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1 Introduction
In RAN2#112 [1] and in a subsequent email discussion [2], the active time in SL DRX was briefly discussed.  In this contribution, we present more details of the active time definition based on these initial discussions.
2 Discussion
2.1 Pool Based vs Timer Based SL DRX
In RAN2#112 [1], a first discussion about whether to support timer-based or pool-based SL DRX configuration was triggered.  In our understanding, the two options can be summarized as follows:

Option 1) SL DRX is “based on timers (like Uu DRX)”:
· the UE monitors a periodically-occurring time-contiguous set of resources in the RX resource pool (defined by the on duration timer).  

· the UE is further configured with an inactivity timer which is (re)set upon reception of data on sidelink and may continue to monitor sidelink outside the on-duration while the inactivity timer is running.   

Option 2) SL DRX “based on DRX specific RX/TX resource pool”:
· the UE in DRX monitors a DRX specific RX pool

· the UE is further configured with an inactivity timer which is (re)set upon reception of data on sidelink, and monitors the normal (non-DRX) RX pool while the inactivity timer is running

Although as a baseline, it was agreed to inherit the notion of timers similar to Uu DRX for the case of SL unicast, there was no agreement on which timers (i.e. on-duration, inactivity timer, etc) should be used and hence which of the above options the final DRX scheme for each cast will look closer to.

Some potential advantages with each option can be identified as follows:

Potential advantages of option 1:

· Can re-use most of the UE behaviour of Uu DRX (i.e. with respect to the DRX cycle and on duration timer)  
· Time contiguous on-duration (as in Uu) may make alignment of SL and Uu DRX simpler (depending on what that design is)

Potential advantages of option 2:

· A common reference timing (e.g. reference SFN) for defining the DRX cycle, offset, etc does not need to be defined and synchronization based on legacy SL resource pools can be re-used

· Whether the same on-duration timer (and other timers) can be applied regardless of the sparsity of the TX/RX resource pool does not need to be considered

· Can allow periodic reception while in DRX without any specification effort (e.g. by defining a DRX specific pool with periodically occurring resources) 

Although there would seem to be more advantage with option 2, proper evaluation of the advantages of option 1 would require additional progress on designing the alignment of Uu and SL DRX. 
However, it should be clear from the similarities between the two options that a good amount of the stage 2 work on SL DRX can progress before RAN2 finalizes the selection between the options.  Specifically, whether the DRX configuration is defined by a resource pool and one or more timers, or defined entirely by a set of timers should have little/no impact on how such configuration is selected (e.g. for the different casts), the TX/RX behavior, etc.  Furthermore, given that retransmission timer and HARQ RTT timers are not required (as further discussed in this contribution), the main difference lies exclusively whether or not we use the Uu definitions of DRX cycle and on-duration. 
Observation 1:
Pool based and timer-based SL DRX mechanism differ mostly in whether DRX cycle and on duration are used, and so majority of stage 2 SL DRX design can be applicable to both mechanisms.
Therefore, it would be best to defer decision the mechanism to use until further progress on SL DRX design. 
Proposal 1: 
RAN2 defers decision about pool based vs timer based until further progress is made on SL DRX details (e.g. alignment between Uu and SL DRX)
2.2 Active Time/Timer Definitions
Minimum Guaranteed Active Time

Legacy Uu DRX is based on the concept of a minimum active time in which the UE is reachable (by NW scheduling).  This minimum time would be defined by the DRX cycle and on-duration timer (for timer-based solution) or by the DRX specific RX pool (for pool-based solution).  In either case, as discussed in our companion contribution [3], this minimum time depends on the traffic pattern:

· For unicast, once selected from the QoS, each active PC5-RRC connection at the peer UE would have its own minimum active time

· For groupcast/broadcast, the minimum active time associated to a service defined by a L2 destination ID (pre)configured for that L2 destination ID      

Proposal 2: 
A DRX cycle/on duration timer (for timer-based) or DRX specific RX pool (for pool-based) is defined per PC5-RRC connection for unicast and per destination L2 ID for groupcast/broadcast
Inactivity Timer
In legacy Uu DRX, the value of inactivity timer determines the amount of time by which the UE’s active time should be extended each time it is scheduled on DCI.  Effectively, it represents an expectation of interarrival time of packets to the UE.

