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In RAN2#115-e, the group scheduling of NR MBS was discussed and the following agreements were made during RAN2#115-e:  

	[bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16]Agreements (RAN2#115-e): 
Single bearer ID is used for each Multicast RB. FFS whether DRB ID space can be shared with MRB ID.  
FFS whether to share common LCID space for Multicast PTM and Unicast DTCH. FFS How many PTM LCIDs to be reserved if separate space is used.
Multicast PTP and Unicast DTCH/DRB share common LCID space.
Broadcast PTM/MTCH uses reserved LCID(s), which is different than Unicast DTCH/DRB LCID space.
Broadcast MCCH uses reserved LCID .
Multiplexing/de-multiplexing of different logical channels associated with the same G-CS-RNTI is supported for NR MBS. 
If Data Inactivity timer is configured, data monitoring is applied both for unicast and MBS multicast (i.e. both PTM and PTP data) (but not MBS broadcast) 
For multicast PTM transmission, Multicast DRX pattern is configured on a per G-RNTI basis (i.e. independent of legacy UE-specific DRX for unicast transmission).
Legacy UE-specific DRX pattern for unicast is reused for PTP transmission of NR MBS, which means the UE specific DRX pattern are for both unicast services and the MBS PTP bearer of UE
Multicast long DRX support is baseline for PTM. FFS whether to support optional short DRX or not. 
The Multicast Long DRX operation has to support the following parameters which are  similar to the UE-specific DRX for unicast, where the last two parameters are needed if the HARQ- feedback is enabled:
- drx-onDurationTimerPTM
- drx-InactivityTimerPTM
- drx-LongCycleStartOffsetPTM
- drx-SlotOffsetPTM
- drx-HARQ-RTT-TimerDLPTM 
- drx-RetransmissionTimerDLPTM
For NR Broadcast, the DRX pattern is configured per G-RNTI.  
For NR Broadcast, DRX configuration includes: drx-onDurationTimerPTM, drx-SlotOffsetPTM, drx-InactivityTimerPTM, drx-CycleStartOffsetPTM.


This paper intends to further discuss the remaining issues of scheduling and power saving for NR MBS.
Discussion 
Mapping between G-RNTI/G-CS-RNTI and MBS session
One-to-one mapping between G-RNTI/G-CG-RNTI and MBS session has been agreed in previous RAN2 meeting. The remaining issue is whether to support to map multiple MBS sessions to one G-RNTI/G-CG-RNTI.
The advantage the mapping between multiple MBS sessions and one G-RNTI/G-CG-RNTI is to allow network flexibility. However, this also increases gNB complexity because different UEs are interest in different group of MBS sessions generally. It will increase UE power consumption due to receiving MBS transmissions which is not interested in, due to false alarm effect. 
Note that according to RAN1 discussion, the UE is able to receive multiple MBS sessions simultaneously. One-to-multiple mapping between G-RNTI/G-CS-RNTI and MBS sessions is not needed to enable UE to receive multiple MBS sessions simultaneously. 
Considering the disadvantages, one-to-multiple mapping between G-RNTI/G-CS-RNTI and MBS sessions should not be supported.
Proposal-1: One-to-multiple mapping between G-RNTI/G-CS-RNTI and MBS sessions is not supported.
SPS
Other than dynamic PTM scheduling scheme, RAN1 agreed to support DL SPS for the transmission of group-common PDSCH for connected UEs for MBS services. The support of SL SPS based PTM transmission is new NR MBS, comparing with LTE SC-PTM. Each MBS service should have its independent own DL SPS configuration, just Like the DRX pattern is configured per MBS service. 

For NR unicast, Semi-Persistent Scheduling (SPS) is configured by RRC per Serving Cell and per BWP. Multiple assignments can be active simultaneously in the same BWP. Activation and deactivation of the DL SPS are independent among the Serving Cells. For the DL SPS, a DL assignment is provided by PDCCH, and stored or cleared based on L1 signalling indicating SPS activation or deactivation.
RRC configures the following parameters when the SPS is configured:
-	cs-RNTI: CS-RNTI for activation, deactivation, and retransmission;
-	nrofHARQ-Processes: the number of configured HARQ processes for SPS;
-	harq-ProcID-Offset: Offset of HARQ process for SPS;
-	periodicity: periodicity of configured downlink assignment for SPS.

The similar set of SPS parameters should be configured to enable the SPS transmission for MBS services. In order to avoid the conflict between the DL SPS based MBS transmission and unicast transmission at the same time occasion (i.e. time slot), an independent of MBS SPS configuration should be used for the UEs receiving MBS services. Hence an independent of SPS parameters is proposed for MBS services. 

Proposal-2:  An independent of SPS parameters (including periodicity, nrofHARQ-Processes, harq-ProcID-Offset and G-CS-RNTI) is used for MBS services.
In the last meeting, as agreed during the discussion for group scheduling, one-to-one mapping between G-CS-RNTI and MBS session is supported in NR MBS. Then an independent set of SPS configuration should be applied to one G-CS-RNTI. 
Proposal-3:  PTM SPS scheme is supported on a per G-CS-RNTI basis. 

