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1. Introduction
In RAN#86 meeting, the work item of NR support of Multicast and Broadcast Services has been approved [1]. The followings have been identified as the objectives related with physical layer of the work item.
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· [bookmark: _Hlk47347546][bookmark: _Hlk47366295][bookmark: _Hlk47362778]Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided. [RAN1, RAN2]
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:
· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].
Note: the possibility of receiving Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, without the need for those UEs to get the configuration of the PTM bearer carrying the Broadcast/Multicast service while in RRC CONNECTED state beforehand, is subject to verification of service subscription and authorization assumptions during the WI. 

In RAN1 #107bis e-meeting, regarding the mechanisms to improve reliability for RRC_CONNECTED UEs, good process was achieved and the following agreements were made [2].
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
[bookmark: _Hlk95142151]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
Support pdsch-AggregationFactor configured in PDSCH-Config-Multicast for DCI formats 4_0/4_1, similar as that of DCI format 4_2. 

Agreement
For multicast SPS PDSCH re-transmission, the pdsch-AggregationFactor in pdsch-Config-Multicast is applied as the repetition number. 
[bookmark: _GoBack]
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 contribution, we will make discussions on the remaining issues on mechanisms to improve reliability for RRC_CONNECTED UEs.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
[bookmark: _Hlk47364568]Multiplexing/prioritization for HARQ-ACK for multicast and unicast
It was agreed that for the case that HARQ-ACK feedback (at least for ACK/NACK based feedback) is available for multicast and unicast for the same priority for a given UE receiving multicast and the PUCCH resources for unicast HARQ-ACK and multicast HARQ-ACK are overlapped, HARQ-ACK for unicast and multicast are multiplexed into one PUCCH. Then for the multiplexing between unicast and multicast HARQ-ACK, the following cases are identified in terms of SPS PDSCH or dynamic scheduled (DG) PDSCH:
1) HARQ-ACK for unicast DG PDSCH+ HARQ-ACK for multicast DG PDSCH
2) HARQ-ACK for unicast DG PDSCH+ HARQ-ACK for multicast SPS PDSCH
3) HARQ-ACK for unicast SPS PDSCH+ HARQ-ACK for multicast DG PDSCH
4) HARQ-ACK for unicast SPS PDSCH+ HARQ-ACK for multicast SPS PDSCH
For case 1, it was agreed that the PUCCH carrying multiplexed HARQ-ACK is determined by the last unicast DCI. One remaining issue is which PUCCH-Config/PUCCH-ConfigurationList is used for multiplexing. Obviously, the PUCCH-Config/PUCCH-ConfigurationList for unicast should be used so that the resultant PUCCH is UE-specific. 
For case 2, obviously, the PUCCH carrying the multiplexed HARQ-ACK should be determined from the PUCCH-Config/PUCCH-ConfigurationList for unicast.
For case 3, it was agreed in last meeting to down select from the following two options.
· 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.
In NR R15/16, when HARQ-ACK for SPS PDSCH and HARQ-ACK for DG PDSCH with the same priority are multiplexed on the same PUCCH, UE will determine a PUCCH resource from PUCCH resource sets which is configured for DG HARQ-ACK and last DCI is used for the PUCCH resource determination, so that gNB can have more flexibility for PUCCH indication and the determined PUCCH resource can have enough PRBs to carry the multiplexed HARQ-ACK. However, this benefits may not be available for option 2 considering that the DCI is group-common for multicast. For option 1, if gNB can guarantee there are enough PRBs to transmit the multiplexed HARQ-ACK in the PUCCH in SPS-PUCCH-AN-List configured for unicast, it will be better since the determined PUCCH resource is UE-specific. 
For case 4, it was agreed in the last meeting that the PUCCH carrying the multiplexed HARQ-ACK is determined from the SPS-PUCCH-AN-List configured for unicast.
[bookmark: _Ref92380251]Proposal 1: When HARQ-ACK for unicast DG PDSCH and HARQ-ACK for multicast DG or SPS PDSCH are multiplexed on the same PUCCH, the PUCCH carrying the multiplexed HARQ-ACK is determined from PUCCH-Config/PUCCH-ConfigurationList for unicast.
[bookmark: _Ref95233482]Proposal 2: When HARQ-ACK for unicast SPS PDSCH and HARQ-ACK for multicast DG PDSCH are multiplexed on the same PUCCH, the PUCCH carrying the multiplexed HARQ-ACK is determined from SPS-PUCCH-AN-List for unicast.
It was agreed that when UE is configured with different codebook types for unicast and multicast and when UE is scheduled to multiplex HARQ-ACK for unicast and HARQ-ACK for multicast with the same priority in the same PUCCH slot, UE generates two separate sub-codebooks for unicast and multicast respectively and then concatenates them by appending sub-codebook for multicast to the sub-codebook for unicast. One FFS is left when type-3 HARQ-ACK codebook or enhanced type-2 codebook is used for unicast. 
Currently, once UE is triggered to transmit type-3 HARQ-ACK codebook in a slot, UE will generate the HARQ-ACK codebook based on all configured HARQ processes and serving cells. Considering that the HARQ-ACK processes are shared between unicast PDSCH and multicast PDSCH, one type-3 HARQ-ACK codebook would be enough when UE is scheduled to multiplex HARQ-ACK for unicast and HARQ-ACK for multicast with the same priority in the same PUCCH slot. 
For enhanced type 2 codebook, UE will construct HARQ-ACK codebook based on PDSCH groups. Note that there is only HARQ-ACK for unicast PDSCH in the codebook. Thus, it can be treated in the same way as type 1/2 codebook. That is, UE generates two separate sub-codebooks for unicast and multicast respectively and then concatenates them by appending sub-codebook for multicast to the sub-codebook for unicast.
In addition, enhanced type 3 codebook is supported in NR R17 URLLC item to reduce the HARQ-ACK codebook payload, where UE only reports HARQ-ACK information for a subset of all configured HARQ processes and serving cells which is configured by RRC. In this case the HARQ processes in enhanced type 3 codebook may or may not include the HARQ processes of multicast PDSCHs. One solution is when all HARQ processes of multicast PDSCHs are included in the type 3 codebook, same way as type 3 codebook, UE only constructs one enhanced type 3 codebook for both unicast PDSCHs and multicast PDSCHs. When any HARQ process of multicast PDSCH is not included in the type 3 codebook, same way as type 1/2 codebook, UE separately constructs codebooks for both unicast PDSCHs and multicast PDSCHs and then concatenate these two codebooks 
[bookmark: _Ref86675451]Proposal 3: When UE is configured with different codebook types for unicast and multicast and when UE is scheduled to multiplex HARQ-ACK for unicast and HARQ-ACK for multicast with the same priority in the same PUCCH slot, 
· If enhanced type-2 codebook is used for unicast, UE generates two separate sub-codebooks for unicast and multicast respectively and then concatenates them by appending sub-codebook for multicast to the sub-codebook for unicast. 
· If type-3 HARQ-ACK codebook is used for unicast, UE only generates one type-3 codebook including both unicast HARQ-ACK and multicast information.
· Note: The PUCCH resource for transmitting the codebook is based on the last unicast DCI.
· FFS when enhanced type-3 codebook is used for unicast

