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1. Introduction
[bookmark: _Hlk46842767][bookmark: Proposal_Pattern_Length]In the last RAN2 meeting, the following agreements were made regarding SL DRX related timers [1]:
Agreements on details of timer
1: 	The following parameters are supported as part of the SL DRX configuration for all cast types: sl-drx-StartOffset, sl-drx-Cycle, sl-drx-onDurationTimer, and sl-drx-SlotOffset.
2:	The RX UE determines the symbol/slot/subframe associated with the start of the DRX cycle using the configured sl-drx-Cycle, sl-drx-StartOffset.  FFS on details.
3:	The RX UE starts the sl-drx-onDurationTimer after sl-drx-slotOffset from the beginning of the subframe.
4:	The RX UE’s active time includes the time in which sl-drx-on-DurationTimer is running.
5:	For unicast, the TX UE behaviors should be specified to keep aligned with the RX UE regarding the DRX Active time. FFS the specific Spec impacts needed at the TX side.
6:	For unicast, the RX UE maintains a separate SL inactivity timer for each pair of src/dest L2 ID.
7:	For unicast, the SL inactivity timer value may take into consideration the QoS.  Whether any specification impacts are needed is FFS.
8:	For unicast, RX UE starts/restarts the inactivity timer with the value configured for that pair of src/dest L2 ID.
9:	For unicast, the RX UE (re)starts the inactivity timer upon reception of a new SL data transmission from the RX UE perspective for that pair of src/dest L2 ID.
10:	For unicast, the RX UE (re)starts the inactivity timer based on information in SCI (SCI1+SCI2).  FFS if the MAC layer can stop the inactivity timer.
11:	For unicast, the RX UE (re)starts the inactivity timer in the first slot after SCI (SCI1+SCI2) reception.
12:	For unicast, the TX UE maintains a timer corresponding to the SL Inactivity timer in the RX UE for each pair of src/dest L2 ID, and uses the timer as part of criterion for determining the allowable transmission time for the RX UE.
13:	For unicast, the TX UE (re)starts its timer corresponding to the SL inactivity timer at the RX UE at the slot following an SCI transmission indicating a new data transmission. FFS the specific spec impacts needed at the TX side.
14:	SL Inactivity timer is supported for groupcast. FFS on the scenarios where it is supported.
15:	SL Inactivity timer is not supported for broadcast transmissions.
16:	The RX UE is active on sidelink (monitors SCI1+SCI2) as long as at least one of the SL inactivity timers associated with unicast or groupcast (if supported) is running.
17:	As a baseline, agreements 7-13 inclusive are applied to SL inactivity timer for groupcast, with the difference that “src/dest L2 ID pair” is replaced with “groupcast L2 destination ID or src/dest L2 id pair” (dependent on the conclusion of proposal 17).  Any specific handling which may be needed for synchronization of inactivity timers for the groupcast case is FFS.
18:	SL HARQ RTT timer and SL HARQ retransmission timer are maintained per SL HARQ process at the RX UE.
19:	Working assumption: SL HARQ RTT timer can be derived from the retransmission resource timing when the SCI indicates a retransmission resource. FFS whether explicitly configured SL HARQ RTT timer may be still required. If big problem is identified next meeting, we can revisit it.
20:	The value(s) of the SL HARQ RTT Timer, when explicitly configured and not determined via SCI (if agreed to do so), is determined by UE or NW implementation.
21:	For unicast, sidelink retransmission timer can be supported for at least some cases of HARQ disabled transmissions. FFS whether HARQ RTT is supported or not.
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.
24:	For cases where there is some uncertainty in the timing of a retransmission for a HARQ process (e.g. due to no retransmission resource indicated in the SCI, or possible reselection by the TX UE) the RX UE uses a configured retransmission timer.
25:	Retransmission timer can be started upon expiry of the HARQ RTT timer.
26:	The value(s) of the SL retransmission timer can be determined by UE or NW implementation.
27:	The SL active time of the RX UE includes the time in which any of its applicable sl-drx-OnDuration(s), sl-DRXInactivityTimer(s), or sl-drx-RetransmissionTimer(s) are running.
28:	Working assumption: The slots when the UE is expected CSI report following a CSI request is considered as SL active time.
29:	RAN2 assumes LCP enhancements for ensuring a TX UE transmits data in the active time of an RX UE are needed. FFS on the resource (re)selection enhancements (e.g. limiting the resources to the active time for peer UE).


