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 Introduction
DRX design for NR MBS is getting more complicated with the introduction of PTP re-transmission for initial transmission in PTM, it couples PTP and PTM transmission from DRX perspective. In this discussion paper, we provided our views about

Rethinking the definitions to Active Time in light of above scenarios.
In case of disabled HARQ Feedback, how DRX works.
Both issues are from last RAN2 meeting FFS or rapporteur listed open issues:
Open issue list for NR MBS.
FFS other condition to define the Active Time. （Relevant section in TS 38.321 5.7b）

FFS how to start the RTT timer when no feedback is transmitted in NACK only case.（Relevant section in TS 38.321 5.7b）

RAN2 114-e agreements
it is up to network implementation on how to configure DL RTT and Re-transmission timer of multicast DRX in case of multicast HARQ ACK/NACK feedback using UE specific PUCCH resources. FFS for case of disabled HARQ FB.
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 (i.e. same as Unicast DRX behaviour). FFS for case of disabled HARQ FB.
FFS how UE monitors UE specific PDCCH/C-RNTI for possible PTP transmission for PTM HARQ retransmission in active time of multicast DRX, the following alternatives are on the table (one to be selected):

- Option 2: the UE monitors UE specific PDCCH/C-RNTI only when drx-RetransmissionTimerDLPTM is running and PTP retransmission is expected. 

- 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. 

 Redefined Active Time

Current Active Time for one UE who is interested in Multicast reception will be extended to include:

Per UE defined DRX Active Time (including the re-transmission related active time) and
Per G-RNTI defined DRX Active Time (including the re-transmission related active time)
Different from legacy DRX in which UE is only required to monitor one RNTI, i.e., C-RNTI, during the DRX Active Time, in NR MBS UE might need to monitor two kinds of RNTIs, i.e., C-RNTI and G-RNTI.
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Figure 1. example scheme for per G-RNTI and per UE DRX.
There is still one open issue is whether UE needs to monitor per UE transmission identified by C-RNTI during the on duration time of the per G-RNTI DRX. 
Option 1. UE needs to monitor per UE transmission in all Active Time, including the period whenever per MBS on duration timer, inactivity timer and re-transmission timer are running.
Option 2. UE only needs to monitor per UE transmission in the Active Time defined by the re-transmission defined timer, but not other timers.
The difference between above two options is whether the monitored per UE transmission only applies to re-transmission only or not.
For Option1, it is found beneficial to enable UE to monitor per UE transmission in all Active Time:

If the MRB is with both PTP and PTM legs (i.e., split MRB), UE might experience different UP latency between PTP and PTM transmission, which contradicts our previous agreements that both offer the same QoS. On the contrary if network is able to schedule any MRB data in PTP in per G-RNTI DRX, it leaves the flexibility to network to do so ensuring the QoS.
One might suggest to tune the per UE DRX (to be more or less aligned with the per MBS DRX) to solve the issue of QoS difference (i.e., to make both DRX work to meet the QoS requirement, whether PTP or PTM), it is doable however from the scalability perspective, it might bring huge signaling overhead: when there are many UEs that need to be re-configured when UE applying for the MBS or leaving the MBS, or when network is about to reconfigure the per MBS DRX. And it brings extra network configuration complexities: network shall be smart enough to get a “good” configuration for all.
One might also suggest a per UE DRX is reconfigured in a synced manner (e.g., overlapping) with the per G-RNTI DRX, the question comes to: why not allowing UE to monitor the C-RNTI anyway in the first place?

There are other benefits too to allow UE to monitor per UE transmission in all Active Time:
Network is able to schedule per UE control info or even UL grant during per G-RNTI DRX Active Time, thus to enable status report or any other possible control signaling with lower latency without waiting for the next per UE DRX period.
For the re-transmission, UE won’t be aware of which scheme, PTP or PTM, to be applied based on RAN1 decision. Both kind of re-transmission are possible, and UE will be monitoring both anyway.
Allowing UE to monitor PTP transmission (including initial transmission or re-transmission) features less signaling overhead, easier network implementation and better scalability.
UE needs to monitor per UE transmission during the on duration active time defined by the per G-RNTI DRX.
 Disabled HARQ Feedback
Current RAN1 progress suggests that network is able to configure whether there will be HARQ feedback (i.e., HARQ feedback disabled) through RRC or DCI:

RAN1 107e agreements
Support enabling/disabling HARQ-ACK for NACK-only based feedback. 

The relevant agreements made for ACK/NACK based feedback can be extended for the support of NACK-only, including:


RRC signalling configures the presence of the field “enabling/disabling HARQ-ACK feedback indication” in the group-common DCI and the configuration is per G-RNTI.


RRC signalling configures directly whether the HARQ-ACK feedback is enabled or disabled and the configuration is per G-RNTI. 

In case network disables the feedback (either ACK/NACK or NACK only), UE wont be able to initiate the feedback which further triggers RTT timer for the following re-transmission if there are any. Currently one thing can be assumed is, a repetition even without HARQ feedback is able to provide better reliability. Therefore from standard perspective, UE shall be allowed to continue the MBS re-transmission even without feedback.
It is beneficial for UE to be allowed to continue the MBS re-transmission reception even without UE feedback, e.g., network might issue a blind re-transmission for the same TB without relying on the feedback from UE.
Therefore for UE that expects a blind re-transmission, the re-transmission related timer (e.g., RTT timer and/or Re-transmission timer) can be triggered.

RAN2 to study the re-transmission related timer behaviour for a blind re-transmission (i.e, re-transmission from network for the same TB without relying on the feedback from UE).

Since legacy RTT timer is only started after UE issuing an negative feedback which won’t be existing anymore if HARQ feedback itself is disabled. Therefore a common starting point is needed, which can be the reception of PDSCH. After which, the RTT timer can be started and then the Re-transmission timer can be started.

In case of HARQ feedback disabled, the RTT timer can be started in the first symbol after the end of the corresponding transmission carrying DL MBS data (i.e., PDSCH).

 Conclusion
Based on the analysis provided above, we have following observations and proposals on DRX for NR MBS:

Observation 1
Allowing UE to monitor PTP transmission (including initial transmission or re-transmission) features less signaling overhead, easier network implementation and better scalability.

Observation 2
It is beneficial for UE allowed to continue the MBS re-transmission even without feedback, e.g., network might issue a blind re-transmission for the same TB without relying on the feedback from UE.

Observation 3
RAN2 to study the re-transmission related timer behaviour for a blind re-transmission (i.e, re-transmission from network for the same TB without relying on the feedback from UE).

Based on the analysis and observations above, we have following proposals on DRX for NR MBS:

Proposal 1
UE needs to monitor per UE transmission during the on duration active time defined by the per G-RNTI DRX.

Proposal 2
In case of HARQ feedback disabled, the RTT timer can be started in the first symbol after the end of the corresponding transmission carrying DL MBS data (i.e., PDSCH).
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