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1.  Introduction
Sidelink DRX is listed an RAN2-led objective in R17 WI for sidelink enhancement [1]. In this paper, we provide our view on the design principle of SL DRX.

	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




2. Discussion of SL DRX Operation
2.1. SL DRX configuration

In sidelink communication, a UE should be able to know when its peer UE is awake to receive data. Otherwise, the transmitted data cannot be received by its peer UE and UE may wrongly assume PC5 RLF occurs. To specify the timing of on duration (e.g. when UE should be awake to monitor PSCCH), RAN2 is suggested to define SL DRX configuration (i.e. a set of parameters for SL DRX operation) similar to what we do in Uu DRX. 

Observation 1: In NR Uu, UE uses DRX parameters to determine whether it is in DRX active time. A UE in SL DRX active time should monitor PDCCH.
Proposal 1: As in NR Uu, RAN2 defines SL DRX counters/timers (e.g. refer to Uu DRX design) to specify the on-off duration for a UE to communicate with its peer UE.
Proposal 2: If a UE is in SL active time, UE should monitor PSCCH.

An essential question is the granularity of SL DRX configuration, e.g. per SL MAC entity, or per link. Different from the case in NR Uu, in SL a UE may have communication with several peer UEs for different kinds of V2X services. If we apply SL MAC entity specific SL DRX configuration, there are two drawbacks:
· First, it may be difficult for a UE to find a simple SL DRX configuration satisfying the requirement of all links.  
· Different links may have non-aligned on duration or on-off pattern. It may be difficult for a UE to find a suitable SL DRX configuration satisfying all the links. Or, alternatively, the signalling overhead for a UE to describe its own SL DRX configuration is large.
· Secondly, signalling is required when there is any link change
· When a UE establish a new link or tear down a link, its SL MAC entity specific SL DRX configuration may thus be changed. UE then needs to update its SL DRX configuration to all its peer UEs.
Observation 2: SL MAC entity specific SL DRX configuration have two drawbacks: 
· Per SL MAC entity configuration is inflexible when UE has multiple peer UEs with different service requirement
· A UE requires additional signalling overhead to inform all peer UEs when its per SL MAC entity DRX configuration is updated due to change of any link

Another aspect related to SL DRX configuration is that, the traffic for a given link may be asymmetric. For example, UE A may frequently send data to UE B while UE B may send to UE A occasionally. In other words, the pattern for a UE to transmit data and receive data may be quite different. There are several drawbacks if UE is restricted to use transmission pattern same as its reception pattern:
· UE is forced to monitor reception resource pool in its transmission time, which may be unnecessary especially when TX/RX traffic is not symmetric
· If UE is restricted to use transmission pattern same as its reception pattern, then when UE A and UE B have different preferred TX/RX pattern, procedure is needed for them to negotiate a TX/RX pattern (e.g. either follow the preference of UE A or UE B) for this link. 
· UE needs to perform sensing operation before selecting resources for transmission; however UE may not need to perform sensing prior to a packet reception in sidelink.
Observation 3: Restrict UE to apply the same SL DRX configuration for both transmission pattern and reception pattern is not flexible in case of asymmetric traffic.

In contrast, it makes sense to separate the transmission and reception pattern. We just need to ensure that UE B is awake (in reception state) when UE A is transmitted, and vice versa. For example, 
· Model 1: SL DRX configuration specifies the preferred transmission pattern for a link
· Each UE determines its preferred transmission pattern, and exchanges it with its peer UE. A UE should be awake during the transmission pattern of all peer UEs. As a result, the final reception pattern (SL DRX pattern) is determined by the transmission pattern of all peer UEs.
· Model 2: SL DRX configuration specifies the preferred reception pattern for a link
· Each UE determines its preferred reception pattern, and exchanges it with its peer UE. A UE should transmit to its peer UE only within the reception pattern of peer UEs. 
Notice that model 1 can be easily extended for broadcast/groupcast. To be specific, the SL DRX configuration is destination ID specific and it specifies the transmission pattern. If a UE is interested in a broadcast/groupcast service, the UE should monitor the time according to the SL DRX configuration associated with the destination ID of the interested broadcast/groupcast service.
In contrast, model 2 would be more suitable for a UE running V2X service with sparse traffic and/or with power consumption concern.

