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1. Introduction
According to WID for NR sidelink enhancement [1], one of the objectives is as follows:
	[bookmark: _GoBack]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 sidelink evaluation methodology for power saving including basic assumption on system parameters and power consumption level for a variety of UE’s states. 

2. Discussion
According to TS38.840 [2], power consumption level is defined across a number of UE status for DL reception or UL transmission. To be specific, depending on how many physical channels that UE try to detect and how long the UE is in “Micro Sleep”, the power consumption level could be different even for the DL receptions. For instance, in case of “PDCCH-only” state, when the UE perform PDSCH buffering to support same-slot scheduling, the power consumption level in FR1 is 100 while when the UE does not perform PDSCH buffering, the power consumption level in FR1 is reduced into 70 as in Figure 1. All the power consumption level is the relative power with respect to “Deep Sleep” state. 
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Figure 1: Example of power consumption model of “PDCCH-only” for (a) same-slot scheduling and (b) cross-slot scheduling.
LTE and NR use different technologies such as channel coding and can use different numerologies. Furthermore, during the sidelink operation, when the synch reference source is serving cell, it needs to consider the power consumption for SSB detection or TRS detection which is already specified in TR38.840. In addition, considering Mode 1 operation, it may need to check both power consumption of NR Uu link and power consumption of NR sidelink simultaneously. For instance, the UE will monitor PDCCH and transmit PSCCH/PSSCH/PUCCH. In this case, the unified power consumption model for NR Uu link and sidelink would be useful for the accurate analysis. According to the observations of TR38.840, the UE monitors PDCCH only, but not decode PDSCH in most cases. It means that it would be beneficial for accurate analysis to differentiate power consumption levels between the case when a UE tries to decode SCI only and the case when a UE tries to decode SCI and PSSCH. In those points of views, power consumption model specified in TR38.840 is a baseline for the power consumption model for NR sidelink. In this case, all the power consumption level would be expressed as a relative power with respect to power consumption level of “Deep Sleep” state. Next, power values are averaged over the operations within a slot. It means that depending on the symbol durations associated with “Micro Sleep”, the power consumption level could be changed. In the perspective of UE behavior, DL reception could be replaced with sidelink reception including blind decoding for SCI, PSSCH decoding, PSFCH detection, S-SSB detection, and UL transmission could be replaced with sidelink transmission including PSCCH/PSSCH transmission, PSFCH transmission, and S-SSB transmission. 
Proposal 1: For power consumption model for NR sidelink, power consumption model specified in TR38.840 is a baseline.
· All the power consumption level is a relative power with respect to “Deep Sleep” state of which power consumption level is 1. 
· Power consumption values are average over the operations within a slot. 
· Power consumption levels for SL reception(s) are determined based on the power consumption levels for DL reception. 
· Power consumption levels for SL transmission(s) are determined based on the power consumption levels for UL transmission. 
Next, it is necessary to define reference configuration for NR sidelink. According to TR38.840 [2], power consumption model is defined for a certain reference configuration including numerology, system BW, PDCCH, MIMO operation, and then adaptation on some parameter is reflected by applying scaling factor to the reference power consumption level. To reuse power consumption levels used in NR Uu link for NR sidelink, it would be necessary to use the same values used in NR Uu link as much as possible. Table 1 summarizes the reference configuration of NR sidelink for FR1. 
Table 1: Reference configuration of NR sidelink for power saving for FR1.
	
	Value

	Number of SL symbols in a slot
	14

	Subcarrier spacing (SCS)
	30kHz

	System Bandwidth
	100MHz

	PSCCH region
	2 symbols

	PSSCH modulation order
	256QAM

	PSSCH MIMO configuration
	1TX-2RX MIMO

	Power levels
	0dBm, 23dBm


     Since MIMO configuration for PDSCH is originally 4x4MIMO, it would be necessary to use scaling approach to reflect the reduced number of RX antenna ports for SL reception. 
Table 2 summarizes the reference configuration of NR sidelink for FR2.
Table 2: Reference configuration of NR sidelink for power saving for FR2.
	
