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Introduction
In RAN1#104-e meeting, how to improve reliability of RRC-Connected UE in MBS was discussed and the following agreements were achieved [1]:
[bookmark: OLE_LINK4]Agreement:
For ACK/NACK based feedback if supported for RRC_CONNECTED UEs receiving multicast, UE can be optionally configured a separate PUCCH-Config for multicast. Otherwise, PUCCH-Config for unicast applies. 

Agreement:
The priority for HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast can be, 
· Lower, higher than or equal to the HARQ-ACK feedback for unicast
· FFS: How to reflect the priority in specification, e.g., whether it is configured or indicated to the UE
· [bookmark: OLE_LINK3]FFS: The total number of priorities across multicast and unicast
· FFS the priority between HARQ-ACK feedback for multicast and other UCI for unicast (SR, CSI) or PUSCH for unicast. 

Agreement:
For ACK/NACK based feedback if supported for multicast, for Type-2 HARQ-ACK feedback construction for PTM scheme 1, 
· DAI for unicast and DAI for multicast are separately counted. 
· Concatenation of Type-2 HARQ-ACK codebook for unicast and multicast is supported. 
· FFS details on concatenating the codebooks. 
· FFS whether to support concatenating more than one Type-2 HARQ-ACK codebook for multicast. 

Agreement:
For RRC_CONNECTED UEs receiving multicast, support the following:
· ACK/NACK based HARQ-ACK feedback for multicast, 
· It is up to network to configure orthogonal PUCCH resources among UEs within the same group. 
· FFS: NACK-only based HARQ-ACK feedback for multicast, 
· It is up to network to configure the PUCCH resources and the PUCCH resources can be shared among UEs within the same group. 
· FFS details. 

Agreement:
For the cases of HARQ-ACK feedback (at least for ACK/NACK based feedback) is available for multicast and unicast for a given UE receiving multicast, for determining the PUCCH resource,
· Support multiplexing for the same priority and prioritizing for different priorities at least when the corresponding PUCCH resources overlap in time in a slot. 
· FFS whether it is subject to UE capability.
· FFS the case of non-overlapping PUCCHs resources for HARQ-ACK in the same slot.
· FFS whether sub-slot based PUCCH transmission for HARQ-ACK is supported.
· FFS the case of HARQ-ACK feedback for multicast and other UCI for unicast. 

Agreement:
For ACK/NACK based feedback if supported for multicast, construction of Type-1 HARQ-ACK codebook based on the union of the PDSCH TDRA sets of the unicast service and the multicast service (if they are separately configured), at least of the same priority, is supported
· FFS details of Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast. 
· FFS details of Type-1 HARQ-ACK codebook construction for FDM-ed multicast and multicast if supported. 
· FFS: whether/how to optimize the Type-1 codebook construction to reduce the HARQ-ACK feedback payload size. 

[bookmark: _Hlk63422390]Agreement:
[bookmark: _Hlk63422353]For enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast, 
· Option 3: RRC signalling configures the enabling/ disabling function of DCI indicating the enabling /disabling HARQ-ACK feedback.
· If RRC signalling configures the function, DCI indicates (explicitly or implicitly) whether HARQ-ACK feedback is enabled/disabled 
· FFS details on RRC signalling and DCI indicating. 
· If RRC signalling does not configure the function, DCI does not indicate enabling/disabling the HARQ-ACK feedback.
· FFS whether enabling or disabling the feedback is the default mode. 
· Option 2: RRC indicates enabling/disabling.
· FFS: whether down-selection between option 3 and option 2 is needed or support the both options. 
· FFS: enabling/disabling by MAC-CE.

Agreement:
For slot-level repetition for group-common PDSCH for RRC_CONNECTED UEs receiving multicast,
· (Config A) UE can be optionally configured with pdsch-AggregationFactor.
· (Config B) UE can be optionally configured with TDRA table with repetitionNumber as part of the TDRA table. 
· If UE is configured with Config B, UE does not expect to be configured with Config A for the same group-common PDSCH.

