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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 first evaluate the UE power consumption of NR sidelink operation, and provide our views on the following aspects based on the simulation results:
· PSFCH enhancement 
· SL power-saving signals
2. Power consumption analysis
In this section, some simulation results to evaluate the UE power consumption of NR sidelink operation are provided. The proportions of different behaviors in total power consumption of the PUE (i.e., the average value of all the UEs) in system level simulations are shown in Figure 1 to Figure 3. Specifically, the behavior of Sensing, GNSS reception, PSSCH transmission and reception, PSFCH transmission and reception, as well as SSB transmission and reception, are modeled. The results are provided for unicast, groupcast option 1 and 2 scenarios, according to the latest evaluation methodology, where a single synchronization cluster is assumed for all the UEs. The general simulation parameters in the simulation can be found in Annex A.
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	[bookmark: _Ref61856442]Figure 1 Power consumption in groupcast option1
	[bookmark: _Ref61705020]Figure 2 Power consumption in groupcast option 2
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	[bookmark: _Ref61704994]Figure 3 Power consumption in unicast


As shown in Figure 1 to Figure 3, the power consumption of Sensing accounts for the most significant part of total power consumption, especially in the unicast scenario. Besides, the PSFCH transmission and PSSCH reception also occupy significant parts of total power consumption in both groupcast option 1 and option 2 scenarios. The reason is that, compared to the unicast scenario, UE has a higher opportunity to receive data in the groupcast scenario, which results in higher power consumption. Moreover, the higher data receiving probability leads to a larger number of ACK/NACK feedback, yielding huge power consumption for PSFCH transmissions. 
As shown in Figure 1 and Figure 2, the power consumption proportion of PSFCH transmission in the groupcast option 2 scenario is larger than that in the groupcast option 1 scenario. This is not surprising as no ACK is sent if the reception of TB is successful.
[bookmark: _Ref47709824]Observation 1: Sensing is the most significant part of power consumption in both groupcast and unicast scenarios.  
[bookmark: _Ref47709828]Observation 2: The power consumption of PSSCH reception and PSFCH transmission occupies a large proportion in the groupcast scenario.
[bookmark: _Ref61705525]Observation 3: The power consumption proportion of PSFCH transmission in groupcast option 2 scenario is larger than that in groupcast option 1 scenario.
[bookmark: _Ref47700000]Proposal 1: The power-saving mechanisms to reduce power consumption of PSFCH transmission should be supported.

3. [bookmark: _Hlk18422011]Discussion
PSFCH enhancement
Power consumption due to PSFCH transmission is significant in groupcast. Thus, it is necessary to reduce the PSFCH transmission power consumption. There are some potential approaches, i.e., by reducing the transmitting power of a PSFCH occasion, or by reducing the number of PSFCH transmission occasion.
In Rel-16, only DL pathloss based PSFCH power control is supported, which is different from that of PSSCH and PSCCH, thus may lead to unnecessary power consumption. For instance, when two nearby UEs communicate with each other in SL, the SL pathloss may be much smaller than the DL pathloss, consequently, applying power compensation according to DL pathloss is not desirable. In the case of out of coverage (OoC) situation, the UE always applies the pre-configured  for PSFCH transmission, which is obviously unnecessary for this 1-bit ACK/NACK transmission but just a waste of TX power. Therefore, it is desirable for a power-limited UE to adopt a suitable power level for PSFCH transmission, for example, according to the SL pathloss. Some evaluations comparing the SL pathloss based OLPC scheme and the Rel-16 scheme (i.e., without OLPC) are conducted, and the simulation results are shown in Figure 4 to Figure 7. The general simulation parameters can be found in Annex B.
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	[bookmark: _Ref68278387]Figure 4 Average PRR in groupcast option 1
	[bookmark: _Ref68278439]Figure 5 Power consumption in groupcast option 1
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	[bookmark: _Ref68278408]Figure 6 Average PRR in groupcast option 2
	[bookmark: _Ref68278478]Figure 7 Power consumption in groupcast option 2


