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Introduction
In RAN#94-e meeting, a new SID on study on expanded and improved NR positioning was approved [1], in which the intention to evaluate whether the Rel-17 RRC_INACTIVE positioning can satisfy the SA1 requirements for high accuracy and extreme low power consumption with battery life sustainable up to one or more years was justified. 
The objectives on LPHAP are listed as follows:
	· Improved accuracy, integrity, and power efficiency:
· 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


In this contribution, we provide our updated evaluation results and observations based on the agreed evaluation methodology, and also our views on potential enhancements of LPHAP.

[bookmark: _Ref31533076]Evaluation results
2.1 On baseline techniques
Regarding the baseline evaluation results of Rel-17 positioning for UEs in RRC_INACTIVE states, no results are updated with respect to the last RAN1 meeting [2]. To facilitate the TR updating, detailed evaluation cases and results are recapped in Appendix B.
2.2 On potential enhancements
In the last RAN1 meeting, assumptions on power model of ultra-deep sleep state was agreed for the evaluation. In addition, several intermediate conclusions were reached to encourage interested companies to provide additional results [3]:
	Agreement
For the LPHAP study only:
· For the power consumption model of the ultra-deep sleep type, adopt the following option (i.e. revision of option 1 from previous agreement):
· The relative power unit: 0.015
· Additional transition energy: 10000
· Note: Power consumption analysis from individual companies with additional transition energy of 5000 can be optionally evaluated and captured in the TR.
· Total transition time: 400ms
· Note: Power consumption analysis from individual companies with Option 2 (revised from previous agreement) can be optionally evaluated and captured in the TR.
· Option 2 additional transition energy is revised from 450 to 480.
· Note: No new device type is expected based on ultra-deep sleep power modelling.

Conclusion
· Evaluations show that UE (re)entering RRC_CONNECTED state to obtain SRS (re)configuration increases power consumption;
· Note: This intermediate conclusion may be updated before capturing it in the TR if new/different evaluations are provided and to add information about the number of sources.

Conclusion
· Evaluations show that extending paging DRX cycles beyond 10.24s provide power saving gains with respect to that with the baseline DRX cycle of 1.28s and is beneficial towards meeting the battery life requirement 
· Note: This intermediate conclusion may be updated before capturing it in the TR if new/different evaluations are provided and to add information about the number of sources and to show the achievable gains.

Conclusion
· Evaluations show that minimizing gaps between PRS/SRS/paging/reporting/synchronization RS reduces the power consumption;
· Note: This intermediate conclusion may be updated before capturing it in the TR if new/different evaluations are provided and to add information about the number of sources.




In the following, evaluation results of UE power consumption for potential enhancements are analysed. Without otherwise noted, in the evaluations, we assume that the TDD pattern is 7D1S2U with the periodicity of 5ms, as shown below:


Figure 1: TDD pattern in the evaluation

2.2.1 Extended DRX cycle
In the following, we provide results of evaluation cases with DRX cycle = 1.28s, 10.24s, and 20.48s for UE-assisted DL positioning, UE-based DL positioning and UL positioning, to evaluate the performance gain obtained by extending the DRX cycle.
Table 1: Evaluation cases and assumptions for extended DRX cycle
	Evaluation assumption
	[A101], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[A102], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[A103], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[A104], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[A105], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[A106], [FR1], [UE-assisted DL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	1.28s

	paging reception
	Yes

	RS periodicity
	1.28s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT; Reporting interval = 1.28s

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[A111], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[A112], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[A113], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[A114], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[A115], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[A116], [FR1], [UE-assisted DL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	10.24s

	paging reception
	Yes

	RS periodicity
	10.24s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT; Reporting interval = 10.24s

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[A121], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[A122], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[A123], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[A124], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[A125], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[A126], [FR1], [UE-assisted DL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	20.48s

	paging reception
	Yes

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT; Reporting interval = 20.48s

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[A201], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[A202], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[A203], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[A204], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[A205], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[A206], [FR1], [UE-based DL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	1.28s

	paging reception
	Yes

	RS periodicity
	1.28s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[A211], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[A212], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[A213], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[A214], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[A215], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[A216], [FR1], [UE-based DL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	10.24s

	paging reception
	Yes

	RS periodicity
	10.24s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[A221], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[A222], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[A223], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[A224], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[A225], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[A226], [FR1], [UE-based DL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	20.48s

	paging reception
	Yes

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[A301], [FR1], [UL positioning], [LPHAP Type A]
	[A302], [FR1], [UL positioning], [LPHAP Type A]
	[A303], [FR1], [UL positioning], [LPHAP Type A]
	[A304], [FR1], [UL positioning], [LPHAP Type B]
	[A305], [FR1], [UL positioning], [LPHAP Type B]
	[A306], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	1.28s

	paging reception
	Yes

	RS periodicity
	1.28s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	SRS configuration
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[A311], [FR1], [UL positioning], [LPHAP Type A]
	[A312], [FR1], [UL positioning], [LPHAP Type A]
	[A313], [FR1], [UL positioning], [LPHAP Type A]
	[A314], [FR1], [UL positioning], [LPHAP Type B]
	[A315], [FR1], [UL positioning], [LPHAP Type B]
	[A316], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	10.24s

	paging reception
	Yes

	RS periodicity
	10.24s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	SRS configuration
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[A321], [FR1], [UL positioning], [LPHAP Type A]
	[A322], [FR1], [UL positioning], [LPHAP Type A]
	[A323], [FR1], [UL positioning], [LPHAP Type A]
	[A324], [FR1], [UL positioning], [LPHAP Type B]
	[A325], [FR1], [UL positioning], [LPHAP Type B]
	[A326], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	20.48s

	paging reception
	Yes

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	SRS configuration
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4



Summary
The evaluation results of extended DRX cycle are summarized in the following table. The detailed evaluation result and analysis for each case is shown in Appendix A1.
Table 2: Summary of evaluation results of extended DRX cycle
	Evaluation case description
	Slot-averaged relative power unit (P2)
	Battery life (in month)
	Target requirement are met – Yes/No; If no, provide gaps

	
	
	
	6 months
	12 months

	A101, UE-A DL, DRX = 1.28s, Deep sleep, K=1, Type A
	2.59
	0.29
	No; 5.71
	No; 11.71

	A102, K=2, Type A
	
	0.57
	No; 5.43
	No; 11.42

	A103, K=4, Type A
	
	1.14
	No; 4.86
	No; 11.86

	A104, K=1, Type B
	
	1.61
	No; 4.39
	No; 10.39

	A105, K=2, Type B
	
	3.22
	No; 2.78
	No; 8.78

	A106, K=4, Type B
	
	6.44
	Yes
	No; 5.56

	A111, UE-A DL, DRX = 10.24s, Deep sleep, K=1, Type A
	1.20
	0.62
	No; 5.38
	No; 11.38

	A112, K=2, Type A
	
	1.24
	No; 4.76
	No; 10.76

	A113, K=4, Type A
	
	2.47
	No; 3.53
	No; 9.53

	A114, K=1, Type B
	
	3.48
	No; 2.52
	No; 8.52

	A115, K=2, Type B
	
	6.95
	Yes
	No; 5.05

	A116, K=4, Type B
	
	13.91
	Yes
	Yes

	A121, UE-A DL, DRX = 20.48s, Deep sleep, K=1, Type A
	1.10
	0.67
	No; 5.33
	No; 11.33

	A122, K=2, Type A
	
	1.35
	No; 4.65
	No; 10.65

	A123, K=4, Type A
	
	2.70
	No; 3.30
	No; 9.30

	A124, K=1, Type B
	
	3.79
	No; 2.21
	No; 8.21

	A125, K=2, Type B
	
	7.58
	Yes
	No; 4.42

	A126, K=4, Type B
	
	15.16
	Yes
	Yes

	A201, UE-B DL, DRX = 1.28s, Deep sleep, K=1, Type A
	1.67
	0.44
	No; 5.56
	No; 11.56

	A202, K=2, Type A
	
	0.89
	No; 5.11
	No; 11.11

	A203, K=4, Type A
	
	1.78
	No; 4.22
	No; 10.22

	A204, K=1, Type B
	
	2.50
	No; 3.50
	No; 8.50

	A205, K=2, Type B
	
	4.99
	No; 1.01
	No; 7.01

	A206, K=4, Type B
	
	9.99
	Yes
	No; 2.01

	A211, UE-B DL, DRX = 10.24s, Deep sleep, K=1, Type A
	1.08
	0.68
	No; 5.32
	No; 11.32

	A212, K=2, Type A
	
	1.37
	No; 4.63
	No; 10.63

	A213, K=4, Type A
	
	2.73
	No; 3.27
	No; 10.27

	A214, K=1, Type B
	
	3.85
	No; 2.15
	No; 8.15

	A215, K=2, Type B
	
	7.69
	Yes
	No; 4.31

	A216, K=4, Type B
	
	15.38
	Yes
	Yes

	A221, UE-B DL, DRX = 20.48s, Deep sleep, K=1, Type A
	1.04
	0.71
	No; 5.29
	No; 11.29

	A222, K=2, Type A
	
	1.42
	No; 4.58
	No; 10.58

	A223, K=4, Type A
	
	2.84
	No; 3.16
	No; 9.16

	A224, K=1, Type B
	
	4.00
	No; 2.00
	No; 8.00

	A225, K=2, Type B
	
	8.00
	Yes
	No; 4.00

	A226, K=4, Type B
	
	16.00
	Yes
	Yes

	A301, UL, DRX = 1.28s, Deep sleep, K=1, Type A
	1.85
	0.40
	No; 5.60
	No; 11.60

	A302, K=2, Type A
	
	0.80
	No; 5.20
	No; 11.20

	A303, K=4, Type A
	
	1.60
	No; 4.40
	No; 10.40

	A304, K=1, Type B
	
	2.25
	No; 3.75
	No; 9.75

	A305, K=2, Type B
	
	4.51
	No; 1.49
	No; 7.49

	A306, K=4, Type B
	
	9.01
	Yes
	No; 2.99

	A311, UL, DRX = 10.24s, Deep sleep, K=1, Type A
	1.11
	0.67
	No; 5.33
	No; 11.33

	A312, K=2, Type A
	
	1.34
	No; 4.66
	No; 10.66

	A313, K=4, Type A
	
	2.68
	No; 3.32
	No; 9.32

	A314, K=1, Type B
	
	3.77
	No; 2.23
	No; 8.23

	A315, K=2, Type B
	
	7.53
	Yes
	No;4.67

	A316, K=4, Type B
	
	15.07
	Yes
	Yes

	A321, UL, DRX = 20.48s, Deep sleep, K=1, Type A
	1.05
	0.70
	No; 5.30
	No; 11.30

	A322, K=2, Type A
	
	1.41
	No; 4.59
	No; 10.59

	A323, K=4, Type A
	
	2.81
	No; 3.19
	No; 

	A324, K=1, Type B
	
	3.96
	No; 2.04
	No; 8.04

	A325, K=2, Type B
	
	7.91
	Yes
	No; 4.09

	A326, K=2, Type B
	
	15.83
	Yes
	Yes



Based on the evaluations, the following is observed:
Observation 1: By extending the DRX cycle, the power consumption significantly reduced, as the UE is able to stay asleep for a longer period:
· For UE-assisted DL positioning, 53.70% and 57.53% power saving gain are achieved with DRX cycle = 10.24s and DRX cycle = 20.48s with respect to baseline DRX cycle = 1.28s, respectively.
· For UE-based DL positioning, 35.05% and 37.56% power saving gain are achieved with DRX cycle = 10.24s and DRX cycle = 20.48s with respect to baseline DRX cycle = 1.28s, respectively.
· For UL positioning, 40.17% and 43.04% power saving gain are achieved with DRX cycle = 10.24s and DRX cycle = 20.48s with respect to baseline DRX cycle = 1.28s, respectively.
Observation 2: By extending the DRX cycle beyond 10.24s, even with the power model of deep sleep state:
· The target battery life of 6 months can be met with K >= 2 for LPHAP Type B device for UE-assisted DL positioning, UE-based DL positioning, and UL positioning.
· The target battery life of 12 months can be met with K = 4 for LPHAP Type B device for UE-assisted DL positioning, UE-based DL positioning, and UL positioning.

2.2.2 SRS enhancements
In the following, we provide results of evaluation cases with and without UE entering RRC_CONNECTED state to obtain SRS configurations for UL positioning, to evaluate the performance gain obtained by SRS (re)configuration enhancements.
Table 3: Evaluation cases and assumptions for SRS enhancements
	Evaluation assumption
	[B101], [FR1], [UL positioning], [LPHAP Type A]
	[B102], [FR1], [UL positioning], [LPHAP Type A]
	[B103], [FR1], [UL positioning], [LPHAP Type A]
	[B104], [FR1], [UL positioning], [LPHAP Type B]
	[B105], [FR1], [UL positioning], [LPHAP Type B]
	[B106], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	1.28s

	paging reception
	Yes

	RS periodicity
	1.28s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	SRS configuration
	RA-SDT procedure to enter RRC_CONNECTED mode to obtain SRS configuration every power cycle

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[B111], [FR1], [UL positioning], [LPHAP Type A]
	[B112], [FR1], [UL positioning], [LPHAP Type A]
	[B113], [FR1], [UL positioning], [LPHAP Type A]
	[B114], [FR1], [UL positioning], [LPHAP Type B]
	[B115], [FR1], [UL positioning], [LPHAP Type B]
	[B116], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	10.24s

	paging reception
	Yes

	RS periodicity
	10.24s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	SRS configuration
	RA-SDT procedure to enter RRC_CONNECTED mode to obtain SRS configuration every power cycle

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[B121], [FR1], [UL positioning], [LPHAP Type A]
	[B122], [FR1], [UL positioning], [LPHAP Type A]
	[B123], [FR1], [UL positioning], [LPHAP Type A]
	[B124], [FR1], [UL positioning], [LPHAP Type B]
	[B125], [FR1], [UL positioning], [LPHAP Type B]
	[B126], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	20.48s

	paging reception
	Yes

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	SRS configuration
	RA-SDT procedure to enter RRC_CONNECTED mode to obtain SRS configuration every power cycle

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[B131], [FR1], [UL positioning], [LPHAP Type A]
	[B132], [FR1], [UL positioning], [LPHAP Type A]
	[B133], [FR1], [UL positioning], [LPHAP Type A]
	[B134], [FR1], [UL positioning], [LPHAP Type B]
	[B135], [FR1], [UL positioning], [LPHAP Type B]
	[B136], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	1.28s

	paging reception
	Yes

	RS periodicity
	1.28s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	SRS configuration
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[B141], [FR1], [UL positioning], [LPHAP Type A]
	[B142], [FR1], [UL positioning], [LPHAP Type A]
	[B143], [FR1], [UL positioning], [LPHAP Type A]
	[B144], [FR1], [UL positioning], [LPHAP Type B]
	[B145], [FR1], [UL positioning], [LPHAP Type B]
	[B146], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	10.24s

	paging reception
	Yes

	RS periodicity
	10.24s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	SRS configuration
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[B151], [FR1], [UL positioning], [LPHAP Type A]
	[B152], [FR1], [UL positioning], [LPHAP Type A]
	[B153], [FR1], [UL positioning], [LPHAP Type A]
	[B154], [FR1], [UL positioning], [LPHAP Type B]
	[B155], [FR1], [UL positioning], [LPHAP Type B]
	[B156], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	20.48s

	paging reception
	Yes

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	SRS configuration
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4