In this contribution, we continue discussing the mechanism to improve reliability of Broadcast/Multicast service for RRC-CONNECTED UEs. 
Discussion
1.1 Priority of MBS HARQ-ACK feedback
In NR unicast priority for HARQ-ACK feedback can be configured to either priority 0 or priority 1 using the priority indicator filed in DCI, which is supposed to support services with different priorities, e.g., URLLC and eMBB. For MBS the same mechanism can be reused, furthermore, if MBS HARQ-ACK feedback and unicast HARQ-ACK feedback are configured to same priority level, then their priority should be regarded as the same. For the priority between HARQ-ACK feedback for MBS and other unicast UCI, the rule in unicast can be reused.
Proposal 1:  HARQ-ACK for MBS can be configured to either priority 0 or priority 1 via DCI, the priority of MBS HARQ-ACK feedback and unicast HARQ-ACK feedback are the same if they are configured to the same priority level.
Proposal 2: Same priority rule as that in unicast is used for the priority between HARQ-ACK for unicast and other unicast UCI.
1.2 PUCCH resource for MBS HARQ-ACK feedback
In the last meeting it was agreed that RRC_CONNECTED UEs receiving MBS can be optionally configured with a separate PUCCH-config for multicast or share the same PUCCH-config(s) with unicast, but it is still open on which PUCCH resources the UE should use to feedback HARQ-ACK for MBS. 

In Rel-16 unicast UE can be configured with 1 or 2 PUCCH-config, if 2 PUCCH-config are provided, the 2 configurations are used for priority 0 and priority 1 respectively, and HARQ-ACK of different priorities are not multiplexed. If separate PUCCH-config for MBS is not configured by gNB HARQ-ACK for MBS and unicast are supposed to be multiplexed into a single HARQ-ACK codebook and to be transmitted in the same PUCCH resource. As HARQ-ACK feedback for MBS may also have 2 priorities, in general following 3 configurations may happen:

· 1 PUCCH-config for unicast and 1 MBS priority (priority 0). In this case, HARQ-ACK bits for MBS should be multiplexed with that for unicast into one HARQ-ACK codebook.
· 2 PUCCH-config for unicast and 1 MBS priority (priority 0). In this case, HARQ-ACK bits for MBS should be multiplexed with that for unicast priority 0, and transmitted in the PUCCH of priority 0.
· 2 PUCCH-config for unicast and 2 MBS priorities (priority 0 and priority 1). In this case, HARQ-ACK bits for MBS of priority 0/1 should be multiplexed with that of unicast priority 0/1, and transmitted in PUCCH of priority 0/1 respectively.
Proposal 3: If PUCCH-config for unicast is used for MBS, HARQ-ACK bits of unicast and MBS with same priority are multiplexed and transmitted in the PUCCH of the same priority level.
If HARQ-ACK feedback for MBS and that for unicast are multiplexed into a single HARQ-ACK codebook and to be transmitted in one PUCCH, the Type 2 HARQ-ACK codebook for MBS and unicast are concatenated as agreed in the last meeting. For the concatenation of Type 2 HARQ-ACK for MBS and unicast, HARQ-ACK codebook for MBS can be appended to the end of that for unicast. In Rel-17 it is preferable that at most one Type 2 MBS HARQ-ACK codebook is concatenated with unicast Type 2 HARQ-ACK codebook, otherwise, more blind detection is needed at gNB side due the ambiguity of each Type 2 MBS HARQ-ACK codebook size. 

Proposal 4:  
· The concatenation of Type-2 HARQ-ACK codebook for unicast and multicast is achieved by appending Type 2 MBS HARQ-ACK codebook to the end of Type 2 unicast HARQ-ACK codebook. 
· At most one Type 2 MBS HARQ-ACK codebook is concatenated with type 2 unicast HARQ-ACK codebook. 

If separate PUCCH-config for MBS is configured by gNB, HARQ-ACK for MBS and unicast are supposed to be transmitted in separate PUCCH resources. Following unicast design, the number of PUCCH-config configured for MBS should also be same as the number of HARQ-ACK priority levels for MBS. In this case, HARQ-ACK codebook for MBS and unicast should be constructed separately and transmitted in PUCCH resource dedicated for MBS or unicast.

Proposal 5: Up to 2 separate PUCCH-config can be configured for MBS to accommodate 2 HARQ-ACK priorities for MBS.
Proposal 6: If separate PUCCH-config(s) is configured for MBS, HARQ-ACK codebook for MBS and unicast are constructed separately and transmitted in PUCCH resource dedicated for MBS or unicast.
As the current Type 1 HARQ-ACK codebook generation mechanism does not support FDMed unicast, however, FDM between unicast and MBS is supported in R-17. Hence, if Type -1 HARQ-ACK codebook is configured, for simplicity the Type-1 HARQ-ACK codebook for MBS and unicast should also be constructed separately and then to be concatenated or to be transmitted in respective dedicated PUCCH resource. No optimization on Type-1 HARQ-ACK codebook construction is necessary for payload size reduction, as gNB can disable MBS HARQ feedback if payload size of Type 1 HARQ-ACK codebook is not acceptable. Furthermore, same HARQ-ACK codebook type should be used for both MBS and unicast.
Proposal 7: 
· Type-1 HARQ-ACK codebook for MBS and unicast are constructed separately;
· No optimization on Type-1 HARQ-ACK codebook is needed for payload size reduction;
· Same HARQ-ACK codebook type is used for MBS and unicast. 