There are several key aspects regarding overall SL DRX design that still need further discussion in RAN2. In this contribution, we focus on these open aspects and present our view.
1. Discussion
SL DRX configuration aspects
An open question since the last few RAN2 meetings has been the design direction to consider for how SL DRX configuration is determined/obtained by UEs operating over sidelink. During RAN2#113-e meeting, the following agreements were reached:
Agreements on SL DRX configurations
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.
3:	For broadcast/groupcast, for in-coverage case, for RRC_CONNECTED TX-UE/RX-UE can obtain DRX configuration from SIB. FFS on whether dedicated-RRC is also used.
4:	For unicast, for OOC scenario, the UE who sends out the DRX configuration decides on the DRX configuration. FFS on whether pre-configuration and/or the assistance information from the peer UE is also taken into account when determining the DRX configuration.
5: 	For unicast, for OOC scenario, adopt per-direction DRX configuration is as baseline. FFS on whether it is TX-centric or Rx-centric, i.e. TX UE or RX UE decides it.

Subsequently, a summary for email discussion to close on this aspect was submitted to the last RAN2 meeting, but not treated due to lack of time [2]. An open issue therein related to the above set of agreements is whether a TX-centric or an RX-centric approach is used for determining the DRX configuration for a given unicast link/direction. In our view, use of TX-centric approach is preferrable and the main argument against it seems to be that it does not seek to maximize the power saving gains which is the underlying objective for SL DRX. However, it should be noted that since we have already converged on the usage of some assistance information/signaling from the peer UE (i.e. signaling-1). In our view, this signaling can be sent by the RX UE and can precede the actual DRX configuration sent by the TX UE. In this way, the TX UE can take the information sent by the RX UE into account when determining the SL DRX configuration to be used for this link and power saving gains can be accomplished. Note that this signaling can either correspond to some SL traffic related information (e.g. SL traffic periodicity, priority, etc.) or some preferred DRX configuration from the RX UE side. Moreover, if we consider the RX UE centric approach and consider the case that it is receiving SL traffic from multiple UEs, the configuration that it determines may not be usable by a TX UE with respect to its resource selection procedure. It is noted that RAN1 is unlikely to discuss any modification on resource select procedure according to the work plan.  
Observation 1:	TX-UE centric approach can still achieve power saving gains based on utilization of assistance information from the peer/RX UE.

Proposal 1a:	At least for the OOC case, RAN2 is proposed to agree to use a TX-UE centric approach for SL DRX configuration.
Proposal 1b:	The TX UE decides on DRX configuration based on at least the assistance information received from the peer RX UE.

In addition to the role of signaling from the peer UE, we also need to consider how the TX UE determines the SL DRX configuration for different coverage scenarios. For the simplest case of out of coverage, the role of pre-configuration is still not clear as in [2]. In our view, pre-configuration has traditionally been used as a last resort when the UE has no other way of obtaining configuration and is generally not granular enough to be suited to every type of unicast link/traffic. On the other hand, given that it is the TX UE which has the most accurate information on the SL traffic, it is reasonable to rely on UE implementation to determine the SL DRX configuration to be used. Therefore, there is no need to specify the details of how this configuration is determined by the UE. Note that this can be applicable regardless of whether we ultimately go with a TX-centric or RX-centric approach.
Proposal 2:	RAN2 is proposed to agree that for the OOC case, the TX UE can rely on UE implementation to derive the SL DRX configuration (i.e. no need to rely on pre-configuration).

