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1. [bookmark: _Ref47362130][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The work item of sidelink enhancement has been agreed in [1], including various enhancements such as resource allocation enhancements to reduce power consumption, to enhance reliability and to reduce latency, etc. To facilitate the discussion and evaluation, the sidelink evaluation methodology should be updated:
	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.
2. Resource allocation enhancement:
· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.


Some agreements were reached in the previous meeting. In this contribution, we provide our further views on the remaining issues of evaluation methodology.
2. Discussion
In this section, remaining issues on the NR sidelink evaluation methodology are discussed.
2.1. Evaluation scenarios
The study of pedestrian UE (PUE) in LTE V2X focus on basic safety scenario, where only the P2V case is concerned for power saving purpose. Consequently, the evaluation methodology assumes no data reception in sidelink on PUE.
However, NR sidelink supports new use cases other than basic safety [2], such as Dynamic ride sharing, Tethering via vehicle, etc. Moreover, as clearly stated in the justification of this WID, the NR sidelink should support use cases other than V2X, such as public safety or commercial D2D (e.g., NCIS). Therefore, the evaluation methodology should support use cases other than P2V and cover both TX and RX sides for power saving purpose.
[bookmark: _Ref47364811]Proposal 1: NR sidelink evaluation methodology should cover use cases including P2V, V2P, P2P and D2D (for public safety and commercial).
Then, for all the supported scenarios, for the purpose of evaluation, transmission and reception of PSCCH, PSSCH, and PSFCH should be assumed for UE operating in power saving mode as discussed in companion paper [3]. 
[bookmark: _Ref47364813]Proposal 2: For evaluation, transmission and reception of PSCCH, PSSCH, and PSFCH should be assumed for UE operating in power saving mode.  

2.2. Traffic model
As discussed in section 2.1, in LTE V2X, only basic safety traffic model is considered for P2V, e.g., the message size is fixed at 300 Bytes and transmission frequency is 1 Hz. Aperiodic traffic model is not used for evaluation of P2V in LTE V2X. However, as discussed before, the support of new use cases in NR implies the use of different traffic models for evaluation. For example, the use case of extended sensors requires the vehicle UE enables the exchange of raw or processed data gathered through local sensors or live video data among vehicles, RSUs, pedestrian UE and V2X application servers. As a start, the traffic model for V2V can be reused for evaluation, at least for V2P/P2V. 
Furthermore, additional traffic models with larger packet arrival intervals, e.g. 200ms or 500ms, can be taken into account for diverse V2P/P2V applications. Other traffic model, such as FTP or voice/video, can be considered for D2D scenarios, e.g., for the scenario of videos sharing between head mounted devices in NCIS use cases [4].
[bookmark: _Ref47120007][bookmark: _Ref47364831]Proposal 3: The traffic model for vehicle should be reused for pedestrian UE as a starting point. Other traffic models with larger packet arrival intervals (e.g., 200ms or 500ms) should also be considered.
Proposal 4: Additional traffic model such as FTP or voice/video should be considered for D2D scenarios.

2.3. Power consumption model
The following agreements were achieved in the previous meeting [5]. There are still some remaining open issues, such as the modulation order for power consumption model and the power consumption level of PSCCH+PSSCH transmission or reception in PSFCH slot, as well as the power consumption levels of some remaining combinations in a sidelink slot, etc.
	[bookmark: OLE_LINK1]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
· 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.

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.



2.3.1. Power consumption model in FR1
· Modulation order
The modulation order of 256QAM is used as the power model in TR 38.840 [6]. 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 5: The modulation order of 256QAM is reused as the reference power model for NR sidelink power evaluation in FR1.

· 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 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 6: For SL power consumption evaluation, the SL only scenario where DL pathloss based OLPC is not applied is the baseline.
[bookmark: _Ref53846372]Proposal 7: 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 of PSFCH reception
Regarding the power consumption of PSFCH reception, it has been agreed as working assumption that the power consumption level is power consumption level of “PDCCH-only” for cross-slot scheduling, which is 0.7 of the power consumption that of same-slot scheduling according to the scaling principle defined in TR 38.840 [6]. The power consumption of PSFCH reception is derived as 38.5 based on the existing agreement when the BWP is 40MHz, which is fallacious that the power consumption is smaller than that of micro sleep in a sidelink slot. 
Therefore, the power consumption of PSFCH reception should be revised, by introducing a minimum value for the power consumption of PSFCH reception, e.g. 50.
[bookmark: _Ref53846375]Proposal 8: A minimum power level should be defined for the power consumption of PSFCH reception. A candidate value can be 50.

· 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 9: 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 10: 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 11: 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.

In a summary, considering the bandwidth of 40MHz and combined with the agreement in previous meeting, the UE power consumption model for NR sidelink in FR1 can be updated based on the scaling principle defined in TR 38.840 [6] as Table 2
[bookmark: _Ref47127321]Table 2 UE power consumption model in FR1
	NR 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.
	1 
(Optional: 0.5)

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

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

	PSCCH+PSSCH RX in non-PSFCH slot
	Receiving and decoding data in all symbols in a SL slot
	165

	PSCCH+PSSCH RX in PSFCH slot
	Receiving and decoding data in a SL slot without decoding the PSFCH 
	118.8

	SCI decoding for blind searching
	SCI decoding includes PSCCH decoding for sensing, and 2nd stage SCI decoding to identify if there is any TB to be received (i.e., any desired destination ID for unicast, groupcast, or broadcast).
	
