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The contribution is focused on reliability improvement issues for RRC-CONNECTED UEs in Rel-17 NR MBS.
In RAN1#107bis-e meeting, regarding NACK-only based HARQ-ACK feedback and HARQ-ACK codebook determination, the corresponding agreements are made as below:
[bookmark: _Hlk39170201]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. 


Hence, in this contribution, more detailed views are present from our side.

Discussion
HARQ-ACK enabling/disabling 
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. 
There are several open issues:
· One problem is when UE receives a DCI format 4-1 with CRC scrambled by the G-RNTI, should the UE assume HARQ-ACK feedback is enabled or disabled for the scheduled GC-PDSCH? 
· Another problem is when the DCI format 4-1 is missed by UE, UE can’t know whether this missed DCI format is DCI format 4-1 or DCI format 4-2 and whether the missed DCI enables or disables HARQ-ACK feedback.
· Similarly, when one DCI format 4-1 is missed by UE, UE can’t know whether this missed DCI format is DCI format 4-1 or DCI format 4-1 and whether the missed DCI enables or disables HARQ-ACK feedback.
One example is shown in Figure 1, where four group-common DCIs, DCI 1~4, schedule four group-common PDSCHs for a given G-RNTI, respectively. DCI 1, DCI 3 and DCI 4 are DCI format 4-2 while DCI 2 is DCI format 4-1. For the given G-RNTI, RRC signaling configures the presence of enabling/disabling HARQ-ACK feedback indicator in DCI format 4-2 with CRC scrambled by the G-RNTI. HARQ-ACK feedback is enabled in DCI 1, DCI 3 and DCI 4 with HEI (enabling/disabling HARQ-ACK feedback indicator) setting to “1” and corresponding HARQ-ACK feedback is indicated to be transmitted in same slot. Since DCI 2 does not include enabling/disabling HARQ-ACK feedback indicator, upon reception of DCI 2, how can UE determine the HARQ-ACK feedback is enabled or disabled?
Furthermore, as shown in Figure 1, assuming DCI 2 is missed by UE, according to DAI, UE can identify there is a DCI missed between DCI 1 and DCI 3. However, UE can’t know whether the missed DCI is DCI format 4-1 or DCI format 4-2 as well as HARQ-ACK feedback for PDSCH 2 is enabled or not. In addition, assuming DCI 1 is missed by UE, according to DAI, UE can identify there is a DCI missed before DCI 2. However, UE can’t know whether the missed DCI is DCI format 4-1 or DCI format 4-2 as well as whether HARQ-ACK feedback for PDSCH 1 is enabled or not. 
As a result, UE can’t determine HARQ-ACK codebook for the given G-RNTI and can’t multiplex HARQ-ACK feedback for the given G-RNTI with unicast HARQ-ACK feedback and HARQ-ACK feedback for other multicast services in same HARQ-ACK codebook.
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Figure 1: HARQ-ACK codebook determination for multicast DCI

To simplify the UE behavior and avoid any misunderstanding between UE and gNB on HARQ-ACK codebook size, 1-bit HEI should be included in both DCI format 4-1 and DCI format 4-2. 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 reserved. 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.

Based on above discussion, we have below proposals:
Proposal 1: Support one-bit enabling/disabling HARQ-ACK feedback indication in multicast DCI format 4-1. 


UL DAI

	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. 




