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Introduction
In NR MBS, group scheduling mechanism is important to be specified to allow UEs to receive multicast and broadcast services. Meanwhile, enhancements to enable simultaneous operation with unicast reception is also included in the WI objection. 
In RAN1 #103e meeting, following was agreed on mechanisms to support group scheduling for RRC_CONNECTED UEs:
	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: For RRC_CONNECTED UEs, if initial transmission for multicast is based on PTM transmission scheme 1, at least support retransmission(s) can use PTM transmission scheme 1.
· FFS: whether to support PTP transmission for retransmission(s).
· FFS: whether to support PTM transmission scheme 2 for retransmission(s).
· FFS: How to indicate the association between PTM scheme 1 and PTP transmitting the same TB.
· FFS: If multiple retransmission schemes are supported, then can different retransmission schemes be supported simultaneously for different UEs in the same group?
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


As agreed in RAN2 #112e meeting, RRC_CONNECTED UE can receive multicast and broadcast service from delivery mode 1 and delivery mode 2. In this contribution, we first discuss the different understanding regarding to PTP and PTM in RAN1 and RAN2, proposed together with a RAN2 definition. DRX, SPS, multiplexing/de-multiplexing in MAC layer are then discussed based on two delivery modes agreed in RAN2 and two PTM transmission schemes agreed in RAN1.
Discussion
PTP/PTM Definition 
NR MBS introduces the support of PTP and PTM transmission in 5GC shared traffic delivery. For the convenience of discussion, it would be good to discuss and clarify the terminology of PTP and PTM from RAN1 and RAN2 point of view.
As discussed in [7], MTCH (multicast traffic channel) and MCCH (multicast control channel) is proposed to be introduced as new logical channels for NR MBS. From RAN2 point of view, understanding of PTP and PTM may be different from RAN1. MBS traffic/control data via PTM transmission can be mapped to MTCH and MCCH (optional), respectively (Whether MCCH is used for PTM is discussed in the companion contribution [6]). However, for PTP transmission, since it is a point-to-point transmission, dedicated logical channel DTCH and DCCH can be used, so that MBS service can send together with unicast service in the same radio resource. 
Hence, to facilitate discussion in RAN2, the terminology of PTP and PTM is clarified as below:
· PTP transmission: use dedicated logical channel DTCH and DCCH for MBS traffic and control information
· PTM transmission: use shared logical channel MTCH and MCCH for MBS traffic and control information
Recalling RAN1 agreements on PTP/PTM transmission scheme, PTP and PTM transmission scheme is separated based on whether MBS traffic data is transmitted over UE-specific PDSCH or group-common PDSCH. From RAN1 perspective, transport channel DL-SCH is used for both PTP and PTM. Similar as LTE SC-PTM, both MTCH and MCCH can be mapped to DL-SCH.
Observation 1: [bookmark: _Ref61604353]Understanding of the terminology “PTP” and “PTM” is different in RAN1 and RAN2. In RAN2, PTP transmission use dedicated logical channel, while PTM transmission use shared logical channel.
As proposed in [8] and [9], PTP transmission scheme defined in RAN1 is supported as HARQ retransmission for an initial transmission via PTM transmission scheme. From RAN2 perspective, same logical channel is used for both initial transmission and retransmission. Hence, if PTP transmission scheme defined in RAN1 is used for retransmission, shared logical channel MTCH and MCCH are still used in MAC layer, which will be mapped to UE-specific PDSCH. In summary, PTP and PTM transmission in RAN2 can use UE-specific PDSCH (PTP transmission scheme in RAN1), PTM transmission in RAN2 can use group-common PDSCH (PTM transmission scheme 1/2 in RAN1).
Observation 2: [bookmark: _Ref61604365]From RAN2’s perspective, PTM transmission (shared logical channel) could be used in HARQ retransmission via UE-specific PDCCH/PDSCH (i.e. PTP transmission scheme defined in RAN1).
