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1	Introduction
In this contribution, based on the agreements in previous meetings as described in the Annex, we will further discuss MBS group scheduling, including mapping relationship for MBS, multiplexing of logical channels for MBS, identity of a logical channel for MBS, DRX operation for MBS and SPS for MBS.
2 Discussion
2.1 Mapping relationship for MBS
1) Mapping between G-RNTI(s) and MBS session(s):
In LTE, each MBMS service can be identified by the TMGI. If multiple MBMS services were identified by the same G-RNTI, the UEs would have to read and process data for MBMS services in which they are not interested. This might also impact the UE’s power consumption, as it might have to wake up more often to read data that it does not want. In order to minimize the impact on UE power consumption, it was agreed in LTE to use one to one mapping between G-RNTI and MBMS service. In NR, we further supported multicast transmission, for which a group of UEs in a cell may happen to be interested in the same set of services. In this case, it is possible for the gNB to schedule these multicast services using the same G-RNTI. In short, the mapping between G-RNTI and MBS service can be up to network implementation, and it may not need to discuss and specify the limit for such mapping. 
Proposal 1: The mapping between G-RNTI and MBS session can be up to network implementation.  

2) Mapping between MBS QoS flow(s) and MBS RB(s):
In SA2 [5], a specific MBS service might be carried over one or multiple MBS QoS flows, which aims at achieving more flexibility by providing differentiated treatment for different MBS QoS flows. In TR 23.757, SA2 has concluded that the network shall support one or multiple QoS flow for an MBS session. 
Observation 1: The mapping between MBS service and MBS QoS flows could be one-to-one or one-to-many.
According to RAN2#112 e-meeting agreements [3], the function of mapping from QoS flows to MBS RBs in SDAP is supported. Hence, obviously, MBS QoS flows corresponding to one MBS session can be mapped into one or more MBS RBs.
Observation 2: Multiple MBS QoS flows corresponding to one MBS session can be mapped into one or more MBS RBs.

3) Remapping between MBS QoS flow(s) and MBS RB(s):
When it comes to QoS flows to radio bearers remapping, it may affect the service continuity and may lead to data loss. For unicast DRBs, in downlink to ensure the lossless and in-order delivery, the gNB should by implementation first finish scheduling data of a QoS flow mapped to the old DRB and then the QoS flow can be relocated to another DRB, and this remapping cannot be supported during handover in NR for unicast. However, in MBS, the lossless and in-order delivery are even more difficult to be supported during QoS flow remapping because PDCP SNs are required to be somehow aligned between cells to ensure lossless during handover, and if QoS remapping is supported it is difficult to ensure PDCP SN alignment in different cells. To reduce the standard effort, it seems better not to support the QoS flows to radio bearers remapping for NR MBS if lossless and in-order delivery is required. 
Proposal 2:  No efforts needed to support QoS flow remapping if lossless and in-order delivery is required in MBS. 