For Rel-17 MBS, when HARQ-ACK feedback for unicast PDSCHs and HARQ-ACK feedback for multicast PDSCHs carrying one or more multicast services overlaps with PUSCH, UE should multiplex the HARQ-ACK feedback for unicast and the one or more multicasts on the PUSCH as legacy. Multiple HARQ-ACK sub-codebooks are generated with separate DAIs used for unicast and multiple multicast services, e.g., a first sub-codebook comprises HARQ-ACK information bits for unicast, a second sub-codebook comprises HARQ-ACK information bits for PDSCHs carrying multicast 1 and a third sub-codebook comprises HARQ-ACK information bits for PDSCHs carrying multicast 2, …, until the last sub-codebook comprises HARQ-ACK information bits for PDSCHs carrying multicast with the largest G-RNTI value of the supported multiple multicast services, wherein the sub-codebooks for multicast are ordered in increasing order of G-RNTI value. In this way, when the HARQ-ACK feedback for unicast PDSCHs and HARQ-ACK feedback for multicast PDSCHs carrying one or more multicast services are multiplexed on the PUSCH, the best way is to included multiple UL DAIs in the UL grant with each UL DAI corresponding to one sub-codebook for the unicast or one of the multiple multicast services, which can avoid any misunderstanding of the final HARQ-ACK codebook size between UE and gNB. This is aligned with the principles of CBG-based retransmission where two UL DAIs are included in the UL grant with one UL DAI corresponding to TB based sub-codebook and another UL DAI corresponding to CBG-based sub-codebook. 
For Type-2 HARQ-ACK codebook determination, to indicate UL-DAI for the unicast HARQ-ACK sub-codebook and multiple HARQ-ACK sub-codebooks, one option is to indicate the separate UL DAIs for unicast and each of the one or more multicast services in the UL grant, which has two drawbacks: (1) UE can’t determine the payload size of the UL grant; (2) too much overhead may be caused especially when UE is configured with CBG-based transmission; (3) it is not feasible to include too many UL DAIs in the UL grant considering the limit of DCI payload size. 
Another option is to use a single UL-DAI indicates the total HARQ-ACK information bits for unicast and one or more multicast services. It is not possible to use two bits of UL DAI to indicate the sum of the HARQ-ACK information bits for unicast and one or more multicast services. Basically, it does not make any sense to use a single UL DAI for more than one sub-codebook because it is not aligned with the spirit of the separate DL DAIs used in the unicast sub-codebook and each of multiple multicast sub-codebooks Hence, Option 2-1 is not feasible.
A third option is to include two UL DAIs in the UL grant with a first UL DAI applied for a first HARQ-ACK sub-codebook for unicast and a second UL DAI applied for a second HARQ-ACK sub-codebook for the multicast sub-codebook to be multiplexed on the PUSCH. When there are multiple multicast sub-codebooks for multiple multicast services to be multiplexed on the PUSCH, the second UL DAI indicates the largest sub-codebook size of the multiple multicast sub-codebooks. As a result, the multiple HARQ-ACK sub-codebooks for the multiple multicast services have same sub-codebook size according to the second UL DAI. In this way, upon reception of the UL grant, UE shall generate the first sub-codebook for unicast according to the first UL DAI as legacy and generate each of the multiple multicast sub-codebooks according to the second UL DAI. There is no misunderstanding between UE and gNB on the unicast sub-codebook size and multicast sub-codebook size and only one additional UL DAI is included in the UL grant which can guarantee the UL DCI has a reasonable payload size.
Based on above discussion, we have below proposals:
Proposal 2: For Type-2 HARQ-ACK codebook multiplexed on PUSCH, support one additional UL DAI in the UL grant for multicast in addition to the UL DAI for unicast.
Proposal 3: For Type-2 HARQ-ACK codebook multiplexed on PUSCH, the additional UL DAI in the UL grant for multicast is applied to all configured G-RNTIs. 
 
For Type-1 HARQ-ACK codebook determination, similar to Type-2 HARQ-ACK codebook, two separate UL DAIs are included in the UL grant with one UL DAI indicating whether multiplexing unicast HARQ-ACK sub-codebook on the PUSCH and another UL DAI indicating whether multiplexing multicast HARQ-ACK sub-codebook(s) onto the same PUSCH. Each UL DAI comprises one bit with bit “1” indicating multiplexing the corresponding unicast or multicast HARQ-ACK feedback on the scheduled PUSCH. When there are multiple multicast services to be multiplexed on the PUSCH, the second UL DAI is applied to all the configured multicast services as Type-1 multicast HARQ-ACK codebook determination. Upon reception of the UL DAI, the UE shall separately determine whether to multiplex unicast HARQ-ACK feedback or multicast HARQ-ACK feedback on the scheduled PUSCH.
Based on above discussion, we have below proposals:
Proposal 4: For Type-1 HARQ-ACK codebook multiplexed on PUSCH, support one additional UL DAI in the UL grant for multicast in addition to the UL DAI for unicast.
Proposal 5: For Type-1 HARQ-ACK codebook multiplexed on PUSCH, the additional UL DAI in the UL grant for multicast is applied to all configured G-RNTIs. 

