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[bookmark: _Ref523752768][bookmark: _Ref129681832]According to the WID of NR sidelink enhancement [1], the evaluation methodology for sidelink is to be updated to incorporate power saving methods under specification and study in the WI. The WID provides that the evaluation assumption and performance metric for power saving should be defined by reusing TR 36.843 [2] (from Rel-12 D2D) and/or TR 38.840 [3] (from Rel-16 UE power saving). 
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 paper we discuss what is available from the baseline TRs, and what changes are needed to suit Rel-17 sidelink enhancements. 
Discussion on evaluation methodology for sidelink enhancement
Performance metric for sidelink enhancement 
Power saving for the NR sidelink is one of the main motivations and work areas for enhancements in Rel-17. Especially with a view to public safety and pedestrian UE or vulnerable road user (VRU) use cases where a UE cannot be assumed to have a constant power supply, power consumption in the UEs needs to be managed and/or minimized. In Rel-16, the communication between vehicle UEs is considered. Given the characteristics of V-UE, power saving is not the main design objective and full sensing based resource allocation mode is specified. Therefore, to measure the level of power saving of Rel-17 schemes, full sensing can be used as the baseline. As stated in the WID [1], the Rel-17 power saving design could use Rel-14 partial sensing and random selection as a starting point. In addition, the potential benefits introduced by inter-UE cooperation should be also taken into account. In order to evaluate the gain percentage of power consumption reduction of the power saving scheme from the baseline scheme, power saving gain, which has been introduced in [2] and [3], is reused as the performance metric for sidelink random resource selection, partial sensing and Inter-UE coordination. In general, the power saving gain can be measured based on a power consumption model consists of different sidelink power states. And this power consumption model can be a modified version of that proposed in TR 38.840. As to the baseline, the full sensing scheme in NR V2X can be considered as comparison to the power saving schemes. 
Proposal 1:  Full sensing scheme in NR Rel-16 sidelink can be used as baseline scheme for comparing the power saving schemes.
Proposal 2: Power saving gain can be introduced as the performance metric for sidelink random resource selection, partial sensing and inter-UE coordination in Rel-17.
· Power saving gain is defined as the percentage of power consumption reduction of the power saving scheme from the baseline scheme.
· Power saving gain is measured on sidelink power consumption model.

In Rel-16, PRR defined by TR 37.885 [4] is an important performance metric to study the feasibility and reliability of sidelink communications. As the analysis above, random resource selection and partial sensing can be introduced to reduce power consumption of the UEs to enhance Rel-17 NR sidelink, especially for public safety and commercial use cases. However, it very likely results in a lower PRR since such solutions tend to reduce the accuracy of resource selection, and with it reliability, as a cost compared to the baseline schemes. In addition, the power consumption of different types of power saving states/schemes could also be different, which results in different levels of PRR. In this regard, when adapting specified enhanced solutions for power saving purpose, its corresponding PRR must not fall by more than δ with respect to the baseline scheme. This is to ensure the QoS requirement for Rel-17 UE sidelink transmission using power saving scheme. For example, if the PRR of baseline scheme without power saving at a certain range is  and the PRR of power saving schemes at the same range is , then the following condition should be satisfied: , as shown in Figure 1. In this case, the curve of the proposed power saving scheme should be above the threshold curve, by which the QoS requirement can be guaranteed. In LTE-V2X, some simulations of the full sensing scheme and random selection scheme showed a 15% drop in PRR.
[image: ]
Figure 1: comparison between baseline scheme and power saving scheme
Proposal 3: To guarantee the QoS requirement for power saving schemes, their PRRs  should not be lower than a PRR threshold, which is , where  represents the baseline scheme PRR within a certain distance range and  is the tolerable PRR degradation value. 
SL  evaluation assumptions 
In order to calculate the UE power saving gain for NR sidelink enhancements, different power states and relative power consumption values for the reference configuration should be adopted. Considering that NR V2X provides very flexible structure design to fulfill various type of V2X services, some necessary modifications on the evaluation assumptions are required when reusing the power consumption model of NR Uu for NR sidelink. Specifically, the formats of 1st-stage SCI, 2nd-stage SCI and PSFCH defined in Rel-16 need to be set properly for Rel-17 power consumption modeling. In this regard, we have modified some sidelink parameters and highlighted their characterization for FR1 and FR2 as shown in Table 1. 
[bookmark: _Ref533848032]Table 1 Reference Configuration 
	Parameters
	Characterization for FR1
	Characterization for FR2

