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1. [bookmark: _Toc120549591]Introduction
In last RAN1 #102-e meeting, some agreements about reliability improvement were agreed as the following [1],
Agreements:
For RRC_CONNECTED UEs, HARQ-ACK feedback is supported for multicast and no additional evaluation is needed to justify this.
· FFS: The detailed HARQ-ACK feedback solutions, e.g., ACK/NACK based, NACK-only based.
· FFS: HARQ-ACK feedback can be optionally disabled and/or enabled.
Agreements:
· For RRC_CONNECTED UEs, at least support slot-level repetition for group-common PDSCH. 
· FFS: whether enhancement is needed
Agreements:
· For RRC_CONNECTED UEs, existing CSI feedback can be used for multicast transmission.
· FFS: whether enhancement is needed
In addition, the agreement about multiplexing between unicast PDSCH and MBS PDSCH are agreed as the following,
Agreements:
· For RRC_CONNECTED UEs, at least support FDM between unicast PDSCH and group-common PDSCH in a slot based on UE capability.
· FFS: TDM or SDM in a slot.
In this contribution, some detailed reliability improvement schemes design will be discussed.
2. HARQ-ACK feedback solution
In last RAN1 meeting, HARQ-ACK feedback is supported for RRC_CONNECTED UEs for MBS. In this section, we will analyse the detailed HARQ-ACK feedback solutions: ACK/NACK based HARQ-ACK feedback and NACK-only based HARQ-ACK feedback. It is noted that the HARQ-ACK feedback design is also related to the group scheduling mechanism design as discussed in our companion contribution [2]. In the following, we also analyse the spec efforts of different group scheduling mechanisms for different HARQ-ACK feedback solutions. 
2.1 ACK/NACK based HARQ-ACK feedback
For ACK/NACK based HARQ-ACK feedback, each UE feedbacks ACK or NACK for a PTM PDSCH. This HARQ-ACK feedback mechanism is similar to unicast HARQ-ACK feedback, gNB can know which UE(s) does not receive PTM PDSCH correctly and decide to perform retransmission with PTM or PTP according to the number of UEs who feedback NACK and the UEs’ channel conditions. In order to avoid huge PUCCH overhead, this HARQ-ACK feedback mechanism is more suitable for the case without too many UEs in a group.
2.1.1 Group-common PDCCH based group scheduling
Group-common PDCCH based group scheduling has been supported in last RAN1 meeting, the analyses of ACK/NACK based HARQ-ACK feedback in this group scheduling mechanism are as the following.

