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In RAN2#114-e, the group scheduling of NR MBS was discussed and the following agreements were made during RAN2#114-e:  

	[bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16]Agreements (RAN2#114-e): 
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.



This paper intends to further discuss the DRX scheme for NR MBS.
DRX scheme for NR MBS 
DRX is an essential feature to handle UE power consumption. In the last meeting, it was agreed that for NR MBS delivery mode 2, LTE SC-PTM DRX scheme is used as baseline for PTM transmission. It is 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. It is also FFS whether DRX operation for unicast transmission is reused for PTP transmission. 

For both delivery mode 1 and delivery mode 2, from physical layer perspective, UE monitors different PTM PDCCH than the unicast PDCCH. Different PDCCH follows its own DRX pattern. The PTM PDCCH of the corresponding MBS service is common to all receiving UEs. Then it is not reasonable for the PTM PDCCH to share the same DRX pattern of any single UE’s unicast PDCCH, since there may be multiple UEs receiving the MBS service. Hence, the DRX scheme for PTM transmission should be independent of the DRX for unicast transmission. 
Proposal-1:  PTM DRX scheme is independent of DRX for unicast transmission
In addition, as agreed at last meeting, one-to-one mapping between G-RNTI and MBS session is supported in NR MBS. One MBS session can be scheduled by one PTM PDCCH. In this case, if one UE is interested in multiple MBS services, he should monitor multiple PTM PDCCHs. Different MBS services cannot share DRX scheme, since they may have different characteristics. In practice, most PTM transmissions should have its independent of DRX pattern. Therefore, the PTM DRX scheme is supported on a per G-RNTI basis.
Proposal-2:  PTM DRX scheme is supported on a per G-RNTI basis. 

Apparently, if one UE intends to receive multiple MBS services, the UE needs to monitor multiple G-RNTIs. Then if the different PDCCH scheduling the different MBS services follows different DRX patterns, the UE may not enjoy the power saving characteristics of DRX operation any more, since those DRX patterns may be interleaved. There may be a need to further study an optimization mechanism to coordinate the DRX patterns among the MBS services, in order to keep the UE power saving in a reasonable level. However we doubt if there is sufficient time for RAN2 to afford the discussion of such optimization at Rel-17.     
Proposal-2a:  Further study on the optimization for power saving considering the DRX scheme for multiple MBS services can be postponed.

For MBS transmission, there is no difference between PTP transmission and unicast transmission from PDCCH monitoring perspective. The DRX scheme for unicast transmission should be reused for PTP transmission.  
Proposal-3:  DRX operation for unicast transmission is reused for PTP transmission.

For LTE SC-PTM, for each SC-RNTI of the MAC entity, RRC controls its DRX operation by configuring the timers, onDurationTimerSCPTM, drx-InactivityTimerSCPTM, the SCPTM-SchedulingCycle and the value of the SCPTM-SchedulingOffset for SC-RNTI, as shown in the table below (with reference to TS36.331): 

	onDurationTimerSCPTM
	Timer for SC-MTCH reception in TS 36.321 [6]. Value in number of PDCCH sub-frames. Value psf1 corresponds to 1 PDCCH sub-frame, psf2 corresponds to 2 PDCCH sub-frames and so on.

	drx-InactivityTimerSCPTM
	Timer for SC-MTCH in TS 36.321 [6]. Value in number of PDCCH sub-frames. Value psf0 corresponds to 0 PDCCH sub-frame and behaviour as specified in 7.3.2 applies, psf1 corresponds to 1 PDCCH sub-frame, psf2 corresponds to 2 PDCCH sub-frames and so on.

	schedulingPeriodStartOffsetSCPTM
	SCPTM-SchedulingCycle and SCPTM-SchedulingOffset in TS 36.321 [6]. The value of SCPTM-SchedulingCycle is in number of sub-frames. Value sf10 corresponds to 10 sub-frames, sf20 corresponds to 20 sub-frames and so on. The value of SCPTM-SchedulingOffset is in number of sub-frames. The E-UTRAN does not configure a maximum value 2048 for sf2048, 4096 for sf4096 or 8192 for sf8192.



The DRX operation specified for LTE SC-PTM is independently from the DRX operation specified for unicast.

