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In this contribution, we focus on the key leftover issues for sidelink DRX for unicast. The related issues are listed below:
Regarding to the sidelink DRX configuration:
· Issue 1: When Tx-UE is OOC or IDLE/INACTIVE, whether Tx-UE decides the DRX configuration in signalling-2 (Tx->Rx) with or without relying on pre-configuration or SIB?
· Issue 2:  How to select the RRC message to reject the DRX configuration? 
Regarding to the desired DRX configuration
· Issue 3:  What content should be included in the desired DRX configuration?
Regarding to the sidelink DRX timer maintenance:
· Issue 4: How to start the drx-RetransmissionTimerSL when PUCCH is not sent?
· Issue 5: How to start the sl-drx-RetransmissionTimer when the unsent PSFCH is ACK or NACK?
· Issue 6: When to start the SL HARQ RTT timer when SL HARQ Feedback is disabled？
· Issue 7: Whether to support drx-HARQ-RTT-TimerSL in case PSFCH is configured in resource pool and sl-PUCCH-Config is not configured？
Others:
· Issue 8: How to handle the case of SL data arrival but without  SL grant  in DRX active time? 
· Issue 9: Whether to introduce the default SL DRX confiugration for UC?
· Issue 10: The potential impact by SL DRX timer calculated based on physical slot?
In this contribution, the above issues will be analyzed one by one, and our preference will be given based on the analysis.
Discussion
Leftover issues for sidelink DRX configuration
Tx-centric DRX configuration for OOC/IDLE/INACTIVE UE
	Agreements in RAN2#113-e 
1: For broadcast/groupcast, for out-of-coverage case, TX-UE/RX-UE obtain DRX configuration from pre-configuration.
2: For broadcast/groupcast, for in-coverage case, RRC_IDLE/INACTIVE TX-UE/RX-UE obtain DRX configuration from SIB. It is up to network implementation how to coordinate active time between different cells.



In [1], the following proposals were given but without conclusion:
Proposal 4	[11/21] In SL unicast, for DRX configuration of each direction where one UE as Tx-UE and the other UE as Rx-UE, when Tx-UE is OOC, RAN2 discuss whether Tx-UE decides the DRX configuration in signalling-2 (Tx->Rx) with or without relying on pre-configuration.
=>skip the discussion.
Proposal 6	[16/21] In SL unicast, for DRX configuration of the direction where one UE as Tx-UE and the other as Rx-UE, when Tx-UE is in-coverage and in RRC_IDLE/RRC_INACTIVE state, Tx-UE obtain DRX configuration from SIB to generate signalling-2 (Tx->Rx)
=> Skipped the discussion.
Based on the above discussion, it is still unclear whether the pre-configuration is needed for Tx UE in OOC or SIB is needed for Tx UE in IDLE/INACTIVE to determine the Tx-centric DRX configuration. There are mainly three options according to the comments in email discussion: 
· Option 1: Pre-configuration/SIB is not considered;
· Option 2: Pre-configuration/SIB needs to be considered, and the pre-configuration refers to the resource pool configuration only;
· Option 3: Pre-configuration/SIB similar as sidelink groupcast/broadcast can be considered, e.g., a group of DRX configurations similar to groupcast/broadcast can be pre-configured or transmitted in SIB.
For Option 2, we agree that the pre-configured Tx resource pool should be considered when determining the sidelink DRX configuration. But Tx resource pool configuration is already existed in the legacy pre-configuration. We think what we should discuss is whether new pre-configuration information or SIB specific for SL DRX configuration determination is needed or not.
For Option 3, it gives the new SL DRX configuration in pre-configuration, which could be similar to the pre-configuration for sidelink groupcast/broadcast. For sidelink groupcast/broadcast, the main motivation of introducing the pre-configured DRX configuration is to save the power consumption of Rx UE, because the Rx UE can only monitor the sidelink in sidelink active time and the sidelink active time can be determined based on its interested broadcast/groupcast service. But for sidelink unicast, since there is interaction between Tx and Rx UE, Rx UE can perform the sidelink monitoring based on the DRX configuration received from Tx UE, and if possible, Tx UE could have the service type information or receive the assistant information from Rx UE to determine the UC DRX configuration, the DRX configuration for UC in pre-configuration may be not suitable to the specific service in SL UC link. Hence for sidelink unicast, there is no strong motivation to introduce new pre-configuration for SL DRX determination. 
Proposal 1: For SL UC, Tx UE in OOC can determine the SL DRX configuration without relying on pre-configuration.
For opton.3, it gives the new SL DRX configuration in SIB, which could be similar to the SIB for sidelink groupcast/broadcast. The analysis for SIB method is similar to the analysis for above preconfigured method. For sidelink unicast, the Tx UE in IDLE/INACTIVE could determine the DRX configuration based on the specific service type and the assistant information from Rx UE, there is no strong motivation to introduce new SIB for SL DRX determination

