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1. Introduction
In RAN1#103-e meeting, the following agreements were made regarding the mechanisms to improve reliability of MBS for RRC_CONNECTED UEs [1]. 
Agreements:
For RRC_CONNECTED UEs receiving multicast, at least for PTM scheme 1, support at least one of the following:
· ACK/NACK based HARQ-ACK feedback for multicast, 
· From per UE perspective, UE feedback ACK or NACK. 
· From UEs within the group perspective, 
· FFS: PUCCH resource configuration for ACK/NACK feedback e.g., shared or separate PUCCH resources. 
· FFS details including conditions for it to be used
· NACK-only based HARQ-ACK feedback for multicast, 
· From per UE perspective, UE only feedback NACK. 
· From UEs within the group perspective:
· FFS: PUCCH resource configuration for NACK only feedback. 
· FFS details including conditions for it to be used
· To decide in RAN1#104-e whether or not to support only one or both of the above schemes
· If both are supported, FFS configuration/selection of ACK/NACK-based and NACK-only based HARQ-ACK feedback 
Agreements:
For RRC_CONNECTED UEs receiving multicast, for ACK/NACK based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective is, down-select one of the following options:
· Option 1: shared with PUCCH resource configuration for HARQ-ACK feedback for unicast
· Option 2: separate from PUCCH resource configuration for HARQ-ACK feedback for unicast
· Option 3: Option 1 or option 2 based on configuration
Agreements:
For RRC_CONNECTED UEs receiving multicast, for NACK-only based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective is separate from PUCCH resource configuration for HARQ-ACK feedback for unicast. 
· FFS PUCCH format
Agreements:
Enabling/disabling HARQ-ACK feedback for MBS is supported, further down-select between:
· Option 1: DCI 
· Option 2: RRC configures enabling/disabling 
· Option 3: RRC configures the enabling/ disabling function and DCI indicates enabling /disabling
· FFS: Option 4: MAC-CE indicates enabling/disabling 
· FFS: Option 5: RRC configures the enabling/ disabling function and MAC-CE indicates enabling /disabling
Agreements:
For slot-level repetition for group-common PDSCH of RRC_CONNECTED UEs, for indicating the repetition number, further down-select among:
· Opt 1: by DCI 
· Opt 2: by RRC 
· Opt 3: by RRC+DCI 
· FFS: Opt 4: by MAC-CE
· FFS: Opt 5: by RRC+MAC-CE
· FFS details for each option. 
· FFS further enhancements for configuration of slot-level repetition
Agreements
[bookmark: _Hlk61441449]From the perspective of RRC_CONNECTED UEs receiving multicast, at least for PTM scheme 1 initial transmission, retransmission supports, for the purpose of down-selection, options are:
· Option 1: group-common PDCCH scheduled group-common PDSCH
· Option 2: UE-specific PDCCH scheduled PDSCH
· [bookmark: _Hlk61442003]Alt 1: PDSCH is UE-specific PDSCH
· Alt 2: PDSCH is group-common PDSCH
· Option 3: both option 1 and option 2
· FFS other options
· FFS CBG based retransmission
Agreements:
FFS whether CSI feedback enhancement is needed for MBS, including but not limited:
· New CQI measurement
· New CSI report formats
· Targeted BLER
· CSI-RS configuration
· A-CSI-RS transmission triggering
· SRS configuration
Agreements:
For ACK/NACK based HARQ-ACK feedback if supported, both Type-1 and Type-2 HARQ-ACK codebook are supported for RRC_CONNECTED UEs receiving multicast, 
· FFS details of HARQ-ACK codebook design. 
· FFS whether enhanced Type-2 and/or Type-3 HARQ-ACK codebook is supported or not. 

[bookmark: _Hlk60925237]Agreements: 
For RRC_CONNECTED UEs, if initial transmission for multicast is based on PTM transmission scheme 1, at least support retransmission(s) can use PTM transmission scheme 1.
