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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 signal to achieve further power saving gain. The remaining issues of evaluation methodology are also discussed.
2. [bookmark: _Hlk18422011]Discussion
2.1 Evaluation methodology
In this subsection, the remaining issues of evaluation methodology for NR SL enhancements are discussed.
2.1.1 Traffic model
The issue related to the traffic model has discussed in the previous meeting[1], and the following agreement was achieved. 
	Agreements:
· For P2V link, at least following traffic model is supported:
· Option 1: Traffic model for P-UE’s transmission specified in TS 36.885
· The message size is fixed at 300 bytes and transmission frequency is 1 Hz 
· ‘100ms’ latency requirement
· Option 4: Aperiodic Model 1 specified in TR37.885 with following changes:
· Inter-packet arrival time: 250 ms + an exponential random variable with the mean of 250 ms
· Packet size: Uniformly random in the range between 200 bytes and 800 bytes with the quantization step of 200 bytes
· Latency requirement: 250 ms or 100 ms

Agreements:
· For commercial use case, at least following option is supported for traffic model:
· Option 7: Periodic traffic model 3 specified in TR 37.885

Agreements:
· For V2P link, V2V traffic model and the following options for traffic model are supported. Companies declare which traffic model is used for their V2P evaluation.
· Option 7: Periodic Model 2 specified in TR 37.885 with following change:
· Inter-packet arrival time: 500ms
· Latency requirement: 500 ms or 100 ms
· Option 8: Aperiodic Model 1 specified in TR 37.885 with following change: 
· Inter-packet arrival time: 250 ms + an exponential random variable with the mean of 250 ms
· Packet size: Uniformly random in the range between 200 bytes and 800 bytes with the quantization step of 200 bytes
· Latency requirement: 250 ms or 100 ms


One remaining issue is that traffic model for public safety scenario is missing. It seems nature to reuse the traffic model defined for LTE public safety defined in TR36.843[3]. 
[bookmark: _Ref61708619]Proposal 1. For the public safety scenario, the traffic model defined in TR36.843 can be reused.
Secondly, the P2P link can be used for modelling the interference in some scenarios (such as P2V). At least for the sake of interference generation, the traffic model for P2P link should also be defined. Moreover, it can also be used to evaluate some specific V2X scenarios such as path sharing between pedestrians on the bicycle or balance car. To simplify the design and reduce the simulation efforts, it is proposed to reuse the traffic model of P2V link. 
[bookmark: _Ref61697035]Proposal 2. The traffic model of P2V link is reused for P2P link.

2.1.2 Power consumption model
The following agreements were achieved in the previous meetings [1][2]. There are still some remaining open issues, such as the modulation order for the power consumption model and the power consumption level of PSCCH+PSSCH transmission or reception in the PSFCH slot, as well as the power consumption levels of some remaining combinations in a sidelink slot, etc.
	Agreements:
· For reference configuration for power consumption model,
· 14 SL symbols in a slot (including AGC and TX-RX switching period) 
· SL sub-carrier spacing (SCS)
· 30 kHz SCS for FR1
· SL BWP size
· 100 MHz for FR1
· 2 OFDM symbols for PSCCH (excluding AGC symbol)
· TX antenna port (AP)
· 1 TX AP for FR1
· RX AP
· 4 RX APs for FR1
· TX power of {0 dBm, 23 dBm} for FR1 
· Note that FR2 is not precluded as an optional/additional reference configuration, and companies are encouraged to provide power consumption model for FR2.
· Note that 15 kHz SCS is not precluded as an optional/additional reference configuration, and companies are encouraged to provide power consumption model for 15 kHz SCS.

Agreements:
· For evaluation, the followings are baseline
· 2 RX APs 
· 1 TX AP
· 40 MHz for SL BWP size 
· Note that parameters or cases other than baseline is not precluded for evaluation, and companies are encouraged to provide the assumptions in details.

Agreements:
· For power consumption scaling for adaptation, 
· (Working assumption) Scaling of SL BWP size adaptation in RX perspective
· by (0.4 +0.6*(X-20)/80), where X is in MHz
· Scaling for SL BWP size adaptation in TX perspective
· No scaling
· Scaling for RX AP adaptation for FR 1
· 2 RX is 0.7*4 Rx power
· Note that scaling for adaptation on other parameters is not precluded for power consumption model, and companies are encouraged to provide the assumptions in details.

