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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 alignment of both SL DRX wake-up time with Uu DRX wake up time within a given UE as well as inter-UE alignment of DRX wake up times among UEs communicating over sidelink.
1. Discussion
Provision of SL DRX related configuration
With the introduction of DRX operation over sidelink, an aspect that brings additional complexity is the interaction with Uu operation. For a typical UE that concurrently supports transmission/reception over Uu and Sidelink interfaces, it is an open question how the interaction between Uu and SL DRX operation might look like and mechanism to ensure some alignment between the Uu and SL DRX cycles to maximize power saving gains is needed. 
However, before any discussion on defining new mechanisms, 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.
Observation1:	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.

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. Compared to LTE Sidelink design, the paradigm in NR sidelink has traditionally been to rely on the network to provide AS layer configuration (including PDCP/RLC/MAC related parameters) to the UE. For instance, gNB uses RRCReconfiguration procedure in order to provide the UE with dedicated sidelink configuration, which includes SL DRB configuration(s) for NR sidelink communication as well as mode 1 resource configuration and/or mode 2 resource configuration. Therefore, by following the same reasoning for connected UEs, the gNB can also include the SL DRX configuration to be used by the UE for sidelink operation. Similarly, for idle/inactive UEs, NG-RAN may provide the DRX configuration within the common sidelink configuration to the UE in RRC_IDLE or RRC_INACTIVE via system information. Finally, for out of coverage case, the UE can obtain the SL DRX configuration via pre-configuration.
Proposal 1:	It is proposed to follow Rel-16 NR sidelink design in terms of providing SL DRX related configuration to the UE, i.e. depending on the UE coverage state: 
· For UEs in RRC_CONNECTED, it is provided by the gNB via dedicated signalling; 
· For RRC_IDLE/INACTIVE, it can be provided within common sidelink configuration via system information; 
· [bookmark: _GoBack]For OOC UEs, it can be obtained by pre-configuration. 
Moreover, given that SL DRX can have a considerable impact on the overall UE operation over sidelink, we think it can be beneficial to allow the UE to send some assistance information to the gNB. For instance, the UE can potentially indicate the preferred SL DRX configuration to the gNB, which can be received from or based on the configuration forwarded by the peer UE via PC5-RRC signaling, as discussed further in our companion contribution [1]. 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 [2], 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 2:	The UE can indicate its preferred SL DRX configuration/parameters to the gNB, either using Sidelink UE Information or UE Assistance Information procedure.

Intra-UE alignment of DRX wake-up time
Two distinct approaches can be considered in this regard when it comes to alignment between the Uu and SL DRX cycles:
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. 
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 quite a loose 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 the figure 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 2 Mis-alignment between Uu and SL DRX cycles
Observation2:	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.

In order to address this, we first assume that the DRX related configuration for both Uu and SL can be provided to the UE by the network. Specifically, the gNB can provide the UE necessary parameters needed by the UE to determine the wake up and sleep times over Uu and SL respectively (as discussed in the section above). Then, since unicast, groupcast and broadcast operation are all supported by the UE over sidelink, we can discuss each of the cast types individually:
a. In case of unicast, when a PC5-RRC connection is established with a peer UE, AS layer configuration can be exchanged between the UEs. The preferred DRX configuration to be used over the PC5 link can thus be exchanged by the peer UEs using the RRCReconfigurationSidelink procedure. This preferred DRX configuration can then be indicated to the gNB via either SidelinkUEInformationNR or UEAssistanceInformation (as proposed above). In this way, the gNB can (re-)configure the Uu and SL DRX parameters in such a way as to align the times that the UE has to wake up to monitor both the PDCCH and PSCCH without having to go back to sleep in between.
b. 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.
c. 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.
In any case, if the UE provides the gNB with its preferred DRX configuration, the gNB can then schedule the DRX parameters to the UE such that the wake up times and the opportunity for DRX sleep for Uu and SL coincide with each other. For instance, if UE expects to have long periods of inactivity between transmissions (i.e. sparse transmissions), the network can correspondingly schedule the UE in such a way so that multiple Uu DRX cycles can occur within a single SL DRX cycle period. In addition, the on-duration timer for Uu DRX cycle may be higher/different than that configured for SL DRX (even as the starting slot offset is aligned) as depicted in the figure below:


Figure 3 Example configuration of aligned Uu and SL DRX with different cycle durations
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 3a:	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 between Uu and SL DRX for the case of sidelink groupcast and broadcast can be further discussed in RAN2.
[bookmark: _Hlk54003958]Proposal 3b:	The peer UEs shall exchange the preferred SL DRX configuration/parameters via PC5-RRC signaling during or after the SL RRC connection setup. Based on the preferred DRX configuration, the gNB can provide dedicated SL DRX configuration to the in coverage UE such that Uu and SL DRX active times can be aligned.


Inter-UE DRX wake-up time alignment
The other side of this wake-up time alignment discussion relates to interaction/alignment of SL DRX cycles and wake up times between different UEs. As can be deduced from the earlier discussion, 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 necessary for some signaling exchange to facilitate this alignment.
a. In case of unicast, as discussed above, the peer UEs can reconfigure the other UE via the RRCReconfigurationSidelink procedure. This ensures that subsequently, the scheduling transmissions over PSCCH by one UE fall within the SL DRX active time of the peer UE. 
b. 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.
c. 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 is not really a big issue.
Proposal 4:	In order to support alignment of SL DRX wake up time between peer UEs, the SL DRX configuration/parameters can be provided using the RRCReconfigurationSidelink procedure. No special handling is required for groupcast/broadcast.
1. [bookmark: _Toc465993148]Conclusion
This contribution discusses the objective of defining mechanism for alignment of Uu and SL DRX cycles as well as alignment between DRX cycles for UEs over sidelink and makes the following observations and proposals:
Observation1:	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.
Observation2:	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:	It is proposed to follow Rel-16 NR sidelink design in terms of providing SL DRX related configuration to the UE, i.e. depending on the UE coverage state:
· For UEs in RRC_CONNECTED, it is provided by the gNB via dedicated signalling; 
· For RRC_IDLE/INACTIVE, it can be provided within common sidelink configuration via system information; 
· For OOC UEs, it can be obtained by pre-configuration.
 
Proposal 2:	The UE can indicate its preferred SL DRX configuration/parameters to the gNB, either using Sidelink UE Information or UE Assistance Information procedure.
Proposal 3a:	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 between Uu and SL DRX for the case of sidelink groupcast and broadcast can be further discussed in RAN2.
Proposal 3b:	The peer UEs shall exchange the preferred SL DRX configuration/parameters via PC5-RRC signaling during or after the SL RRC connection setup. Based on the preferred DRX configuration, the gNB can provide dedicated SL DRX configuration to the in coverage UE such that Uu and SL DRX active times can be aligned.
Proposal 4:	In order to support alignment of SL DRX wake up time between peer UEs, the SL DRX configuration/parameters can be provided using the RRCReconfigurationSidelink procedure. No special handling is required for groupcast/broadcast.
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