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At the RAN#94e meeting, the SID on Study on expanded and improved NR positioning RP-213588[1] was approved including the following objective related to Low power and high accuracy positioning (LPHAP):
	· Study the requirements on LPHAP as developed by SA1 and evaluate whether existing RAN functionality can support these power consumption and positioning requirements. Based on the evaluation, and, if found beneficial, study potential enhancements to help address any limitations [RAN2, RAN1]
· Study is limited to a single representative use case (use case 6 as defined TS 22.104). The choice of selected use case can be reviewed at the start of the study.
· Study is limited to enhancements to RRC_INACTIVE and/or RRC_IDLE state 


And at the RAN1#109e meeting[2], some agreements regarding power evaluation for LPHAP were achieved. In this contribution, we will present our views and preliminary evaluation results of LPHAP.
Power consumption evaluation of LPHAP
According to the objectives, quantitative power consumption evaluation is needed. It may study the power model in inactive and/or idle state. We need to evaluate whether the current solution in inactive state and/or idle state can meet the power consumption requirements of LPHAP, and identify feasible solutions to reduce power consumption. Considering UE power saving study has been completed in Rel-16, and the conclusions and methods of that study have been captured in TR38.840 [3], we can largely reuse their models and the methods when evaluating positioning power consumption, which greatly reduces the complexity of quantitative evaluation. 
It should be noted that the baseline power model has no difference between inactive state and idle state. So, in this section, we provide the related model and evaluation in inactive state.
Power consumption evaluation assumptions
In this section, power consumption evaluation assumptions are discussed, including the discussion of quantification of power consumption requirement, baseline/optional assumptions for DL/UL positioning.
Quantification of power consumption requirement
In RAN1#109e meeting, the following agreements were achieved regarding quantification of power consumption requirement. 
	Agreement
A reference device (e.g., a mobile phone) with reference traffic type, reference battery capability, and reference battery life is defined for the purpose of identification of the performance gap that achieved by the Rel-17 RRC_INACTIVE state positioning baseline and the target battery life of LPHAP use case 6.
Agreement
· Study further at least the following models and parameter values of conversion between the relative power unit and the battery life to identify the performance gap:
· Alt. 1: battery life is used as the metric to identify the gap
· Example:


· Alt. 2: relative power unit is adopted as the metric to identify the gap
· Example:


in which
· C1 is the battery capacity of the reference device;
· T1 is the battery life of the reference device;
· P1 is the relative power unit obtained based on the reference traffic type;
· X is the percentage of the power consumed by the reference traffic type;
· C2 is the battery capacity of the LPHAP device;
· P2 is the evaluated relative power unit of the LPHAP device;
· P2_req is the target relative power unit of the LPHAP device;
· T2_req is the target battery life of the LPHAP device
· Examples of these parameters are provided as follows:
	C1
	T1
	X
	reference traffic type
	C2
	T2req

	[4500] mAh
	[10] hours
	[20] %
	[FTP (model 3)]
	[800] mAh
	[12] months





Regarding the 2 alternatives to identify the performance gap, we slightly support Alt. 2, since the result of the power consumption evaluation is generally the ‘relative power unit’, and using the ‘relative power unit’ as the gap unit will more intuitively describe the gap between the LPHAP evaluation result and the target.
Proposal 1: 
· Regarding the alternatives of conversion between the relative power unit and the battery life to identify the performance gap, support Alt.2.  
· Alt. 2: relative power unit is adopted as the metric to identify the gap
· Example:


For LPHAP, battery life time of 6~12 months should be converted to relative power unit. Taking a mobile phone as a reference device, we assume that the battery capacity of the mobile phone is 4500mAh, which can support 10 hours under normal use. In addition, we assume that 20% of the total power consumption is consumed by 5G communication services. Furthermore, the relative power unit for communication services can also refer to the evaluation results in TR38.840. Here, we extract 73.65 power units as a typical slot-average relative power based on the following table with corresponding assumptions marked by yellow.
Table 1: Evaluation of relaxed RRM measurement in time-domain in TR38.840 [3]
	　
	(0)
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)

	
	(0) Power saving schemes description
(1) Average power consumption
(2) Power reduction compared to baseline [%]
	(3) RRC Idle/RRC Inactive (i) or  RRC Connected (c)
(4)Measurement period [ms]
(5)number of samples(e.g., SSB bursts) in each MP 
(6) UE speed and channel model
(7) system impact, e.g., overhead
(8) Performance impact
(9)Additional assumption, e.g., PO and SSB offset,
	Note

	Source 2
Vivo
[89]
	Only SSB is used for RRM
(2 samples per DRX cycle)
	4.17
	Baseline1
	Idle
	320
	2
	TDL-C
3km/h
30km/h 
	Low
	RSRP accuracy impact are captured in Figure 2-3 in [89] 
	The power saving gain is average gain of [0-10] ms SSB/CSI-RS and PO offset.
Additional assumptions:
1.	The duration of SSB/CSI-RS measurement occasion per paging cycle is 2ms.
2.	Periodicity of SSB is 20ms and SSB is transmitted in the 1st slot of each 20ms period.
3.	Periodicity of CSI-RS is 10ms and CSI-RS is transmitted in the 6th slot of each radio frame.
4.	Paging cycle (DRX cycle) is 320ms, and the paging is monitored in one slot in first 2 radio frames of each paging cycle by different UEs with equal probability (random paging occasion).
5.	Assuming no cell reselection. Thus no SIB1 energy consumption is included.
6.	Assuming no additional resource for AGC tuning.
The slot duration is based on 30 kHz SCS for FR1 and 120kHz for FR2.
	FR1

	
	The number of measurement samples is reduced to 1 per paging cycle in idle state. Measurement is still based on SSB
	2.84 
	31.9%
	Idle
	320
	1
	
	Low
	
	
	

	
	The measurement periodicity is extended to 2 paging cycle, 2 measurements sample per paging cycle.
	3.02
	27.6%
	Idle
	640
	2
	
	Low
	
	
	

	
	Only SSB is used for RRM
(2 samples per DRX cycle)
	2.97
	Baseline2
	Idle
	320
	2
	
	Low
	
	
	FR2



	
	The number of measurement samples is reduced to 1 per paging cycle in idle state. Measurement is still based on SSB
	2.173 
	26.8%
	Idle
	320
	1
	
	Low
	
	
	

	
	The measurement periodicity is extended to 2 paging cycle, 2 measurements sample per paging cycle.
	2.11
	29%
	Idle
	640
	2
	
	Low
	
	
	