[bookmark: _Hlk95669648]When the unicast and multicast HARQ-ACK codebooks are configured with different types, similar to same Type-1 or Type-2 HARQ-ACK codebook configured for unicast and multicast, separate UL DAIs are included in the UL grant, wherein a first UL DAI is applied for unicast HARQ-ACK feedback and a second UL DAI is applied for multicast HARQ-ACK feedback for all the configured multicast services as mentioned above for Type-1 or Type-2 HARQ-ACK codebook determination. E.g., in case of Type-1 HARQ-ACK codebook configured for unicast and Type-2 HARQ-ACK codebook configured for multicast, separate UL DAIs are included in the UL grant, wherein the first UL DAI indicates whether the unicast HARQ-ACK feedback is to be multiplexed on the scheduled PUSCH and the second UL DAI indicates the largest sub-codebook size for the multiple multicast services; in case of Type-2 HARQ-ACK codebook configured for unicast and Type-1 HARQ-ACK codebook configured for multicast, separate UL DAIs are included in the UL grant, wherein the first UL DAI indicates the codebook size for the unicast HARQ-ACK feedback and the second UL DAI indicates whether the multicast HARQ-ACK feedback is to be multiplexed on the scheduled.
Based on above discussion, we have below proposals:
Proposal 6: For unicast and multicast services are configured with different HARQ-ACK codebook types, support one additional UL DAI in the UL grant for multicast in addition to the UL DAI for unicast.
Proposal 7: For unicast and multicast services are configured with different HARQ-ACK codebook types, the additional UL DAI in the UL grant for multicast is applied to all configured G-RNTIs. 

Different HARQ-ACK codebook types for unicast and multicast

For Type-3 HARQ-ACK codebook, it includes HARQ-ACK feedback for all the HARQ processes including all HARQ processes for unicast and all HARQ processes for multicast. Upon reception of one-shot codebook triggering, UE shall report HARQ-ACK feedback for all the HARQ processes including both unicast and multicast. Hence, when Type-3 HARQ-ACK codebook is configured for unicast and Type-1 or Type-2 HARQ-ACK codebook is configured for multicast, only one Type-3 HARQ-ACK codebook is generated which includes all HARQ-ACK feedback for unicast and multicast. As a result, the HARQ-ACK codebook for multicast isn’t generated, however the HARQ-ACK codebook for multicast isn’t dropped.
Based on above discussion, we have below proposals:
Proposal 8: When unicast is configured with Type-3 HARQ-ACK codebook and multicast services are configured with Type-1 or Type-2 HARQ-ACK codebook type, only a Type-3 HARQ-ACK codebook is generated. 

Type-1 HARQ-ACK codebook determination
As shown in above agreement, RAN1 has agreed that same TDRA table applies to all G-RNTIs if configured on a given serving cell and same dl-DataToUL-ACK (i.e., K1 set) is applied to all G-RNTIs with ACK/NACK based feedback with the same priority on a given serving cell. There is one problem needs to be addressed is how to generate Type-1 HARQ-ACK codebook when UE is configured with multiple G-RNTIs and configured with fdmed-Reception-Multicast. 
There are several issues for determining Type-1 HARQ-ACK codebook when UE is configured with multiple G-RNTIs and configured with fdmed-Reception-Multicast:
1. Two much overhead will be generated for the Type-1 HARQ-ACK codebook. 
· This is because one HARQ-ACK sub-codebook is generated for each G-RNTI according to the k1 and TDRA configurations. One example is shown in Figure 2, where UE is configured with K1 set of {1,2,3,4,5,6} for unicast PDSCH transmissions and K1 set of {1,2,3,4} for multicast PDSCH transmissions and is configured with three multicast services differentiated by different G-RNTIs. As shown in Figure 2, A0~A5 are six candidate PDSCH reception occasions for unicast, B2~B5 are four candidate PDSCH reception occasions for a first multicast service, C2~C5 are four candidate PDSCH reception occasions for a second multicast service, D2~D5 are four candidate PDSCH reception occasions for a third multicast service. 
· According to current Type-1 HARQ-ACK codebook determination procedure, as long as one unicast PDSCH is detected among the six candidate PDSCH reception occasions, A0~A5, the Type-1 HARQ-ACK codebook should include HARQ-ACK information bits corresponding to A0~A5, B2~B5, C2~C5, and D2~D5. It is obvious that too much overhead is generated. 
2. Dynamic HARQ-ACK enabling/disabling for the Type-1 HARQ-ACK codebook.
· 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 1-1 with CRC scrambled by the given G-RNTI. If UE doesn’t detect any PDSCH in one candidate PDSCH reception occasion for a given G-RNTI, the UE can’t know whether to generate HARQ-ACK feedback for the candidate PDSCH reception occasion.
· Similarly, since this enabling/disabling HARQ-ACK feedback indication is not included in DCI format 1-0 with CRC scrambled by the given G-RNTI, if UE detects the DCI format, whether/how to generate HARQ-ACK information bit for a PDSCH scheduled by the DCI format is not clear.
[image: ]
Figure 2: Type-1 HARQ-ACK codebook determination for unicast and multiple multicast services