	Subcarrier spacing (SCS)
	30 kHz
	120 KHz

	Number of carrier
	1CC
	1CC

	System Bandwidth
	40 MHz
	100 MHz

	SL BWP
	40 MHz
	100 MHz

	PSCCH
	2 symbols, 15 PRBs at the beginning of a slot
	2 symbols, 15 PRBs at the beginning of a slot

	PSFCH
	 2 symbols, 1PRB
	2 symbols, 1PRB

	Number of SL symbols per slot
	7 or 14
	7 or 14

	Modulation
	64 QAM
	64QAM

	Tx antenna configuration
	1 TX
	1 TX

	Rx antenna configuration
	2 RX
	2 RX


Refer to the code rate of SCI in LTE-V, which is around 0.13, NR-V should keep the similar rate to have comparable performance. Based on the specs, the payload size of first stage SCI is from 44 to 72bits (including 24bits CRC), QPSK is adopted and 1/4 DMRS overhead is set for PSCCH, therefore, 270REs in total are calculated for convey SCI. As agreed in R16, the PSCCH could occupy two or three symbols in time domain and [10, 12, 15, 20, 25]PRBs in frequency domain, which is configured according to higher layer parameters. For evaluation purpose, the NR Uu configures PDCCH region of 2 symbol at beginning of a slot in the power consumption model [3]. In order to be consistent with NR Uu model and have less latency, we suppose the PSCCH is in a similar size in time domain which accounts for 2 symbols and 15 PRBs at the beginning of a slot. As for PSFCH, considering the AGC symbol is a duplicate version of PSFCH, we assume the PSFCH takes 2 symbols with 1 PRB for NR sidelink system evaluation. The number of symbols in a sidelink slot can be either 7 or 14 depending on the deployment being modeled. 
Proposal 4: For NR sidelink power consumption evaluation, the parameters in the following table are used as the baseline configuration:
	Parameters
	Characterization for FR1
	Characterization for FR2

	Subcarrier spacing (SCS)
	30 kHz
	120 KHz

	Number of carrier
	1CC
	1CC

	System Bandwidth
	40 MHz
	100 MHz

	SL BWP
	40 MHz
	100 MHz

	PSCCH
	2 symbols, 15 PRBs at the beginning of a slot
	2 symbols, 15 PRBs at the beginning of a slot

	PSFCH
	 2 symbols, 1PRB
	2 symbols, 1PRB

	Number of SL symbols per slot
	7 or 14
	7 or14

	Modulation
	64 QAM
	64QAM

	Tx antenna configuration
	1 TX
	1 TX

	Rx antenna configuration
	2 RX
	2 RX



SL UE power consumption model  
The SL UE power consumption model can also reuse the NR Uu model for simplicity. Moreover, the SL power state should be illustrated from the perspective of both transmission and reception by a UE. The sidelink power states and their relative power consumption values are provided in Table 2:
[bookmark: _Ref533848393]




Table 2 UE power consumption model for FR1 
	NR-Uu Power State
	Relative Power (units per slot)
	SL Power State
	Relative Power (units per slot) for 14 SL symbols

	Deep Sleep
	1     (optional: 0.5)
	Deep Sleep
	1     (optional: 0.5)

	Light Sleep
	20
	Light Sleep
	20

	Micro sleep
	45
	Micro sleep
	45

	UL (Long PUCCH or PUSCH.)
	250 (0 dBm)
700 (23 dBm)
	TX   PSCCH+PSSCH
(or  TX SSB)
	K={250 (0 dBm)
700 (23 dBm)}

	Short PUCCH
	0.3 * uplink power
	TX PSFCH
	0.3 * K

	PDCCH + PDSCH
	300
	RX PSCCH + PSSCH
	115

	PDCCH-only
	100
	RX PSFCH-only
	50

	RX SSB
	75
	RX SSB
	75

	
	
	RX GNSS
	8



Table 3 UE power consumption model for FR2
	NR-Uu Power State
	Relative Power (units per slot)
	SL Power State
	Relative Power for FR2 (units per slot) for 14 SL symbols

	Deep Sleep
	1     (optional: 0.5)
	Deep Sleep
	1     (optional: 0.5)

	Light Sleep
	20
	Light Sleep
	20

	Micro sleep
	45
	Micro sleep
	45

	UL (Long PUCCH or PUSCH.)
	250 (0 dBm)
700 (23 dBm)
	TX   PSCCH+PSSCH
(or  TX SSB)
	K={250 (0 dBm)
700 (23 dBm)}