· Multiplexing multicast HARQ-ACK on PUSCH
To multiplex HARQ-ACK for multicast and PUSCH, it was agreed in the last meeting to support UL-DAI indicating the number of HARQ-ACK bits for multicast as defined in Rel-16 for unicast HARQ-ACK. Considering that UE can be configured with mulitple G-RNTIs and the overhead of UL-DAI may be too large if the UL-DAI is indicated per G-RNTI, it is proposed to apply a single UL-DAI to all configured G-RNTIs for simplicity. 
[bookmark: _Ref95233492]Proposal 4: When PUCCH carrying multicast HARQ-ACK only overlaps with PUSCH with the same priority, the UL-DAI indicating the number of HARQ-ACK bits for multicast is applied to all configured G-RNTIs. 
To multiplex unicast and multicast HARQ-ACK onto the same PUSCH with the same priority, for the UL-DAI indication, different options are agreed for down-select for different cases, i.e., the case that the unicast and multicast HARQ-ACK codebooks are both type 1 and the case that both unicast and multicast HARQ-ACK codebooks are type 2. In our view, for simplicity, the same UL-DAI field can be applied to both unicast and multicast HARQ-ACK. i.e., option 1-1 and option 2-1 is preferred. If option 1-2 or option 2-2 is applied, a single UL-DAI field should be applied to all G-RNTIs when UE is configured with multiple G-RNTIs since the overhead of UL-DAI would be too large if the UL-DAI for multicast is introduced per G-RNTI. 
In addition, it is possible that the codebook types for unicast and multicast are different, when how to indicate UL-DAI should also be considered. In that case, 3-bit UL-DAI where 1 bit for type 1 codebook and 2 bits for type 2 codebook can be considered.
[bookmark: _Ref95233495]Proposal 5: For 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, Option 1-1 is supported
· Option1-1: the 1-bit UL DAI with value “1” indicates multiplexing unicast and multicast HARQ-ACK codebooks onto the same PUSCH. 
· If both unicast and multicast HARQ-ACK codebooks are Type-2,Option 2-1 is supported
· Option2-1: the 2-bit UL DAI is applicable to both HARQ-ACK codebooks. 
· PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR
[bookmark: _Hlk86424402]It was agreed 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. One FFS is for the case that PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR with the same priority. In NR Rel-15/16, for the overlapping of HARQ-ACK and SR with the same priority, HARQ-ACK and SR are multiplexed in different ways according to the PUCCH formats used for HARQ-ACK and SR, and the details are shown in the following Table 1.
[bookmark: _Ref86857942]Table 1 NR R15/R16 multiplexing rule for HARQ-ACK and SR
	HARQ-ACK PUCCH         SR PUCCH
	Format 0
	Format 1