For Type-1 HARQ-ACK codebook determination, fallback operation has been specified in Rel-15 for reducing the overhead due to semi-static configuration. Below is cited from TS38.213-f80:
	If a UE reports HARQ-ACK information in a PUCCH only for 
-	a SPS PDSCH release indicated by DCI format 1_0 with counter DAI field value of 1 on the PCell, or
-	a PDSCH reception scheduled by DCI format 1_0 with counter DAI field value of 1 on the PCell, or 
-	SPS PDSCH reception


within the  occasions for candidate PDSCH receptions as determined in Subclause 9.1.2.1, the UE determines a HARQ-ACK codebook only for the SPS PDSCH release or only for the PDSCH reception or only for the SPS PDSCH reception according to corresponding  occasion(s) on respective serving cell(s), where the value of counter DAI in DCI format 1_0 is according to Table 9.1.3-1; otherwise, the procedures in Subclause 9.1.2.1 and Subclause 9.1.2.2 for a HARQ-ACK codebook determination apply.




For the 1st issue, such fallback operation can be also reused for Rel-17 Type-1 HARQ-ACK codebook reduction:
For the UE configured with FDMed unicast and multiple multicast services, N+1 HARQ-ACK sub-codebooks are generated for multiplexing HARQ-ACK feedback for the unicast and the multiple multicast services in one HARQ-ACK codebook, wherein N is the number of configured G-RNTIs for receiving associated multiple multicast services. For a given G-RNTI, among the candidate PDSCH reception occasions, if UE detects only a SPS group-common PDSCH scrambled by the given G-RNTI, or only a group-common PDSCH scheduled by DCI format 4-1 with CRC scrambled by the given G-RNTI and counter DAI value of 1, or only a single DCI format 4-1 with CRC scrambled by the given G-RNTI and DAI value of 1 for activating SPS PDSCH, or only a single DCI format 4-1 with CRC scrambled by the given G-RNTI and DAI value of 1 for releasing SPS PDSCH, the UE determines the corresponding HARQ-ACK sub-codebook for the given G-RNTI comprises only a single HARQ-ACK information bit for the SPS group-common PDSCH, or the group-common PDSCH, or the single DCI format 4-1 for SPS PDSCH activation, or the single DCI format 4-1 for SPS PDSCH release; otherwise, the UE determines the corresponding HARQ-ACK sub-codebook for the given G-RNTI according to the K1 set and TDRA configuration as legacy.
One example is shown in Figure 2, where UE is configured with K1 set of {1,2,3,4,5,6} for unicast PDSCH transmissions and K1 set of {1,2,3,4} for multicast PDSCH transmissions and is configured with three multicast services differentiated by different G-RNTIs. A0~A5 are six candidate PDSCH reception occasions for unicast, B2~B5 are four candidate PDSCH reception occasions for a first multicast service, C2~C5 are four candidate PDSCH reception occasions for a second multicast service, D2~D5 are four candidate PDSCH reception occasions for a third multicast service. 
As shown in Figure 2, the TDRA table includes maximum 1 non-overlapped SLIVs and N=3. Assuming CBG-based retransmission and maximum 2 codewords per PDSCH are not configured, for a second G-RNTI, if UE detects only a SPS PDSCH, or only a PDSCH, or only a DCI for activating/releasing the SPS PDSCH, the HARQ-ACK sub-codebook for the G-RNTI comprises a single HARQ-ACK information bit for the SPS PDSCH, or the PDSCH, or the DCI for activating/releasing the SPS PDSCH.
After determining the N+1 HARQ-ACK sub-codebooks, in the HARQ-ACK codebook, the HARQ-ACK sub-codebook for unicast is placed firstly then followed by the N HARQ-ACK sub-codebooks for the N configured G-RNTIs, and the N HARQ-ACK sub-codebooks are ordered in ascending order of G-RNTI value.