· FFS: whether to support PTP transmission for retransmission(s).
· FFS: whether to support PTM transmission scheme 2 for retransmission(s).
· FFS: How to indicate the association between PTM scheme 1 and PTP transmitting the same TB.
· [bookmark: _Hlk60927245][bookmark: _Hlk60926570][bookmark: _Hlk60927291]FFS: If multiple retransmission schemes are supported, then can different retransmission schemes be supported simultaneously for different UEs in the same group?

In this contribution, we will make discussions on detailed reliability improvement schemes to improve reliability of MBS for RRC_CONNECTED UEs.
2. [bookmark: _Ref498564494]HARQ-ACK feedback for PTM transmission scheme 1
In last RAN1 meeting, at least one of ACK/NACK based HARQ-ACK feedback and NACK-only based HARQ-ACK feedback is supported for RRC_CONNECTED UEs for MBS. In this section, we will analyze the use case, PUCCH resource configuration, UCI multiplexing/prioritization and HARQ-ACK codebook design of two HARQ-ACK feedback solutions, and discuss the enabling/disabling function of HARQ-ACK feedback. 
2.1. ACK/NACK based HARQ-ACK feedback
2.1.1. Use case
As the discussion in our company’s contribution [2], the dynamic switch between PTP and PTM for one UE is under discussion in RAN2/3, where the delivery method of initial transmission for one group common PDSCH can be switched between PTP and PTM according to channel conditions. For example, if some cell edge UEs’ channel states become worse, network can switch these cell edge UEs into PTP transmission based on CSI/RSRP report result to improve reliability. Considering the dynamic switch between PTP and PTM can improve the reliability of group-common PDSCH, the performance gain of supporting per-UE PTP transmission for retransmission(s) compared with dynamic switch may be limited. If PTP retransmission method is supported, the ACK/NACK based HARQ-ACK feedback method must be supported as well, but the spec effort of supporting ACK/NACK based HARQ-ACK feedback for PTM scheme 1 is too large, e.g., the discussion of PUCCH resource configuration in section 2.1.2 and UCI multiplexing/prioritization in section 2.1.3.
Therefore, considering the dynamic switch between PTP and PTM will be supported and large spec effort is needed for PTP re-transmission, ACK/NACK based HARQ-ACK feedback can be supported only if there is significant performance gain compared with dynamic switch between PTP and PTM.
[bookmark: _Hlk61443561]Proposal 1: For PTM transmisison scheme 1, ACK/NACK based HARQ-ACK feedback can be supported only if there is significant performance gain compared with dynamic switch between PTP and PTM .
2.1.2. PUCCH resource configuration
From per UE perspective, if ACK/NACK based HARQ-ACK feedback is supported for PTM transmission scheme 1, the PUCCH resource configuration for HARQ-ACK feedback of MBS can share with PUCCH resource configuration for unicast or be separate from PUCCH resource configuration for unicast. We analyze these two options as the following.
[bookmark: _Hlk61443627]Option 1. shared PUCCH resource configuration
In this option, the same configuration of PUCCH resource list and K1 list are shared for unicast and multicast. In the following, we analyze the feasibility of shared PUCCH resource configuration from the perspective of how to indicate different PUCCH resources for different UEs, PUCCH multiplexing and overhead and impact on unicast HARQ-ACK feedback configuration .
a) How to indicate different PUCCH resources for different UEs
A single DCI indicates different ACK/NACK feedback PUCCH resources for different UEs by configuring different K1 list and/or PUCCH resource list for different UEs in a group. Then, although UEs in a group receive the same PDSCH-to-HARQ_feedback timing indicator and PRI in the same group-common PDCCH, the K1 and PUCCH resource index corresponding to the same codepoint are different for different UEs.
