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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 between G-RNTI and MBS sessions, identity of a logical channel for MBS, and DRX operation for MBS.
2 Discussion
2.1  Mapping between G-RNTI and MBS sessions
In NR, due to the support for multicast transmission, a group of UEs in a cell may happen to be interested in the same set of services. If a UE is interested in multiple multicast services but can only support reception of one single G-RNTI, a potential network handling could be to transmit data of different multicast services using one G-RNTI.
According the description in current 38.321, if UE receives a MAC PDU containing an LCID or eLCID value which is not configured, UE will discard the corresponding subPDU. 
	[bookmark: _Toc76574184][bookmark: _Toc52796501][bookmark: _Toc52752039][bookmark: _Toc46490344]5.13	Handling of unknown, unforeseen and erroneous protocol data
When a MAC entity receives a MAC PDU for the MAC entity's C-RNTI or CS-RNTI, or by the configured downlink assignment, containing a Reserved LCID or eLCID value, or an LCID or eLCID value the MAC Entity does not support, the MAC entity shall at least:
1>	discard the received subPDU and any remaining subPDUs in the MAC PDU.
When a MAC entity receives a MAC PDU for the MAC entity's C-RNTI or CS-RNTI, or by the configured downlink assignment, containing an LCID or eLCID value which is not configured, the MAC entity shall at least:
1>	discard the received subPDU.
……



And, according to RAN2#114 e-meeting agreements, multiplexing/de-multiplexing of different logical channels associated with the same G-RNTI is supported. The above method will be reused in MBS regardless of whether the mapping between G-RNTI and MBS sessions is one-to-one or one-to-many. That is to say, compared with the agreed one-to-one mapping between G-RNTI and MBS sessions, supporting one-to-many mapping between G-RNTI and MBS sessions would not introduce additional specification work.
Observation 1: Compared with the agreed one-to-one mapping between G-RNTI and MBS sessions, supporting one-to-many mapping between G-RNTI and MBS sessions would not introduce additional specification work.
So, the mapping between G-RNTI and MBS sessions can be up to the network implementation, and there is no need to discuss and specify any restrictions for such mapping. 
Proposal 1: The mapping between G-RNTI and MBS sessions is up to network implementation.  

2.2  Identity of a logical channel for MBS
2.2.1 Identity of DTCH corresponding to PTP leg
According to RAN2#114 e-meeting agreements, multiplexing/de-multiplexing of different logical channels associated with the C-RNTI is supported for NR MBS. In this case, a MAC PDU may contain MAC SDUs corresponding to DTCHs for unicast service and MAC SDUs corresponding to DTCHs for PTP leg of a multicast service. In order to distinguish MAC SDUs corresponding to different DTCHs scheduled by a C-RNTI, an identity of logical channel for PTP leg of a multicast service needs to be included in the MAC subheader.
Observation 2: MAC SDUs for PTP leg of an MRB need to be distinguished from MAC SDUs of DTCHs for DRBs or other MRBs by using different LCID(s).
For PTP delivery of an MRB, the corresponding LCH identity can be separately configured for each UE receiving the MBS service by PTP, which is the same as the case of the unicast service.  For this case, the network can ensure that for a single UE, the LCH identity of a DRB and the LCH identity of an MRB is different, i.e. the LCIDs for PTP legs of MRBs would share the same LCID space with unicast DRBs. 
Observation 3: The LCIDs for PTP legs of MRBs share the same LCID space with unicast DRBs.

2.2.2 Identity of MTCH
According to RAN2#114 e-meeting agreements, multiplexing/de-multiplexing of different logical channels associated with the same G-RNTI is supported. In this case, a MAC PDU may contain multiple MAC SDUs corresponding to different MTCHs that need to be delivered to different PTM RLC entities. In order to distinguish MAC SDUs corresponding to different MTCHs, an identity of logical channel needs to be included in MAC subheader.
Observation 4: LCID(s) is/are needed to distinguish MAC SDUs from different MTCHs in a MAC PDU.

