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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 the last two RAN1 meetings, evaluation methodology on LPHAP was thoroughly discussed. In this contribution, we continually discuss the remaining open issue on the power model for ultra-deep sleep, and provide our updated evaluation results and observations based on the agreed evaluation methodology, and also our views on potential enhancements of LPHAP.

[bookmark: _Ref31533076]Remaining issues on evaluation methodology
In RAN1#110 meeting, it was agreed to consider a new ultra-deep sleep state in addition to the three UE sleep types defined in TR 38.840 for the LPHAP evaluation [2]:
	Agreement
For the purpose of LPHAP evaluation, an ultra-deep sleep state is considered. The following options of the power consumption model of the ultra-deep sleep state can be further discussed:
· Option 1:
· The relative power unit: 0.015
· Additional transition energy: 2000
· Total transition time: 400ms
· Option 2:
· The relative power unit: 0.01
· Additional transition energy: 450;
· Total transition time: 25ms
· FFS: restrictions in processing associated with option 2 after the UE comes out of ultra-deep sleep state
· Notes: the values above can be further discussed
Agreement
For option 1 in the agreement above, the value of additional transition energy is changed to “a value between 2000 and 20000”. FFS which value.


During the discussion, two options of the power model of the ultra-deep sleep state were proposed, where option 1 considers the evaluation assumption of “Power Saving State” in the study of NB-IoT as a starting point, and option 2 represents an optimized wake-up procedure for positioning. In addition, as companies shared quite diverse views on the additional transition energy for option 1, two different values of additional transition energy were proposed and left for further study.
Regarding the two values of additional transition energy for option 1, we prefer 2000 over 20000 (as in NB-IoT). The reasons are twofold:
1) The UE architecture, capabilities and bandwidth of NB-IoT and LPHAP devices are quite different, it seems not reasonable to completely reuse the values defined for NB-IoT in the evaluation for LPHAP;
2) From our evaluations and analysis (details please refer to Section 3), if additional transition energy as 20000 is adopted, there is no way to achieve the target requirement of battery life of 6~12 months for the baseline LPHAP Type A. 
Hence, we prefer to set the additional transition energy value as 2000 for option 1.
Proposal 1: For option 1 of ultra-deep sleep state, consider the following power consumption model:
· The relative power unit: 0.015
· Additional transition energy: 2000
· Total transition time: 400ms
For option 2 of the ultra-deep sleep state, during the last RAN1 meeting, supporting companies argued that the current sleep states in TR38.840 are defined for normal eMBB UEs; while option 2 assumes a UWB-like LPHAP UE with limited communication capability, which can quickly wake up from an ultra-deep sleep mode. This kind of low power device type indeed exists in the industry, but we still prefer to further discuss the values. Based on the evaluation, we propose to adopt additional transition energy of larger than [800] and total transition time of larger than [50]ms.
Proposal 2: For option 2 of ultra-deep sleep state, consider the following power consumption model:
· The relative power unit: 0.01
· Additional transition energy: 800
· Total transition time: 50ms
In addition, another issue is whether the power consumption model of ultra-deep sleep mode should be down-select to one. During the discussion in the last RAN1 meeting, it was argued that the two options may represent different UE capabilities and wake-up procedures, and hence no down-selection is pursued. In our views, our first preference is still to down-select between the two, otherwise, it may over-complicate the evaluations. If companies are convinced by adopting two models, it is acceptable to us for making progress.
Proposal 3: For the power consumption model of the ultra-deep sleep state, RAN1 strives to down-select between the following two options:
· Option 1:
· The relative power unit: 0.015
· Additional transition energy: 2000
· Total transition time: 400ms
· Option 2:
· The relative power unit: 0.01
· Additional transition energy: [800]
· Total transition time: [50]ms

Evaluation results
In the following, evaluation results of UE power consumption for the baseline Rel-17 RRC_INACTIVE positioning and potential enhancements are analysed. We assume that the TDD pattern is 7D1S2U with the periodicity of 5ms, as shown below:


Figure 1: TDD pattern in the evaluation

3.1 Baseline evaluation cases
In this sub-section, we investigate several evaluation cases of the baseline Rel-17 RRC_INACTIVE positioning techniques, and the evaluation assumptions are captured in the following table.
Table 1: 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



Summary
The results of baseline Rel-17 RRC_INACTIVE positioning are summarized in the following table. The detailed evaluation result and analysis for each baseline case is shown in Appendix A1.
Table 2: 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;
	No;

	[B102]
	
	0.57
	No;
	No;

	[B103]
	