	Value

	Number of SL symbols in a slot
	14

	Subcarrier spacing (SCS)
	120kHz

	System Bandwidth
	100MHz

	PSCCH region
	2 symbols

	PSSCH modulation order
	256QAM

	PSSCH MIMO configuration
	1TX-2RX MIMO

	Power levels
	0dBm


Proposal 2: For power consumption model for NR sidelink, the reference configuration is defined as follows:
· The number of SL symbols in a slot is 14 (including AGC symbol and TX-RX switching period).
· SCS is 
· 30 kHz for FR1 
· 120 kHz for FR2. 
· System bandwidth is 100 MHz.
· PSCCH region of 2 symbols.
· PSSCH modulation order is 256QAM.
· PSSCH MIMO configuration is 1TX-2RX MIMO.
· TX Power level is 
· 0 dBm or 23 dBm for FR1.
· 0 dBm for FR2.
To support various configurations, scaling factor could be applied to power consumption level for the reference configuration. For instance, to use smaller system bandwidth, each power consumption level could apply scaling factor whose value is determined by the target DL BWP size. Similarly, depending on the number of PRBs in a SL BWP, different value of scaling factor could be used for reducing each power consumption level of the reference configuration. Scaling approach for DL reception could be reused for SL reception, and scaling approach for UL transmission could be reused for SL transmission. 
Proposal 3: For power consumption scaling for adaptation, following approaches are used
· Bandwidth of a SL BWP in RX perspective
· Scaling of X MHz = 0.4 +0.6*(X-20)/80. 
· Linear interpolation for intermediate bandwidth. 
· Bandwidth of a SL BWP in TX perspective
· No scaling at 0dBm or 23 dBm. 
· Antenna scaling in RX perspective
· 2Rx power is 0.7x 4Rx power for FR1.
· 1Rx power is 0.7x 2Rx power for FR2.
· Antenna scaling in TX perspective
· 2Tx power is 1.4x 1Tx power at 0dBm. 1.2x at 23dBm FR1 only. 
To design power consumption model for NR sidelink, it is necessary to list up the possible UE states and their relative power. First of all, three states of sleep could be reused including their transition time and additional transition energy specified in TR38.840. 
Next, a UE can tries to decode 1st SCI and 2nd SCI. After checking L1-destination ID, the UE can decide whether or not to perform PSSCH decoding. The power consumption level for 1st SCI decoding+2nd SCI decoding + PSSCH decoding in non-PSFCH slot could be determined by that of PDCCH+PDSCH. During the TX-RX switching period, the UE state would be “Micro Sleep”, but for simplicity, it can be considered that the power consumption reduction during the TX-RX switching period is ignored. In this case, considering that the reduced number of RX antenna ports, the power consumption level for “1st SCI+2nd SCI+PSSCH (Reception)” could be 210 (0.7x300) for FR1. The number of RX antenna ports for DL is already 2 for power consumption model for FR2, the power consumption level for “1st SCI+2nd SCI+PSSCH (Reception)” could be 350 for FR2. For the transmission of 1st SCI+2nd SCI+PSSCH, the power consumption level of UL for long PUCCH or PUSCH could be reused. 
Observation 1: Power consumption level of PSCCH/PSSCH decoding in non-PSFCH slot could be determined based on the power consumption level of “PDCCH+PDSCH” and scaling factor for the reduced number of RX antenna. 
Next, when the L1-destination ID is not intended to the UE, the UE will skip PSSCH decoding. Then, the power consumption level of 1st SCI decoding+2nd SCI decoding needs to be defined. In case of PDCCH-only, the UE will perform PDCCH buffering, channel estimation based on PDCCH DMRS, polar decoding, and PDSCH buffering (since the UE will decide whether or not to decode PDSCH after completion of PDCCH decoding). Processing related to PDCCH could be replaced with the processing for 1st SCI. On the other hand, it is necessary to further consider processing for 2nd SCI such as channel estimation based on PSSCH DMRS, additional polar decoding, and additional PSSCH buffering until the completion of 2nd SCI decoding. Meanwhile, during the TX-RX switching period, the UE will be in “Micro Sleep”. To be specific, the UE needs to perform PSSCH buffering during the 5 symbols after the end of the PSCCH, and the UE needs to have additionally 5 symbols to wait the completion of 2nd SCI decoding, and it will extend the time duration of RF&Baseband processing as shown in Figure 2. When the slot-average power is recalculated based on the power consumption model, the power consumption level of 1st SCI decoding+2nd SCI decoding could be roughly 145 for FR1, 285 for FR2. 
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Figure 2: Example of power consumption model of “1st SCI+2nd SCI (Reception)” in non-PSFCH slot.
Observation 2: Power consumption level of 1st SCI decoding+2nd SCI decoding in non-PSFCH slot could be larger than that of “PDCCH-only” considering the extended RF&Baseband processing time and the reduced Micro Sleep duration in a slot. 
In case of SSB in NR Uu link, two SSBs in a slot is assumed for the reference configuration. Since each SSB consists of four OFDM symbols, 8 symbols over 14 symbols are used for SSB transmission. On the other hand, S-SSB consists of 13 OFDM symbols in a slot. It means that the power consumption level for S-SSB detection needs to be larger than that of SSB detection. For simplicity, it can be considered that the power consumption level of “S-SSB reception” is the same as that of “1st SCI decoding+2nd SCI decoding”. For the S-SSB transmission, the power consumption level of UL for long PUCCH or PUSCH could be reused.
Observation 3: Power consumption level of S-SSB reception could be determined based on the power consumption level of “1st SCI decoding+2nd SCI decoding”.
Observation 4: Power consumption level of PSCCH/PSSCH transmission in non-PSFCH slot, S-SSB transmission could be determined based on the power consumption level of “UL” for long PUCCH or PUSCH.
GPS-power is not specified in TR38.840 [2] while the GPS-power is specified in TR36.843 [3]. In this case, the power consumption level for GNSS-related operation needs to be converted in terms of the relative power with respect to “Deep Sleep”. According to TR36.843 [3], GPS-power is defined with respect to the RX power. In this case, it can be considered that the power consumption of the GNSS-related operation is determined based on the power consumption level of “1st SCI+2nd SCI+PSSCH (Reception)” and the GPS power specified in TR36.843. In this case, the power consumption level is 0.08*210 for FR1 or 0.08*350 for FR2. 
Observation 5: Power consumption level of GNSS-related operation could be determined based on the power consumption level of PSCCH/PSSCH decoding in non-PSFCH slot and GPS-power specified in TR36.843.
Table 3 summarizes the power consumption model for NR sidelink when PSFCH resource is not provided in the resource pool. In other words, PSCCH+PSSCH occupy 13 symbols out of 14 symbols in a slot. 
Table 3: UE power consumption model for NR sidelink without a consideration of PSFCH resource
	Power state
	Characteristics
	Relative Power

