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Introduction
In RAN2#114-e meeting [1], following agreements were made related to DRX operation for MBS services
	· 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. 



Paper discusses further, the issues related to power saving and scheduling aspects for MBS services.
Discussion
DRX for MBS
Delivery Mode 2 – DRX for PTM 
Adhering to LTE SC-PTM principle, for DM2 each MBS session can have a service specific DRX configuration for reception with PTM mode and is associated with a specific G-RNTI. However, there are some important aspects that need to be further considered.
There may be a large number of broadcast services (e.g. LTE SC-PTM considered max 1024 services). It is reasonable to consider NR MBS should possibly have same number of broadcast services. Notably, SCPTMConfiguration message over SC-MCCH in LTE SC-PTM was not bounded in size (size could be roughly about 13K bytes). However, there are “new constraints” for RRC message over MCCH (e.g. MBSBroadcastConfiguration) in NR MBS, captured as below observations: 
Observation 1: PDCP layer is applicable for NR MBS stack in DM2 and message over MCCH is now subject to maximum PDCP SDU size limitation (9000 bytes). This puts a bound on message size over MCCH for NR MBS. That is, RRC message over MCCH having maximum MBS services with all configuration parameters and DRX scheduling timers and configurations must abide by the PDCP bound for NR MBS.
Observation 2: It is quite likely that many MBS services may have similar DRX configurations given the similar latency requirements
Observation 3: MCCH transmission time is constrained from beam sweeping in time domain and MCCH is restricted to initial MBS BWP or lower MBS BWP/CFR as configured. This leads to extension in MCCH transmission time (M beams x N MCCH segments) and resultant power consumption for UE.
It would be efficient from power saving as well as signaling perspective to group multiple services which share same DRX pattern (unlike LTE SC-PTM which carries separate and independent signaling for DRX configuration for each service leading to a large RRC message over SC-MCCH). (Also refer our companion Doc R2-2107236 [2]). Effectively, multiple MBS PTM services can share a common DRX configuration for DM2. In practice, MBSBroadcastConfiguration over MCCH can comprise of a list of DRX configurations, and a list of MBS services configurations each of which is mapped to list of DRX configurations with a DRX configuration index.
Proposal 1: For delivery mode 2, each MBS session reception is with PTM mode and is associated with a service specific DRX configuration and UE receives MBS traffic in the active time of the associated DRX.
Proposal 2: For delivery mode 2, multiple MBS PTM services can share a common DRX configuration.
Proposal 3: For delivery mode 2, multiple MBS PTM services that share a common DRX configuration, are grouped and signalled together in MCCH for DRX configuration (e.g. with a common DRX configuration index).
Similar to LTE SC-PTM, MBS DM2 PTM DRX configuration should include drx-onDurationTimer-MBS, drx-InactivityTimer-MBS and schedulingPeriodStartOffset-MBS as baseline for DRX operation. Further, it is not yet decided if DM2 can also support feedback-less HARQ retransmission. This may be quite effective for certain MBS services which are delay insensitive but require reliability. However, this will also necessitate HARQ DRX timer drx-RetransmissionTimerDL-MBS to track the timing for retransmission.
Proposal 4: Delivery mode 2 PTM DRX configuration includes MBS-onDurationTimer, MBS-drx-InactivityTimer timers and schedulingPeriodStartOffset-MBS parameter as baseline. 
Proposal 5: RAN2 to discuss and decide if feedback-less HARQ retransmission is applicable for delivery mode 2 or not. Further, if feedback-less retransmission is agreed in DM2, then MBS-drx-RetransmissionTimer- DL timer is also configured for relevant MBS services.
Delivery Mode 1 – DRX for PTM and DRX for PTP 
As compared to DM2, PTM in DM1 will have HARQ functionality and DRX configuration includes drx-onDurationTimerMBS, drx-InactivityTimer-MBS, schedulingPeriodStartOffset-MBS, drx-RetransmissionTimerDL-MBS and drx-HARQ-RTT-TimerMBS.
Proposal 6: Delivery mode 1 PTM DRX configuration includes drx-onDurationTimerMBS, drx-InactivityTimer-MBS, schedulingPeriodStartOffset-MBS, drx-RetransmissionTimerDL-MBS and drx-HARQ-RTT-TimerMBS.
[bookmark: _GoBack]PTP mode is closely related to legacy unicast and UE specific unicast C-DRX is suitable. Therefore, PTP DRX configuration should be same as unicast DRX configuration.
Proposal 7: MBS session reception via PTP mode reuses UE specific unicast DRX.
Though PTM and PTP have different DRX i.e. service specific and UE specific DRX respectively, they may be linked in some cases for HARQ retransmissions. That is, it is possible that PTM provides initial transmission and PTP carries HARQ retransmissions (addressed by C-RNTI or UE specific RNTI). This implies that PTP should be in active time to receive HARQ retransmissions. More specifically, drx-HARQ-RTT-TimerDL timer nd drx-RetransmissionTimerDL timer are operated for PTP when MBS initial transmission is received for PTM and HARQ retransmission is configured to be received through PTP.
