ-ACK only overlaps with PUSCH with the same priority, support UL-DAI indicating the number of HARQ-ACK bits for multicast as defined in Rel-16 for unicast HARQ-ACK. 
· FFS it is applied to a single G-RNTI or applied to all configured G-RNTIs. 

Agreement
Support multiplexing unicast and multicast HARQ-ACK onto the same PUSCH with the same priority for the following cases:
· If the unicast and multicast HARQ-ACK codebooks are both Type-1
· Option1-1: the 1-bit UL DAI with value “1” indicates multiplexing unicast and multicast HARQ-ACK codebooks onto the same PUSCH. 
· Option1-2: two bits UL DAI separately indicate whether multiplexing unicast and/or multicast HARQ-ACK codebooks onto the same PUSCH
· FFS whether it is applied to a single G-RNTI or applied to all configured G-RNTIs.
· If both unicast and multicast HARQ-ACK codebooks are Type-2, down-select from:
· Option2-1: the 2-bit UL DAI is applicable to both HARQ-ACK codebooks. 
· Option2-2: 2-bit UL DAI(s) are included in DCI for multicast, in addition to the 2-bit UL DAI for unicast. 
· FFS whether a single UL DAI field is applied to all G-RNTIs, or separate UL DAI fields are applied for each configured G-RNTI.
· FFS the unicast and multicast HARQ-ACK codebooks are different Types. 


· Both unicast and multicast HARQ-ACK codebooks are Type-1
For multiplexing unicast and multicast HARQ-ACK onto the same PUSCH with the same priority, if both unicast and multicast HARQ-ACK codebooks are configured with Type-1 CB, two options (i.e. Option1-1 and Option1-2 in above agreement) were listed for down-selection. For Option1-1, the 1-bit UL DAI applies to both unicast and multicast HARQ-ACK codebooks while two separate 1-bit UL DAI fields in Option1-2 apply to unicast and multicast HARQ-ACK codebooks respectively. It is obvious that Option1-2 can avoid unnecessary unicast or multicast HARQ-ACK codebook transmission in case there is only unicast or multicast HARQ-ACK codebook to be multiplexed in PUSCH at the cost of one additional bit field in UL DCI. The unnecessary unicast or multicast HARQ-ACK codebook transmission would degrade the performance of UL-SCH or HARQ-ACK, therefore Option1-2 is preferred. 
Further, when UE is configured with multiple G-RNTIs, Type-1 HARQ-ACK CB is constructed irrespective of G-RNTIs. Thus, the additional 1-bit UL DAI for multicast should be applied to all configured G-RNTIs. 
· Both unicast and multicast HARQ-ACK codebooks are Type-2
For multiplexing unicast and multicast HARQ-ACK onto the same PUSCH with the same priority, if both unicast and multicast HARQ-ACK codebooks are configured with Type-1 CB, two options (i.e. Option2-1 and Option2-2 in above agreement) were listed for down-selection.
For Option 2-1, a single 2-bit UL DAI applies to both HARQ-ACK codebooks so that unicast or multicast HARQ-ACK codebook size may be increased unnecessarily leading to performance degradation of UL-SCH or HARQ-ACK. In addition, there can be potential misalignment on the HARQ-ACK codebook size between gNB and UE as illustrated below. As shown in Figure 1, assuming 2-bit UL DAI is applied to both unicast and multicast HARQ-ACK codebooks and the value is 3, if two DCIs are missing for unicast as shown in the figure, UE would generate a unicast HARQ-ACK codebook of 3 bits while it is assumed to be 7 bits from gNB perspective. This will lead a misunderstanding between gNB and UE for codebook size. Thus, it is proposed to adopt Option 2-2. 


Figure 1: Type-2 codebook misalignment when 2-bit UL DAI applies to multiple HARQ-ACK codebooks
Different from Type-1 HARQ-ACK codebook, UE generates separate Type-2 sub-codebook for each G-RNTI. Thus, it is desirable to have separate 2-bit UL DAI field for each G-RNTI. In R15, up to two Type-2 HARQ-ACK sub-codebooks can be concatenated in a PUCCH/PUSCH, one is TB-based HARQ-ACK sub-codebook and the other is CBG-based HARQ-ACK sub-codebook. For multicast service transmission, when N G-RNTIs (N) are configured, the following issues are arisen with the increase of N: 
· Issue#1: “last DCI” problem becomes serious 
Generally, for each sub-codebook, when the “last DCI” is missing, the HARQ-ACK codebook size will mismatch between the UE and gNB. With the increase of N, the probability of last DCI missing increases as shown in Table 2-1 assuming 95% PDCCHs are correctly detected. 
Table 2 -1：Probability of last DCI missing 
	N (total number of sub-codebooks)
	2
	3
	4
	5
	6
	7
	8