Summary
The evaluation results of SRS enhancements are summarized in the following table. The detailed evaluation result and analysis for each case is shown in Appendix A2.
Table 4: Summary of evaluation results of SRS enhancements
	Evaluation case description
	Slot-averaged relative power unit (P2)
	Battery life (in month)
	Target requirement are met – Yes/No; If no, provide gaps

	
	
	
	6 months
	12 months

	B101, UL, DRX = 1.28s, RA-SDT for SRS (re)configuration, Deep sleep, K=1, Type A
	4.11
	0.18
	No; 5.82
	No; 11.82

	B102, K=2, Type A
	
	0.36
	No; 5.64
	No; 11.64

	B103, K=4, Type A
	
	0.72
	No; 5.28
	No; 11.28

	B104, K=1, Type B
	
	1.01
	No; 4.98
	No; 10.98

	B105, K=2, Type B
	
	2.03
	No; 3.97
	No; 9.97

	B106, K=4, Type B
	
	4.05
	No; 1.95
	No; 7.95

	B111, UL, DRX = 10.24s, RA-SDT for SRS (re)configuration, Deep sleep, K=1, Type A
	1.39
	0.63
	No; 5.47
	No; 11.47

	B112, K=2, Type A
	
	1.07
	No; 4.93
	No; 10.93

	B113, K=4, Type A
	
	2.13
	No; 3.87
	No; 9.87

	B114, K=1, Type B
	
	3.00
	No; 3.00
	No; 9.00

	B115, K=2, Type B
	
	6.00
	Yes
	No; 6.00

	B116, K=4, Type B
	
	12.00
	Yes
	Yes

	B121, UL, DRX = 20.48s, RA-SDT for SRS (re)configuration, Deep sleep, K=1, Type A
	1.19
	0.62
	No; 5.38
	No; 11.28

	B122, K=2, Type A
	
	1.24
	No; 4.76
	No; 10.76

	B123, K=4, Type A
	
	2.48
	No; 3.52
	No; 9.52

	B124, K=1, Type B
	
	3.49
	No; 2.51
	No; 8.51

	B125, K=2, Type B
	
	6.98
	Yes
	No; 5.02

	B126, K=4, Type B
	
	13.95
	Yes
	Yes

	B131, UL, DRX = 1.28s, no SRS (re)configuration, Deep sleep, K=1, Type A
	1.85
	0.40
	No; 5.60
	No; 11.60

	B132, K=2, Type A
	
	0.80
	No; 5.20
	No; 11.20

	B133, K=4, Type A
	
	1.60
	No; 4.40
	No; 10.40

	B134, K=1, Type B
	
	2.25
	No; 3.75
	No; 9.75

	B135, K=2, Type B
	
	4.51
	No; 1.49
	No; 7.49

	B136, K=4, Type B
	
	9.01
	Yes
	No; 2.99

	B141, UL, DRX = 10.24s, no SRS (re)configuration, Deep sleep, K=1, Type A
	1.11
	0.67
	No; 5.33
	No; 11.33

	B142, K=2, Type A
	
	1.34
	No; 4.66
	No; 10.66

	B143, K=4, Type A
	
	2.68
	No; 3.32
	No; 9.32

	B144, K=1, Type B
	
	3.77
	No; 2.23
	No; 8.23

	B145, K=2, Type B
	
	7.53
	Yes
	No; 4.47

	B146, K=4, Type B
	
	15.07
	Yes
	Yes

	B151, UL, DRX = 20.48s, no SRS (re)configuration, Deep sleep, K=1, Type A
	1,05
	0.70
	No; 5.30
	No; 11.30

	B152, K=2, Type A
	
	1.41
	No; 4.59
	No; 10.59

	B153, K=4, Type A
	
	2.81
	No; 3.19
	No; 9.19

	B154, K=1, Type B
	
	3.96
	No; 2.04
	No; 8.04

	B155, K=2, Type B
	
	7.91
	Yes
	No; 4.09

	B156, K=4, Type B
	
	15.83
	Yes
	Yes



Based on the evaluations, the following is observed:
Observation 3: 
· For UL positioning, UE frequently re-entering RRC_CONNECTED state to obtain SRS configurations significantly increases the power consumption, which accounts 52.41%, 19.40% and 11.28% of power consumption for DRX cycle = 1.28s, 10.24s and 20.48s.
· With SRS (re)configuration enhancement, i.e., no SRS (re)configuration is considered in the power cycle, 55.07%, 20.38%, and 11.85% power saving gain are achieved for DRX cycle = 1.28s, 10.24s, and 20.48s with respect to cases that UE performs RA-SDT procedure to obtain SRS configurations in every power cycle.

2.2.3 Minimized gaps between paging reception/RS/synchronization
In the following, we provide results of evaluation cases with minimized gaps between paging reception/RS/reporting/synchronization for UE-assisted DL positioning, UE-based DL positioning, and UL positioning, to evaluate the performance gain obtained by time domain adaptation.
Table 5: Evaluation cases and assumptions for minimized gaps
	Evaluation assumption
	[C101], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[C102], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[C103], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[C104], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[C105], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[C106], [FR1], [UE-assisted DL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	1.28s (Minimized gaps between paging/RS/sync)

	paging reception
	Yes

	RS periodicity
	1.28s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT; Reporting interval = 1.28s

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[C111], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[C112], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[C113], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[C114], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[C115], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[C116], [FR1], [UE-assisted DL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	10.24s (Minimized gaps between paging/RS/sync)

	paging reception
	Yes

	RS periodicity
	10.24s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT; Reporting interval = 10.24s

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[C121], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[C122], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[C123], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[C124], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[C125], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[C126], [FR1], [UE-assisted DL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	20.48s (Minimized gaps between paging/RS/sync)

	paging reception
	N/A

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT; Reporting interval = 20.48s

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[C201], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[C202], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[C203], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[C204], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[C205], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[C206], [FR1], [UE-based DL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	1.28s (Minimized gaps between paging/RS/sync)

	paging reception
	Yes

	RS periodicity
	1.28s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[C211], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[C212], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[C213], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[C214], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[C215], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[C216], [FR1], [UE-based DL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	10.24s (Minimized gaps between paging/RS/sync)

	paging reception
	Yes

	RS periodicity
	10.24s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[C221], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[C222], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[C223], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[C224], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[C225], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[C226], [FR1], [UE-based DL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	20.48s (Minimized gaps between paging/RS/sync)

	paging reception
	Yes

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[C301], [FR1], [UL positioning], [LPHAP Type A]
	[C302], [FR1], [UL positioning], [LPHAP Type A]
	[C303], [FR1], [UL positioning], [LPHAP Type A]
	[C304], [FR1], [UL positioning], [LPHAP Type B]
	[C305], [FR1], [UL positioning], [LPHAP Type B]
	[C306], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	1.28s (Minimized gaps between paging/RS/sync)

	paging reception
	Yes

	RS periodicity
	1.28s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	SRS configuration
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[C311], [FR1], [UL positioning], [LPHAP Type A]
	[C312], [FR1], [UL positioning], [LPHAP Type A]
	[C313], [FR1], [UL positioning], [LPHAP Type A]
	[C314], [FR1], [UL positioning], [LPHAP Type B]
	[C315], [FR1], [UL positioning], [LPHAP Type B]
	[C316], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	10.24s (Minimized gaps between paging/RS/sync)

	paging reception
	Yes

	RS periodicity
	10.24s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	SRS configuration
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[C321], [FR1], [UL positioning], [LPHAP Type A]
	[C322], [FR1], [UL positioning], [LPHAP Type A]
	[C323], [FR1], [UL positioning], [LPHAP Type A]
	[C324], [FR1], [UL positioning], [LPHAP Type B]
	[C325], [FR1], [UL positioning], [LPHAP Type B]
	[C326], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	20.48s (Minimized gaps between paging/RS/sync)

	paging reception
	Yes

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	SRS configuration
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4



Summary
The results of evaluation cases for minimized gaps between paging reception/RS/reporting/synchronization are summarized in the following table. The detailed evaluation result and analysis for each enhanced case is shown in Appendix A3.
Table 6: Summary of evaluation results of minimized gaps
	Evaluation case description
	Slot-averaged relative power unit (P2)
	Battery life (in month)
	Target requirement are met – Yes/No; If no, provide gaps

	
	
	
	6 months
	12 months

	C101, UE-A DL, DRX = 1.28s, Minimized gap, Deep sleep, K=1, Type A
	2.24
	0.33
	No; 5.67
	No; 11.67

	C102, K=2, Type A
	
	0.66
	No; 5.34
	No; 11.34

	C103, K=4, Type A
	
	1.32
	No; 4.68
	No; 10.68

	C104, K=1, Type B
	
	1.86
	No; 4.14
	No; 10.14

	C105, K=2, Type B
	
	3.71
	No; 2.28
	No; 8.28

	C106, K=4, Type B
	
	7.43
	Yes
	No; 4.57

	C111, UE-A DL, DRX = 10.24s, Minimized gaps, Deep sleep, K=1, Type A
	1.16
	0.64
	No; 5.36
	No; 11.36

	C112, K=2, Type A
	
	1.28
	No; 4.72
	No; 10.72

	C113, K=4, Type A
	
	2.56
	No; 3.44
	No; 9.44

	C114, K=1, Type B
	
	3.61
	No; 2.39
	No; 8.29

	C115, K=2, Type B
	
	7.21
	Yes
	No; 4.79

	C116, K=4, Type B
	
	14.42
	Yes
	Yes

	C121, UE-A DL, DRX = 20.48s, Minimized gaps, Deep sleep, K=1, Type A
	1.08
	0.69
	No; 5.31
	No; 11.31

	C122, K=2, Type A
	
	1.37
	No; 4.63
	No; 10.63

	C123, K=4, Type A
	
	2.75
	No; 3.25
	No; 9.25

	C124, K=1, Type B
	
	3.87
	No; 2.13
	No; 8.13

	C125, K=2, Type B
	
	7.73
	Yes
	No; 4.27

	C126, K=4, Type B
	
	15.46
	Yes
	Yes

	C201, UE-B DL, DRX = 1.28s, Minimized gap, Deep sleep, K=1, Type A
	1.58
	0.47
	No; 5.53
	No; 11.53

	C202, K=2, Type A
	
	0.94
	No; 5.06
	No; 11.06

	C203, K=4, Type A
	
	1.88
	No; 4.12
	No; 10.12

	C204, K=1, Type B
	
	2.64
	No; 3.36
	No; 9.36

	C205, K=2, Type B
	
	5.28
	No; 0.72
	No; 6.72

	C206, K=4, Type B
	
	10.57
	Yes
	No; 1.43

	C211, UE-B DL, DRX = 10.24s, Minimized gaps, Deep sleep, K=1, Type A
	1.07
	0.69
	No; 5.31
	No; 11.31

	C212, K=2, Type A
	
	1.38
	No; 4.62
	No; 10.62

	C213, K=4, Type A
	
	2.76
	No; 3.24
	No; 9.24

	C214, K=1, Type B
	
	3.89
	No; 2.11
	No; 8.11

	C215, K=2, Type B
	
	7.77
	Yes
	No; 4.23

	C216, K=4, Type B
	
	15.54
	Yes
	Yes

	C221, UE-B DL, DRX = 20.48s, Minimized gaps, Deep sleep, K=1, Type A
	1.04
	0.72
	No; 5.28
	No; 11.28

	C222, K=2, Type A
	
	1.43
	No; 4.57 
	No; 10.57

	C223, K=4, Type A
	
	2.86
	No; 3.14
	No; 9.14

	C224, K=1, Type B
	
	4.02
	No; 1.98
	No; 7.98

	C225, K=2, Type B
	
	8.04
	Yes
	No; 3.96

	C226, K=4, Type B
	
	16.09
	Yes
	Yes

	C301, UL, DRX = 1.28s, Minimized gap, Deep sleep, K=1, Type A
	1.56
	0.47
	No; 5.53
	No; 11.53

	C302, K=2, Type A
	
	0.95
	No; 5.05
	No; 11.05

	C303, K=4, Type A
	
	1.90
	No; 4.10
	No; 10.10

	C304, K=1, Type B
	
	2.67
	No; 3.33
	No; 9.33

	C305, K=2, Type B
	
	5.34
	No; 0.66
	No; 6.66

	C306, K=4, Type B
	
	10.68
	Yes
	No; 1.32

	C311, UL, DRX = 10.24s, Minimized gaps, Deep sleep, K=1, Type A
	1.07
	0.69
	No; 5.31
	No; 11.31

	C312, K=2, Type A
	
	1.28
	No; 4.62
	No; 10.62

	C313, K=4, Type A
	
	2.77
	No; 3.24
	No; 9.24

	C314, K=1, Type B
	
	3.89
	No; 2.11
	No; 8.11

	C315, K=2, Type B
	
	7.79
	Yes
	No; 4.21

	C316, K=4, Type B
	
	15.57
	Yes
	Yes

	C321, UL, DRX = 20.48s, Minimized gaps, Deep sleep, K=1, Type A
	1.04
	0.72
	No; 5.28
	No; 11.28

	C322, K=2, Type A
	
	1.43
	No; 4.57
	No; 10.57

	C323, K=4, Type A
	
	2.86
	No; 3.14
	No; 9.14

	C324, K=1, Type B
	
	4.03
	No; 1.97
	No; 7.97

	C325, K=2, Type B
	
	8.05
	Yes
	No; 3.95

	C326, K=4, Type B
	
	16.10
	Yes
	Yes



Based on the evaluations, the following is observed:
Observation 4: By minimizing gaps between paging reception/RS/reporting/synchronization, the power consumption is reduced as the UE reduces the number of transitions from active to ultra-deep sleep and stays asleep as much as possible:
· For UE-assisted DL positioning, 13.34%, 3.60% and 1.96% power saving gain are achieved for DRX cycle = 1.28s, 10.24s, and 20.48s with respect to cases without gaps minimization;
· For UE-based DL positioning, 5.48%, 1.05% and 0.54% power saving gain are achieved for DRX cycle = 1.28s, 10.24s, and 20.48s with respect to cases without gaps minimization;
· For UL positioning, 15.59%, 3.26% and 1.71% power saving gain are achieved for DRX cycle = 1.28s, 10.24s, and 20.48s with respect to cases without gaps minimization;

2.2.4 Overall enhancements
In the following, we provide results of evaluation cases with overall enhancements, including extended DRX cycle of 20.48s, ultra-deep sleep state (as UE is able to stay asleep as much as possible with longer DRX cycle), SRS (re)configuration enhancements, minimized gaps, etc., to meet the target battery life of 6~12 months. 
We provide evaluation results using ultra-deep sleep state option 1 with additional transition energy 10000 and 5000, and also evaluation results using ultra-deep sleep state option 2. Note that for evaluations using ultra-deep sleep state option 2, we assume that the LPHAP device has no communication service and therefore paging reception is ignored (e.g., disabled by the network).
Table 7: Evaluation cases and assumptions for overall enhancements
	Evaluation assumption
	[D101], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[D102], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[D103], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[D104], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[D105], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[D106], [FR1], [UE-assisted DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep Option 1 with additional energy 10000

	DRX cycle
	20.48s (No gaps minimization)

	paging reception
	Yes

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT; Reporting interval = 20.48s

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[D111], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[D112], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[D113], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[D114], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[D115], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[D116], [FR1], [UE-assisted DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep Option 1 with additional energy 5000