	1.14
	No;
	No;

	[B104]
	
	1.61
	No;
	No;

	[B105]
	
	3.22
	No;
	No;

	[B106]
	
	6.44
	Yes
	No;

	[B111]
	1.60
	0.46
	No;
	No;

	[B112]
	
	0.93
	No;
	No;

	[B113]
	
	1.85
	No;
	No;

	[B114]
	
	2.60
	No;
	No;

	[B115]
	
	5.21
	No;
	No;

	[B116]
	
	10.42
	Yes
	No;

	[B121]
	3.96
	0.19
	No;
	No;

	[B122]
	
	0.37
	No;
	No;

	[B123]
	
	0.75
	No;
	No;

	[B124]
	
	1.05
	No;
	No;

	[B125]
	
	2.10
	No;
	No;

	[B126]
	
	4.21
	No;
	No;

	[B131]
	1.77
	0.42
	No;
	No;

	[B132]
	
	0.84
	No;
	No;

	[B133]
	
	1.67
	No;
	No;

	[B134]
	
	2.35
	No;
	No;

	[B135]
	
	4.71
	No;
	No;

	[B136]
	
	9.42
	Yes
	No;

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

	[B202]
	
	0.89
	No;
	No;

	[B203]
	
	1.77
	No;
	No;

	[B304]
	
	2.50
	No;
	No;

	[B305]
	
	4.99
	No;
	No;

	[B306]
	
	9.98
	Yes
	No;

	[B211]
	1.49
	0.50
	No;
	No;

	[B212]
	
	0.99
	No;
	No;

	[B213]
	
	1.99
	No;
	No;

	[B214]
	
	2.80
	No;
	No;

	[B215]
	
	5.59
	No;
	No;

	[B216]
	
	11.19
	Yes
	No;

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

	[B302]
	
	0.80
	No;
	No;

	[B303]
	
	1.60
	No;
	No;

	[B304]
	
	2.25
	No;
	No;

	[B305]
	
	4.50
	No;
	No;

	[B306]
	
	9.01
	Yes
	No;

	[B311]
	1.51
	0.49
	No;
	No;

	[B312]
	
	0.98
	No;
	No;

	[B313]
	
	1.96
	No;
	No;

	[B314]
	
	2.76
	No;
	No;

	[B315]
	
	5.52
	No;
	No;

	[B316]
	
	11.04
	Yes
	No;

	[B321]
	4.11
	0.18
	No;
	No;

	[B322]
	
	0.36
	No;
	No;

	[B323]
	
	0.72
	No;
	No;

	[B324]
	
	1.01
	No;
	No;

	[B325]
	
	2.03
	No;
	No;

	[B326]
	
	4.06
	No;
	No;

	[B331]
	1.79
	0.41
	No;
	No;

	[B332]
	
	0.83
	No;
	No;

	[B333]
	
	1.66
	No;
	No;

	[B334]
	
	2.33
	No;
	No;

	[B335]
	
	4.66
	No;
	No;

	[B336]
	
	9.31
	Yes
	No;



Based on the above evaluation results, the following observations can be made:
Observation 1: With baseline evaluation assumptions, none of the existing Rel-17 RRC_INACTIVE state positioning functionalities meets the target requirement of 6~12 months battery life.
Observation 2: For UL positioning, frequent (re)configuration for UL SRS significantly increases the power consumption:
· The slot-averaged relative power unit increases from 1.85 to 4.11 for a power cycle of 1.28s;
· The slot-averaged relative power unit increases from 1.51 to 1.79 for a power cycle of 10.24s.

From the evaluation results and observations, it can safely conclude that the existing Rel-17 RRC_INACTIVE positioning functionalities cannot meet the stringent battery life requirement developed by SA1 and it is necessary to pursue further enhancements on power saving solutions.
Proposal 4: Enhancements on power saving solutions should be studied for low power and high accuracy positionings.

3.2 Enhanced evaluation cases
In the last RAN1 meeting, assumptions for eDRX and ultra-deep sleep were additionally agreed for the evaluation:
	Agreement
For the purpose of LPHAP evaluation, an ultra-deep sleep state is considered. The following options of the power consumption model of the ultra-deep sleep state can be further discussed:
· Option 1:
· The relative power unit: 0.015
· Additional transition energy: 2000
· Total transition time: 400ms
· Option 2:
· The relative power unit: 0.01
· Additional transition energy: 450;
· Total transition time: 25ms
· FFS: restrictions in processing associated with option 2 after the UE comes out of ultra-deep sleep state
· Notes: the values above can be further discussed

Agreement
For option 1 in the agreement above, the value of additional transition energy is changed to “a value between 2000 and 20000”. FFS which value.