Proposal 3: SL DRX configuration is destination ID specific, and specifies the transmission pattern. This model applies to all cast types.

Proposal 4: Each UE exchanges destination specific SL DRX configuration (i.e. transmission pattern or DTX pattern) with peer UEs. UE may apply/send different SL DRX configurations for different peer UEs.

Proposal 5: After SL DRX configuration exchange, UE monitor the superposition of transmission pattern of all peer UEs.

Proposal 6: After SL DRX configuration exchange, UE transmit to its peer UE only in the transmission pattern defined by the destination specific SL DRX configuration.

2.2. Default resource pool for UE operating SL DRX to monitor

In NR Uu,  due to perfect DRX sync, NW can access a UE during on duration of this UE. In contrast, in SL, UE A may not know the SL on duration of UE B before UE A and UE B exchanges SL DRX configuration. This means, if UE B applies DRX for power saving before UE A and UE B build PC5-RRC connection, UE A cannot discover UE B because UE A does not know when UE B will monitor PSCCH/PSSCH. As a result, UE A and UE B cannot build PC5-RRC connection due to SL DRX operation.

To solve this issue, we can introduce a default resource pool, which should be monitored by all UE including those in SL DRX off duration. By thus way, even if UE A does not know UE B’s on duration, UE A can still access UE B by sending a message (e.g. discovery or ping) in the default resource pool.
Alternatively, a pool with a common Tx/Rx pattern applied for all UEs can be used for transmission/reception of broadcast services and/or discovery message.

Proposal 7: A UE in SL DRX off duration is mandated to monitor a specific resource pool or follow a common Tx/Rx pattern in a resource pool (e.g. for broadcast services and/or discovery message).
3. Other aspects related to SL DRX with power saving impact
Essentially, the motivation of SL DRX is to make UE fall into the deep sleep by switching off RF for the maximized power saving when there is no traffic for a while. However, different than UU with the synced network and/or the dense period for PSS/SSS transmission, SL has to perform full-time SL sync search for SSB transmitted every 160ms according to RAN2 spec due to the potential un-synced syncRefs, e.g., self-promoted syncRef UEs i are unlikely synced with the SyncRef sources especially in the tunnel or underground scenarios. Therefore, SL DRX UE is likely to perform the full-time sync search with no chance to switch off RF completely, i.e., no chance to fall into the deep sleep. The full-time SL sync search with no chance of deep sleep will significantly reduce the power saving gain from SL DRX.
Observation 4: The full-time SL sync search with no chance of deep sleep will significantly reduce the power saving gain from SL DRX.
Proposal 8: The full-time SL sync search should be avoided during SL DRX operation for power saving.
To address such issue, we provide the following two potential solutions for detailed discussion:
· SL sync search optimisation (see section 3.1)
· Wake-up signal for SL DRX (see section 3.2)
3.1. SL sync search optimization
In spec TS38.331, the full-time SL sync search has been required as such:
	[bookmark: _Toc36756928][bookmark: _Toc36836469][bookmark: _Toc36843446][bookmark: _Toc37067735]5.8.6.2	Selection and reselection of synchronisation reference

The UE shall:
1>	if the frequency used for NR sidelink communication is included in sl-FreqInfoToAddModList …
1>	else if the frequency used for NR sidelink communication is included in sl-FreqInfoToAddModList …
1>	else if the frequency used for NR sidelink communication is included in PreconfigurationNR, …
1>	else:
2>	perform a full search (i.e. covering all subframes and all possible SLSSIDs) to detect candidate SLSS, in accordance with TS 38.133 [14]
---<ignore irrelevant part>---