In following contribution, we use (RAN1) and (RAN2) to represent different terminology used for PTP and PTM in RAN1 and RAN2, respectively.
Multiplexing/De-multiplexing
Question “whether multiplexing and de-multiplexing of different logical channels should be supported in MAC for NR MBS” was discussed over post-meeting email discussion [Post111e][904][MBS] L2 Architecture [1]. During last RAN2 meeting, multiplexing in MAC layer is not discussed. 
In TR23.757 [2], conclusions for Key Issue #4 “QoS level support for Multicast and Broadcast communication services” includes that the network shall support one or multiple QoS flow for an MBS session. It is possible that each MBS service has one or multiple logical channels.
In PTP transmission (RAN2), as described in WID “enhancements that are required to enabled simultaneous operation with unicast reception” is supported within the scope of WI [3]. It is possible that UE can receive one or more MBS services and unicast services simultaneously in one slot. Different from LTE SC-PTM “Both SC-MCCH and SC-MTCH cannot be multiplexed with other logical channels in the same MAC PDU except for Padding and SC-PTM Stop Indication”, different logical channels can be used to separate MBS services and unicast services, since PDSCH for both MBS and unicast service are scrambled by C-RNTI. In this case, UE can receive all data in the same transport block by multiplexing multiple logical channels from both MBS and unicast service, even from multiple MBS services.
Proposal 1: [bookmark: _Ref61604389]In PTP transmission (RAN2), multiplexing/de-multiplexing of different logical channels from same or different MBS and unicast service is supported in MAC. 
Considering MBS service may have multiple logical channels, during PTM transmission (RAN2), MAC layer should multiplex logical channel(s) from the same MBS service into the same TB, so that data from the same MBS service can have similar latency as required.
Proposal 2: [bookmark: _Ref61604401]In PTM transmission (RAN2), multiplexing/demultiplexing of different logical channels from the same MBS service/session is supported in MAC for NR MBS.
Moreover, interested MBS services of each UE served in the same NG-RAN may be different let alone the number of interested MBS services. For power saving, UEs do not need to receive and demultiplex those MBS services which are not their interest(s). Even if one UE is interested in multiple MBS services, considering each MBS service has its own latency/QoS requirement, scheduling occurrence among MBS services may not be the same, it is hard to multiplex among logical channels from different MBS services. UE can receive multiple configurations from RAN for different MBS services, and receive each subscribed MBS service data according to its configuration.
Proposal 3: [bookmark: _Ref61604411]In PTM transmission (RAN2), multiplexing/demultiplexing of different logical channels from different MBS services/sessions is not supported in MAC for NR MBS.
Different from MBSFN defined in LTE, it is proposed that MBS and unicast service can share the same LCID space, e.g. Table 6.2.1-1 in TR38.321 [4], as both MTCH and DTCH are mapped to DL-SCH. According to RAN1 agreement, it is possible that PTP (RAN1) can be used as HARQ retransmission scheme for NR MBS. It is important that LCID values retain the same in initial transmission and HARQ retransmission. Hence, it is proposed that those LCID values defined for MBS services cannot be used by unicast service. Also, as discussed in the companion contribution [5], RLC ARQ is also proposed to use either PTP (RAN2) or PTM (RAN2) for retransmission according to the number of UE’s NACK. Since PTP (RAN2) and PTM (RAN2) are using DTCH and MTCH, respectively, one MBS service should allocate different LCIDs for PTP (RAN2) and PTM (RAN2).
Proposal 4: [bookmark: _Ref61604423]NG-RAN assign LCID values for MBS logical channels from LCID values for DL-SCH. One MBS service has different LCIDs in PTP (RAN2) and PTM (RAN2).
DRX
As discussed in companion contribution [6], three types of high QoS multicast services is transmitted via delivery mode 1. To reduce latency caused by RRC state switching, it is considered that UE keep staying in RRC_CONNECTED state for multicast services with high latency requirement, even during the period no data is transmitted. As for multicast services only with high reliability requirement, UE can switch to RRC_IDLE/INACTIVE when there’s no data in transmission. Hence, DRX is used to control UE’s PDCCH monitoring activity and lower UE’s power consumption.