	
	
	FR1
	FR2

	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
	1

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

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

	1st SCI+2nd SCI (Reception)
	No PSSCH; non-PSFCH slot; this includes time for SCI decoding and any micro-sleep within the slot.
	145
	285

	1st SCI+2nd SCI+PSSCH (Reception)
	PCCCH + PSSCH reception in non-PSFCH slot. 
	210
	350

	1st SCI+2nd SCI+PSSCH (Transmission)
	PSCCH+PSSCH in non-PSFCH slot.
	250 (0dBm)
700 (23dBm)
	350 (0dBm)

	S-SSB Reception
	S-SSB can be used for fine time-frequency synch. 
	145
	285

	S-SSB Transmission
	this includes time for transmissions of S-SS and PSBCH. 
	250 (0dBm)
700 (23dBm)
	350 (0dBm)

	GNSS-related operation
	Average power consumption when GPS is used.
Always on independently of other communications.
	16.8
	28


When PSFCH resource is provided in a resource pool, it is possible that PSCCH+PSSCH is TDMed with PSFCH in a slot. In this case, a number of UE states could be defined. For instance, a UE can decode 1st SCI+2nd SCI+PSSCH and detect PSFCH in a slot. Next, a UE can transmit 1st SCI+2nd SCI+PSSCH and detect PSFCH in a slot. Next, a UE can transmit 1st SCI+2nd SCI+PSSCH and transmit PSFCH in a slot. At last, a UE can decode 1st SCI+2nd SCI+PSSCH and transmit PSFCH in a slot. For each UE state, it needs to define power consumption level as well. To decide them, it is necessary to define the power consumption level of PSFCH reception and transmission as a baseline. The number of symbols for PSFCH reception is 2 symbols including AGC symbol. For the PSFCH reception, the UE will perform sequence detection rather than channel estimation and channel decoding. In addition, it does not require data buffering within a slot. In this point of view, the expected power consumption level for PSFCH reception would be much smaller than that of “1st SCI+2nd SCI (Reception)”. For simplicity, it can be considered to use the power consumption level of “PDCCH-only” for cross-slot scheduling. In this case, the power consumption level is reduced by skipping data buffering. For the PSFCH transmission, the power consumption level of short PUCCH could be a baseline. Since the reference number of symbols for short PUCCH is 1, the scaling factor needs to be increased. When the UL power consumption level is designed, it is assumed that the base power is not ignorable compared to the required power used for actual transmission. In those points of views, we propose to replace 0.3 with 0.36. 
Observation 6: Power consumption level of PSFCH reception could be determined based on the power consumption level of “PDCCH-only” with cross-slot scheduling.
Observation 7: Power consumption level of PSFCH transmission could be determined based on the power consumption level of “UL” for short PUCCH. The scaling factor could be updated based on the reduced time duration for Micro Sleep.
Next, the power consumption levels for “1st SCI+2nd SCI (Reception)”, “1st SCI+2nd SCI+PSSCH (Reception)”, and “1st SCI+2nd SCI+PSSCH (Transmission)” in PSFCH-slot need to be defined. During the PSFCH symbol duration, the UE can go to “Micro Sleep”. As mentioned earlier, the base power for transmission is large. In this case, even though 3 symbols will not be used for the actual PSCCH/PSSCH transmission, the power consumption level would not be considerably reduced. In this case, we propose to use 0.8 as scaling factor to determine the power consumption level of “1st SCI+2nd SCI+PSSCH (Transmission)” in PSFCH-slot. For “1st SCI+2nd SCI (Reception)” and “1st SCI+2nd SCI+PSSCH (Reception)” in PSFCH-slot, the UE can skip at least RF processing during the PSFCH symbol duration including TX-RX switching period. On the other hand, during that time baseband processing would be needed for 2nd SCI decoding as shown in Figure 3. In this case, the power consumption level of “1st SCI+2nd SCI (Reception)” could be roughly 124 for FR1 and 255 for FR2. For the power consumption level of “1st SCI+2nd SCI+PSSCH (Reception)” in PSFCH-slot, additional baseband processing power for PSSCH decoding could be added to that of “1st SCI+2nd SCI (Reception)”. 