For sidelink, it would be beneficial to select the DRX configuration/pattern based on the QoS profile [3].  As discussed on the SA2 TR [4] there may be situations where a NW configured active time may not be sufficient to sustain a V2X application requirement, and the network may not be aware of this.  Therefore, configuring a single inactivity timer (as in Uu) is not preferred for sidelink.  As a result, although the minimum active time (and therefore the inactivity timer) must be maintained per PC5-RRC connection/L2 destination ID, how that value is set when a received PDU resets the timer is more dependant on the QoS associated with that PDU (rather than the unicast link itself).  As a result, the timer is maintained per unicast link/L2 ID, but the value should be dependant on the priority of the transmission which restarted the timer.  
Proposal 3: 
RX UE maintains an inactivity timer per PC5-RRC connection (for unicast) and per destination L2 ID (per groupcast/broadcast).

Proposal 4: 
RX UE determines the value of the inactivity timer based on the priority of the transmission which restarted the timer

In Uu, the UE resets the inactivity timer when it receives a scheduling DCI.  Similarly, it can reset the SL inactivity timer for a unicast link/L2 destination ID when it receives an SCI scheduling a transmission.  However, for V2X, some transmissions scheduled by SCI may not be relevant to data activity (e.g. RSRP measurement report, CQI measurement report).  RAN2 should further consider whether such transmissions should be excluded with respect to defining the inactivity behaviour.
Proposal 5: 
RX UE restarts the inactivity timer upon reception of an SCI associated with the L2 ID.  FFS is certain transmissions are excluded.
In Uu, the gNB can schedule a UE in DRX while the UE has its inactivity timer running.  The gNB can infer that the inactivity timer is running either by assuming that the UE reliably receives DCI or making use of feedback from the UE (e.g. HARQ feedback).  However, this is up to gNB implementation.  

Similarly, for sidelink in unicast, the TX UE can assume the RX UE’s inactivity timer is running following transmissions to the RX UE.  Whether the TX UE further uses HARQ feedback to determine whether it can reach the UE can be further discussed.
Proposal 6: 
For unicast, a TX UE can determine whether the inactivity timer is running based on transmission to the unicast link.  FFS whether some feedback from the RX UE is further required. 

For groupcast or broadcast, a receiving UE’s inactivity timer may be running due to transmissions by a first transmitting UE, but a second transmitting UE may not be aware of this.  This would force all transmitting UEs to limit their transmissions to the resources of the limited reception state, even when the receiving UE’s inactivity timer is running, which would cause unnecessary delays in the transmission of groupcast/broadcast data arriving at a given UE.  RAN2 should therefore discuss ways in which a transmitting UE determines whether the inactivity timer associated with a group of UEs is running, such as using the reception of data with the same L2 destination ID. 

Proposal 7: 
RAN2 studies mechanisms for a TX UE to determine the state of the inactivity timer of other UEs in groupcast/broadcast. 

Retransmission timer and HARQ RTT Timer
The need for retransmission timer and HARQ RTT timer was discussed in the email discussion [2].  When the TX UE performs blind retransmissions, it can always ensure the retransmission resources are reserved within a previous SCI, or that a one-shot resource is used for retransmission falls within the active time of the UE (defined by the inactivity timer).   For HARQ-based transmissions controlled by the network via PUCCH, this may be more difficult to guarantee due to the PSFCH timing.  
Proposal 8: 
Retransmission timer and HARQ RTT timer are not used for SL DRX when PSFCH is disabled. 