	
	Reduce RRM measurement in RRC connected state.
with short DRX InactivityTimer
	40.45
	Baseline1
	Con
	200
	5
	
	Low
	
	Long DRXCycle = 160ms, onDurationTimer = 8ms, data_rate=300Mbps
FTP Model 3, packet size =0.5MByte
Periodic activities is not modeled, e.g., AGC
	FR1,
200 ms measurement period is considered as the baseline.
DRX InactivityTimer = 40ms


	
	
	35.80
	11.5%
	Con
	400
	5
	
	Low
	
	
	

	
	
	31.38
	22.4%
	Con
	800
	5
	
	Low
	
	
	

	
	Reduce RRM measurement in RRC connected state.
With long DRX InactivityTimer
	73.65
	Baseline2
	Con
	200
	5
	
	Low
	
	
	FR1,
200 ms measurement period is considered as the baseline.
DRX InactivityTimer = 100ms


For LPHAP devices that can support 6 months to one year, the only job can be communication and positioning. So, we assume that the battery capacity is [4500mAh], and all of the power is consumed by the communication and positioning services. After comparing with the mobile phone, we scale the ‘slot-average relative power unit’ of mobile phone, then obtain the following table and the target ‘slot-average relative power unit’ of the LPHAP device.
Table 2: Battery usage and slot-average relative power unit for different devices
	Device type
	Battery capacity
	Battery life
	Reference traffic type/percentage
	Slot-average relative power unit

	Reference device
	C1=[4500mAh]
	T1=[10h]
	[FTP model 3]
X=[20%]
	[73.65]

	LPHAP device
	C2=[4500mAh]
	T2_req=[6 months]
	/
	 [0.85]


Proposal 2: 
· For LPHAP device, the power consumption requirement should be converted to slot-average relative power unit.
· Consider [0.85] as target slot-average relative power unit () .
Assumptions for DL positioning in inactive state
Regarding the assumptions for DL positioning, the following agreements were achieved.
	Agreement
· Adopt the following parameters as the common evaluation parameters for the LPHAP evaluation:
· Frequency range: FR1 (baseline); FR2 (optional)
· SCS: 30kHz for FR1 (baseline); 120kHz for FR2 (optional)
· BW of the DL PRS and UL SRS pos: 100MHz;
· Single-sample measurement per position fix (baseline); 4-sample measurement per position fix (optional)
· UE mobility: up to 3km/h
· Note: It is up to each company to provide detailed power model and evaluation results on power consumption in FR2.
Agreement
Adopt the following periodicity of DL PRS / UL SRS for positioning in the baseline evaluation of Rel-17 RRC_INACTVIE positioning:
· 1 DL PRS / UL SRS for positioning occasion per N I-DRX cycle(s); 
· Candidate values of N to evaluate is 1 and 8.
· Note: Individual company may consider either one or both in the evaluation.
Agreement
· The I-DRX configuration is included in the baseline evaluation of Rel-17 RRC_INACTVIE positioning.
· Note: This does not preclude the case where no I-DRX cycle nor paging is considered in the evaluation of potential solutions to maximize the battery life.
· Adopt the following I-DRX cycle to evaluate:
· 1.28s (baseline); 10.24s (optional).
Agreement
· Adopt the following reference configuration and assumption for DL PRS to define the power consumption model for DL PRS measurement:
· 1 Number of PFL;
· 8 DL PRS resources per slot are measured;
· DL PRS instance of smaller than or equal to 1 slot duration;
· Adopt the following table as the power consumption model for DL PRS measurement (derived from Table 22 in TR38.840):

	N: Number of TRPs for DL PRS measurement
	Synchronous case (baseline)
	Asynchronous case (optional)

	
	FR1 (baseline)
	FR2 
(optional)
	FR1
	FR2

	N=4 (baseline)
	120
	195
	140
	255

	N=8 (optional)
	150
	225
	170
	285


Agreement
· For DL positioning, at least the following power components and parameter values are considered for the baseline evaluation of Rel-17 RRC_INACTIVE positioning:
· For the UE-assisted DL positioning,
· SSB proc. with 2 ms duration and the periodicity of I-DRX cycle;
· Paging with 2 ms duration, the periodicity of I-DRX cycle, and group paging rate of 10%;
· DL PRS measurement with 0.5 ms duration;
· CG-SDT with 1ms duration and the periodicity of positioning interval;
· RRCRelsease after the CG-SDT can be optionally included with [1] ms duration;
· (Optional) BWP switching with [1] ms duration;
· (Optional) Intra-/inter-frequency RRM measurement in low SINR condition with [1] ms duration;
· (Optional) RA-SDT (e.g., including CORSET0 + SIB1, PRACH, RAR, Msg 3/4/5) in case of CG-SDT is unavailable;
· For the UE-based DL positioning,
· SSB proc. with 2 ms duration and the periodicity of I-DRX cycle;
· Paging with 2 ms duration, the periodicity of I-DRX cycle, and group paging rate of 10%;
· DL PRS measurement with 0.5 ms duration;
· (Optional) BWP switching with [1] ms duration;
· (Optional) Intra-/inter-frequency RRM measurement in low SINR condition with [1] ms duration;
· Note: The power component and parameter values for UE-assisted DL positioning is also applicable to the DL part of UE-assisted DL+UL positioning method.
· Note: Individual company may consider additional power components and different parameter values in bracket in the evaluation.
· Note: Companies are encouraged to provide the assumption on the timeline between different power consumption events in the evaluation of potential enhancements to reduce the transition times between different power states and to extend the sleeping time as much as possible.


 
PRS measurement only 
Based on the agreements, we list the assumptions of baseline and optional in DL positioning as follows.
Table 3: Power components for PRS measurement in inactive state 
	Power components
	Assumptions/characteristics
	Slot-average relative Power 

	PRS occasion
	· 0.5 ms (1 slot) duration
· FR1/100MHz/30kHz 
· For 100MHz PRS, additional 1ms switching time/power should be considered
· 1 PRS occasion per I-DRX cycle
· Single sample measurement per position fix
· Number of TRPs for DL PRS measurement: N=4
	PRS measurement: 120
Switching power: 45

	Paging occasion
	· 2ms duration
· I-DRX cycle 1.28s (baseline), 10.24s (optional)
· Equivalent to PDCCH-only and PDCCH+PDSCH (with 10% paging rate)
	50/120
(without /
with paging)