As shown in Figure 4 and Figure 6, the PRR performance is almost the same between these two schemes in both groupcast option 1 and option 2 scenarios, while both the total power consumption and PSFCH TX power consumption have been significantly reduced as shown in Figure 5 and Figure 7. Especially in groupcast option 2, the total power consumption has been reduced by more than 30%, and the PSFCH TX power consumption has been reduced by about 75%. Therefore, open-loop power control mechanism based on SL pathloss can be an efficient solution for reducing PSFCH power consumption.
[bookmark: _Ref68624333]Observation 4: SL pathloss based OLPC mechanism can reduce PSFCH power consumption efficiently.
[bookmark: _Ref68611487]Proposal 2: SL pathloss based OLPC for PSFCH transmission should be considered for sidelink power saving.
Another candidate solution is to reduce the frequency of PSFCH transmission of the power-limited UE. The existing PSFCH period, i.e., 1, 2 or 4 slots, as well as the feedback timing, i.e., 2 or 3 slots after PSSCH reception, are not optimal from the UE power saving perspective. For example, it may result in frequent TX/RX switching, yielding unnecessary power consumption. Secondly, for power-saving purposes, it is desirable to transmit as many PSFCHs as possible in a single PSFCH occasion, instead of distributing PSFCHs in multiple occasions with short intervals. Instead, a longer PSFCH period should be considered for power-limited UE. An example is shown in Figure 8, where the PSFCH period is extended from 1 slot to 16 slots, the dotted and solid lines correspond to the feedback occasion before and after the PSFCH period is extended, respectively.

  
[bookmark: _Ref54288476]Figure 8 PSFCH with a longer period
Based on the analysis above, evaluations for the longer PSFCH periods are conducted, and the simulation results of average PRR and power consumption are provided in Figure 9 to Figure 14. The general simulation parameters can be found in Annex C.
As shown in Figure 9 to Figure 12, it is noted that the PRR performance loss due to longer PSFCH periods are neglectable, especially in groupcast option 2. To be specific, the PRR gap between the minimum and the maximum PSFCH period (i.e., 1 slot and 16 slots) is smaller than 2% in groupcast option 1 and 1% in groupcast option 2. On the other hand, as PSFCH period becomes longer, the PSFCH transmission power consumption (i.e., the yellow legend) declines obviously as shown in Figure 13 and Figure 14, as well as the power consumption ratio of PSFCH transmission. Therefore, a longer PSFCH period can also be considered for power saving.
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	[bookmark: _Ref68619912]Figure 9 Average PRR of different PSFCH period in groupcast option 1
	Figure 10 Average PRR of different PSFCH period in groupcast option 1
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	Figure 11 Average PRR of different PSFCH period in groupcast option 2
	[bookmark: _Ref68619030]Figure 12 Average PRR of different PSFCH period in groupcast option 2
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	[bookmark: _Ref68619570]Figure 13 Power consumption of different PSFCH period in groupcast option 1
	[bookmark: _Ref68619580]Figure 14 Power consumption of different PSFCH period in groupcast option 2


[bookmark: _Ref62317540]Observation 5: Longer PSFCH period can reduce the PSFCH transmission power consumption significantly, without notable PRR performance loss.
[bookmark: _Ref54117395]Proposal 3: Longer PSFCH period should be considered for sidelink power saving.
SL power-saving signal 
From the above figures, it can be seen that the sensing + PSSCH decoding consumes the most energy in groupcast and unicast, so partial sensing and SL-DRX are introduced to further save power consumption in PSCCH and PSSCH reception. However, 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 15. Example of mismatched TX occasion and DRX pattern
[bookmark: _Ref68181021]Observation 6: 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 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 an on duration if no power-saving signal has been received.
In this case, the power-saving signal is the so-called Go-To-Sleep (GTS) signal. The RX UE remains active in the next on duration by default when no GTS signal is received, the TX UE may send a GTS 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 an on duration if no power-saving signal has been received.
In this case, the power-saving signal is acted as Wake-Up (WUS) signal. With this option, the TX UE will only send a WUS 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 16. Example of option1 and option2
[bookmark: _Ref61263559]Proposal 4: 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 5: 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 6: 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 
Nevertheless, there are some specific challenges in NR SL for the design of power-saving signals. 
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 may be difficult to allocate dedicated static/periodical PSCCH occasions for the transmission and monitoring of SL power-saving signals, especially for mode-2 resource allocation. If TX UE needs to obtain the resources for power-saving signal through sensing procedure, the resource locations used for the transmission of power-saving signals may not be known by RX UE in advance, thus RX UE has to continuously blind detect the SL power-saving signal slot by slot, which is very power consuming. One approach is to define a set of time occasions specifically 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 is the intended receiver of a received power-saving signal and whether it needs to switch to power on/off. 
Therefore, the design of power-saving signal should consider the above requirements and challenges.
[bookmark: _Ref61702731]Proposal 7: SL power-saving signal should consider the following requirements
-		Low complexity and low power consumption for detection
-		Low false alarm possibility
-		SL power-saving signals for different TX UE or RX UE are distinguishable from each other.
[bookmark: _Ref68181033]Proposal 8: 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 inevitable to introduce standalone SL RS for power-saving purposes, which requires changes to SL structure as well as 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 7: 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, whether it is feasible to support power-saving signal for all three cast types should also be investigated.
[bookmark: _Ref61264566][bookmark: _Ref68181037]Proposal 9: 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  
4. Conclusion
In this contribution, we discuss SL power-saving signal and have the following observation and proposals: 
Observation 1: Sensing is the most significant part of power consumption in both groupcast and unicast scenarios.
Observation 2: The power consumption of PSSCH reception and PSFCH transmission occupies a large proportion in the groupcast scenario.
Observation 3: The power consumption proportion of PSFCH transmission in groupcast option 2 scenario is larger than that in groupcast option 1 scenario.
Observation 4: SL pathloss based OLPC mechanism can reduce PSFCH power consumption efficiently.
Observation 5: Longer PSFCH period can reduce the PSFCH transmission power consumption significantly, without notable PRR performance loss.
Observation 6: 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 7: Candidate signal/channel for SL power-saving signal can be
-		PSCCH 
-		SL RS 
-		New physical layer SL channel
Proposal 1: The power-saving mechanisms to reduce power consumption of PSFCH transmission should be supported.
Proposal 2: SL pathloss based OLPC for PSFCH transmission should be considered for sidelink power saving.
Proposal 3: Longer PSFCH period should be considered for sidelink power saving.
Proposal 4: SL power-saving signal is supported to trigger RX UE to wake up or fall asleep on SL for power-saving purposes.
Proposal 5: 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 6: The conditions for TX UE to send or not send power-saving signals should be specified.
Proposal 7: SL power-saving signal should consider the following requirements
-		Low complexity and low power consumption for detection
-		Low false alarm possibility
-		SL power-saving signals for different TX UE or RX UE are distinguishable from each other.
Proposal 8: The occasions where resources for SL power-saving signals are available should be periodic or within a semi-static time window.
Proposal 9: 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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Annex A
Table 1 System level simulation assumption
	Parameter
	value