[bookmark: _GoBack]However, for the UE with the syncRef from GNSS/BS or P1/P2/P3/P4 groups UEs (i.e., non-P6 group UEs including self-promoted syncRef UE), the UE can just search the additional SL SSBs with +/- 1 symbol of the current SSB timing. So it implies that UE only need to search at most 2 slots every 160ms SSB period (vs. full-time) because these candidate SyncRef UEs (with the higher priority than current SyncRef) are almost synced with the minor timing difference due to timing error (~12Ts) propagation. 
For the UE with syncRef from P6 group UEs including self-promoted UE, they have to perform full-time sync search. In this case, wake-up signal based SL synchronization could be a good choice (see section 3.2).
Proposal 9: RAN2 considers to support SL sync optimization for non-P6 UEs to maximize SL DRX gain.

3.2. Wake-up signal for SL DRX
As stated in R17 WI for sidelink enhancements, introduction of new solutions to reduce power consumption is not precluded. The baseline solutions from LTE (i.e., partial sensing and random resource selection) are useful to reduce power consumption at TX UE as only the transmitting-UE is required to perform sensing in R14 LTE and R16 NR. Power consumption reduction methods in R14 LTE were focused on only TX UE as the transmission of BSM messages by pedestrian VRU UEs were prioritized. However, introduction of additional use cases in R17 NR (including VRU, public safety, commercial cases such as smart home, smart factory, etc.) necessitates power consumption reduction for both TX UE and RX UE. Therefore, new power saving solutions should be considered for RX UE in R17 NR sidelink in addition to SL-DRX. 
To further reduce power consumption, the concept of wake-up signal in Uu may be considered in SL. For example, if a TX UE has packet to transmit, the TX UE sends a wake-up signal before the start of SL on duration of the RX UE. If the RX UE receives the wake-up signal, RX UE should monitor PSCCH during the SL on duration. Otherwise, RX UE can skip PSCCH monitoring during SL on duration of this SL DRX cycle.
Especially, as discussed above, for the UE with syncRef from P6 group UEs (especially self-promoted SyncRef UEs), the UE has to perform the full time SL search to find the potential high priority syncRef which may not be synced with the current P6 SyncRef UEs. To address such power consumption, WUS originally used for power saving of DRX_On duration can also be applied as the syncRef. In the other words, UE can utilize the periodic WUS (similar to NR-uu WUS in Rel’16) to perform the SL synchronization.
Although wake-up signal requires additional signalling overhead and configuration, the power saving gain of the Rx UE may be significant when packet arrival rate is low or when on duration is relatively long comparing to SL DRX cycle. For example, consider a power-limited UE with high-reliability/low-latency traffic performing aperiodic packet reception. It is not desirable to configure such a UE with a long DRX cycle and short on duration to maintain reliability/latency KPIs. However, setting a long DRX on duration would also mitigate power efficiency. Use of a wake up signal can help reduce power consumption without impacting service reliability and avoiding full-time SL search especially for P6 group UEs. In view of this, we think wake-up signalling can be useful in the following scenarios:
· Example 1: P6 group UEs to avoid full-time SL sync search in addition to power saving for DRX_On.
· Example 2: For power-limited RX UE - such as the wearable devices or sensors.  
· Example 3: For a RX UE with sparse but latency-sensitive traffic
· Example 4: For a TX UE with multiple RX UE
· If a TX UE has multiple RX UE, the SL on duration of the TX UE may be configured long.
· Example 4-1: the TX UE is the relay UE, and the RX UEs is the remote UEs
· Example 4-2: the TX UE is the group lead, and the RX UEs is the group members
Proposal 10: RAN2 considers to support wake-up signalling on top of SL DRX in Rel-17 sidelink enhancement, considering the power consumption of P6 group UEs.
3.3. Analysis of the performance for solutions with SL DRX
We provided the analysis for the SL DRX power saving gain based on the following potential solutions:
· Baseline: without any DRX. 
· PS1: DRX is applied with DRX_On=20ms @ Periodicity=100ms
· PS2: DRX + WUS. UE only needs to monitor 1 slot for whether to wake on DRX_ON. SL sync is still based on SSB.
· PS3: DRX + SYNC_DRXOn. SL Sync is limited to +/- 1symbol of the current SSB timing for non-P6 UEs whereas UE has to wakeup for PSCCH monitoring during DRX_On.
· PS4: DRX + SYNC_WUS. SL Sync and wakeup during DRX_On are both based on WUS channel.
[image: ]
In the evaluation, the deep sleep is assumed during DRX_OFF even though it is not reasonable. However, it can be observed that the power saving gain is not much compared to PS3/PS4 because UE still has to monitor SSB all the time which contribute a lot for the power consumption.
Even if WUS is used for power saving during DRX_On but not addressing SL sync issue, the power gain is still limited depending on the DRX_On duration compared to PS3/PS4.
For PS3, the power saving by avoiding the full time SL sync is significant, which is feasible for non-P6 UEs.
For PS4, WUS used for both wakeup purpose and SL synchronization can further reduce the power consumption, especially useful for P6 UEs.
Observation 5: Power saving gains from optimized SL synchronization for non-P6 UEs and WUS for P6 UEs are significant.
 