PUCCH resource configuration and determination
For unicast in Rel-15/16, multiple PUCCH resources are configured to a UE by RRC signalling, and PUCCH resource indicator in DL grant is further used to indicate one of PUCCH resources for HARQ-ACK feedback. In addition, the PUCCH resources for unicast HARQ-ACK feedback can be shared among different UEs. To avoid PUCCH collision among UEs, gNB can use DL grant to indicate UE which PUCCH resource to be used and can also indicate different HARQ-ACK timings for different UEs.
For MBS with group-common PDCCH based group scheduling, both “RRC configuration” and “RRC configuration + DCI indication” can be used to configure and indicate PUCCH resource. However, there is only one group-common PDCCH to schedule a group-common PDSCH for a group of UEs and the PUCCH resource indicator and HARQ-ACK timing indicator are the same. Therefore, in order to avoid PUCCH collision among the UEs in an MBS group, the PUCCH resources configured for different UEs in one MBS group should be orthogonal and also different from PUCCH resources for unicast HARQ-ACK feedback, that is, gNB has to reserve one or more PUCCH resources for each UE.
Therefore, the reserved PUCCH resources for MBS causes low efficiency of PUCCH resource utilization and increase the PUCCH resource overhead from network’s perspective because the PUCCH resources can not be shared among the group of UEs.  
Multiplexing/prioritization between HARQ-ACK feedback for PTM and HARQ-ACK feedback for PTP or other UCIs
When there is collision between HARQ-ACK feedback for PTM and HARQ-ACK feedback for PTP 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 PTM and PTP.
For prioritization, it should be discussed whether prioritization indication is provided in the group-common PDCCH for PTM transmission, or it is assumed that one is always prioritized over the other for PTP and PTM. If the prioritization indication is provided in the PDCCH for PTM transmission, there would be four cases for the combination of the priority indication of PTP and PTM, and it should be further discussed whether to support multiplexing for the HARQ-ACK feedback of PTP and PTM if the priority level indication are same for them.
For multiplexing, large spec impact is anticipated for the joint construction of HARQ-ACK codebook for PTP and PTM, and PUCCH resource determination. If multiplexing is supported, it is assumed that the HARQ-ACK codebook type is the same for PTM and PTP for simplicity, e.g., both are semi-static HARQ-ACK codebook or both are dynamic HARQ-ACK codebook.
The similar discussion is also needed for multiplexing/prioritization between HARQ-ACK feedback for PTM and other UCIs.
Observation 1. If ACK/NACK based HARQ-ACK feedback scheme needs to be supported for group-common PDCCH based group scheduling, large spec impact and standardization effort is anticipated especially for the multiplexing / prioritization between HARQ-ACK feedback for PTM and HARQ-ACK feedback for PTP or other UCIs.
Proposal 1. First decide whether to support multiplexing between HARQ-ACK feedback for PTM and PTP and other UCIs before making the decision to support ACK/NACK based HARQ-ACK feedback for group-common PDCCH based group scheduling.
HARQ-ACK codebook design
If ACK/NACK based HARQ-ACK feedback is to be supported, it should be discussed whether semi-static HARQ-ACK codebook or dynamic HARQ-ACK codebook or both be supported. In our opinion, if no more than one PTM PDSCH are FDMed in one slot, both semi-static HARQ-ACK codebook and dynamic HARQ-ACK codebook can be considered. For the case with more than one PTM PDSCHs are FDMed in one slot, it will be discussed in section 2.4.
Proposal 2. If ACK/NACK based HARQ-ACK feedback is to be supported for group-common PDCCH based group scheduling, and if no more than one PTM PDSCH are FDMed in one slot, both semi-static HARQ-ACK codebook and dynamic HARQ-ACK codebook can be considered for PTM.
2.1.2 UE-specific PDCCH based group scheduling 
As discussed in our companion contribution [2], UE-specific PDCCH based group scheduling mechanism can also be supported in MBS for both initial transmission and re-transmission, the analyses of ACK/NACK based HARQ-ACK feedback in this group scheduling mechanism are as the following.
PUCCH resource configuration and determination 
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.
UCI multiplexing/prioritization
The UCI multiplexing/prioritization rules defined in Rel-15/16 can be also re-used for NR MBS.
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 UE-specific PDCCH based group scheduling. 
Proposal 3. ACK/NACK based HARQ-ACK feedback for UE-specific PDCCH based group scheduling can be supported.
2.2 NACK-only based HARQ-ACK feedback
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 simple energy detection to detect whether there is UE did not receive the multicast PDSCH correctly, but cannot know how many UEs report NACK, which may lead to overreaction for retransmission, e.g., only one worst UE reports NACK but gNB will retransmit the PDSCH to all UEs. Compared with ACK/NACK based HARQ-ACK feedback mechanism, NACK-only based HARQ-ACK feedback may cause inefficient retransmission, but the PUCCH overhead is very small. 
Observation 3. NACK-only based HARQ-ACK feedback may cause inefficient retransmission, but the PUCCH overhead is very small.
NACK-only based HARQ-ACK feedback can be used together with group-common PDCCH based group scheduling mechanism or UE-specific PDCCH based group scheduling mechanism. The following spec impacts can be considered, which are same for two group scheduling mechanisms.
PUCCH resource configuration and determination 
Network can configure the same shared PUCCH resource(s) for UEs in the same MBS group, and the shared PUCCH can carry 1 bit NACK information by sequence, e.g., PUCCH format 0 could be used. The detailed PUCCH resource determination schemes can be further studied.  
HARQ-ACK multiplexing/dropping between multicast and unicast/other UCIs
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 same PUCCH resource for a UE in a slot. Therefore, additional dropping rules may need to be defined, e.g., dropping the NACK-only feedback PUCCH when it is conflicted with other PUCCHs.
2.3 Combination design of group scheduling and HARQ-ACK feedback solution
In this section, we will discuss the design of group scheduling mechanism and HARQ-ACK feedback solution together as illustrated in Table 1.
Table 1. Combination design of group scheduling mechanism and HARQ-ACK feedback solution
	HARQ feedback
solution
Group scheduling
mechanism
	ACK/NACK based
	NACK-only based

	Group-common PDCCH based
	Large spec impact and standardization effort.
	Can be considered for the case with large number of UEs in a MBS group

	UE-specific PDCCH based
	Easy to support with little spec impact and standardization effort.
	Can be considered for the case with large number of UEs in a MBS group