1.3 NACK-only based HARQ-ACK feedback mechanism
According to the agreements achieve so far NR MBS supports at least PTM scheme 1 and ACK/NACK based HARQ-ACK feedback. As each RX UE needs a separate PUCCH resource for ACK/NACK based HARQ-ACK feedback, when MBS transmission is towards a large group, this HARQ-ACK feedback scheme is not desirable due to the enormous PUCCH overhead. NACK-only based HARQ-ACK feedback has been supported in NR-V2X, where a group of receivers use a shared PUCCH resource for HARQ-ACK feedback, for sake of high reliability of MBS transmission and meanwhile containing the PUCCH overhead, NACK-only based HARQ-ACK scheme should be supported.
Proposal 7: NACK-only based HARQ feedback mechanism should be supported for RRC_CONNECTED UEs receiving MBS.
In NACK-only based HARQ-ACK feedback of NR V2X, PSFCH with same structure as PUCCH format 0 is used to convey 1-bit HARQ information. PUCCH format 0 can be considered for NACK-only HARQ feedback in MBS. However, PUCCH format 0 can only be configured up to 2 symbols, for the UEs close to cell edge, the coverage of PUCCH format 0 may not be satisfactory. To guarantee the coverage of PUCCH for NACK-only HARQ-ACK feedback other PUCCH format, e.g., PUCCH format 1, should also be supported.
Proposal 8: Both PUCCH format 0 and PUCCH format 1 should be supported for NACK-only based HARQ feedback mechanism.
Furthermore, for simplicity only one HARQ-ACK bit should be reported in NACK-only based HARQ feedback scheme. If 2 TB transmissions within one PDSCH is supported, or HARQ feedback for more than one MBS PDSCH are transmitted in one UL slot, “and” operation should be performed for the HARQ-ACK bits to generate only 1 bit to transmit. 
Proposal 9: In NACK-only based HARQ feedback scheme, only 1 HARQ-ACK bit is transmitted in one PUCCH.
1.4 Enabling/disabling HARQ feedback
How to enable/disable HARQ-ACK feedback was discussed in the last meeting, in the achieved agreement both Option 3 and Option 2 are retained, it is FFS whether to down select between the 2 or support both of them. In our view, if RRC signalling does not configure the function in Option 3, disabling HARQ feedback is the default mode, there is no need to support Option 2. If RRC signalling configures the function, 2 bits in DCI can be used to indicate whether/which HARQ feedback is enabled, as shown in the Table 1.
Table 1 HARQ feedback mode indicator
	Value of HARQ feedback indicator
	HARQ feedback mode

	00
	HARQ feedback disabled

	01
	NACK-only based HARQ feedback

	10
	ACK/NACK based HARQ-feedback

	11
	reserved



Proposal 10: For HARQ feedback enabling/disabling, only Option 3 is supported.
· if RRC signalling does not configure the function, HARQ feedback is disabled in default;
· if RRC signalling configures the function, 2 bits in DCI are used to indicate whether/which HARQ feedback is enabled;
1.5 PUCCH power control
[bookmark: _Hlk61428150]In case of group-common PDSCH is transmitted with PTM scheme 1, as there is no UE specific PDCCH, gNB cannot adjust the PUCCH transmission power per UE, this may impact the reception of HARQ feedback for the group-common PDSCH at gNB. To address the problem, a TPC-PUCCH-RNTI should be configured for a UE within the MBS group such that gNB can adjust the PUCCH transmission power of the UE. 

Proposal 11: For a UE receiving group-common PDSCH transmitted with PTM scheme 1 a TPC-PUCCH-RNTI different from that for unicast should be configured.
1.6 Shared or separate PUCCH resource configuration for multicast
If the number of UEs within the group is limited, it is beneficial to allocate separate PUCCH resource for each UE within the group so that the gNB can differentiate which UE feeds back ACK or NACK. And accordingly, the gNB can re-transmit to the UE that does not receive the multicast service correctly, such as based on PTP transmission with suitable MCS level. While if the number of UEs within the group is large, to reduce PUCCH resource overhead, a shared PUCCH resource among all UEs within the group is also preferable. 
Proposal 12: For ACK/NACK based HARQ-ACK feedback for multicast, both shared and separate PUCCH resources among UEs within the group are supported.
Furthermore, a subset of UEs within the group can share the same PUCCH resource, different subsets of UEs can be configured with different PUCCH resources. For example, the receiver of MBS can be divided into several sets based on RSRP range. The UEs within the same set or the same RSRP range share the same PUCCH resource. Different set of UEs can be configured with different PUCCH resource so that gNB can differentiate whether and which set of UEs have received the data correctly or not. 



