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1 Introduction
Timer-based SL DRX was agreed for all cast types in RAN2 in the first two meetings in which SL DRX was discussed.

Following RAN2#103e, an email discussion was kicked off to discuss the UE behaviour with respect to SL DRX timers [1].  Although the discussion concluded with a large number of proposals on TX/RX UE behaviour with respect to DRX timers, a number of open issues remained.
In this contribution, we discuss some open issued related to inactivity timer, HARQ RTT and retransmission timer, and treatment of CSI reporting with respect to active time.

2 Discussion
2.1 Inactivity Timer
For unicast, an inactivity timer can be maintained for each pair of source/destination L2 ID.  Unlike Uu, where the C-RNTI can be obtained by decoding of PDCCH, the source/destination L2 ID is partially carried in SCI, and partially carried in the MAC header.  If inactivity timer is started based on information in SCI only, and if the UE receives an SCI with matching L1 IDs but having L2 IDs which do not match, the RX UE may run the inactivity timer unnecessarily and consume power.     

Observation 1:
Starting inactivity timer based on L1 IDs in SCI can lead to unnecessary power consumption at the RX UE in case of L1/L2 ID mismatch.  

Notwithstanding, majority of companies in the email discussion [1] agreed that the inactivity timer should be started upon reception of a new transmission at the UE based on contents of the SCI (i.e. the L1 source/destination ID only), and not MAC reception.  This is to avoid mismatch of the inactivity timer between the RX UE and TX UE in case the RX UE is unable to decode PSSCH.  Specifically, the TX UE is expected to start the inactivity timer upon transmission of SCI, and if the RX UE is unable to decode PSSCH following SCI reception, it may be inactive while the TX UE assumes it is active. 
Observation 2:
Inactivity timer mismatch between TX and RX UE should be avoided 

To avoid unsynchronized timers while still solving the ID mismatch problem, one simple approach is to stop the inactivity timer at the RX UE in cases it was started unnecessarily due to L1/L2 mismatch.  In this case, the RX UE should not have started the timer in the first place, since the transmission was not sent by any of its connected TX UEs.  
Proposal 1: 
If SL inactivity timer at the RX UE for a unicast link is started by an SCI reception, the UE can stop the timer if the L2 source/destination ID obtained from the MAC PDU corresponding to the SCI does not match the source/destination L2 ID of the unicast link

Inactivity timer mismatch between TX and RX UE may also occur if the RX UE is not able to decode SCI from the TX UE.  This case is similar to the DL case where a UE does not detect DCI.  However, it may occur more frequently for sidelink due to half-duplex.  As a result, an RX UE with a perfect channel from the TX UE may fail to start the inactivity timer following transmission by a TX UE.  
Observation 3:
Half-duplex on SL results in more frequent misdetection of SCI by the RX UE compared to Uu (DCI) misdetection.  
In Uu, how the NW handles possible mismatch is not specified because maintenance of the timer at the transmitter side is up to NW implementation.  For SL, specification of the timers at the TX UE is preferred by most companies [1].  Furthermore, the use of HARQ feedback to solve the inactivity timer mismatch problem was supported by a number of companies in the email discussion.
One way to avoid the mismatch would be to rely on HARQ feedback to determine whether to stop the inactivity timer that was previously started by the TX UE.  In this case, HARQ feedback is being used to synchronize the timers between the TX and RX in the event of possible SCI misdetection at the RX UE.  This approach may be difficult since the absence of HARQ feedback does not necessarily mean that SCI was not detected by the RX UE, but could mean that PSFCH was not transmitted by the RX UE (e.g. due to UL/SL prioritization), or that PSFCH was transmitted but not detected by the TX UE.  In either case, there is no way to assume with certainty that DTX of PSFCH is associated with SCI misdetection at the RX UE, and so synchronization of the timers may not be feasible.   

Observation 4:
Uncertainty at the TX UE about whether SCI was mis-detected by the RX UE, or PSFCH was not transmitted or mis-detected at the TX UE makes it difficult to synchronize inactivity timers at the TX and RX UE using HARQ feedback.  

An alternate approach to solving the inactivity timer mismatch is to avoid that a possible mismatch can affect transmissions at the TX UE or lessen the impact to such transmissions.  For example, the TX UE can avoid transmitting new data while the inactivity timer is running and HARQ feedback has not yet been received.  Such behaviour can be further restricted to high priority transmissions only.  

Proposal 2: 
HARQ feedback is used to resolve inactivity timer mismatch between the TX UE and RX UE.
Proposal 3: 
The TX UE uses HARQ feedback to determine whether/which transmissions can be sent while the inactivity timer is running.