2.2 Multiplexing of logical channels for MBS
Then, based on the foregoing content, we can discuss the multiplexing of logical channels for MBS. According to RAN1#103 e-meeting agreements, there may be three transmission schemes for MBS, including PTM transmission scheme 1, PTM transmission scheme 2 and PTP transmission, where PTM transmission scheme 1 and PTP transmission have been agreed, but PTM transmission scheme 2 is not agreed yet. For these three transmission schemes, multiplexing of logical channels for MBS can be discussed separately. 
· PTM transmission scheme 1: Network will use group-common PDCCH with CRC scrambled by G-RNTI to schedule group-common PDSCH which is scrambled with G-RNTI.
In this case, in order to avoid that the UE receives data that it is not interested in, and to minimize the impact on UE power consumption, data of a MBS service scheduled by PTM transmission scheme 1 is not multiplexed with unicast data into a MAC PDU. 
· PTM transmission scheme 2: Network will use UE-specific PDCCH with CRC scrambled by C-RNTI to schedule group-common PDSCH which is scrambled with G-RNTI.
If PTM transmission scheme 2 can be agreed in RAN1, the logical channel multiplexing/demultiplexing mechanism for PTM transmission scheme 2 shall be aligned with that of PTM transmission scheme 1.
· PTP transmission: Network will use UE-specific PDCCH with CRC scrambled by C-RNTI to schedule UE-specific PDSCH which is scrambled with C-RNTI.
For data of a MBS service scheduled by PTP transmission, it can be multiplexed with unicast data to generate a MAC PDU which is scheduled by C-RNTI. And if UE can receive multiple MBS services, the data of a MBS service scheduled by PTP transmission also can be multiplexed with data of other MBS service into a MAC PDU. For this case, no standard effort is needed.
Proposal 3a: MBS data scheduled by PTM transmission (irrespective of scheme 1 or scheme 2) are not multiplexed with unicast DRB data into a same MAC PDU. 
Proposal 3b: MBS data scheduled by PTP transmission can be multiplexed with unicast DRBs data into a MAC PDU.
In addition, if MBS QoS flows corresponding to one MBS session are mapped into multiple MBS RBs, the data from different logical channels corresponding to the same MBS service can be multiplexed into the same MAC PDU. If multiple MBS sessions are mapped to the same G-RNTI, the data of these MBS sessions also can be multiplexed into a same MAC PDU. And, for both cases, the current logical channel multiplexing/demultiplexing mechanism could also be re-used. No standard effort is needed.
Proposal 4a: If MBS QoS flows corresponding to one MBS session are mapped into more than one MBS RB, the data from different logical channels corresponding to the same MBS session can be multiplexed into the same MAC PDU.
Proposal 4b: If multiple MBS sessions are mapped to the same G-RNTI, the data of these MBS sessions can be multiplexed into a same MAC PDU.

2.3 Identity of a logical channel for MBS
· Identity of MTCH:
If proposal 3b or proposal 4 a/b is agreed, for MBS, a MAC PDU may contain multiple MAC SDUs corresponding to different MTCHs that need to be delivered to different RLC entities in PTM transmission. In order to distinguish MAC SDUs corresponding to different MTCHs scheduled by a G-RNTI, an identity of logical channel for MBS service needs to be included in MAC subheader. In addition, for broadcast/delivery mode 2, since the MBS LCHs mapped on PTM transmission can be differentiated from LCHs for DTCH and MTCH mapped on PTP transmission from the RNTI for the concerned TB, the LCID can be allocated for MBS PTM transmission independently from LCIDs transmitted for DTCH and MTCH mapped on PTP transmission, i.e. the LCH space for MBS PTM transmission is independent from the legacy LCH space for unicast services and MBS PTP transmission. 
Observation 3: LCID(s) for a MBS service is/are needed in PTM transmission to distinguish MAC SDUs corresponding to different MTCHs scheduled by a G-RNTI, and for broadcast/delivery mode 2, the LCID for MBS PTM transmission can be allocated independently from LCIDs for DTCH and MTCH mapped on PTP transmission.

For PTP delivery of MBS service, the corresponding identity of logical channel can be separately configured for every UE receiving the MBS service by PTP, which is the same as in the case of the unicast service.  For this case, network can ensure that for a UE, the identity of a logical channel for unicast and the identity of a logical channel for PTP delivery of MBS service is different, i.e. the LCID for MBS PTP transmission would share the LCID space with unicast DRBs. This would mean one or more LCIDs in legacy LCH space are needed for MBS transmission if dynamic PTP/PTM transmission is configured.
Observation 4: One or more LCIDs in legacy LCH space are needed for MBS PTP transmission if dynamic PTP/PTM transmission is configured.
Proposal 5: LCID space for broadcast/delivery mode 2 can be allocated independently to the existing LCID space.
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· Identity of MCCH:
According to RAN2#112 e-meeting agreements, for broadcast/delivery mode 2, UE can receive MBS configuration by BCCH and/or MCCH (TBD). The majority of companies support to use SC-MCCH like mechanism for delivery mode 2. In LTE, a SC-RNTI is used to identify transmissions of the SC-MCCH, and in order to reuse the existing MAC subheader format, an LCID value is allocated for SC-MCCH. In NR MBS, LTE mechanism can be reused, i.e. a separate RNTI different from G-RNTI can be used to identify MCCH and an LCID value can be allocated for MCCH to align with the legacy MAC subheader.
Proposal 6: An LCID value can be allocated for MCCH to align with the legacy MAC subheader.