	SSB Proc.
(SSB burst for loop convergence and T/F tracking; RSRP measurement of serving cell)
	· 2ms SMTC;
· SSB burst to be measured:
· Baseline under high SINR condition: 1 SSB burst before paging occasion to be measured; 
· Optional under low SINR condition: 3 SSB bursts before paging occasion to be measured;
· SSB burst period: 20ms
	50

	SSB burst for intra-frequency RRM measurement

	Optional under low SINR condition
· 2ms SMTC;
· SSB burst to be measured: 1 SSB burst before paging occasion
· SSB burst period: 20ms
Note: One of SSB bursts above (SSB proc.) can be reused.
	60

	SSB burst for inter-frequency RRM measurement
	Optional under low SINR condition
· 5ms SMTC;
· SSB burst to be measured: 1 SSB burst before paging occasion
· SSB burst period: 20ms 
	60

	Sleep

	· Deep sleep
· Relative power: 1
· Transition energy: 450
· Total transition time: 20ms
· Light sleep
· Relative power: 20
· Transition energy: 100
· Total transition time: 6ms
· Micro sleep
· Relative power: 45
· Transition energy: 0
· Total transition time: 0ms


Then, the procedure for PRS measurement in inactive state is shown in Figure 1 and Figure 2 below.


Figure1 Case1: Procedure of PRS measurements in inactive state (baseline under high SINR condition)



Figure2 Case2: Procedure of PRS measurements in inactive state (low SINR)

PRS measurement and report 
In addition to power components for PRS measurements, for UE-assisted DL positioning, power components for PRS report should be considered.
Table 4: Power components for PRS report in inactive state 
	Power components
	Assumptions/characteristics
	Slot-average relative Power 

	Positioning report via CG-SDT
	· CG SDT is equivalent to PUSCH (in this PUSCH, UE send RRCresumerequest and positioning report information)
· 1ms length
· After positioning report, UE receives RRC release and remain in inactive state
· equivalent to PDCCH+PDSCH
· 1ms length
· 1 positioning report per I-DRX cycle
	Positioning report: 250
RRC release: 120

	Positioning report via RA-SDT
	Optional in case of CG-SDT is unavailable
For RA-SDT, the following components may be considered:
· Coreset0+SIB1
· Equivalent to PDCCH + PDSCH. 
· 1ms length
· PRACH
· Equivalent to SRS
· 1ms length
· RAR
· Equivalent to PDCCH + PDSCH
· 1ms length
· Msg3
· It carries RRCresumerequest and positioning report information
· Equivalent to PUSCH (0dBm)
· 1ms length
· Msg4
· It carries RRC release message and/or contention resolution
· Equivalent to PDCCH + PDSCH
· 1ms length
Note: An RA-SDT window is assumed including the above components and 4 light sleep transitions
	Coreset0+SIB1:120
PRACH: 210
RAR:120
Msg3:250
Msg4:120



Then, the procedure for PRS measurement and report in inactive state is shown in Figure 3~6 below.


Figure3 Case3: Procedure of positioning report via CG-SDT (baseline under high SINR condition with CG-SDT report) 


Figure4 Case4: Procedure of positioning report via CG-SDT in inactive state (low SINR, CG-SDT report) 


Figure5 Case5: Procedure of positioning report via RA-SDT in inactive state (high SINR, RA-SDT report) 


Figure6 Case6: Procedure of positioning report via RA-SDT in inactive state (low SINR, RA-SDT report) 

Assumptions for UL positioning in inactive state
Regarding the assumptions for UL positioning, the following agreements were achieved.
	Agreement
Adopt the following power consumption model for UL SRS for positioning transmission.

	Power State
	Relative power

	SRS
	[bookmark: _GoBack]210 (baseline);
700 (optional)


Agreement
· For UL positioning, at least the following power components and parameter values are considered for the baseline evaluation of Rel-17 RRC_INACTIVE positioning:
· SSB proc. with 2 ms duration and the periodicity of I-DRX cycle;
· Paging with 2 ms duration, the periodicity of I-DRX cycle, and group paging rate of 10%;
· UL SRS for positioning transmission with 0.5 ms duration;
· (Optional) BWP switching with [1] ms duration;
· (Optional) Intra-/inter-frequency RRM measurement in low SINR condition with [1] ms duration;
· Note: The power component and parameter values for UL positioning is also applicable to the UL part of UE-assisted DL+UL positioning method.
· Note: Individual company may consider additional power components and different parameter values in bracket in the evaluation.
· Note: Companies are encouraged to provide the assumption on the timeline between different power consumption events in the evaluation of potential enhancements to reduce the transition times between different power states and to extend the sleeping time as much as possible.


Based on the agreements, we list the assumptions of baseline and optional in UL positioning as follows.
Table 5: Power components for SRS transmission in inactive state 
	Power components
	Assumptions/characteristics
	Slot-average relative Power 

	SRS occasion
	· 0.5ms duration
· FR1/100MHz/30kHz 
· For 100MHz SRS, additional 1ms switching time/power should be considered
· 1 SRS occasion per I-DRX cycle
	SRS transmission: 210

Switching power : 45

	Others
	Assumptions of paging, SSB and optionally intra/inter RRM measurement are the same as DL positioning.
	/


Then, the procedure for SRS transmission in inactive state is shown in the following figure.


Figure7 Case7: Procedure of SRS measurements in inactive state (baseline under high SINR condition)


Figure8 Case8: Procedure of SRS measurements in inactive state (low SINR)

Preliminary evaluation results
In this section, we analyze the time of multiple power components and calculate the average power consumption. under the assumptions in section 2.1. 
Firstly, for PRS measurement only, we analyze the time of multiple power components of case in section 2.1.2.1, and calculate the average energy consumption, the specific content can refer to the following Tables. It should be noted that the slot average power is calculated from the total power/duration (baseline: 1.28s) in a I-DRX cycle.
Table 6 Power components analysis for positioning measurement only in inactive state (baseline under high SINR condition, Case 1)
	Power state
	Relative power
	Duration(ms)
Total:
1280 (baseline)