	Probability of last DCI issue
	9.75%
	14.26%
	18.55%
	22.62%
	26.49%
	30.17%
	33.66%



· Issue #2: UL DAI overhead issue
In R15 operation, the total UL DAI size is 4 bits and up to 2 DAI fields are included in format 0_1/0_2. The first DAI field is used for TB-based HARQ-ACK sub-codebook, and the second DAI field is used for CBG-based HARQ-ACK sub-codebook. However, the UL DAI overhead will increase with the increasing of N for multicast, as shown in Table 2-2. 
Table 2-2：UL DAI overhead  
	N (total number of sub-codebooks)
	2
	3
	4
	5
	6
	7
	8

	Overhead of UL DAI (bit)
	4
	6
	8
	10
	12
	14
	16



In order to alleviate the Type-2 HARQ-ACK codebook size alignment issue due to missing last DCI and control the DCI overhead, it is proposed to support no more than 3 UL DAIs for multicast. And the exact number of UL DAI depends on gNB’s configuration. 
Consequently, the association between the UL DAI fields and G-RNTIs should be determined especially if more than three G-RNTIs are configured. The most flexible approach is to introduce RRC configuration of the association between the G-RNTIs and the UL DAIs. An example is shown in Figure 2 where for each UL-DAI of the three UL-DAI fields, two associated G-RNTIs are configured. 


Figure 2: A potential association between the UL DAI and G-RNTI
· Unicast and multicast HARQ-ACK codebooks are different 
In this case, unicast and multicast HARQ-ACK codebooks are configured with different CB types. In our view, the same approach as discussed above can apply based on the HARQ-ACK codebook type of multicast.
In addition, although the discussion above focuses on multiplexing both unicast and multicast HARQ-ACK codebooks in PUSCH, it should also be applied to the case of multiplexing only multicast HARQ-ACK in PUSCH. Therefore, we have the following proposals.
Proposal 1: Separate UL DAI field(s) is introduced in DCI format 0_1 and 0_2 for multicast. 
Proposal 2: If multicast is configured with Type-1 HARQ-ACK CB, 1-bit UL DAI field for multicast is applied for all configured G-RNTIs. 
Proposal 3: If multicast is configured with Type-2 HARQ-ACK CB, up to three 2-bit UL DAI fields for multicast is introduced. And the exact number of UL DAI depends on gNB’s configuration.
Proposal 4: The association between the UL DAI fields and G-RNTIs are configured by RRC.

2.1.2. enhanced Type-2/(enhanced) Type-3 HARQ-ACK codebook for unicast
In RAN1#107-e meeting, it has been agreed that different CB types can be configured for unicast and multicast when UE is scheduled to multiplex HARQ-ACK for unicast and HARQ-ACK for multicast with the same priority in the same PUCCH slot. The remaining issue on when enhanced Type-2/Type-3 HARQ-ACK codebook/enhanced Type-3 codebook is configured for unicast was discussed in RAN1 #107b-e meeting with following proposal: 

	Proposal 2.1.1.3
· When enhanced Type-2 codebook is configured for unicast and when the UE is scheduled to multiplex enhanced Type-2 HARQ-ACK for unicast and with Type-1 or Type-2 HARQ-ACK codebook for multicast in the same PUCCH slot,
· UE generates two separate sub-codebooks for unicast and multicast respectively and appends the multicast HARQ-ACK sub-codebook to the unicast HARQ-ACK sub-codebook.
· FFS: When UE is configured with Type-3 codebook for unicast, the Type-3 HACK-ACK codebook UE generated does not include the HARQ-ACK for multicast, down-select from:
· Opt1: When UE is scheduled to provide Type-3 HARQ-ACK for unicast and Type-1 or Type-2 HARQ-ACK codebook for multicast in the same PUCCH slot, the UE drops the HARQ-ACK for multicast.
· Opt2: UE is not scheduled to provide Type-3 HARQ-ACK for unicast and Type-1 or Type-2 HARQ-ACK codebook for multicast in the same PUCCH slot.
· FFS for the case when UE is configured with enhanced Type-3 HARQ-ACK codebook for unicast.



When the enhanced Type-2 codebook is configured for unicast, UE can generate two separate sub-codebooks for unicast and multicast respectively and append the multicast HARQ-ACK sub-codebook to the unicast HARQ-ACK sub-codebook as for the case when Type-2 codebook is configured for unicast. 

Proposal 5: When the UE is scheduled to multiplex enhanced Type-2 HARQ-ACK for unicast and with Type-1 or Type-2 HARQ-ACK codebook for multicast in the same PUCCH slot, UE generates two separate sub-codebooks for unicast and multicast respectively and appends the multicast HARQ-ACK sub-codebook to the unicast HARQ-ACK sub-codebook.  

