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Introduction
In RAN1#105-e meeting, how to improve reliability of RRC-Connected UE in MBS was discussed and the following agreements and working assumption were achieved [1]:
Agreement:
The signalling for URLLC feature can be reused to configure separate codebooks for unicast and multicast, respectively, at least for the case of different priorities, at least for Type-2 HARQ codebook
· FFS: The case for the same priority.
· FFS: The case of Type-1 HARQ codebook
· FFS: Whether this applies to separate PUCCH transmissions only


Agreement:
Support PUCCH format 0 and format 1 for NACK-only based HARQ-ACK feedback for multicast. 

Agreement:
Support NACK-only based HARQ-ACK feedback at least for multicast SPS PDSCH without PDCCH scheduling.
· FFS for SPS activation/deactivation. 

Agreement:
The priority of multicast is the same as the priority of unicast for the same priority index of HARQ-ACK at least for ACK/NACK based feedback. 


Agreement:
NR supports at least the following cases for UE supporting multicast:
· UE supports two non-overlapping slot-based PUCCHs for ACK/NACK based HARQ-ACK feedback for multicast with different priorities in a slot subject to UE capability. 
· UE supports two non-overlapping slot-based PUCCHs for ACK/NACK based HARQ-ACK feedback for multicast and unicast with different priorities, respectively, in a slot subject to UE capability.

Agreement:
For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast with the same priority from the same TRP, support 
· Opt 4: HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells for unicast, precede, HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells for multicast. (This is similar to the joint Type-1 codebook for mTRP).
· FFS: If UE reports the capability of supporting the FDM-ed unicast and multicast in the same slot, UE can be indicated semi-statically to generate Type-1 HARQ-ACK codebook as FDM-ed manner (i.e., Opt 4).
· Otherwise, UE does not expect unicast and multicast are to be scheduled in FDM-ed. 

Agreement:
For ACK/NACK based HARQ-ACK feedback for multicast, the multiplexing/prioritizing rule between the HARQ-ACK for multicast and SR/CSI can reuse Rel-16 multiplexing/ prioritizing rule between the HARQ-ACK for unicast and SR/CSI.

Agreement:
For support of ACK/NACK based HARQ-ACK feedback for SPS multicast, 
· the HARQ-ACK codebook index corresponding the HARQ-ACK codebook for SPS PDSCH is included in the configuration for SPS multicast. 
· UE determines a priority index from the HARQ-ACK codebook index
· UE can be optionally configured a separate SPS-PUCCH-AN-List for all SPS multicast configurations. Otherwise, a common SPS-PUCCH-AN-List applies to all SPS unicast and SPS multicast configurations.

Agreement:
For TDM-ed unicast and multicast, for Type-1 HARQ-ACK codebook construction for ACK/NACK-based unicast and multicast to be multiplexed in the same PUCCH resource, determining PDSCH reception candidate occasions is based on down-selecting one of the two alternatives as follows:
· Alt 1:
· for slot timing values  in the intersection of  set for unicast (termed set A) and  set for multicast (termed set B), based on union of the PDSCH TDRA sets, 
· for slot timing values  in set A but not in set B, based on PDSCH TDRA set for unicast, and
· for slot timing values  in set B but not in set A, based on PDSCH TDRA set for multicast. 
· Alt 2: for slot timing values  in the union of  set for unicast and  set for multicast, based on the union of the PDSCH TDRA sets.
· Companies are encouraged to continue discussion of pros and cons for each alternative for further down-selection in the next meeting. 

Working assumption:
For enabling/disabling ACK/NACK-based HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast via dynamic group-common PDSCH:
· RRC signaling configures the enabling/ disabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback.
· If RRC signaling configures the function of group-common DCI based indication, group-common DCI indicates (explicitly or implicitly) whether ACK/NACK based HARQ-ACK feedback is enabled/disabled 
· Otherwise, enabling/disabling ACK/NACK based HARQ-ACK feedback is configured by RRC signaling. 
· FFS details on RRC signaling and group-common DCI indicating. 
· FFS whether/how this option is extended to apply to NACK-only based feedback and multiple G-RNTI cases. 
· FFS the relation to the HARQ-ACK codebook types and HARQ-ACK codebook construction.
· FFS the relation to the enabling/disabling ACK/NACK based HARQ-ACK feedback for retransmission.  
· FFS whether/how to allow UE not to react to the DCI signalling, but instead follow UE-specific RRC configuration for HARQ feedback.
· FFS whether/how to apply it to SPS 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 ACK/NACK based HARQ-ACK feedback
In the last meeting it was agreed that separate codebooks for unicast and multicast could be configured at least for different priorities. As also agreed in RAN1#104 and RAN1#104bis respectively, a separate PUCCH-Configuration/PUCCH-ConfigurationList can be optionally configured for multicast, hence for unicast and multicast with same priority index, separate codebooks for unicast and multicast can also be configured if PUCCH resources configured for unicast and multicast are not overlapping. 