For NR MBS PTM DRX operation, LTE SC-PTM DRX timers (i.e. on-duration-timer, inactivity-timer, SchedulingCycle and SchedulingOffset) should be the baseline. 

Proposal-4: NR MBS PTM DRX operation reuses LTE SC-PTM DRX timers (i.e. on-duration-timer, inactivity-timer, SchedulingCycle and SchedulingOffset).

In addition, for NR MBS delivery mode 1 (i.e. multicast), it supports both HARQ feedback and HARQ retransmission, which is more like unicast transmission. Then we need to review the unicast HARQ to see if they fit. The unicast DRX configuration is shown in the table below (with reference to TS38.331): 

	drx-HARQ-RTT-TimerDL
	Value in number of symbols of the BWP where the transport block was received.

	drx-HARQ-RTT-TimerUL
	Value in number of symbols of the BWP where the transport block was transmitted.

	drx-InactivityTimer
	Value in multiple integers of 1 ms. ms0 corresponds to 0, ms1 corresponds to 1 ms, ms2 corresponds to 2 ms, and so on.

	drx-LongCycleStartOffset
	drx-LongCycle in ms and drx-StartOffset in multiples of 1 ms. If drx-ShortCycle is configured, the value of drx-LongCycle shall be a multiple of the drx-ShortCycle value.

	drx-onDurationTimer
	Value in multiples of 1/32 ms (subMilliSeconds) or in ms (milliSecond). For the latter, value ms1 corresponds to 1 ms, value ms2 corresponds to 2 ms, and so on.

	drx-RetransmissionTimerDL
	Value in number of slot lengths of the BWP where the transport block was received. value sl0 corresponds to 0 slots, sl1 corresponds to 1 slot, sl2 corresponds to 2 slots, and so on.

	drx-RetransmissionTimerUL
	Value in number of slot lengths of the BWP where the transport block was transmitted. sl0 corresponds to 0 slots, sl1 corresponds to 1 slot, sl2 corresponds to 2 slots, and so on.

	drx-ShortCycleTimer
	Value in multiples of drx-ShortCycle. A value of 1 corresponds to drx-ShortCycle, a value of 2 corresponds to 2 * drx-ShortCycle and so on.

	drx-ShortCycle
	Value in ms. ms1 corresponds to 1 ms, ms2 corresponds to 2 ms, and so on.

	drx-SlotOffset
	Value in 1/32 ms. Value 0 corresponds to 0 ms, value 1 corresponds to 1/32 ms, value 2 corresponds to 2/32 ms, and so on.




According to the table above, both DL HARQ RTT Timer and DL Retransmission Timer should be applicable to the DRX operation of NR MBS delivery mode 1(i.e. multicast), in order to support HARQ feedback and HARQ retransmission. Hence both DL HARQ RTT timer and DL Retransmission timer should be configured for each PTM DRX operation in addition to the LTE SC-PTM DRX timers for NR MBS delivery mode 1(i.e. multicast).

Proposal-5:  DL HARQ RTT timer and DL Retransmission timer are configured for each PTM DRX operation in addition to the LTE SC-PTM DRX timers for NR MBS delivery mode 1(i.e. multicast).

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-6:  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-7:  PTM SPS scheme is supported on a per G-CS-RNTI basis.
 
2.1 
2.2 
Conclusion
The following proposals are made:
Proposal-1:  PTM DRX scheme is independent of DRX for unicast transmission

Proposal-2:  PTM DRX scheme is supported on a per G-RNTI basis.
[bookmark: _GoBack]Proposal-2a: Further study on the optimization for power saving considering the DRX scheme for multiple MBS services can be postponed.

Proposal-3:  DRX operation for unicast transmission is reused for PTP transmission.

Proposal-4: NR MBS PTM DRX operation reuses LTE SC-PTM DRX timers (i.e. on-duration-timer, inactivity-timer, SchedulingCycle and SchedulingOffset).

Proposal-5:  DL HARQ RTT timer and DL Retransmission timer are configured for each PTM DRX operation in addition to the LTE SC-PTM DRX timers for NR MBS delivery mode 1(i.e. multicast).
Proposal-6:  An independent of SPS parameters (including periodicity, nrofHARQ-Processes, harq-ProcID-Offset and G-CS-RNTI) is used for MBS services.
Proposal-7:  PTM SPS scheme is supported on a per G-CS-RNTI basis.
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