When MBS transmission and retransmission is sent over PTP (RAN2), DRX can reuse the same configuration as what for unicast service, including drx-onDurationTimer, drx-SlotOffset, drx-InactivityTimer, drx-LongCycleStartOffset, drx-RetransmissionTimerDL, drx-HARQ-RTT-TimerDL, etc. 
Proposal 5: [bookmark: _Ref61604434]DRX of MBS services via PTP transmission (RAN2) reuses the same configuration as unicast service.
[bookmark: _Hlk61474934]For PTM transmission (RAN2), as discussed in the companion contribution [6], traffic channel configurations (MTCH configurations) of multicast services via delivery mode 1 is directly signaled via dedicated RRC signaling. Hence, in delivery mode 1, DRX is only used to monitor PDCCH for RNTI value of MTCH. 
MBS services may have different scheduling occurrence according to its QoS requirement, a unique set of DRX parameters should be configured for each MBS services. MBS DRX can follow the same mechanism as defined in normal DRX.
During PTM transmission (RAN2), both PDCCH and PDSCH are scrambled with G-RNTI during MBS initial transmission. Each DRX operation controls UE’s PDCCH monitoring activity for each MBS service corresponding G-RNTI, including parameters:
· drx-onDurationTimerMBS: the duration at the beginning of a DRX cycle of a MBS service;
· drx-SlotOffsetMBS: the delay before starting the drx-onDurationTimerMBS of a MBS service;
· drx-InactivityTimerMBS: the duration after the PDCCH occasion in which a PDCCH indicates a new MBS transmission for the MAC entity;
· drx-schedulingPeriodStartOffsetMBS: the SchedulingCycleMBS and drx-StartOffsetMBS which defines the subframe where the MBS DRX cycle starts, where the value of SchedulingCycleMBS is in ms and drx-StartOffsetMBS is in multiples of 1ms.
Proposal 6: [bookmark: _Ref61604448]DRX configuration drx-onDurationTimerMBS, drx-SlotOffsetMBS, drx-InactivityTimerMBS and drx-schedulingPeriodStartOffsetMBS is used for MBS initial transmission via PTM (RAN2).
Moreover, HARQ-ACK feedback for RRC_CONNECTED UE is agreed in RAN1 for NR MBS. Considering DL MBS traffic HARQ retransmission may be expected by the MAC entity, other than drx-onDurationTimerMBS, drx-SlotOffsetMBS, drx-InactivityTimerMBS and drx-schedulingPeriodStartOffsetMBS, comparing with LTE SC-PTM, DL HARQ RTT timer and DL retransmission timer for MBS transmission channel are introduced for NR MBS DRX, e.g. drx-HARQ-RTT-TimerDLMBS and drx-RetransmissionTimerDLMBS, respectively. Following parameters are configured differently for different options:
· drx-RetransmissionTimerDLMBS: the maximum duration until a MBS retransmission is received (per MBS service);
· drx-HARQ-RTT-TimerDLMBS: the minimum duration before a DL assignment for MBS HARQ retransmission is expected by the MAC entity. 
However, considering HARQ retransmission has different options, e.g. via PTM scheme 1, PTM scheme 2 and PTP (RAN1). HARQ related DRX timers can be configured differently based on different transmission scheme used for HARQ retransmission.
If PTM scheme 1 (RAN1) is used for retransmission, drx-HARQ-RTT-TimerDLMBS starts after UE sends HARQ feedback for MTCH and monitors DL assignment in PDCCH scrambled by G-RNTI. Timer drx-RetransmissionTimerDLMBS starts after the expiry of drx-HARQ-RTT-TimerDLMBS and stops if PDCCH indicates a DL transmission for corresponding HARQ process.