Proposal 9: For fallback operation in Rel-17 Type-1 HARQ-ACK codebook determination, for a given G-RNTI, among the candidate PDSCH reception occasions, if UE detects only a SPS group-common PDSCH scrambled by the given G-RNTI, or only a group-common PDSCH scheduled by DCI format 4-1 with CRC scrambled by the given G-RNTI and counter DAI value of 1, or only a single DCI format 4-1 with CRC scrambled by the given G-RNTI and DAI value of 1 for activating SPS PDSCH, or only a single DCI format 4-1 with CRC scrambled by the given G-RNTI and DAI value of 1 for releasing SPS PDSCH, the UE determines the corresponding HARQ-ACK sub-codebook for the given G-RNTI comprises only a single HARQ-ACK information bit for the SPS group-common PDSCH, or the group-common PDSCH, or the single DCI format 4-1 for SPS PDSCH activation, or the single DCI format 4-1 for SPS PDSCH release; otherwise, the UE determines the corresponding HARQ-ACK sub-codebook for the given G-RNTI according to the K1 set and TDRA configuration as legacy.

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. 

Regarding the above two FFS, HARQ-ACK feedback for each G-RNTI is generated separately, so the fallback operation for Type-1 HARQ-ACK codebook is applied separately for each G-RNTI. 
As for PTP-based retransmission for initial PTM, since the DCI for scheduling the PTP retransmission is UE-specific DCI and the PTP retransmission is carried on UE-specific PDSCH, the legacy fallback operation can be used for PTP-based retransmission.
Based on above discussion, we have below proposals:
Proposal 10: Fallback operation is applied separately for each G-RNTI/G-CS-RNTI.
Proposal 11: Legacy fallback operation is applied for PTP-based retransmission.  

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 2nd 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 12: Type-1 HARQ-ACK codebook and presence of 1-bit HEI in DCI should not be configured simultaneously. 

Single NACK-only based feedback multiplexing with SR
	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. 







As mentioned above, there is one problem needs to be resolved when NACK-only based HARQ-ACK feedback is to be transmitted in a slot where a positive SR is also to be transmitted. According to legacy behavior of multiplexing HARQ-ACK feedback with SR, UE should transmit a PUCCH format 0 on PRB configured for NACK-only based HARQ-ACK feedback with different value to indicate the positive SR. In detail, for only NACK-only based HARQ-ACK feedback to be transmitted in PUCCH format 0,  is provided by initialcyclicshift of PUCCH-format0, and  for indicating NACK; when the NACK-only based HARQ-ACK feedback needs to be multiplexed with positive SR in PUCCH format 0,   is provided by initialcyclicshift of PUCCH-format0, and  for indicating NACK and positive SR. In that sense, two different cyclic shifts are used to generate two different sequences for PUCCH format 0, one for indicating only NACK-only based HARQ-ACK feedback and another for indicating positive SR and NACK-only based HARQ-ACK feedback.

However, the above mechanism can’t work for Rel-17 MBS as a group-common PUCCH resource may be shared by UEs in the same group when NACK-only based HARQ-ACK feedback is adopted. When two or more UEs in the same group should transmit positive SR and NACK-only based HARQ-ACK feedback in one slot, above mechanism will inevitably cause PUCCH resource collision since the PRB for PUCCH format 0,  provided by initialcyclicshift of PUCCH-format0, and  for indicating NACK and positive SR, are totally shared by the group of UEs. In that sense, upon reception of the sequence generated by , gNB can only know at least one UE transmits NACK corresponding to PTM transmission while can’t differentiate which UE sends the positive SR. As a result, gNB can’t send UL grant to the UE which really needs UL resource. 
Consequently, multiplexing of NACK-only based feedback and positive SR has to be transmitted in one PUCCH in the UE-specific PUCCH resource. Considering SR resource is UE-specifically configured by RRC signaling, multiplexing of NACK-only based feedback and positive SR seems the only option. To differentiate positive SR only without NACK-only based feedback (e.g., when UE correctly decodes the group-common PDSCH, UE doesn’t need to transmit ACK to gNB), different cyclic shift should be used for positive SR only and positive SR multiplexing with NACK-only based feedback. In case that negative SR and NACK-only based feedback, UE shall transmit the NACK on the group shared PUCCH resource and don’t need transmit negative SR; In case that negative SR and ACK for group-common PDSCH, UE doesn’t transmit any feedback to gNB. 
Based on above discussion, we have below proposals:
Proposal 13: For SR multiplexing with single NACK-only based feedback, positive SR multiplexing with NACK-only feedback is transmitted in SR resource.
Proposal 14: For SR multiplexing with single NACK-only based feedback, different cyclic shifts are used to differentiate positive SR only and positive SR multiplexing with NACK-only feedback.


