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1. Introduction
[bookmark: _Hlk46842767][bookmark: Proposal_Pattern_Length]One of the key objectives of the SL enhancements WI pertains to SL DRX active time alignment, both for aligning wake-up times between peer UEs as well as between Uu and SL operation. The relevant WI objective is reproduced below:
	Sidelink DRX for broadcast, groupcast, and unicast [RAN2]
· Define on- and off-durations in sidelink and specify the corresponding UE procedure
· Specify mechanism aiming to align sidelink DRX wake-up time among the UEs communicating with each other
· Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage UE



This aspect has not yet been discussed in RAN2, so in this contribution we seek to discuss how this alignment can be accomplished and present our view.
1. Discussion
DRX wake-up time alignment between peer UEs
With the introduction of SL DRX, an obvious question is the interaction of UEs among each other over sidelink when performing DRX operation. As we discuss in our companion contributions [1] [2], owing to the inherent nature of sidelink communication, it is not immediately clear how the DRX configurations and the consequent DRX patterns of sleep/wake-up periods can be aligned between the UEs. Due to the somewhat ad-hoc nature of sidelink communication between UEs with limited co-ordination by a central entity (especially for out of coverage case), it is therefore necessary for some signaling exchange to facilitate this alignment, at least for the case of unicast operation.
Observation 1:	Due to the nature of sidelink communication, it is necessary for some signalling exchange between sidelink UEs in order to accomplish DRX sleep/wake-up alignment.
Unicast:
As discussed in [3], it is clear that the assistance information exchange can serve the purpose of this signaling exchange in order to accomplish this alignment. There is consensus on usage of PC5-RRC message to deliver this configuration from the RX to the TX UE prior to the exchange of SL DRX configuration and we assume that this can be taken into account for said alignment. In addition, this configuration can be forwarded by the TX to the serving network for the case of RRC_CONNECTED. From this mechanism, we can deduce that since it is the network that shall provide the UE with SL DRX configuration to be used over the link, it is thus up to the network to ensure that the DRX cycles for the two UEs are aligned.
Proposal 1:	At least for the case when TX UE is in RRC_CONNECTED, RAN2 confirms that it is upto the network configuration for DRX wake-up time alignment for peer UEs, based on the assistance information signaling forwarded to the gNB.

Groupcast:
In case of groupcast, while there is no AS level interaction between the members of a particular group as per legacy NR SL V2X design, the DRX related configuration can still be provided by the group leader to the group members e.g. via dedicated PC5-RRC signaling. Alternatively, some common DRX configuration can be configured by the network (e.g. per service type) to ensure that all group members have the same understanding of when to enter/leave DRX sleep. This is discussed in detail in our companion contribution on how PQI specific configuration can be provided for groupcast case [1]. Note that this does not preclude the UEs from establishing unicast connections among themselves (i.e. legacy Rel-16 behavior is supported) and applying ‘dedicated’ DRX configurations for those links.
Broadcast:
For broadcast, since the UE is not aware of the pattern for any incoming traffic on account of its connection-less nature, alignment with other UEs can only be accomplished by means of some common/default DRX configuration, which can be provided by the network.

Proposal 2:	For groupcast/broadcast, DRX configuration can be provided by the network (via dedicated signaling/SIB) for SL DRX wake-up time alignment, without the need for additional signaling exchange.

Uu and SL DRX active time alignment
For alignment in Uu and SL DRX active times, a fundamental question to ask is whether there is any benefit for the Uu and SL DRX cycles (or rather, the wake up and sleep times) to be correlated/aligned in some fashion. From a device design standpoint, this question is important because of the prohibitive cost of implementing multiple RF chains. In general, there can be two distinct scenarios: a UE may have a shared RF chain for Uu and SL or it might have a dedicated RF chain for sidelink (i.e. separate from Uu). In any case, the process of turning the RF chains off and on (for Uu and SL) independently incurs increased power consumption compared to the case when they are synchronized (due to increased power consumption associated with frequent switching of RF components). Therefore, it can be beneficial to consider some correlation between the Uu and SL DRX cycles regardless of the RF chains makeup (for Uu and sidelink) for a given UE.
Observation 2:	From a power saving perspective, it is useful to consider the Uu and SL DRX cycles (and wake up times) jointly when defining SL DRX procedure.

Two distinct approaches can be considered in this regard when it comes to alignment between the Uu and SL DRX cycles:
1. During the Uu wake-up time, the UE monitors the PDCCH using specific RNTI(s) that pertain to Uu scheduling as well as scheduling over sidelink (using SL-RNTI). There is no direct impact to SL DRX operation in this case. 
1. During the Uu wake-up time, the UE monitors both the PDCCH for Uu and SL operation as well as PSCCH for SL operation. In this case, all transmissions for scheduling over the control channel (both Uu and SL) fall during its active time and consequently, the sleep time (i.e. the time when it is not required to monitor the CCH) for both channels are aligned as well.
Considering the two approaches, the first approach is a relaxed condition which only considers UE’s Uu DRX in terms of incoming PDCCH for Uu and SL scheduling and as such is only applicable for resource allocation mode 1. In the second approach, the wake-up periods for the UE to monitor PDCCH over Uu and PSCCH over SL can be further aligned. Essentially, this requires the UE wakes up to monitor PDCCH and PSCCH together without having to go to sleep in between. This implies that when going to sleep, the UE does not expect to be scheduled over PDCCH or PSCCH. Note that this case can be applicable for a UE operating in either mode 1 or mode 2, since it does not assume that the sidelink transmission is necessarily being scheduled by the gNB. The key issue here is that since the control signaling for the two channels (PDCCH and PSCCH) originate from different entities (i.e. gNB vs other UE(s) operating over SL), there is no apparent co-ordination between them. This is depicted in figure 1 below, where the UE may have to wake up again so it can receive a PSCCH transmission over sidelink, even when it is not in the DRX ON duration for Uu (and the converse is also possible), thus leading to mis-aligned DRX cycles