	Sleep

	Deep sleep
	1
	1265.5

	Light sleep
	20
	0

	Micro sleep
	45
	8

	SSB measurement

	SSB for Inter-frequency measurement
	60
	0

	SSB for Intra-frequency measurement
	60
	0

	SSB Proc.
	50
	2

	PRS measurement

	PRS measurement
	120
	0.5

	PRS switching time
	45
	1

	Paging monitoring

	Paging Occasion
	50/120
	2

	Sleep transition

	Sleep transition type
	Transition energy
	Transition times

	Deep sleep transition
	450
	1

	Light sleep transition
	100
	0

	Average power 
	1.8605/ 1.9699(without/with paging)

	
	weighted average:1.8715


In addition, based on the same method, we also analyze the time of multiple power components of  case 2~case 8 in section 2.1.2.1, and calculate the average energy consumption. The details of power components analysis of  case 2~case 8 are in the appendix.
Furthermore, we summarize the power evaluation results of all 8 cases. On this basis, we further add the results of I-DRX cycle of 10.24s which is optional. Then, we compare these evaluation results with the target power consumption requirement of LPHAP in the following table.
Table 7 Summary of evaluation results 
	Scenarios/assumptions
	 1.28s I-DRX cycle
	10.24s I-DRX cycle
	LPHAP requirement

	
	Average relative power
	Power consumption gap
	Average relative power 
	Power consumption gap
	

	Case 1: PRS measurement only (baseline under high SINR)
	1.8715
	+1.0215
	1.1089
	+0.2589
	[0.85]

	Case 2: PRS measurement only (low SINR)
	3.1359
	+2.2859
	1.2670
	+0.4170
	

	Case 3: PRS measurement/report(baseline under high SINR, CG-SDT)
	2.5230
	+1.6730
	1.1904
	+0.3404
	

	Case 4: PRS measurement/report(low SINR, CG-SDT)
	3.7281
	+2.8781
	1.3410
	+0.4910
	

	Case 5: PRS measurement/report(high SINR, RA-SDT)
	3.3145
	+2.4645
	1.2893
	+0.4393
	

	Case 6: PRS measurement/report(low SINR, RA-SDT)
	4.5789
	+3.7289
	1.4474
	+0.5974
	

	Case 7: SRS transmission(baseline under high SINR)
	1.8035
	+0.9535
	1.1004
	+0.2504
	

	Case 8: SRS transmission(low SINR)
	3.1273
	+2.2773
	1.2659
	+0.4159
	


It can be observed that with the increase of IDRX cycle (from 1.28s to 10.24s), the power consumption gain is significantly improved. However, no matter I-DRX cycle is selected as a typical value of 1.28s or the value of 10.24s, the power consumption cannot meet the requirement. Even for the lowest power consumption in the case of SRS transmission under high SINR and with 10.24s IDRX cycle, the power consumption is higher than the target. 
Then, PRS measurement only or SRS transmission only saves more power than PRS measurement and report due to the reduced positioning report. In addition, for positioning report, CG-SDT is more power efficient than RA- SDT. Besides, with better channel conditions (such as high SINR), power saving gain can also be obtained.
Observation 1: 
· When I-DRX cycle is 1.28s, the power consumption results for baseline cases are as follows
· 1.8715 for baseline case of  PRS measurement only (high SINR)
· 2.5230 for baseline case of PRS measurement and report (high SINR, CG-SDT)
· 1.8035 for baseline case of SRS transmission (high SINR)
· When I-DRX cycle is 10.24s, the power consumption results for baseline cases are as follows 
· 1.1089 for baseline case of  PRS measurement only (high SINR)
· 1.1904 for baseline case of PRS measurement and report (high SINR, CG-SDT)
· 1.1004 for baseline case of SRS transmission (high SINR)
Observation 2: 
· With the increase of IDRX cycle (from 1.28s to 10.24s), the power consumption gain is significantly improved. 
Observation 3: 
· Regardless of I-DRX cycle is selected as 1.28s or 10.24s, the power consumption in inactive state for all the cases cannot meet the requirement. 
· e.g., even for the lowest power consumption in the case of SRS transmission under high SINR and with 10.24s IDRX cycle, the power consumption is 0.2504 power units higher than the target. 
Furthermore, we analyzed the main factors affecting power consumption under 10.24s I-DRX cycle. It can be found in the following table, ‘deep sleep’ consumes about 70%~90% of the total power consumption. Therefore, under large I-DRX cycle, the main factor that restricts the further reduction of power consumption to meet the power consumption requirement is the ‘deep sleep’ power consumption.
Table 8 The proportion of power consumption of deep sleep
	Baseline scenarios/assumptions
	Proportion of deep sleep

	Case 1: PRS measurement only (baseline under high SINR)
	90.06%

	Case 2: PRS measurement only (low SINR)
	78.43%

	Case 3: PRS measurement/report(baseline under high SINR, CG-SDT)
	83.76%

	Case 4: PRS measurement/report(low SINR, CG-SDT)
	74.01%

	Case 5: PRS measurement/report(high SINR, RA-SDT)
	77.21%

	Case 6: PRS measurement/report(low SINR, RA-SDT)
	68.43%

	Case 7: SRS transmission(baseline under high SINR)
	90.78%

	Case 8: SRS transmission(low SINR)
	78.43%


Observation 4: 
· Under large I-DRX cycle (e.g., 10.24s), the main factor that restricts the further reduction of power consumption to meet the power consumption requirement is the power consumption of ‘deep sleep’. 
Considering that power consumption cannot reach the requirement based on existing operations in inactive state, we propose to further study power saving mechanism for LPHAP.
Proposal 3: 
· Power saving mechanism should be studied for LPHAP to meet the power consumption requirement.
Potential solutions for LPHAP
Enhancement with eDRX
In LTE NB-IoT, considering traditional paging cycle consumes a lot of power for the UE, eDRX mode was introduced to support a longer period of paging monitoring, so as to save power. In Rel-17 RedCap WI, for use cases with relatively relaxed requirements on DL reachability/latency, the network may configure an eDRX cycle, which may reduce the UE power consumption substantially during periods with large enough packet inter-arrival time. We believe that the eDRX feature is also suitable for LPHAP with high power efficiency requirements but low latency requirements. Therefore, we consider combining eDRX-related mechanisms with LPHAP, to see if it can satisfy the power consumption requirement. 
The figure below shows a typical eDRX configuration with DRX cycle longer than 10.24s (considering 15~30s positioning interval). As shown in the figure, UE monitors paging in the PTW (paging time window), and each PTW can contain multiple paging cycles within a Paging Hyperframe (PH), where each PH contains 1024 system frames. PTW is periodic, its cycle is greater than 10.24s and the cycle unit is PH. 


  Figure9 an eDRX configuration
Power consumption evaluation with eDRX
Evaluation assumptions with eDRX
In this subsection, we make the following assumptions for power evaluation with eDRX.
Table 9 Assumptions for power evaluation in eDRX mode 
	Assuptions
	Characteristics
	Note

	eDRX cycle
	30.72s (3 PHs)
	Select 3 PHs as eDRX cycle, which basically matches 15~30s positioning interval in the requirement.