As summarized in the table, in our view, ACK/NACK based HARQ-ACK feedback mechanism is more suitable for UE-specific PDCCH based group scheduling, and can be used for the case without too many UEs in a MBS group to improve reliability and provide better spectrum efficiency. NACK-only based HARQ-ACK feedback mechanism can be used together with group-common PDCCH based group scheduling or UE-specific PDCCH based group scheduling to improve reliability with little PUCCH overhead, especially for the case with large number of UEs in a MBS group.
Proposal 4. NACK-only based HARQ-ACK feedback for group-common PDCCH based group scheduling can be supported.
Proposal 5. NACK-only based HARQ-ACK feedback for UE-specific PDCCH based group scheduling can be supported, especially for the case with large number of UEs in a MBS group.
[bookmark: _GoBack]2.4 HARQ-ACK codebook design for more than one PDSCHs in one slot
FDM between unicast PDSCH and group common PDSCH for one UE in one slot is supported in last RAN1 meeting as in Figure 1-A. As the definition in our company’s contribution [2], we use the terminology “PTP PDSCH” and “unicast PDSCH” interchangeably and equivalently. Similarly, the terminology “PTM PDSCH” and “group-common PDSCH” are also interchangeable and equivalent.


Figure 1. Illustration of FDM between PTP PDSCH and PTM PDSCH(s)
However, it is difficult to design the semi-static HARQ-ACK codebook when the number of FDMed PTM PDSCHs is more than one as in Figure 1-B and 1-C. Because there is no pre-configured frequency domain SLIV for UE to determine the mapping relationship between received PDSCH and the bit location of HARQ-ACK codebook. For dynamic HARQ-ACK codebook design, because the C-DAI and T-DAI indicated by DCI have no relationship with whether the PDSCH is PTP or PTM, the Rel-15/16 HARQ-ACK codebook construction design can be reused. Therefore, semi-static HARQ-ACK codebook design cannot be supported when multicast PDSCH is FDMed in one slot.
Proposal 6. Do not support semi-static HARQ-ACK codebook design when multiple PTM PDSCHs are FDMed in one slot.
3. Other reliability improvement schemes
In addition to HARQ-ACK feedback, PDSCH repetition and CSI feedback were also agreed for reliability improvement.
3.1 PDSCH repetition
In Rel-15/Rel-16, only semi-static slot-based PDSCH repetition is supported which the repetition number is configured by RRC signalling. For NR MBS, we think the Rel-15/Rel-16 semi-static slot-based 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 7. For slot-based PDSCH repetition for NR MBS, the repetition number is configured by RRC signalling.
3.2 CSI feedback
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 8. CSI feedback mechanism in Rel-15/16 can be used for NR MBS, and no additional enhancements are needed.
3. Conclusions
In this contribution, some detailed reliability improvement schemes design are discussed, and the following observations and proposals are made.
Observation 1. If ACK/NACK based HARQ-ACK feedback scheme needs to be supported for group-common PDCCH based group scheduling, large spec impact and standardization effort is anticipated especially for the multiplexing / prioritization between HARQ-ACK feedback for PTM and HARQ-ACK feedback for PTP or other UCIs.
Observation 2. Little spec impact and standardization effort is expected if ACK/NACK based HARQ-ACK feedback scheme needs to be supported for UE-specific PDCCH based group scheduling.
Observation 3. NACK-only based HARQ-ACK feedback may cause inefficient retransmission, but the PUCCH overhead is very small.
Proposal 1. First decide whether to support multiplexing between HARQ-ACK feedback for PTM and PTP and other UCIs before making the decision to support ACK/NACK based HARQ-ACK feedback for group-common PDCCH based group scheduling.
Proposal 2. If ACK/NACK based HARQ-ACK feedback is to be supported for group-common PDCCH based group scheduling, and if no more than one PTM PDSCH are FDMed in one slot, both semi-static HARQ-ACK codebook and dynamic HARQ-ACK codebook can be considered for PTM.
Proposal 3. ACK/NACK based HARQ-ACK feedback for UE-specific PDCCH based group scheduling can be supported.
Proposal 4. NACK-only based HARQ-ACK feedback for group-common PDCCH based group scheduling can be supported.
Proposal 5. NACK-only based HARQ-ACK feedback for UE-specific PDCCH based group scheduling can be supported, especially for the case with large number of UEs in a MBS group.
Proposal 6. Do not support semi-static HARQ-ACK codebook design when multiple PTM PDSCHs are FDMed in one slot.
Proposal 7. For slot-based PDSCH repetition for NR MBS, the repetition number is configured by RRC signalling.
Proposal 8. CSI feedback mechanism in Rel-15/16 can be used for NR MBS, and no additional enhancements are needed.
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