	Short PUCCH
	0.3 * uplink power
	TX PSFCH
	0.3 * K

	PDCCH + PDSCH
	350
	RX PSCCH + PSSCH
	350

	PDCCH-only
	175
	RX PSFCH-only
	175

	RX SSB
	175*0.75=131.25
	RX SSB
	130

	
	
	RX GNSS
	8



In NR Uu, the bandwidth scaling factor is calculated by the formula  = 0.4 + 0.6 * (B - 20) / 80, where B is only valid for 10, 20, 40, 80, and 100MHz in FR1. For sidelink power consumption model, the above formula can be reused for 20MHz case and 40MHz case, respectively. In this regard, we have  for bandwidth of 20MHz and  0.55 for bandwidth of 40MHz. As to the symbol number in a slot, Rel-16 supports 7, 8, 9, …, 14 symbols (NCP) in a slot without SL-SSB for SL operation. For sidelink power evaluation, the minimum power consumption (i.e. 7 symbols in a slot) should be considered, in addition to the maximum power consumption (i.e. 14 symbols in a slot). 
In our proposal, the power consumption on operation of sidelink “RX PSCCH + PSSCH” state can be modelled as consisting of three parts, the initial RF open power, the OFDM symbol receiving power and the data processing power. Specifically, the value of initial RF open power is considered as a fixed value while the OFDM symbol receiving power and the data processing power can be treated as linear with number of symbols. With the above assumption, a linear scaling factor  can be defined for the cases between 7 symbols and 14 symbols in a slot. If the initial RF power is denoted as “A” and the total power for  receiving and processing of  each symbol is denoted as “B”, then we can have the power for PDCCH-only in the presentation of “A + 2*B = 100” units. Similarly, it is “A+14*B = 300” units for PDSCH+PDCCH power state. In this way, “A” and “B” can be obtained respectively and the power for 7 symbols in a slot can be calculated as “A+7*B 183” units, giving the linear scaling factor  around 0.6. In this way, for the case of different number of symbols in a slot, the power values can be modified by multiplying the linear scaling factor  with the 14 symbol case directly.
In addition, some of the sleep states and TX power states can be reused directly for SL power states. Based on [3], the antenna scaling factor  0.7 is considered when the receive antennas are reduced from 4 to 2. The SL power states and their relative values are analysed and given as following:
-	Sleep state
From the sleep states, it can be happened that the UE wakes in a different UE setting. Thus, the required energy for the state transition from and to the sleep states will also be different. As the time required for the state transition is similar, it can be concluded that the energy consumption for state transition depends solely on the power level of the active state. For example, in partial sensing, if the gap of two adjacent sensing slots is large, then the UE may go to deep/light sleep state for power saving purpose; otherwise, the UE may go to micro sleep state. Therefore, the three sleep states for SL transition can follow the same rule and the values as the NR Uu model from Rel-16. For each state, the additional transition energy and total transition time are provided in TR 38.840[3] which cited as below:
Table 4: UE power consumption during the state transistion [3]
	Sleep type
	Additional transition energy:
(Relative power x  ms) 
	Total transition time 

