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1. Introduction
A high-level concept of NR MBS group scheduling for RRC_CONNECTED UEs was discussed in previous e-meeting. Finally, the following agreement about NR MBS group scheduling was made in RAN1 #102 meeting [1]:
	Agreements:
· For RRC_CONNECTED UEs, at least support group-common PDCCH with CRC scrambled by a common RNTI to schedule a group-common PDSCH, where the scrambling of the group-common PDSCH is based on the same common RNTI.
· FFS: whether to support UE-specific PDCCH to schedule a PDSCH for MBS.
· For RRC_CONNECTED UEs, define/configure common frequency resource for group-common PDSCH.
· FFS: whether to reuse the BWP framework or not 
· FFS: the relation between the common frequency resource and UE dedicated BWP, e.g., the common frequency resource is a MBS specific BWP, or the common frequency resource is confined within UE’s dedicated BWP, etc. 
· FFS: whether more than one common frequency resource can be configured per UE
· 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.


However, there are some open issues, e.g., whether to support UE-specific PDCCH to schedule a PDSCH for MBS data or which group scheduling mechanism can be used for MBS transmission, etc. In this contribution, we will further discuss the detailed design about the NR MBS group scheduling.
2. Group scheduling mechanism
As discussed in previous RAN1 #102 e-meeting, it needs to further discuss the group scheduling mechanism considering the difference between initial transmission and retransmission and the combination with HARQ operation, etc. The detailed HARQ operation mechanism with group scheduling can be found in our companion contribution [2].
2.1 Group-common PDCCH based group scheduling
Group-common PDCCH based group scheduling as depicted in Figure 1 had been agreed in last meeting, the CRC of group-common PDCCH is scrambled with group RNTI (G-RNTI), which can reduce the PDCCH overhead because UEs in MBS group share the same PDCCH content. 
The G-RNTI in NR MBS is common for UEs in one MBS group and is different from C-RNTI in NR unicast. For the UE reception, it agreed that at least supporting FDM between unicast PDSCH and group-common PDSCH in a slot based on UE capability. Thus, the UE need to monitor the C-RNTI (unicast) and G-RNTI simultaneously.
Due to the reception simultaneously between unicast and MBS service, MBS dedicated BWP can increase the system delay due to BWP switching delay time, it is more reasonable to configure a MBS common frequency resource confined with UE’s active BWP and not a MBS dedicated BWP, which also can decrease the BWP switching delay time.
[bookmark: _Ref53170102]Proposal 1: The MBS common frequency resource is confined with UE’s active BWP for	group-common PDCCH based group scheduling.


[bookmark: _Ref53131312]Figure 1: Group-common PDCCH based group scheduling
For initial transmission, Multiple UEs (e.g., N=50) in one MBS group receive the same PDCCH with G-RNTI, and g-NB will retransmit the MBS packets based on the HARQ feedback, the detailed HARQ operation can be found in our companion contribution [2]. For retransmission, the gNB can use the same mechanism with initial transmission. 
[bookmark: _Ref53170104]Proposal 2: The group-common PDCCH based group scheduling can be used for initial transmission and retransmission.

2.2 UE-specific PDCCH based group scheduling
Whether to support UE-specific PDCCH to schedule a PDSCH for MBS need further discussion in this meeting. One concern is that the PDCCH overhead is higher in MBS service when UEs in one MBS group are larger. However, this group scheduling mechanism can be used in some scenarios. 
Scenario #1: When establishing the MBS group, the UE may be small (e.g., N<=2) in some duration time, the gNB can choose this mechanism for initial transmission. 
Scenario #2: When almost UEs in one MBS group receive the MBS packet successfully and feed back ACK to gNB and a little UE feedback NACK to gNB, the retransmission may use UE-specific PDCCH. If retransmission use group-common PDCCH based group scheduling, it will cause the ACK UE overreaction. 
Besides, if UE use UE-specific PDCCH based group scheduling, the design can reuse R15/R16 unicast as much as possible, and the UE only need to monitor unicast DRX, which will decrease the UE’s power consumption.
[bookmark: _Ref53170049]Observation 1: UE-specific PDCCH based group scheduling can be configured when the number of UEs in one MBS group are relatively small.
[bookmark: _Ref53170052]Observation 2: UE-specific PDCCH based group scheduling can reuse R15/R16 unicast as much as possible.
Another confusing or controversial issue is the understanding of wording “MBS PDSCH” when discussing the UE-specific PDCCH based group scheduling in last RAN1 #102 e-meeting. According to the e-mail discussion in last meeting and moderator’s summary, we depict two PDSCH mechanism in Figure 2 (called Opt A) and Figure 3 (called Opt B) in order to analyse the two options deeply.


[bookmark: _Ref53136002]Figure 2: PDSCH with C-RNTI (Opt A)


[bookmark: _Ref53136008]Figure 3: PDSCH with G-RNTI (Opt B)
In Figure 2, UE uses the UE-specific PDSCH associated with a C-RNTI for transmission, it is similar with R15/16 unicast mechanism. In Figure 3, UE uses UE-specific PDSCH associated with a G-RNTI for transmission, which shares the same PDSCH resource. However, there are some potential issues for PDSCH with G-RNTI as illustrated in Figure 4.