For the case when either or both the UEs are in network coverage, there seems to be a consensus among companies that we rely on the UE(s) forwarding the received configuration from the peer UE to the network and rely on SIB/Dedicated RRC signaling to obtain the DRX configuration to be used. This is also aligned with the general design direction in NR sidelink (compared to LTE) that UE’s SL related configuration should be under network control when in coverage. The potential impact of this design on the SL DRX active time alignment objective is discussed in more detail in our companion contribution [3].
On DRX specific timers
The main aspect discussed in the last RAN2 meeting pertains to SL DRX specific timer definitions and further details. There are a few key FFS aspects that need further discussion to converge. 
Firstly, there seemed to be confusion on whether there is any impact on the TX UE behaviour with respect to alignment with the DRX active time from RX UE perspective. In this case, it would be good to clarify that we have already agreed that the key SL DRX related timers shall be included as part of the SL DRX configuration, which should be known to both peer UEs. In that sense, the TX UE should already be aware of the timers running at the RX UE (which indirectly determine whether the RX UE is in SL DRX active time or not). Infact, the TX UE should take this DRX timer related configuration into account when performing sensing/resource selection for transmission to the RX UE such that it falls during the active time of the RX UE. This association between sensing and DRX configuration is further explored in section 2.3 below. In addition to this however, it cannot be assumed that the TX UE maintains the same set of timers as the RX UE in order to be aware of the RX UE’s DRX cycle, especially since it may be operating over multiple PC5 unicast links. Given the potential complexity of having to specify the TX UE behaviour of maintaining the same timers and essentially “mirroring” the RX UE’s DRX cycle/timers, it is not clear to us how the TX UE “maintains” these timers. In our view, the simplest way forward is to agree that TX UE shall be aware of the DRX timer configuration for the RX UE when performing SL transmissions, without explicitly having to maintain the same set of timers itself. How to capture this behaviour can be further discussed in RAN2.
Proposal 3:	The TX UE shall be aware of the DRX timer configuration for the RX UE when performing SL transmissions to keep aligned with the RX UE’s active time. Whether or not it requires maintaining the same DRX timers as the RX UE can be FFS.

Secondly, while it was agreed that as a baseline, the SL inactivity timer shall be supported for groupcast on a per groupcast destination ID basis, it is not clear whether additional handling is needed for synchronization of the inactivity timer across group member UEs. It is worth noting that based on NR sidelink design, there is no AS layer awareness or additional signaling for group management and it is purely handled at the upper layers. In other words, the group members are not aware of the existence of the group leader/manager UE. Moreover, if one were to mimic the unicast behaviour where the peer UEs are aware of each other’s SL DRX timer configuration, it would require signaling exchange between all the group member UEs and/or the mediation by a group leader. In our understanding, based on the previous discussion on how this DRX configuration is provided to UEs in the groupcast scenario, it should be handled by network configuration and/or preconfiguration. So, the need for synchronization of inactivity timers for the groupcast case is not well motivated and would likely require support of additional AS signaling. Therefore, we think that no special handling is needed for this case.
Proposal 4:	No special handling is needed for synchronization of SL inactivity timers for the groupcast case.

Finally, it was agreed as a working assumption that the slots when the UE is expected to receive CSI reports following a CSI request shall be considered as SL active time. There was some confusion as to how it affects the TX UE side, but we think it is clear that while the TX UE behaviour might be affected regarding the transmission of this CSI report, it is straightforward from the RX UE perspective, i.e. once the RX UE sends a CSI request, it has to extend the DRX active time in order to be able to monitor PSCCH/PSSCH to successfully receive the CSI report. From the TX UE perspective, this has no impact on its DRX operation, since as discussed in section 2.3 below, DRX behaviour is primarily specified with regard to RX operation. 
 Proposal 5:	Confirm the working assumption that the slots when the UE is expected to receive a CSI report (following a CSI request) shall be considered as SL DRX active time from RX UE perspective.