Proposal 8: When PTM HARQ retransmissions are configured to be received on PTP, PTP should be in active time to receive HARQ retransmissions. 
Proposal 9: drx-HARQ-RTT-TimerDL timer and drx-RetransmissionTimerDL timer are operated for PTP when MBS initial transmission is received for PTM and HARQ retransmission is configured to be received through PTP.
WUS for MBS Multicast
WUS (Wake-Up Signal) is introduced in Release 16 for Connected mode UE power saving. It is worthwhile to consider whether WUS approach which has been defined for unicast is also applicable to MBS multicast, particularly to PTP reception path which resembles unicast, and may also follow unicast DRX configuration. In either of the two cases, i.e. WUS is applied to PTP reception or not, there is a need for clarity for UE behavior in the specification.
· Option 1: WUS is not applied to PTP - UE needs to be prepared to receive on PTP reception path, regardless of WUS indication for the next DRX cycle.
· Option 2: WUS is applied to PTP - UE should skip receiving MBS on PTP reception path, when WUS indicates no allocation for the next DRX cycle. 
In general, approach (a) appears to be complicated with maintaining different handling for PTP reception and unicast reception. RAN2 should discuss and decide on these aspects and reach a conclusion for Release 17 MBS.
Proposal 10: RAN2 to discuss and decide whether WUS is applicable for MBS multicast (particularly PTP reception path) or not, and specify a clear UE behavior in Release 17 MBS specification.
Data Inactivity for MBS Multicast
In RAN2#112e meeting, following agreement was made “When there is no data ongoing for the multicast session, the UE can stay in RRC_CONNECTED. Other cases FFS”. 
For legacy RRC_CONNECTED state UE, data inactivity monitoring can be applied and UE transits to RRC_IDLE state once data-InactivityTimer is expired. It can also be noted that in LTE the timer was not operated for eMBMS traffic because LTE eMBMS traffic can be received transparently from any RRC state, unlike NR MBS multicast session. Therefore, we see there are certain issues with the mentioned MBS agreement as follows:
1. It conflicts with the legacy mechanism of data inactivity monitoring for unicast. That is, as per legacy, UE may transit to RRC_IDLE state when data-InactivityTimer is expired, irrespective of multicast session status for the UE and this is problematic.
2. There is no clear defined limit as to how long an UE can stay in RRC_CONNECTED when there is no data ongoing for the multicast session. When a multicast session is deactivated, a UE should transit out of RRC_CONNECTED state after a certain time. This time duration ensures there is no undesired ping-pong for state transitions and unicast session is also not active e.g. data-InactivityTimer is expired. Such UE can be informed through group notification mechanism for multicast session ‘activation’ in RRC_IDLE/RRC_INACTIVE state, and UE returns back to RRC_CONNECTED state to receive multicast session.
3. Keeping UEs in RRC_CONNECTED state for which multicast session data is not ongoing is drastic from power saving and active connections capacity perspective.
4. Multicast session can use MTCH and/or PTP DTCH logical channels. It may appear PTP DTCH is addressed by data-InactivityTimer (which considers CCCH/DCCH/DTCH in legacy) but not MTCH. There is a need to clarify the behavior.
To address these issues, it seems imperative that data Inactivity monitoring is applied together for unicast and MBS multicast (i.e. both MTCH and PTP DTCH) to decide state transition for UE. As in legacy, UE transits to Idle mode when data-InactivityTimer is expired. Further,
· It seems obvious that network can suitably configure data-InactivityTimer to consider both unicast and MBS multicast. Alternatively, it is also a possible approach that network may configure a different MBS-data-InactivityTimer specifically for MBS multicast (i.e. both MTCH and PTP DTCH) to control UE’s state transition. However, a common timer approach for unicast and MBS multicast would be simpler.
· Broadcast service can be received in any RRC state and therefore, no new provision is needed for MBS broadcast services with regard to data inactivity monitoring.
Proposal 11: Data Inactivity monitoring is applied together for unicast and MBS multicast (i.e. both MTCH and PTP DTCH) to decide state transition for UE. UE transits to Idle mode when data-InactivityTimer is expired.
BWP Aspect in Connected Mode
UE’s interested MBS service may be ongoing on non-active BWP. 
· Option 1: Active BWP shall be switched for MBS service
· Option 2: UE is provided MBS service in PTP mode on active BWP
· Option 3: MBS-active BWP and Unicast-active BWP can be different or not receivable together. A mechanism to resolve this issue is necessary, e.g., reporting this mismatch, autonomous BWP switch for MBS, TDM-like switch, etc.
· Option 4: MBS capable UE has two RF chains per cell. UE can receive both MBS BWP and active unicast BWP.
Considering the complexity from RAN2 perspective, option 2 looks feasible. Option 1 may work if there is no active unicast service on active BWP; otherwise active BWP need to be switched together for unicast and multicast by network. 