For example, with regard to DCI 1_1, G-RNTI schedules UEs with one PDSCH-to-HARQ_feedback timing indicator and one PUCCH resource indicator. Although UEs in a group have the same PDSCH-to-HARQ_feedback timing indicator, the PUCCH resources of UEs can be distributed to at most 16 UL slots by configuring different K1 list for UEs in a group. For example, when K1 list of UE1 and UE2 is configured as {2,3,4,5,6,7,8,9} and {3,4,5,6,7,8,9,10}, and PDSCH-to-HARQ_feedback timing indicator is 0, then the slot offset K1 of UE1 and UE2 is 2 and 3 respectively. Within a slot, although UEs have the same PRI, the orthogonality of PUCCH resources can be guaranteed by configuring different PUCCH resource list for UEs in a group. Therefore, when a PUCCH resource list contains 8 PUCCH resources, the maximum number of scheduled UEs by a G-RNTI is 16*8=128, i.e., there can be at most 128 UEs in a MBS group.
b) [bookmark: _Hlk61624353]PUCCH multiplexing and overhead
When the HARQ-ACK PUCCH resources for MBS are shared with PUCCH resource configuration for HARQ-ACK feedback for unicast, Rel-15/16 PUCCH multiplexing rule can be reused and there is no extra PUCCH overhead introduced by MBS.
c) [bookmark: _Hlk61624365]Impact on unicast HARQ-ACK feedback configuration 
The PUCCH resource configured for MBS of a UE may collide with unicast PUCCH resource of another UE which joins in the MBS group just now, and causes RRC re-configuration of HARQ-ACK feedback configuration of MBS and unicast to guarantee the orthogonality of PUCCH resources.
For example, when a new UE joins in a MBS group, but the K1 or PUCCH resource ID of unicast HARA-ACK feedback PUCCH configuration is the same with one of original UEs in the group. RRC signaling is required to reconfigure K1 list and/or PUCCH resource list of all UEs in the group to ensure the orthogonality of PUCCH resources for both unicast and MBS and causes service interruption.
[bookmark: _Hlk61443637]Option 2. separate PUCCH resource configurations
In this option, RRC signaling configures four PUCCH resource sets for unicast and several PUCCH resource sets for MBS respectively for each UE. UE determines a PUCCH set from two independent PUCCH pools according to whether the service is unicast or multicast. In addition, one UE can have different K1 list configurations for multicast and unicast, respectively.
In the following, we also analyze the feasibility of separate PUCCH resource configuration from the same aspects as option 1.
a) How to indicate different PUCCH resources for different UEs
The PUCCH indication method of separate PUCCH resource configuration is the same with that of shared PUCCH resource configuration. The maximum number of scheduled UEs by a G-RNTI is the same as that of shared PUCCH resource configuration case. 
b) PUCCH multiplexing and overhead
If only the HARQ-ACK feedback of group-common PDSCH needs to be transmitted on the PUCCH resources configured for MBS, the size of HARQ-ACK codebook can be determined in advance, so that RRC signaling only needs to configure 1 or 2 PUCCH resource sets for MBS. The PUCCH overhead of separate PUCCH resource configuration increases compared with shared PUCCH resource configuration.
If HARQ-ACK feedback of unicast or CSI needs to be multiplexed on the PUCCH resources configured for  MBS, the UCI payload size will be further increased and gNB needs to configure larger capacity PUCCH resources for MBS, which further brings huge PUCCH overhead.
c) Impact on unicast HARQ-ACK feedback configuration
MBS HARQ-ACK feedback configuration does not impact unicast HARQ-ACK feedback configuration since PUCCH resource pools for unicast and MBS are independent. For example, when UEs join a group dynamically, the unicast of the original UEs in the group are not affected. 
In summary, we compare the pros and cons of shared and separate PUCCH resource configuration in Table 1.
[bookmark: _Ref46416534]Table 1 Comparison between shared and separate PUCCH resource configuration
	
	pros
	cons

	Option 1. shared PUCCH resource configuration with unicast
	Rel-15/16 PUCCH multiplexing rule can be reused and there is no extra PUCCH overhead introduced by MBS.
