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Introduction
In this contribution we discuss about sidelink evaluation methodology update for power saving. We share our views on baseline assumptions and performance metrics to evaluate potential power saving reductions in Rel-17 sidelink.
Discussion
As described in Rel-17 Sidelink WID [1], evaluation assumptions and performance metric should refer to TR 36.843 and/or TR 38.840 for power saving. Rel-12 LTE sidelink evaluation model for power saving defines a set of power states wherein each state comprises a certain units of power consumption per subframe. Rel-16 NR Uu evaluation model also defines a set of power states and a set of relative power consumption values per each state. Table I compares power states and corresponding power consumption values in Rel-16 NR for FR1 and in Rel-12 LTE. 
Table I. Rel-16 NR and Rel-12 power states
	Rel-16 NR Uu power states
	Rel-12 LTE sidelink power states

	Deep Sleep
	1 relative power
(Optional: 0.5)
	Sleep power
	0.01 unit per sub-frame

	Light Sleep
	20 relative power
	RX power
	1 unit per sub-frame

	Micro sleep
	45 relative power
	TX power
	20 unit per sub-frame (31 dBm)
1 unit per sub-frame (0 dBm and below)

	PDCCH-only
	100 relative power
	GPS power
	0.08 unit per sub-frame

	SSB or CSI-RS proc.
	100 relative power
	
	

	PDCCH + PDSCH
	300 relative power
	
	

	UL
	250 relative power (0 dBm)
700 relative power (23 dBm)
	
	



Rel-16 NR sidelink supports a large set of UE operations including sensing, reception, transmission, SSB/CSI-RS processing; and Rel-17 NR additionally introduces DRX. To evaluate sidelink power consumption properly, both power states and relative consumption models should be adopted for UE power saving. Power states should, at least, include transmission, reception, sleep, GPS synchronization, and SL-SSB/CSI-RS processing. We propose the following:

Proposal 1: Sidelink evaluation model defines both power states and relative power consumption values for power saving.
Proposal 2: Following power states are included in the model: Transmission, Reception, Sleep state(s), GPS synchronization, and SL-SSB/CSI-RS processing. 
Unlike LTE sidelink, NR sidelink supports groupcast and unicast types. Thus some of the transmitted packets in a resource pool need not be received by some of the UEs. It is necessary to model the evaluation methodology by taking into account both cases where the RX UE receives only PSCCH without PSSCH decoding and where the RX UE decodes both PSCCH and PSSCH. Therefore it is essential to introduce different power consumption models in the RX state for PSCCH-only reception and PSCCH+PSSCH reception separately.
Proposal 3: Separate consumption models are introduced for PSCCH-only RX and PSCCH+PSSCH RX cases.

In UE’s TX state, UE can transmit PSCCH+PSSCH and/or PSFCH. Due to the differences, PSFCH transmission should be introduced in the evaluation methodology as a separate model within the TX state. For example, Rel-16 NR Uu relative power consumption values for short-PUCCH (i.e., 0.3 scaling factor w.r.t. PUSCH transmission) can be taken as reference for PSFCH TX consumption model.
Proposal 4: A separate power consumption value is introduced for PSFCH transmission based on Rel-16 NR-Uu short-PUCCH consumption model.
Rel-16 NR Uu defines SSB and CSI-RS processing as a power state for synchronization and RSRP measurement. NR sidelink UE can also process SSB from gNB or SL-SSB from other UEs for t/f synchronization. NR sidelink unicast also supports CSI-RS processing between peer UEs. Processing of SL-SSB and CSI-RS should be included in the evaluation model. We propose the following:
Proposal 5: SL-SSB and CSI-RS processing should be included in the methodology.
One of the objectives in Rel-17 Sidelink enhancements WID [1] is the introduction of SL-DRX. NR Rel-16 power saving evaluation model defines deep sleep, light sleep, and micro sleep as separate power states. In our view similar separate power states are necessary in sidelink evaluations as a UE in sleep may need to wake up sooner or not depending on packet activity. It is essential to study the impact of different sleep durations on sidelink power consumption.  Another important factor related to sleep states is the power consumption model during ramp up/ramp down. Similar approach as in Rel-16 NR Uu can be adopted in sidelink where different relative consumption values can be defined for each sleep transition time interval. UE power consumption during a sleep state can be calculated based on the actual consumption during sleep plus additional power consumption during ramp up/down transition periods. See Figure 1. 
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Figure 1: UE power consumption in a sleep state takes into account additional state transition energy
We propose the following: 
Proposal 6: Multiple sleep states with different sleep durations (e.g., deep sleep, micro sleep, light sleep, etc.) are defined. Additional power consumption values are used during ramp up/ramp down sleep transition periods.
[bookmark: _GoBack]Baseline evaluation assumptions for power saving shall follow TR 37.885 with a suitable configuration for power saving. Both urban grid and highway scenarios should be included in the study. For carrier, both ITS band and licensed spectrum should be evaluated since power saving enhancements target all of V2X, public safety, and commercial use cases, as described in WID [1]. Carrier frequency should be 6 GHz for ITS and 4 GHz in licensed band, as given in TR 37.885. Vehicle dropping type B is preferred as baseline. We propose that the evaluation assumptions in Table II are used in the Rel-17 power saving evaluations study. 
Proposal 7: The evaluation assumptions listed in Table II are adopted in Rel-17 sidelink power saving evaluation.