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Figure 3: Example of power consumption model of “1st SCI+2nd SCI (Reception)” in PSFCH slot.
Observation 8: Power consumption level of 1st SCI decoding+2nd SCI decoding in PSFCH slot could be determined based on the power consumption level of 1st SCI decoding+2nd SCI decoding in non-PSFCH slot considering the reduced RF&Baseband processing time. 
Next, it is necessary to consider the combinations of PSCCH, PSSCH, and PSFCH in a slot. First of all, a UE can try to decode 1st SCI and 2nd SCI at the beginning of a slot, and the UE can perform PSFCH detection or transmission at the end of the slot. For the power consumption level of “1st SCI+2nd SCI (Reception) + PSFCH transmission”, it can be considered to do summation of power consumption levels of these two UE states as in the case of “PDCCH-only+PUCCH”. For the power consumption level of “1st SCI+2nd SCI (Reception) + PSFCH reception”, for simplicity, the power consumption level of “1st SCI+2nd SCI (Reception)” in non-PSFCH slot could be reused. 
Observation 9: Power consumption level of 1st SCI decoding+2nd SCI decoding + PSFCH transmission in a slot could be determined based on the sum of the power consumption level of 1st SCI decoding+2nd SCI decoding in PSFCH slot and the power consumption level of PSFCH transmission. 
Observation 10: Power consumption level of 1st SCI decoding+2nd SCI decoding + PSFCH detection in a slot could be determined based on the power consumption level of 1st SCI decoding+2nd SCI in non-PSFCH slot. 
Next, for the power consumption level of “PSCCH+PSSCH+PSFCH Transmission”, the power consumption level of “1st SCI+2nd SCI+PSSCH (Transmission)” in non-PSFCH slot could be used. In the TX perspective of a UE, these two states are different in one symbol (which is TX-RX switching period between PSSCH and PSFCH). Considering that the base power for transmission is large, for simplicity, the same power consumption levels could be used for both UE states. Similarly, the difference between “PSCCH+PSSCH+PSFCH Reception” and “1st SCI+2nd SCI+PSSCH (Reception)” in non-PSFCH slot is that a UE is in “Micro Sleep” during TX-RX switching period between PSSCH and PSFCH. For simplicity, we propose that the power consumption level of “1st SCI+2nd SCI+PSSCH (Reception) +PSFCH Reception” is the same as that of “1st SCI+2nd SCI+PSSCH (Reception)” in non-PSFCH-slot. 
Observation 11: Power consumption level of PSCCH+PSSCH+PSFCH transmission in a slot could be determined based on the power consumption level of PSCCH+PSSCH transmission in non-PSFCH slot. 
Observation 12: Power consumption level of PSCCH+PSSCH+PSFCH reception in a slot could be determined based on the power consumption level of PSCCH+PSSCH decoding in non-PSFCH slot. 
Next, power consumption level of PSCCH/PSSCH reception and PSFCH transmission in a slot could be determined based on the power consumption levels of “1st SCI+2nd SCI (Reception) + PSFCH transmission” and the additional processing time for PSSCH decoding. Next, for the power consumption level of “PSCCH/PSSCH transmission and PSFCH reception, it can be considered to recalculate slot-average value based on the power consumption model for “PSCCH/PSSCH transmission” in PSFCH slot and the power consumption model for “PSFCH reception”. In this case, the average value for a slot can be achieved based on the symbol-level power consumption level and its symbol duration. 
Observation 13: Power consumption level of PSCCH/PSSCH reception and PSFCH transmission in a slot could be determined based on the power consumption level of 1st SCI/2nd SCI decoding + PSFCH transmission and the additional power for PSSCH decoding. 
Observation 14: Power consumption level of PSCCH/PSSCH transmission and PSFCH reception could be determined based on the power consumption level of PSCCH/PSSCH transmission in PSFCH slot and the power consumption level of PSFCH reception. 
Table 4 summarizes the power consumption model for NR sidelink when PSFCH resource is in the slot. 
Table 4: UE power consumption model for NR sidelink with a consideration of PSFCH resource
	Power state
	Characteristics
	Relative Power