For unicast, HARQ feedback can be disabled (based on LCH configuration), or the resource pool can be configured without PSFCH.  To solve the problem of mismatch in these case, two options can be considered.  The inactivity timer can be used only for HARQ enabled transmissions.  In other words, the RX/TX UE does not start the inactivity timer when a reception/transmission has HARQ feedback disabled.  This avoids the mismatch but may significantly reduce the active time of the RX UE when HARQ feedback is not used.  Alternatively, the TX UE may transmit only low priority data while only the inactivity timer is running.  Consequently, high priority transmissions are performed only while the on duration timer is running.  With this option, inactivity timer can still be used, and any effect of timer mismatch is limited to low priority data.   
Proposal 4: 
RAN2 discusses the following options to solve inactivity timer mismatch for HARQ disabled transmissions: 1) not using the inactivity timer for HARQ disabled transmissions; 2) transmitting only low-priority data while inactivity timer is running. 
The email discussion on DRX timers also discussed the support of inactivity timer for groupcast.  While majority of companies preferred to support the inactivity timer for groupcast, whether to limit the scenarios in which inactivity timer is used was not decided.
Apart from inactivity mismatch that can be solved with HARQ feedback (which is similar to the unicast case), mismatch in groupcast can also occur from the lack of a stable topology.  Specifically, UEs in groupcast may leave and re-enter the range for reliable SCI transmissions frequently.  When a UE re-enters, it may fail to receive transmissions by a TX UE which assumes the inactivity timer is running.  This would result in some UEs missing data transmissions simply due to the introduction of DRX.  As a guiding principle, the introduction of DRX should not degrade the performance of groupcast transmissions.
Observation 5:
Introduction of DRX should not result in degradation of performance for SL 

Observation 6:
Use of inactivity timer in non-stable groupcast topologies may result in some UEs not receiving certain groupcast transmissions 

Based on the above observations, we think the usage of inactivity timer should be limited only to groupcast transmissions with stable topology.  As suggested in the email discussion, the inactivity timer can be enabled if the UE is configured with a group size and member ID for a particular groupcast transmission.
Proposal 5: 
Inactivity timer for groupcast is supported only for transmissions/receptions where the UE is configured (by upper layers) with a member ID and group size 

2.2 HARQ RTT and Retransmission Timers

In the email discussion [1], majority of companies agree to support HARQ RTT/retransmission timers per SL HARQ process as in Uu.  One outstanding issue to be resolved is regarding SCI transmissions which indicate future retransmission resources.  Applying exactly the Uu principle of configuring a single HARQ RTT timer at the UE is not preferrable as it may be difficult to configure the value of such timer to efficiently handle both SCI with and without retransmission.  Furthermore, for SCI with retransmission resources, the UE can directly use the information in the SCI (i.e. the timing of the retransmission resource) to determine the exact microsleep time for that HARQ process.  This results in the maximum possible power savings with very little impact to specification.  The UE therefore determines how long it can microsleep using the timing of the retransmission resource in the SCI when it is available.  For SCI without retransmission resource indicated, the UE can start the configured HARQ RTT timer as in the case of Uu.   
Proposal 6: 
When SCI indicates an additional retransmission resource, the RX UE determines the HARQ RTT from the timing of the retransmission resource in SCI, otherwise, the RX UE uses the configured HARQ RTT timer value for that unicast link.

One corner-case to consider is for re-selection of the retransmission resources.  Re-selection can occur due to pre-emption, UL/SL prioritization, and CBR.  In the later two cases, the reselected resource always occurs after the initially indicated resources, and therefore should not affect HARQ RTT.  For the case of pre-emption, the TX UE could theoretically reselect a resource for re-transmission that occurs prior to the initially announced retransmission resource.  If this is the case, it would require the RX UE to wake up prior to the planned retransmission to be aware of this.  However, a simpler approach would be to impose a restriction on the TX UE reselection so that the timing of the new retransmission resource is after the pre-empted resource (as in the case of UL/SL prioritization and CBR).  
Proposal 7: 
A TX UE which performs re-selection of retransmission resources due to pre-emption ensures that the newly selected re-transmission resource does not occur earlier in time than the pre-empted resource

With the rules on the TX and RX UE in the previous two proposals, the timing in which the RX UE starts the HARQ RTT and retransmission timer for all scenarios discussed in the email discussion (e.g. mode 1, mode 2, pre-emption enabled/disabled) can be aligned with Uu.  Specifically, if the HARQ RTT determined by information in the SCI is also implemented in the form of a timer, the retransmission timer is always started following expiry of a HARQ RTT timer, and no new rules need to be defined.
Proposal 8: 
The RX UE starts the HARQ RTT timer in the first symbol/slot following SCI reception for all cases.