Proposal 2: For SL UC, Tx UE in IDLE/INACTIVE can determine the SL DRX configuration without relying on SIB.

[bookmark: P1]RRC message used for rejecting the DRX configuration information.
As below agreement on DRX configuration, Rx UE could reject the Tx UE’s DRX configuration.
	Agreements in RAN2#115-e
4: For unicast, a two-step process (i.e., RX UE accepts or rejects TX UE’s suggestion) is adopted as a baseline, i.e., FFS on the following TX/RX UE behaviours when reject happens.
    • Step 1: TX UE sends RRCReconfigurationSidelink containing a SL DRX configuration to be applied by RX UE to RX UE
    • Step 2: RX UE replies with a PC5-RRC signalling indicating acceptance or rejection for the SL DRX configuration. FFS on whether the new rejection cause for SL DRX needs to be defined. FFS on whether RRCReconfigurationFailureSidelink or RRCReconfigurationCompleteSidelink is used in Step 2



As discussion in [2], the potential issue to apply RRCReconfigurationFailureSidelink or RRCReconfigurationCompleteSidelink for rejection has been discussed. If reject information is included in RRCReconfigurationCompleteSidelink, it is unreasonable since the meaning of the RRCReconfigurationCompleteSidelink is to complete the configuration in the RRCReconfigurationSidelink message. Especially for the case that only DRX configuration is included in the RRCReconfigurationSidelink message, the RRCReconfigurationCompleteSidelink is used to strangely indicate the reconfiguration failure. Thus it is logical to apply the RRCReconfigurationFailureSidelink to reject the Tx UE’s DRX configuration. 
Proposal 3: RRCReconfigurationFailureSidelink is used by Rx UE to reject the Tx UE’s SL DRX configuration.
If RRCReconfigurationFailureSidelink is used as SL DRX reject message, one way is to apply the legacy rule to trigger the RRCReconfigurationFailureSidelink if DRX configuration is rejected, another way is to include a cause value in RRCReconfigurationFailureSidelink to indicate the DRX rejection. For the second way, it could introduce an issue on how to indicate both legacy RRC configuration information and DRX configuration are rejected. So, it is more preferable to transmit the RRCReconfigurationFailureSidelink if DRX configuration is rejected as the legacy rule and without cause value.
Proposal 4: If SL DRX configuration is rejected by Rx UE, the Rx UE can send RRCReconfigurationFailureSidelink message to Tx UE, and it is unnecessary to introduce additional cause value in the RRCReconfigurationFailureSidelink  message .
Leftover issues for sidelink desired DRX configuraiton.
What content will be included in the desired DRX configuration? 
In RAN2#116-e meeting, the related agreements are as follows:
	Agreements in RAN2#116-e
1: The on-duration timer should be included in the RX UE’s desired SL DRX configuration.
2: The DRX start offset should be included in the RX UE’s desired SL DRX configuration.
3: The DRX cycle should be included in the RX UE’s desired SL DRX configuration.