· Multicast/delivery mode 1:
· Case 1: PTM transmission: 
For PTM transmission of multicast/delivery mode 1, the MTCHs can also be differentiated from DTCHs corresponding to unicast DRBs and DTCHs corresponding to PTP legs of other MRBs by the RNTI used for the concerned TB. 
· Case 2: PTP HARQ retransmission: 
According to RAN1#104 e-meeting agreement, when ACK/NACK based HARQ-ACK feedback is supported for multicast, after the network performs initial transmission by PTM transmission for a MAC PDU, the network can perform retransmission of the MAC PDU by PTP transmission for a specific UE. And, in this case, the UE can identify by HARQ process ID and NDI in DCI that the initial transmission by PTM transmission and the retransmission by PTP transmission are for the same MAC PDU. The retransmission of the MAC PDU by PTP transmission is a HARQ retransmission, i.e., the MAC PDU by PTP transmission still includes the MAC SDUs from MTCHs corresponding to PTM legs of MRBs. So, the UE can also distinguish that a MAC PDU by PTP HARQ retransmission is for MTCHs.
But, if UE did not receive the DCI of G-RNTI scheduling for the initial transmission, after receiving the subsequent DCI for PTP retransmission of the same MAC PDU using C-RNTI, UE may incorrectly understand that the retransmission of MAC PDU scheduled by PTP retransmission is a new transmission. If the LCIDs for MTCHs of the MAC PDU are same as the LCIDs for DTCHs, UE cannot distinguish that the MAC SDUs of the MAC PDU are for MTCHs.
Considering the issue mentioned above, in order to distinguish whether MAC SDUs in a MAC PDU by PTP (re)transmission are for MTCHs or DTCHs, the LCIDs for multicast MTCHs should be configured differently to LCIDs for DTCHs for a UE, which basically means that they should share a same LCID space. 
Proposal 2a: A common LCID space is shared by DTCHs for DRBs, DTCHs for multicast PTP legs and MTCHs for multicast PTM legs. 

· Broadcast/delivery mode 2:
For broadcast/delivery mode 2, since the MTCHs can be differentiated from LCHs for DTCHs by the RNTIs, the LCID can be allocated for PTM legs of broadcast MRBs independently from LCIDs for DTCH.  In other words, the LCID space for broadcast MTCHs is independent to the LCID space for unicast and multicast. 
Proposal 2b: The LCID space for broadcast MTCHs is independent to the LCID space for unicast/multicast.

2.2.3 Identity of MCCH
According to RAN2#113 e-meeting agreements, for broadcast/delivery mode 2, UE can receive MBS configuration by BCCH and MCCH. 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, according to the RAN2#113bis e-meeting agreements a new RNTI different from G-RNTI will be used to identify MCCH. And, according to RAN2#114 e-meeting agreements, MCCH also is mapped to the DL-SCH. In this case, obviously, an LCID value can be allocated for MCCH to align with the legacy MAC subheader.
Proposal 3: An LCID value is allocated for MCCH.

2.3  DRX operation for MBS
2.3.1 Details of DRX mechanism for broadcast
According to RAN2#104 e-meeting agreements, for broadcast, LTE SC-PTM DRX scheme is used as baseline.
In LTE SC-PTM, since LTE SC-PTM does not support HARQ-ACK feedback and HARQ-based retransmission, there are not HARQ RTT timer and Retransmission Timer in DRX of LTE SC-PTM. In addition, the LTE SC-PTM DRX operation is performed independently for each G-RNTI and independently from the unicast DRX operation. For each G-RNTI, the specific LTE SC-PTM DRX operation is as follow:
· UE receives the DRX configuration for SC-MTCH by SC-MCCH including onDurationTimerSCPTM, drx-InactivityTimerSCPTM, SCPTM-SchedulingCycle and SCPTM-SchedulingOffset. 
· The Active Time for DRX of LTE SC-PTM only includes the time while onDurationTimerSCPTM or drx-InactivityTimerSCPTM is running. 
· UE periodically starts onDurationTimerSCPTM according to SCPTM-SchedulingCycle and SCPTM-SchedulingOffset, and starts the drx-InactivityTimerSCPTM if UE monitors a PDCCH for corresponding G-RNTI.
Table.1 Timer and parameter for LTE SC-PTM DRX
	Timer and parameter
	Usage

	onDurationTimerSCPTM, 
SCPTM-SchedulingCycle, 
SCPTM-SchedulingOffset
	For determining start point and duration of on-duration.

	drx-InactivityTimerSCPTM
	For extending Active Time when a transmission is received.



In NR, broadcast also does not support HARQ-ACK feedback and HARQ-based retransmission. Obviously, LTE SC-PTM DRX mechanism can be directly reused in DRX of broadcast.
Proposal 4: For broadcast/Delivery Mode 2, the following DRX parameters are introduced for each broadcast service/G-RNTI: onDuration Timer, Inactivity Timer, Scheduling Cycle and Scheduling Offset.