Figure 1 Misalignment between Uu and SL DRX active time(s)
Observation3:	Since the control signalling over PDCCH and PSCCH originates from potentially different entities, there can be a misalignment in the DRX cycles for Uu and SL.

[bookmark: _Hlk61261692]When considering the question of potential alignment between Uu and SL DRX, we first need to address the main issue of how the UE obtains the necessary configuration/parameters for DRX and what role the network plays in providing this configuration. As discussed in section 2.1, for the case of in coverage UE, it is up to the network to provide the SL DRX configuration (via dedicated signaling and/or SIB for RRC_CONNECTED and IDLE/INACTIVE respectively). Assuming that it is up to the network to configure both the Uu and SL DRX cycle configuration to the in coverage UE and given that SL DRX can have a considerable impact on the overall UE operation over sidelink, we think we can rely on the network to ensure that the Uu and SL DRX cycles are aligned. To this end, the UE can potentially indicate the preferred SL DRX configuration to the gNB, which can be based on the configuration forwarded by the peer UE via PC5-RRC signaling, as discussed in [3]. Alternatively, it can be based on the particular ongoing service type for the case of groupcast or broadcast. In either case, this can be taken into account by the network when configuring the UE with specific SL DRX configuration subsequently, in order to ensure power saving. It is worth pointing out that a similar procedure to indicate the preferred DRX configuration for Uu has been defined in the PowerSaving WI, whereby the UE can include its DRX-Preference within UEAssistanceInformation. For sidelink, a similar mechanism can be defined and either the SidelinkUEInformationNR or the UEAssistanceInformation can be utilized for this purpose.
Proposal 3:	Based on the preferred DRX configuration indicated by the SL UE, the gNB can provide dedicated SL DRX configuration to the in coverage RRC_CONNECTED UE to accomplish Uu and SL DRX wake-up time alignment.

While the situation is somewhat clear for the unicast, alignment in case of groupcast and broadcast operation needs further discussion. In case of groupcast, while there is no AS level interaction between the members of a particular group as per legacy NR SL V2X design, some DRX related information can still be provided by the group members themselves to their respective gNB(s). Specifically, corresponding to the traffic patterns for a given sidelink service, the UE can indicate its preferred SL DRX configuration to the network. The network can then provide the appropriate DRX configuration for each UE within the group by taking into account the requested configuration and seek to maximize the alignment between the Uu and SL DRX wake up time. For broadcast, since the UE is not aware of the pattern for any incoming traffic on account of its connection-less nature, it can simply inform the network based on upper layer information or internal implementation.
Given that groupcast operation in general has limited co-ordination between member UEs when it comes to AS layer configuration and there is no groupwide RRC signaling defined for groupcast sidelink operation, we think it might be beneficial for RAN2 to first focus on the unicast case. If time permits, any additional solutions (if needed) can be considered for groupcast and broadcast.
[bookmark: _Hlk54003771]Proposal 4:	RAN2 is proposed to focus on the unicast operation to accomplish alignment of sidelink DRX wake-up time with Uu DRX wake-up time. How to accomplish alignment for the case of groupcast and broadcast can be discussed with lower priority if time allows.

1. [bookmark: _Toc465993148]Conclusion
This contribution discusses the DRX wake-up time alignment aspects and makes the following observations and proposals:
[bookmark: _Ref434066290]Observation 1:	Due to the nature of sidelink communication, it is necessary for some signalling exchange between sidelink UEs in order to accomplish DRX sleep/wake-up alignment.
Observation 2:	From a power saving perspective, it is useful to consider the Uu and SL DRX cycles (and wake up times) jointly when defining SL DRX procedure.
Observation3:	Since the control signalling over PDCCH and PSCCH originates from potentially different entities, there can be a misalignment in the DRX cycles for Uu and SL.
Proposal 1:	At least for the case when TX UE is in RRC_CONNECTED, RAN2 confirms that it is upto the network configuration for DRX wake-up time alignment for peer UEs, based on the assistance information signaling forwarded to the gNB.
Proposal 2:	For groupcast/broadcast, DRX configuration can be provided by the network (via dedicated signaling/SIB) for SL DRX wake-up time alignment, without the need for additional signaling exchange.
Proposal 3:	Based on the preferred DRX configuration indicated by the SL UE, the gNB can provide dedicated SL DRX configuration to the in coverage RRC_CONNECTED UE to accomplish Uu and SL DRX wake-up time alignment.
Proposal 4:	RAN2 is proposed to focus on the unicast operation to accomplish alignment of sidelink DRX wake-up time with Uu DRX wake-up time. How to accomplish alignment for the case of groupcast and broadcast can be discussed with lower priority if time allows.
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