	PTW length
	1.28s (1 paging cycle)

	Select PTW length of 1 paging cycle as typical PTW length.

	Paging
	Paging cycle within PTW: 1.28s
Paging rate: 10%
1 PRS/SRS occasion per paging cycle
	/

	Sleep assumption

	Within a PTW, same sleep assumption (deep/light/micro sleep) in TR38.840 can be reused.

For sleep outside PTW, the following is assumed
· (Baseline) Ultra deep sleep (according to the agreed ‘deep sleep’ assumptions for NB-IoT power consumption for power saving signal/channel [4] as in Table 10)
· Relative power: 0.015
· Transition power unit: 50 per ms
· Total transition time: 400ms (200ms ramp up time and 200ms ramp down time)
·  (Optional in Table 10) Ultra deep sleep 
· Relative power: 0.05
· Transition power unit: 50 per ms
· Total transition time: 50ms
Note: the optional assumption is captured from the square brackets in Table 10
	For sleep outside PTW, the UE may turn off the main receive/transmit module, and only needs to maintain a very low current and maintain a relatively low relative power (such as 0.015, which is much lower than deep sleep)


UE is not expected to monitor paging and perform PRS measurement/SRS transmission/positioning report outside PTW.





Table 10 Reference model for NB-IoT power consumption for power saving signal/channel [4]
	Operating mode
	Power 
[units/ms]
	Total ramp up or
ramp down time [ms]
	Notes

	Receive
	100
	
	RF and baseband circuitry

	Light sleep
	1
	
	Corresponds to maintaining accurate timing by
keeping RF frequency reference active.

	Idle, deep sleep
	0.015/[0.05]
	
	Deep sleep during PSM and eDRX,
depending on UE architecture.

	Transitions to or
 from light sleep
	50
	15
	Boot, reload memory etc.

	Transitions to or 
from deep sleep
	50
	200/[25]
	Boot, reload memory etc. ,
depending on UE architecture.


Note 1: The above model was agreed in RAN1#90 as follows.
	Email discussion to agree simulation assumptions for NB-IoT and eMTC power consumption evaluation of power saving signal/channel until September 4th
Done: According to the email posted on Sept 15th, the simulation assumptions are agreed in:
R1-1714992	Assumptions for eMTC Power Consumption for Power Saving Signal/Channel	Ericsson
R1-1714993	Assumptions for NB-IoT Power Consumption for Power Saving Signal/Channel	Ericsson


Note 2: ‘200/[25]ms’ transition time in Table 10 is total ramp up or ramp down time. So, the total ramp up and down time is 400/[50]ms.
Then, based on the assumptions of Table 9 and Table 10 about the ‘ultra deep sleep’, and combined with our observation in clause 2.2 that ‘under large I-DRX cycle, the main factor that restricts the further reduction of power consumption to meet the power consumption requirement is the power consumption of ‘deep sleep’, in order to meet the power consumption requirements of LPHAP, it is desired to further study ‘ultra deep sleep mode’ in RRC inactive state and RRC idle state, especially evaluate the power consumption for LPHAP with ultra deep sleep mode, including the study of relative power, transition time and transition power. For simplicity, the already agreed assumptions for NB-IoT power consumption evaluation can be a good start point, and if necessary, ultra deep sleep mode (including the study and update of relative power, transition time and transition power) can be further studied.
Proposal 4: 
· ‘Ultra-deep sleep mode’ can be agreed to evaluate the power consumption for LPHAP in RRC inactive and RRC idle state to meet the power consumption requirements of LPHAP.
· The already agreed assumptions for NB-IoT power consumption evaluation can be adopted as a start point for LPHAP power evaluation, e.g.,
· Relative power: 0.015; 
· Transition power unit: 50 per ms; 
· Total transition time: 400ms

Evaluation results with eDRX
We take PRS measurement only under high SINR (case 1) as an example, analyze the time of multiple power components in an eDRX cycle, and calculate the average energy consumption, the specific content can refer to the following Table. 
Within a PTW, same sleep assumption in TR38.840 can be reused, so that the slot average power previously calculated based on a I-DRX cycle in section 2.2 can also be reused. 
Table 11 Power components analysis for PRS measurement only under high SINR (case 1) with eDRX
	Power state
	Relative power
	Duration(ms)
(30.72s eDRX cycle)

	Ultra deep sleep
	0.015/[0.05]
	896*10+1024*10*2

	Equivalent I-DRX cycle
	1.8715
	1280

	Ultra deep sleep transition
	50
	400/[50]

	Average power:  0.7434/[0.2073 for optional]


Then, we calculate the power consumption under the other assumptions/scenarios and summarized them as the following table.
Table 12 Summary of evaluation results in eDRX mode 
	Baseline scenarios/assumptions
	30.72s eDRX cycle/ 
ultra-deep sleep (Baseline)
	 30.72s eDRX cycle/
ultra-deep sleep (Optional)
	LPHAP requirement

	Case 1: PRS measurement only (baseline under high SINR)
	0.7434
	0.2073
	[0.85]

	Case 2: PRS measurement only (low SINR)
	0.7962
	0.2601
	

	Case 3: PRS measurement/report(baseline under high SINR, CG-SDT)
	0.7705
	0.2344
	

	Case 4: PRS measurement/report(low SINR, CG-SDT)
	0.8208
	0.2846
	

	Case 5: PRS measurement/report(high SINR, RA-SDT)
	0.8035
	0.2674
	

	Case 6: PRS measurement/report(low SINR, RA-SDT)
	0.8562
	0.3201
	

	Case 7: SRS transmission(baseline under high SINR)
	0.7406
	0.2044
	

	Case 8: SRS transmission(low SINR)
	0.7957
	0.2596
	


It can be observed that when eDRX is applied to LPHAP devices, the power consumption is largely reduced, and the power consumption evaluation results for all cases with baseline/optional ultra deep sleep assumptions can meet requirement of [0.85].
Observation 5:  
· When eDRX is applied to LPHAP devices, the power consumption is largely reduced.
· With 30.72s eDRX cycle and baseline/optional ultra deep sleep assumptions, the power consumption evaluation results can meet the requirement of [0.85]. 
Therefore, we propose
Proposal 5: 
· Adopt the power evaluation assumption of eDRX configurations in Table 9 to maximize the battery life for LPHAP power consumption evaluation.