2.3.2 DRX for multicast
According to RAN1#103 e-meeting agreements and RAN1#104 e-meeting agreements, there may be three transmission schemes for multicast, including PTM transmission scheme 1, PTP transmission, and MBS SPS transmission. For these three agreed transmission, the impact for DRX can be discussed separately.
· PTM transmission scheme 1: 
In NR MBS, there are multiple UEs who are interested in the same MBS service and different UEs have different DRX configurations for unicast. For PTM transmission scheme 1, the UEs which are interested in the same MBS service need to receive the same DCI. However, it seems difficult to align DRX for unicast of the UEs who are interested in the same MBS service. And, according to RAN2#104 e-meeting agreements, UE can support multiple G-RNTIs. Furthermore, considering that a UE may be interested in multiple MBS services, such kind of alignment will be even harder. 
Hence, we believe DRX for PTM transmission scheme 1 should be in parallel with DRX for unicast, which is a simple approach and allows to avoid impacts on the DRX configurations for unicast.
· PTP transmission:
In existing DRX for unicast, UE needs to monitor DCI scrambled by C-RNTI during Active Time. For multicast PTP transmission, UE also needs to monitor DCI scrambled by C-RNTI. According to RAN2#114 e-meeting agreements, multiplexing/de-multiplexing of different logical channels associated with the C-RNTI is supported for NR MBS. In this case, obviously, DRX for unicast should be reused for PTP transmission for multicast.  
· MBS SPS transmission: 
In existing DRX for unicast, the UE needs to control DRX timers for unicast DRX after the data is received in unicast SPS. In NR MBS, similarly, the UE needs to control DRX timers (i.e. HARQ RTT timer and retransmission timer) for PTM DRX after a TB is received in MBS SPS.
Considering that the TB transmitted in MBS SPS is common for UEs who are interested in the same MBS service, the DRX for PTM transmission should also take into account MBS SPS transmission.  
Proposal 5: DRX for PTM transmission of multicast is in parallel with DRX for unicast.
Observation 5: DRX for unicast can be reused for PTP transmission for multicast.
Considering different MBS services may have different service characteristic, for PTM transmission, it should be possible to configure a different DRX configurations for each G-RNTI. Furthermore, for PTM transmission, UE should perform DRX operation for each G-RNTI to control the UE's PDCCH monitoring activity for the G-RNTI.
Proposal 6: For multicast, UE should perform DRX operation for each G-RNTI independently. 

1) Details of DRX mechanism for PTM transmission for multicast:
In DRX for unicast, there are multiple timers and parameters, and the detail usage of these timers and parameters is summarized in Table 2. And, Active Time for unicast includes the time while drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL is running. And during Active Time for unicast, the network can transmit new transmission or retransmission to UE.
Table.2 Timer and parameter for unicast DRX
	Timer and parameter
	Usage

	drx-onDurationTimer, 
drx-SlotOffset, 
drx-LongCycleStartOffset
	For determining start point and duration of on-duration.

	drx-InactivityTimer
	For extending duration of Active Time when a new transmission is received.

	drx-RetransmissionTimerDL
	For extending duration of Active Time in order to receive the possible retransmission.

	drx-HARQ-RTT-TimerDL
	For determining start point of drx-RetransmissionTimerDL.

	drx-ShortCycle (optional), 
drx-ShortCycleTimer (optional)
	For changing cycle of DRX.



Since multicast supports HARQ-ACK feedback and HARQ-based retransmission, obviously, Retransmission Timer should be introduced for DRX of multicast PTM. In addition, onDuration Timer and Inactivity Timer are fundamental to DRX operation, and also should be introduced for DRX of multicast PTM.
Proposal 7: The Retransmission Timer, onDuration Timer and Inactivity Timer are introduced for DRX of multicast PTM. 

