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Introduction
At the RAN#88 meeting, the revision of work item description on NR sidelink enhancements was approved in  [1]. The update of the sidelink evaluation methodology to cover power saving analysis is one of the work item objectives:
	1. Sidelink evaluation methodology update: Define evaluation assumption and performance metric for power saving by reusing TR 36.843 and/or TR 38.840 (to be completed by RAN#89) [RAN1]
· Note: TR 37.885 is reused for the other evaluation assumption and performance metric. Vehicle dropping model B and antenna option 2 shall be a more realistic baseline for highway and urban grid scenarios.


In this contribution, we discuss necessary updates to sidelink evaluation methodology addressing objective of WID document. Our views on other objectives of WID are discussed in companion contributions [5]-[6].
Power Model
Discussion of UE Power Consumption Models available in 3GPP
The available in 3GPP UE power consumption models can be found in the documents [2]-[4]. The power model in [2] is assuming an LTE system and has the two receiver power states: sleep and reception. The transmitter power is calculated based on the output power for each subframe used for transmission. To account for the D2D time synchronization via GPS this can also be considered.
The UE power consumption model in [3] is assuming a Rel. 12 UE. Three receiver power states: idle, sleep and reception are modelled. The power consumption model used for the transmitter is dependent on the transmit power used for transmission in slot. The model is parametrized for a Cat. 1+ UE as well as even lower complexity UE.
The UE power consumption model in [4] is substantially more sophisticated. It defines six different receiver power states together with the transition time and power consumption. It also can describe the system in many possible configurations as a scaling factor is applied to the basic model dependent on the actual configuration of the reception slot.
Considering evaluations of various power saving techniques for sidelink, we think that simplified models as described in [2] and [3] cannot provide sufficient insights into the UE power saving characteristics. Thus, we concentrate on constructing a UE sidelink power consumption model as the one in [4] developed for the Uu air-interface. 

Reference/Baseline Configuration and Scaling Rules
To scale UE power consumption for different configurations a baseline/reference configuration as well as the scaling rules to different configurations need to be developed. 
Reference UE Model
For the baseline configuration, the following reference model parameters can be considered for sidelink UE power consumption studies (please refer to Table 1 ):
[bookmark: _Ref47370811]Table 1: Basic reference model parameters
	Parameter
	FR1 Value
	FR2 Value

	SCS 
	30 kHz
	120 kHz

	Number of carriers 
	1 CC
	1 CC

	Bandwidth
	20 MHz
	200 MHz

	PSSCH sub-channel size 
	10 out of 51 PRBs
	10 out of 132 PRBs

	Number of PSCCH symbols (including AGC)
	3
	3

	Number of PRBs per PSCCH (Stage-1)
	10 PRBs
	10 PRBs

	PSSCH of max rate, 
	MCS – 64 QAM
	MCS – 64 QAM

	MIMO configuration (chains)
	2 TX x 4 RX
(Up to 2 layers)
	2TX x 2 RX
(Up to 2 layers)

	Tx power
	0 and 23 dBm
	[23 dBm]


[bookmark: _Hlk47382714]
Proposal 1: 
· Agree on sidelink reference model parameters for UE relative power consumption analysis provided by Table 1

The reference model assumes fixed parameters in terms of BW allocation, number of antennas etc. The relative power consumption for this sidelink reference model is provided in the next section.

Reference Model for UE Sidelink Power Consumption
In our view, at least the following UE states should considered in sidelink power consumption analysis:
	Sleep States
	TX States
	RX States
	Sync States

	· Deep Sleep 
· Light Sleep 
· Micro Sleep 
	· Tx PSCCH + PSSCH
· Tx PSFCH
· Tx PSBCH/SLSS (can be approximated by Tx PSCCH+PSSCH)
	· Rx PSCCH
· Rx PSCCH + PSSCH 
· Rx PSFCH
	· Sync to GNSS
· Sync to gNB
· Sync to SLSS (UE)


The transition time between (deep/light/micro sleep) and other states can be modeled in the same way as defined in [4]. However, it needs to be noted that the relative power units are going to be different compared to the Uu case due to difference in reference configuration. Different from the Uu case, the power consumption also scales with the number of processed PSCCH and PSSCH. Power consumption in these states may be adjusted based on the actual number of decoding attempts of PSCCH as well as PSSCH and PSFCH allocations. The PSSCH power consumption is also dependent on number of PRBs occupied by PSSCH.