2.4 DRX operation for MBS
For NR MBS, the gNB should inform the UE where the MBS services might be scheduled, otherwise the UE has to monitor PDCCH all the time, which is not beneficial for UE energy consumption. In order to minimize the impact on UE power consumption, in LTE, DRX mechanism for SC-PTM is used. Therefore, NR should follow the same rule for MBS service to achieve the same benefits.
Proposal 7: DRX operation is supported for NR MBS.
Additionally, unicast DRX mechanism has been fully discussed in Rel-15 and Rel-16, thus for simplicity, we suggest to take DRX operation for unicast as a baseline for NR MBS. Since PTM transmission scheme 1 and PTM transmission scheme 2 is still under discussion in RAN1, and a TB scrambled by G-RNTI might be scheduled by G-RNTI or C-RNTI based on the progress in RAN1, we think it is too early to discuss and decide whether a fully independent DRX for G-RNTI is introduced.
Proposal 8: For NR MBS, take DRX operation for unicast as a baseline. The details depend on RAN1’s progress on the support of PTM transmission scheme 2. 

2.5 SPS for MBS
According to RAN1#103 e-meeting agreements [4], for RRC_CONNECTED UEs, MBS SPS is supported. Then, we need to discuss the relationship between MBS service and MBS SPS.
In R16 IIoT, in order to efficiently support periodic traffic for various URLLC use cases such as power distribution, factory automation, and transport industry (including remote driving), DL SPS enhancements have been discussed. Multiple simultaneous active DL SPS configurations for a given BWP were introduced to reduce the latency as well as provide the possibility to support multiple different service types for a UE. 
In the starting phase of NR MBS, the UE is not expected to be interested in multiple MBS services which are periodic and require SPS. To simplify the specification efforts, it is proposed to only support a single SPS configuration for NR MBS.
Proposal 9: In Rel-17 only one SPS configuration is supported for NR MBS.
3	Conclusions
In this contribution, we discussed the general considerations for MBS group scheduling. Based on our discussion, we conclude with the following proposals and observations:
Observation 1: The mapping between MBS service and MBS QoS flows could be one-to-one or one-to-many.
Observation 2: Multiple MBS QoS flows corresponding to one MBS session can be mapped into one or more MBS RBs.
Observation 3: LCID(s) for a MBS service is/are needed in PTM transmission to distinguish MAC SDUs corresponding to different MTCHs scheduled by a G-RNTI, and for broadcast/delivery mode 2, the LCID for MBS PTM transmission can be allocated independently from LCIDs for DTCH and MTCH mapped on PTP transmission.
Observation 4: One or more LCIDs in legacy LCH space are needed for MBS PTP transmission if dynamic PTP/PTM transmission is configured.