Furthermore, according to the current specification, in unicast DRX, when UE receives a MAC PDU, UE starts the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback, and UE only starts drx-RetransmissionTimerDL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerDL if the MAC PDU was not successfully decoded.
In NR MBS, multiple UEs interested in the same MBS service will receive the same DCI and MBS MAC PDU, which is different from unicast. If the DRX mechanism for unicast is directly reused in DRX for PTM transmission, Active Time of different UEs receiving the same MBS service may be not aligned in some case:
· According to the DRX mechanism for unicast, only UEs that failed to receive the MBS data 1 will start Retransmission Timer. As a result, Active Time of the UEs that successfully received the MBS data 1 is not aligned with that of others UEs which failed to receive the MBS data 1. In this case, if network sends a new transmission MBS data2 by PTM transmission while Retransmission Timer is running, the UEs that successfully receive MBS data 1 may be in the inactive state and cannot receive the data2.
Considering the differences between unicast and MBS, it is not possible to directly reuse DRX mechanism in unicast for PTM transmission. Otherwise, for PTM transmission, some UEs may fail to receive new transmission transmitted during the running of Retransmission Timer.
Observation 6: Unicast DRX mechanism cannot be directly reused for PTM transmission.
In order to avoid some UEs missing new PTM transmissions during the running of Retransmission Timer, for multicast PTM transmission, if neither onDuration Timer nor Inactivity Timer is running, and Retransmission Timer of only some UEs is running, the network should not transmit new transmissions.
Proposal 8: For DRX operation for multicast PTM, if neither onDuration Timer nor Inactivity Timer is running, and Retransmission Timer of only some UEs is running, the network should not schedule new transmissions. 


2) Coordination between DRX for unicast and DRX for PTM transmission/MBS SPS transmission of multicast:
According to RAN1#104 e-meeting agreement, when ACK/NACK based HARQ-ACK feedback is enabled for multicast, after the network performs initial transmission by PTM transmission for a MAC PDU, the network may perform retransmission of the MAC PDU by PTP transmission for a specific UE or perform retransmission of the MAC PDU by PTM transmission. Furthermore, according to RAN1#104bis e-meeting agreement, after the network performs initial transmission by MBS SPS transmission for a MAC PDU, the network may perform retransmission of the MAC PDU by PTP transmission for a specific UE or perform retransmission of the MAC PDU by PTM transmission.
Hence, when ACK/NACK based HARQ-ACK feedback is enabled for multicast, in order to ensure that UE can receive the DCI scheduling retransmission by PTP transmission, after UE fails to receive PDSCH for PTM scheduling/MBS SPS transmission, DRX for unicast should also allow the UE to monitor the retransmission scheduled by PTP.
Proposal 9: For multicast, when the UE fails to receive PDSCH for PTM transmission, DRX for unicast should be adapted to allow the UE to monitor the retransmission scheduled by PTP.

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: Compared with the agreed one-to-one mapping between G-RNTI and MBS sessions, supporting one-to-many mapping between G-RNTI and MBS sessions would not introduce additional specification work.
Observation 2: MAC SDUs for PTP leg of an MRB need to be distinguished from MAC SDUs of DTCHs for DRBs or other MRBs by using different LCID(s).
Observation 3: The LCIDs for PTP legs of MRBs share the same LCID space with unicast DRBs.
Observation 4: LCID(s) is/are needed to distinguish MAC SDUs from different MTCHs in a MAC PDU.
Observation 5: DRX for unicast can be reused for PTP transmission for multicast.
Observation 6: Unicast DRX mechanism cannot be directly reused for PTM transmission.

Proposal 1: The mapping between G-RNTI and MBS sessions is up to network implementation.  
Proposal 2a: A common LCID space is shared by DTCHs for DRBs, DTCHs for multicast PTP legs and MTCHs for multicast PTM legs. 
Proposal 2b: The LCID space for broadcast MTCHs is independent to the LCID space for unicast/multicast.
Proposal 3: An LCID value is allocated for MCCH.
Proposal 4: For broadcast/Delivery Mode 2, the following DRX parameters are introduced for each broadcast service/G-RNTI: onDuration Timer, Inactivity Timer, Scheduling Cycle and Scheduling Offset.
Proposal 5: DRX for PTM transmission of multicast is in parallel with DRX for unicast.
Proposal 6: For multicast, UE should perform DRX operation for each G-RNTI independently. 
Proposal 7: The Retransmission Timer, onDuration Timer and Inactivity Timer are introduced for DRX of multicast PTM. 
Proposal 8: For DRX operation for multicast PTM, if neither onDuration Timer nor Inactivity Timer is running, and Retransmission Timer of only some UEs is running, the network should not schedule new transmissions. 
Proposal 9: For multicast, when the UE fails to receive PDSCH for PTM transmission, DRX for unicast should be adapted to allow the UE to monitor the retransmission scheduled by PTP.
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5	Annex: Agreements in previous meetings
In RAN1#103 e-meeting, 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)