Based on current agreement, above three parameters have been agreed to be included in Rx UE’s desired SL DRX configuration, the main reason is that it could be used for alignment of Uu DRX of Tx UE and SL DRX of Rx UE and beneficial for power saving. For inactivity timer, it is related to the QoS requirement and traffic pattern, for HARQ RTT timer and retransmission timer, they could be determined based on the resource allocation at Tx UE, these three parameters need to be determined by Tx UE or gNB of Tx UE. But considering that the Rx UE needs to consider its power saving if Uu DRX is also configured from its serving gNB, Rx UE may have its desired value for inactivity timer, HARQ RTT timer and retransmission timer, so all of these parameters could be reported to Tx UE as a reference to determine the DRX configuration. Besides, if these parameters are included in the R
x UE’s desired SL DRX configuration, there is no further spec effort to design the structure of desired DRX configuration since it could reuse the structure of SL DRX configuration.

Proposal 5: The inactivity timer, HARQ RTT timer and retransmission timer could be included in the desired SL DRX configuration to help gNB or Tx UE to determine the SL DRX configuration.

As specified in TS 38.331, there is one-to-one correspondence between the PC5-RRC connection and the PC5 unicast link. A UE may have multiple PC5-RRC connections with one or more UEs for different pairs of Source and Destination Layer-2 IDs, but the UE at AS layer could not identify the same peer UE with multiple UC links. So the granularity of the desired DRX configuration should be per L2 destination ID.

Proposal 6: For sidelink unicast, the desired DRX configuration should be sent based on each L 2 destination ID.
Sidelink DRX timer maintainence
Regarding to the sidelink DRX timer maintenance, many agreements were reached, but there are still some open issues need to be discussed as in [3].
How to start the drx-RetransmissionTimerSL when PUCCH is not sent 
	Rapporteur Summary: Out of 19 companies
Option-a: 8 
· drx-RetransmissionTimerSL is always started after expiring drx-HARQ-RTT-TimerSL regardless of whether the unsent PUCCH is ACK or NACK
Option-b:  11
· drx-RetransmissionTimerSL is started after expiring drx-HARQ-RTT-TimerSL when the unsent PUCCH is NACK.
There is no majority view. RAN2 can discuss this issue at #116b-e meeting.
(11/17) Proposal 19: RAN2 confirms that drx-RetransmissionTimerSL is started after expiring drx-HARQ-RTT-TimerSL when the PUCCH (NACK) transmission is dropped.


[bookmark: P3]
As above proposal in [3,], it has discussed the issue of whether drx-RetransmissionTimerSL is started after expiring drx-HARQ-RTT-TimerSL when the PUCCH (NACK) transmission is dropped due to UL/SL prioritization. Some company hopes to obey the legacy rule that the drx-RetransmissionTimerSL will be started only when the NACK is transmitted. But in our view, if the network does not receive the HARQ feedback from the PUCCH, it will retransmit the last TB, or  transmit a new TB for a new HARQ process, in order to avoid the packet loss, it is necessary for UE to start the drx-RetransmissionTimerSL evenif the unsent PUCCH is ACK.

Proposal 7: drx-RetransmissionTimerSL is started after drx-HARQ-RTT-TimerSL expires regardless of whether the unsent PUCCH is ACK or NACK.

How to start the sl-drx-RetransmissionTimer when the unsent PSFCH is ACK or NACK
	Rapporteur Summary: Out of 15 companies
Option-a: 6  
· For unicast, sl-drx-RetransmissionTimer is always started after expiring sl-drx-HARQ-RTT-Timer regardless of whether the unsent PSFCH is ACK or NACK.
Option-b:  8
· sl-drx-RetransmissionTimer is started after expiring sl-drx-HARQ-RTT-Timer when the unsent PSFCH is NACK.
Any others:  2
· depends on whether there is a decoding error for the HARQ process or not.
The slight majority view is that -	sl-drx-RetransmissionTimer is started after expiring sl-drx-HARQ-RTT-Timer when the unsent PSFCH is NACK. Considering the slight majority, rapporteur suggests to go with this majority view.
(8/15) Proposal 22: For unicast, sl-drx-RetransmissionTimer is started after expiring sl-drx-HARQ-RTT-Timer when the PSFCH (NACK) transmission is dropped.