	DRX cycle
	20.48s (No gaps minimization)

	paging reception
	Yes

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT; Reporting interval = 20.48s

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[D121], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[D122], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[D123], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[D124], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[D125], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[D126], [FR1], [UE-assisted DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep Option 2

	DRX cycle
	20.48s (No gaps minimization)

	paging reception
	N/A

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT; Reporting interval = 20.48s

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[D131], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[D132], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[D133], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[D134], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[D135], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[D136], [FR1], [UE-assisted DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep Option 1 with additional energy 10000

	DRX cycle
	20.48s (Minimized gaps between paging/RS/sync)

	paging reception
	Yes

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT; Reporting interval = 20.48s

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[D141], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[D142], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[D143], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[D144], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[D145], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[D146], [FR1], [UE-assisted DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep Option 1 with additional energy 5000

	DRX cycle
	20.48s (Minimized gaps between paging/RS/sync)

	paging reception
	Yes

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT; Reporting interval = 20.48s

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[D151], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[D152], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[D153], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[D154], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[D155], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[D156], [FR1], [UE-assisted DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep Option 2

	DRX cycle
	20.48s (Minimized gaps between paging/RS/sync)

	paging reception
	N/A

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT; Reporting interval = 20.48s

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[D201], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[D202], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[D203], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[D204], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[D205], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[D206], [FR1], [UE-based DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep Option 1 with additional energy 10000

	DRX cycle
	20.48s (No gaps minimization)

	paging reception
	Yes

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[D211], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[D212], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[D213], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[D214], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[D215], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[D216], [FR1], [UE-based DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep Option 1 with additional energy 5000

	DRX cycle
	20.48s (No gaps minimization)

	paging reception
	Yes

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[D221], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[D222], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[D223], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[D224], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[D225], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[D226], [FR1], [UE-based DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep Option 2

	DRX cycle
	20.48s (No gaps minimization)

	paging reception
	N/A

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[D231], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[D232], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[D233], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[D234], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[D235], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[D236], [FR1], [UE-based DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep Option 1 with additional energy 10000

	DRX cycle
	20.48s (Minimized gaps between paging/RS/sync)

	paging reception
	Yes

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[D241], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[D242], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[D243], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[D244], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[D245], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[D246], [FR1], [UE-based DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep Option 1 with additional energy 5000

	DRX cycle
	20.48s (Minimized gaps between paging/RS/sync)

	paging reception
	Yes

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[D251], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[D252], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[D253], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[D254], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[D255], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[D256], [FR1], [UE-based DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep Option 2

	DRX cycle
	20.48s (Minimized gaps between paging/RS/sync)

	paging reception
	N/A

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[D301], [FR1], [UL positioning], [LPHAP Type A]
	[D302], [FR1], [UL positioning], [LPHAP Type A]
	[D303], [FR1], [UL positioning], [LPHAP Type A]
	[D304], [FR1], [UL positioning], [LPHAP Type B]
	[D305], [FR1], [UL positioning], [LPHAP Type B]
	[D306], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep Option 1 with additional energy 10000

	DRX cycle
	20.48s (No gaps minimization)

	paging reception
	Yes

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	SRS configuration
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[D311], [FR1], [UL positioning], [LPHAP Type A]
	[D312], [FR1], [UL positioning], [LPHAP Type A]
	[D313], [FR1], [UL positioning], [LPHAP Type A]
	[D314], [FR1], [UL positioning], [LPHAP Type B]
	[D315], [FR1], [UL positioning], [LPHAP Type B]
	[D316], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep Option 1 with additional energy 5000

	DRX cycle
	20.48s (No gaps minimization)

	paging reception
	Yes

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	SRS configuration
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[D321], [FR1], [UL positioning], [LPHAP Type A]
	[D322], [FR1], [UL positioning], [LPHAP Type A]
	[D323], [FR1], [UL positioning], [LPHAP Type A]
	[D324], [FR1], [UL positioning], [LPHAP Type B]
	[D325], [FR1], [UL positioning], [LPHAP Type B]
	[D326], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep Option 1 with additional energy 10000

	DRX cycle
	20.48s (Minimized gaps between paging/RS/sync)

	paging reception
	Yes

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	SRS configuration
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[D331], [FR1], [UL positioning], [LPHAP Type A]
	[D332], [FR1], [UL positioning], [LPHAP Type A]
	[D333], [FR1], [UL positioning], [LPHAP Type A]
	[D334], [FR1], [UL positioning], [LPHAP Type B]
	[D335], [FR1], [UL positioning], [LPHAP Type B]
	[D336], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep Option 1 with additional energy 5000

	DRX cycle
	20.48s (Minimized gaps between paging/RS/sync)

	paging reception
	Yes

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	SRS configuration
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[D341], [FR1], [UL positioning], [LPHAP Type A]
	[D342], [FR1], [UL positioning], [LPHAP Type A]
	[D343], [FR1], [UL positioning], [LPHAP Type A]
	[D344], [FR1], [UL positioning], [LPHAP Type B]
	[D345], [FR1], [UL positioning], [LPHAP Type B]
	[D346], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep Option 2

	DRX cycle
	20.48s (Minimized gaps between paging/RS/sync)

	paging reception
	N/A

	RS periodicity
	20.48s

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	SRS configuration
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4



Summary
The results of evaluation cases for overall enhancements are summarized in the following table. The detailed evaluation result and analysis for each enhanced case is shown in Appendix A4.
[bookmark: _GoBack]Table 8: Summary of evaluation results of minimized gaps
	Evaluation case description
	Slot-averaged relative power unit (P2)
	Battery life (in month)
	Target requirement are met – Yes/No; If no, provide gaps

	
	
	
	6 months
	12 months

	D101, UE-A DL, DRX = 20.48s, Ultra-deep sleep option 1 w/ 10000, K=1, Type A
	0.41
	1.81
	No; 4.19
	No; 10.19

	D102, K=2, Type A
	
	3.62
	No; 2.38
	No; 8.38

	D103, K=4, Type A
	
	7.23
	Yes
	No; 4.77

	D104, K=1, Type B
	
	10.17
	Yes
	No; 1.83

	D105, K=2, Type B
	
	20.34
	Yes
	Yes

	D106, K=4, Type B
	
	40.68
	Yes
	Yes

	D111, UE-A DL, DRX = 20.48s, Ultra-deep sleep option 1 w/ 5000, K=1, Type A
	0.29
	2.58
	No; 3.42
	No; 9.42

	D112, K=2, Type A
	
	5.15
	No; 0.85
	No; 6.85

	D113, K=4, Type A
	
	10.30
	Yes
	No; 1.70

	D114, K=1, Type B
	
	14.49
	Yes
	Yes

	D115, K=2, Type B
	
	28.97
	Yes
	Yes

	D116, K=4, Type B
	
	57.95
	Yes
	Yes

	D121, UE-A DL, DRX = 20.48s, Ultra-deep sleep option 2, K=1, Type A
	0.08
	9.28
	Yes
	No; 2.72

	D122, K=2, Type A
	
	18.57
	Yes
	Yes

	D123, K=4, Type A
	
	37.14
	Yes
	Yes

	D124, K=1, Type B
	
	52.22
	Yes
	Yes

	D125, K=2, Type B
	
	104.43
	Yes
	Yes

	D126, K=4, Type B
	
	208.86
	Yes
	Yes

	D131, UE-A DL, DRX = 20.48s, Minimized gaps, Ultra-deep sleep option 1 w/ 10000, K=1, Type A
	0.33
	2.26
	No; 3.74
	No; 9.74

	D132, K=2, Type A
	
	4.53
	No; 1.47
	No; 7.47

	D133, K=4, Type A
	
	9.05
	Yes
	No; 2.95

	D134, K=1, Type B
	
	12.73
	Yes
	Yes

	D135, K=2, Type B
	
	25.46
	Yes
	Yes

	D136, K=4, Type B
	
	50.93
	Yes
	Yes

	D141, UE-A DL, DRX = 20.48s, Minimized gaps, Ultra-deep sleep option 1 w/ 5000, K=1, Type A
	0.21
	3.61
	No; 2.39
	No; 8.39

	D142, K=2, Type A
	
	7.22
	Yes
	No; 4.78

	D143, K=4, Type A
	
	14.44
	Yes
	Yes

	D144, K=1, Type B
	
	20.31
	Yes
	Yes

	D145, K=2, Type B
	
	40.61
	Yes
	Yes

	D146, K=4, Type B
	
	81.22
	Yes
	Yes

	D151, UE-A DL, DRX = 20.48s, Minimized gaps, Ultra-deep sleep option 2, K=1, Type A
	0.08
	9.50
	Yes
	No; 2.50

	D152, K=2, Type A
	
	19.00
	Yes
	Yes

	D153, K=4, Type A
	
	38.00
	Yes
	Yes

	D154, K=1, Type B
	
	53.44
	Yes
	Yes

	D155, K=2, Type B
	
	106.87
	Yes
	Yes

	D156, K=4, Type B
	
	213.74
	Yes
	Yes

	D201, UE-B DL, DRX = 20.48s, Ultra-deep sleep option 1 w/ 10000, K=1, Type A
	0.35
	2.10
	No; 3.90
	No; 9.90

	D202, K=2, Type A
	
	4.21
	No; 1.79
	No; 7.79

	D203, K=4, Type A
	
	8.41
	Yes
	No; 3.59

	D204, K=1, Type B
	
	11.83
	Yes
	No; 0.17

	D205, K=2, Type B
	
	23.66
	Yes
	Yes

	D206, K=4, Type B
	
	47.33
	Yes
	Yes

	D211, UE-B DL, DRX = 20.48s, Ultra-deep sleep option 1 w/ 5000, K=1, Type A
	0.23
	3.22
	No; 2.78
	No; 8.78

	D212, K=2, Type A
	
	6.44
	Yes
	No; 5.56

	D213, K=4, Type A
	
	12.88
	Yes
	Yes

	D214, K=1, Type B
	
	18.11
	Yes
	Yes

	D215, K=2, Type B
	
	36.22
	Yes
	Yes

	D216, K=4, Type B
	
	72.43
	Yes
	Yes

	D221, UE-B DL, DRX = 20.48s, Ultra-deep sleep option 2, K=1, Type A
	0.05
	16.23
	Yes
	Yes

	D222, K=2, Type A
	
	32.47
	Yes
	Yes

	D223, K=4, Type A
	
	69.94
	Yes
	Yes

	D224, K=1, Type B
	
	91.31
	Yes
	Yes

	D225, K=2, Type B
	
	182.63
	Yes
	Yes

	D226, K=4, Type B
	
	365.26
	Yes
	Yes

	D231, UE-B DL, DRX = 20.48s, Minimized gaps, Ultra-deep sleep option 1 w/ 10000, K=1, Type A
	0.29
	2.60
	No; 3.40
	No; 9.40

	D232, K=2, Type A
	
	5.19
	No; 0.81
	No; 6.81

	D233, K=4, Type A
	
	10.38
	Yes
	No; 1.62

	D234, K=1, Type B
	
	14.60
	Yes
	Yes

	D235, K=2, Type B
	
	29.20
	Yes
	Yes

	D236, K=4, Type B
	
	58.40
	Yes
	Yes

	D241, UE-B DL, DRX = 20.48s, Minimized gaps, Ultra-deep sleep option 1 w/ 5000, K=1, Type A
	0.16
	4.54
	No; 1.46
	No; 7.46

	D242, K=2, Type A
	
	9.07
	Yes
	No; 2.93

	D243, K=4, Type A
	
	18.14
	Yes
	Yes

	D244, K=1, Type B
	
	25.51
	Yes
	Yes

	D245, K=2, Type B
	
	51.02
	Yes
	Yes

	D246, K=4, Type B
	
	102.04
	Yes
	Yes

	D251, UE-B DL, DRX = 20.48s, Minimized gaps, Ultra-deep sleep option 2, K=1, Type A
	0.04
	20.52
	Yes
	Yes

	D252, K=2, Type A
	
	41.03
	Yes
	Yes

	D253, K=4, Type A
	
	82.07
	Yes
	Yes

	D254, K=1, Type B
	
	115.39
	Yes
	Yes

	D255, K=2, Type B
	
	230.79
	Yes
	Yes

	D256, K=4, Type B
	
	461.58
	Yes
	Yes

	D301, UL, DRX = 20.48s, Ultra-deep sleep option 1 w/ 10000, K=1, Type A
	0.36
	2.04
	No; 3.96
	No; 9.96

	D302, K=2, Type A
	
	4.08
	No; 1.92
	No; 7.92

	D303, K=4, Type A
	
	8.15
	Yes
	No; 3.85

	D304, K=1, Type B
	
	11.46
	Yes
	No; 0.54

	D305, K=2, Type B
	
	22.93
	Yes
	Yes

	D306, K=4, Type B
	
	45.86
	Yes
	Yes

	D311, UL, DRX = 20.48s, Ultra-deep sleep option 1 w/ 5000, K=1, Type A
	0.24
	3.07
	No; 2.93
	No; 8.93

	D312, K=2, Type A
	
	6.14
	Yes
	No; 5.86

	D313, K=4, Type A
	
	12.28
	Yes
	Yes

	D314, K=1, Type B
	
	17.26
	Yes
	Yes

	D315, K=2, Type B
	
	34.52
	Yes
	Yes

	D316, K=4, Type B
	
	69.05
	Yes
	Yes

	D321, UL, DRX = 20.48s, Minimized gaps, Ultra-deep sleep option 1 w/ 10000, K=1, Type A
	0.28
	2.61
	No; 3.39
	No; 9.39

	D322, K=2, Type A
	
	5.21
	No; 0.79
	No; 6.79

	D323, K=4, Type A
	
	10.43
	Yes
	No; 1.58

	D324, K=1, Type B
	
	14.66
	Yes
	Yes

	D325, K=2, Type B
	
	29.31
	Yes
	Yes

	D326, K=4, Type B
	
	58.62
	Yes
	Yes

	D331, UL, DRX = 20.48s, Minimized gaps, Ultra-deep sleep option 1 w/ 5000, K=1, Type A
	0.16
	4.57
	No; 1.43
	No; 7.43

	D332, K=2, Type A
	
	9.13
	Yes
	No; 2.87

	D333, K=4, Type A
	
	18.27
	Yes
	Yes

	D334, K=1, Type B
	
	25.68
	Yes
	Yes

	D335, K=2, Type B
	
	51.37
	Yes
	Yes

	D336, K=4, Type B
	
	102.73
	Yes
	Yes

	D341, UL, DRX = 20.48s, Minimized gaps, Ultra-deep sleep option 2, K=1, Type A
	0.04
	20.52
	Yes
	Yes