	Deep sleep 
	450 
	20 ms 

	Light sleep 
	100 
	6 ms 

	Micro sleep 
	0 
	0 ms* 

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



-	TX PSCCH+PSSCH (or TX SSB)
The sidelink PSCCH and PSSCH transmission as well as the SSB transmission use all symbols in one SL slot are based on Uu power model, where the power level of UL is defined based on two given reference points 0 dBm and 23 dBm, which corresponds to 250 units and 700 units respectively.
-	TX PSFCH
In NR Uu power consumption model, the power of “short PUCCH TX” state is equal to 0.3 times of uplink TX power. Considering the short PUCCH occupies similar number of symbols as the SL PSFCH, we assume they experience similar level of power consumption, which is 0.3 times of that of “TX PSCCH+PSSCH” state.
-	RX PSCCH + PSSCH
The “RX PSCCH + PSSCH” state means receiving and decoding all SL symbols in a slot. For FR1, by taking the scaling factor into account, the relative power value is calculated as: 300*0.55*0.7=115.5 units, which is approximate to 120 units. In the case of sidelink FR2, we assume the “RX PSCCH + PSSCH” state has the same receiving bandwidth and receive antenna number with NR Uu FR2, which is 100MHz and 2 RX as indicated in table1. As a consequence, the power consumption can keep the same.
It should be noted that based on the FR1 power model definition in TR 38.840 [3], the power consumption for PDCCH + PDSCH is 300 units whereas the power consumption for PDSCH is only 280 units. This indicates that without 36 times of PDCCH blind decoding, the power only decrease 20 units, as 6.7% of total power in a slot. In NR V2X, it takes 10 times SCI blind decoding (given the assumption of 40MHz 30kHz SCS and 10PRBs per subchannel). This results in the percentage decrement of power consumption is less than 6.7% when compared to NR Uu case, because less times of blind decoding are applied. In this regard, even though 6.7% is considered for power reduction, the power value decrease from 115 to 107 theoretically. Thus, we can ignore the effect of power reduction due to SCI blind decoding decrease.
-	RX PSFCH-only
The “RX PSFCH-only” state receives and decodes two symbols during SL reception, which is similar as PDCCH decoding. For FR1, by following the same rule as “RX PSCCH + PSSCH” calculation, its power value is: 100*0.55*0.7=38.5 units. However, it should be noted that the power consumption of ‘micro-sleep’ is 45 power units. It is not reasonable that the power consumption of ‘RX PSFCH-only’ is smaller than or the same as that of ‘micro-sleep’. Therefore, the power consumption of ‘RX PSFCH-only’ can be 50 power units. 
-	RX SSB
It is known that SSB can be used for fine time-frequency synchronization and RSRP measurement of the serving/camping cell. By making the assumption that the NR Uu SSB takes similar resources size of that of SL SSB, we can follow its power consumption value directly, which is 75 units. But for FR2, this can be the same with the value in NR Uu FR2, which is approximate to 130 units.
-	RX GNSS
Based on TR 36.843 A.2.1.6, the GPS power is 0.08 unit and the sleep state is 0.01 unit per subframe. Considering the paging cycle is 1.28 seconds and the RF can be shut down in LTE V2X, the sleep state can be regarded as deep sleep. In this regard, the GNSS power is 8 times of that of the deep sleep state, which is 8 units in Table 2 and Table 3.
Proposal 5: For evaluation, the SL power model in the following table is used, which is based on power model in TR38.840
· The symbol number scaling factor for sidelink is  = 0.6 for 7 symbols in a slot and =  1 for 14 symbols in a slot. 

Table 2 UE power consumption model for FR1 
	NR-Uu Power State
	Relative Power (units per slot)
	SL Power State
	Relative Power (units per slot) / 

	Deep Sleep
(Total transition time: 20ms)
	1     (optional: 0.5)
	Deep Sleep
(Total transition time: 20ms)
	1     (optional: 0.5)

	Light Sleep
(Total transition time: 6ms)
	20
	Light Sleep
(Total transition time: 6ms)
	20

	Micro sleep
(Total transition time: 0ms)
	45
	Micro sleep
(Total transition time: 0ms)
	45

	UL (Long PUCCH or PUSCH.)
	250 (0 dBm)
700 (23 dBm)
	TX   PSCCH+PSSCH
(or  TX SSB)
	K={250 (0 dBm)
700 (23 dBm)}

	Short PUCCH
	0.3 * uplink power
	TX PSFCH
	0.3 * K

	PDCCH + PDSCH
	300
	RX PSCCH + PSSCH
	115

	PDCCH-only
	100
	RX PSFCH-only
	50

	RX SSB
	75
	RX SSB
	75

	
	
	RX GNSS
	8


Table 3 UE power consumption model for FR2
	NR-Uu Power State
	Relative Power (units per slot)
	SL Power State
	Relative Power for FR2 (units per slot) / βs 

	Deep Sleep
(Total transition time: 20ms)
	1     (optional: 0.5)
	Deep Sleep
(Total transition time: 20ms)
	1     (optional: 0.5)

	Light Sleep
(Total transition time: 6ms)
	20
	Light Sleep
(Total transition time: 6ms)
	20

	Micro sleep
(Total transition time: 0ms)
	45
	Micro sleep
(Total transition time: 0ms)
	45

	UL (Long PUCCH or PUSCH.)
	250 (0 dBm)
700 (23 dBm)
	TX   PSCCH+PSSCH
(or  TX SSB)
	K={250 (0 dBm)
700 (23 dBm)}