Figure 1 Illustration of RSRP based PUCCH resource allocation

One example is given in Figure 1, where 3 RSRP thresholds and 4 set of PUCCH resources are configured, each set of PUCCH resources corresponds to different RSRP range. Within each PUCCH resource set, there are two PUCCH resources configured, one for ACK and another for NACK. The UEs within the same RSRP range will share the same PUCCH resource for ACK or NACK. Based on the UL feedback corresponds to different RSRP ranges, gNB can know the HARQ status of UEs per RSRP ranges. 
The above PUCCH resource configuration method can also be applied to NACK-only feedback mechanism. For example, for each RSRP range, only NACK resource is configured and the UEs within the RSRP range share the same PUCCH resource for NACK reporting. Different PUCCH resources can be configured for UEs located within different RSRP range. 
Proposal 13: For ACK/NACK based feedback and NACK only based feedback for multicast, RSRP based PUCCH resource configuration is supported.
[bookmark: _Hlk60674816]Whether shared or separate PUCCH resources are used can be up to gNB configuration or scheduling. No necessary to specify such behaviour.
Proposal 14: Whether shared or separate PUCCH resources are used can be up to gNB configuration or scheduling.
Conclusion
In this contribution, we discuss the mechanisms to improve reliability of MBS. Based on the discussion, the following proposals are given:
Proposal 1: [bookmark: OLE_LINK1][bookmark: OLE_LINK2]HARQ-ACK for MBS can be configured to either priority 0 or priority 1 via DCI, the priority of MBS HARQ-ACK feedback and unicast HARQ-ACK feedback are the same if they are configured to the same priority level.
Proposal 2: Same priority rule as that in unicast is used for the priority between HARQ-ACK for unicast and other unicast UCI.
Proposal 3: If PUCCH-config for unicast is used for MBS, HARQ-ACK bits of unicast and MBS with same priority are multiplexed and transmitted in the PUCCH of the same priority level.
Proposal 4:  
· The concatenation of Type-2 HARQ-ACK codebook for unicast and multicast is achieved by appending Type 2 MBS HARQ-ACK codebook to the end of Type 2 unicast HARQ-ACK codebook. 
· At most one Type 2 MBS HARQ-ACK codebook is concatenated with type 2 unicast HARQ-ACK codebook. 
Proposal 5: Up to 2 separate PUCCH-config can be configured for MBS to accommodate 2 HARQ-ACK priorities for MBS.
Proposal 6: If separate PUCCH-config(s) is configured for MBS, HARQ-ACK codebook for MBS and unicast are constructed separately and transmitted in PUCCH resource dedicated for MBS or unicast.
Proposal 7: 
· Type-1 HARQ-ACK codebook for MBS and unicast are constructed separately;
· No optimization on Type-1 HARQ-ACK codebook is needed for payload size reduction;
· Same HARQ-ACK codebook type is used for MBS and unicast. 
Proposal 7: NACK-only based HARQ feedback mechanism should be supported for RRC_CONNECTED UEs receiving MBS.
Proposal 8: Both PUCCH format 0 and PUCCH format 1 should be supported for NACK-only based HARQ feedback mechanism.
Proposal 9: In NACK-only based HARQ feedback scheme, only 1 HARQ-ACK bit is transmitted in one PUCCH.
Proposal 10: For HARQ feedback enabling/disabling, only Option 3 is supported.
· if RRC signalling does not configure the function, HARQ feedback is disabled in default;
· if RRC signalling configures the function, 2 bits in DCI are used to indicate whether/which HARQ feedback is enabled;
Proposal 11: For a UE receiving group-common PDSCH transmitted with PTM scheme 1 a TPC-PUCCH-RNTI different from that for unicast should be configured.
Proposal 12: For ACK/NACK based HARQ-ACK feedback for multicast, both shared and separate PUCCH resources among UEs within the group are supported.
Proposal 13: For ACK/NACK based feedback and NACK only based feedback for multicast, RSRP based PUCCH resource configuration is supported.
Proposal 14: Whether shared or separate PUCCH resources are used can be up to gNB configuration or scheduling.
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