	D342, K=2, Type A
	
	41.03
	Yes
	Yes

	D343, K=4, Type A
	
	82.07
	Yes
	Yes

	D344, K=1, Type B
	
	115.39
	Yes
	Yes

	D345, K=2, Type B
	
	230.79
	Yes
	Yes

	D346, K=4, Type B
	
	461.57
	Yes
	Yes



Based on the evaluation results, the following is observed:
Observation 5: With overall enhancements using extended DRX cycle, ultra-deep sleep state, minimized gaps and SRS enhancements, the target battery life of 6~12 months can be met for both LPHAP Type A and Type B devices:
· For option 1 of ultra-deep sleep state with additional transition power 10000:
· For UE-assisted DL positioning, the battery life of 6 months can be met for LPHAP Type A with K = 4 and the battery life of 12 months cannot be met for LPHAP Type A; the battery life of 6 months can be met for LPHAP Type B with K>=1 and the battery life of 12 months can be met for LPHAP Type B with K>=1;
· For UE-based DL positioning, the battery life of 6 months can be met for LPHAP Type A with K = 4 and the battery life of 12 months cannot be met for LPHAP Type A; the battery life of 6 months can be met for LPHAP Type B with K>=1 and the battery life of 12 months can be met for LPHAP Type B with K>=1;
· For UL positioning, the battery life of 6 months can be met for LPHAP Type A with K = 4 and the battery life of 12 months cannot be met for LPHAP Type A; the battery life of 6 months can be met for LPHAP Type B with K>=1 and the battery life of 12 months can be met for LPHAP Type B with K>=1;
· For option 1 of ultra-deep sleep state with additional transition power 5000:
· For UE-assisted DL positioning, the battery life of 6 months can be met for LPHAP Type A with K >= 2 and the battery life of 12 months can be met for LPHAP Type A with K = 4; the battery life of 6 months can be met for LPHAP Type B with K>=1 and the battery life of 12 months can be met for LPHAP Type B with K>=1;
· For UE-based DL positioning, the battery life of 6 months can be met for LPHAP Type A with K >= 2 and the battery life of 12 months can be met for LPHAP Type A with K = 4; the battery life of 6 months can be met for LPHAP Type B with K>=1 and the battery life of 12 months can be met for LPHAP Type B with K>=1;
· For UL positioning, the battery life of 6 months can be met for LPHAP Type A with K >= 2 and the battery life of 12 months can be met for LPHAP Type A with K = 4; the battery life of 6 months can be met for LPHAP Type B with K>=1 and the battery life of 12 months can be met for LPHAP Type B with K>=1;
· For option 2 of ultra-deep sleep state:
· For UE-assisted DL positioning, the battery life of 6 months can be met for LPHAP Type A with K >= 1 and the battery life of 12 months can be met for LPHAP Type A with K >=2; the battery life of 6 months can be met for LPHAP Type B with K>=1 and the battery life of 12 months can be met for LPHAP Type B with K>=1;
· For UE-based DL positioning, the battery life of 6 months can be met for LPHAP Type A with K >= 1 and the battery life of 12 months can be met for LPHAP Type A with K >= 1; the battery life of 6 months can be met for LPHAP Type B with K>=1 and the battery life of 12 months can be met for LPHAP Type B with K>=1;
· For UL positioning, the battery life of 6 months can be met for LPHAP Type A with K >= 1 and the battery life of 12 months can be met for LPHAP Type A with K >= 1; the battery life of 6 months can be met for LPHAP Type B with K>=1 and the battery life of 12 months can be met for LPHAP Type B with K>=1;

Potential enhancements
3.1 SRS enhancements
In Rel-17, the UL SRS for transmission in RRC_INACTIVE state is configured by the serving cell via RRC_Release message, and if it is determined to be invalid, the UE has to re-enter the RRC_CONNECTED mode for the update of the SRS configurations. 
In the last RAN1 meeting, the following agreement was made regarding SRS enhancement [3]:
	Agreement
· For UL and DL+UL positioning for UEs in RRC_INACTIVE, study the potential benefits and performance gains of enhancements on SRS for positioning in order to avoid frequent SRS (re)configuration, including at least the following:
· The (pre-)configuration of SRS for positioning. FFS details, e.g., signaling and procedure, whether/how it is applicable to an area across multiple cells, consideration of UL overhead/capacity implied by (pre-)configuration and multiple cells, etc;
· SRS for positioning activation/request procedure(s), e.g., network activation of SRS via paging, UE request to obtain/update SRS via RACH-based procedure;
· FFS: Events of invalidity of SRS configuration to trigger the UE request procedure.
· FFS whether it is applicable to UEs in RRC_IDLE state.


According to the evaluation results provided in Section 2.2 and Section 2.4, it is observed that the UE frequently entering RRC_CONNECTED state to obtain SRS (re)configurations accounts a large part of power consumption, and without considering SRS (re)configuration during the power cycle, it is beneficial to improve power efficiency to meet the target battery life.  Therefore, enhancements should be studied to reduce the UE power consumption of UL/DL+UL positioning, and the most straightforward idea is to keep the SRS configurations in RRC_INACTIVE state valid for a period of time as long as possible. Meanwhile, RAN2 made the following progress on SRS enhancement, and a LS to RAN1 to ask RAN1 to further check the feasibility of SRS in multiple cells:
Agreement:
Proposal 3 (modified): RAN2 agree to study enhancements on SRS configuration (12/15). Further study the following candidate enhancements on SRS configuration, including the possible interference and changes of spatial relations problems.
-	a) Validity area mechanism; (12/13)
-	b) SRS update mechanism; (10/13)
-	c) Pre-configure multiple SRS, which could include broadcast transmission of configurations with UE-specific determination along with the network of a configuration; (9/13)
FFS if item c would require network nodes to measure multiple SRS configurations for the same UE simultaneously.
LS to RAN1 to ask them about interference issues with SRS configurations across multiple cells and about the validity of SRS parameters.

As discussed in our companion contribution [4], to support SRS valid in multiple cells, at least the following issues should be considered, without properly handling which, UL interferences may be introduced and SRS configurations across multiple cells may not be feasible:
· Timing advance;
· Spatial relation information;
· Power control;
For timing advance, in Rel-17 SRS transmissions in RRC_INACITVE state, the SRS transmission is based on a valid TA with respect to the DL synchronization to the serving cell to avoid UL interferences to the serving cell. RAN2 agreed that the TA timer mechanism and RSRP-based TA validation mechanism that defined for CG-SDT are reused for SRS transmission in RRC_INACTIVE state. To enable SRS applicable to multiple cells, one solution is to maintain the same TAG within the list of cells. It depends on the deployment and configuration of the cell list. If the size of the positioning area containing multiple cells can be covered by the CP, the ICI would not be an issue. On the other hand, if the size of the positioning area is larger than that can be covered by the CP, then both TA timer mechanism and TA validation mechanism should be enhanced. TA timer mechanism and TA validation mechanism is not a criterion to justify the validity of a configured SRS for multiple cells, but rather an indication for the UE acquire updated TA. To be specific, the TA timer can be set as infinity, and/or when the TA timer expires or the RSRP does not met the threshold, the UE can perform DL synchronization and RACH procedure to acquire a new TA before sending the configured SRS. Details can be up to RAN2.
For spatial relation information, in Rel-17, it was specified to reuse the validity criteria of open loop power control as the validity criteria of the spatial relation information for the configured RS, and if UE determines that the validity rule cannot be met, the SRS transmission is suspended. For a configured SRS in multiple cells, as the UE is able to move outside of the serving cell, the validity rule of spatial relation information is not applicable to keep such SRS valid across multiple cells. A straightforward solution is not to consider such parameter when configuring SRS across multiple cells. The UE can transmit the SRS in a beam sweeping way, or omnidirectional. In addition, another solution is to configure a default SRS resource, when the spatial relation information is not valid, the UE fallbacks to transmit the default SRS.
For power control, in Rel-17, it was specified to reuse the validity criteria of open loop power control in Rel-16, and if UE determines that it cannot accurately measure the pathloss RS, the SRS transmission is suspended. To support SRS in multiple cells, the power control mechanism should be considered to keep such SRS valid within multiple cells and meanwhile avoid introducing severe UL interferences to these cells. One way is to update the fallback behavior that when the UE cannot accurately measure the pathloss RS, the UE can use the resources to obtain MIB with the largest RSRP to determine the transmit power, and not limit the resources from the serving cell. In addition, some (pre)configured transmit power or pathloss offset can be configured with the SRS in multiple cells.
Proposal 1: From RAN1’s perspective, it is feasible to support SRS in multiple cells by revisiting SRS configuration, validity criteria and fallback behaviors.
Furthermore, pre-configuration of SRS can be considered, in which multiple SRS resources (e.g., a resource pool of SRS resources) can be pre-configured to a UE, and such SRS resources can be applicable to multiple cells, as discussed above. When a MT-LR location services initiated, the NW can activate one of the SRS resource within the pre-configured pool for the UE, or when an SRS resources becomes invalids, e.g., due to UE moves out of the serving cell, TA/spatial relation/pathloss validation fails, a UE can request a new SRS resource from the pre-configured pool via RACH procedure. 
Proposal 2: From RAN1’s perspective, the following SRS enhancements for UEs in RRC_INACTIVE state should be introduced:
· Pre-configuration of multiple SRS resources;
· NW activates and/or UE requests updates of SRS resource without UE entering RRC_CONNECTED state;
· SRS (pre-)configuration that is applicable to multiple cells;

3.2 Time domain adaption
From the evaluation results in Section 2.3 and Section 2.4, it is observed that by minimizing gaps between paging reception/RS/synchronization/reporting, power saving gain is achieved as a UE is able to wake up once to perform all necessary operations and stay asleep as much as possible, and it is beneficial to improve the power efficiency and meet the target battery life.
Note that for typical use cases of LPHAP, such as the plant asset management, the positioning UE can barely have 5G communication traffic, the service types are mainly focused on positioning and the related request/response signalling. In such cases, the UE may not be required to monitor paging occasions. In addition, for the RS monitoring and transmissions, if the RS occasions are configured without taking the DRX cycle into account, the UE has to additionally ramp up to measure the DL PRS or sends the UL SRS for positioning, and the transitions between the sleep mode and active mode consumes extra power. From this perspective, a smarter design is to align the RS configurations with the DRX pattern.
Proposal 3: From RAN1’s perspective, the time domain adaptation of synchronization, paging reception, PRS and/or SRS, and reporting should be introduced. 
· The details of solutions can be left for normative work.

Conclusions
In this contribution, we provide our views on the low power and high accuracy positioning, and the following observations and proposals are made:
Observation 1: By extending the DRX cycle, the power consumption significantly reduced, as the UE is able to stay asleep for a longer period:
· For UE-assisted DL positioning, 53.70% and 57.53% power saving gain are achieved with DRX cycle = 10.24s and DRX cycle = 20.48s with respect to baseline DRX cycle = 1.28s, respectively.
· For UE-based DL positioning, 35.05% and 37.56% power saving gain are achieved with DRX cycle = 10.24s and DRX cycle = 20.48s with respect to baseline DRX cycle = 1.28s, respectively.
· For UL positioning, 40.17% and 43.04% power saving gain are achieved with DRX cycle = 10.24s and DRX cycle = 20.48s with respect to baseline DRX cycle = 1.28s, respectively.
Observation 2: By extending the DRX cycle beyond 10.24s, even with the power model of deep sleep state:
· The target battery life of 6 months can be met with K >= 2 for LPHAP Type B device for UE-assisted DL positioning, UE-based DL positioning, and UL positioning.
· The target battery life of 12 months can be met with K = 4 for LPHAP Type B device for UE-assisted DL positioning, UE-based DL positioning, and UL positioning.
Observation 3: 
· For UL positioning, UE frequently re-entering RRC_CONNECTED state to obtain SRS configurations significantly increases the power consumption. 
· With SRS (re)configuration enhancement, i.e., no SRS (re)configuration is considered in the power cycle, 55.07%, 20.38%, and 11.85% power saving gain are achieved for DRX cycle = 1.28s, 10.24s, and 20.48s with respect to cases that UE performs RA-SDT procedure to obtain SRS configurations in every power cycle.
Observation 4: By minimizing gaps between paging reception/RS/reporting/synchronization, the power consumption is reduced as the UE reduces the number of transitions from active to ultra-deep sleep and stays asleep as much as possible:
· For UE-assisted DL positioning, 13.34%, 3.60% and 1.96% power saving gain are achieved for DRX cycle = 1.28s, 10.24s, and 20.48s with respect to cases without gaps minimization;
· For UE-based DL positioning, 5.48%, 1.05% and 0.54% power saving gain are achieved for DRX cycle = 1.28s, 10.24s, and 20.48s with respect to cases without gaps minimization;
· For UL positioning, 15.59%, 3.26% and 1.71% power saving gain are achieved for DRX cycle = 1.28s, 10.24s, and 20.48s with respect to cases without gaps minimization;
Observation 5: With overall enhancements using extended DRX cycle, ultra-deep sleep state, minimized gaps and SRS enhancements, the target battery life of 6~12 months can be met for both LPHAP Type A and Type B devices:
· For option 1 of ultra-deep sleep state with additional transition power 10000:
· For UE-assisted DL positioning, the battery life of 6 months can be met for LPHAP Type A with K = 4 and the battery life of 12 months cannot be met for LPHAP Type A; the battery life of 6 months can be met for LPHAP Type B with K>=1 and the battery life of 12 months can be met for LPHAP Type B with K>=1;
· For UE-based DL positioning, the battery life of 6 months can be met for LPHAP Type A with K = 4 and the battery life of 12 months cannot be met for LPHAP Type A; the battery life of 6 months can be met for LPHAP Type B with K>=1 and the battery life of 12 months can be met for LPHAP Type B with K>=1;
· For UL positioning, the battery life of 6 months can be met for LPHAP Type A with K = 4 and the battery life of 12 months cannot be met for LPHAP Type A; the battery life of 6 months can be met for LPHAP Type B with K>=1 and the battery life of 12 months can be met for LPHAP Type B with K>=1;
· For option 1 of ultra-deep sleep state with additional transition power 5000:
· For UE-assisted DL positioning, the battery life of 6 months can be met for LPHAP Type A with K >= 2 and the battery life of 12 months can be met for LPHAP Type A with K = 4; the battery life of 6 months can be met for LPHAP Type B with K>=1 and the battery life of 12 months can be met for LPHAP Type B with K>=1;
· For UE-based DL positioning, the battery life of 6 months can be met for LPHAP Type A with K >= 2 and the battery life of 12 months can be met for LPHAP Type A with K = 4; the battery life of 6 months can be met for LPHAP Type B with K>=1 and the battery life of 12 months can be met for LPHAP Type B with K>=1;
· For UL positioning, the battery life of 6 months can be met for LPHAP Type A with K >= 2 and the battery life of 12 months can be met for LPHAP Type A with K = 4; the battery life of 6 months can be met for LPHAP Type B with K>=1 and the battery life of 12 months can be met for LPHAP Type B with K>=1;
· For option 2 of ultra-deep sleep state:
· For UE-assisted DL positioning, the battery life of 6 months can be met for LPHAP Type A with K >= 1 and the battery life of 12 months can be met for LPHAP Type A with K >=2; the battery life of 6 months can be met for LPHAP Type B with K>=1 and the battery life of 12 months can be met for LPHAP Type B with K>=1;
· For UE-based DL positioning, the battery life of 6 months can be met for LPHAP Type A with K >= 1 and the battery life of 12 months can be met for LPHAP Type A with K >= 1; the battery life of 6 months can be met for LPHAP Type B with K>=1 and the battery life of 12 months can be met for LPHAP Type B with K>=1;
· For UL positioning, the battery life of 6 months can be met for LPHAP Type A with K >= 1 and the battery life of 12 months can be met for LPHAP Type A with K >= 1; the battery life of 6 months can be met for LPHAP Type B with K>=1 and the battery life of 12 months can be met for LPHAP Type B with K>=1;