Proposal 9: 
The RX UE starts the retransmission timer upon expiry of the HARQ RTT timer if the HARQ process is not correctly decoded, for all cases

2.3 Handling CSI Reports

In the email discussion [1], a large majority of companies believe the slots where the UE is expecting CSI reports from a peer UE should be included in the active time from an RX UE perspective.  Specifically, transmissions at a UE are generally uncorrelated with DRX for reception.  As a result, a UE should be able to transmit CSI requests without considering its own DRX pattern (determined by on duration timer, inactivity timer, and retransmission timers) and should further be monitoring SL in order to receive the corresponding CSI report.  A separate timer can be started to handle the slots where a UE is expecting CSI feedback, and this time period can be added to the active time of a UE.    

Proposal 10: 
A UE configured with DRX maintains a CSI request timer; the UE’s active time includes the time in which the CSI request timer is running.

Proposal 11: 
A UE starts a CSI request timer upon transmission of SCI containing a CSI request.

Proposal 12: 
The CSI request timer is stopped upon reception of a CSI report.

CSI report MAC CE can be received together with data transmissions, or it can be received alone in a TB.  When a CSI report is received alone, the (RX) UE may start the inactivity timer, since the RX UE cannot determine in the SCI whether the SCI which starts the inactivity timer is associated with a CSI report MAC CE alone.  As in the case of L1/L2 mismatch, the RX UE may unnecessarily run its inactivity timer in this case.  To avoid this, if the UE decodes a MAC PDU that contains only a CSI request, it can stop an inactivity timer which may have been started by reception of the corresponding SCI.  
Proposal 13: 
If SL inactivity timer at the RX UE for a unicast link is started by an SCI reception, the UE can stop the timer if the decoded MAC PDU contains only a CSI report (and no data)
3 Conclusion
In this contribution, the following observations were made on SL DRX timers:

Observation 1:
Starting inactivity timer based on L1 IDs in SCI can lead to unnecessary power consumption at the RX UE in case of L1/L2 ID mismatch.  

Observation 2:
Inactivity timer mismatch between TX and RX UE should be avoided 

Observation 3:
Half-duplex on SL results in more frequent misdetection of SCI by the RX UE compared to Uu (DCI) misdetection.  

Observation 4:
Uncertainty at the TX UE about whether SCI was mis-detected by the RX UE, or PSFCH was not transmitted or mis-detected at the TX UE makes it difficult to synchronize inactivity timers at the TX and RX UE using HARQ feedback.  

Observation 5:
Introduction of DRX should not result in degradation of performance for SL 

Observation 6:
Use of inactivity timer in non-stable groupcast topologies may result in some UEs not receiving certain groupcast transmissions 

Based on these observations, the following conclusions were made:
Proposal 1: 
If SL inactivity timer at the RX UE for a unicast link is started by an SCI reception, the UE can stop the timer if the L2 source/destination ID obtained from the MAC PDU corresponding to the SCI does not match the source/destination L2 ID of the unicast link

Proposal 2: 
HARQ feedback is used to resolve inactivity timer mismatch between the TX UE and RX UE.

Proposal 3: 
The TX UE uses HARQ feedback to determine whether/which transmissions can be sent while the inactivity timer is running.

Proposal 4: 
RAN2 discusses the following options to solve inactivity timer mismatch for HARQ disabled transmissions: 1) not using the inactivity timer for HARQ disabled transmissions; 2) transmitting only low-priority data while inactivity timer is running. 

Proposal 5: 
Inactivity timer for groupcast is supported only for transmissions/receptions where the UE is configured (by upper layers) with a member ID and group size 

Proposal 6: 
When SCI indicates an additional retransmission resource, the RX UE determines the HARQ RTT from the timing of the retransmission resource in SCI, otherwise, the RX UE uses the configured HARQ RTT timer value for that unicast link.

Proposal 7: 
A TX UE which performs re-selection of retransmission resources due to pre-emption ensures that the newly selected re-transmission resource does not occur earlier in time than the pre-empted resource

Proposal 8: 
The RX UE starts the HARQ RTT timer in the first symbol/slot following SCI reception for all cases.

Proposal 9: 
The RX UE starts the retransmission timer upon expiry of the HARQ RTT timer if the HARQ process is not correctly decoded, for all cases

Proposal 10: 
A UE configured with DRX maintains a CSI request timer; the UE’s active time includes the time in which the CSI request timer is running.

Proposal 11: 
A UE starts a CSI request timer upon transmission of SCI containing a CSI request.

Proposal 12: 
The CSI request timer is stopped upon reception of a CSI report.

Proposal 13: 
If SL inactivity timer at the RX UE for a unicast link is started by an SCI reception, the UE can stop the timer if the decoded MAC PDU contains only a CSI report (and no data)
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