When UE is configured with Type-3 codebook for unicast, two options were provided for down-selection. Opt 1 provides better scheduling flexibility compared with Opt 2 since Type-3 HARQ-ACK for unicast and Type-1 or Type-2 HARQ-ACK codebook for multicast can be scheduled in the same PUCCH slot. Opt 1 drops HARQ-ACK for multicast in this case which is inline with the design as in Rel-16 for unicast. Therefore, Opt 1 is preferred.
For enhanced Type-3 HARQ-ACK codebook, the following agreement was made in Rel-17 URLLC/IIoT WI.
	Agreement 
For the enhanced Type 3 HARQ-ACK CB of smaller size triggered in a PUCCH slot, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook. 


The same principle can be applied for Type 1 or Type 2 HARQ-ACK CB for multicast and Opt 1 for Type-3 codebook can be applied to enhanced Type-3 codebook as well.
 
Proposal 6: When UE is scheduled to provide Type-3/ enhanced Type-3 HARQ-ACK for unicast and Type-1 or Type-2 HARQ-ACK codebook for multicast in the same PUCCH slot, the UE drops the HARQ-ACK for multicast.
· the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK codebook for multicast to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK codebook for unicast as the HARQ process is not part of the codebook.
2.2. NACK-only based feedback
For more than one NACK-only based feedback in the same PUCCH slot, two proposals were suggested in RAN1#107b-e meeting to make a binary decision as shown below.
	Proposal 3.2.2-1
When more than one NACK-only feedback are available for transmission in the same PUCCH slot,
· define up to 15 orthogonal PUCCH resources to select from according to combinations of up to 4 TBs with NACK-only feedback, 
· for more than 4 TBs with NACK-only feedback, NACK-only feedback is transformed into ACK/NACK based, i.e., the UE reports HARQ-ACK as in Rel-16 if the UE is provided UE-specific PUCCH resources. Otherwise, the UE does not report HARQ-ACK.
· The PUCCH resource to be used for the transmission is based on the last DCI scheduling multicast.
Proposal 3.2.2-2 (If Proposal 3.2.2-1 is not agreeable)
Does not support more than one NACK-only transmission in the same PUCCH.


Per our understanding, more than one NACK-only transmission in the same PUCCH is not a typical case. The motivation of NACK-only feedback is to save uplink resource by allowing UEs to share the same PUCCH resource. If UE is allowed to transform NACK-only into ACK/NACK based feedback, there is no resource saving. If so, gNB can configure the ACK/NACK based feedback instead of NACK-only based feedback. In other words, Proposal 3.2.2-1 against the motivation of introducing NACK-only based feedback and more PUCCH resources should be reserved.
In addition, how to define the number of TBs for generating NACK-only feedback should be discussed for Proposal 3.2.2-1. If two TBs are configured for multicast transmission and one TB is enabled in actually scheduling, the number of TBs for generating NACK-only feedback should be further determined. Generally, two potential options can be applied to the determination. 
· Option 1: The number of TBs for generating NACK-only feedback is based on the number of scheduled TB(s)
· Option 2: The number of TBs for generating NACK-only feedback is based on the number of configured TB(s)
Option 1 does not work if DCI is missed at UE side. So Option 2 should be used. However, no matter which option is applied, further discussion is needed. Thus, considering the limited time in MBS maintenance phase, we prefer Proposal 3.2.2-1 that do not support more than one NACK-only transmission in the same PUCCH. 
Proposal 7: Does not support more than one NACK-only transmission in the same PUCCH.
3. Conclusion 
In this document, the issues on improving reliability of Broadcast/Multicast service are discussed. The proposals are given as following:

Proposal 1: Separate UL DAI field(s) is introduced in DCI format 0_1 and 0_2 for multicast. 
Proposal 2: If multicast is configured with Type-1 HARQ-ACK CB, 1-bit UL DAI field for multicast is applied for all configured G-RNTIs. 
Proposal 3: If multicast is configured with Type-2 HARQ-ACK CB, up to three 2-bit UL DAI fields for multicast is introduced. And the exact number of UL DAI depends on gNB’s configuration.
Proposal 4: The association between the UL DAI fields and G-RNTIs are configured by RRC.
Proposal 5: When the UE is scheduled to multiplex enhanced Type-2 HARQ-ACK for unicast and with Type-1 or Type-2 HARQ-ACK codebook for multicast in the same PUCCH slot, UE generates two separate sub-codebooks for unicast and multicast respectively and appends the multicast HARQ-ACK sub-codebook to the unicast HARQ-ACK sub-codebook.
Proposal 6: When UE is scheduled to provide Type-3/ enhanced Type-3 HARQ-ACK for unicast and Type-1 or Type-2 HARQ-ACK codebook for multicast in the same PUCCH slot, the UE drops the HARQ-ACK for multicast.
· the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK codebook for multicast to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK codebook for unicast as the HARQ process is not part of the codebook.
Proposal 7: Does not support more than one NACK-only transmission in the same PUCCH.
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