Proposal 1: For the case of same priority for multicast and uncast, separate codebook can be configured for multicast and unicast.

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 in one PUCCH. If separate PUCCH-config/PUCCH-ConfigurationList 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, and the priority of multicast is the same as the priority of unicast for the same priority index, UE should also be configured to generate up to 2 HARQ-ACK codebooks for MBS. In general, following 3 configurations may happen (assuming that UE should not be configured with up to 2 HARQ-ACK codebooks if only 1 PUCCH-config is configured):

· 1 PUCCH-config for unicast and 1 HARQ-ACK codebook for MBS (i.e., only Priority #0) is configured. 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 HARQ-ACK codebooks are configured for MBS (i.e., only 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 HARQ-ACK codebooks are configured for MBS (i.e., 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 2: If PUCCH-config/PUCCH-ConfigurationList for unicast is also applied 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 Type 2 HARQ-ACK codebook is configured, HARQ-ACK sub-codebook for MBS is appended to the end of HARQ-ACK sub-codebook for unicast as agreed in the last meeting. In Rel-17 it is preferable that at most one Type 2 MBS HARQ-ACK sub-codebook is concatenated with unicast Type 2 HARQ-ACK sub-codebook, otherwise, more blind detection is needed at gNB side due the ambiguity of each Type 2 MBS HARQ-ACK sub-codebook size. 

Proposal 3:  At most one Type 2 MBS HARQ-ACK sub-codebook is concatenated with type 2 unicast HARQ-ACK sub-codebook. 

If separate PUCCH-config/PUCCH-ConfigurationList 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 4: If separate PUCCH-config/PUCCH-ConfigurationList is configured for MBS, HARQ-ACK codebook for MBS and unicast are constructed separately and transmitted in PUCCH resource dedicated for MBS or unicast.

There were 2 alternatives on Type-1 HARQ-ACK codebook construction for TDM-ed unicast and multicast agreed in the last meeting for down selection, where the union of the PDSCH TDRA sets for all values of K1 of unicast and multicast are used for the codebook construction in Alt 2, and Alt 1 is a kind of optimization on top of Alt 2. Considering that Alt 2 has already been agreed in RAN1#104-e (as reproduced below), and payload size reduction is not a design target of Type-1 HARQ-ACK codebook, there is no strong motivation to support Alt 1.

	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



Proposal 5: For TDM-ed unicast and multicast, for Type-1 HARQ-ACK codebook construction for ACK/NACK-based unicast and multicast to be multiplexed in the same PUCCH resource, PDSCH reception candidate occasions are based on Alt 2.

1.2 NACK-only based HARQ-ACK feedback mechanism
In the last meeting it was agreed that both PUCCH format 0 and PUCCH format 1 are supported for NACK-only based HARQ-ACK feedback. For a UE which PUCCH format is used for NACK-only based HARQ-ACK feedback should be semi-statically configured by RRC. As UE may have multiple G-RNTI [2], for each G-RNTI using NACK-only based HARQ-ACK feedback, the corresponding PUCCH resources should be separately configured.
Proposal 6: The PUCCH format used for NACK-only based HARQ-ACK feedback is semi-statically configured by RRC.
Proposal 7: The PUCCH resource for NACK-only based HARQ-ACK feedback is configured per G-RNTI.
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 8: In NACK-only based HARQ feedback scheme, only 1 HARQ-ACK bit is transmitted in one PUCCH.