Proposal 2: 
· For UE transitions from sleep states to other states the values and procedures defined in 3GPP 38.840, for Uu link are reused for sidelink analysis

[bookmark: _Ref31293693]Table 2: UE power consumption reference model for sidelink 
	Power State
	Characteristics
	Relative Power

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	FR1: 1
FR2: 1

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	FR1: 20
FR2: 20

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	FR1: 45
FR2: 45

	Rx PSCCH 
	1st stage PSCCH + 2nd stage PSCCH if the 1st stage is successfully decoded. This does only make sense if there are devices only doing mode-2 sensing or discover that all related PSCCH transmissions are for a uni/groupcast transmission the receiving device. 
	FR1: [0.4*100 ~= 40] (5 SCI Stage-1 + 5 SCI Stage-2 decoding attempts are assumed)

FR2: [1.7*175 ~= 300] (10 SCI Stage-1 + 10 SCI Stage-2 decoding attempts are assumed)

Power consumptions scales with the number of PSCCH decoding attempts for the 1st and 2nd stage

Number of the 1st stage PSCCH decoding attempts is larger than number of the 2nd stage PSCCH decoding attempts

	Rx PSSCH
	Reception of PSSCH if both the 1st and 2nd stage SCIs are successfully decoded and the UE is target recipient
	FR1: [0.4*300 ~= 120] full BW
FR2: [1.7*350 ~= 600] full BW

The power consumption in this state is adding the power consumption related to PSSCH to the power consumed by the 1st stage PSCCH and 2nd stage PSCCH of the preceding state.
Number of symbols is 8 and number of PRBs is 50 and 130 for FR1 and FR2 respectively.

	Rx PSFCH
	Reception of PSFCH
	FR1: [5] (per one PSFCH)
FR2: [30] (per one PSFCH)

	SL-CSI-RS proc
	Processing of sidelink CSI-RS
	FR1: [0.4]
FR2: [300]

	Tx PSCCH + PSSCH
	Transmission of PSCCH and PSSCH 
	FR1: [250] (0dBm) [700] (23 dBm)
FR2: [350] (FFS dBm) 
(10 symbols are assumed)

	Tx PSFCH
	Transmission of PSFCH
	FR1: [50] (0dBm) [140] (23 dBm)
FR2: [70] (FFS dBm) 

	Tx PSBCH
	Transmission of PSBCH w/ SLSS 
	Can be modelled as Tx PSCCH + PSSCH

	Sync GNSS
	Sync is derived from GNSS
	FR1: [15] per slot - always on 
FR2: [15] per slot - always on

	Sync gNB
	Sync is derived from gNB
	FR1: [10] per slot - always on
FR2: [10] per slot - always on

	Sync SLSS
	Sync is derived from SLSS
	FR1: [5] per slot – always on
FR2: [5] per slot – always on



Proposal 3: 
· Discuss and agree on UE power consumption model provided in Table 2

[bookmark: _GoBack]In contrast to the model in [4], the power consumption of the states described in Table 2 related to receiving the SL (“Rx PSCCH”, “Rx PSCCH + PSSCH” and “Rx PSFCH”) needs to scale with the number of decoding attempts for the 1st and 2nd stage PSCCH and others. This can be illustrated by an example in Figure 1. In this example, there are three sub-channels in one slot. This means that at least one decoding attempt may be needed for each sub-channel. As only two sub-channels are allocated the 2nd stage PSCCH and PSSCH will only be decoded for these. This means the power consumption in this slot would be the combination of the power consumption for three the 1st stage PSCCH decoding attempts as well as the power consumption for decoding two Stage-2 PSCCH and PSSCH. 


[bookmark: _Ref24018447]
[bookmark: _Ref47350953]Figure 1. Example resource allocation in a slot