As above proposal in [3,], for SL unicast, we have the same view as the drx-RetransmissionTimerSL for Uu. It is possible that the Tx UE will send a new TB for a new HARQ process when the HARQ feedback is not sent, so the UE needs to start the sl-drx-RetransmissionTimer to monitor the SCI for a possible new TB and reducing the packet loss.

Proposal 8: For sidelink unicast, sl-drx-RetransmissionTimer is started after the sl-drx-HARQ-RTT-Timer expires regardless of whether the unsent PSFCH is ACK or NACK.

When to start the SL HARQ RTT timer when SL HARQ Feedback is disabled
	Agreements in RAN2#113bis-e
22:	For transmissions with HARQ feedback, the RX UE starts the SL HARQ RTT timer in the symbol/slot following the end of PSFCH transmission.
23:	If the RX UE does not transmit PSFCH for a HARQ enabled transmission (e.g. due to UL/SL prioritization) the RX UE still starts the HARQ RTT timer in the symbol/slot following the end of PSFCH resource.
Agreements in RAN2#116-e
When HARQ feedback is disabled, either zero value or non-zero value can be configured for the HARQ RTT timer if the resource assignment information is not present.

--Agreements on DRX timer length and start time: 
2:	For unicast/groucast/broadcast, for sl-drx-HARQ-RTT-Timer, the granularity of starting time is at slot-level and the length is also configured in number of slots.
3:	For unicast/groucast/broadcast, for sl-drx-RetransmissionTimer, the granularity of starting time is at slot-level and the length is also configured in number of slots.



	Rapporteur Summary: Out of 19 companies
Rapporteur has triggered the question to gather opinions from companies about whether the sl-drx-HARQ-RTT-Timer value can only be set to zero value or only non-zero values ​​in case of HARQ Feedback disabled. All companies (19) agreed that gNB can set sl-drx-HARQ-RTT-Timer to zero or non-zero value (It is up to gNB implementation). Therefore
it is considered that there is no need for additional proposal other than the previous RAN2 agreement.



Based on above discussion, when SL HARQ feedback is disabled, it may be an easy future agreement that gNB can set sl-drx-HARQ-RTT-Timer to zero or non-zero value (It is up to gNB implementation). However, when to start the SL HARQ RTT timer is still not discussed. When SL HARQ feedback is disabled, one case is PSFCH is not configured and SL HARQ feedback is naturally disabled, another case is PSFCH is configured but the SL HARQ feedback is configured to be disabled. For the first case, the SL HARQ RTT, if configured, is started at the first slot after the end of last PSSCH resource. For the second case that PSFCH is configured but the SL HARQ feedback is configured to be disabled, the SL HARQ RTT timer could be started at the first slot after the end of the corresponding PSFCH hoped but not carrying the SL HARQ feedback,or at the first slot after the end of last PSSCH resource. In our view, for the second case, in order to let network or Tx UE schedule Rx UE more flexible when SL HARQ feedback is disabled, the SL HARQ RTT timer could be started the first slot after the end of last PSSCH resource, which is also aligned to the rule for the first case.

Proposal 9：when PSFCH is not configured and SL HARQ feedback is disabled，the SL HARQ RTT, if configured and resource assignment information (SCI-based RTT timer) is not present, is started at the first slot after the end of last PSSCH resource.

Proposal 10:  when PSFCH is configured and SL HARQ feedback is configured to be disabled, the SL HARQ RTT, if configured and resource assignment information (SCI-based RTT timer) is not present, is started at the first slot after the end of last PSSCH resource.