Multiple NACK-only based feedback multiplexing
	When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, down-select from the following alternatives:
· Alt1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. 
· Alt2: Support sub-slot based PUCCH for this case. 
· Alt3: Support UE transmitting more than one slot-based PUCCHs in the same PUCCH slot. 
· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission. 
· Alt5: NACK-only bundling




In Alt 1, when more than one NACK-only based feedback is to be transmitted in same slot, the multiple NACK-only based feedback are switched to ACK/NACK based feedback. This is not aligned with the motivation of introducing NACK-only based feedback and more PUCCH resources are required in Alt 1. Alt 1 is worse than adding a limitation to avoid such case happens. 
Alt 2 is purely relied on the UE capability. Since sub-slot based PUCCH is optional feature for UE, for UEs not supporting this capability, the problem of NACK-only multiplexing in same slot is not solved. Furthermore, even for a UE which support sub-slot PUCCH, the problem is still there when the number of sub-slots in the slot is smaller than the number of group-common PDSCHs with enabled NACK-only based feedback.
Alt 3 is not consistent with the design principle of PUCCH format 0 where sequence based PUCCH is designed for low PAPR and coverage. 
Alt 5 has the drawback of HARQ-ACK bundling, which leads to unnecessary retransmissions and DL performance degradation.
In Alt 4, channel selection mechanism specified in Rel-10 TDD CA can be reused here for multiplexing multiple NACK-only based feedback and ensure at most one NACK-only based feedback is transmitted in the PUCCH slot. In detail, the orthogonal PUCCH resources are scheduled for the PDSCHs with HARQ-ACK feedback to be transmitted in one slot. The PUCCH resource which corresponds to the first incorrectly decoded PDSCH is selected for transmitting the NACK-only feedback in the PUCCH slot. If all the PDSCHs are correctly decoded, then no feedback is to be transmitted. E.g., for N PDSCHs with HARQ-ACK feedback to be transmitted in one slot, the N PDSCHs is scheduled with N orthogonal PUCCH resources. Assuming the nth PDSCH is not correctly decoded, then the PUCCH resource corresponding to the nth PDSCH is selected for transmitting the NACK-only feedback in the PUCCH slot. At gNB side, upon reception of the PUCCH resource corresponding to the nth PDSCH, gNB can determine the first (n-1) PDSCHs are correctly decoded and the nth PDSCH is not correctly decoded. For the last (N-n) PDSCHs, gNB can’t know the concrete decoding results and shall retransmit them in subsequent transmission. 
As shown in Figure 3, where four PUCCH resources, P1, P2, P3 and P4, correspond to four PDSCHs, PDSCH 1, PDSCH 2, PDSCH 3 and PDSCH 4. NACK-only based feedback for four PDSCHs are to be transmitted in one slot. After decoding, assuming the four HARQ-ACK information bits for the four PDSCHs are ACK, ACK, NACK, NACK, UE shall transmit a NACK on the PUCCH resource corresponding to the third PDSCH, i.e., on P3, since the first NACK among the 4 HARQ-ACK info bits corresponds to the third PDSCH of the 4 PDSCHs. As shown in Figure 3, dotted line means UE does not transmit any feedback to gNB while solid line means UE transmits the HARQ-ACK feedback to gNB on the corresponding PUCCH resource. Upon detection the NACK on P3, gNB knows both PDSCH 1 and PDSCH 2 are correctly decoded by the UE while PDSCH 3 is not correctly decoded and PDSCH 4 is not feedbacked at all. Consequently, gNB shall retransmit TBs carried by both PDSCH 3 and PDSCH 4, and not need to retransmit TBs carried by both PDSCH 1 and PDSCH 2.
[image: ]
Figure 3: Multiple NACK-only based HARQ-ACK feedback to be transmitted in same slot