	
	
	FR1
	FR2

	PSFCH Reception
	Neither PSCCH nor PSSCH; this includes time for sequence detection.
	70
	122.5

	PSFCH Transmission
	Neither PSCCH nor PSSCH; this includes time for transmission of 2 symbols.
	90 (0dBm)
250 (23dBm)
	125 (0dBm)

	1st SCI+2nd SCI (Reception)
	1st SCI + 2nd SCI reception in PSFCH slot.
	125
	255

	1st SCI+2nd SCI+PSSCH (Transmission)
	PSCCH+PSSCH transmission in PSFCH slot.
	200 (0dBm)
560 (23dBm)
	280 (0dBm)

	1st SCI+2nd SCI+PSSCH (Reception)
	PCCCH + PSSCH reception in PSFCH slot. 
	190
	320

	1st SCI+2nd SCI (Reception) +PSFCH Reception
	1st SCI + 2nd SCI reception and PSFCH reception in a slot
	145
	285

	1st SCI+2nd SCI (Reception) +PSFCH Transmission
	1st SCI + 2nd SCI reception and PSFCH transmission in a slot
	215 (0dBm)
375 (23dBm)
	380
(0dBm)

	1st SCI+2nd SCI+PSSCH (Transmission) +PSFCH Transmission
	PSCCH+PSSCH transmission and PSFCH transmission in a slot
	250 (0dBm)
700 (23dBm)
	350 (0dBm)

	1st SCI+2nd SCI+PSSCH (Reception) +PSFCH Reception
	PSCCH+PSSCH reception and PSFCH reception in a slot
	210
	350

	1st SCI+2nd SCI+PSSCH (Reception) +PSFCH Transmission
	PSCCH+PSSCH reception and PSFCH transmission in a slot
	280 (0dBm)
440 (23dBm)
	445

	1st SCI+2nd SCI+PSSCH (Transmission) +PSFCH Reception
	PSCCH+PSSCH transmission and PSFCH reception in a slot
	210 (0dBm)
640 (23dBm)
	320



Proposal 4: For power consumption model for NR sidelink, Table 3 and Table 4 are used as a baseline. 