4. Conclusion 
In this paper, we consider the design of SL DRX and the related aspects (i.e. SL sync search and wake-up signal). We have the following observation:

Observation 1: In NR Uu, UE uses DRX parameters to determine whether it is in DRX active time. A UE in SL DRX active time should monitor PDCCH.

Observation 2: SL MAC entity specific SL DRX configuration have two drawbacks: 
· Per SL MAC entity configuration is inflexible when UE has multiple peer UEs with different service requirement
· A UE requires additional signalling overhead to inform all peer UEs when its per SL MAC entity DRX configuration is updated due to change of any link
Observation 3: Restrict UE to apply the same SL DRX configuration for both transmission pattern and reception pattern is not flexible in case of asymmetric traffic.

Observation 4: The full-time SL sync search with no chance of deep sleep will significantly reduce the power saving gain from SL DRX.

Observation 5: Power saving gains from optimized SL synchronization for non-P6 UEs and WUS for P6 UEs are significant.

Based on these observations, we have proposals below:

Proposal 1: As in NR Uu, RAN2 defines SL DRX counters/timers (e.g. refer to Uu DRX design) to specify the on-off duration for a UE to communicate with its peer UE.
Proposal 2: If a UE is in SL active time, UE should monitor PSCCH.

Proposal 3: SL DRX configuration is destination ID specific, and specifies the transmission pattern. This model applies to all cast types.

Proposal 4: Each UE exchanges destination specific SL DRX configuration (i.e. transmission pattern or DTX pattern) with peer UEs. UE may apply/send different SL DRX configurations for different peer UEs.

Proposal 5: After SL DRX configuration exchange, UE monitor the superposition of transmission pattern of all peer UEs.

Proposal 6: After SL DRX configuration exchange, UE transmit to its peer UE only in the transmission pattern defined by the destination specific SL DRX configuration.

Proposal 7: A UE in SL DRX off duration is mandated to monitor a specific resource pool or follow a common Tx/Rx pattern in a resource pool (e.g. for broadcast services and/or discovery message).

Proposal 8: The full-time SL sync search should be avoided during SL DRX operation for power saving.
Proposal 9: RAN2 considers to support SL sync optimization for non-P6 UEs to maximize SL DRX gain.
Proposal 10: RAN2 considers to support wake-up signalling on top of SL DRX in Rel-17 sidelink enhancement, considering the power consumption of P6 group UEs.
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