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1. Introduction
[bookmark: _Hlk46842767][bookmark: Proposal_Pattern_Length]In RAN2#112-e meeting, initial discussion on sidelink enhancements, specifically the introduction of SL DRX took place and led to the adoption of the following agreements:
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.

This contribution focuses on furthering the design for SL DRX by considering the general principles for all applicable scenarios and cast types. In our companion contributions [1] [2], we focus on the other WI objectives, i.e. alignment of DRX cycles between Uu and SL as well as alignment among different UEs over sidelink.
1. Discussion
SL mechanism for groupcast/broadcast
While it has been agreed that SL DRX shall be applicable for all cast types (unicast, groupcast and broadcast), it is not clear whether a common design philosophy for all cast types makes sense to be pursued. During the email discussion [3], two distinct approaches were discussed:

· Resource pool based common/default DRX mechanism, whereby a set of UEs are all configured with a default DRX configuration (e.g. resource pool configuration) such that the UE is aware of when to wake up and monitor PSCCH/PSSCH and when to go into sleep mode to conserve power.
· Timer based DRX mechanism, whereby similar to Uu DRX, each UE maintains a set of timers to “independently” go into DRX sleep and wake up, based on the DRX configuration obtained by the network, peer UEs or pre-configuration, etc. 

Note that there is a distinct difference in the two approaches, not just in terms of how the UE obtains the relevant DRX configuration but also in terms of how the UE fundamentally performs DRX procedure. The former is a more passive procedure, where all UEs follow a certain pattern of switching SL radio ON/OFF based on resource pool configuration, while in the latter case, each UE can (potentially) have a unique DRX pattern based on the DRX configuration it has obtained. While both options have their pros and cons, it was agreed in the last meeting that at least for unicast, the latter mechanism (which is based on Uu DRX mechanism) is adopted. For the case of groupcast and broadcast, we think the same mechanism can be used. This is because even with the timer based, Uu like approach, UEs operating in groupcast and broadcast can be provided with one or more common DRX configuration(s), which can be per service type, PQI or per cast type. How the UEs are configured can be discussed further (see discussion below), but in any case, power saving benefits can be obtained for groupcast and broadcast cases without the need for setting up a connection. Moreover, the resource pool based DRX mechanism suffers from reduced efficiency by reducing the ‘useful’ slots available within a resource pool which can be used for active communication, which can be avoided by using the Uu like, timer based approach. Of course, how the DRX configuration is provided to the UE is the next question and we discuss this in detail in our companion contributions [1] [2].
Proposal 1:	Same as sidelink unicast, timer based DRX mechanism (inherited from Uu DRX) is adopted for groupcast and broadcast sidelink operation.

In general, when considering sidelink DRX operation, the following set of sidelink DRX related parameters can be configured to the UE in order to perform SL DRX operation:

· SL-OnDurationTimer: The duration that the UE waits for, after waking up, to monitor PSCCH (sidelink control channel). If the UE successfully decodes a PSCCH, decodes the SCI (Sidelink Control Information) (and determines that it is interested in receiving the corresponding transmission over PSSCH), the UE stays awake and starts the inactivity timer.
· SL-InactivityTimer: The duration that the UE waits to successfully decode a PSCCH, from the last successful decoding of PSCCH, failing which it can go back to sleep. The UE restarts the inactivity timer following a single successful decoding of a PSCCH (and determining to decode the PSSCH based on the SCI). This can be applicable for either just the first/initial transmission only or for both first transmission and any subsequent retransmissions.
· SL-HARQ-RTT-Timer: The timer to account for HARQ RTT duration for the SL HARQ process (similar to the UL/DL case), if HARQ feedback is configured
· SL-RETRANSMISSION-Timer-SL: The maximum duration in slots until a retransmission is expected to be sent/received over PSSCH, if HARQ retransmissions are configured
· SL-DRX-CYCLE (and START OFFSET) and DRX-SlotOffset: To specify the start offset and periodic repetition of the on-duration followed by a possible period of inactivity, i.e. the entire DRX cycle duration as well as the slot offset for the start of the cycle.
Similarly, the following can be determined by the UE based on the above configuration, similar to Uu case:
· [bookmark: _GoBack]SL-ACTIVE-TIME: The time duration that the UE is expected to continuously monitor PSCCH. This includes the "on-duration" of the DRX cycle, the time UE is performing continuous reception while the inactivity timer has not expired, and the time when the UE is performing continuous reception while waiting for a retransmission to be sent/received.
· SL- INACTIVE TIME: The time duration that the UE can skip monitoring PSCCH and turn off the radio. Effectively the complement of the active-time.