It is noted that this mechanism has been specified in Rel-10 TDD CA so as to keep single carrier property and uplink coverage. Such mechanism can be also applied for NACK-only multiplexing in one slot.
Proposal 15: For multiple NACK-only feedback multiplexing in same slot, from per UE perspective, the PUCCH resource which corresponds to the first incorrectly decoded PDSCH is selected for transmitting the NACK-only feedback in the PUCCH slot. 


HARQ-ACK feedback SPS for multicast
As agreed in previous RAN1 meeting, for RRC_CONNECTED UEs, more than one SPS group-common PDSCH configuration for MBS can be configured per UE and the total number of SPS configurations supported by a UE currently defined for unicast is not increased due to additionally supporting MBS. Therefore, maximum 8 SPS configurations can be configured for multicast and/or unicast. One straightforward way is to let gNB determine the number of SPS configurations for multicast or unicast so that gNB has full scheduling flexibility.
Regarding the activation/deactivation of group-common SPS PDSCH configuration, RAN1 has agreed that group-common PDCCH is supported for activation and deactivation of the group-common SPS configuration for MBS. One FFS issue is how to address the DCI missing problems when the DCI is transmitted for activation/deactivation of the group-common SPS configuration. When one UE missed the activation DCI, it implies the UE shall miss the following SPS PDSCH transmissions. However, gNB can’t know which UE has successfully received the activation DCI and which UE has missed the activation DCI. Such DTX issue needs to be addressed. 
Since Rel-8, for DL SPS release, UE shall generate one bit of ACK and transmit it in the PUCCH for confirming the reception of the DL SPS release DCI. This mechanism can be reused here for confirming the reception of activation DCI and deactivation DCI. That is to say, upon reception of an activation/deactivation DCI for multicast SPS PDSCH, the UE shall transmit ACK for confirming the reception to gNB. As long as all the UEs in the group confirm the reception of activation/deactivation DCI, the gNB shall activate or deactivate the group-common SPS configuration.
Since ACK-only feedback is required, one sequence is enough for transmitting the ACK to gNB. The key point is each UE in the group should be configured with a specific PUCCH resource so that the gNB can differentiate whether a UE has received the activation/deactivation DCI or not. In case the UE has not transmitted ACK on the UE-specific PUCCH resource, gNB shall retransmit the activation/deactivation DCI. For those UEs which have reported ACK on the respective PUCCH resource may receive the retransmitted activation/deactivation DCI, it can be neglected by the UEs. 
With the UE-specific PUCCH resource for the group-common SPS configuration, each UE can not only transmit ACK for confirming the reception of activation/deactivation DCI but also transmit ACK for the transmission of SPS PDSCH. After the group-common SPS configuration is activated, the UE shall receive the SPS PDSCH and transmit the corresponding ACK on the UE-specific PUCCH resource if the SPS PDSCH is correctly received or transmit nothing on the UE-specific PUCCH resource if the SPS PDSCH is incorrectly received. Based on this ACK-only based HARQ-ACK feedback, the gNB can know whether a certain UE has correctly received the SPS PDSCH and can retransmit the SPS PDSCH in PTP manner to the UE. Since the activation/deactivation DCI and the associated SPS PDSCH don’t occur in same slot, the UE-specific PUCCH resource can be used not only for confirming the reception of the activation/deactivation DCI but also for confirming the reception of the associated SPS PDSCH.
If HARQ-ACK feedback is only for the first PDSCH with PDCCH (activation) scheduling, two HARQ-ACK feedback options may be caused for SPS PDSCHs, one for ACK/NACK-based feedback for the first SPS PDSCH and NACK-only or NACK-disabled feedback for subsequent SPS PDSCHs. When there is long gap between activation DCI and the first SPS PDSCH, such confirmation mechanism may lead to unnecessary delay.