Proposal 1: From RAN1’s perspective, it is feasible to support SRS in multiple cells by revisiting SRS configuration, validity criteria and fallback behaviors.
Proposal 2: From RAN1’s perspective, the following SRS enhancements for UEs in RRC_INACTIVE state should be introduced:
· Pre-configuration of multiple SRS resources;
· NW activates and/or UE requests updates of SRS resource without UE entering RRC_CONNECTED state;
· SRS (pre-)configuration that is applicable to multiple cells;
Proposal 3: From RAN1’s perspective, the time domain adaptation of synchronization, paging reception, PRS and/or SRS, and reporting should be introduced. 
· The details of solutions can be left for normative work.
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Appendix A: Detailed evaluation for potential enhancements
A1. Extended DRX cycle
UE-assisted DL positioning


The corresponding UE power consumptions are evaluated in the following table.
Table A1: UE power consumptions for UE-assisted DL positioning
	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	A101, DRX = 1.28s, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	2
	8
	400
	6.04%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	3.44%

	
	PRS measurement
	120
	1
	1
	1
	120
	1.81%

	
	UL
	700
	2
	1
	2
	1400
	21.13%

	
	Deep sleep
	1
	
	
	2409
	2409
	36.35%

	
	Micro sleep
	45
	
	
	16
	720
	10.86%

	
	Transition energy
- Deep sleep
	450
	40
	3
	120
	1350
	20.37%

	
	Total (every 1.28s)
	2560
	6627
	100%

	
	Slot-averaged power unit
	2.59

	
	Battery life (in month)
	0.29

	A102, K=2, Type A
	Battery life (in month)
	0.57

	A103, K=4, Type A
	Battery life (in month)
	1.14

	A104, K=1, Type B
	Battery life (in month)
	1.61

	A105, K=2, Type B
	Battery life (in month)
	3.22

	A106, K=4, Type B
	Battery life (in month)
	6.44

	A111, DRX = 10.24s, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	2
	8
	400
	1.63%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	0.93%

	
	PRS measurement
	120
	1
	1
	1
	120
	0.49%

	
	UL
	700
	2
	1
	2
	1400
	5.70%

	
	Deep sleep
	1
	
	
	20329
	20329
	82.82%

	
	Micro sleep
	45
	
	
	16
	720
	2.93%

	
	Transition energy
- Deep sleep
	450
	40
	3
	120
	1350
	5.50%

	
	Total (every 10.24s)
	20480
	24547
	100%

	
	Slot-averaged power unit
	1.20

	
	Battery life (in month)
	0.62

	A112, K=2, Type A
	Battery life (in month)
	1.24

	A113, K=4, Type A
	Battery life (in month)
	2.47

	A114, K=1, Type B
	Battery life (in month)
	3.48

	A115, K=2, Type B
	Battery life (in month)
	6.95

	A116, K=4, Type B
	Battery life (in month)
	13.91

	A121, DRX = 20.48s, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	2
	8
	400
	0.89%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	0.51%

	
	PRS measurement
	120
	1
	1
	1
	120
	0.27%

	
	UL
	700
	2
	1
	2
	1400
	3.11%

	
	Deep sleep
	1
	
	
	40809
	40809
	90.63%

	
	Micro sleep
	45
	
	
	16
	720
	1.60%

	
	Transition energy
- Deep sleep
	450
	40
	3
	120
	1350
	3.00%

	
	Total (every 20.48s)
	40960
	45027
	100%

	
	Slot-averaged power unit
	1.10

	
	Battery life (in month)
	0.67

	A122, K=2, Type A
	Battery life (in month)
	1.35

	A123, K=4, Type A
	Battery life (in month)
	2.70

	A124, K=1, Type B
	Battery life (in month)
	3.79

	A125, K=2, Type B
	Battery life (in month)
	7.58

	A126, K=4, Type B
	Battery life (in month)
	15.16



UE-based DL positioning


Table A2: UE power consumptions for UE-based DL positioning
	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	A201, DRX = 1.28s, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	4.68%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	5.34%

	
	PRS measurement
	120
	1
	1
	1
	120
	2.81%

	
	Deep sleep
	1
	
	
	2463
	2463
	57.67%

	
	Micro sleep
	45
	
	
	8
	360
	8.43%

	
	Transition energy
- Deep sleep
	450
	40
	2
	80
	900
	21.07%

	
	Total (every 1.28s)
	2560
	4271
	100%

	
	Slot-averaged power unit
	1.67

	
	Battery life (in month)
	0.44

	A202, K=2, Type A
	Battery life (in month)
	0.89

	A203, K=4, Type A
	Battery life (in month)
	1.77

	A204, K=1, Type B
	Battery life (in month)
	2.50

	A205, K=2, Type B
	Battery life (in month)
	4.99

	A206, K=4, Type B
	Battery life (in month)
	9.98

	A211, DRX = 10.24s, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	0.90%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	1.03%

	
	PRS measurement
	120
	1
	1
	1
	120
	0.54%

	
	Deep sleep
	1
	
	
	20383
	20383
	91.85%

	
	Micro sleep
	45
	
	
	8
	360
	1.62%

	
	Transition energy
- Deep sleep
	450
	40
	2
	80
	900
	4.06%

	
	Total (every 10.24s)
	20480
	22191
	100%

	
	Slot-averaged power unit
	1.08

	
	Battery life (in month)
	0.68

	A212, K=2, Type A
	Battery life (in month)
	1.37

	A213, K=4, Type A
	Battery life (in month)
	2.73

	A214, K=1, Type B
	Battery life (in month)
	3.85

	A215, K=2, Type B
	Battery life (in month)
	7.69

	A216, K=4, Type B
	Battery life (in month)
	15.38

	A221, DRX = 20.48s, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	0.47%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	0.53%

	
	PRS measurement
	120
	1
	1
	1
	120
	0.28%

	
	Deep sleep
	1
	
	
	40863
	40863
	95.76%

	
	Micro sleep
	45
	
	
	8
	360
	0.84%

	
	Transition energy
- Deep sleep
	450
	40
	2
	80
	900
	2.11%

	
	Total (every 10.24s)
	40960
	42671
	100%

	
	Slot-averaged power unit
	1.04

	
	Battery life (in month)
	0.71

	A222, K=2, Type A
	Battery life (in month)
	1.42

	A223, K=4, Type A
	Battery life (in month)
	2.84

	A224, K=1, Type B
	Battery life (in month)
	4.00

	A225, K=2, Type B
	Battery life (in month)
	8.00

	A226, K=4, Type B
	Battery life (in month)
	16.00



UL positioning


The corresponding UE power consumptions are evaluated in the table below.
Table A3: UE power consumptions for UL positioning
	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	A301, DRX = 1.28s, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	2
	8
	400
	8.45%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	4.82%

	
	SRS
	210
	1
	1
	1
	210
	4.44%

	
	Deep sleep
	1
	
	
	2463
	2463
	51.87%

	
	Micro sleep
	45
	
	
	12
	540
	11.41%

	
	Transition energy
- Deep sleep
	450
	40
	2
	80
	900
	19.02%

	
	Total (every 1.28s)
	2560
	4733
	100%

	
	Slot-averaged power unit
	1.85

	
	Battery life (in month)
	0.40

	A302, K=2, Type A
	Battery life (in month)
	0.80

	A303, K=4, Type A
	Battery life (in month)
	1.60

	A304, K=1, Type B
	Battery life (in month)
	2.25

	A305, K=2, Type B
	Battery life (in month)
	4.50

	A306, K=4, Type B
	Battery life (in month)
	9.01

	A311, DRX = 10.24s, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	2
	8
	400
	1.77%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	1.01%

	
	SRS
	210
	1
	1
	1
	210
	0.93%

	
	Deep sleep
	1
	
	
	20375
	20375
	89.94%

	
	Micro sleep
	45
	
	
	12
	540
	2.38%

	
	Transition energy
- Deep sleep
	450
	40
	2
	80
	900
	3.97%

	
	Total (every 10.24s)
	20480
	22653
	100%

	
	Slot-averaged power unit
	1.11

	
	Battery life (in month)
	0.67

	A312, K=2, Type A
	Battery life (in month)
	1.34

	A313, K=4, Type A
	Battery life (in month)
	2.68

	A314, K=1, Type B
	Battery life (in month)
	3.77

	A315, K=2, Type B
	Battery life (in month)
	7.53

	A316, K=4, Type B
	Battery life (in month)
	15.07

	A321, DRX = 20.48s, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	2
	8
	400
	0.93%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	0.53%

	
	SRS
	210
	1
	1
	1
	210
	0.49%

	
	Deep sleep
	1
	
	
	40855
	40855
	94.72%

	
	Micro sleep
	45
	
	
	12
	540
	1.25%

	
	Transition energy
- Deep sleep
	450
	40
	2
	80
	900
	2.09%

	
	Total (every 20.48s)
	40960
	43133
	100%

	
	Slot-averaged power unit
	1.05

	
	Battery life (in month)
	0.70

	A322, K=2, Type A
	Battery life (in month)
	1.41

	A323, K=4, Type A
	Battery life (in month)
	2.81

	A324, K=1, Type B
	Battery life (in month)
	3.96

	A325, K=2, Type B
	Battery life (in month)
	7.91

	A326, K=2, Type B
	Battery life (in month)
	15.83




A2. SRS enhancements


The corresponding UE power consumptions are evaluated in the table below.
Table A4: UE power consumptions for UL positioning
	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	B101, DRX=1.28s, RA-SDT for SRS (re)configuration, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	2
	8
	400
	3.80%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	2.16%

	
	SRS
	210
	1
	1
	1
	210
	2.00%

	
	RA-SDT
	72
	5520
	52.41%

	
	1) SSB
	50
	4
	2
	8
	
	

	
	2) CORESET0+SIB1 (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	3) PRACH
	210
	2
	1
	2
	
	

	
	4) RAR (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	5) Msg3 (UL)
	700
	2
	1
	2
	
	

	
	6) Msg4 (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	7) RRCRelease (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	8) Micro sleep
	45
	
	
	52
	
	

	
	Deep sleep
	1
	
	
	2357
	2357
	22.55%

	
	Micro sleep
	45
	
	
	20
	900
	8.54%

	
	Transition energy
- Deep sleep
	450
	40
	2
	80
	900
	8.54%

	
	Total (every 1.28s)
	2560
	10533
	100%

	
	Slot-averaged power unit
	4.11

	
	Battery life (in month)
	0.18

	B102, K=2, Type A
	Battery life (in month)
	0.36

	B103, K=4, Type A
	Battery life (in month)
	0.72

	B104, K=1, Type B
	Battery life (in month)
	1.01

	B105, K=2, Type B
	Battery life (in month)
	2.03

	B106, K=4, Type B
	Battery life (in month)
	4.06

	B111, DRX=10.24s, RA-SDT for SRS (re)configuration, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	2
	8
	400
	1.41%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	0.80%

	
	SRS
	210
	1
	1
	1
	210
	0.43%

	
	RA-SDT
	72
	5520
	19.40%

	
	1) SSB
	50
	4
	2
	8
	
	

	
	2) CORESET0+SIB1 (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	3) PRACH
	210
	2
	1
	2
	
	

	
	4) RAR (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	5) Msg3 (UL)
	700
	2
	1
	2
	
	

	
	6) Msg4 (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	7) RRCRelease (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	8) Micro sleep
	45
	
	
	52
	
	

	
	Deep sleep
	1
	
	
	20295
	20295
	71.33%

	
	Micro sleep
	45
	
	
	20
	900
	3.16%

	
	Transition energy
- Deep sleep
	450
	40
	2
	80
	900
	3.16%

	
	Total (every 10.24s)
	20480
	28453
	100%

	
	Slot-averaged power unit
	1.39

	
	Battery life (in month)
	0.53

	B112, K=2, Type A
	Battery life (in month)
	1.07

	B113, K=4, Type A
	Battery life (in month)
	2.13

	B114, K=1, Type B
	Battery life (in month)
	3.00

	B115, K=2, Type B
	Battery life (in month)
	6.00

	B116, K=4, Type B
	Battery life (in month)
	12.00

	B121, DRX=20.48s, RA-SDT for SRS (re)configuration, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	2
	8
	400
	0.82%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	0.47%

	
	SRS
	210
	1
	1
	1
	210
	0.43%

	
	RA-SDT
	72
	5520
	11.28%

	
	1) SSB
	50
	4
	2
	8
	
	

	
	2) CORESET0+SIB1 (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	3) PRACH
	210
	2
	1
	2
	
	

	
	4) RAR (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	5) Msg3 (UL)
	700
	2
	1
	2
	
	

	
	6) Msg4 (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	7) RRCRelease (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	8) Micro sleep
	45
	
	
	52
	
	

	
	Deep sleep
	1
	
	
	40775
	40775
	83.33%

	
	Micro sleep
	45
	
	
	20
	900
	1.84%

	
	Transition energy
- Deep sleep
	450
	40
	2
	80
	900
	1.84%

	
	Total (every 20.48s)
	40960
	48933
	100%

	
	Slot-averaged power unit
	1.19

	
	Battery life (in month)
	0.62

	B122, K=2, Type A
	Battery life (in month)
	1.24

	B123, K=4, Type A
	Battery life (in month)
	2.48

	B124, K=1, Type B
	Battery life (in month)
	3.49

	B125, K=2, Type B
	Battery life (in month)
	6.98

	B126, K=4, Type B
	Battery life (in month)
	13.95

	B131, DRX=1.28s, no SRS (re)configuration, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	2
	8
	400
	8.45%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	4.82%

	
	SRS
	210
	1
	1
	1
	210
	4.44%

	
	Deep sleep
	1
	
	
	2463
	2463
	51.87%

	
	Micro sleep
	45
	
	
	12
	540
	11.41%

	
	Transition energy
- Deep sleep
	450
	40
	2
	80
	900
	19.02%

	
	Total (every 1.28s)
	2560
	4733
	100%

	
	Slot-averaged power unit
	1.85

	
	Battery life (in month)
	0.40

	B132, K=2, Type A
	Battery life (in month)
	0.80

	B133, K=4, Type A
	Battery life (in month)
	1.60

	B134, K=1, Type B
	Battery life (in month)
	2.25

	B135, K=2, Type B
	Battery life (in month)
	4.50

	B136, K=4, Type B
	Battery life (in month)
	9.01

	B141, DRX=10.24s, no SRS (re)configuration, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	2
	8
	400
	8.45%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	4.82%

	
	SRS
	210
	1
	1
	1
	210
	4.44%

	
	Deep sleep
	1
	
	
	20375
	20375
	51.87%

	
	Micro sleep
	45
	
	
	12
	540
	11.41%

	
	Transition energy
- Deep sleep
	450
	40
	2
	80
	900
	19.02%

	
	Total (every 10.24s)
	20480
	22653
	100%

	
	Slot-averaged power unit
	1.11

	
	Battery life (in month)
	0.67

	B142, K=2, Type A
	Battery life (in month)
	1.34

	B143, K=4, Type A
	Battery life (in month)
	2.68

	B144, K=1, Type B
	Battery life (in month)
	3.77

	B145, K=2, Type B
	Battery life (in month)
	7.53

	B146, K=4, Type B
	Battery life (in month)
	15.07

	B151, DRX=20.48s, no SRS (re)configuration, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	2
	8
	400
	8.45%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	4.82%

