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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
The WID of R17 SL was approved to study power-saving for SL, including power-saving of resource allocation and SL DRX. In this contribution, we provide our views on SL power-saving signals to achieve further power-saving gain. 
2. [bookmark: _Hlk18422011]Discussion
In Rel-16 NR, wake-up signal had been defined as an efficient power-saving mechanism for UE configured with C-DRX. Since power-saving is one of the main goals of R17 SL WID, in addition to the introduction of SL DRX, SL power-saving signal should be considered together for extending the battery life of the power-limited UE. 
Specifically, due to the variability and unpredictability of traffic arrivals, the semi-static SL DRX on/off duration of RX UE may not perfectly match each packet arrival time of TX UE. Consequently, there may exist some DRX cycles without actual transmission from any concerned TX UE, so it would be beneficial for the RX UE to stay asleep if the relevant TX UE can indicate to the RX UE that it does not need to wake up in those DRX cycle(s) by an explicit/implicit message. 
In addition, regarding aperiodic packets occurring within an RX UE's DRX off duration, the RX UE, after detecting a dynamic ‘wake-up’ notification from the TX UE, can wake up immediately prior to the aperiodic reception and receive the aperiodic packet.




Figure 1. Example of mismatched TX occasion and DRX pattern
[bookmark: _Ref68181021]Observation 1. The SL power-saving signal facilitates the RX UE to dynamically adjust its "active/sleep" time according to the varying SL packet arrival of TX UE, thus achieving higher power efficiency.
Further, the actual power-saving message transmission may not be mandated before each DRX on duration. Instead, it is possible to define the default behavior of the RX UE in the on duration when no power-saving signal is received so that the power-saving signal can be sent on demand, further reducing the signal overhead and the energy consumption of power signal transmission. There are two options:
Option1. UE remains active in a on duration if no power-saving signal is received.
For example, if the RX UE remains active in the next on duration by default when no power-saving signal is received, the TX UE may send a power-saving signal indicating ‘fall-asleep’ only when the TX UE predicts that no transmission will occur in the next power-on duration;
Option2. UE remains asleep in a on duration if no power-saving signal is received.
With this option, the TX UE will only send a power-saving signal to wake up the RX UE when its packet arrives and the RX UE will only be woken up when a wake-up indication from the concerned TX UE is detected, which may be more power-efficient than option1.  




Figure 2. Example of option1 and option2
[bookmark: _Ref61263559]Proposal 1. SL power-saving signal is supported to trigger RX UE to wake up or fall asleep on SL for power-saving purposes.
[bookmark: _Ref61702761]Proposal 2. The behavior of the RX UE when no power-saving signal is received and when at least one power-saving signal is received should be specified.
[bookmark: _Ref68181030]Proposal 3. The conditions for TX UE to send or not send power-saving signals should be specified.

Generally, the design of power-saving signal is desirable to meet the following requirements:
· Low detection complexity 
· Low false alarm possibility 
On the other hand, there are some specific challenges in NR SL for the design of power-saving signal. 
Firstly, the resource allocation mechanism for the power-saving signal should be considered. In Uu, gNB provides a set of periodical monitoring occasions for WUS, so the UE only needs to monitor the locations allocated for WUS. However, it is unrealistic to assume there are dedicated static/regular locations for SL power-saving signal monitoring, especially for mode-2 resource allocation. If TX UE needs to obtain the resources for power-saving signal through sensing procedure, the resource locations of power-saving signals may not be known by RX UE in advance. One approach is to provide a set of common time occasions for SL power-saving signal transmission/reception, which can occur periodically in a resource pool like PSFCH occasion, or be within a time window that is located before a on duration, thus reducing the power consumption and processing complexity of blind detection by the RX UE. Secondly, due to the existence of multiple potential TX UEs, the RX UE may need to monitor multiple power-saving signals, which can be much complicated and energy-intensive than detecting WUS on Uu. From the TX UE's point of view, a TX UE may have communications of different delay/periodicity characteristics with multiple RX UEs, so it may need to send separate power-saving signals to control the DRX of different RX UEs. From the RX UE's perspective, it needs to know whether it needs to switch to power on/off after receiving a power-saving signal. 
Therefore, the design of power-saving signal should consider the above requirements and challenges.
[bookmark: _Ref61702731]Proposal 4. SL power-saving signal should consider the above requirements
-		Low complexity and low power consumption for detection
-		Low false alarm possibility
-		Be able to identify the TX UE and/or RX UE.
[bookmark: _Ref68181033]Proposal 5. The occasions where resources for SL power-saving signals are available should be periodic or within a semi-static time window.