Based on above discussion, we have below proposals:
Proposal 16: For group-common SPS configuration, ACK/NACK feedback is supported for confirming reception of activation/deactivation DCI.
Proposal 17: For group-common SPS configuration, HARQ-ACK feedback enabling/disabling is independently configurable from that for SPS PDSCH without PDCCH
Proposal 18: For group-common SPS configuration, ACK/NACK feedback for confirming reception of activation/deactivation DCI can’t be disabled.


Conclusion
In this contribution, we focus on the reliability improvement for MBS transmission and have below proposals:
Proposal 1: Support one-bit enabling/disabling HARQ-ACK feedback indication in multicast DCI format 4-1. 
Proposal 2: For Type-2 HARQ-ACK codebook multiplexed on PUSCH, support one additional UL DAI in the UL grant for multicast in addition to the UL DAI for unicast.
Proposal 3: For Type-2 HARQ-ACK codebook multiplexed on PUSCH, the additional UL DAI in the UL grant for multicast is applied to all configured G-RNTIs. 
Proposal 4: For Type-1 HARQ-ACK codebook multiplexed on PUSCH, support one additional UL DAI in the UL grant for multicast in addition to the UL DAI for unicast.
Proposal 5: For Type-1 HARQ-ACK codebook multiplexed on PUSCH, the additional UL DAI in the UL grant for multicast is applied to all configured G-RNTIs. 
Proposal 6: For unicast and multicast services are configured with different HARQ-ACK codebook types, support one additional UL DAI in the UL grant for multicast in addition to the UL DAI for unicast.
Proposal 7: For unicast and multicast services are configured with different HARQ-ACK codebook types, the additional UL DAI in the UL grant for multicast is applied to all configured G-RNTIs. 
Proposal 8: When unicast is configured with Type-3 HARQ-ACK codebook and multicast services are configured with Type-1 or Type-2 HARQ-ACK codebook type, only a Type-3 HARQ-ACK codebook is generated. 
Proposal 9: For fallback operation in Rel-17 Type-1 HARQ-ACK codebook determination, for a given G-RNTI, among the candidate PDSCH reception occasions, if UE detects only a SPS group-common PDSCH scrambled by the given G-RNTI, or only a group-common PDSCH scheduled by DCI format 4-1 with CRC scrambled by the given G-RNTI and counter DAI value of 1, or only a single DCI format 4-1 with CRC scrambled by the given G-RNTI and DAI value of 1 for activating SPS PDSCH, or only a single DCI format 4-1 with CRC scrambled by the given G-RNTI and DAI value of 1 for releasing SPS PDSCH, the UE determines the corresponding HARQ-ACK sub-codebook for the given G-RNTI comprises only a single HARQ-ACK information bit for the SPS group-common PDSCH, or the group-common PDSCH, or the single DCI format 4-1 for SPS PDSCH activation, or the single DCI format 4-1 for SPS PDSCH release; otherwise, the UE determines the corresponding HARQ-ACK sub-codebook for the given G-RNTI according to the K1 set and TDRA configuration as legacy.
Proposal 10: Fallback operation is applied separately for each G-RNTI/G-CS-RNTI.
Proposal 11: Legacy fallback operation is applied for PTP-based retransmission.  
Proposal 12: Type-1 HARQ-ACK codebook and presence of 1-bit HEI in DCI should not be configured simultaneously. 
Proposal 13: For SR multiplexing with single NACK-only based feedback, positive SR multiplexing with NACK-only feedback is transmitted in SR resource.
Proposal 14: For SR multiplexing with single NACK-only based feedback, different cyclic shifts are used to differentiate positive SR only and positive SR multiplexing with NACK-only feedback.
Proposal 15: For multiple NACK-only feedback multiplexing in same slot, from per UE perspective, the PUCCH resource which corresponds to the first incorrectly decoded PDSCH is selected for transmitting the NACK-only feedback in the PUCCH slot. 
Proposal 16: For group-common SPS configuration, ACK/NACK feedback is supported for confirming reception of activation/deactivation DCI.
Proposal 17: For group-common SPS configuration, HARQ-ACK feedback enabling/disabling is independently configurable from that for SPS PDSCH without PDCCH
Proposal 18: For group-common SPS configuration, ACK/NACK feedback for confirming reception of activation/deactivation DCI can’t be disabled.
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