	Considering UE dynamically joins in or leaves MBS group, the HARQ-ACK PUCCH resource of MBS UEs may collide with that of unicast of other UEs, resulting in RRC reconfiguration of MBS and unicast.

	Option 2. separate PUCCH resource configuration with unicast
	MBS HARQ-ACK feedback configuration does not impact unicast HARQ-ACK feedback configuration.
	PUCCH overhead is increased.



It is observed that both shared PUCCH resource configuration and separate PUCCH resource configuration of ACK/NACK based HARQ-ACK feedback have cons and pros. If ACK/NACK based HARQ-ACK feedback is supported, both shared PUCCH resource configuration and separate PUCCH resource configuration are supported.
Observation 1: Both shared PUCCH resource configuration and separate PUCCH resource configuration have cons and pros.
2.1.3. [bookmark: _Hlk61623906]UCI multiplexing/prioritization
When there is collision between HARQ-ACK feedback for unicast and HARQ-ACK feedback for MBS or other UCIs, the first issue is to decide whether to support multiplexing or prioritization or both. This may need to be determined case by case for different collision cases. Specifically, we can first discuss the multiplexing/prioritization between the HARQ-ACK feedback for unicast and MBS. 
For PUCCH multiplexing, as the discussion in section 2.1.2, the design is also related to PUCCH resource configuration method. The PUCCH multiplexing can be naturally supported if shared PUCCH resource configuration is used, but more spec effort is needed if separate PUCCH resource configuration is used.
For PUCCH prioritization, there are two cases for the priority indication of unicast. If the prioritization indication is provided in the PDCCH for PTM scheme 1, there would be four cases for the combination of the priority indication of unicast and MBS. For example, unicast with high priority multiplexes with MBS with high priority, unicast with high priority multiplexes with MBS with low priority, unicast with low priority multiplexes with MBS with high priority, and unicast with low priority multiplexes with MBS with low priority. If companies want to design flexible and complete PUCCH prioritization and/or multiplexing as unicast, the spec effort is unpredictable. Therefore, if ACK/NACK based HARQ-ACK feedback is supported for PTM scheme 1, PUCCH prioritization feature should not be supported to reduce the spec effort.
Proposal 2: If ACK/NACK based HARQ-ACK feedback is supported for PTM transmision scheme 1, PUCCH prioritization should not be supported.
2.1.4. HARQ-ACK codebook design
Enhanced Type-2 HARQ-ACK codebook and Type-3 HARQ-ACK codebook are designed for NR-U originally, which are used to improve HARQ-ACK feedback reliability. For enhanced Type-2 HARQ-ACK codebook, group-based multiple times of HARQ-ACK feedback is employed to prevent the failure of HARQ-ACK feedback. Type-3 HARQ-ACK codebook contains the feedback of all HARQ processes at one time, which is suitable for the situation where the congestion of resources is severe and the HARQ feedback is often blocked. For ACK/NACK based HARQ-ACK feedback for PTM transmission scheme 1, the congestion of PUCCH resources does not exist, the motivation of enhanced Type-2 and Type-3 HARQ-ACK codebook is not clear. Therefore, we do not support enhanced Type-2 and Type-3 HARQ-ACK codebook. 
Proposal 3: Enhanced Type-2 and Type-3 HARQ-ACK codebook are not supported for ACK/NACK based HARQ-ACK feedback if supported.
2.2. NACK-only based HARQ-ACK feedback
2.2.1. Use case
For NACK-only based HARQ-ACK feedback, UEs in the same group only report NACK for multicast PDSCH on the same PUCCH resource with the same sequence. In this HARQ-ACK feedback mechanism, gNB can use energy detection to detect whether there are UEs did not receiving the multicast PDSCH correctly. The gNB receiver implementation is simple since even V2X UEs can receive NACK-only based HARQ-ACK feedback. 