Proposal 12: RAN2 to further discuss the alternatives to receive UE’s interested MBS service ongoing on non-active BWP.
Besides, in order to support multicast PTM reception for low capability UEs i.e. UEs not having spare receiver, RAN2 should also address service distribution aspects with respect to BWP as follows:
a) Configure all these UEs with same BWP (concentration)
b) Support distribution of these UEs across BWPs implying MBS services are duplicated on different BWPs (distribution)
c) TDM approach i.e. during slot, involved UEs can be distributed across different BWPs (switching)
Proposal 13: RAN2 to further discuss the different MBS service distribution aspects with regard to BWP in order to support low capability UEs receiving MBS services.
BWP Switching
Consider that MBS service is being received on MBS BWP or frequency resource associated with unicast BWP. UE currently receiving its interested MBS services should not switch to other unicast BWP by e.g. Network’s BWP switching indication or bwp-InactivityTimer expiry, in order to support MBS service reception. 
· Network’s BWP switching: Network shall not indicate BWP switching to UE receiving MBS service. For multicast MBS service received by UE in RRC_CONNECTED state, gNB is aware of it. Notably, for broadcast services in RRC_IDLE/RRC_INACTIVE or RRC_CONNECTED state, MBS service would be provided in Initial BWP and moreover, it is provided in best effort manner and therefore, any guaranteed mechanism is not needed.
· bwp-InactivityTimer expiry: UE is not needed to switch to default BWP or Initial BWP when UE is receiving it’s interested MBS service.
Proposal 14: UE is not allowed to switch BWP at bwp-InactivityTimer expiry, if it is receiving interested MBS service.
Conclusion
We request RAN2 to discuss and possibly agree to the observations and proposals made as:
DRX for MBS
Observation 1: PDCP layer is applicable for NR MBS stack in DM2 and message over MCCH is now subject to maximum PDCP SDU size limitation (9000 bytes). This puts a bound on message size over MCCH for NR MBS. That is, RRC message over MCCH having maximum MBS services with all configuration parameters and DRX scheduling timers and configurations must abide by the PDCP bound for NR MBS.
Observation 2: It is quite likely that many MBS services may have similar DRX configurations given the similar latency requirements
Observation 3: MCCH transmission time is constrained from beam sweeping in time domain and MCCH is restricted to initial MBS BWP or lower MBS BWP/CFR as configured. This leads to extension in MCCH transmission time (M beams x N MCCH segments) and resultant power consumption for UE.
Proposal 1: For delivery mode 2, each MBS session reception is with PTM mode and is associated with a service specific DRX configuration and UE receives MBS traffic in the active time of the associated DRX.
Proposal 2: For delivery mode 2, multiple MBS PTM services can share a common DRX configuration.
Proposal 3: For delivery mode 2, multiple MBS PTM services that share a common DRX configuration, are grouped and signalled together in MCCH for DRX configuration (e.g. with a common DRX configuration index).
Proposal 4: Delivery mode 2 PTM DRX configuration includes MBS-onDurationTimer, MBS-drx-InactivityTimer timers and schedulingPeriodStartOffset-MBS parameter as baseline. 
Proposal 5: RAN2 to discuss and decide if feedback-less HARQ retransmission is applicable for delivery mode 2 or not. Further, if feedback-less retransmission is agreed in DM2, then MBS-drx-RetransmissionTimer- DL timer is also configured for relevant MBS services.
Proposal 6: Delivery mode 1 PTM DRX configuration includes drx-onDurationTimerMBS, drx-InactivityTimer-MBS, schedulingPeriodStartOffset-MBS, drx-RetransmissionTimerDL-MBS and drx-HARQ-RTT-TimerMBS.
Proposal 7: MBS session reception via PTP mode reuses UE specific unicast DRX.
Proposal 8: When PTM HARQ retransmissions are configured to be received on PTP, PTP should be in active time to receive HARQ retransmissions. 
Proposal 9: drx-HARQ-RTT-TimerDL timer and drx-RetransmissionTimerDL timer are operated for PTP when MBS initial transmission is received for PTM and HARQ retransmission is configured to be received through PTP.
WUS for MBS Multicast
Proposal 10: RAN2 to discuss and decide whether WUS is applicable for MBS multicast (particularly PTP reception path) or not, and specify a clear UE behavior in Release 17 MBS specification.
Data Inactivity for MBS Multicast
Proposal 11: Data Inactivity monitoring is applied together for unicast and MBS multicast (i.e. both MTCH and PTP DTCH) to decide state transition for UE. UE transits to Idle mode when data-InactivityTimer is expired.
BWP Aspect in Connected Mode
Proposal 12: RAN2 to further discuss the alternatives to receive UE’s interested MBS service ongoing on non-active BWP.
Proposal 13: RAN2 to further discuss the different MBS service distribution aspects with regard to BWP in order to support low capability UEs receiving MBS services.
BWP Switching
Proposal 14: UE is not allowed to switch BWP at bwp-InactivityTimer expiry, if it is receiving interested MBS service.
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