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Introduction
In the RAN2#115-e meeting, group scheduling and power saving, including logical channel and DRX design were discussed, and following are the agreements related to DRX design and there are still some FFS[1]:
	For multicast PTM transmission, Multicast DRX pattern is configured on a per G-RNTI basis (i.e. independent of legacy UE-specific DRX for unicast transmission).
Legacy UE-specific DRX pattern for unicast is reused for PTP transmission of NR MBS, which means the UE specific DRX pattern are for both unicast services and the MBS PTP bearer of UE
Multicast long DRX support is baseline for PTM. FFS whether to support optional short DRX or not. 
The Multicast Long DRX operation has to support the following parameters which are  similar to the UE-specific DRX for unicast, where the last two parameters are needed if the HARQ- feedback is enabled:
- drx-onDurationTimerPTM
- drx-InactivityTimerPTM
- drx-LongCycleStartOffsetPTM
- drx-SlotOffsetPTM
- drx-HARQ-RTT-TimerDLPTM 
- drx-RetransmissionTimerDLPTM
For NR Broadcast, the DRX pattern is configured per G-RNTI.  
For NR Broadcast, DRX configuration includes: drx-onDurationTimerPTM, drx-SlotOffsetPTM, drx-InactivityTimerPTM, drx-CycleStartOffsetPTM.



In this contribution, we discuss DRX and group scheduling related issues.
Discussion
2.1 DRX design
C-RNTI monitoring
In last meeting, it was agreed that PTM DRX pattern is per G-RNTI designed and independent to unicast DRX, while unicast design is used for PTP transmission:
	For multicast PTM transmission, Multicast DRX pattern is configured on a per G-RNTI basis (i.e. independent of legacy UE-specific DRX for unicast transmission).
Legacy UE-specific DRX pattern for unicast is reused for PTP transmission of NR MBS, which means the UE specific DRX pattern are for both unicast services and the MBS PTP bearer of UE



Based on the current agreements, UE may only monitor related G-RNTI when corresponding DRX is configured.
However, RAN1 has reached a conclusion that PTP retransmission could be used for PTM transmission in RAN1#106e meeting:
	Conclusion:
The specification impact of having a new Type-x CSS for GC-PDCCH in RRC_CONNECTED state can be studied and discussed further.