Scaling Rules for Power Consumption Model
The modelling parameters need to be scalable with respect to the following aspects:
· Sidelink Bandwidth
· RX Bandwidth: For FR1: the scaling proposed in [4] can be reused assuming reference BW of 100MHz. Scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80. Linear interpolation for intermediate bandwidths. Valid only for X = 10, 20, 40, 80, and 100. For FR2: up to companies.
· TX Bandwidth: For FR1: No scaling is applied at 0dBm or 23dBm. For FR2: up to companies.
· PSCCH RX Processing
· 1st stage PSCCH blind decoding: Depending on how many decoding attempts for the 1st stage PSCCH need to be made the power consumption in the model need to be adjusted.
· 2nd stage PSCCH decoding: Depending on how many decoding attempts for the 2nd stage PSCCH need to be made the power consumption in the model need to be adjusted.
· For simplification, it can be scaled proportionally to the number of decoding attempts (aggregated over Stage-1 and Stage-2 PSCCH) with respect to reference configuration. Considering that RX BW scaling rule has a constant 0.4. which is not scaled with bandwidth for PSCCH decoding this constant is likely to be higher since for PSCCH and PSSCH RX processing scaling the “static” power should be higher as the configuration of the RF frontend should stay the same as well as some functions of the BB stays unchanged. Therefore, we propose the following scaling rule 0.5 + 0.5 X/XREF.  In this case X is the number of decoding attempts and XREF is the reference number of decoding for the whole band. 
· PSSCH RX Processing
· The PSSCH RX power consumption is dependent on the number of allocated sub-channels and the number of OFDM symbols allocated per PSSCH transmission in the current slot as well as number of PSSCH demodulation and decoding attempts per slot. 
· For simplification, it can be scaled proportionally to the aggregated number of PRBs and number of symbols across all PSSCH transmissions with respect to the reference configuration 0.5 + 0.5 Y/YREF, where Y is the aggregated number of PRBs across all PSSCH demodulations / decoding attempts per slot multiplied on number of PSSCH symbols in slot / normalized on number of symbols and PRBs in reference configuration.
· Number of Tx/Rx antennas/chains: The power consumption needs to be scaled according to the number of Tx and Rx antennas that are used in the current slot. In our view model in [4] can be reused for RX and TX
· For reception: 2Rx power is 0.7 x 4Rx power for FR1, 1Rx power is 0.7 x 2Rx power for FR2.
· For transmission: 2Tx power is 1.4x 1Tx power at 0dBm. 1.2x.at 23dBm FR1 only

Proposal 4: 
· Agree on sidelink scaling rules with respect to UE reference relative power consumption model including
· Adaptation of sidelink TX/RX BW
· Reuse scaling rules from the 3GPP TR 38.840
· PSCCH RX processing
· Apply the following scaling rule 0.5 + 0.5 X/XREF
· PSSCH RX processing 
· Apply the following scaling rule 0.5 + 0.5 Y/YREF
· TX/RX antenna adaptation
· Reuse scaling rules from the 3GPP TR 38.840

Additional Performance Metrics
Power Saving Gain (PSG)
The relative reduction in UE power consumption normalized on power consumption in reference configuration can be defined as UE power saving gain. It can be measured in % vs legacy UE performance in reference configuration.
Delta PRR
Power saving gain is likely to come at the expense of PRR degradation. Therefore, it is important to analyze potential change in PRR performance from utilized power saving features. In order to monitor change in PRR, the Delta PRR (ΔPRR) metric is proposed. The ΔPRR can be measured as a difference between two PRR values (PRR1 measured for reference case and PRR2 collected for the case when power saving feature(s) is(are) enabled).
Delta Latency
Power saving gain is likely to come at the expense of latency degradation. Therefore, it is important to analyze potential change in latency performance from utilized power saving features. In order to monitor change in latency, the Delta latency (ΔL) metric is proposed. The ΔL can be measured as a difference between two latency values (L1 measured for the reference case and L2 collected for the case when power saving feature(s) is(are) enabled).
Energy or Power Efficiency
In addition to power saving metric, we would like to introduce the energy efficiency as an evaluation metric for the SL power saving study. Energy efficiency is usually defined as the number of bits that can be sent over a unit of power consumption which is usually quantified by bits per Joule:
,
or
,
where  is the energy efficiency,  the number of transmitted or received bits,  a measure of the consumed energy,  the bit rate per second, and  a measure of the power. These two definitions lead to an energy efficiency measure with a unit of bit/J. It is obvious that the higher the number of bits that can be transmitted per consumed energy J, the more efficient the system. 

Proposal 5: 
· Introduce the following additional performance metrics for sidelink power saving analysis 
· Power saving gain 
· Delta PRR vs power saving gain
· Delta latency vs power saving gain 
· Energy or power efficiency

Non-V2X Evaluation Scenarios
Considering that scope of sidelink applications is extended to commercial use cases beyond V2X it may be reasonable to support additional non-V2X scenario for Rel.17 evaluations. If it is agreeable by the group then one of the scenarios from the previous 3GGPP work in LTE ProSe [2] and FeD2D [3] can be selected. 

Proposal 6: 
· RAN1 to discuss the need and define additional scenario for evaluation of commercial use cases

Others
The power saving features are essential for pedestrian UEs. In V2X evaluation methodology pedestrian UEs are only considered in Urban scenarios which are very demanding in terms of computing resources and modeling time. Therefore, in order to simplify evaluations, it can be considered to drop pedestrian UEs in Freeway/Highway scenario for power saving evaluations in Rel.17.

Proposal 7: 
· Define Freeway/Highway scenario with pedestrian UEs for power saving studies in Rel.17

Conclusions
In this contribution, we have analyzed and proposed additional updates to sidelink evaluation methodology in order to conduct studies on UE power saving features.
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