	Short PUCCH
	0.3 * uplink power
	TX PSFCH
	0.3 * K

	PDCCH + PDSCH
	350
	RX PSCCH + PSSCH
	350

	PDCCH-only
	175
	RX PSFCH-only
	175

	RX SSB
	175*0.75=131.25
	RX SSB
	130

	
	
	RX GNSS
	8



Conclusion
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Based on above discussions, we have the following proposals:
Proposal 1:  Full sensing scheme in NR Rel-16 sidelink can be used as baseline scheme for comparing the power saving schemes.
Proposal 2: Power saving gain can be introduced as the performance metric for sidelink random resource selection, partial sensing and inter-UE coordination in Rel-17.
· Power saving gain is defined as the percentage of power consumption reduction of the power saving scheme from the baseline scheme.
· Power saving gain is measured on sidelink power consumption model.
Proposal 3: To guarantee the QoS requirement for power saving schemes, their PRRs  should not be lower than a PRR threshold, which is , where  represents the baseline scheme PRR within a certain distance range and  is the tolerable PRR degradation value. 
Proposal 4: For NR sidelink power consumption evaluation, the parameters in the following table are used as the baseline configuration:
Table 1. Reference Configuration
	Parameters
	Characterization for FR1
	Characterization for FR2

	Subcarrier spacing (SCS)
	30 kHz
	120 KHz

	Number of carrier
	1CC
	1CC

	System Bandwidth
	40 MHz
	100 MHz

	SL BWP
	40 MHz
	100 MHz

	PSCCH
	2 symbols, 15 PRBs at the beginning of a slot
	2 symbols, 15 PRBs at the beginning of a slot

	PSFCH
	 2 symbols, 1PRB
	2 symbols, 1PRB

	Number of SL symbols per slot
	7 or 14
	7 or 14

	Modulation
	64 QAM
	64QAM

	Tx antenna configuration
	1 TX
	1 TX

	Rx antenna configuration
	2 RX
	2 RX



Proposal 5: For evaluation, the SL power model in the following table is used, which is based on power model in TR38.840
· The symbol number scaling factor for sidelink is  = 0.6 for 7 symbols in a slot and  for 14 symbols in a slot. 

Table 2. UE power consumption model for FR1
	NR-Uu Power State
	Relative Power (units per slot)
	SL Power State
	Relative Power (units per slot) / 

	Deep Sleep
(Total transition time: 20ms)
	1     (optional: 0.5)
	Deep Sleep
(Total transition time: 20ms)
	1     (optional: 0.5)

	Light Sleep
(Total transition time: 6ms)
	20
	Light Sleep
(Total transition time: 6ms)
	20

	Micro sleep
(Total transition time: 0ms)
	45
	Micro sleep
(Total transition time: 0ms)
	45

	UL (Long PUCCH or PUSCH.)
	250 (0 dBm)
700 (23 dBm)
	TX   PSCCH+PSSCH
(or  TX SSB)
	K={250 (0 dBm)
700 (23 dBm)}

	Short PUCCH
	0.3 * uplink power
	TX PSFCH
	0.3 * K

	PDCCH + PDSCH
	300
	RX PSCCH + PSSCH
	115

	PDCCH-only
	100
	RX PSFCH-only
	50

	RX SSB
	75
	RX SSB
	75

	
	
	RX GNSS
	8



Table 3. UE power consumption model for FR2
	NR-Uu Power State
	Relative Power (units per slot)
	SL Power State
	Relative Power for FR2 (units per slot) / βs 

	Deep Sleep
(Total transition time: 20ms)
	1     (optional: 0.5)
	Deep Sleep
(Total transition time: 20ms)
	1     (optional: 0.5)

	Light Sleep
(Total transition time: 6ms)
	20
	Light Sleep
(Total transition time: 6ms)
	20

	Micro sleep
(Total transition time: 0ms)
	45
	Micro sleep
(Total transition time: 0ms)
	45

	UL (Long PUCCH or PUSCH.)
	250 (0 dBm)
700 (23 dBm)
	TX   PSCCH+PSSCH
(or  TX SSB)
	K={250 (0 dBm)
700 (23 dBm)}

	Short PUCCH
	0.3 * uplink power
	TX PSFCH
	0.3 * K

	PDCCH + PDSCH
	350
	RX PSCCH + PSSCH
	350

	PDCCH-only
	175
	RX PSFCH-only
	175

	RX SSB
	175*0.75=131.25
	RX SSB
	130

	
	
	RX GNSS
	8
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