	
	SRS
	210
	1
	1
	1
	210
	4.44%

	
	Deep sleep
	1
	
	
	40855
	40855
	51.87%

	
	Micro sleep
	45
	
	
	12
	540
	11.41%

	
	Transition energy
- Deep sleep
	450
	40
	2
	80
	900
	19.02%

	
	Total (every 20.48s)
	40960
	43133
	100%

	
	Slot-averaged power unit
	1.05

	
	Battery life (in month)
	0.70

	B152, K=2, Type A
	Battery life (in month)
	1.41

	B153, K=4, Type A
	Battery life (in month)
	2.81

	B154, K=1, Type B
	Battery life (in month)
	3.96

	B155, K=2, Type B
	Battery life (in month)
	7.91

	B156, K=4, Type B
	Battery life (in month)
	15.83



A3. Minimized gaps between paging reception/RS/synchronization
UE-assisted DL positioning


The corresponding UE power consumptions are evaluated in the table below.
Table A5: UE power consumptions for UE-assisted DL positionin
	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	C101, DRX = 1.28s, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	3.48%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	3.97%

	
	PRS measurement
	120
	1
	1
	1
	120
	2.09%

	
	UL
	700
	2
	1
	2
	1400
	24.38%

	
	Deep sleep
	1
	
	
	2490
	2490
	43.36%

	
	Micro sleep
	45
	
	
	19
	855
	14.89%

	
	Transition energy
- Deep sleep
	450
	40
	1
	40
	450
	7.83%

	
	Total (every 1.28s)
	2560
	5743
	100%

	
	Slot-averaged power unit
	2.24

	
	Battery life (in month)
	0.33

	C102, K=2, Type A
	Battery life (in month)
	0.66

	C103, K=4, Type A
	Battery life (in month)
	1.32

	C104, K=1, Type B
	Battery life (in month)
	1.86

	C105, K=2, Type B
	Battery life (in month)
	3.71

	C106, K=4, Type B
	Battery life (in month)
	7.43

	C111, DRX = 10.24s, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	0.85%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	0.96%

	
	PRS measurement
	120
	1
	1
	1
	120
	0.51%

	
	UL
	700
	2
	1
	2
	1400
	5.92%

	
	Deep sleep
	1
	
	
	20410
	20410
	86.25%

	
	Micro sleep
	45
	
	
	19
	855
	3.61%

	
	Transition energy
- Deep sleep
	450
	40
	1
	40
	450
	1.90%

	
	Total (every 10.24s)
	20480
	23663
	100%

	
	Slot-averaged power unit
	1.16

	
	Battery life (in month)
	0.64

	C112, K=2, Type A
	Battery life (in month)
	1.28

	C113, K=4, Type A
	Battery life (in month)
	2.56

	C114, K=1, Type B
	Battery life (in month)
	3.61

	C115, K=2, Type B
	Battery life (in month)
	7.21

	C116, K=4, Type B
	Battery life (in month)
	14.42

	C121, DRX = 20.48s, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	0.45%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	0.52%

	
	PRS measurement
	120
	1
	1
	1
	120
	0.27%

	
	UL
	700
	2
	1
	2
	1400
	3.17%

	
	Deep sleep
	1
	
	
	40890
	40890
	92.63%

	
	Micro sleep
	45
	
	
	19
	855
	1.94%

	
	Transition energy
- Deep sleep
	450
	40
	1
	40
	450
	1.02%

	
	Total (every 20.48s)
	40960
	44143
	100%

	
	Slot-averaged power unit
	1.08

	
	Battery life (in month)
	0.68

	C122, K=2, Type A
	Battery life (in month)
	1.37

	C123, K=4, Type A
	Battery life (in month)
	2.75

	C124, K=1, Type B
	Battery life (in month)
	3.87

	C125, K=2, Type B
	Battery life (in month)
	7.73

	C126, K=4, Type B
	Battery life (in month)
	15.46



UE-based DL positioning


The corresponding UE power consumptions are evaluated in the table below.
Table A6: UE power consumptions for UE-based DL positioning
	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	C201, DRX = 1.28s, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	4.95%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	5.65%

	
	PRS measurement
	120
	1
	1
	1
	120
	2.97%

	
	Deep sleep
	1
	
	
	2499
	2499
	61.90%

	
	Micro sleep
	45
	
	
	12
	540
	13.38%

	
	Transition energy
- Deep sleep
	450
	40
	1
	40
	450
	11.15%

	
	Total (every 1.28s)
	2560
	4037
	100%

	
	Slot-averaged power unit
	1.58

	
	Battery life (in month)
	0.47

	C202, K=2, Type A
	Battery life (in month)
	0.94

	C203, K=4, Type A
	Battery life (in month)
	1.88

	C204, K=1, Type B
	Battery life (in month)
	2.64

	C205, K=2, Type B
	Battery life (in month)
	5.28

	C206, K=4, Type B
	Battery life (in month)
	10.57

	C211, DRX = 1.28s, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	0.91%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	1.04%

	
	PRS measurement
	120
	1
	1
	1
	120
	0.55%

	
	Deep sleep
	1
	
	
	20419
	20419
	93.00%

	
	Micro sleep
	45
	
	
	12
	540
	2.46%

	
	Transition energy
- Deep sleep
	450
	40
	1
	40
	450
	2.05%

	
	Total (every 10.24s)
	20480
	21957
	100%

	
	Slot-averaged power unit
	1.07

	
	Battery life (in month)
	0.69

	C212, K=2, Type A
	Battery life (in month)
	1.38

	C213, K=4, Type A
	Battery life (in month)
	2.76

	C214, K=1, Type B
	Battery life (in month)
	3.87

	C215, K=2, Type B
	Battery life (in month)
	7.77

	C216, K=4, Type B
	Battery life (in month)
	15.55

	C221, DRX = 1.28s, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	0.47%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	0.54%

	
	PRS measurement
	120
	1
	1
	1
	120
	0.28%

	
	Deep sleep
	1
	
	
	40899
	40899
	96.37%

	
	Micro sleep
	45
	
	
	12
	540
	1.27%

	
	Transition energy
- Deep sleep
	450
	40
	1
	40
	450
	1.06%

	
	Total (every 10.24s)
	40960
	42437
	100%

	
	Slot-averaged power unit
	1.04

	
	Battery life (in month)
	0.72

	C222, K=2, Type A
	Battery life (in month)
	1.43

	C223, K=4, Type A
	Battery life (in month)
	2.86

	C224, K=1, Type B
	Battery life (in month)
	4.02

	C225, K=2, Type B
	Battery life (in month)
	8.04

	C226, K=4, Type B
	Battery life (in month)
	16.09




UL positioning


The corresponding UE power consumptions are evaluated in the table below.
Table A7: UE power consumptions for UL positioning
	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	C301, DRX = 1.28s, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	5.00%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	5.71%

	
	SRS
	210
	1
	1
	1
	210
	5.26%

	
	Deep sleep
	1
	
	
	2502
	2502
	62.63%

	
	Micro sleep
	45
	
	
	9
	405
	10.14%

	
	Transition energy
- Deep sleep
	450
	40
	1
	40
	450
	11.26%

	
	Total (every 1.28s)
	2560
	3995
	100%

	
	Slot-averaged power unit
	1.56

	
	Battery life (in month)
	0.47

	C302, K=2, Type A
	Battery life (in month)
	0.95

	C303, K=4, Type A
	Battery life (in month)
	1.90

	C304, K=1, Type B
	Battery life (in month)
	2.67

	C305, K=2, Type B
	Battery life (in month)
	5.34

	C306, K=4, Type B
	Battery life (in month)
	10.68

	C311, DRX = 10.24s, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	0.91%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	1.04%

	
	SRS
	210
	1
	1
	1
	210
	0.96%

	
	Deep sleep
	1
	
	
	20422
	20422
	93.19%

	
	Micro sleep
	45
	
	
	9
	405
	1.85%

	
	Transition energy
- Deep sleep
	450
	40
	1
	40
	450
	2.05%

	
	Total (every 10.24s)
	20480
	21915
	100%

	
	Slot-averaged power unit
	1.07

	
	Battery life (in month)
	0.69

	C312, K=2, Type A
	Battery life (in month)
	1.38

	C313, K=4, Type A
	Battery life (in month)
	2.77

	C314, K=1, Type B
	Battery life (in month)
	3.89

	C315, K=2, Type B
	Battery life (in month)
	7.79

	C316, K=4, Type B
	Battery life (in month)
	15.58

	C321, DRX = 10.24s, Deep sleep, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	0.47%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	0.54%

	
	SRS
	210
	1
	1
	1
	210
	0.50%

	
	Deep sleep
	1
	
	
	40902
	40902
	96.48%

	
	Micro sleep
	45
	
	
	9
	405
	0.96%

	
	Transition energy
- Deep sleep
	450
	40
	1
	40
	450
	1.06%

	
	Total (every 10.24s)
	40960
	42935
	100%

	
	Slot-averaged power unit
	1.04

	
	Battery life (in month)
	0.72

	C322, K=2, Type A
	Battery life (in month)
	1.43

	C323, K=4, Type A
	Battery life (in month)
	2.86

	C324, K=1, Type B
	Battery life (in month)
	4.03

	C325, K=2, Type B
	Battery life (in month)
	8.05

	C326, K=4, Type B
	Battery life (in month)
	16.10




A4. Overall enhancements
UE-assisted DL positioning
The corresponding UE power consumptions are evaluated in the table below.
Table A8: UE power consumptions for UE-assisted DL positioning
	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	D101, DRX = 20.48s, Gaps not minimized, Ultra-deep sleep Option 1 w/ 10000, K=1, Type A
	SSB synchronization
	50
	4
	2
	8
	400
	2.38%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	1.36%

	
	PRS measurement
	120
	1
	1
	1
	120
	0.72%

	
	UL
	700
	2
	1
	2
	1400
	8.34%

	
	Ultra-deep sleep
	0.015
	
	
	37600
	564
	3.36%

	
	Deep sleep
	1
	
	
	2449
	2449
	14.59%

	
	Micro sleep
	45
	
	
	16
	720
	4.29%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	10000
	800
	1
	800
	10000
	59.59%

	
	- Deep sleep
	450
	40
	2
	80
	900
	5.36%

	
	Total (every 20.48s)
	40960
	16781
	100%

	
	Slot-averaged power unit
	0.41

	
	Battery life (in month)
	1.81

	D102, K=2, Type A
	Battery life (in month)
	3.62

	D103, K=4, Type A
	Battery life (in month)
	7.23

	D104, K=1, Type B
	Battery life (in month)
	10.17

	D105, K=2, Type B
	Battery life (in month)
	20.34

	D106, K=4, Type B
	Battery life (in month)
	40.68

	D111, DRX = 20.48s, Gaps not minimized, Ultra-deep sleep Option 1 w/ 5000, K=1, Type A
	SSB synchronization
	50
	4
	2
	8
	400
	3.40%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	1.94%

	
	PRS measurement
	120
	1
	1
	1
	120
	1.02%

	
	UL
	700
	2
	1
	2
	1400
	11.88%

	
	Ultra-deep sleep
	0.015
	
	
	37600
	564
	4.79%

	
	Deep sleep
	1
	
	
	2409
	2409
	20.79%

	
	Micro sleep
	45
	
	
	16
	720
	6.11%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	10000
	800
	1
	800
	5000
	42.44%

	
	- Deep sleep
	450
	40
	2
	80
	900
	7.64%

	
	Total (every 20.48s)
	40960
	11781
	100%

	
	Slot-averaged power unit
	0.29

	
	Battery life (in month)
	2.58

	D112, K=2, Type A
	Battery life (in month)
	5.15

	D113, K=4, Type A
	Battery life (in month)
	10.30

	D114, K=1, Type B
	Battery life (in month)
	14.49

	D115, K=2, Type B
	Battery life (in month)
	28.97

	D116, K=4, Type B
	Battery life (in month)
	57.95

	D121, DRX = 20.48s, Gaps not minimized, Ultra-deep sleep Option 2, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	6.12%

	
	PRS measurement
	120
	1
	1
	1
	120
	3.67%

	
	UL
	700
	2
	1
	2
	1400
	42.83%

	
	Ultra-deep sleep
	0.01
	
	
	40849
	408.49
	5.51%

	
	Micro sleep
	45
	
	
	4
	180
	12.50%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	480
	50
	2
	100
	960
	29.37%

	
	Total (every 20.48s)
	40960
	3268.49
	100%

	
	Slot-averaged power unit
	0.08

	
	Battery life (in month)
	9.28

	D122, K=2, Type A
	Battery life (in month)
	18.57

	D123, K=4, Type A
	Battery life (in month)
	37.14

	D124, K=1, Type B
	Battery life (in month)
	52.22

	D125, K=2, Type B
	Battery life (in month)
	104.43

	D126, K=4, Type B
	Battery life (in month)
	208.86

	D131, DRX = 20.48s, Gaps minimized, Ultra-deep sleep Option 1 w/ 10000, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	1.49%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	1.70%

	
	PRS measurement
	120
	1
	1
	1
	120
	0.09%

	
	UL
	700
	2
	1
	2
	1400
	10.44%

	
	Ultra-deep sleep
	0.015
	
	
	40130
	601.95
	4.49%

	
	Micro sleep
	45
	
	
	19
	855
	6.38%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	10000
	800
	1
	800
	10000
	74.60%

	
	Total (every 20.48s)
	40960
	13404.95
	100%

	
	Slot-averaged power unit
	0.33

	
	Battery life (in month)
	2.26

	D132, K=2, Type A
	Battery life (in month)
	4.53

	D133, K=4, Type A
	Battery life (in month)
	9.05

	D134, K=1, Type B
	Battery life (in month)
	12.73

	D135, K=2, Type B
	Battery life (in month)
	25.46

	D136, K=4, Type B
	Battery life (in month)
	50.93

	D141, DRX = 20.48s, Gaps minimized, Ultra-deep sleep Option 1 w/ 5000, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	2.38%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	2.71%

	
	PRS measurement
	120
	1
	1
	1
	120
	1.43%

	
	UL
	700
	2
	1
	2
	1400
	16.66%

	
	Ultra-deep sleep
	0.015
	
	
	40130
	601.95
	7.16%

	
	Micro sleep
	45
	
	
	19
	855
	10.17%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	5000
	800
	1
	800
	5000
	59.49%

	
	Total (every 20.48s)
	40960
	8404.95
	100%

	
	Slot-averaged power unit
	0.21

	
	Battery life (in month)
	3.61

	D142, K=2, Type A
	Battery life (in month)
	7.22

	D143, K=4, Type A
	Battery life (in month)
	14.44

	D144, K=1, Type B
	Battery life (in month)
	20.31

	D145, K=2, Type B
	Battery life (in month)
	40.61

	D146, K=4, Type B
	Battery life (in month)
	81.22

	D151, DRX = 20.48s, Gaps minimized, Ultra-deep sleep Option 2, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	6.26%

	
	PRS measurement
	120
	1
	1
	1
	120
	3.76%

	
	UL
	700
	2
	1
	2
	1400
	43.83%

	
	Ultra-deep sleep
	0.01
	
	
	40890
	408.90
	12.80%

	
	Micro sleep
	45
	
	
	13
	585
	18.32%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	480
	50
	1
	50
	480
	15.03%