Agreements:
· For power consumption level,
· Reuse three states of “Sleep” specified in TR38.840 including transition time/energy consumption
· For “PSCCH/PSSCH RX”,
· In non-PSFCH-slot (i.e., the number of PSCCH/PSSCH symbols is 13), 
· the power consumption level is the same as that of “PDCCH+PDSCH”
· For power consumption level of “PSCCH/PSSCH TX” 
· In non-PSFCH-slot (i.e. the number of PSCCH/PSSCH symbols is 13), 
· the power consumption level is the same as that of “UL” for long PUCCH or PUSCH
· For power consumption level of “1st SCI/2nd SCI RX”, 
· the power consumption level is 0.7* power consumption level of “PSCCH/PSSCH RX”
· For power consumption level of “PSFCH TX”, 
· the power consumption level is 0.35*power consumption level of “UL” for long PUCCH or PUSCH
· For power consumption level of “PSFCH RX”, 
· the power consumption level is power consumption level of “PDCCH-only” for cross-slot scheduling
· Its minimum value is 50
· For power consumption level of “S-SSB TX” (in 13 symbol duration), 
· the power consumption level is the same as power consumption level of “UL” for (long PUCCH or PUSCH)
· For power consumption level of “S-SSB RX”, 
· the power consumption level is 1.5*power consumption level of “Uu SSB-processing”
· The power consumption level of “GNSS-processing” is 8 
· When the synch reference source is gNB, reuse power consumption level of “Uu SSB processing”
· Power consumption level of “SL-CSI-RS processing” is not separately defined
· Note that power consumption level of other Power states is not precluded, and companies are encouraged to provide the assumptions in details.



· Modulation order
The modulation order of 256QAM is used as the power model in TR 38.840 [4]. It is desirable to reuse the power model of TR 38.840 as much as possible, otherwise, a lot of efforts are required to redefine the power level using a set of new reference configurations. For each evaluated scenario, specific modulation order, such as 64QAM, can be used respectively.
[bookmark: _Ref53846364]Proposal 3. The modulation order of 256QAM is reused as the reference power model for NR sidelink power evaluation.

· Power control 
The power control mode for evaluation should be defined, which has a significant impact on the power consumption evaluation result. For simplicity, the out-of-coverage scenario can be assumed as a mandatory scenario for evaluation, where DL pathloss based OLPC is not applied. For the power consumption scaling to other transmitting power, the calculation can be the linear interpolation based on power consumption at 0dBm and power consumption at 23dBm.
[bookmark: _Ref53846369]Proposal 4. For SL power consumption evaluation, the SL only scenario where DL pathloss based OLPC is not applied is the baseline.
[bookmark: _Ref53846372]Proposal 5. The power scaling for other TX power is derived by the linear interpolation based on power consumption at 0dBm and power consumption at 23dBm.

· Power levels in slot with and without PSFCH
There are several combinations of TX/RX state and channels (PSCCH, PSSCH and PSFCH) in a slot with or without PSFCH occasion, summarized in the following Table 1.
[bookmark: _Ref53842156]Table 1 Combinations of TX/RX state and channels in sidelink slot
	Combination type
	status

	SCI decoding for blind searching
	agreed

	PSCCH+PSSCH TX in non-PSFCH slot
	agreed

	PSCCH+PSSCH TX in PSFCH slot
	[bookmark: OLE_LINK6]undefined

	PSCCH+PSSCH RX in non-PSFCH slot
	agreed

	PSCCH+PSSCH RX in PSFCH slot
	undefined

	SCI decoding for blind searching and PSFCH RX
	undefined

	PSCCH+PSSCH RX and PSFCH RX
	undefined

	PSCCH+PSSCH TX and PSFCH TX
	undefined

	SCI decoding for blind searching and PSFCH TX
	undefined

	PSCCH+PSSCH RX and PSFCH TX
	undefined

	PSCCH+PSSCH TX and PSFCH RX
	undefined


As shown in Table 1, the power levels for many combinations have not yet been defined.
Firstly, the power levels for TX and RX of PSCCH+PSSCH in a slot with PSFCH have not been agreed. Noted that, due to the background power consumption of data transmission and reception, e.g., power for chipset administration control, RF on/off retuning, etc., the power level of PSCCH+PSSCH is not in direct proportion to the number of PSCCH+PSSCH symbols in a slot, i.e., the scaling factor to represent one symbol power cannot be derived simply by 1/14. Based on the estimation, the power consumption of “PSCCH+PSSCH RX” and “PSCCH+PSSCH TX” in a sidelink slot with PSFCH occasion is modeled as that in a full sidelink slot multiplied by a scaling factor, where the scaling factor should be 0.72 and 0.9 respectively.
[bookmark: _Ref54273108]Proposal 6. The power consumption of “PSCCH+PSSCH RX” and “PSCCH+PSSCH TX” in a sidelink slot with PSFCH occasion is derived as that in a full sidelink slot multiplied by a scaling factor, where the scaling factor is 0.72 and 0.9 respectively.

Secondly, for the combination of “SCI RX and PSFCH RX”, the power consumption level is approaching to that of “PSCCH+PSSCH RX” in a full sidelink slot without PSFCH symbols. This is because there is only one symbol between the PSSCH and PSFCH, where the UE should cannot turn off the RF, neither the baseband, due to the on-going processing of 2nd SCI. For simplification without loss of accuracy, the power level of the combination “PSCCH+PSSCH RX and PSFCH RX” is same as that of “PSCCH+PSSCH RX” in a full sidelink slot without PSFCH occasion. Similarly, the power consumption level of “PSCCH+PSSCH TX and PSFCH TX” is same as that of “PSCCH+PSSCH TX” in a full sidelink slot. 
[bookmark: _Ref54273120]Proposal 7. For the combination “SCI RX and PSFCH RX” and “PSCCH+PSSCH RX and PSFCH RX”, the power level is same as that of “PSCCH+PSSCH RX” in a full sidelink slot without PSFCH occasion.