Potential solutions with eDRX
Since eDRX can bring great power saving gains, potential solutions for LPHAP with eDRX mechanism should be considered to maximize the battery life. 
Firstly, after the eDRX is configured, to ensure power saving, the regular positioning behavior of the UE should be affected. For example, the corresponding UE behavior of PRS measurement and SRS transmission when eDRX is configured needs to be clarified.
In addition, we have learned that in the current specification, eDRX is supported idle state (up to 10485.76 seconds cycle, i.e., roughly 3 hours) and inactive state (up to 10.24 seconds cycle). This will result in PTW and related ‘ultra-deep sleep’ limited to idle state. While for positioning in inactive state, the power saving gain brought by the large period and ‘ultra-deep sleep’ cannot be obtained. Therefore, in inactive state, the eDRX cycle needs to be extended beyond 10.24s to guarantee low power consumption for LPHAP. We believe that this work will be standardized in eDRX-related topics, while positioning-related issues need to be further investigated by us. 
Furthermore, eDRX is configured by the gNB or AMF and unknown to the LMF, while the positioning procedures are controlled by the LMF. How to coordinate the relationship between positioning and eDRX by these positioning nodes needs to be further studied. For example, the LMF can better recommend the appropriate SRS configuration to the gNB according to the eDRX configuration, such as the SRS periodicity. 
Proposal 6: 
· In idle/inactive state, the solutions for LPHAP with eDRX mechanism should be studied to maximize the battery life, including
· Potential UE behavior when eDRX is configured
· Extending eDRX cycle beyond 10.24s in inactive state
· eDRX/positioning related coordination between positioning nodes

Enhancement with inactive DRX
In Rel-17, RAN4 has discussed the positioning measurement delay requirement in inactive state, and the following conclusion regarding inactive DRX was achieved based on the LS[5].
	RAN4 would like to inform RAN2 and RAN3 about the following agreements that it has reached regarding UE requirements for NR positioning measurements performed while the UE is in RRC_INACTIVE state.
	Agreement
· DRX cycle should be considered in the positioning measurement delay requirements in RRC_INACTIVE state. 


RAN4 also observes that DRX cycle may be different in different cells. RAN4 is further discussing the impact of DRX cycle on positioning measurement delay requirements under cell reselection in RRC_INACTIVE state. 


It can be seen that DRX cycle is considered in the positioning measurement delay requirement, e.g. DRX cycle is used to calculate available PRS period via LCM(DRX cycle, PRS period). Considering that the value of the DRX cycle is relatively large, such as a typical value of 1280ms, this will cause a large delay in the PRS measurement in inactive state. Then, for some positioning services with specific power requirements which requires UE to stay in inactive state and measure based on DRX cycle, the influence of inactive DRX cycle on the latency should be considered by the LMF. For instance, the LMF may obtain inactive DRX configurations(e.g. DRX cycle, etc.) from cells in advance; then, considering these DRX configurations and other factors (e.g. QoS requirement, UE capabilities, etc.), it may indicate some assistance information to the serving gNB (e.g. assistance information to keep UE in connected state for positioning), or set a looser response time. It is also noted that, DRX cycle may be different in different cells. Therefore, the cells that provide DRX configuration can be not only the serving cell, but neighboring cells around the UE which may be reselected in inactive state, such as cells in the RNA area.
In addition, for power saving, we support PRS measurement or SRS transmission can be in the vicinity of paging monitoring. On the one hand, this can reduce the transition power of the UE to receive PRS when it wakes up from deep sleep; on the other hand, it reduces the power of the UE to additionally measure the reference signal (e.g., when the UE transmits SRS, it can reuse the SSB used for paging monitoring, so as to get synced).
Proposal 7: 
· The following solutions related to inactive DRX can be considered for LPHAP, including
· LMF requesting inactive DRX configurations (e.g. DRX cycle, etc.) from the cells including UE serving cell and neighboring cells that may be reselected can be considered for LPHAP
· PRS measurement/SRS transmission in the vicinity of paging monitoring

UL positioning enhancement in inactive state
Mobility support 
Uplink positioning (or positioning SRS transmission) in inactive state is supported in Rel-17. However, SRS transmission is only valid in the serving cell where RRC release is received. Due to the mobility of the UE, potential cell reselection will occur, which will cause the SRS configuration to no longer be valid and the SRS transmission to be terminated. If positioning service is required, the UE can only enter the connected state. Especially in the scenario where the cell range is relatively small and/or the UE moves quickly, the continuous positioning service will cause the UE to perform state transitions frequently. This will result in more power consumption, which matters for LPHAP devices.
Therefore, mobility support for SRS transmission in inactive state is important to save more power. For example, SRS transmission is valid in a predefined area, which includes a list of cells. The potential solutions may include:
· Pre-configured SRS. When UE access a new cell, it can select a new configuration of SRS without entering connected state and continue SRS transmission.
· UE initiated SRS configuration update request. For instance, when UE leaves the SRS valid cell, it can remain in the inactive state and use the similar method as the positioning report (e.g., via SDT) to require updated SRS configuration, and then the new gNB can deliver the updated SRS configuration to the UE without entering connected state.
In addition, even if UE is within a cell, the movement of UE can also cause the SRS validity criteria to be unsatisfied and the transmission will be terminated. This makes the UE to stop SRS transmission and potentially enter the connected state. In Rel-17, SRS validity criteria includes validity criteria of spatial relationship, pathloss RS and TA. If we can reduce unnecessary validity judgments and related measurements, we can reduce the probability that the UE stops SRS transmission and enters the connected state, which is ultimately beneficial to power saving. A potential solution is to enable SRS beam sweeping in inactive state. In this way, there is no need to consider maintaining the spatial relationship between the UE and gNBs, correspondingly, the validation issues of spatial relation RS no longer exists. The reliability of SRS transmission in inactive state will be increased since the problem of spatial relationship failure that causes SRS transmission to stop will not exist; the additional measurement for validation determination will be no longer needed, which is beneficial to power consumption and complexity
Proposal 8:  
· Mobility for SRS transmission in active state can be considered for LPHAP, including
· Pre-configured SRS
· UE initiated SRS configuration update request
· SRS beam sweeping enabling
Larger SRS periodicity 
For the SRS configuration determination, the LMF may indicate the requested SRS transmission characteristics when sending the positioning information request to the serving cell. Then, the serving gNB configures SRS for positioning purpose to UE. Currently, the following periodicities of SRS are supported in TS 38.455 [6] and TS38.331 [7]:
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	SRS Resource Set List
	
	0.. 1
	
	
	
	

	>SRS Resource Set Item
	
	1..< maxnoSRS-ResourceSets>
	
	
	
	

	>>Number of SRS Resources Per Set
	O
	
	INTEGER (1..16,...)
	The number of SRS Resources per resource set for SRS transmission. 
	