Table II. Proposed evaluation assumptions for Rel-17 SL power saving
	Parameter
	Value

	Scenarios
	Urban grid and highway

	Carrier Frequency
	6 GHz for ITS (between vehicle/pedestrian), or 4 GHz for licensed (between vehicle/pedestrian)

	Simulation SL bandwidth
	20 MHz and 100 MHz

	Vehicle dropping
	Option B (baseline). Option A not precluded.

	Traffic model
	Periodic and aperiodic both included

	UE TX power
	23 dBm (baseline) or 33 dBm



Relative power consumption values for each UE operation (e.g., PSCCH-only reception, PSCCH+PSSCH reception, PSSCH transmission, PSFCH transmission, etc.) should be modeled according to the corresponding power state by referencing to the Rel-16 NR Uu relative power consumption figures. Power scaling w.r.t. bandwidth should be used for sidelink when applicable.
Based on the Rel-16 NR Uu power consumption model as reference, we propose that the relative power consumption values in Table III are adopted in Rel-17 sidelink evaluation methodology for power saving.
Proposal 8: Relative power consumption figures listed in Table-III are adopted in Rel-17 SL power saving.
Table III – Proposed relative power consumption values (100 MHz system bandwidth)
	UE Operation
	Relative power consumption

	Deep sleep
	1 relative power + additional transition power

	Light sleep
	20 relative power + additional transition power

	Micro sleep
	45 relative power + additional transition power

	PSCCH-only reception (including sensing)
	100 relative power per slot * linear scaling w.r.t. bandwidth

	PSCCH+PSSCH reception
	300 relative power per slot * linear scaling w.r.t. bandwidth

	SSB, SL-SSB or CSI-RS processing
	150 relative power

	PSCCH+PSSCH transmission
	0 dBm: 250 relative power per slot * linear scaling w.r.t. bandwidth
23 dBm: 700 relative power per slot * linear scaling w.r.t. bandwidth
Other dBm values: apply linear scaling between 0 – 23 dBm 

	PSFCH transmission
	0 dBm: 250 relative power per slot * 0.3 scaling factor
23 dBm: 700 relative power per slot * 0.3 scaling factor
Other dBm values: apply linear scaling between 0 – 23 dBm

	GPS synchronization/location
	10 relative power per 1 ms (i.e., 5 relative power per slot @ 30 KHz SCS)


Conclusions
We have the following proposals:

Proposal 1: Sidelink evaluation model defines both power states and relative power consumption values for power saving.
Proposal 2: Following power states are included in the model: Transmission, Reception, Sleep state(s), GPS synchronization, and SL-SSB/CSI-RS processing. 
Proposal 3: Separate consumption models are introduced for PSCCH-only RX and PSCCH+PSSCH RX cases.
Proposal 4: A separate power consumption value is introduced for PSFCH transmission based on Rel-16 NR-Uu short-PUCCH consumption model.
Proposal 5: SL-SSB and CSI-RS processing should be included in the methodology.
Proposal 6: Multiple sleep states with different sleep durations (e.g., deep sleep, micro sleep, light sleep, etc.) are defined. Additional power consumption values are used during ramp up/ramp down sleep transition periods.
Proposal 7: The evaluation assumptions listed in Table II are adopted in Rel-17 sidelink power saving evaluation.
Proposal 8: Relative power consumption figures listed in Table-III are adopted in Rel-17 SL power saving.
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