Mapping between multicast DRX and MBS session
In the previous meeting, it was agreed that for NR MBS delivery mode 2, LTE SC-PTM DRX scheme is used as baseline. In RAN2#115e, there is a discussion with regard to the mapping between multicast DRX and MBS session. 
In LTE SC-PTM, one MBS specific DRX is used by one MTCH. But in NR, multiple MTCHs can be mapping to one MBS session because of the support of flow based QoS. Hence NR MBS should support not only one-to-one mapping between G-RNTI and MBS session but also the many-to-one mapping between MTCHs and MBS session. However it should be noted that all these MTCHs should belong to the same MBS session. If the MTCHs belonging to the different MBS sessions share the same multicast DRX, the UE may wake up by false alarm and lead to unnecessary power consumption. Then we have the following proposal. 
Proposal 4: one Multicast DRX pattern can only to associated with one Multicast session 

MBS WUS
As discussed at RAN2#115e, PTP is expected to re-use Unicast DRX and it is reasonable to use PDCCH WUS for Multicast PTP reception. For PTM WUS requires additional work and can be discussed later if time permits.
Proposal 5: PDCCH WUS is applicable for Multicast data reception via PTP RLC (i.e. assuming Unicast DRX is used for PTP).
Proposal 6: PTM WUS is postponed to next release.

HARQ RTT timer
At RAN2#115e, both drx-HARQ-RTT-TimerDLPTM and drx-RetransmissionTimerDLPTM are agreed for Multicast Long DRX operation in case the HARQ- feedback is enabled. 
At RAN2#115e, there is an attempt to discuss how gNB configures the HARQ RTT and DL Re-transmission timer for Multicast HARQ operation considering different options of the HARQ ACK/NACK feedback, since physical layer may configure ACK/NACK feedback or NACK only feedback for Multicast HARQ. 
For NACK only based HARQ feedback for multicast, there is only one common PUCCH resource for NACK based uplink transmission. Then we may reuse the same behavior as Unicast DRX, i.e. HARQ RTT timer counting starts from end of common PUCCH resource for NACK feedback. Hence, the group of UEs receiving the multicast may have aligned DL HARQ RTT and DL Retransmission timer configuration. 
Proposal 7: Reuse the same configuration as drx-HARQ-RTT-Timer and drx-RetransmissionTimer (Unicast DRX) for drx-HARQ-RTT-TimerDLPTM and drx-RetransmissionTimerDLPTM (Mulitcast DRX) in case of NACK only based HARQ feedback.

For ACK/NACK based HARQ feedback for multicast, UE specific PUCCH resource is configured for each UE receiving the multicast. There were two options discussed at RAN2#115e on the configuration of HARQ RTT and DL Re-transmission timer for Multicast HARQ operation. 
-	Option 1: gNB can configure HARQ RTT and DL Re-transmission timer to take different UEs PUCCH resource feedback time into account as gNB implementation.
-	Option 2: gNB can indicate UEs to start HARQ RTT timer from the end of GC-PDCCH or GC-PDSCH reception.

The configuration of HARQ RTT timer and DL Re-transmission timer is a gNB behavior in any case. And Option 1 provides the flexibility to gNB. Option 2 actually the change the definition of the legacy HARQ RTT timer, since in legacy definition, such timer starts from the first symbol after the end of PUCCH transmission carrying the DL HARQ feedback. Then we have a preference for option 1. 

Proposal 8: gNB can configure drx-HARQ-RTT-TimerDLPTM and drx-RetransmissionTimerDLPTM (Mulitcast DRX) to take different UEs PUCCH resource feedback time into account as gNB implementation in case of ACK/NACK based HARQ feedback.

2.1 
2.2 
Conclusion
The following proposals are made:
Proposal-1: One-to-multiple mapping between G-RNTI/G-CS-RNTI and MBS sessions is not supported.
Proposal-2:  An independent of SPS parameters (including periodicity, nrofHARQ-Processes, harq-ProcID-Offset and G-CS-RNTI) is used for MBS services.
Proposal-3:  PTM SPS scheme is supported on a per G-CS-RNTI basis.
Proposal 4: one Multicast DRX pattern can only to associated with one Multicast session.
Proposal 5: PDCCH WUS is applicable for Multicast data reception via PTP RLC (i.e. assuming Unicast DRX is used for PTP).
Proposal 6: PTM WUS is postponed to next release.
Proposal 7: Reuse the same configuration as drx-HARQ-RTT-Timer and drx-RetransmissionTimer (Unicast DRX) for drx-HARQ-RTT-TimerDLPTM and drx-RetransmissionTimerDLPTM (Mulitcast DRX) in case of NACK only based HARQ feedback.
Proposal 8: gNB can configure drx-HARQ-RTT-TimerDLPTM and drx-RetransmissionTimerDLPTM (Mulitcast DRX) to take different UEs PUCCH resource feedback time into account as gNB implementation in case of ACK/NACK based HARQ feedback.
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