	

	>>Periodicity List
	
	0.. 1
	
	
	
	

	>>>Periodicity List Item
	
	1..<maxnoSRS-ResourcePerSet>
	
	
	
	

	>>>>PeriodicitySRS
	M
	
	ENUMERATED (0.125, 0.25, 0.5, 0.625, 1, 1.25, 2, 2.5, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240, …)
	Milli-seconds
	
	


To meet the positioning interval requirement of use case 6, it is beneficial to introduce larger candidate values for SRS periodicity, e.g., 15360, 20480, 30720ms. Therefore, we propose
Proposal 9: 
· Introduce longer candidate values for SRS periodicity, e.g., 15360, 20480, 30720ms.

Consideration of positioning in idle state
In the objective of LPHAP, it can be seen that the study is not only limited to the enhancements to inactive state, but also idle state.
In Rel-17 SI, we studied NR positioning for UEs in inactive state and idle state, including the benefits on latency, network/UE efficiency and UE power consumption. Then, we identified the following impact for positioning in idle state. 
	From a physical layer perspective, it is feasible for a UE to perform DL positioning measurement in RRC_IDLE state.
· Note: This does not imply that measurements have to be reported in RRC_IDLE state.

The following procedures are considered as feasible for DL positioning methods in RRC_IDLE:
· Reporting of DL-PRS measurement and/or location estimate performed in RRC_IDLE when the UE is in RRC_INACTIVE/RRC_CONNETED.


Both RAN1 and RAN2 consider it is feasible for a UE to perform DL positioning measurement in idle state. In addition, reporting of DL-PRS measurement and/or location estimate performed by idle state in inactive state or or connected state is also feasible. However, for some reasons, corresponding normative work was not supported in Rel-17. Therefore, from our point of view, they should be supported in Rel-18.
Then, regarding positioning report in idle state, we are also open to discuss related issues in Rel-18. However, due to the lack of support for idle state report from other projects (such as Rel-17 SDT), more RAN2 time may be required to study related issues separately. Considering limited time and large work for other agendas, the study on idle state report may not be set as a high priority.
Proposal 10: 
· Support the following enhancements related to idle state positioning
· DL-PRS measurement in idle state
· Reporting of DL-PRS measurement and/or location estimate performed in idle state when the UE is in inactive/connected state.
Conclusion
In this contribution, we discuss LPHAP with the following observations and proposals.
Observation 1: 
· When I-DRX cycle is 1.28s, the power consumption results for baseline cases are as follows
· 1.8715 for baseline case of  PRS measurement only (high SINR)
· 2.5230 for baseline case of PRS measurement and report (high SINR, CG-SDT)
· 1.8035 for baseline case of SRS transmission (high SINR)
· When I-DRX cycle is 10.24s, the power consumption results for baseline cases are as follows 
· 1.1089 for baseline case of  PRS measurement only (high SINR)
· 1.1904 for baseline case of PRS measurement and report (high SINR, CG-SDT)
· 1.1004 for baseline case of SRS transmission (high SINR)
Observation 2: 
· With the increase of IDRX cycle (from 1.28s to 10.24s), the power consumption gain is significantly improved. 
Observation 3: 
· Regardless of I-DRX cycle  is selected as a 1.28s or 10.24s, the power consumption in inactive state for all the cases cannot meet the requirement. 
· e.g., even for the lowest power consumption in the case of SRS transmission under high SINR and with 10.24s IDRX cycle, the power consumption is 0.2504 power units higher than the target. 
Observation 4: 
· Under large I-DRX cycle (e.g., 10.24s), the main factor that restricts the further reduction of power consumption to meet the power consumption requirement is the power consumption of ‘deep sleep’. 
Observation 5: 
· When eDRX is applied to LPHAP devices, the power consumption is largely reduced.
· With 30.72s eDRX cycle and baseline/optional ultra deep sleep assumptions, the power consumption evaluation results can meet the requirement of [0.85]. 
Proposal 1: 
· Regarding the alternatives of conversion between the relative power unit and the battery life to identify the performance gap, support Alt.2.  
· Alt. 2: relative power unit is adopted as the metric to identify the gap
· Example:


Proposal 2: 
· For LPHAP device, the power consumption requirement should be converted to slot-average relative power unit.
· Consider [0.85] as target slot-average relative power unit () .
Proposal 3: 
· Power saving mechanism should be studied for LPHAP to meet the power consumption requirement.
Proposal 4: 
· ‘Ultra-deep sleep mode’ can be agreed to evaluate the power consumption for LPHAP in RRC inactive and RRC idle state to meet the power consumption requirements of LPHAP.
· The already agreed assumptions for NB-IoT power consumption evaluation can be adopted as a start point for LPHAP power evaluation, e.g.,
· Relative power: 0.015; 
· Transition power unit: 50 per ms; 
· Total transition time: 400ms
Proposal 5: 
· Adopt the power evaluation assumption of eDRX configurations in Table 9 to maximize the battery life for LPHAP power consumption evaluation.
Proposal 6: 
· In idle/inactive state, the solutions for LPHAP with eDRX mechanism should be studied to maximize the battery life, including
· Potential UE behavior when eDRX is configured
· Extending eDRX cycle beyond 10.24s in inactive state
· eDRX/positioning related coordination between positioning nodes
Proposal 7: 
· The following solutions related to inactive DRX can be considered for LPHAP, including
· LMF requesting inactive DRX configurations (e.g. DRX cycle, etc.) from the cells including UE serving cell and neighboring cells that may be reselected can be considered for LPHAP
· PRS measurement/SRS transmission in the vicinity of paging monitoring
Proposal 8: 
· Mobility for SRS transmission in active state can be considered for LPHAP, including
· Pre-configured SRS
· UE initiated SRS configuration update request
· SRS beam sweeping enabling
Proposal 9: 
· Introduce longer candidate values for SRS periodicity, e.g., 15360, 20480, 30720ms.
Proposal 10: 
· Support the following enhancements related to idle state positioning
· DL-PRS measurement in idle state
· Reporting of DL-PRS measurement and/or location estimate performed in idle state when the UE is in inactive/connected state.
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Appendix
Table 13 Power components analysis for positioning measurement only in inactive state (low SINR, Case 2)
	Power state
	Relative power
	Duration(ms)
Total:
1280 (baseline)


