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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
Baseline Configuration
At RAN1#102-E the following agreements regarding the baseline configuration were made:
	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. 


In our view, it is essential to add the sidelink subchannel size to the baseline configuration. For the case of 40 MHz using 30 kHz SCS there are 106 PRBs available. To optimally utilize the resource spectrum a subchannel size of 15 PRBs need to be configured (i.e. 7 sidelink subchannels). 

Proposal 1: 
· Define the sidelink subchannel size of 15 PRBs and 7 subchannels to maximize spectrum utilization for the reference configuration

For the baseline configuration, it is essential that for the 1st and 2nd stage SCI decoding attempts as well as the PSSCH decoding size a reference configuration is defined. Based on the current agreements on Rel. 16 NR V2X capabilities [11] the number PSCCH receptions in a slot can take a value in {floor (NRB /10 RBs), 2*floor (NRB /10 RBs)}, where NRB is the number of PRBs in a slot. As this describes the decoding attempts of the 1st and second stage combined, but for our baseline configuration we desired to separate these this number needs to be multiplied by 2. Thus, as we think in terms of power consumption a decoding of a 1st stage SCI or a 2nd stage SCI are roughly about the same we weight them equally and the reference number of SCI decoding attempts is either of  {2*floor (NRB /10 RBs), 4*floor (NRB /10 RBs)}.

Proposal 2: 
· Define the reference number of combined 1st and 2nd stage SCI decoding attempts as one of the values from the set {2*floor (NRB /10 RBs), 4*floor (NRB /10 RBs)}

In practical implementations a device could allocate SCI decoding attempts in an intelligent way. For example, it is possible that the device first tries to demodulate the PSCCH DMRS at each of the possible 1st stage SCI locations. Then it could estimate the PSCCH DMRS RSRP at each of the location. There are multiple ways to use this information. The simplest one is that only if estimated RSRP surpasses a certain threshold the receiving device would attempt to decode this 1st stage SCI. In the case that the number of decoding is limited up to the point that not all possible 1st stage SCI location can be decoded it is possible to only decode the ones with the highest RSRP or SINR estimates. 
For the definition of the PSSCH baseline configuration size we need to consider the number of OFDM symbols used for the PSSCH. The current agreement from UE feature discussion says that the UE attempts to decode Y= NRB non-overlapping RBs per slot [11]. To extend this definition it is enough to multiply with the number of OFDM symbols used for the PSSCH transmission. Thus, we define the reference PSSCH decoding size as NRB*ld, where ld is the definition of the number of OFDM symbols according to [7] (38.211). Here we assume that NRB does not contain the PRBs that are not integer multiples of the sub-channel size. 

Proposal 3: 
· Define the reference PSSCH size for decoding as NRB*ld

Scaling for Different Configurations
At RAN1#102-E the following agreements regarding the power consumption model scaling were made:
	Agreements:
· For power consumption scaling for adaptation, 
· (Working assumption) Scaling of SL BWP size adaptation in RX perspective
· X MHz is (0.4 +0.6*(X-20)/80)*100 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.