Proposal 1: The mapping between G-RNTI and MBS session can be up to network implementation.  
Proposal 2:  No efforts needed to support QoS flow remapping if lossless and in-order delivery is required in MBS.
Proposal 3a: MBS data scheduled by PTM transmission (irrespective of scheme 1 or scheme 2) are not multiplexed with unicast DRB data into a same MAC PDU. 
Proposal 3b: MBS data scheduled by PTP transmission can be multiplexed with unicast DRBs data into a MAC PDU.
Proposal 4a: If MBS QoS flows corresponding to one MBS session are mapped into more than one MBS RB, the data from different logical channels corresponding to the same MBS session can be multiplexed into the same MAC PDU.
Proposal 4b: If multiple MBS sessions are mapped to the same G-RNTI, the data of these MBS sessions can be multiplexed into a same MAC PDU.
Proposal 5: LCID space for broadcast/delivery mode 2 can be allocated independently to the existing LCID space.
Proposal 6: An LCID value can be allocated for MCCH to align with the legacy MAC subheader.
Proposal 7: DRX operation is supported for NR MBS.
Proposal 8: For NR MBS, take DRX operation for unicast as a baseline. The details depend on RAN1’s progress on the support of PTM transmission scheme 2. 
Proposal 9: In Rel-17 only one SPS configuration is supported for NR MBS.
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5	Annex: Agreements in previous meetings
In RAN3#109 e-meeting [1] and RAN3#110 e-meeting [2], the following agreements for MBS session were made:
	RAN3#109e Agreements(Working Assumptions):
WA pending SA2 progress (to progress discussion in RAN3):
· One or more QoS flows may be used within a single MBS session
· Each MB QoS flow belongs to one MBS Session
· Each MB QoS flow is associated with a QoS profile
· NR MBS supports both GBR and non-GBR QoS
· One Shared NG-U tunnel is used per MBS session.

RAN3#110e Agreements(Working Assumptions):
The following agreements from RAN3#109-e on NR multicast are also applicable for NR broadcast:
· WA pending SA2 progress (to progress discussion in RAN3):
· One or more QoS flows may be used within a single MBS session
· Each MB QoS flow belongs to one MBS Session
· Each MB QoS flow is associated with a QoS profile
· NR MBS supports both GBR and non-GBR QoS
· One Shared NG-U tunnel is used per MBS session.


In RAN2#112 e-meeting [3], the following agreements for remapping between MBS QoS flow(s) and MBS RB (s) were made:
· The function of mapping from QoS flows to MBS RBs in SDAP is needed for NR MBS. TBD whether any SDAP header is needed. 
· (Working assumption) no SDAP functions other than “mapping from QoS flows to radio bearers” and “transfer of user plane data” are supported for MBS. FFS whether to support QoS flows to radio bearers remapping. 
In RAN2#112 e-meeting [3], the following agreements for multiplexing of logical channels were made:
· FFS for PTM if multiplexing/de-multiplexing of different logical channels are to be supported in MAC for NR MBS.
In RAN1#103 e-meeting [4], the following agreements for terminology related to MBS transmission scheme were made:
	Agreements: For convenience of discussion, consider the following clarification as RAN1 common understanding. 
· PTP transmission: For RRC_CONNECTED UEs, use UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule UE-specific PDSCH which is scrambled with the same UE-specific RNTI. 
· PTM transmission scheme 1: For RRC_CONNECTED UEs in the same MBS group, use group-common PDCCH with CRC scrambled by group-common RNTI to schedule group-common PDSCH which is scrambled with the same group-common RNTI. This scheme can also be called group-common PDCCH based group scheduling scheme.
· PTM transmission scheme 2: For RRC_CONNECTED UEs in the same MBS group, use UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule group-common PDSCH which is scrambled with group-common RNTI. This scheme can also be called UE-specific PDCCH based group scheduling scheme.    
· Note: The ‘UE-specific PDCCH / PDSCH’ here means the PDCCH / PDSCH can only be identified by the target UE but cannot be identified by the other UEs in the same MBS group with the target UE.
· Note: The ‘group-common PDCCH / PDSCH’ here means the PDCCH / PDSCH are transmitted in the same time/frequency resources and can be identified by all the UEs in the same MBS group.
· FFS whether or not to have additional definition of transmission scheme(s)


In RAN1#103 e-meeting [4], the following agreements for MBS SPS were made:
	Agreements: Support SPS group-common PDSCH for MBS for RRC_CONNECTED UEs
· FFS: use group-common PDCCH or UE-specific PDCCH for SPS group-common PDSCH activation/deactivation
· FFS: whether to support more than one SPS group-common PDSCH configuration per UE
· FFS: whether and how uplink feedback could be configured
· FFS: retransmission of SPS group-common PDSCH