1.3 Enabling/disabling HARQ feedback
How to enable/disable HARQ-ACK feedback was discussed in the last meeting with one working assumption achieved. As UE may have multiple G-RNTI to receive multiple MBS services, and gNB may also expect different HARQ-ACK feedback manner for different MBS services, hence the RRC signaling for enabling/disabling function of group-common DCI or enabling/disabling HARQ-ACK feedback should be configured per G-RNTI. Furthermore, as both ACK/NACK based HARQ-ACK feedback and NACK-only based HARQ-ACK feedback are supported, for a G-RNTI with enabling/ disabling function of group-common DCI configured by RRC, 2 bits in DCI can be used to indicate whether/which HARQ feedback is enabled, as shown in the Table 2.
Table 2 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 9: For HARQ feedback enabling/disabling of dynamic group-common PDSCH:
· RRC signalling for enabling/disabling the function of group-common DCI or enabling/disabling HARQ-ACK feedback is configured per G-RNTI.
· 2 bits in group-common DCI are used to indicate whether/which HARQ feedback is enabled;
For SPS group-common PDSCH, as there is no associated group-common DCI, whether HARQ-ACK is enabled or disabled should be configured by RRC signaling, i.e. RRC signaling for enabling/disabling function of group-common DCI is not applied. However, for the reliability of the DCI activating/deactivating SPS configuration, the same mechanism as that for dynamic group-common PDSCH should be used.
Proposal 10: [bookmark: _Hlk78208206]HARQ-ACK feedback enabling/disabling of SPS group-common PDSCH is configured by RRC signaling.
Proposal 11: HARQ-ACK feedback enabling/disabling mechanism for dynamic group-common PDSCH is reused for the DCI activating/deactivating SPS configuration.

1.4 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. Considering that the TRP for MBS and that for unicast may be different, and even though the TPR for unicast and MBS are same, gNB may expect different transmission power for PUCCH carrying NACK-only HARQ-ACK bit (if configured), hence it is preferable that a separate TPC-PUCCH-RNTI is configured for MBS.

Proposal 12: For a UE receiving group-common PDSCH transmitted with PTM scheme 1 a TPC-PUCCH-RNTI different from that for unicast should be configured.
1.5 Shared or separate PUCCH resource configuration for multicast
For ACK/NACK based HARQ feedback, 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 13: 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 14: 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 15: 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]For the case of same priority for multicast and uncast, separate codebook can be configured for multicast and unicast.
Proposal 2: If PUCCH-config/PUCCH-ConfigurationList for unicast is also applied 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 3:  At most one Type 2 MBS HARQ-ACK sub-codebook is concatenated with type 2 unicast HARQ-ACK sub-codebook. 
Proposal 4: If separate PUCCH-config/PUCCH-ConfigurationList 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 5: For TDM-ed unicast and multicast, for Type-1 HARQ-ACK codebook construction for ACK/NACK-based unicast and multicast to be multiplexed in the same PUCCH resource, PDSCH reception candidate occasions are based on Alt 2.
Proposal 6: The PUCCH format used for NACK-only based HARQ-ACK feedback is semi-statically configured by RRC.
Proposal 7: The PUCCH resource for NACK-only based HARQ-ACK feedback is configured per G-RNTI.
Proposal 8: In NACK-only based HARQ feedback scheme, only 1 HARQ-ACK bit is transmitted in one PUCCH.
Proposal 9: For HARQ feedback enabling/disabling of dynamic group-common PDSCH:
· RRC signalling for enabling/disabling the function of group-common DCI or enabling/disabling HARQ-ACK feedback is configured per G-RNTI.
· 2 bits in group-common DCI are used to indicate whether/which HARQ feedback is enabled;
Proposal 10: HARQ-ACK feedback enabling/disabling of SPS group-common PDSCH is configured by RRC signaling.
Proposal 11: HARQ-ACK feedback enabling/disabling mechanism for dynamic group-common PDSCH is reused for the DCI activating/deactivating SPS configuration.
Proposal 12: 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 13: For ACK/NACK based HARQ-ACK feedback for multicast, both shared and separate PUCCH resources among UEs within the group are supported.
Proposal 14: For ACK/NACK based feedback and NACK only based feedback for multicast, RSRP based PUCCH resource configuration is supported.
Proposal 15: Whether shared or separate PUCCH resources are used can be up to gNB configuration or scheduling.
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