Proposal 7: [bookmark: _Ref61604458]HARQ related DRX timer drx-HARQ-RTT-TimerDLMBS and drx-RetransmissionTimerDLMBS are configured if PTM scheme 1 (RAN1) is used for MBS retransmission.
If PTP (RAN1) is used for retransmission, MBS DRX HARQ related timers are not suitable to monitor retransmission via UE-specific PDSCH. Normal DRX timer drx-HARQ-RTT-TimerDL starts for the corresponding HARQ process. Another normal DRX timer drx-RetransmissionTimerDL also follows the same procedure as normal DRX.
Proposal 8: [bookmark: _Ref61604471]HARQ related DRX timer drx-HARQ-RTT-TimerDL and drx-RetransmissionTimerDL are configured if PTP (RAN1) is used for MBS retransmission.
In PTM scheme 2 (RAN1), different from above two options, since UE-specific PDCCH with CRC scrambled by C-RNTI, normal DRX timer drx-HARQ-RTT-TimerDL starts after the end of the corresponding transmission carrying the DL MBS HARQ feedback. Then drx-HARQ-RTT-TimerDLMBS starts after the expiry of drx-HARQ-RTT-TimerDL, since UE receives HARQ retransmission via the group-common PDSCH.
Proposal 9: [bookmark: _Ref61604485]HARQ related DRX timer drx-HARQ-RTT-TimerDL and drx-RetransmissionTimerDLMBS are configured if PTM scheme 2 (RAN1) is used for MBS retransmission.
Delivery mode 2 is similar as LTE SC-PTM, DRX is configured separately for MCCH and MTCH. For simplicity of transmission for low QoS MBS services, in delivery mode 2, only PTM transmission scheme (RAN2) is considered. HARQ support in RRC_IDLE/INACTIVE UE is still under discussion in RAN1, it is suggested that HARQ related timers are also configured for delivery mode 2 if HARQ is supported for RRC_IDLE/INACTIVE UEs. In this case, DRX for MTCH in delivery mode 2 is also configured per MBS service, including drx-onDurationTimerMBS, drx-SlotOffsetMBS, drx-InactivityTimerMBS, drx-schedulingPeriodStartOffsetMBS, drx-RetransmissionTimerDLMBS, drx-HARQ-RTT-TimerDLMBS, etc.
Proposal 10: [bookmark: _Ref61604498]DRX configuration parameters for each MTCH in delivery mode 2 includes: drx-onDurationTimerMBS, drx-SlotOffsetMBS, drx-InactivityTimerMBS, drx-schedulingPeriodStartOffsetMBS, drx-RetransmissionTimerDLMBS, drx-HARQ-RTT-TimerDLMBS.
Different from delivery mode 1, MCCH is introduced in delivery mode 2 to transmit traffic control information. A new RNTI (MBS-RNTI), similar to SC-RNTI in LTE SC-PTM, is introduced to dynamically schedule NR MBS delivery mode 2 control information. In [Post112-e][069][MBS] “Delivery mode 2” email discussion [7], RAN2 further discuss if multiple MCCH based PTM (RAN2) configuration can be supported for NR MBS delivery mode 2. Regardless how many MCCH is configured, DRX is considered to configure for each MCCH. DRX configuration for MCCH includes timer drx-onDurationTimerMBS, drx-SlotOffsetMBS, drx-InactivityTimerMBS.
Proposal 11: [bookmark: _Ref61604513]DRX configuration parameters for each MCCH in delivery mode 2 includes: drx-onDurationTimerMBS, drx-SlotOffsetMBS, drx-InactivityTimerMBS, drx-schedulingPeriodStartOffsetMBS.
According to QoS requirement of different MBS services, MBS DRX timer durations may vary among services and different from normal DRX.
Normal DRX configuration is independent from MBS services. For a certain MBS service, it is possible that UE can receive PTP (RAN2) and PTM (RAN2) simultaneously. In this case, UE is configured with both PTP (RAN2)/normal DRX parameters and PTM (RAN2) DRX parameters. It is also possible that UE receives one MBS in PTP (RAN2) using normal DRX configuration and another MBS in PTM (RAN2) using PTM (RAN2) DRX configuration.
