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Introduction
In RAN2 #112e, some agreements related to SL DRX were reached as shown below [1]:
	Agreements on SL DRX: 
1: 	Sidelink DRX needs to support sidelink communications for both in and out of network’s coverage scenarios.
2:	RAN2 will prioritize normal use case without consideration of relay UE use case in Rel-17.
3:	Support SL DRX for all casting types.
4:	If a UE is in SL active time, UE should monitor PSCCH. FFS on PSSCH. FFS for sensing impacts.
5:	RAN2 is not going to introduce SL paging and SL PO for SL DRX.
6:	As baseline, for Sidelink DRX for SL unicast, it is proposed to inherit and use timers similar to what are used in Uu DRX. FFS for SL broadcast/groupcast. FFS on detailed timers.
7:	Working assumption: SL DRX should take PSCCH monitoring also for sensing (in addition to data reception) into account if SL DRX is used.
8:	Support of long DRX cycle for SL unicast should be assumed as a baseline. FFS on the need of short DRX cycle.
9:	Deprioritize SL WUS from RAN2 point of view in Rel-17.


In this contribution, we will discuss some more general aspects that are also indispensable to build the sidelink DRX framework for unicast, and provide corresponding observations and proposals.
Discussion
1.1. Definition of SL DRX active time for unicast
[bookmark: _GoBack]In Uu communication, considering the UE is not always performing information exchange with the network, it is expected keeping monitoring PDCCH is not necessary and results in much power waste in the UE due to blind detection of PDCCH. To reduce UE power saving when ensuring effective transmission, DRX (Discontinuous Reception) is introduced to control the UE behaviors of monitoring PDCCH based on both periodic and event-triggered mechanisms. The basic Uu DRX procedures are depicted as shown in Figure 1, with the main parameters summarized in the below box.
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Figure 1: Basic Uu DRX procedures

RRC controls Uu DRX operations by configuring the following parameters [2]:
-	drx-onDurationTimer: the duration at the beginning of a DRX Cycle;
-    drx-StartOffset: the offset of the start of a DRX Cycle;
-	drx-SlotOffset: the delay before starting the drx-onDurationTimer;
-	drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates a new UL or DL transmission for the MAC entity;
-	drx-RetransmissionTimerDL (per DL HARQ process): the maximum duration until a DL retransmission is received;
-	drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until a grant for UL retransmission is received;
-	drx-HARQ-RTT-TimerDL (per DL HARQ process): the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;
-	drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity.
-	drx-LongCycleStartOffset: the Long DRX cycle and drx-StartOffset which defines the subframe where the Long and Short DRX Cycle starts;
-	drx-ShortCycle (optional): the Short DRX cycle;
-	drx-ShortCycleTimer (optional): the duration the UE shall follow the Short DRX cycle;
Actually, the definition of Active Time in Uu DRX largely depends on the status of these timers as listed above. To be specific, in SL DRX, drx-onDurationTimer can be reused to make the SL UE to wake up periodically. Moreover, drx-InactivityTimer can also be reused to make UE to expand the wake-up time by adapting to the real-time SL service(s) arriving pattern. Besides, since FB based HARQ retransmission is supported in SL unicast, the retransmission related timers (i.e. drx-RetransmissionTimer and drx-HARQ-RTT-Timer) in Uu DRX can also be reused in SL DRX, in order to coordinate the HARQ operation and DRX operation in a way that is similar to Uu. A slight difference from Uu, there is no need to distinguish between DL and UL, one set of SL specific drx-RetransmissionTimer and drx-HARQ-RTT-Timer is enough. 
Since it has already been agreed in the last meeting that “As baseline, for Sidelink DRX for SL unicast, it is proposed to inherit and use timers similar to what are used in Uu DRX”, the functionalities of those Uu timers, which are used mainly to determine the active time of DRX in Uu, should be reused in sidelink for the definition SL DRX Active Time. Therefore, we propose RAN2 to agree to reuse the below timers.
Proposal 1: In SL DRX for unicast, introduce the following timers to define the Active Time in SL DRX:
· sl-DRX-OnDurationTimer: the duration at the beginning of a SL DRX Cycle;
· sl-DRX-InactivityTimer: the duration after the SCI that indicates a new SL transmission;
· sl-DRX-RetransmissionTimer: the maximum duration until an SCI that indicates a SL retransmission is received;
· sl-DRX-HARQ-RTT-Timer: the minimum duration before an SCI for HARQ retransmission is expected by the MAC entity.