NACK-only based HARQ-ACK feedback mechanism is more suitable for the case with a large amount of UEs in a group and avoids huge PUCCH overhead. 
Proposal 4: For PTM transmisison scheme 1, NACK-only based HARQ-ACK feedback can be supported, especially for the case with a large amount of UEs in a MBS group.
1. 
2. 
2.2.2. PUCCH resource configuration
Network can employ shared PUCCH resource configuration and the PUCCH overhead is very small. The shared PUCCH resource can carry 1 bit NACK information, e.g., PUCCH format 0 or PUCCH format 1 could be used. The detailed PUCCH resource determination schemes can be further studied. 
Proposal 5: PUCCH format 0 or PUCCH format 1 could be used for NACK-only based HARQ-ACK feedback.
2.2.3. UCI multiplexing/prioritization
For NACK-only based HARQ-ACK feedback, it is difficult to multiplex multicast HARQ-ACK feedback, unicast HARQ-ACK feedback and other UCIs on the NACK feedback PUCCH resource for MBS. Therefore, additional dropping rule needs to be defined, e.g., dropping the NACK-only feedback PUCCH when it is conflicted with other PUCCHs. If at least one UE which doesn’t need PUCCH multiplexing feedbacks NACK successfully, retransmission of group-common PDSCH can work normally. Since NACK-only based HARQ-ACK feedback is suitable for the case with a large amount of UEs in a group, the probability that all the UEs don’t feedbacking NACK due to PUCCH collision is quite small. Thus, the dropping rule can solve the multiplexing problem effectively.
Proposal 6: If there is a collision between NACK-only feedback PUCCH for MBS and other UCI, NACK-only feedback PUCCH can be dropped to solve the multiplexing issue.
2.3. Enabling/disabling HARQ-ACK feedback for MBS 
We support “Option 1: DCI” and “Option 3: RRC configures the enabling/ disabling function and DCI indicates enabling /disabling”. Option1 has been applied in V2X scenario, which SCI can be used to enable/disable HARQ-ACK feedback for V2X. For Option 3, RRC configures enabling/disabling HARQ-ACK feedback function and DCI indicates enabling/disabling of HARQ-ACK feedback dynamically, which increases the flexibility of network configuration.
Enabling/disabling HARQ-ACK feedback can be performed per group or per UE. For example, G-RNTI can be utilized to disable HARQ-ACK feedback of a group of UEs. In a specific group, the HARQ-ACK feedback of UEs with good channel conditions may be disabled since their reliability is high, and HARQ-ACK feedback of UEs with poor channel conditions is enabled to enhance reliability. 
Proposal 7: “Option 1: DCI” and “Option 3: RRC configures the enabling/ disabling function and DCI indicates enabling /disabling” can be supported for enabling/disabling HARQ-ACK feedback for MBS.
3. HARQ-ACK feedback for PTM transmission scheme 2
As discussed in our companion contribution [2], PTM scheme 2 can also be supported for MBS, especially in the case network operator has concern about PDCCH performance degradation. The analysis of ACK/NACK based HARQ-ACK feedback for PTM scheme 2 is as the following.
3.1. PUCCH resource configuration
Each UE has its own scheduling PDCCH, the PUCCH resource configuration and indication rules defined in Rel-15/16, i.e., “RRC configuration + DCI indication”, can be re-used for NR MBS. There is no additional spec impact for PUCCH resource determination.
3.2. UCI multiplexing/prioritization
The UCI multiplexing/prioritization rules defined in Rel-15/16 can be also re-used for NR MBS.
3.3. HARQ-ACK codebook design
Considering the UE-specific PDCCH for multicast scheduling is the same as for unicast scheduling, the HARQ-ACK codebook design in Rel-15/16 can be reused when NR MBS is introduced. In addition, for simplicity, the configured HARQ-ACK codebook type should be the same for PTP PDSCH and PTM PDSCH for one UE, but different UE can have different HARQ-ACK codebook type, even they receive the same PDSCH for MBS.