Consideration for sensing operation
The impact of UE sensing behaviour on SL DRX operation is not yet fully clear. In the last meeting, RAN2 defined the behaviour for monitoring the SCI reception with respect to data reception, but sensing aspect was not considered. While there is no clear guidance on the how the two interact, we think it is worthwhile to discuss and conclude on this aspect. Specifically, as discussed in section 2.2, from a TX UE perspective, once the SL DRX configuration for a given unicast link has been determined, it needs to perform sensing for resource (re-)selection for SL data transmission in mode 2. In order to align the DRX cycle for the two UEs, TX UE needs to ensure that its selected resources fall within the determined DRX active time of the RX UE. At the same time, this sensing procedure for the TX UE does not necessarily impact the SL DRX active time for the RX UE. From the RX UE perspective, it can be assumed that the TX UE shall perform sensing and (re-)select resources for transmission such that they fall within the DRX active time. In this sense, the PSCCH sensing for data reception by the RX UE is decoupled from the TX UE sensing for resource (re-)selection. This in turn implies that the SL DRX configuration shall be determined before any SL data transmission/reception takes place over the link, during which time any sensing may need to be performed. It is also worth noting that this principle is equally applicable for TX-centric or RX-centric approach since in both cases, the DRX configuration shall be applicable for a longer duration than sensing operation (which may happen much more frequently and on a shorter time scale). So, we think it is worthwhile to agree that the sensing procedure shall take into account the DRX configuration to be used over this link/direction by the TX UE.
Proposal 6:	The sensing for resource (re-)selection needed to be performed by the TX UE shall take into account the SL DRX configuration for this unicast link/direction.
Assistance information exchange between peer UEs
Closely tied to the procurement of SL DRX configuration discussion in section 2.1 is the role of potential assistance information. Based on the email discussion outcome [2], it is still not clear whether the signalling from RX to TX UE can be classified as assistance information and if so, what are the contents of this signalling. However, before discussing the details of the signalling, it should be clarified what the purpose of this signalling is. In our view, regardless of a TX-centric vs RX-centric approach, some information should be exchanged between the peer UEs to take into account the SL traffic characteristics and increase the power saving gains to be had from the subsequent DRX configuration. This is very similar to how the current assistance information framework works and can in fact served as a baseline for SL design. For the TX-UE centric case, this can be an indication of the preferred SL DRX configuration from the peer UE that seeks to maximize its power saving gain, considering its existing unicast links with other peer UEs. For the RX-UE centric case, this can correspond to the SL data traffic characteristics that need to be considered by the RX UE when determining the DRX configuration such that it meets the QoS requirements for a given SL service. Of course, once it is clear which approach is adopted, RAN2 can further discuss the detailed design for this assistance information exchange.
Proposal 7:	RAN2 agrees that (regardless of TX or RX centric approach), assistance information between TX/RX UEs is exchanged to derive the SL DRX configuration. The contents of this information depend on which approach is used and can be further discussed.

SL DRX Command MAC CE
It was agreed previously in RAN2 that SL DRX Command MAC CE is introduced for SL DRX operation in unicast. However, the detailed UE behaviour considering the differences between Uu and SL operation still needs to be defined. In our view, the spirit of introducing SL DRX Command MAC CE should follow Uu, i.e. the TX UE can send the SL DRX Command MAC CE to the RX UE to denote that it does not plan on sending any more data and that the RX UE can consider it as an opportunity to stop monitoring PSCCH and go into DRX sleep. However, as opposed to the Uu case, the RX UE here might be involved in receiving SL data transmissions from multiple UEs. Therefore, immediately entering DRX sleep does not make much sense here if it is still expecting incoming data from other TX UEs. So, the SL DRX Command MAC CE can serve as an explicit indication to the RX UE that it does not need to monitor transmissions from this particular peer UE (until the start of the next DRX cycle). Of course, in case of receiving data from a single TX UE, the RX UE behaviour can be similar to Uu.
Proposal 8:	Upon reception of SL DRX Command MAC CE from peer UE, the RX UE shall not expect further data transmissions from that UE until the start of the next DRX cycle.