In this case, the HARQ RTT timer and retransmission timer of Uu can be re-used.  However, similar to the inactivity timer, the retransmission timer and HARQ RTT timer should be set to the priority of the PDU being retransmitted (as with the inactivity timer). 
Proposal 9: 
For HARQ-based SL transmissions, the HARQ RTT timer and retransmission timer are set based on the priority of the transmission. 

Periodic Transmissions
Periodic transmissions are inherent to SL and may require a different treatment with respect to SL DRX compared with Uu.  In Uu, when the UE has a configured DL grant that occurs outside the active time, the UE is not required to decode PDSCH.  It is the gNBs responsibility to make sure that the configured grant falls in the on duration.  Using a similar assumption for SL may be problematic if we limit the number of independent DRX configurations at an RX UE.  

One way to allow periodic transmissions to a UE in DRX is to allow the UE to monitor PSCCH also based on reception of periodically scheduled SCI.  This would be similar to the UE behavior with respect to retransmissions described above.  Additional power savings could further be achieved if the SCI were to indicate whether the RX UE could sleep between such periodic transmissions.  Alternatively, for the pool-based solution, periodic transmissions could be inherently handled if we assume the separate resource pool to define the resources of the limited reception state.

Proposal 10: 
RAN2 defines mechanisms for power efficient reception of periodic data for UE in SL DRX 

Handling Half-Duplex and Congestion During the Active Time
Another potential issue specific to SL DRX is that of half-duplex and congestion which may occur during the minimum guaranteed active time.  In Uu, the NW has full control of the resources which occur during the on duration.   While this is valid for SL mode 1, in mode 2, all TX UEs must compete for the resources during the minimum active time associated with a peer UE (in unicast) or a L2 destination ID (for groupcast/broadcast).  Given the minimum active time of multiple UEs will be aligned to maximize power savings, the probability of collisions and/or half-duplex occurring during the active time is high compared to a system without DRX.  Methods should be studied to resolve this issue, such as considering the CBR when defining the on duration or allowing an increased/larger number of retransmissions during the on duration.   
Proposal 11: 
RAN2 defines mechanisms to alleviate the problems of half-duplex and increase congestion when all UEs transmit only during the active time 

3 Conclusion
In this contribution, the following observations were made on the definition of the SL active time:

Observation 1:
Pool based and timer-based SL DRX mechanism differ mostly in whether DRX cycle and on duration are used, and so majority of stage 2 SL DRX design can be applicable to both mechanisms.

Based on these observations, the following conclusions were made: 
Proposal 1: 
RAN2 defers decision about pool based vs timer based until further progress is made on SL DRX details (e.g. alignment between Uu and SL DRX)

Proposal 2: 
A DRX cycle/on duration timer (for timer-based) or DRX specific RX pool (for pool-based) is defined per PC5-RRC connection for unicast and per destination L2 ID for groupcast/broadcast

Proposal 3: 
RX UE maintains an inactivity timer per PC5-RRC connection (for unicast) and per destination L2 ID (per groupcast/broadcast).

Proposal 4: 
RX UE determines the value of the inactivity timer based on the priority of the transmission which restarted the timer

Proposal 5: 
RX UE restarts the inactivity timer upon reception of an SCI associated with the L2 ID.  FFS is certain transmissions are excluded.

Proposal 6: 
For unicast, a TX UE can determine whether the inactivity timer is running based on transmission to the unicast link.  FFS whether some feedback from the RX UE is further required. 

Proposal 7: 
RAN2 studies mechanisms for a TX UE to determine the state of the inactivity timer of other UEs in groupcast/broadcast. 

Proposal 8: 
Retransmission timer and HARQ RTT timer are not used for SL DRX when PSFCH is disabled. 

Proposal 9: 
For HARQ-based transmissions, the HARQ RTT timer and retransmission timer are set based on the priority of the transmission. 

Proposal 10: 
RAN2 defines mechanisms for power efficient reception of periodic data for UE in SL DRX 

Proposal 11: 
RAN2 defines mechanisms to alleviate the problems of half-duplex and increase congestion when all UEs transmit only during the active time 
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