RAN1 should further discuss whether HARQ retransmission is supported via PTP (RAN1) and PTM scheme 2 (RAN1) and how to decide the switch between different HARQ retransmission schemes. If multiple HARQ retransmission schemes are supported, MBS services can configure either full set of DRX configurations or limited configurations according to the chosen retransmission scheme. For example, if PTM scheme 1 (RAN1) is used for initial transmission and PTP (RAN1) is used for HARQ retransmission, HARQ related DRX timers can be configured with NULL and replaced by HARQ related DRX timers for unicast service.
SPS
In LTE SC-PTM, SPS is not supported for multicast and broadcast services. As agreed in RAN1 #103e meeting, SPS group-common PDSCH for MBS is supported for RRC_CONNECTED UEs. Since there’s no uplink data transmission in MBS, only DL SPS is supported. Both dynamic scheduling and DL SPS should be supported for NR MBS. 
SPS of PTP transmission (RAN2) in delivery mode 1 should have the same configuration/behavior for unicast service. CS-RNTI is used for DL SPS activation/deactivation/retransmission. 
Proposal 12: [bookmark: _Ref61604523]In PTP transmission (RAN2), CS-RNTI is used for DL SPS activation/deactivation/retransmission.
As discussed in section 2.2, group-common PDSCH is used for both transmission and retransmission in PTM transmission (RAN2). Similar as DRX configured per MBS service, each MBS service has its own DL SPS configuration according to its QoS requirement. A new type of RNTI (e.g. G-CS-RNTI) can be used to indicate configured scheduled MBS transmission. 
In normalSPS, HARQ process ID is derived from CURRENT_slot, numberOfSlotsPerFrame, periodicity, nrofHARQ-Processes and harq-ProcID-Offset. It is possible that MBS DL SPS may be overlapped with normal DL SPS. In order to avoid the initial transmission of DL SPS for MBS and unicast service use the same HARQ process ID when they are configured in the same slot, mbs-nrofHARQ-Processes, mbs-harq-ProcID-Offset and mbs-periodicity are introduced to calculate HARQ process ID of DL SPS for MBS. If DL SPS for MBS and unicast service are overlapped in the same slot, MBS DL SPS can set a different HARQ process ID by using mbs-harq-ProcID-Offset.
Following parameters is configured for MBS DL SPS:
-	g-cs-RNTI: G-CS-RNTI for activation, deactivation, and retransmission;
-	mbs-nrofHARQ-Processes: the number of configured HARQ processes for MBS DL SPS;
-	mbs-harq-ProcID-Offset: Offset of HARQ process for MBS DL SPS;
-	mbs-periodicity: periodicity of configured downlink assignment for MBS DL SPS.
Proposal 13: [bookmark: _Ref61604533]MBS DL SPS is configured with parameters g-cs-RNTI, mbs-nrofHARQ-Processes, mbs-harq-ProcID-Offset and mbs-periodicity.
Proposal 14: [bookmark: _Ref61604541]G-CS-RNTI is used for MBS DL SPS activation/deactivation/retransmission if PTM scheme (RAN1) is used for initial transmission and retransmission in both delivery mode 1 and delivery mode 2. 
However, if PTP (RAN1) is used for retransmission, both CS-RNTI and G-CS-RNTI are used in MBS DL SPS because CS-RNTI is used for dynamic scheduling for retransmission in the normal DL SPS. During MBS DL SPS, G-CS-RNTI is used for DL SPS activation/deactivation. CS-RNTI is used to indicate the retransmission from DL SPS, so that the downlink assignment of MBS DL SPS retransmission can be received on the PDCCH which is scrambled with CS-RNTI in PTP (RAN1). The retransmission TB can be identified for MBS by comparing HARQ process ID with initial transmission.