3. Conclusions
In this contribution, we discussed evaluation methodology for NR sidelink with power saving. Based on the above discussion, our observations and proposals are given as follows:
Observation 1: Power consumption level of PSCCH/PSSCH decoding in non-PSFCH slot could be determined based on the power consumption level of “PDCCH+PDSCH” and scaling factor for the reduced number of RX antenna. 
Observation 2: Power consumption level of 1st SCI decoding+2nd SCI decoding in non-PSFCH slot could be larger than that of “PDCCH-only” considering the extended RF&Baseband processing time and the reduced Micro Sleep duration in a slot. 
Observation 3: Power consumption level of S-SSB reception could be determined based on the power consumption level of “1st SCI decoding+2nd SCI decoding”.
Observation 4: Power consumption level of PSCCH/PSSCH transmission in non-PSFCH slot, S-SSB transmission could be determined based on the power consumption level of “UL” for long PUCCH or PUSCH.
Observation 5: Power consumption level of GNSS-related operation could be determined based on the power consumption level of PSCCH/PSSCH decoding in non-PSFCH slot and GPS-power specified in TR36.843.
Observation 6: Power consumption level of PSFCH reception could be determined based on the power consumption level of “PDCCH-only” with cross-slot scheduling.
Observation 7: Power consumption level of PSFCH transmission could be determined based on the power consumption level of “UL” for short PUCCH. The scaling factor could be updated based on the reduced time duration for Micro Sleep.
Observation 8: Power consumption level of 1st SCI decoding+2nd SCI decoding in PSFCH slot could be determined based on the power consumption level of 1st SCI decoding+2nd SCI decoding in non-PSFCH slot considering the reduced RF&Baseband processing time. 
Observation 9: Power consumption level of 1st SCI decoding+2nd SCI decoding + PSFCH transmission in a slot could be determined based on the sum of the power consumption level of 1st SCI decoding+2nd SCI decoding in PSFCH slot and the power consumption level of PSFCH transmission. 
Observation 10: Power consumption level of 1st SCI decoding+2nd SCI decoding + PSFCH detection in a slot could be determined based on the power consumption level of 1st SCI decoding+2nd SCI in non-PSFCH slot. 
Observation 11: Power consumption level of PSCCH+PSSCH+PSFCH transmission in a slot could be determined based on the power consumption level of PSCCH+PSSCH transmission in non-PSFCH slot. 
Observation 12: Power consumption level of PSCCH+PSSCH+PSFCH reception in a slot could be determined based on the power consumption level of PSCCH+PSSCH decoding in non-PSFCH slot. 
Observation 13: Power consumption level of PSCCH/PSSCH reception and PSFCH transmission in a slot could be determined based on the power consumption level of 1st SCI/2nd SCI decoding + PSFCH transmission and the additional power for PSSCH decoding. 
Observation 14: Power consumption level of PSCCH/PSSCH transmission and PSFCH reception could be determined based on the power consumption level of PSCCH/PSSCH transmission in PSFCH slot and the power consumption level of PSFCH reception. 

Proposal 1: For power consumption model for NR sidelink, power consumption model specified in TR38.840 is a baseline.
· All the power consumption level is a relative power with respect to “Deep Sleep” state of which power consumption level is 1. 
· Power consumption values are average over the operations within a slot. 
· Power consumption levels for SL reception(s) are determined based on the power consumption levels for DL reception. 
· Power consumption levels for SL transmission(s) are determined based on the power consumption levels for UL transmission. 
Proposal 2: For power consumption model for NR sidelink, the reference configuration is defined as follows:
· The number of SL symbols in a slot is 14 (including AGC symbol and TX-RX switching period).
· SCS is 
· 30 kHz for FR1 
· 120 kHz for FR2. 
· System bandwidth is 100 MHz.
· PSCCH region of 2 symbols.
· PSSCH modulation order is 256QAM.
· PSSCH MIMO configuration is 1TX-2RX MIMO.
· TX Power level is 
· 0 dBm or 23 dBm for FR1.
· 0 dBm for FR2.
Proposal 3: For power consumption scaling for adaptation, following approaches are used
· Bandwidth of a SL BWP in RX perspective
· Scaling of X MHz = 0.4 +0.6*(X-20)/80. 
· Linear interpolation for intermediate bandwidth. 
· Bandwidth of a SL BWP in TX perspective
· No scaling at 0dBm or 23 dBm. 
· Antenna scaling in RX perspective
· 2Rx power is 0.7x 4Rx power for FR1.
· 1Rx power is 0.7x 2Rx power for FR2.
· Antenna scaling in TX perspective
· 2Tx power is 1.4x 1Tx power at 0dBm. 1.2x at 23dBm FR1 only. 
Proposal 4: For power consumption model for NR sidelink, Table 3 and Table 4 are used as a baseline. 
Table 3: UE power consumption model for NR sidelink without a consideration of PSFCH resource
	Power state
	Characteristics
	Relative Power