[bookmark: _Ref54297801]Figure 1. Example resource allocation in a slot
In contrast to the model in [4], the power consumption of the states related to receiving the SL (“Rx PSCCH” and “Rx PSCCH + PSSCH”) needs to scale with the number of decoding attempts for the 1st and 2nd stage SCI and the PSSCH size. This can be illustrated by the examples in Figure 1. These examples illustrate different possible scenarios in a system with 4 subchannels. In the first example in  a) the receiver tries to decode the 1st stage SCI in all available subchannels, but as none of the decoding attempts are successful no attempt at decoding a 2nd stage SCI or PSSCH is made. The second example in  b) shows a device that only monitors a subset of all available 1st stage SCI positions. As also in this case no 1st stage SCI decoding attempt is successful no further decoding of additional channels is required. In the last example in  c) one of 1st stage SCI decoding attempts is successful. Thus, the corresponding 2nd stage SCI and the PSSCH are also decoded. 
The modelling parameters need to be scalable in addition to the bandwidth with respect to the following aspects:
· PSCCH RX Processing
· 1st stage SCI blind decoding: Depending on how many decoding attempts for the 1st stage SCI are made the power consumption in the model need to be adjusted.
· 2nd stage SCI decoding: Depending on how many decoding attempts for the 2nd stage SCI 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 SCI) 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, assuming each subchannel is an individual transmission for a different UE. According to our baseline configuration XREF is defined as one of the values in the set {2*floor (NRB /10 RBs), 4*floor (NRB /10 RBs)}.
· PSSCH RX Processing
· The PSSCH RX power consumption is dependent on the number of allocated subchannels 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 + 0.35 Y/YREF + 0.15 X/XREF,  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. According to our baseline configuration YREF is defined as NRB*ld. The values of X/XREF represent the 1st and 2nd stage SCI scaling and have the same values as for the 1st and 2nd stage SCI only scaling in the preceding paragraph.  
· 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 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
· PSCCH RX processing
· Apply the following scaling rule 0.5 + 0.5 X/XREF
· XREF is reference number of 1st and 2nd stage SCI decoding attempts according to the baseline configuration
· X is the actual number of 1st and 2nd stage SCI decoding attempts
· PSSCH RX processing 
· Apply the following scaling rule 0.5 + 0.35 Y/YREF + 0.15 X/XREF
· YREF is the maximum size of the PSSCH according to the baseline configuration
· Y is the number of PRBs used for PSSCH transmissions in the current slot
· XREF is reference number of 1st and 2nd stage SCI decoding attempts according to the baseline configuration
· X is the actual number of 1st and 2nd stage SCI decoding attempts
· TX/RX antenna adaptation

Power Consumption per State
At RAN1#102-E the following agreements regarding the power consumption for different tasks performed in a slot by a UE were made:
	Agreements:
· For power consumption level,
· Reuse three states of “Sleep” specified in TR38.840 including transition time/energy consumption
· (working assumption) 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 [0.3]*power consumption level of “UL” for long PUCCH or PUSCH
· (Working assumption) For power consumption level of “PSFCH RX”, 
· the power consumption level is power consumption level of “PDCCH-only” for cross-slot scheduling
· 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.


PSCCH/PSSCH Rx
We think the power consumption of PSCCH/PSSCH Rx is like PDCCH + PDSCH Rx. Thus, we think this working assumption should be confirmed. 

Proposal 5: 
· Confirm working assumption that PSCCH/PSSCH Rx is the same as PDCCH + PDSCH Rx for the slots without PSFCH. 

1st SCI/2nd SCI Rx
For a rough assessment of the power consumption, the power consumption split between RF/BB needs to be known. Assuming RF part  takes about 40% of the overall power consumption for the case when PSSCH is processed. As only after decoding the 2nd stage SCI it is decided that the PSSCH should not be received, the RF power consumption in both cases should be the same. If we subtract the given power consumption of the RF-frontend, the power consumption of the PSSCH and the 1st and 2nd stage SCI are the same that does not seem to  be realistic. Thus, we would like to propose changing the scaling factor from 0.7 to 0.6 as this would mean that the reception of the PSSCH consumes about 2 times the amount of power relative to the 1st and 2nd stage SCI. Note that this scaling assumes 12 symbols for PSSCH and needs to be revised if the smaller number of PSSCH symbols is assumed.