Having said above, these timers are used to define the Active time of SL DRX. In our corresponding paper in [3], it is clarified that with the SL DRX configurations for SL unicast have to be carried out in a per PC5 RRC connection manner, the sl-DRX-OnDurationTimer and sl-DRX-InactivityTimer have to be maintained in a per PC5 RRC connection manner . Therefore, for the SL reception of a UE, the SL DRX Active Timer includes the time while sl-DRX-OnDurationTimer or sl-DRX-InactivityTimer configured (and maintained) for a PC5 RRC Connection is running.. 
Proposal 2: In SL DRX for unicast, the Active Time includes the time while the sl-DRX-OnDurationTimeror sl-DRX-InactivityTimer for a PC5 RRC connection is running. 
Also, it is clarified in our corresponding paper in [3] that the sl-DRX-RetransmissionTimer should be maintained in a SL process manner (using the value of that configured for the PC5 RRC connection with the SRC-DST IDs associated with the SL process). Then, similar to DL reception in Uu, the SL DRX Active time also includes the time while a drx-RetransmisisonTimerSL is running for a SL process for reception.
Proposal 3: In SL DRX for unicast, the Active Time includes the time while the sl-DRX-RetransmissionTimer associated with any SL process for reception is running.
In the last meeting, it is agreed that “if a UE is in SL active time, UE should monitor PSCCH. FFS on PSSCH. FFS for sensing impacts”. In DL operation, the reception of PDSCH is independent of DRX operation which only affects the UE’s monitoring of PDCCH. That is, as long as a DCI is received by the UE over PDCCH, the UE shall goes to receive on the PDSCH resrouces indicated by the DCI received, irrespective of whether the PDSCH resources are located in the Active Time of DRX or not. Following this logic of PDSCH reception when Uu DRX is configured,  we see no problem to follow the same way for the reception of PSSCH with SL DRX being configured/enabled, no matter for 2nd stage SCI decoding or for the actualy TB reception. 
Therefore, we propose to reuse PDSCH reception manner as in Uu, and propose the following also for SL DRX.
Proposal 4: As in DL, a UE shall monitor PSCCH only in Active Time when SL DRX is configured/enabled, but monitors a PSSCH (for 2nd stage SCI and TB) indicated by the SCI irrespective of whether it is in Active Timer or not (i.e. DRX has no impacts on PSSCH reception).
As for the trigger(s) on when/how the above timers should be (re)started, it is rather Stage-3 details which could be further discussed in detail after above general framework for Active timer definition is constructed. As a starting point, the Uu trigger(s) could be treated as the baseline, and we can further investigate what SL specific changes should be made on top of those. These Uu baselines include: 1) using the equation for the stargin point of sl—DRX-OnDurationTimer; 2) (re)start sl-DRX-InactivityTimer after reception of new transmissions; 3) start sl-DRX-RetransmissonTimer after the corrsponding sl-DRX-HARQ-RTT-Timer expires. 
Proposal 5: Take the general principles of Uu DRX timer handling as the baseline for the design of SL DRX related timers, including:
· use the equation to compute the starting point of sl-DRX-OnDurationTimer;
· (re)start sl-DRX-InactivityTimer after the reception of a new transmissions;
· start sl-DRX-RetransmissonTimer after the expiry of the corresponding sl-DRX-HARQ-RTT-Timer. 
FFS on the details (e.g. specific equation for starting DRX cycle, difference of SL HARQ FB than Uu HARQ FB, etc.).
1.2. Short DRX cycle or not for unicast
Apart from the above discussions on Active Time definition, one left-over issue from the last meeting is “FFS on the need of short DRX cycle.”.  In Uu the long DRX cycle is the baseline and short DRX cycle is supported as an optional feature. As to sidelink, it is expected that sometimes SL services arrive frequently, in which case short cycle can be inherited to ensure timely scheduling while reducing the power consumption, while sometimes SL services end or are quite sporadic and long cycle is more power saving. If there is only one DRX cycle for a SL DRX, SL DRX reconfigurations are needed in the transitions between SL service arrival and SL service end, and these SL DRX reconfigurations will bring additional radio overhead and delay in the transition from SL service end to SL service arrival compared with the short/long DRX cycle transition mechanism as in Uu DRX. Moreover, note that in Uu short DRX cycle is optional, so even though both long and short DRX cycles are introduced in SL, it can fallback to single DRX cycle when it is needed based on the characteristics of current SL services. , Therefore, it is reasonable to introduce both long and short DRX cycles as in Uu.