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


In RAN1#104 e-meeting, the following agreements for MBS HARQ were made: 
	Agreement:
For RRC_CONNECTED UEs, if ACK/NACK based HARQ-ACK feedback is supported for PTM scheme 1, and if initial transmission for multicast is based on PTM transmission scheme 1, support retransmission(s) using PTP transmission.
· The HARQ process ID and NDI indicated in DCI is used to associate the PTM scheme 1 and PTP transmitting the same TB.
Agreement:
For RRC_CONNECTED UEs receiving multicast, support the following:
· ACK/NACK based HARQ-ACK feedback for multicast, 
· It is up to network to configure orthogonal PUCCH resources among UEs within the same group. 
· FFS: NACK-only based HARQ-ACK feedback for multicast, 
· It is up to network to configure the PUCCH resources and the PUCCH resources can be shared among UEs within the same group. 
· FFS details.
Agreement:
For the cases of HARQ-ACK feedback (at least for ACK/NACK based feedback) is available for multicast and unicast for a given UE receiving multicast, for determining the PUCCH resource,
· Support multiplexing for the same priority and prioritizing for different priorities at least when the corresponding PUCCH resources overlap in time in a slot. 
· FFS whether it is subject to UE capability.
· FFS the case of non-overlapping PUCCHs resources for HARQ-ACK in the same slot.
· FFS whether sub-slot based PUCCH transmission for HARQ-ACK is supported.
· FFS the case of HARQ-ACK feedback for multicast and other UCI for unicast. 

Agreement: 
For RRC_CONNECTED UEs, more than one SPS group-common PDSCH configuration for MBS can be configured per UE subject to UE capability
· The total number of SPS configurations supported by a UE currently defined for unicast is not increased due to additionally supporting MBS.
· FFS: How to allocate the total SPS configurations between MBS and unicast.
 
Agreement: 
For RRC_CONNECTED UEs, support HARQ-ACK feedback for SPS group-common PDSCH for MBS
· FFS: The retransmission scheme(s)
· FFS: The HARQ-ACK details for SPS PDSCH and activation/deactivation, which can be discussed in AI 8.12.2


In RAN1#104bis e-meeting, the following agreements for the number of the supported G-RNTI and G-CS-RNTI for MBS were made:
	Agreement:
The retransmission scheme for a given SPS group-common PDSCH can be either PTM scheme 1 or PTP.
FFS: Whether PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group

Agreement:
Send an LS to RAN2 regarding at least the following questions:
· Whether RAN1 should take into account the case of UE supporting multiple G-RNTIs?


In RAN2#113 e-meeting, the following agreements for PTM configuration were made: 
	· The two-step based approach (i.e. BCCH and MCCH) as adopted by LTE SC-PTM is reused for the transmission of PTM configuration for NR MBS delivery mode 2.
· Assume it is possible to reuse LTE SC-PTM mechanism for the CONNECTED UEs to receive the PTM configuration for NR MBS delivery mode 2, i.e. broadcast based manner. 


In RAN2#113bis e-meeting, the following agreements for MCCH were made:
	New RNTI is defined for scheduling MCCH.


In RAN1#104 e-meeting, the following agreements were made:
	One-to-one mapping between G-RNTI and MBS session is supported in NR MBS. Other mappings FFS 
One-to-one mapping between G-CS-RNTI and MBS session is supported in NR MBS. Other mappings FFS.
A UE can support multiple G-RNTIs/G-CS-RNTIs, It is FFS whether this depends on UE capability. Inform RAN1 of this agreement.
Multiple MBS QoS flows corresponding to the same MBS session can be mapped to one or more than one MBS radio bearers.
MCCH is mapped to the DL-SCH for NR MBS delivery mode 2. 
MTCH is specified for PTM transmission of NR MBS.
MTCH is mapped to the DL-SCH. 
DTCH is reused for PTP transmission of NR MBS.
FFS if there is a need to have specific LCID spaces for the used channels. 
Multiplexing/de-multiplexing of different logical channels associated with the same G-RNTI is supported for NR MBS. 
FFS if Multiplexing/de-multiplexing of different logical channels associated with the same G-CS-RNTI is supported for NR MBS. 
Multiplexing/de-multiplexing of different logical channels associated with the C-RNTI is supported for NR MBS.
For NR MBS delivery mode 2, LTE SC-PTM DRX scheme is used as baseline.
FFS whether For PTM transmission of NR MBS, DRX scheme is independent of DRX for unicast transmission, e.g. supported on a per G-RNTI basis
FFS whether For PTP transmission, DRX operation for unicast transmission is reused.    