	
	Total (every 20.48s)
	40960
	3193.90
	100%

	
	Slot-averaged power unit
	0.08

	
	Battery life (in month)
	9.50

	D152, K=2, Type A
	Battery life (in month)
	19.00

	D153, K=4, Type A
	Battery life (in month)
	38.00

	D154, K=1, Type B
	Battery life (in month)
	53.44

	D155, K=2, Type B
	Battery life (in month)
	106.87

	D156, K=4, Type B
	Battery life (in month)
	213.74



UE-based DL positioning
The corresponding UE power consumptions are evaluated in the table below.
Table A9: UE power consumptions for UE-based DL positioning
	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	D201, DRX = 20.48s, Gaps not minimized, Ultra-deep sleep Option 1 w/ 10000, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	1.39%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	1.58%

	
	PRS measurement
	120
	1
	1
	1
	120
	0.83%

	
	Ultra-deep sleep
	0.015
	
	
	37600
	564
	3.91%

	
	Deep sleep
	1
	
	
	2503
	2503
	17.35%

	
	Micro sleep
	45
	
	
	8
	360
	2.50%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	10000
	800
	1
	800
	10000
	69.32%

	
	- Deep sleep
	450
	40
	1
	40
	450
	3.12%

	
	Total (every 10.24s)
	40960
	14425
	100%

	
	Slot-averaged power unit
	0.35

	
	Battery life (in month)
	2.10

	D202, K=2, Type A
	Battery life (in month)
	4.21

	D203, K=4, Type A
	Battery life (in month)
	8.41

	D204, K=1, Type B
	Battery life (in month)
	11.83

	D205, K=2, Type B
	Battery life (in month)
	23.66

	D206, K=4, Type B
	Battery life (in month)
	47.33

	D211, DRX = 20.48s, Gaps not minimized, Ultra-deep sleep Option 1 w/ 5000, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	2.12%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	2.42%

	
	PRS measurement
	120
	1
	1
	1
	120
	1.27%

	
	Ultra-deep sleep
	0.015
	
	
	37600
	564
	5.98%

	
	Deep sleep
	1
	
	
	2503
	2503
	26.56%

	
	Micro sleep
	45
	
	
	8
	360
	3.82%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	10000
	800
	1
	800
	10000
	53.05%

	
	- Deep sleep
	450
	40
	1
	40
	450
	4.77%

	
	Total (every 10.24s)
	40960
	9425
	100%

	
	Slot-averaged power unit
	0.23

	
	Battery life (in month)
	3.22

	D212, K=2, Type A
	Battery life (in month)
	6.44

	D213, K=4, Type A
	Battery life (in month)
	12.88

	D204, K=1, Type B
	Battery life (in month)
	18.11

	D215, K=2, Type B
	Battery life (in month)
	36.22

	D216, K=4, Type B
	Battery life (in month)
	72.43

	D221, DRX = 20.48s, Gaps not minimized, Ultra-deep sleep Option 2, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	14.40%

	
	PRS measurement
	120
	1
	1
	1
	120
	8.64%

	
	Ultra-deep sleep
	0.015
	
	
	40901
	409.01
	29.45%

	
	Micro sleep
	45
	
	
	4
	180
	12.96%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	480
	50
	1
	50
	480
	34.56%

	
	Total (every 10.24s)
	40960
	1389.01
	100%

	
	Slot-averaged power unit
	0.05

	
	Battery life (in month)
	16.24

	D222, K=2, Type A
	Battery life (in month)
	32.47

	D223, K=4, Type A
	Battery life (in month)
	64.94

	D224, K=1, Type B
	Battery life (in month)
	91.31

	D225, K=2, Type B
	Battery life (in month)
	182.63

	D226, K=4, Type B
	Battery life (in month)
	365.26

	D231, DRX = 20.48s, Gaps minimized, Ultra-deep sleep Option 1 w/ 10000, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	1.71%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	1.95%

	
	PRS measurement
	120
	1
	1
	1
	120
	1.03%

	
	Ultra-deep sleep
	0.015
	
	
	40139
	602.19
	5.15%

	
	Micro sleep
	45
	
	
	12
	540
	4.62%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	10000
	800
	1
	800
	10000
	85.54%

	
	Total (every 10.24s)
	40960
	11690.09
	100%

	
	Slot-averaged power unit
	0.29

	
	Battery life (in month)
	2.60

	D232, K=2, Type A
	Battery life (in month)
	5.19

	D233, K=4, Type A
	Battery life (in month)
	10.38

	D234, K=1, Type B
	Battery life (in month)
	14.60

	D235, K=2, Type B
	Battery life (in month)
	29.20

	D236, K=4, Type B
	Battery life (in month)
	58.40

	D241, DRX = 20.48s, Gaps minimized, Ultra-deep sleep Option 1 w/ 5000, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	2.99%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	3.41%

	
	PRS measurement
	120
	1
	1
	1
	120
	1.79%

	
	Ultra-deep sleep
	0.015
	
	
	40139
	602.19
	8.90%

	
	Micro sleep
	45
	
	
	12
	540
	8.07%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	5000
	800
	1
	800
	5000
	74.74%

	
	Total (every 10.24s)
	40960
	6690.09
	100%

	
	Slot-averaged power unit
	0.16

	
	Battery life (in month)
	4.54

	D242, K=2, Type A
	Battery life (in month)
	9.07

	D243, K=4, Type A
	Battery life (in month)
	18.14

	D244, K=1, Type B
	Battery life (in month)
	25.51

	D245, K=2, Type B
	Battery life (in month)
	51.02

	D246, K=4, Type B
	Battery life (in month)
	102.04

	D251, DRX = 20.48s, Gaps minimized, Ultra-deep sleep Option 2, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	13.52%

	
	PRS measurement
	120
	1
	1
	1
	120
	8.11%

	
	Ultra-deep sleep
	0.015
	
	
	40899
	408.99
	27.65%

	
	Micro sleep
	45
	
	
	6
	270
	18.26%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	480
	50
	1
	50
	480
	32.45%

	
	Total (every 10.24s)
	40960
	1478.99
	100%

	
	Slot-averaged power unit
	0.04

	
	Battery life (in month)
	20.52

	D252, K=2, Type A
	Battery life (in month)
	41.03

	D253, K=4, Type A
	Battery life (in month)
	82.07

	D254, K=1, Type B
	Battery life (in month)
	115.39

	D255, K=2, Type B
	Battery life (in month)
	230.79

	D256, K=4, Type B
	Battery life (in month)
	461.58



UL positioning
The corresponding UE power consumptions are evaluated in the table below.
Table A10: UE power consumptions for UL positioning
	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	D301, DRX = 20.48s, Gaps not minimized, Ultra-deep sleep Option 1 w/ 10000, K=1, Type A
	SSB synchronization
	50
	4
	2
	8
	400
	2.69%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	1.53%

	
	SRS
	210
	1
	1
	1
	210
	1.41%

	
	Ultra-deep sleep
	0.015
	
	
	37600
	564
	3.79%

	
	Deep sleep
	1
	
	
	2495
	2495
	16.75%

	
	Micro sleep
	45
	
	
	12
	540
	3.63%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	10000
	800
	1
	800
	10000
	67.17%

	
	- Deep sleep
	450
	40
	1
	40
	450
	3.02%

	
	Total (every 20.48s)
	40960
	14887
	100%

	
	Slot-averaged power unit
	0.36

	
	Battery life (in month)
	2.04

	D302, K=2, Type A
	Battery life (in month)
	4.08

	D303, K=4, Type A
	Battery life (in month)
	8.15

	D304, K=1, Type B
	Battery life (in month)
	11.46

	D305, K=2, Type B
	Battery life (in month)
	22.93

	D306, K=2, Type B
	Battery life (in month)
	45.86

	D311, DRX = 20.48s, Gaps not minimized, Ultra-deep sleep Option 1 w/ 5000, K=1, Type A
	SSB synchronization
	50
	4
	2
	8
	400
	4.05%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	2.31%

	
	SRS
	210
	1
	1
	1
	210
	2.12%

	
	Ultra-deep sleep
	0.015
	
	
	37600
	564
	5.74%

	
	Deep sleep
	1
	
	
	2495
	2495
	25.23%

	
	Micro sleep
	45
	
	
	12
	540
	5.46%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	5000
	800
	1
	800
	5000
	50.57%

	
	- Deep sleep
	450
	40
	1
	40
	450
	4.55%

	
	Total (every 20.48s)
	40960
	9887
	100%

	
	Slot-averaged power unit
	0.24

	
	Battery life (in month)
	3.07

	D312, K=2, Type A
	Battery life (in month)
	6.14

	D313, K=4, Type A
	Battery life (in month)
	12.28

	D314, K=1, Type B
	Battery life (in month)
	17.26

	D315, K=2, Type B
	Battery life (in month)
	34.52

	D316, K=2, Type B
	Battery life (in month)
	69.05

	D321, DRX = 20.48s, Gaps minimized, Ultra-deep sleep Option 1 w/ 10000, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	1.72%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	1.96%

	
	SRS
	210
	1
	1
	1
	210
	1.80%

	
	Ultra-deep sleep
	0.015
	
	
	40149
	602.24
	5.17%

	
	Micro sleep
	45
	
	
	12
	540
	3.48%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	10000
	800
	1
	800
	10000
	85.87%

	
	Total (every 20.48s)
	40960
	11645.24
	100%

	
	Slot-averaged power unit
	0.28

	
	Battery life (in month)
	2.61

	D322, K=2, Type A
	Battery life (in month)
	5.21

	D323, K=4, Type A
	Battery life (in month)
	10.42

	D324, K=1, Type B
	Battery life (in month)
	14.66

	D325, K=2, Type B
	Battery life (in month)
	29.31

	D326, K=2, Type B
	Battery life (in month)
	58.62

	D331, DRX = 20.48s, Gaps minimized, Ultra-deep sleep Option 1 w/ 10000, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	3.01%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	3.43%

	
	SRS
	210
	1
	1
	1
	210
	3.16%

	
	Ultra-deep sleep
	0.015
	
	
	40149
	602.24
	9.06%

	
	Micro sleep
	45
	
	
	12
	540
	6.09%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	5000
	800
	1
	800
	5000
	75.24%

	
	Total (every 20.48s)
	40960
	6645.24
	100%

	
	Slot-averaged power unit
	0.16

	
	Battery life (in month)
	4.57

	D332, K=2, Type A
	Battery life (in month)
	9.13

	D333, K=4, Type A
	Battery life (in month)
	18.27

	D334, K=1, Type B
	Battery life (in month)
	25.68

	D335, K=2, Type B
	Battery life (in month)
	51.37

	D336, K=2, Type B
	Battery life (in month)
	102.73

	D341, DRX = 20.48s,  Gaps minimized, Ultra-deep sleep Option 2, K=1, Type A
	SSB synchronization
	50
	4
	1
	4
	200
	13.52%

	
	SRS
	210
	1
	1
	1
	210
	14.20%

	
	Ultra-deep sleep
	0.01
	
	
	40911
	409.01
	27.65%

	
	Micro sleep
	45
	
	
	4
	180
	12.17%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	480
	50
	1
	50
	480
	32.45%

	
	Total (every 20.48s)
	40960
	1479.01
	100%

	
	Slot-averaged power unit
	0.04

	
	Battery life (in month)
	20.52

	D342, K=2, Type A
	Battery life (in month)
	41.03

	D343, K=4, Type A
	Battery life (in month)
	82.07

	D344, K=1, Type B
	Battery life (in month)
	115.39

	D345, K=2, Type B
	Battery life (in month)
	230.79

	D346, K=2, Type B
	Battery life (in month)
	461.57



Appendix B: Detailed evaluation for baseline evaluation cases [2]
B1. Evaluation cases and assumptions
Evaluation cases and assumptions of the baseline Rel-17 RRC_INACTIVE positioning techniques are captured in the following table.
Table B1: Evaluation cases and assumptions for Rel-17 RRC_INACTIVE positioning
	Evaluation assumption
	[B101], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[B102], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[B103], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[B104], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[B105], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[B106], [FR1], [UE-assisted DL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	1.28s

	paging reception
	Yes

	RS periodicity
	1.28s (1 RS occasion per 1 I-DRX cycle)

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT; Reporting interval = 1.28s

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[B111], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[B112], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[B113], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[B114], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[B115], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[B116], [FR1], [UE-assisted DL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	1.28s

	paging reception
	Yes

	RS periodicity
	10.24s (1 RS occasion per 8 I-DRX cycle)

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT; Reporting interval = 10.24s

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[B121], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[B122], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[B123], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[B124], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[B125], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[B126], [FR1], [UE-assisted DL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	1.28s

	paging reception
	Yes

	RS periodicity
	1.28s (1 RS occasion per 1 I-DRX cycle)

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	RA-SDT; Reporting interval = 1.28s

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[B131], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[B132], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[B133], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[B134], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[B135], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[B136], [FR1], [UE-assisted DL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	1.28s

	paging reception
	Yes

	RS periodicity
	10.24s (1 RS occasion per 8 I-DRX cycle)

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	RA-SDT; Reporting interval = 10.24s

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[B201], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[B202], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[B203], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[B204], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[B205], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[B206], [FR1], [UE-based DL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	1.28s

	paging reception
	Yes

	RS periodicity
	1.28s (1 RS occasion per 1 I-DRX cycle)

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[B211], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[B212], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[B213], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[B214], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[B215], [FR1], [UE-based DL positioning], [LPHAP Type B]
	[B216], [FR1], [UE-based DL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	1.28s

	paging reception
	Yes

	RS periodicity
	10.24s (1 RS occasion per 8 I-DRX cycle)

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[B301], [FR1], [UL positioning], [LPHAP Type A]
	[B302], [FR1], [UL positioning], [LPHAP Type A]
	[B303], [FR1], [UL positioning], [LPHAP Type A]
	[B304], [FR1], [UL positioning], [LPHAP Type B]
	[B305], [FR1], [UL positioning], [LPHAP Type B]
	[B306], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	1.28s

	paging reception
	Yes

	RS periodicity
	1.28s (1 RS occasion per 1 I-DRX cycle)

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	SRS configuration
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[B311], [FR1], [UL positioning], [LPHAP Type A]
	[B312], [FR1], [UL positioning], [LPHAP Type A]
	[B313], [FR1], [UL positioning], [LPHAP Type A]
	[B314], [FR1], [UL positioning], [LPHAP Type B]
	[B315], [FR1], [UL positioning], [LPHAP Type B]
	[B316], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	1.28s

	paging reception
	Yes

	RS periodicity
	10.24s (1 RS occasion per 8 I-DRX cycle)

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	SRS configuration
	N/A

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[B321], [FR1], [UL positioning], [LPHAP Type A]
	[B322], [FR1], [UL positioning], [LPHAP Type A]
	[B323], [FR1], [UL positioning], [LPHAP Type A]
	[B324], [FR1], [UL positioning], [LPHAP Type B]
	[B325], [FR1], [UL positioning], [LPHAP Type B]
	[B326], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	1.28s

	paging reception
	Yes

	RS periodicity
	1.28s (1 RS occasion per 1 I-DRX cycle)

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	SRS configuration
	RA-SDT for SRS configuration (per power cycle)

	implementation factor K
	1
	2
	4
	1
	2
	4

	Evaluation assumption
	[B331], [FR1], [UL positioning], [LPHAP Type A]
	[B332], [FR1], [UL positioning], [LPHAP Type A]
	[B333], [FR1], [UL positioning], [LPHAP Type A]
	[B334], [FR1], [UL positioning], [LPHAP Type B]
	[B335], [FR1], [UL positioning], [LPHAP Type B]
	[B336], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	38.840

	DRX cycle
	1.28s

	paging reception
	Yes

	RS periodicity
	10.24s (1 RS occasion per 8 I-DRX cycle)