Proposal 6: In SL DRX for unicast, support Short DRX cycle and introduce sl-DRX-ShortCycleTimer which is the duration the UE shall follow the Short DRX cycle.
1.3. Impact on sensing 
RAN2 agreed this working assumption in the last meeting: “7:	Working assumption: SL DRX should take PSCCH monitoring also for sensing (in addition to data reception) into account if SL DRX is used”. This working assumption, additionally, directly promoted the revision of objective bullet 2 in the latest WID [4], which now explicitly requires the impact of DRX design to be one of the considering factors for the work of resource allocation enhancement.
	2. Resource allocation enhancement:
· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.
· This work should consider the impact of sidelink DRX, if any.


In fact, the DRX impacts on sensing should be mainly discussed and concluded in RAN1, because the sensing procedure is operated by the UE in PHY layer and is completely invisible to the L2. As a result, it should be RAN1 that is at the best position to evaluate what specific impacts sidelink DRX may bring to sensing procedure (e.g. how to deal with the PSCCH monitoring during DRX off-time, what if the UE lacks some of the PSCCH decoding information for sensing result derivation, etc.), and then conclude whether/what enhancements need to be done. Even if there are some potential L2 impacts expected, they should be discussed depending on the potential conclusion and instructions from RAN1 in future. Therefore, we propose RAN2 to await RAN1 conclusion before starting this discussion. 
Proposal 7. DRX impacts on sensing is mainly up to RAN1 discussion (e.g. how to handle PSCCH during DRX off-time, what if decoding of some PSCCH is missing, need of any enhancements expected, etc.). RAN2 should await further RAN1 progress before starting the discussion on this topic. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Conclusion
In this contribution, we discussed some general aspects related to sidelink DRX for unicast and the following observations and proposals are provided:
Proposal 1: In SL DRX for unicast, introduce the following timers to define the Active Time in SL DRX:
· sl-DRX-OnDurationTimer: the duration at the beginning of a SL DRX Cycle;
· sl-DRX-InactivityTimer: the duration after the SCI that indicates a new SL transmission;
· sl-DRX-RetransmissionTimer: the maximum duration until an SCI that indicates a SL retransmission is received;
· sl-DRX-HARQ-RTT-Timer: the minimum duration before an SCI for HARQ retransmission is expected by the MAC entity.
Proposal 2: In SL DRX for unicast, the Active Time includes the time while the sl-DRX-OnDurationTimeror sl-DRX-InactivityTimer for a PC5 RRC connection is running. 
Proposal 3: In SL DRX for unicast, the Active Time includes the time while the sl-DRX-RetransmissionTimer associated with any SL process for reception is running.
Proposal 4: As in DL, a UE shall monitor PSCCH only in Active Time when SL DRX is configured/enabled, but monitors a PSSCH (for 2nd stage SCI and TB) indicated by the SCI irrespective of whether it is in Active Timer or not (i.e. DRX has no impacts on PSSCH reception).
Proposal 5: Take the general principles of Uu DRX timer handling as the baseline for the design of SL DRX related timers, including:
· use the equation to compute the starting point of sl-DRX-OnDurationTimer;
· (re)start sl-DRX-InactivityTimer after the reception of a new transmissions;
· start sl-DRX-RetransmissonTimer after the expiry of the corresponding sl-DRX-HARQ-RTT-Timer. 
FFS on the details (e.g. specific equation for starting DRX cycle, difference of SL HARQ FB than Uu HARQ FB, etc.).
Proposal 6: In SL DRX for unicast, support Short DRX cycle and introduce sl-DRX-ShortCycleTimer which is the duration the UE shall follow the Short DRX cycle.
Proposal 7. DRX impacts on sensing is mainly up to RAN1 discussion (e.g. how to handle PSCCH during DRX off-time, what if decoding of some PSCCH is missing, need of any enhancements expected, etc.). RAN2 should await further RAN1 progress before starting the discussion on this topic.
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