Based on the above discussion, there are several candidates for the SL power-saving signal:
· Alt.1: PSCCH
· Alt.2: SL RS
· Alt.3: Physical layer SL channel other than PSCCH
In Alt.1, PSCCH can carry L1 UE ID together with the wake-up information. It has advantages that the TX UE of the power-saving signal and the relevant RX UE to be controlled can be identified by the power-saving signal so that it achieves a lower false alarm rate as the PSCCH decoding can be protected by CRC checking. However, since PSCCH is one of the key components being considered in resource reservation and sensing procedures, the impact due to the introduction of such PSCCH to existing resource allocation procedures needs to be limited as much as possible.
Regarding Alt.2, new SL RS dedicated for power-saving purposes as well as the resource allocation or multiplexing for this RS should be introduced due to several reasons. First, R16 SL systems do not support periodic SL RS. Second, aperiodic SL RS such as CSI-RS must be transmitted along with an accompanying PSSCH, so it is impossible to keep the complexity of power-saving signal detection low if R16 SL CSI-RS-like RS is used as a power-saving signal, because the RX UE must decode the PSSCH first in this case. Thus, it is necessary to introduce standalone SL RS for power-saving purposes, which requires changes to SL structure. and resource allocation/ multiplexing mechanism.
In addition to the above two possible approaches, it may be possible to define a new physical layer SL channel for power-saving signal transmission, for example, a PSFCH-like channel. 
[bookmark: _Ref68181035]Observation 2. Candidate signal/channel for SL power-saving signal can be
-		PSCCH 
-		SL RS 
-		New physical layer SL channel

In addition to the signals/channel for SL power-saving signals, other key aspects, such as the information carried by SL power-saving signal, the time and frequency resources of SL power-saving signal, how to establish an association between SL power-saving signal and its target UE/DRX config, as well as UE behavior upon transmitting/receiving SL power-saving, etc., should be further studied. Moreover, since SL DRX is supported for broadcast, groupcast and unicast, similarly, it can also consider whether it is feasible to support power-saving signal for all three cast types.
[bookmark: _Ref61264566][bookmark: _Ref68181037]Proposal 6. Several key aspects for SL power-saving signal should be further studied
-		Time and frequency resources used for SL power-saving signal
-		Information carried by SL power-saving signal
-		Whether/how to identify the target TX UE/target RX UE/target DRX of a SL power-saving signal
-		Conditions on triggering the transmission/reception of SL power-saving signal
-		UE behavior after transmitting/receiving SL power-saving signal
-		DRX cast type that support SL power-saving signal  
3. Conclusion
In this contribution, we discuss SL power-saving signal and have the following observation and proposals: 
Observation 1. The SL power-saving signal facilitates the RX UE to dynamically adjust its "active/sleep" time according to the varying SL packet arrival of TX UE, thus achieving higher power efficiency.
Observation 2. Candidate signal/channel for SL power-saving signal can be
-		PSCCH 
-		SL RS 
-		New physical layer SL channel
Proposal 1. SL power-saving signal is supported to trigger RX UE to wake up or fall asleep on SL for power-saving purposes.
Proposal 2. The behavior of the RX UE when no power-saving signal is received and when at least one power-saving signal is received should be specified.
Proposal 3. The conditions for TX UE to send or not send power-saving signals should be specified.
Proposal 4. SL power-saving signal should consider the above requirements
-		Low complexity and low power consumption for detection
-		Low false alarm possibility
-		Be able to identify the TX UE and/or RX UE.
Proposal 5. The occasions where resources for SL power-saving signals are available should be periodic or within a semi-static time window.
Proposal 6. Several key aspects for SL power-saving signal should be further studied
-		Time and frequency resources used for SL power-saving signal
-		Information carried by SL power-saving signal
-		Whether/how to identify the target TX UE/target RX UE/target DRX of a SL power-saving signal
-		Conditions on triggering the transmission/reception of SL power-saving signal
-		UE behavior after transmitting/receiving SL power-saving signal
-		DRX cast type that support SL power-saving signal
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