	M-sample
	1

	RRM measurement
	N/A

	BWP switching
	N/A

	SRS configuration
	RA-SDT for SRS configuration (per power cycle)

	implementation factor K
	1
	2
	4
	1
	2
	4



B2. Summary of evaluation results
The results of baseline Rel-17 RRC_INACTIVE positioning are summarized in the following table.
Table B2: Summary for UE power consumption results of baseline Rel-17 RRC_INACTIVE positioning
	Evaluation case description
	Slot-averaged relative power unit (P2)
	Battery life (in month)
	Target requirement are met – Yes/No; If no, provide gaps

	
	
	
	6 months
	12 months

	[B101], [baseline assumption]
	2.59
	0.29
	No; 5.71
	No; 11.71

	[B102]
	
	0.57
	No; 5.43
	No; 11.43

	[B103]
	
	1.14
	No; 4.86
	No; 10.86

	[B104]
	
	1.61
	No; 4.39
	No; 10.39

	[B105]
	
	3.22
	No; 2.78
	No; 8.78

	[B106]
	
	6.44
	Yes
	No; 5.56

	[B111]
	1.60
	0.46
	No; 5.54
	No; 11.54

	[B112]
	
	0.93
	No; 5.07
	No; 11.07

	[B113]
	
	1.85
	No; 4.15
	No; 10.15

	[B114]
	
	2.60
	No; 3.40
	No; 9.40

	[B115]
	
	5.21
	No; 0.79
	No; 6.79

	[B116]
	
	10.42
	Yes
	No; 1.58

	[B121]
	3.96
	0.19
	No; 5.81
	No; 11.81

	[B122]
	
	0.37
	No; 5.63
	No; 11.63

	[B123]
	
	0.75
	No; 5.25
	No; 11.25

	[B124]
	
	1.05
	No; 4.95
	No; 10.95

	[B125]
	
	2.10
	No; 3.90
	No; 9.90

	[B126]
	
	4.21
	No; 1.79
	No; 7.79

	[B131]
	1.77
	0.42
	No; 5.58
	No; 11.58

	[B132]
	
	0.84
	No; 5.16
	No; 11.16

	[B133]
	
	1.67
	No; 4.33
	No; 10.33

	[B134]
	
	2.35
	No; 3.65
	No; 9.65

	[B135]
	
	4.71
	No; 1.29
	No; 7.29

	[B136]
	
	9.42
	Yes
	No; 2.58

	[B201], [baseline assumption]
	1.67
	0.44
	No; 5.56
	No; 11.56

	[B202]
	
	0.89
	No; 5.11
	No; 11.11

	[B203]
	
	1.77
	No; 4.23
	No; 10.23

	[B304]
	
	2.50
	No; 3.50
	No; 9.50

	[B305]
	
	4.99
	No; 1.01
	No; 7.01

	[B306]
	
	9.98
	Yes
	No; 2.02

	[B211]
	1.49
	0.50
	No; 5.50
	No; 11.50

	[B212]
	
	0.99
	No; 5.01
	No; 11.01

	[B213]
	
	1.99
	No; 4.01
	No; 10.01

	[B214]
	
	2.80
	No; 3.20
	No; 9.20

	[B215]
	
	5.59
	No; 0.41
	No; 6.41

	[B216]
	
	11.19
	Yes
	No; 0.81

	[B301], [baseline assumption]
	1.85
	0.40
	No; 5.60
	No; 11.60

	[B302]
	
	0.80
	No; 5.20
	No; 11.20

	[B303]
	
	1.60
	No; 4.40
	No; 10.40

	[B304]
	
	2.25
	No; 3.75
	No; 9.75

	[B305]
	
	4.50
	No; 1.50
	No; 7.50

	[B306]
	
	9.01
	Yes
	No; 2.99

	[B311]
	1.51
	0.49
	No; 5.51
	No; 11.51

	[B312]
	
	0.98
	No; 5.02
	No; 11.02

	[B313]
	
	1.96
	No; 4.04
	No; 10.04

	[B314]
	
	2.76
	No; 3.24
	No; 9.24

	[B315]
	
	5.52
	No; 0.48
	No; 6.48

	[B316]
	
	11.04
	Yes
	No; 0.96

	[B321]
	4.11
	0.18
	No; 5.82
	No; 11.82

	[B322]
	
	0.36
	No; 5.64
	No; 11.64

	[B323]
	
	0.72
	No; 5.28
	No; 11.28

	[B324]
	
	1.01
	No; 4.99
	No; 10.99

	[B325]
	
	2.03
	No; 3.97
	No; 9.97

	[B326]
	
	4.06
	No; 1.94
	No; 7.94

	[B331]
	1.79
	0.41
	No; 5.59
	No; 11.59

	[B332]
	
	0.83
	No; 5.17
	No; 11.17

	[B333]
	
	1.66
	No; 4.34
	No; 10.34

	[B334]
	
	2.33
	No; 3.67
	No; 9.67

	[B335]
	
	4.66
	No; 1.34
	No; 7.34

	[B336]
	
	9.31
	Yes
	No; 2.69



B3. Detailed evaluation results for each case
UE-assisted DL positioning
The corresponding UE power consumptions are evaluated in the following table.
Table B3: UE power consumptions for UE-assisted DL positioning
	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	B101
	SSB synchronization
	50
	4
	2
	8
	400
	6.04%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	3.44%

	
	PRS measurement
	120
	1
	1
	1
	120
	1.81%

	
	UL
	700
	2
	1
	2
	1400
	21.13%

	
	Deep sleep
	1
	
	
	2409
	2409
	36.35%

	
	Micro sleep
	45
	
	
	16
	720
	10.86%

	
	Transition energy
- Deep sleep
	450
	40
	3
	120
	1350
	20.37%

	
	Total (every 1.28s)
	2560
	6627
	100%

	
	Slot-averaged power unit
	2.59

	
	Battery life (in month)
	0.29

	B102
	Battery life (in month)
	0.57

	B103
	Battery life (in month)
	1.14

	B104
	Battery life (in month)
	1.61

	B105
	Battery life (in month)
	3.22

	B106
	Battery life (in month)
	6.44

	B111
	SSB synchronization
	50
	4
	9
	36
	1800
	5.48%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	8
	32
	1824
	5.56%

	
	PRS measurement
	120
	1
	1
	1
	120
	0.37%

	
	UL
	700
	2
	1
	2
	1400
	4.27%

	
	Deep sleep
	1
	
	
	19937
	19937
	60.74%

	
	Micro sleep
	45
	
	
	72
	3240
	9.87%

	
	Transition energy
- Deep sleep
	450
	40
	10
	400
	4500
	13.71%

	
	Total (every 10.24s)
	20480
	32821
	100%

	
	Slot-averaged power unit
	1.60

	
	Battery life (in month)
	0.46

	B112
	Battery life (in month)
	0.93

	B113
	Battery life (in month)
	1.85

	B114
	Battery life (in month)
	2.60

	B115
	Battery life (in month)
	5.21

	B116
	Battery life (in month)
	10.42

	B121
	SSB synchronization
	50
	4
	1
	4
	200
	1.97%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	2.25%

	
	PRS measurement
	120
	1
	1
	1
	120
	1.18%

	
	RA-SDT
	72
	5520
	54.50%

	
	1) SSB
	50
	4
	2
	8
	
	

	
	2) CORESET0+SIB1 (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	3) PRACH
	210
	2
	1
	2
	
	

	
	4) RAR (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	5) Msg3 (UL)
	700
	2
	1
	2
	
	

	
	6) Msg4 (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	7) RRCRelease (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	8) Micro sleep
	45
	
	
	52
	
	

	
	Deep sleep
	1
	
	
	2351
	2351
	23.21%

	
	Micro sleep
	45
	
	
	8
	360
	3.55%

	
	Transition energy
- Deep sleep
	450
	40
	3
	120
	1350
	13.33%

	
	Total (every 1.28s)
	20480
	32821
	100%

	
	Slot-averaged power unit
	3.96

	
	Battery life (in month)
	0.19

	B122
	Battery life (in month)
	0.37

	B123
	Battery life (in month)
	0.75

	B124
	Battery life (in month)
	1.05

	B125
	Battery life (in month)
	2.10

	B126
	Battery life (in month)
	4.21

	B131

	SSB synchronization
	50
	4
	8
	32
	1600
	4.40%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	8
	32
	1824
	5.02%

	
	PRS measurement
	120
	1
	1
	1
	120
	0.33%

	
	RA-SDT
	72
	5520
	15.20%

	
	1) SSB
	50
	4
	2
	8
	
	

	
	2) CORESET0+SIB1 (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	3) PRACH
	210
	2
	1
	2
	
	

	
	4) RAR (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	5) Msg3 (UL)
	700
	2
	1
	2
	
	

	
	6) Msg4 (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	7) RRCRelease (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	8) Micro sleep
	45
	
	
	52
	
	

	
	Deep sleep
	1
	
	
	19879
	19879
	54.73%

	
	Micro sleep
	45
	
	
	64
	2880
	7.93%

	
	Transition energy
- Deep sleep
	450
	40
	10
	400
	4500
	12.39%

	
	Total (every 10.24s)
	20480
	36323
	100%

	
	Slot-averaged power unit
	1.77

	
	Battery life (in month)
	0.42

	B132
	Battery life (in month)
	0.84

	B133
	Battery life (in month)
	1.67

	B134
	Battery life (in month)
	2.35

	B135
	Battery life (in month)
	4.71

	B136
	Battery life (in month)
	9.42



UE-based DL positioning
The corresponding UE power consumptions are evaluated in the following table.
Table B4: UE power consumptions for UE-based DL positioning
	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	B201
	SSB synchronization
	50
	4
	1
	4
	200
	4.68%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	5.34%

	
	PRS measurement
	120
	1
	1
	1
	120
	2.81%

	
	Deep sleep
	1
	
	
	2463
	2463
	57.67%

	
	Micro sleep
	45
	
	
	8
	360
	8.43%

	
	Transition energy
- Deep sleep
	450
	40
	2
	80
	900
	21.07%

	
	Total (every 1.28s)
	2560
	4271
	100%

	
	Slot-averaged power unit
	1.67

	
	Battery life (in month)
	0.44

	B202
	Battery life (in month)
	0.89

	B203
	Battery life (in month)
	1.77

	B204
	Battery life (in month)
	2.50

	B205
	Battery life (in month)
	4.99

	B206
	Battery life (in month)
	9.98

	B211
	SSB synchronization
	50
	4
	8
	32
	1600
	5.25%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	8
	32
	1824
	5.99%

	
	PRS measurement
	120
	1
	1
	1
	120
	0.39%

	
	Deep sleep
	1
	
	
	19991
	19991
	65.62%

	
	Micro sleep
	45
	
	
	64
	2880
	9.45%

	
	Transition energy
- Deep sleep
	450
	40
	9
	360
	4050
	13.29%

	
	Total (every 10.24s)
	20480
	30465
	100%

	
	Slot-averaged power unit
	1.49

	
	Battery life (in month)
	0.50

	B212
	Battery life (in month)
	0.99

	B213
	Battery life (in month)
	1.99

	B214
	Battery life (in month)
	2.80

	B215
	Battery life (in month)
	5.59

	B216
	Battery life (in month)
	11.19



UL positioning
The corresponding UE power consumptions are evaluated in the following table.
Table A4: UE power consumptions for UL positioning
	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	B301
	SSB synchronization
	50
	4
	2
	8
	400
	8.45%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	4.82%

	
	SRS
	210
	1
	1
	1
	210
	4.44%

	
	Deep sleep
	1
	
	
	2463
	2463
	51.87%

	
	Micro sleep
	45
	
	
	12
	540
	11.41%

	
	Transition energy
- Deep sleep
	450
	40
	2
	80
	900
	19.02%

	
	Total (every 1.28s)
	2560
	4733
	100%

	
	Slot-averaged power unit
	1.85

	
	Battery life (in month)
	0.40

	B302
	Battery life (in month)
	0.80

	B303
	Battery life (in month)
	1.60

	B304
	Battery life (in month)
	2.25

	B305
	Battery life (in month)
	4.50

	B306
	Battery life (in month)
	9.01

	B311
	SSB synchronization
	50
	4
	9
	8
	1800
	5.82%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	8
	4
	1824
	5.90%

	
	SRS
	210
	1
	1
	1
	210
	0.68%

	
	Deep sleep
	1
	
	
	
	
	64.61%

	
	Micro sleep
	45
	
	
	68
	3060
	9.89%

	
	Transition energy
- Deep sleep
	450
	40
	9
	360
	4050
	13.10%

	
	Total (every 10.24s)
	20480
	30927
	100%

	
	Slot-averaged power unit
	1.51

	
	Battery life (in month)
	0.49

	B312
	Battery life (in month)
	0.98

	B313
	Battery life (in month)
	1.96

	B314
	Battery life (in month)
	2.76

	B315
	Battery life (in month)
	5.52

	B316
	Battery life (in month)
	11.04

	B321
	SSB synchronization
	50
	4
	1
	4
	200
	3.80%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	2.16%

	
	SRS
	210
	1
	1
	1
	210
	2.00%

	
	RA-SDT
	72
	5520
	52.41%

	
	1) SSB
	50
	4
	2
	8
	
	

	
	2) CORESET0+SIB1 (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	3) PRACH
	210
	2
	1
	2
	
	

	
	4) RAR (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	5) Msg3 (UL)
	700
	2
	1
	2
	
	

	
	6) Msg4 (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	7) RRCRelease (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	8) Micro sleep
	45
	
	
	52
	
	

	
	Deep sleep
	1
	
	
	2357
	2357
	22.55%

	
	Micro sleep
	45
	
	
	20
	900
	8.54%

	
	Transition energy
- Deep sleep
	450
	40
	2
	80
	900
	8.54%

	
	Total (every 1.28s)
	2560
	10533
	100%

	
	Slot-averaged power unit
	4.11

	
	Battery life (in month)
	0.18

	B322
	Battery life (in month)
	0.36

	B323
	Battery life (in month)
	0.72

	B324
	Battery life (in month)
	1.01

	B325
	Battery life (in month)
	2.03

	B326
	Battery life (in month)
	4.06

	B331
	SSB synchronization
	50
	4
	9
	36
	1800
	4.90%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	8
	32
	1824
	4.97%

	
	SRS
	210
	1
	1
	1
	210
	0.57%

	
	RA-SDT
	72
	5520
	15.03%

	
	1) SSB
	50
	4
	2
	8
	
	

	
	2) CORESET0+SIB1 (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	3) PRACH
	210
	2
	1
	2
	
	

	
	4) RAR (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	5) Msg3 (UL)
	700
	2
	1
	2
	
	

	
	6) Msg4 (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	7) RRCRelease (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	8) Micro sleep
	45
	
	
	52
	
	

	
	Deep sleep
	1
	
	
	19903
	19903
	54.19%

	
	Micro sleep
	45
	
	
	76
	3420
	9.31%

	
	Transition energy
- Deep sleep
	450
	40
	9
	360
	4050
	11.03%

	
	Total (every 10.24s)
	20480
	36727
	100%

	
	Slot-averaged power unit
	1.79

	
	Battery life (in month)
	0.41

	B332
	Battery life (in month)
	0.83

	B333
	Battery life (in month)
	1.66

	B334
	Battery life (in month)
	2.33

	B335
	Battery life (in month)
	4.66

	B336
	Battery life (in month)
	9.31
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