	Format 0
	Case 1: If SR is positive, SR is multiplexed on the HARQ-ACK PUCCH resource with different CSs from that for HARQ-ACK only.

	Format 1
	Case 2: If SR is positive, drop SR and transmit HARQ-ACK
	If SR is positive，transmit HARQ-ACK on SR PUCCH resource

	Format 2/3/4
	Append K=log2（1+K）bits SR information to HARQ-ACK bits and transmit the multiplexed UCI on HARQ-ACK PUCCH resource.



For NACK-only for multicast and SR collision handling, if the same multiplexing rule is reused, there will be some issues for the above Case 1 and Case 2. In Case 1, SR is transmitted on the NACK-only resource, considering there are multiple UEs in the same MBS group and if multiple SRs are transmitted in the same PUCCH resource, the same cyclic shift will be used for different UEs, then gNB would not be able to distinguish the SR is transmitted from which UE. For Case 2, it would be better to drop NACK rather than SR, as there may be more than one UE sending NACK and gNB can retransmit the PDSCH once it detects NACK.to handle the overlapping between NACK-only and SR, the following options can be considered.
When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmission for SR for the same priority,
· Option 1: If SR is positive, NACK-only is dropped. If SR is negative, transmit NACK-only PUCCH
· Option 2: If SR is positive, transmit NACK-only on SR PUCCH resource. If SR is negative, transmit NACK-only PUCCH.
· Option 2-1: only NACK-only is transmitted on SR PUCCH resource. If it is ACK, transmit SR only.
· Option 2-2: both NACK and ACK can be transmitted on SR PUCCH resource, if it is ACK, transmit ACK on SR PUCCH resource; if it is NACK, transmit NACK on SR PUCCH resource.
· Option 3: When SR is positive, for the case that both SR PUCCH and NACK-only are PUCCH format 1, transmit NACK on SR PUCCH resource using the same rule as NR R15/R16. Otherwise, NACK-only/SR is dropped. When SR is negative, transmit NACK-only PUCCH.
In our view, option 1 is the simplest but may bring unnecessary PDSCH retransmission and option 2 have the best performance but change the current multiplexing rule for HARQ-ACK and SR. Option 3 may be a compromise solution. 
[bookmark: _Ref86675482]Proposal 6: When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority, the following solutions can be considered.
· Option 1: If SR is positive, NACK-only is dropped. If SR is negative, transmit NACK-only PUCCH
· Option 2: If SR is positive, transmit NACK-only on SR PUCCH resource. If SR is negative, transmit NACK-only PUCCH.
· Option 2-1: only NACK-only is transmitted on SR PUCCH resource. If it is ACK, transmit SR only.
· Option 3: When SR is positive, for the case that both SR PUCCH and NACK-only are PUCCH format 1, transmit NACK on SR using the same rule as NR R15/R16. Otherwise, NACK-only/SR is dropped. When SR is negative, transmit NACK-only PUCCH.

· [bookmark: _Hlk86415563]Multiple NACK-only are available in the same PUCCH slot
For NACK only feedback, it is possible that there are multiple PDSCHs to be fed back in the same slot in TDD downlink heavy or DL CA case. In this case, how to feed back NACK needs to be considered. In the previous meetings, this issue was discussed and it was agreed to do further down-selection between Alt 1 and Alt 4.
Agreement:
When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, further decide based on the following subset of alternatives (from previous agreement) with potential further down-selection:
· [bookmark: _Hlk86416310]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
For Alt 1, NACK-only mode is transformed to into ACK/NACK mode, this is similar as the agreed collision handling solution for the case that 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.
For Alt 4, more PUCCH resources reservation is needed especially when the number of NACK-only is larger or UE is configured with multiple G-RNTI. It is not easy or even possible to implement in practice considering the number of NACK-only feedback available in different slots are various. 
During the discussion in the last meeting, the following proposal was given:
When more than one NACK-only feedback is 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.