Proposal 6: 
· Power consumption of 1st SCI/2nd SCI Rx should be 0.6 of PSCCH/PSSCH Rx assuming 12 symbols are allocated for PSSCH

PSFCH Tx
In our opinion, the scaling of 0.3 to long PUCCH or PUSCH is too high. Considering that this should be dominated by the PA power consumption, a scaling like the relative number of used OFDM symbols (2/14 = 0.143) should be applied. Considering additional time to switch the front-end on and off  a scaling of about 0.2 is more reasonable 

Proposal 7: 
· Power consumption of PSFCH Tx should be 0.2 of long PUCCH or PUSCH

Additional Performance Metrics
	Agreements:
· For evaluation metric, the followings are considered
· PRR
· PIR
· Power consumption reduction ratio = (power consumption for baseline scheme with Rel-16 Mode 2 resource allocation (i.e. full sensing) - power consumption for proposed scheme)/power consumption for baseline scheme with Rel-16 Mode 2 resource allocation (i.e. full sensing)
· Note that power consumption for baseline scheme with Rel-16 Mode 2 resource allocation (i.e. full sensing) and the power consumption for the proposed scheme are evaluated under the same evaluation assumptions.




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).
The Delta PRR can be calculated per distance bin:
· Delta PRR per distance bin. These distance bins should be defined by a bin size D. This means that the ith bin goes from (i-1) * D to i * D. Afterwards the average PRR is calculated per bin and compared for both systems. The length of the bins D should be in the range of 10-50 meters. 

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). It is also reasonable to define Delta Latency per distance bin in the same fashion a we defined it for the Delta PRR in the preceding paragraph. 

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 8: 
· Introduce the following additional performance metrics for sidelink power saving analysis 
· [bookmark: _Hlk54352197]Delta PRR vs Power consumption reduction ratio 
· Delta latency vs Power consumption reduction ratio 
· 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 3GPP work in LTE ProSe [2] and FeD2D [3] can be selected. 

Proposal 9: 
· RAN1 to add public safety scenario based on LTE ProSe layout option 3 in 36.843 to the evaluation scenarios

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 10: 
· 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.

Proposal 1: 
· Define the sidelink subchannel size of 15 PRBs and 7 subchannels to maximize spectrum utilization for the reference configuration
Proposal 2: 
· Define the reference number of combined 1st and 2nd stage SCI decoding attempts as one of the values from the set {2*floor (NRB /10 RBs), 4*floor (NRB /10 RBs)}
Proposal 3: 
· Define the reference PSSCH size for decoding as NRB*ld
Proposal 4: 
· Agree on sidelink scaling rules with respect to UE reference relative power consumption model including
· PSCCH RX processing
· Apply the following scaling rule 0.5 + 0.5 X/XREF
· XREF is reference number of 1st and 2nd stage SCI decoding attempts according to the baseline configuration
· X is the actual number of 1st and 2nd stage SCI decoding attempts
· PSSCH RX processing 
· Apply the following scaling rule 0.5 + 0.35 Y/YREF + 0.15 X/XREF
· YREF is the maximum size of the PSSCH according to the baseline configuration
· Y is the number of PRBs used for PSSCH transmissions in the current slot
· XREF is reference number of 1st and 2nd stage SCI decoding attempts according to the baseline configuration
· X is the actual number of 1st and 2nd stage SCI decoding attempts
· TX/RX antenna adaptation
Proposal 5: 
· Confirm working assumption that PSCCH/PSSCH Rx is the same as PDCCH + PDSCH Rx for the slots without PSFCH. 
Proposal 6: 
· Power consumption of 1st SCI/2nd SCI Rx should be 0.6 of PSCCH/PSSCH Rx assuming 12 symbols are allocated for PSSCH
Proposal 7: 
· Power consumption of PSFCH Tx should be 0.2 of long PUCCH or PUSCH
Proposal 8: 
· Introduce the following additional performance metrics for sidelink power saving analysis 
· Delta PRR vs Power consumption reduction ratio 
· Delta latency vs Power consumption reduction ratio 
· Energy or power efficiency
Proposal 9: 
· RAN1 to add public safety scenario based on LTE ProSe layout option 3 in 36.843 to the evaluation scenarios
Proposal 10: 
· Define Freeway/Highway scenario with pedestrian UEs for power saving studies in Rel.17
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