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Introduction
In RAN1#106bis-e meeting, how to improve reliability of MBS for RRC-Connected UE was discussed and the following agreements were achieved [1]:
Agreement:
The group-common DCI indicating the enabling/disabling ACK/NACK based HARQ-ACK feedback is configured per G-RNTI by UE RRC signalling.

Agreement:
If the group-common DCI indicating the enabling/disabling ACK/NACK based HARQ-ACK feedback is not configured, enabling/disabling ACK/NACK based HARQ-ACK feedback is configured per G-RNTI by UE RRC signalling. 

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. 


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:
· Alt1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. 
· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission. 
[bookmark: _Hlk85124578]
Agreement:
Confirm the WA made in RAN1#106-e meeting regarding enabling/disabling HARQ-ACK feedback. 

Agreement:
For group-common DCI indicating whether ACK/NACK based HARQ-ACK feedback is enabled/disabled, down-select from the following alternatives:
· Alt1: Reuse one existing field in the group-common DCI.
· Alt2: Introduce a new field in the group-common DCI. 

Agreement:
For multicast SPS PDSCH without PDCCH scheduling, HARQ-ACK feedback option is configured by UE RRC signalling. 
· FFS: Whether the configuration is per SPS configuration index or per G-CS-RNTI.
· Note: Whether there is a UE capability for support of NACK-only based HARQ-ACK or not will be discussed as part of UE features discussion.

Agreement:
· If configured, the pdsch-AggregationFactor for multicast dynamic scheduling is configured per G-RNTI. 
· If configured, the pdsch-AggregationFactor for multicast SPS is configured per SPS-Config-Multicast. 
Agreement:
For slot-level repetition for SPS GC-PDSCH for multicast RRC_CONNECTED UEs.
· Config A or Config B can be configured to UE:
· (Config A) UE can be optionally configured with pdsch-AggregationFactor per SPS-Config-Multicast.
· (Config B) UE can be optionally configured with TDRA table with repetitionNumber as part of the TDRA table in PDSCH-Config-Multicast. If UE is configured with Config B, UE does not expect to be configured with Config A for the same SPS group-common PDSCH.
· For Config A, if pdsch-AggregationFactor in SPS-Config-Multicast is not configured, default value is
· Alt1: equal to 1.

Agreement:
For UE supporting both ACK/NACK based and NACK-only based feedback for multicast, for the same G-RNTI, support the following
· UE can be configured with either ACK/NACK based or NACK-only feedback for a single G-RNTI.
· Note: Case1-1: if configured with ACK/NACK based feedback, UE can be optionally configured a separate PUCCH-Config/PUCCH-ConfigurationList for multicast. Otherwise, PUCCH-Config/PUCCH-ConfigurationList for unicast applies (This has been agreed.)
· Case 1-2: if configured with NACK-only based feedback, when separate PUCCH-Config/PUCCH-ConfigurationList for NACK-only is not configured, PUCCH-Config/PUCCH-ConfigurationList for unicast applies. 

Agreement:
For the priority index for the first DCI format for GC-PDCCH, support the following Alt2 from the previous agreement: 
· Alt1: Optionally configured to be included in the DCI format. If not configured, the priority index is not included in the DCI format and is low priory by default.
· Alt2: Always low priority, i.e., the priority index is not included in the DCI format. 

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 can be configured between the following alternatives from the previous agreement:
· 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.
· Support of Alt. 1 is a UE capability

Agreement:
For multiplexing the ACK/NACK-based HARQ-ACK feedback for multicast and unicast, determining the PUCCH resources for transmission is based on the PRI indicated in the “last DCI”, where the “last DCI” refers to the following Alt1 from the previous agreement:
· Alt.1: The last DCI for unicast
· FFS: Any details when last DCI is missed by the UE if it is necessary to make them different from current specifications for this case.

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 RAN1#105-e meeting [2] 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. In the last meeting, it was further agreed that DAI is separately counted per G-RNTI. 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.

1.2 NACK-only based HARQ-ACK feedback mechanism
In RAN1#105-e 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 5: The PUCCH format used for NACK-only based HARQ-ACK feedback is semi-statically configured by RRC.
Proposal 6: The PUCCH resource for NACK-only based HARQ-ACK feedback is configured per G-RNTI.
When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, 2 alternatives were agreed in last meeting for down selection. In Alt 1 HARQ-ACK bits for NACK-only are transformed into ACK/ANCK HARQ-ACK bits, the NACK-only based HARQ-ACK feedback is disabled in fact, which is against the original motivation to introduce NACK-only based HARQ-ACK feedback scheme. In this sense, Alt 4 is preferable. 
Proposal 7: When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission (i.e., Alt 4).

1.3 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 8: For a UE receiving group-common PDSCH transmitted with PTM scheme 1 a TPC-PUCCH-RNTI different from that for unicast should be configured.
1.4 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 9: 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 10: 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 11: 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: The PUCCH format used for NACK-only based HARQ-ACK feedback is semi-statically configured by RRC.
Proposal 6: The PUCCH resource for NACK-only based HARQ-ACK feedback is configured per G-RNTI.
Proposal 7: When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission (i.e., Alt 4).
Proposal 8: 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 9: For ACK/NACK based HARQ-ACK feedback for multicast, both shared and separate PUCCH resources among UEs within the group are supported.
Proposal 10: For ACK/NACK based feedback and NACK only based feedback for multicast, RSRP based PUCCH resource configuration is supported.
Proposal 11: Whether shared or separate PUCCH resources are used can be up to gNB configuration or scheduling.
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