	Deployment
	Urban scenario

	UE type
	Vehicle UE and pedestrian UE

	Communication type
	Groupcast option 1, Groupcast option 2 and Unicast

	Communication range of groupcast option 1
	150m

	PSFCH cycle
	1 slot

	Carrier frequency
	6GHz

	Bandwidth 
	40MHz

	Subcarrier spacing
	30KHz

	Traffic parameter for Vehicle UE
	Traffic type: Periodic traffic
Traffic load: Medium Intensity
Packet arrival interval: 50ms
Packet latency requirement of periodic traffic: 50ms
Packet size of periodic traffic: 800 or 1200byte

	Traffic parameter for pedestrian UE
	Traffic type: Aperiodic traffic
Packet arrival interval: 250ms + exp(250)ms
Packet latency requirement: 250ms
Packet size: 200-800byte

	Power model
	Follow TR 38.840 with modifications discussed in [1]

	Sensing scheme for PUE
	Full sensing

	Capacity of Receiving data
	Receiving data from both VUE and PUE



Annex B
Table 2 System level simulation assumption
	Parameter
	value

	Deployment
	Urban scenario

	UE type
	Vehicle UE and pedestrian UE

	Communication type
	Groupcast option1 and option2

	Carrier frequency
	6GHz

	Bandwidth 
	40MHz

	Subcarrier spacing
	30KHz

	Traffic parameter for Vehicle
	Traffic type: Periodic traffic
Traffic load: Medium Intensity
Packet arrival interval: 50ms
Packet latency requirement of periodic traffic: 50ms
Packet size of periodic traffic: 800 or 1200 byte

	Traffic parameter for pedestrian UE
	Traffic type: Periodic traffic
Packet arrival interval: 500ms
Packet latency requirement: 100ms
Packet size: 800 or 1200 byte

	Power model
	Follow TR 38.840 with modifications discussed in [1]

	Max transmission time
	Four times

	Max TX power
	23dBm

	Pathloss selection for PSFCH power calculation
	The max SL PL is selected for calculation

	Sensing scheme for PUE
	Full sensing


Annex C
Table 3 System level simulation assumption
	Parameter
	value

	Deployment
	Urban scenario

	UE type
	Vehicle UE and pedestrian UE

	Communication type
	Groupcast option1 and option2

	Carrier frequency
	6GHz

	Bandwidth 
	40MHz

	Subcarrier spacing
	30KHz

	Traffic parameter for Vehicle
	Traffic type: Periodic traffic
Traffic load: Medium Intensity
Packet arrival interval: 50ms
Packet latency requirement of periodic traffic: 50ms
Packet size of periodic traffic: 800 or 1200 byte

	Traffic parameter for pedestrian UE
	Traffic type: Periodic traffic
Packet arrival interval: 500ms
Packet latency requirement: 100ms
Packet size: 800 or 1200 byte

	Power model
	Follow TR 38.840 with modifications discussed in [1]

	Max transmission time
	Four times

	Max TX power
	23dBm

	Pathloss selection for PSFCH power calculation
	The max SL PL is selected for calculation

	Sensing scheme for PUE
	Full sensing
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