That’s to say, during UE’s PTM DRX active time, there’s possibility for a UE to monitor C-RNTI.
[bookmark: _Hlk85461782]Observation 1: UE may have PTP retransmission in PTM DRX active time, in other words, UE need to monitor C-RNTI.
This issue is discussed in UP issues email discussion, some companies prefer to follow the LTE mechanism that MRB DRX and unicast DRX are independent, but what we should notice is there’s no HARQ feedback in LTE MBMS design, and there’s no problem to separate the multicast DRX and unicast DRX in LTE. If we follow LTE mechanism totally, UE may miss its retransmission, which may have influence on UE performance and this is not our intention.
Observation 2: If we follow LTE mechanism that multicast DRX and unicast are totally independent, UE may miss retransmission.
There are three solutions discussed in the email discussion to achieve this:
-	Option 1: the UE monitors UE specific PDCCH/C-RNTI when either drx-onDurationTimerPTM or drx-InactivityTimerPTM or drx-RetransmissionTimerDLPTM are running. 
-	Option 2: the UE monitors UE specific PDCCH/C-RNTI only when drx-RetransmissionTimerDLPTM is running. For example, when drx-onDurationTimerPTM and drx-InactivityTimerPTM are running but drx-RetransmissionTimerDLPTM is not running, the UE does not monito UE specific PDCCH/C-RNTI.
-	Option 3: the UE monitors UE specific PDCCH/C-RNTI only during unicast DRX’s active time. Unicast DRX’s RTT timer can be started when PTP retransmission is expected.
From our point of view, Option 2 is a better choice, considering that for option 1, UE need to monitor UE specific PDCCH/C-RNTI in any possible PTM DRX active time, which is not power efficiency for UE，while for option 3, unicast DRX’s RTT timer is started when PTP retransmission is expected, and this seems like a strong binding to unicast DRX and PTM DRX, though we expect UE does not miss its PTP retransmission, as much as possible independence of PTM DRX and unicast DRX is expected condiering their different character.
[bookmark: _Hlk85128398]Proposal 1: the UE monitors UE specific PDCCH/C-RNTI only when drx-RetransmissionTimerDLPTM is running. For example, when drx-onDurationTimerPTM and drx-InactivityTimerPTM are running but drx-RetransmissionTimerDLPTM is not running, the UE does not monito UE specific PDCCH/C-RNTI.
Short DRX
In unicast, UE may be configured with short DRX cycle for a quick wake up compared with long DRX cycle. As to multicast, whether it should be supported mainly depends on the multicast traffic pattern, and RAN2 is kindly to consult with SA2.
Proposal 2: RAN2 could consult with SA2 about the MBS traffic pattern to decide whether short DRX should be supported.
DRX command MAC CE
In the 38.321 Running CR discussion, there’s one FFS whether DRX command MAC CE is support.
In unicast, once DRX command MAC CE is received by UE, UE may fall asleep, benefit for UE’s power saving. And in LTE SC-PTM，UE could be configured with multicast DRX and unicast DRX, which are independent to each other, and DRX command MAC CE is only used for unicast. And in LTE SC-PTM, UE may receive MBMS service in any UE state.
Different from LTE SC-PTM, in NR, multicast service could only be received in RRC_Connected state. If DRX command MAC CE was introduced in multicast, we need to clarify how it works, whether it only applies to multicast or PTM transmission, as there’s also unicast transmission, while from unicast service point, UE needn’t to be in sleep. 
[bookmark: _Hlk85461813]Observation 3: DRX command MAC CE may have effect to UE’s unicast data reception.
Based on analysis above, it’s better not to introduce DRX command MAC CE for multicast.
Proposal 3: It’s better not to introduce DRX command MAC CE for multicast.
2.2 LCID space for PTM
Considering the similarity of PTP transmission and unicast transmission, it was agreed to share the same LCID space for PTP transmission and unicast transmission, while it’s controversial on whether a common LCID space should be used for PTM transmission and unicast transmission.
In our opinion, separate LCID space is more suitable for PTM transmission, which could identify the PTM RLC entity/logical channel clearly. Besides, PTM transmission is shared by a group of UEs, separate LCID space makes it easier to allocate the same LCID for the group.
Proposal 4: Separate LCID space is more suitable for PTM transmission.
As other companies mentioned that, when separate LCID space is used, there could be some problem to identify whether MAC SDUs in a MAC PDU by PTP retransmission in PHY are for MTCHs or DTCHs, when the LCID is the same, if the PTM transmission is miss-detected as depicted in Figure 1, before receiving the G-RNTI DCI, two different UEs may have each received a TB using the same HPID, which for UE-a resulted in NDI bit status ‘0’ whereas for UE-b in NDI bit status ‘1’. When the gNB uses the same HPID for a new TB, with a G-RNTI that both UEs belong to, it is then logically impossible to toggle the NDI in a way that would satisfy the toggling rule for both UEs. This issue is not limited to previous reception via C-RNTI. The same conflict may arise when the earlier RNTIs are different G-RNTIs or G-RNTI and C-RNTI combinations.
[image: ]
Figure 1 Soft-combination problem
What we should notice is that RAN1 discuss this issue as well:
In RAN1#104, it was agreed that
	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.



In RAN1#105e, it was agreed that 
	For HARQ process management, further study whether/how to differentiate the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast.



Based on RAN1’s agreement, we could conclude that with proper HARQ process ID and NDI, this problem could be solved.
Considering this issue is still under discussion in RAN1, and most companies in RAN2 support separate LCID space mechanism, we propose RAN2 could send LS to RAN1 about our reference to promote RAN1’s progress on this issue.
Proposal 5: RAN2 could send an LS to RAN1 about our reference to separate LCID space to promote their progress on the MAC SDU garble issue.
Conclusion
In this contribution, we discussed the remaining multicast DRX design related issues and LCID space related issues, following are our observations and proposals.
Observations：
Observation 1: UE may have PTP retransmission in PTM DRX active time, in other words, UE need to monitor C-RNTI.
Observation 2: If we follow LTE mechanism that multicast DRX and unicast are totally independent, UE may miss retransmission.
Observation 3: DRX command MAC CE may have effect to UE’s unicast data reception.
Proposals：
[bookmark: _Hlk85461849]Proposal 1: the UE monitors UE specific PDCCH/C-RNTI only when drx-RetransmissionTimerDLPTM is running. For example, when drx-onDurationTimerPTM and drx-InactivityTimerPTM are running but drx-RetransmissionTimerDLPTM is not running, the UE does not monito UE specific PDCCH/C-RNTI.
Proposal 2: RAN2 could consult with SA2 about the MBS traffic pattern to decide whether short DRX should be supported.
Proposal 3: It’s better not to introduce DRX command MAC CE for multicast.
Proposal 4: Separate LCID space is more suitable for PTM transmission.
Proposal 5: RAN2 could send an LS to RAN1 about our reference to separate LCID space to promote their progress on the MAC SDU garble issue.
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