[bookmark: _Ref53145037]Figure 4: The potential issue for PDSCH with G-RNTI
When gNB initially transmit MBS packet with PTM, and the UEs feed back the reception status with ACK/NACK. Then, the gNB will retransmit the MBS packet with PTP and corresponding PDSCH is scrambled with G-RNTI. However, the UE can feed back the ACK or NACK in different slot, e.g., UE23 feed back NACK in slot n+1 and UE13 feed back in slot n+3, and the MBS PDSCH is common resource for all retransmission UE. Thus, the UE 23 need to wait other UE’s feedback, which will increase the system latency, especially for latency sensitivity services. What’s more, if there are many UEs in one MBS group and it wants to feed back reception status timely, it should allocate more PUCCH resources in one feedback window, otherwise, some UEs may have not resource for feedback. Nevertheless, if adopting Opt A’s mechanism, the gNB will retransmit the PDSCH timely. 
[bookmark: _Ref53170053]Observation 3: UE-specific PDSCH associated with a G-RNTI in UE-specific PDCCH based group scheduling can increase the system time delay and need more PUCCH resources in one feedback window to feed back timely.
[bookmark: _Ref53170106]Proposal 3: UE-specific PDSCH associated with a C-RNTI should be supported in UE-specific PDCCH based group scheduling.

2.3 The combination between group scheduling and HARQ-ACK feedback
As mentioned above, it discusses the group scheduling for MBS packet and the potential scheduling mechanisms. Besides, it had been agreed that using HARQ feedback mechanism to improve the MBS reliability. Therefore, the group scheduling mechanism need to consider the MBS retransmission and HARQ feedback mechanism. Figure 5 illustrates the potential combination between initial transmission and retransmission with MBS group-common PDCCH or UE-specific PDCCH for group scheduling. In our companion contribution [2], we discuss the HARQ-ACK feedback mechanism in detail and propose three HARQ-ACK feedback mechanism for improving the reliability, e.g., ACK/NACK feedback mode, common NACK only feedback mode, and separate NACK feedback mode. Each feedback mode has its own pros and cons, and the system can flexibly choose which feedback mode can be configured based on different scenarios and system requirements. In this clause, we will mainly discuss the combination design between group scheduling and HARQ feedback mode.


[bookmark: _Ref53424833]Figure 5: The group scheduling mechanism for MBS

2.3.1 Case 1: Initial Tx/ReTx with group common scheduling 
In case 1, both the initial transmission and retransmission adopt the group common scheduling for MBS packet transmission, which has low PDCCH overhead, and larger spec impact due to introducing the new mechanism compared with R15/R16 NR unicast. The CRC of group-common PDCCH is scrambled with G-RNTI, and it is the same for UEs in one MBS group, which means than the PDCCH has lower overhead. Because the retransmission is group common scheduling mechanism in case 1, the gNB doesn’t need to know which UE report NACK. In addition, if each UE report the ACK/NACK with separate HARQ feedback resource, the PUCCH overhead is high, especially when there are many UEs in the same MBS group. Thus, it is not need to use ACK/NACK and separate NACK mechanism to report UE’s reception status.
[bookmark: _Ref53347381]Observation 4: gNB doesn’t need to know which UE report NACK when both the initial transmission and retransmission adopt the group common scheduling.
· Case 1 with common NACK only mode:
When there are many UEs in one MBS group, e.g., the number of MBS UEs are higher than available PUCCH resource. ACK/NACK feedback mode is not suitable for HARQ feedback. Similar to NR V2X group case option 1, common NACK can be as a candidate solution. Case 1 with common NACK feedback mode is depicted in Figure 6. The difference between this option and case 1 with ACK/NACK mode is that it only use one common PUCCH resource to report NACK UE’s status. No matter how many UEs in one MBS group, all the NACK UE only use the same resource to report NACK information. It reduce the PUCCH overhead to some extent. Therefore, this combination mechanism is more suitable for many UEs in one MBS group.
[bookmark: _Ref53347397]Proposal 4: Case 1 with common NACK mode should be supported when there are many UEs in one MBS group.


[bookmark: _Ref53338299]Figure 6: case 1 with common NACK only
2.3.2 Case 2: Initial Tx with group common scheduling/ReTx with UE-specific scheduling
In case 2, the initial transmission is group-common scheduling and the retransmission is UE-specific scheduling. Due to the UE-specific retransmission, it can avoid the ACK UE’s overreaction in case 1. However, it also introduces a new issue is that how to determine the HARQ process (HP) as depicted in Figure 7. For gNB, the initial transmission is group-common scheduling (PTM) for UE1 with HP #1 (PTM HP) and the retransmission is UE-specific scheduling (PTP) for UE1 with HP #2 (PTP HP). As we know, if UE wants to combine the initial transmission and retransmission, these two transmissions need to be in the same HARQ process from UE’s perspective. Thus, the initial transmission (PTM) DCI and retransmission (PTP) DCI need to have the same HP ID.