Proposal 15: [bookmark: _Ref61604550]If RAN1 agreed PTM scheme 1 (RAN1) is used for initial transmission and PTP (RAN1) is used for retransmission in delivery mode 1, G-CS-RNTI is used for activation/deactivation, CS-RNTI is used for retransmission. 
Conclusion
In this contribution, we defined PTP and PTM definition in RAN2 should be based on logical channel used for MBS transmission. We then analyzed the support of MBS multiplexing, including multiplexing between multiple MBS services, multiplexing between MBS and unicast service. Then the configuration parameters for MBS DRX, SPS are discussed for different considerations of initial transmission and retransmission. 
We propose the following observations and proposals:
Observation 1: Understanding of the terminology “PTP” and “PTM” is different in RAN1 and RAN2. In RAN2, PTP transmission use dedicated logical channel, while PTM transmission use shared logical channel.
Observation 2: From RAN2’s perspective, PTM transmission (shared logical channel) could be used in HARQ retransmission via UE-specific PDCCH/PDSCH (i.e. PTP transmission scheme defined in RAN1).
Proposal 1: In PTP transmission (RAN2), multiplexing/de-multiplexing of different logical channels from same or different MBS and unicast service is supported in MAC.
Proposal 2: In PTM transmission (RAN2), multiplexing/demultiplexing of different logical channels from the same MBS service/session is supported in MAC for NR MBS.
Proposal 3: In PTM transmission (RAN2), multiplexing/demultiplexing of different logical channels from different MBS services/sessions is not supported in MAC for NR MBS.
Proposal 4: NG-RAN assign LCID values for MBS logical channels from LCID values for DL-SCH. One MBS service has different LCIDs in PTP (RAN2) and PTM (RAN2).
Proposal 5: DRX of MBS services via PTP transmission (RAN2) reuses the same configuration as unicast service.
Proposal 6: DRX configuration drx-onDurationTimerMBS, drx-SlotOffsetMBS, drx-InactivityTimerMBS and drx-schedulingPeriodStartOffsetMBS is used for MBS initial transmission via PTM (RAN2).
Proposal 7: HARQ related DRX timer drx-HARQ-RTT-TimerDLMBS and drx-RetransmissionTimerDLMBS are configured if PTM scheme 1 (RAN1) is used for MBS retransmission.
Proposal 8: HARQ related DRX timer drx-HARQ-RTT-TimerDL and drx-RetransmissionTimerDL are configured if PTP (RAN1) is used for MBS retransmission.
Proposal 9: HARQ related DRX timer drx-HARQ-RTT-TimerDL and drx-RetransmissionTimerDLMBS are configured if PTM scheme 2 (RAN1) is used for MBS retransmission.
Proposal 10: DRX configuration parameters for each MTCH in delivery mode 2 includes: drx-onDurationTimerMBS, drx-SlotOffsetMBS, drx-InactivityTimerMBS, drx-schedulingPeriodStartOffsetMBS, drx-RetransmissionTimerDLMBS, drx-HARQ-RTT-TimerDLMBS.
Proposal 11: DRX configuration parameters for each MCCH in delivery mode 2 includes: drx-onDurationTimerMBS, drx-SlotOffsetMBS, drx-InactivityTimerMBS, drx-schedulingPeriodStartOffsetMBS.
Proposal 12: In PTP transmission (RAN2), CS-RNTI is used for DL SPS activation/deactivation/retransmission.
Proposal 13: MBS DL SPS is configured with parameters g-cs-RNTI, mbs-nrofHARQ-Processes, mbs-harq-ProcID-Offset and mbs-periodicity.
Proposal 14: G-CS-RNTI is used for MBS DL SPS activation/deactivation/retransmission if PTM scheme (RAN1) is used for initial transmission and retransmission in both delivery mode 1 and delivery mode 2.
[bookmark: _GoBack]Proposal 15: If RAN1 agreed PTM scheme 1 (RAN1) is used for initial transmission and PTP (RAN1) is used for retransmission in delivery mode 1, G-CS-RNTI is used for activation/deactivation, CS-RNTI is used for retransmission. 
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