However, this proposal can’t work well for the case with up to 4 TBs when UE is configured more than one G-RNTI. When UE is configured with one G-RNTI, there are totally 15 different TB combinations for up to 4 TBs, and the mapping between PUCCH resource and TB combinations can be one-to-one. When UE is configured with more than one G-RNTI, there would be more TB and G-RNTI combinations. For example, if UE is configured with two G-RNTIs, there are 32 TB and G-RNTI combinations for up to 4TBs. Then, the 15 PUCCH resources are not enough to cover all combinations. The TB and G-RNTI combinations will increase explosively when UE is configured with more G-RNTIs.
In addition, if Alt 4 is supported (even for the case with up to 4 TBs), then it is possible that the PUCCH with multiple NACK-only overlaps with PUCCH transmissions for HARQ-ACK feedback/CSI for unicast for the same priority or PUSCH transmission for the same priority, then how to solve this issue still needs to be discussed. For simplicity, same solution can be used for the case with multiple NACK-only available in the same PUCCH slot.
[bookmark: _Ref78990612][bookmark: _Ref86769277]Proposal 7: When more than one NACK-only based feedback is available for transmission in the same PUCCH slot, Alt 1 is supported.
· Alt1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. 
3. Conclusion
In this contribution, we make discussions on the mechanisms to improve reliability for RRC_CONNECTED UEs, and have the following proposals.
Proposal 1: When HARQ-ACK for unicast DG PDSCH and HARQ-ACK for multicast DG or SPS PDSCH are multiplexed on the same PUCCH, the PUCCH carrying the multiplexed HARQ-ACK is determined from PUCCH-Config/PUCCH-ConfigurationList for unicast.
Proposal 2: When HARQ-ACK for unicast SPS PDSCH and HARQ-ACK for multicast DG PDSCH are multiplexed on the same PUCCH, the PUCCH carrying the multiplexed HARQ-ACK is determined from SPS-PUCCH-AN-List for unicast.
Proposal 3: When UE is configured with different codebook types for unicast and multicast and when UE is scheduled to multiplex HARQ-ACK for unicast and HARQ-ACK for multicast with the same priority in the same PUCCH slot, 
· If enhanced type-2 codebook is used for unicast, UE generates two separate sub-codebooks for unicast and multicast respectively and then concatenates them by appending sub-codebook for multicast to the sub-codebook for unicast. 
· If type-3 HARQ-ACK codebook is used for unicast, UE only generates one type-3 codebook including both unicast HARQ-ACK and multicast information.
· Note: The PUCCH resource for transmitting the codebook is based on the last unicast DCI.
· FFS when enhanced type-3 codebook is used for unicast
Proposal 4: When PUCCH carrying multicast HARQ-ACK only overlaps with PUSCH with the same priority, the UL-DAI indicating the number of HARQ-ACK bits for multicast is applied to all configured G-RNTIs. 
Proposal 5: For 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, Option 1-1 is supported
· Option1-1: the 1-bit UL DAI with value “1” indicates multiplexing unicast and multicast HARQ-ACK codebooks onto the same PUSCH. 
· If both unicast and multicast HARQ-ACK codebooks are Type-2, Option 2-1 is supported
· Option2-1: the 2-bit UL DAI is applicable to both HARQ-ACK codebooks.
Proposal 6: When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority, the following solutions can be considered.
· Option 1: If SR is positive, NACK-only is dropped. If SR is negative, transmit NACK-only on its resource
· Option 2: If SR is positive, transmit NACK-only on SR PUCCH resource. If SR is negative, transmit NACK-only PUCCH.
· Option 2-1: only NACK-only is transmitted on SR PUCCH resource. If it is ACK, transmit SR only.
· Option 3: When SR is positive, for the case that both SR PUCCH and NACK-only are PUCCH format 1, transmit NACK on SR using the same rule as NR R15/R16. Otherwise, NACK-only/SR is dropped. When SR is negative, transmit NACK-only PUCCH.
Proposal 7: When more than one NACK-only based feedback is available for transmission in the same PUCCH slot, Alt 1 is supported.
· Alt1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. 
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