Groupcast/broadcast related aspects 
In the last RAN2 meeting, while most discussion was focused on the unicast case, groupcast and broadcast scenarios were also discussed specifically with respect to the granularity of SL DRX configuration and how it can be provided to the UEs. In this context, the following was agreed: 
Agreements on granularity of SL DRX operation for groupcast/broadcast
1: 	RAN2 kindly agree that for groupcast and broadcast communication further granularity to multiple sets of DRX configurations (beyond just cast type) is required i.e. more than two DRX Cycle configurations should be supported in specification.
2:	RAN2 will study/discuss how PQI and/or L2 destination ID is used to derive groupcast and broadcast DRX configuration.

In addition to per cast type, we also need to consider what granularity (if any) needs to be supported for groupcast and broadcast cases. In our view, after ruling out the other, less popular options, we have to focus on the PQI and L2 DST ID specific configurations as the main viable options. While there are pros and cons as have been discussed previously, one key aspect to keep in mind is that there has to a balance/trade-off in terms of how granular the configuration is. Specifically, while having a large number of configurations for PQI values and/or set of L2 DST IDs might be preferrable to cater to the QoS requirements more tightly, it does lead to inefficiency and reduced power savings since from the RX UE perspective, the UE may not get enough opportunity to go into DRX sleep because of having to apply a more conservative DRX configuration. 
Observation 2:	There is a trade-off between power-saving and finer granularity for meeting the QoS requirements for SL when considering groupcast/broadcast DRX configuration design.
With the above observation in mind, we can see that while both options are feasible, a PQI based approach might be preferrable because it flexibly allows the network to map PQI or set of PQI values to a given DRX configuration regardless of whether the UE is part of a given group or not. Therefore, the tradeoff in terms of signaling overhead is limited. In addition, the network can configure DRX such that the on durations for UEs monitoring for a low PQI (high priority) can be somewhat overlapped with those monitoring for a high PQI (low priority) such that there is tangible power saving gain for UEs interested in multiple PQI values. Therefore, we propose to agree on PQI specific DRX configuration for groupcast/broadcast.
Proposal 9:	RAN2 is proposed to agree that PQI specific DRX configuration design is used for groupcast/broadcast scenarios.

1. [bookmark: _Toc465993148]Conclusion
This contribution discusses the open issues regarding SL DRX operation and makes the following observations and proposals:
Observation 1:	TX-UE centric approach can still achieve power saving gains based on utilization of assistance information from the peer/RX UE.
Observation 2:	There is a trade-off between power-saving and finer granularity for meeting the QoS requirements for SL when considering groupcast/broadcast DRX configuration design.

Proposal 1a:	At least for the OOC case, RAN2 is proposed to agree to use a TX-UE centric approach for SL DRX configuration.
Proposal 1b:	The TX UE decides on DRX configuration based on at least the assistance information received from the peer RX UE.
Proposal 2:	RAN2 is proposed to agree that for the OOC case, the TX UE can rely on UE implementation to derive the SL DRX configuration (i.e. no need to rely on pre-configuration).
Proposal 3:	The TX UE shall be aware of the DRX timer configuration for the RX UE when performing SL transmissions to keep aligned with the RX UE’s active time. Whether or not it requires maintaining the same DRX timers as the RX UE can be FFS.
Proposal 4:	No special handling is needed for synchronization of SL inactivity timers for the groupcast case.
Proposal 5:	Confirm the working assumption that the slots when the UE is expected to receive a CSI report (following a CSI request) shall be considered as SL DRX active time from RX UE perspective.
Proposal 6:	The sensing for resource (re-)selection needed to be performed by the TX UE shall take into account the SL DRX configuration for this unicast link/direction.
Proposal 7:	RAN2 agrees that (regardless of TX or RX centric approach), assistance information between TX/RX UEs is exchanged to derive the SL DRX configuration. The contents of this information depend on which approach is used and can be further discussed.
Proposal 8:	Upon reception of SL DRX Command MAC CE from peer UE, the RX UE shall not expect further data transmissions from that UE until the start of the next DRX cycle.
Proposal 9:	RAN2 is proposed to agree that PQI specific DRX configuration design is used for groupcast/broadcast scenarios.
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