165*a[Note]

	PSCCH+PSSCH TX in non-PSFCH slot
	Data transmitting during all the symbol in a SL slot
	[bookmark: OLE_LINK4][bookmark: OLE_LINK5]P = [250 (0 dBm)
700 (23 dBm)]

	PSCCH+PSSCH TX in PSFCH slot
	Data transmitting during partial symbol in a SL slot
	0.9*P

	PSFCH TX
	Transmitting during two PSFCH symbols
	0.3*P

	PSFCH RX
	[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Receiving and decoding two PSFCH symbols in a SL slot
	50

	SCI decoding for blind searching and PSFCH RX
	SCI decoding and PSFCH receiving in a SL slot. SCI decoding includes PSCCH decoding for sensing, and 2nd stage SCI decoding to identify if there is any TB to be received
	
165

	PSCCH+PSSCH RX and PSFCH RX
	Receiving and decoding data and PSFCH receiving in a SL slot
	165

	PSCCH+PSSCH TX and PSFCH TX
	Data transmitting and PSFCH transmitting in a SL slot
	P = [250 (0 dBm)
700 (23 dBm)]

	SCI decoding for blind searching and PSFCH TX
	SCI decoding and PSFCH transmitting in a SL slot. SCI decoding includes PSCCH decoding for sensing, and 2nd stage SCI decoding to identify if there is any TB to be received
	
0.3*P+165*a[Note]

	PSCCH+PSSCH RX and PSFCH TX
	Receiving and decoding data and PSFCH transmitting in a SL slot 
	0.3*P+118.8

	PSCCH+PSSCH TX and PSFCH RX
	Data transmitting and PSFCH receiving in a SL slot
	0.9*P+50

	SSB TX
	Transmitting one SSB in a SL slot
	P = [250 (0 dBm)
700 (23 dBm)]

	SSB RX
	Receiving one SSB in a SL slot
	82.5

	GNSS
	Receiving GNSS information for positioning
	8


Note: The variable a is the scaling factor between the power consumption of SCI decoding and PSCCH+PSSCH decoding, the candidate values of a can be {0.6, 0.7, 0.8, 0.9}.
[bookmark: _Ref47120016][bookmark: _Ref47364833]Proposal 12: Table 2 can be agreed as the baseline model for power evaluation in FR1.

2.3.2. Power consumption model in FR2
Regarding the power consumption model in FR2, the power model of FR2 in TR 38.840 can also be reused as a start point [6].
· Reference configuration
Similar with the configuration in FR1, it is also desirable to reuse the power model of TR 38.840 as much as possible. The reference configuration in FR2, based on the that of FR1, can be defined as below.
· NR Sidelink
· Subcarrier spacing (SCS): 120 kHz
· Number of carriers:  1CC
· System Bandwidth: 100 MHz 
· PSCCH region: 2 symbols behind the first AGC symbol in sidelink slot
· PSSCH of max data rate
· Modulation:  64QAM
· PSFCH: 2 symbol, 1 PRB
· TX AP: 1 TX
· RX AP: 2 RX
· [bookmark: _GoBack]Power levels: 0dBm and 23dBm
[bookmark: _Ref53858939]Proposal 13: The reference power configuration in FR2 should be reused based on that of FR1, with the modification of using 120 kHz SCS and 64QAM.

· Scaling for adaption
It is necessary to define the formula to calculate the scaling factor to derive the power consumption in bandwidths other than the reference configuration. Other scaling factor, e.g. the scaling factor for the antennas, can be reused. As a result, the power consumption level of each behavior in a sidelink slot can be confirmed when the scaling factor for BWP bandwidth is defined.
[bookmark: _Ref53858944]Proposal 14: RAN1 should define the TX power level, as well as the scaling formula for deriving the power consumption in different bandwidths in FR2.

3. Conclusion
In the contribution, we provide our considerations on the evaluation methodology for NR sidelink with the following proposals. 
Proposal 1: NR sidelink evaluation methodology should cover use cases including P2V, V2P, P2P and D2D (for public safety and commercial).
Proposal 2: For evaluation, transmission and reception of PSCCH, PSSCH, and PSFCH should be assumed for UE operating in power saving mode.
Proposal 3: The traffic model for vehicle should be reused for pedestrian UE as a starting point. Other traffic models with larger packet arrival intervals (e.g., 200ms or 500ms) should also be considered.
Proposal 4: Additional traffic model such as FTP or voice/video should be considered for D2D scenarios.
Proposal 5: The modulation order of 256QAM is reused as the reference power model for NR sidelink power evaluation in FR1.
Proposal 6: For SL power consumption evaluation, the SL only scenario where DL pathloss based OLPC is not applied is the baseline.
Proposal 7: 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 8: A minimum power level should be defined for the power consumption of PSFCH reception. A candidate value can be 50.
Proposal 9: 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 10: 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 11: 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 12: Table 2 can be agreed as the baseline model for power evaluation in FR1.
Proposal 13: The reference power configuration in FR2 should be reused based on that of FR1, with the modification of using 120 kHz SCS and 64QAM.
Proposal 14: RAN1 should define the TX power level, as well as the scaling formula for deriving the power consumption in different bandwidths in FR2.
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