Whether to support drx-HARQ-RTT-TimerSL in case PSFCH is configured in resource pool and sl-PUCCH-Config is not configured
	Rapporteur Summary: Out of 19 companies
Option-a: 8 
· Not support drx-HARQ-RTT-TimerSL
Option-b:  11
· Support drx-HARQ-RTT-TimerSL in case PSFCH is configured in resource pool and sl-PUCCH-Config is not configured
There is no majority’s view on this issue. There is no majority view on this issue. RAN2 should further discuss this issue with the following proposal in the #116b-e meeting.
(11/19) Proposal 6: RAN2 should discuss that drx-HARQ-RTT-TimerSL is supported in case PSFCH is configured in resource pool and sl-PUCCH-Config is not configured.


As in [3], based on above summary, in case PSFCH is configured in resource pool and sl-PUCCH-Config is not configured, it is not necessary and power waste for UE to monitor the DCI until receiving the SL HARQ feedback from the PSFCH, so the SL specific drx-HARQ-RTT-TimerSL is supported, which is aligned to the legacy rule that HARQ RTT timer is run and retransmission timer is started when HARQ RTT timer expires. 
Proposal 11:  SL specific drx-HARQ-RTT-TimerSL is supported in case PSFCH is configured in resource pool and sl-PUCCH-Config is not configured.
Handling of the case of SL data arrival but without SL grant in DRX active time 
	Agreements in RAN1#107-e
When SL DRX active time of Rx-UE is provided by the higher layer for candidate resource selection (including resource (re)selection and re-evaluation/pre-emption checking), the following working assumption is confirmed with option 2 as agreement 
Working Assumption (RAN1#106bis-e)
When PHY layer is indicated with an active time of RX UE from MAC layer for candidate resource selection, a restriction is applied in PHY layer so that at least a subset of candidate resources reported to MAC layer is located within the indicated active time of the RX UE. The following options will be further discussed in RAN1 to restrict resources for candidate resource selection taking into account the indicated active time from MAC layer:
· Option 2: PHY layer selects and reports candidate resources in which at least a subset of the candidate resources is within the indicated active time of the RX UE
· FFS: Details on when the number of subsets of candidate resource is less than the threshold
· FFS: The subset of candidate resource outside of the active time should consider each inactive time period
· FFS: UE selection of resource selection window to overlap with indicated RX UE active time
· FFS: Whether it is up to UE implementation to report candidate resources only within the indicated active time of the RX UE



According to above agreement in RAN1#107-e, MAC layer will provide the active time information to PHY layer, the PHY layer could select and report candidate resources in active time and the non-active time. Hence, when a Tx UE is in DRX active time of a destination (for sidelink unicast), and there is SL data to the destination available for transmission, but there isn’t SL grant can be used within DRX active time for the destination, resource (re)selection (mode 2) or SR/BSR (mode 1) needs to be triggered. And the selected grant shall match the DRX configuration of the destination.
[bookmark: P78]Proposal 12: For mode 2 Tx UE, resource (re)selection needs to be triggered when there is no SL grant can be used in SL DRX active time for the destination  which has SL data available for transmission. And the (re) selected SL grant shall be in SL DRX active time.
Proposal 13: For mode 1 Tx UE, SL SR/BSR needs to be triggered when there is no SL grant in SL DRX active time for the destination which has SL data available for transmission.

Whether to apply the default SL DRX confiugration for UC
In RAN2#116-e meeting, a common default SL DRX will be applied for BC/GC and DCR message.

	Agreements in RAN2#116-e
6:	Common default SL DRX configuration should be used for BC/GC.
7:	The default SL DRX configuration for BC/GC can be used for the DCR message. FFS for UC (at least for the initial message).