	Sleep

	Deep sleep
	1
	1215

	Light sleep
	20
	42.5

	Micro sleep
	45
	8

	SSB measurement

	SSB for Inter-frequency measurement
	60
	5

	SSB for Intra-frequency measurement
	60
	2

	SSB Proc.
	50
	4

	PRS measurement

	PRS measurement
	120
	0.5

	PRS switching time
	45
	1

	Paging monitoring

	Paging Occasion
	50/120
	2

	Sleep transition

	Sleep transition type
	Transition energy
	Transition times

	Deep sleep transition
	450
	1

	Light sleep transition
	100
	3

	Average power 
	3.1250/ 3.2344(without/with paging)

	
	weighted average:3.1359



Table 14 Power components analysis for positioning measurement and report in inactive state (baseline under high SINR condition with CG-SDT, Case 3)
	Power state
	Relative power
	Duration(ms)
Total:
1280 (baseline)


	Sleep

	Deep sleep
	1
	1250.5

	Light sleep
	20
	14

	Micro sleep
	45
	8

	SSB measurement

	SSB for Inter-frequency measurement
	60
	0

	SSB for Intra-frequency measurement
	60
	0

	SSB Proc.
	50
	2

	PRS measurement

	PRS measurement
	120
	0.5

	PRS switching time
	45
	1

	Paging monitoring

	Paging Occasion
	50/120
	2

	Positioning report

	CG-SDT
	250
	1

	RRC-release
	120
	1

	Sleep transition

	Sleep transition type
	Transition energy
	Transition times

	Deep sleep transition
	450
	1

	Light sleep transition
	100
	2

	Average power 
	2.5121/ 2.6215(without/with paging)

	
	weighted average:2.5230



Table 15 Power components analysis for positioning measurement and report in inactive state (low SINR, CG-SDT, Case 4)
	Power state
	Relative power
	Duration(ms)
Total:
1280 (baseline)


	Sleep

	Deep sleep
	1
	1203

	Light sleep
	20
	48.5

	Micro sleep
	45
	12

	SSB measurement

	SSB for Inter-frequency measurement
	60
	5

	SSB for Intra-frequency measurement
	60
	2

	SSB Proc.
	50
	4

	PRS measurement

	PRS measurement
	120
	0.5

	PRS switching time
	45
	1

	Paging monitoring

	Paging Occasion
	50/120
	2

	Positioning report

	CG-SDT
	250
	1

	RRC-release
	120
	1

	Sleep transition

	Sleep transition type
	Transition energy
	Transition times

	Deep sleep transition
	450
	1

	Light sleep transition
	100
	4

	Average power 
	3.7172/ 3.8266(without/with paging)

	
	1.3396/ 1.3533(without/with paging)

	
	weighted average:3.7281

	
	weighted average:1.3410



Table 16 Power components analysis for positioning measurement and report in inactive state (high SINR, RA-SDT, Case 5)
	Power state
	Relative power
	Duration(ms)
Total:
1280 (baseline)


	Sleep

	Deep sleep
	1
	1233.5

	Light sleep
	20
	24

	Micro sleep
	45
	12

	SSB measurement

	SSB for Inter-frequency measurement
	60
	0

	SSB for Intra-frequency measurement
	60
	0

	SSB Proc.
	50
	2

	PRS measurement

	PRS measurement
	120
	0.5

	PRS switching time
	45
	1

	Paging monitoring

	Paging Occasion
	50/120
	2

	Positioning report

	Coreset0+SIB1
	120
	1

	PRACH
	210
	1

	RAR
	120
	1

	Msg3
	250
	1

	Msg4
	120
	1

	Sleep transition

	Sleep transition type
	Transition energy
	Transition times

	Deep sleep transition
	450
	1

	Light sleep transition
	100
	4

	Average power 
	3.3035/3.4129 (without/with paging)

	
	weighted average:3.3145



Table 17 Power components analysis for positioning measurement and report in inactive state (low SINR, RA-SDT, Case 6)
	Power state
	Relative power
	Duration(ms)
Total:
1280 (baseline)


	Sleep

	Deep sleep
	1
	1182

	Light sleep
	20
	66.5

	Micro sleep
	45
	12

	SSB measurement

	SSB for Inter-frequency measurement
	60
	5

	SSB for Intra-frequency measurement
	60
	2

	SSB Proc.
	50
	4

	PRS measurement

	PRS measurement
	120
	0.5

	PRS switching time
	45
	1

	Paging monitoring

	Paging Occasion
	50/120
	2

	Positioning report

	Coreset0+SIB1
	120
	1

	PRACH
	210
	1

	RAR
	120
	1

	Msg3
	250
	1

	Msg4
	120
	1

	Sleep transition

	Sleep transition type
	Transition energy
	Transition times

	Deep sleep transition
	450
	1

	Light sleep transition
	100
	7

	Average power 
	4.5680/4.6773 (without/with paging)

	
	weighted average:4.5789



Table 18 Power components analysis for SRS transmission in inactive state (baseline under high SINR, Case 7)
	Power state
	Relative power
	Duration(ms)
Total:
1280 (baseline)


	Sleep

	Deep sleep
	1
	1269.5

	Light sleep
	20
	0

	Micro sleep
	45
	5

	SSB measurement

	SSB for Inter-frequency measurement
	60
	0

	SSB for Intra-frequency measurement
	60
	0

	SSB Proc.
	50
	2

	PRS measurement

	SRS transmission
	210
	0.5

	SRS switching time
	45
	1

	Paging monitoring

	Paging Occasion
	50/120
	2

	Sleep transition

	Sleep transition type
	Transition energy
	Transition times

	Deep sleep transition
	450
	1

	Light sleep transition
	100
	0

	Average power 
	1.7926/1.9020 (without/with paging)

	
	weighted average:1.8035



Table 19 Power components analysis for SRS transmission in inactive state (low SINR, Case 8)
	Power state
	Relative power
	Duration(ms)
Total:
1280 (baseline)


	Sleep

	Deep sleep
	1
	1214

	Light sleep
	20
	46.5

	Micro sleep
	45
	5

	SSB measurement

	SSB for Inter-frequency measurement
	60
	5

	SSB for Intra-frequency measurement
	60
	2

	SSB Proc.
	50
	4

	PRS measurement

	SRS transmission
	210
	0.5

	SRS switching time
	45
	1

	Paging monitoring

	Paging Occasion
	50/120
	2

	Sleep transition

	Sleep transition type
	Transition energy
	Transition times

	Deep sleep transition
	450
	1

	Light sleep transition
	100
	3

	Average power 
	3.1164/ 3.2258(without/with paging)

	
	weighted average:3.1273
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