Observation 2: Little spec impact and standardization effort is expected if ACK/NACK based HARQ-ACK feedback scheme needs to be supported for PTM transmission scheme 2. 
[bookmark: _Hlk61441018]Proposal 8: For PTM transmission scheme 2, ACK/NACK based HARQ-ACK feedback can be supported.
4. Other reliability enhancement schemes for MBS 
In addition to HARQ-ACK feedback, PDSCH repetition and CSI feedback were also agreed for reliability improvement.
4.1. Slot-level repetition for group-common PDSCH 
In Rel-15 and Rel-16, slot-level PDSCH repetition is supported where the repetition number is indicated by RRC and DCI respectively. For NR MBS, we support both indication methods for slot-level repetition for group-common PDSCH, and we think the Rel-15/Rel-16 slot-level PDSCH repetition is enough. The first reason is that the PTM PDSCH is shared for a group of UEs and the PDSCH repetition number may be dependent on the worst channel environment of these UEs, therefore the PDSCH repetition number may not be changed so frequently and the semi-static PDSCH repetition number configuration is enough. The second reason is that the mini-slot based PDSCH repetition is not supported for unicast in Rel-15/16, and there is no strong motivation to support mini-slot based PDSCH repetition for PTM PDSCH.  
Proposal 9: For slot-level repetition for group-common PDSCH for NR MBS, the repetition number can be indicated by RRC and DCI, and no additional enhancements are needed.
4.2. CSI feedback enhancement 
For CSI feedback, the CSI measurement and report framework designed in Rel-15/16 is flexible enough, and can be directly used for NR MBS for RRC_CONNECTED UEs, e.g., network can configure a proper CSI measurement and report configuration for UE to report the CSI for MBS transmission. Currently, we have not identified any issues which needs further enhancement for CSI feedback.
Proposal 10: CSI feedback mechanism in Rel-15/16 can be used for NR MBS, and no additional enhancements are needed.
1. 
1. Conclusion
In this contribution, we make discussions on the mechanisms to improve reliability for RRC_CONNECTED UEs, and have the following observations and proposals.
Observation 1: Both shared PUCCH resource configuration and separate PUCCH resource configuration have cons and pros.
Observation 2: Little spec impact and standardization effort is expected if ACK/NACK based HARQ-ACK feedback scheme needs to be supported for PTM scheme 2.
Proposal 1: For PTM transmisison scheme 1, ACK/NACK based HARQ-ACK feedback can be supported if only there is significant performance gain compared with dynamic switch between PTP and PTM .
Proposal 2: If ACK/NACK based HARQ-ACK feedback is supported for PTM transmision scheme 1, PUCCH prioritization should not be supported.
Proposal 3: Enhanced Type-2 and Type-3 HARQ-ACK codebook are not supported for ACK/NACK based HARQ-ACK feedback if supported.
Proposal 4: For PTM transmisison scheme 1, NACK-only based HARQ-ACK feedback can be supported, especially for the case with a large amount of UEs in a MBS group.
Proposal 5: PUCCH format 0 or PUCCH format 1 could be used for NACK-only based HARQ-ACK feedback.
Proposal 6: If there is a collision between NACK-only feedback PUCCH for MBS and other UCI, NACK-only feedback PUCCH can be dropped to solve the multiplexing issue.
Proposal 7: “Option 1: DCI” and “Option 3: RRC configures the enabling/ disabling function and DCI indicates enabling /disabling” can be supported for enabling/disabling HARQ-ACK feedback for MBS.
Proposal 8: For PTM transmission scheme 2, ACK/NACK based HARQ-ACK feedback can be supported.
Proposal 9: For slot-level repetition for group-common PDSCH for NR MBS, the repetition number can be indicated by RRC and DCI, and no additional enhancements are needed.
Proposal 10: CSI feedback mechanism in Rel-15/16 can be used for NR MBS, and no additional enhancements are needed.
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