For SL UC initial messages after DCR and before the DRX configuration is applied, it may include the PC5-S message for Security establishment, DCA(Direct Communication Accept) message and the PC5-RRC signaling. If the common default DRX configuration is applied for UC initial message, in the case of R17 Tx UE and R16 Rx UE, it is possible that R16 Rx UE who has no sense on DRX will reply the DCA or other messages in the R17 Tx UE inactive time, then the R17 Tx UE will miss the DCA message or other messages, which will leads to the delay of PC5 unicast link establishment. The similar issue will also happen in the case of R16 Tx UE and R17 Rx UE, the R17 Rx UE may be not in the active time and miss the data from the R16 Tx UE. Thus, we slightly prefer not to apply the SL DRX configuration for these messages.
Proposal 14: It is slightly preferred that the SL DRX is not applied to SL UC messages after DCR and before the SL DRX configuration is applied.
The potential impact by SL DRX timer calculated based on physical slot
In RAN2#116-e meeting, SL DRX timers have been agreed to be calculated in the unit of physical slot as follows.
	Agreements in RAN2#116-e
4: The SL DRX timers should be calculated in the unit of physical slot. FFS whether the case may happen that no SL slots are available in UE’s active time and whether/how to solve it.


However, the SL resource pool is defined with logic slot, as in shown in below figure, it is possible that there is no available or sufficient slot for on duration timer or other timers, then the data cannot be transmitted in the active time for DRX configuration to guarantee the length of active time. In order to give effective SL slot for data transmission, the SL DRX timers needs to be extended. There are types of SL DRX timers to keep UE in active timer, at least, on duration timer should be considered in this case for the minimum QoS requirement. The on duration timer could be extended with a number of SL slots. The number of extended SL slots could be the same as the desired one by DRX configuration or be the configured one.
[image: ]
Proposal 15: The DRX timers, at least including on-duration timer, need to be extended if the logic SL slot is not sufficient in the active time calculated by physical slot.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: For SL UC, Tx UE in OOC can determine the SL DRX configuration without relying on pre-configuration.
Proposal 2: For SL UC, Tx UE in IDLE/INACTIVE can determine the SL DRX configuration without relying on SIB.
Proposal 3: RRCReconfigurationFailureSidelink is used by Rx UE to reject the Tx UE’s SL DRX configuration.
Proposal 4: If SL DRX configuration is rejected by Rx UE, the Rx UE can send RRCReconfigurationFailureSidelink message to Tx UE, and it is unnecessary to introduce additional cause value in the RRCReconfigurationFailureSidelink message .
Proposal 5: The inactivity timer, HARQ RTT timer and retransmission timer could be included in the desired SL DRX configuration to help gNB or Tx UE to determine the SL DRX configuration.
Proposal 6: For sidelink unicast, the desired DRX configuration should be sent based on each L 2 destination ID.
Proposal 7: drx-RetransmissionTimerSL is started after drx-HARQ-RTT-TimerSL expires regardless of whether the unsent PUCCH is ACK or NACK.
Proposal 8: For sidelink unicast, sl-drx-RetransmissionTimer is started after the sl-drx-HARQ-RTT-Timer expires regardless of whether the unsent PSFCH is ACK or NACK.
Proposal 9：when PSFCH is not configured and SL HARQ feedback is disabled，the SL HARQ RTT, if configured and resource assignment information (SCI-based RTT timer) is not present, is started at the first slot after the end of last PSSCH resource.
Proposal 10:  when PSFCH is configured and SL HARQ feedback is configured to be disabled, the SL HARQ RTT, if configured and resource assignment information (SCI-based RTT timer) is not present, is started at the first slot after the end of last PSSCH resource.
Proposal 11:  SL specific drx-HARQ-RTT-TimerSL is supported in case PSFCH is configured in resource pool and sl-PUCCH-Config is not configured.
Proposal 12: For mode 2 Tx UE, resource (re)selection needs to be triggered when there is no SL grant can be used in SL DRX active time for the destination  which has SL data available for transmission. And the (re) selected SL grant shall be in SL DRX active time.
Proposal 13: For mode 1 Tx UE, SL SR/BSR needs to be triggered when there is no SL grant in SL DRX active time for the destination which has SL data available for transmission.
Proposal 14: It is slightly preferred that the SL DRX is not applied to SL UC messages after DCR and before the SL DRX configuration is applied.
Proposal 15: The DRX timers, at least including on-duration timer, need to be extended if the logic SL slot is not sufficient in the active time calculated by physical slot.
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