For the rest combinations, i.e., “SCI RX and PSFCH TX”, “PSCCH+PSSCH RX and PSFCH TX” and “PSCCH+PSSCH TX and PSFCH RX”, the power consumption level can simply be the sum of the power level of each channel.
[bookmark: _Ref54273126]Proposal 8. For the combinations with TX and RX coexisting in a sidelink slot, the power consumption level is simply the sum of the power level of each channel status.

2.2 SL power saving signal
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 can be further considered 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, there may exist some DRX cycles without 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 the following 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, with a dynamic ‘wake-up’ notification from the TX UE, can wake up immediately prior to the aperiodic reception and receive the aperiodic packet.
Further, such power-saving message may not be required before each DRX on duration. Instead, it is possible to define the default behavior of the RX UE when no power-saving signal is received, so that the power-saving signal can be sent on demand, thereby further reducing the overhead and the energy consumption of power signal transmission. For example, if the RX UE remains active 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 service will occur for the next power-on duration; or if the RX UE remains asleep by default, the TX UE will only send a power save signal to wake up the RX UE when its packet arrives. 




Figure 1.use case of power-saving signal
[bookmark: _Ref61701117]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, thus achieving higher power efficiency.
[bookmark: _Ref61263559]Proposal 9. SL power-saving signal is supported to trigger RX UE to wake-up or fall asleep on SL.
[bookmark: _Ref61702761]Proposal 10. The behavior of the RX UE upon no received power save signal and at least one received power signal 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 in advance. However, it is unrealistic to assume there are 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 cannot be known by RX UE in advance. 
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 11. SL power-saving signal should consider the above requirements
-		Low complexity and power consumption for detection
-		Low false alarm possibility
-		Be able to identify the TX UE and/or RX UE.

Based on the above discussion, there are several candidates for the SL power-saving signal:
· Alt.1: PSCCH
· Alt.2: SL RS
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 need 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 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 purpose, which requires changes to SL structure. and resource allocation/ multiplexing mechanism.
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 T/F resources of SL power-saving signal, how to establish an association between SL power-saving signal and its target UE/DRX config, UE behavior upon transmitting/receiving SL power saving should be further studied.
[bookmark: _Ref61264566]Proposal 12 Several key aspects for SL power-saving signal should be further studied
-		Signal/channel for SL power-saving signal
-		T/F 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 
[bookmark: _Ref61263561]Proposal 13 Candidate signal/channel for SL power-saving signal can be
-		PSCCH 
-		Dedicated SL RS


3. Conclusion
In this contribution, we discuss SL power saving signal and remaining details on evaluation methodology, 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, thus achieving higher power efficiency.
Proposal 1. For the public safety scenario, the traffic model defined in TR36.843 can be reused.
Proposal 2. The traffic model of P2V link is reused for P2P link.
Proposal 3. The modulation order of 256QAM is reused as the reference power model for NR sidelink power evaluation.
Proposal 4. For SL power consumption evaluation, the SL only scenario where DL pathloss based OLPC is not applied is the baseline.
Proposal 5. The power scaling for other TX power is derived by the linear interpolation based on power consumption at 0dBm and power consumption at 23dBm.Proposal 5. The power scaling for other TX power is derived by the linear interpolation based on power consumption at 0dBm and power consumption at 23dBm.
Proposal 6. The power consumption of “PSCCH+PSSCH RX” and “PSCCH+PSSCH TX” in a sidelink slot with PSFCH occasion is derived as that in a full sidelink slot multiplied by a scaling factor, where the scaling factor is 0.72 and 0.9 respectively.
Proposal 7. For the combination “SCI RX and PSFCH RX” and “PSCCH+PSSCH RX and PSFCH RX”, the power level is same as that of “PSCCH+PSSCH RX” in a full sidelink slot without PSFCH occasion.
Proposal 8. For the combinations with TX and RX coexisting in a sidelink slot, the power consumption level is simply the sum of the power level of each channel status.
Proposal 9. SL power-saving signal is supported to trigger RX UE to wake-up or fall asleep on SL.
Proposal 10. The behavior of the RX UE upon no received power save signal and at least one received power signal should be specified.
Proposal 11. SL power-saving signal should consider the above requirements
-		Low complexity and power consumption for detection
-		Low false alarm possibility
-		Be able to identify the TX UE and/or RX UE.
Proposal 12 Several key aspects for SL power-saving signal should be further studied
-		Signal/channel for SL power-saving signal
-		T/F 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
Proposal 13 Candidate signal/channel for SL power-saving signal can be
-		PSCCH 
-		Dedicated SL RS
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