Proposal 2:	At least the on-duration timer, inactivity timer and DRX cycle duration and offset can be configured to the UE for SL DRX (for all cast types) via RRC. Any additional enhancements compared to Uu design can be FFS.

Consideration of SL specific aspects
Based on the above discussion and the progress made in the last RAN2 meeting, there are a number of different aspects to consider which are discussed in detail below:
Short and long DRX cycle
Another salient aspect where SL DRX design might differ from Uu pertains to the concept of long and short DRX cycles, which can be configured individually for the UE via RRC configuration. The benefit of having both options is to allow for more network flexibility when configuring the UE with different QoS requirements. Then, for SL DRX, the natural question to ask is whether we need to follow the same route and whether there is any motivation to have the same functionality as well. Since there can be a wide variety of services and associated traffic types for sidelink operation, such flexibility of having both options seems useful. On the other hand, especially for out of coverage scenarios, it is expected that the UEs involved in sidelink communication with each other are already aware of the traffic patterns and so having configuration for both might be overkill. So, we propose that only a single (long) DRX cycle is supported for SL operation for all cast types.
[bookmark: _Hlk54001945]Proposal 3:	RAN2 is proposed to agree that only a single type of DRX (long DRX) cycle is supported for SL DRX operation for all cast types (i.e. no need to support short DRX cycle).

Handling of the Inactivity timer
In the last meeting, it was agreed that the UE at least monitors PSCCH during active time but the need for PSSCH monitoring was left FFS. Note that in contrast to the Uu case, due to the inherent shared nature of PSSCH and the 2 stage SCI design in NR, the UE might receive and decode several SCIs from other UEs scheduling transmissions over sidelink. Therefore, it needs to be discussed whether there is any different UE behavior expected regarding the 2 stage SCI design over PSSCH and the inactivity timer running/expiry. Unlike the Uu case, there is a very likely possibility that the UE, even upon successfully decoding an SCI from another UE is not interested in decoding the PSSCH or further monitoring of the PSCCH (for example to monitor other broadcast transmissions). In this case, it might be prudent to let the UE run the inactivity timer rather than resetting it (as in the Uu case). In our view, at least the following options can be considered:
While the SL DRX inactivity timer is running, the UE restarts the timer whenever any PSCCH is received indicating a new transmission over sidelink
The UE restarts the timer only after it determines if it wants to receive the incoming scheduled transmission via SCI. This can be based on, for example, the priority indication within the scheduling SCI
Proposal 4:	It is proposed to discuss if the UE behaviour regarding the handling of the inactivity timer needs to be distinguished from Uu design due to the 2-stage SCI design for SL.

Need of a SL DRX Command MAC CE
For Uu, the gNB can send a DRX Command MAC CE or a Long DRX Command MAC CE to the UE at any time and the UE is expected to immediately stop the On-Duration Timer and the Inactivity timer and go into DRX sleep. For sidelink unicast, a similar MAC CE might need to be defined to allow the peer UE the opportunity to potentially stop monitoring PSCCH and go into DRX sleep as well. The UE may still have other sidelink connections to monitor, but this can serve as an explicit indication that it does not need to monitor transmissions from this particular peer UE. Note that while it is possible to accomplish this by other means (e.g. RRC signaling, L1 ACK, etc.), we think it is straightforward to follow Uu design by using a MAC CE.
Proposal 5:	For sidelink unicast, SL DRX Command MAC CE (with size zero bits) can be defined and RAN2 is proposed to further discuss the UE behaviour upon reception of the SL DRX Command MAC CE.

1. [bookmark: _Toc465993148]Conclusion
This contribution discusses the objective of defining Sidelink DRX mechanism to enable power saving and makes the following observations proposals:
Proposal 1:	Same as sidelink unicast, timer based DRX mechanism (inherited from Uu DRX) is adopted for groupcast and broadcast sidelink operation.
Proposal 2:	At least the on-duration timer, inactivity timer and DRX cycle duration and offset can be configured to the UE for SL DRX (for all cast types) via RRC. Any additional enhancements compared to Uu design can be FFS.
Proposal 3:	RAN2 is proposed to agree that only a single type of DRX (long DRX) cycle is supported for SL DRX operation for all cast types (i.e. no need to support short DRX cycle).
Proposal 4:	It is proposed to discuss if the UE behaviour regarding the handling of the inactivity timer needs to be distinguished from Uu design due to the 2-stage SCI design for SL.
Proposal 5:	For sidelink unicast, SL DRX Command MAC CE (with size zero bits) can be defined and RAN2 is proposed to further discuss the UE behaviour upon reception of the SL DRX Command MAC CE.
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