[bookmark: _Ref53342520]Figure 7: HARQ process shared between PTM and PTP
[bookmark: _Ref53347384]Observation 5: From gNB’s perspective, initial transmission (PTM) and retransmission (PTP) have different HARQ process.
[bookmark: _Ref53347401]Proposal 5: The initial transmission (PTM) DCI and retransmission (PTP) DCI should be configured the same HP ID.
Since the retransmission is UE-specific scheduling, the gNB at least need to know which UE is NACK UE. Thus, the common NACK feedback mode is not suitable for this group scheduling.
[bookmark: _Ref53347402]Observation 6: The common NACK feedback mode is not suitable for case 2’s group scheduling.
· Case 2 with ACK/NACK mode:
Case 2 with ACK/NACK feedback mode is depicted in Figure 8. In case 2, retransmission is mainly dedicated for NACK UE, it will solve ACK UE’s overreaction in case 1. However, it need more PUCCH resources for reporting ACK/NACK feedback than common NACK case. If the UEs in the same MBS group are relatively small, e.g., the number of MBS UEs are lower than available PUCCH resource, the PUCCH resource is not a bottleneck for ACK/NACK feedback.


[bookmark: _Ref53345142]Figure 8: case 2 with ACK/NACK mode
[bookmark: _Ref53427789]Proposal 6: case 2 with ACK/NACK mode should be supported when the UEs in the same MBS group are relatively small.
· Case 2 with separate NACK mode:
Case 2 with separate feedback mode is depicted in Figure 9. From retransmission’s perspective, there is no difference between this case and case 2 with ACK/NACK mode. From feedback’s perspective, UE only need to report NACK feedback when it doesn’t receive MBS packet successfully in this case, which is different from case 2 with ACK/NACK mode. As mentioned in our companion contribution [2], the probability of ACK feedback is larger than NACK feedback probability when designing a communication system, especially for latency sensitive services. Thus, this feedback mode without ACK can reduce ACK UE’s power consumption.
[bookmark: _Ref53427790]Proposal 7: case 2 with separate NACK mode should be supported for reducing UE’s power consumption.



[bookmark: _Ref53346401]Figure 9: case 2 with separate NACK mode
2.3.3 Case 3: Initial Tx/ReTx with UE-specific group scheduling
In the case 3, both the initial transmission and retransmission are the UE-specific group scheduling, which is similar to unicast. If the UEs in MBS are less during a long time, the MBS (re)transmission can adopt this case. In this case, the HARQ operation can reuse NR R15/R16 unicast.
[bookmark: _Ref53170055]Observation 7: case 3’s group scheduling mechanism is similar to unicast.
[bookmark: _Ref53170110]Proposal 8: The UE-specific PDCCH based group scheduling should be supported for initial (re)transmission when the UEs in one MBS group is smaller (e.g., N<3).

3. Conclusion 
In this contribution, it further discusses the NR MBS group scheduling and HARQ operation for RRC_CONNECTED UEs with following observations and proposals:
Observation 1: UE-specific PDCCH based group scheduling can be configured when the number of UEs in one MBS group are relatively small.
Observation 2: UE-specific PDCCH based group scheduling can reuse R15/R16 unicast as much as possible.
Observation 3: UE-specific PDSCH associated with a G-RNTI in UE-specific PDCCH based group scheduling can increase the system time delay for latency sensitive services and need more PUCCH resources in one feedback window to feed back timely.
Observation 4: gNB doesn’t need to know which UE report NACK when both the initial transmission and retransmission adopt the group common scheduling.
Observation 5: From gNB’s perspective, initial transmission (PTM) and retransmission (PTP) have different HARQ process.
Observation 6: The common NACK feedback mode is not suitable for case 2’s group scheduling.
Observation 7: case 3’s group scheduling mechanism is similar to unicast.

Proposal 1: The MBS common frequency resource is confined with UE’s active BWP for	group-common PDCCH based group scheduling.
Proposal 2: The group-common PDCCH based group scheduling can be used for initial transmission and retransmission.
Proposal 3: UE-specific PDSCH associated with a C-RNTI should be supported in UE-specific PDCCH based group scheduling.
Proposal 4: Case 1 with common NACK mode should be supported when there are many UEs in one MBS group.
Proposal 5: The initial transmission (PTM) DCI and retransmission (PTP) DCI should be configured the same HP ID.
Proposal 6: case 2 with ACK/NACK mode should be supported when the UEs in the same MBS group are relatively small.
Proposal 7: case 2 with separate NACK mode should be supported for reducing UE’s power consumption.
Proposal 8: The UE-specific PDCCH based group scheduling should be supported for initial (re)transmission when the UEs in one MBS group is smaller (e.g., N<3).
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