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Introduction
Rel-16 NR sidelink was designed based on the assumption of “always-on” when UE operates sidelink, as the main use case was V2X. However, additional use cases are also expected to rely on the sidelink: pedestrian UEs  (e.g. vulnerable road users),  proximity based applications (e.g. Augmented Reality/Virtual Reality), and public safety (e.g. first responders). For these use cases, power consumption is a major factor.
Power saving was a major driver for the Rel.17 NR_SL_enh WID [1]. One of the objectives includes to study radio solutions enabling: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

In this contribution, we discuss our views related to modelling and design of SL DRX.
Discussion
DRX Baseline
DRX operation over LTE Uu, is based on a DRX cycle, which specifies the periodic repetition of the On Duration followed by a possible period of inactivity, during which the UE has an oppurtunity for DRX (see Figure 1). The notion of DRX cycle is used in both the Idle mode and Connected Mode. 


Figure 1: DRX Cycle for Uu
In Idle mode, during the On Duration (equivalent to a Paging Occasion), UE monitors the PDCCH for the Paging RNTI. If found, the UE then reads the Paging message and extends the On Duration if the UE is being paged. The Paging Occasions repeat every DRX cycle.
In Connected Mode, the DRX cycle is controlled by a set of RRC parameters that include: onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer, drx-ULRetransmissionTimer, longDRX-Cycle, drxStartOffset, and optionally the drxShortCycleTimer and shortDRX-Cycle. During the On Duration, the UE monitors the PDCCH for the following RNTI:  C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, Semi-Persistent Scheduling C-RNTI (if configured), UL Semi-Persistent Scheduling V-RNTI (if configured), eIMTA-RNTI (if configured), SL-RNTI (if configured), SL-V-RNTI (if configured), CC-RNTI (if configured), SRS-TPC-RNTI (if configured), and AUL C-RNTI (if configured). Reception of any of the RNTI during the On Duration, extends this On Duration by the  drx-InactivityTimer.  
For LTE and NR Uu, the DRX operation is designed around the timing of the base station transmissions. These transmissions are unicast from a single source and scheduled from that source. Furthermore all UEs are in coverage and have an RRC connection to that source. The UE may be in Idle mode, where it monitors paging messages from the base station, or in connected mode, where the base station can schedule both its uplink and downlink transmission. The base station is therefore in full control of the of the UE and the DRX cycle for this UE (both for Idle and Connected Mode). 
The situation is quite different for the sidelink. For one, the UEs may be in-coverage and out-of-coverage, with the out-of-coverage UEs having no link to a base station. In addition Sidelink UEs may engage in various sidelink communication activities, including discovery activities, or they may not engage in any sidelink communication. Examples of sidelink activities include:
· [bookmark: _Hlk61516499]Discovery related activities: discovery message announcement and discovery message monitoring
· Communication related activities: transmission and/or reception over broadcast, groupcast, unicast
Many of these activities may be occurring concurrently. For example, a UE may have a unicast communication with one peer UE, while at the same time transmitting discovery messages. Lastly, the UE reception for the sidelink is based on the timing of the transmission of all the services the UE may be interested in as well as the uncoordinated transmission timing of the peer UEs the UE is communicating with. 
Observation 1: In NR, DRX over Uu is designed around the timing of transmission of gNB and the cell group. As a result DRX on Uu is fully controlled by the gNB. 
Observation 2: In sidelink case, DRX has to take into account the timing of the transmission of all the services the UE may be interested in .
Observation 3: In sidelink case, DRX has to take into account the uncoordinated transmission timing of the peer UEs.
Observation 4: A UE may be engaged in a number of simultaneous sidelink activities: discovery, communication.
Proposal 1: RAN2 should agree to a unified sidelink DRX solution that is applicable: 
· for in-coverage and out-of-coverage;
· across cast types; 
· during discovery related activities, such as discovery message announcement and discovery message monitoring;
· during communication related activities, such as data transmission and/or data reception over sidelink broadcast, groupcast, unicast.
Aligning Sidelink DRX Wake-Up Times
In order to align the wake-up times for UEs communicating with each other over a sidelink, the issue of sidelink activity, cast type, and out-of-coverage operation needs to be resolved. One way of aligning the wake-up times is per Service ID i.e. Destination Layer-2 ID. As a result, all UEs using the sidelink for a particular service will have the same wake-up time, and all sidelink transmissions for this service will arrive during these wake-up times.
If the number of UEs using this service is very high, there may be a resource usage issue, as all the sidelink UE transmissions for this service, are vying for transmission resources over the same wake-up times. To deal with this, the UEs using this service may be further sub-grouped, for example based on communication range or zone ID. 
On the other hand, if a specific UE uses sidelink transmission for many services, each service with its own wake-up time, the overall DRX oppurtunities for this UE may be reduced. Resulting in less power saving.
Proposal 2: SL DRX scheme should be designed to maximize power savings while maintaining resource efficiency.
Proposal 3: Service ID i.e. Destination Layer-2 ID, is used to provide alignment of the wake-up time for the UEs interested in receiving that service.
Proposal 4: If resource usage is an issue, UEs may be further sub-grouped, and the wake-up time aligned for the UEs in each of the sub-groups. For example, the grouping may be in terms of communication range or zone ID.

Conclusion
In this contribution, we discuss our views related to modelling and design of SL DRX.
Observation 1: In NR, DRX over Uu is designed around the timing of transmission of gNB and the cell groups. As a result DRX on Uu is fully controlled by the gNB. 
Observation 2: In sidelink case, DRX has to take into account the timing of the transmission of all the services the UE may be interested in .
Observation 3: In sidelink case, DRX has to take into account the uncoordinated transmission timing of the peer UEs.
Observation 4: A UE may be engaged in a number of simultaneous sidelink activities: discovery, communication.
Proposal 1: RAN2 should agree to a unified sidelink DRX solution that is applicable: 
· for in-coverage and out-of-coverage;
· across cast types; 
· during discovery related activities, such as discovery message announcement and discovery message monitoring;
· during communication related activities, such as data transmission and/or data reception over sidelink broadcast, groupcast, unicast. 

Proposal 2: SL DRX scheme should be designed to maximize power savings while maintaining resource efficiency.
Proposal 3: Service ID i.e. Destination Layer-2 ID, is used to provide alignment of the wake-up time for the UEs interested in receiving that service.
Proposal 4: If resource usage is an issue, UEs may be further sub-grouped, and the wake-up time aligned for the UEs in each of the sub-groups. For example, the grouping may be in terms of communication range or zone ID.
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  Figure 1:  DRX Cycle   for Uu   In  Idle   mode, during the On Duration   (equivalent to a Paging Occasion) , UE monitors  the PDCCH for the  Paging RNTI. If found, the UE then reads the Paging message and extends the On Duration if the UE is being  paged. The Paging Occasions repeat every DRX cycle.  

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  