	
	
	FR1
	FR2

	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
	1

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

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

	1st SCI+2nd SCI (Reception)
	No PSSCH; non-PSFCH slot; this includes time for SCI decoding and any micro-sleep within the slot.
	145
	285

	1st SCI+2nd SCI+PSSCH (Reception)
	PCCCH + PSSCH reception in non-PSFCH slot. 
	210
	350

	1st SCI+2nd SCI+PSSCH (Transmission)
	PSCCH+PSSCH in non-PSFCH slot.
	250 (0dBm)
700 (23dBm)
	350 (0dBm)

	S-SSB Reception
	S-SSB can be used for fine time-frequency synch. 
	145
	285

	S-SSB Transmission
	this includes time for transmissions of S-SS and PSBCH. 
	250 (0dBm)
700 (23dBm)
	350 (0dBm)

	GNSS-related operation
	Average power consumption when GPS is used.
Always on independently of other communications.
	16.8
	28



Table 4: UE power consumption model for NR sidelink with a consideration of PSFCH resource
	Power state
	Characteristics
	Relative Power

	
	
	FR1
	FR2

	PSFCH Reception
	Neither PSCCH nor PSSCH; this includes time for sequence detection.
	70
	122.5

	PSFCH Transmission
	Neither PSCCH nor PSSCH; this includes time for transmission of 2 symbols.
	90 (0dBm)
250 (23dBm)
	125 (0dBm)

	1st SCI+2nd SCI (Reception)
	1st SCI + 2nd SCI reception in PSFCH slot.
	125
	255

	1st SCI+2nd SCI+PSSCH (Transmission)
	PSCCH+PSSCH transmission in PSFCH slot.
	200 (0dBm)
560 (23dBm)
	280 (0dBm)

	1st SCI+2nd SCI+PSSCH (Reception)
	PCCCH + PSSCH reception in PSFCH slot. 
	190
	320

	1st SCI+2nd SCI (Reception) +PSFCH Reception
	1st SCI + 2nd SCI reception and PSFCH reception in a slot
	145
	285

	1st SCI+2nd SCI (Reception) +PSFCH Transmission
	1st SCI + 2nd SCI reception and PSFCH transmission in a slot
	215 (0dBm)
375 (23dBm)
	380
(0dBm)

	1st SCI+2nd SCI+PSSCH (Transmission) +PSFCH Transmission
	PSCCH+PSSCH transmission and PSFCH transmission in a slot
	250 (0dBm)
700 (23dBm)
	350 (0dBm)

	1st SCI+2nd SCI+PSSCH (Reception) +PSFCH Reception
	PSCCH+PSSCH reception and PSFCH reception in a slot
	210
	350

	1st SCI+2nd SCI+PSSCH (Reception) +PSFCH Transmission
	PSCCH+PSSCH reception and PSFCH transmission in a slot
	280 (0dBm)
440 (23dBm)
	445

	1st SCI+2nd SCI+PSSCH (Transmission) +PSFCH Reception
	PSCCH+PSSCH transmission and PSFCH reception in a slot
	210 (0dBm)
640 (23dBm)
	320



Reference
[1] RP-201385, “WID revision: NR sidelink enhancement,” LG Electronics. 
[2] 3GPP TR38.840, “Study on User Equipment (UE) power saving in NR” 
[3] 3GPP TR36.843, “Study on LTE Device to Device Proximity Services; Radio Aspects”
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