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1. Introduction 
During RAN2#115e, below were agreed related to PTM DRX operation for NR MBS:
· 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 document, we are going to discuss about remaining PTM DRX details for receiving multicast and broadcast services. 
2. Discussion
During RAN2#115e, it was agreed to support only long DRX for Multicast PTM DRX. However, NR Multicast is expected to cater to wide range of applications (Ex: MCPTT as voice service) having different traffic patterns. In order to effectively serve various traffic patterns and to maximize UE power saving, it is important to support both Long DRX and optional short DRX as configuration choice.
Proposal 1.   Support optional short DRX configuration for Multicast PTM C-DRX. 

When HARQ ACK/NACK feedback is configured for PTM leg, it is possible that gNB may configure UE specific PUCCH resources in different slots. In Unicast DRX, UE starts HARQ RTT timer after PUCCH NACK transmission. In case of Multicast HARQ ACK/NACK feedback, to align the start of RTT timer for each Multicast UE (due to different timing of PUCCH resources for different UEs), it is desirable to have a common HARQ RTT start timer. The key reason to have common start time for RTT timer is to align DL DRX Re-transmission timer for all UEs which enables the gNB to trigger re-transmission within common DL RTT Re-transmission timer.
In case of ACK/NACK feedback based on UE specific PUCCH resources, to align start time of HARQ RTT timer for multiple UEs, we can consider following options.

Option 1: gNB may configure RTT and DL Re-transmission timer to take different UE feedback time into account as gNB implementation.

Option 2: gNB may indicate UEs to start RTT timer at the end of PDCCH/PDSCH reception and UEs still trigger RTT timer after UE specific PUCCH resource based NACK transmission as shown in figure 1, while RTT timer counts from multicast group GC-PDCCH/GC-PDSCH reception.
With option 1, there is dependency on network configuration of timer value and may effect DRX operation if not properly configured. In order to have consistent PTM DRX behaviour, Option 2 is better approach. 
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Figure 1: HARQ RTT starting from end of GC-PDSCH reception.
Proposal 2.   For Multicast HARQ ACK/NACK feedback using UE specific PUCCH resources, 

gNB can indicate UEs to start HARQ RTT timer from the end of GC-PDCCH or GC-PDSCH reception and UEs still trigger HARQ RTT timer after UE specific NACK transmission while RTT timer counts from multicast GC-PDCCH/GC-PDSCH reception. 

In case of HARQ NACK only feedback, gNB may configure common PUCCH resources and is transparent to UE. In this case, HARQ RTT timer can start at the end of common PUCCH based NACK transmission as shown in Figure 2. 
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Figure 2: HARQ RTT starting from end of group common PUCCH resource based NACK transmission.
Proposal 3.   For group common PTM Multicast HARQ PUCCH resources (NACK only feedback), the same group of UEs have aligned HRAQ RTT and DL Re-Tx timer configuration. HARQ RTT timer counting starts from end of common PUCCH resource based NACK transmission.
Different Multicast services having different traffic patterns can be configured with different DRX configurations. In case of certain services like IIoT (example), UEs may be interested to receive more than one MBS service. In such cases it is efficient for UEs to monitor common G-RNTI and associated DRX to receive a group of MBS services instead of UEs requiring to maintain multiple DRX configuration for multiple G-RNTIs, which is not power efficient as well. Therefore, as network implementation choice, it should be possible to group multiple services of similar traffic pattern and configure with common G-RNTI and common DRX configuration. From specification point of view, there is no need to restrict each MBS service mapped to only one G-RNTI and DRX pattern. Therefore, in order to allow flexibility for configuration, from specification point of view it should be possible to configure multiple MBS services mapped to common G-RNTI and common Multicast DRX.
Proposal 4.   Multiple MBS services can be mapped to same G-RNTI and common MBS DRX configuration as network configuration choice.
Another key aspect of discussion is which RNTIs are monitored by Multicast UEs during Multicast DRX active period.  For PTM RLC leg, HARQ initial transmissions are using G-RNTI and re-transmissions can be based on either G-RNTI or C-RNTI. As per RAN1 agreemnts, TypeX CSS used for GC-PDCCH scheduling . DCI format used for GC-PDCCH and unicast PDCCH are not same. So, for C-RNTI based scheduling, UE has to monitor legacy UE specific search space (USS). 
During drx-onDurationTimerPTM or drx-InactivityTimerPTM timers running, gNB is expected to schedule Initial Transmissions using GC-PDCCH and no need for UE to monitor UE specific USS/C-RNTI. During drx-RetransmissionTimerDLPTM, UE is expected to monitor both G-RNTI and C-RNTI based HARQ re-transmissions.
Thus, we propose

Proposal 5. During Multicast DRX Active period, 

- UE monitors Multicast CSS/G-RNTI during DRX ON period, Inactivity timer 

- UE monitors both Multicast CSS/G-RNTI and legacy UE specific SS/C-RNTI during DL HARQ Re-Transmission timer.

During Multicast DRX ON period and while Inactivity timer is running, if there is no more MBS data available to schedule, network should be able to send Multicast DRX command MAC-CE to trigger UEs enter into DRX sleep state and this will help UEs to further reduce power consumption. Another key question is whether to use common DRX command MAC-CE for all PTM DRX configurations or not?. In our view, different PTM DRX patterns are associated with different MBS traffic patterns. It is not optimal to use common MAC-CE for all DRX patterns and to provide flexibility, we suggest to adopt each Multicast DRX command MAC-CE to be associated with a specific PTM DRX configuration.
Thus, we propose

Proposal 6.   Introduce new Multicast DRX command MAC-CE to enable UEs enter into PTM DRX sleep state.
Proposal 7.  Multicast DRX command MAC-CE is per PTM DRX configuration.
3. Conclusion

In this contribution, we discussed various proposals related to NR MBS PTM DRX.  
Proposal 1.
Support optional short DRX configuration for Multicast PTM C-DRX.
Proposal 2.
For Multicast HARQ ACK/NACK feedback using UE specific PUCCH resources, gNB can indicate UEs to start HARQ RTT timer from the end of GC-PDCCH or GC-PDSCH reception and UEs still trigger HARQ RTT timer after UE specific NACK transmission while RTT timer counts from multicast GC-PDCCH/GC-PDSCH reception.
Proposal 3.
For group common PTM Multicast HARQ PUCCH resources (NACK only feedback), the same group of UEs have aligned HRAQ RTT and DL Re-Tx timer configuration. HARQ RTT timer counting starts from end of common PUCCH resource based NACK transmission.
Proposal 4.
Multiple MBS services can be mapped to same G-RNTI and common MBS DRX configuration as network configuration choice.
Proposal 5.
During Multicast DRX Active period,
- UE monitors Multicast CSS/G-RNTI during DRX ON period, Inactivity timer
- UE monitors both Multicast CSS/G-RNTI and legacy UE specific SS/C-RNTI during DL HARQ Re-Transmission timer.
Proposal 6.
Introduce new Multicast DRX command MAC-CE to enable UEs enter into PTM DRX sleep state.
Proposal 7.
Multicast DRX command MAC-CE is per PTM DRX configuration.
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