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1. Introduction
[bookmark: _Hlk46842767][bookmark: Proposal_Pattern_Length]A new work item entitled “New WID for NR sidelink enhancement” was approved in RAN to specify solutions to enhance NR Sidelink for V2X, public safety and commercial use cases, with a particular focus on power saving and efficient operation. The detailed objectives are reproduced below:
	1. Sidelink evaluation methodology update: Define evaluation assumption and performance metric for power saving by reusing TR 36.843 and/or TR 38.840 (to be completed by RAN#88) [RAN1]
· Note: TR 37.885 is reused for the other evaluation assumption and performance metric. Vehicle dropping model B and antenna option 2 shall be a more realistic baseline for highway and urban grid scenarios. 
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.
· Study the feasibility and benefit of the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#89), and specify the identified solution if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following until RAN#88.
· A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.
· Note: The study scope after RAN#88 is to be decided in RAN#88.
· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.
· Note: RAN2 work will start after RAN#89.
3. 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
4. Support of new sidelink frequency bands for single-carrier operations [RAN4]
· Support of new sidelink frequency bands should ensure coexistence between sidelink and Uu interface in the same and adjacent channels in licensed spectrum.
· The exact frequency bands are to be determined based on company input during the WI, considering both licensed and ITS-dedicated spectrum in both FR1 and FR2.
5. Define mechanism to ensure sidelink operation can be confined to a predetermined geographic area(s) for a given frequency range within non-ITS bands [RAN2].
· This applies areas where there is no network coverage.
6. UE Tx and Rx RF requirement for the new features introduced in this WI [RAN4]
7. UE RRM core requirement for the new features introduced in this WI [RAN4]




This contribution focuses on the alignment objective for SL DRX wake up times. In particular, we discuss how we can accomplish inter-UE alignment of DRX wake up times among UEs communicating over sidelink for unicast, groupcast and broadcast operation.
1. Discussion
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.
Observation1:	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.

As discussed in [1] and [2], it is clear that before any discussion on the alignment mechanism, we need to discuss how the UE obtains the necessary configuration/parameters for DRX and what role the network plays in providing this configuration. Based on the discussion presented therein, we think that it should be up to the network to provide this configuration to the UEs. For in coverage RRC_CONNECTED UEs, this can be provided via dedicated signaling. In case of IDLE/INACTIVE UEs, this can be done via system information; finally, for OOC case, it can be either via pre-configuration or left to UE implementation.
As with most other sidelink related issues, since sidelink operation differs substantially between unicast, groupcast and broadcast modes, we need to analyze each of those separately:
Unicast:
In case of unicast, there is a stable PC5-RRC connection procedure which was defined as part of Rel-16 NR V2X work. Once a PC5 unicast link has been established, the peer UEs can reconfigure the other UE via the RRCReconfigurationSidelink procedure. This procedure can be leveraged to exchange SL DRX related configuration with the peer UE (e.g. the DRX timers and cycle/offset related parameters as discussed in [3]). This ensures that subsequently, the scheduling transmissions over PSCCH by one UE fall within the SL DRX active time of the peer UE. Note that this is applicable regardless of the UE coverage state. If the UE is in RRC_CONNECTED, the UE can forward the received SL DRX configuration to the serving gNB to receive the appropriate configuration. 
On the other hand, in case the UEs are out of coverage, it is an open question whether a TX UE centric (i.e. TX UE signals the DRX configuration to be followed on this link) or a RX UE centric (i.e. RX UE determines the DRX configuration and signals to the TX UE) is adopted. In the last meeting, this aspect was discussed briefly and while there are pros and cons for both approaches, we think a TX centric approach is more viable, since it is more aligned with the Rel-16 signaling design and is also aligned with the Uu mechanism. It is only the TX UE that has the information about the traffic pattern and therefore is in the best position to determine the DRX configuration/patterns to be followed over the link. On the other hand, if we consider the RX UE centric approach, it certainly has the advantage of potentially higher power saving gains since the RX UE can take into account the traffic from all TX UEs it is receiving data from and perform a union operation to determine the optimal DRX configuration/pattern. Note that in both cases, it is possible that perfect alignment of DRX wake-up times between peer UEs cannot be achieved, e.g. in case of several unicast links between peer UEs. In such a case, it should be further discussed if any additional UE procedure needs to be specified to reach an alignment or the UEs revert to legacy Rel-16 behavior.
Proposal 1a:	For unicast, the SL DRX configuration/parameters can be exchanged between peer UEs using the RRCReconfigurationSidelink procedure for alignment of SL DRX wake up time.
Proposal 1b:	In case of in coverage UEs, the SL DRX configuration should be controlled by the network. For OOC, a TX UE based approach should be adopted, i.e. TX UE provides the SL DRX configuration to the RX UE for this unicast link.

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. 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, some common DRX configuration can be provided by the network (SIB/pre-configuration) for SL DRX wake-up time alignment, without the need for additional signaling exchange.

1. [bookmark: _Toc465993148]Conclusion
This contribution discusses the objective of defining mechanism for alignment between DRX cycles for UEs over sidelink and makes the following observations and proposals:
Observation1:	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.
Proposal 1a:	For unicast, the SL DRX configuration/parameters can be exchanged between peer UEs using the RRCReconfigurationSidelink procedure for alignment of SL DRX wake up time.
Proposal 1b:	In case of in coverage UEs, the SL DRX configuration should be controlled by the network. For OOC, a TX UE based approach should be adopted, i.e. TX UE provides the SL DRX configuration to the RX UE for this unicast link.
[bookmark: _GoBack]Proposal 2:	For groupcast/broadcast, some common DRX configuration can be provided by the network (SIB/pre-configuration) for SL DRX wake-up time alignment, without the need for additional signaling exchange.
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