Agreement
· For the purpose of LPHAP evaluation, the following assumptions on eDRX configuration and/or paging reception can be optionally considered:
· The eDRX cycle to evaluate: 20.48s; 30.72s;
· For paging reception:
· 1 paging occasion is included in one eDRX cycle
· 10% paging rate
· No paging reception can be optionally evaluated;
· 1 DL PRS and/or UL SRS for positioning occasion per 1 eDRX cycle 
· Minimizing the gap between PRS measurement, SRS transmission and/or measurement reporting with paging monitoring in time domain can be evaluated.



In the following sub-section, we further consider some enhanced evaluation cases, and the evaluation assumptions are captured in Table 3.
Table 3: Evaluation cases and assumptions for potential enhancements
	Evaluation assumption
	[E101], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E102], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E103], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E104], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[E105], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[E106], [FR1], [UE-assisted DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep (Option 1, additional transition energy = 20000)

	DRX cycle
	20.48s (Gap between paging, RS or reporting is minimized)

	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
	[E111], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E112], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E113], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E114], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[E115], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[E116], [FR1], [UE-assisted DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep (Option 1, additional transition energy = 2000)

	DRX cycle
	20.48s (Gap between paging, RS or reporting is minimized)

	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
	[E121], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E122], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E123], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E124], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[E125], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[E126], [FR1], [UE-assisted DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep (Option 2)

	DRX cycle
	20.48s (Gap between paging, RS or reporting is minimized)

	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
	[E131], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E132], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E133], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E134], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[E135], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[E136], [FR1], [UE-assisted DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep (Option 1, additional transition energy = 20000)

	DRX cycle
	20.48s (Gap between paging, RS or reporting is minimized)

	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
	[E141], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E142], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E143], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E134], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[E135], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[E136], [FR1], [UE-assisted DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep (Option 1, additional transition energy = 2000)

	DRX cycle
	20.48s (Gap between paging, RS or reporting is minimized)

	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
	[E151], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E152], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E153], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E154], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[E155], [FR1], [UE-assisted DL positioning], [LPHAP Type B]
	[E156], [FR1], [UE-assisted DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep (Option 2)

	DRX cycle
	20.48s (Gap between paging, RS or reporting is minimized)

	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
	[E161], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E171], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E181], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	
	
	

	Sleep state
	Ultra-deep sleep (Option 1, 20000)
	Ultra-deep sleep (Option 1, 2000)
	Ultra-deep sleep (Option 2)
	
	
	

	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
	1
	1
	
	
	

	Evaluation assumption
	[E201], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[E202], [FR1], [UE- based DL positioning], [LPHAP Type A]
	[E203], [FR1], [UE- based DL positioning], [LPHAP Type A]
	[E204], [FR1], [UE- based DL positioning], [LPHAP Type B]
	[E205], [FR1], [UE- based DL positioning], [LPHAP Type B]
	[E206], [FR1], [UE- based DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep (Option 1, additional transition energy = 20000)

	DRX cycle
	20.48s (Gap between paging, RS or reporting is minimized)

	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
	[E211], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[E212], [FR1], [UE- based DL positioning], [LPHAP Type A]
	[E213], [FR1], [UE- based DL positioning], [LPHAP Type A]
	[E214], [FR1], [UE- based DL positioning], [LPHAP Type B]
	[E215], [FR1], [UE- based DL positioning], [LPHAP Type B]
	[E216], [FR1], [UE- based DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep (Option 1, additional transition energy = 2000)

	DRX cycle
	20.48s (Gap between paging, RS or reporting is minimized)

	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
	[E221], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[E222], [FR1], [UE- based DL positioning], [LPHAP Type A]
	[E223], [FR1], [UE- based DL positioning], [LPHAP Type A]
	[E224], [FR1], [UE- based DL positioning], [LPHAP Type B]
	[E225], [FR1], [UE- based DL positioning], [LPHAP Type B]
	[E226], [FR1], [UE- based DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep (Option 2)

	DRX cycle
	20.48s (Gap between paging, RS or reporting is minimized)

	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
	[E231], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[E232], [FR1], [UE- based DL positioning], [LPHAP Type A]
	[E233], [FR1], [UE- based DL positioning], [LPHAP Type A]
	[E234], [FR1], [UE- based DL positioning], [LPHAP Type B]
	[E235], [FR1], [UE- based DL positioning], [LPHAP Type B]
	[E236], [FR1], [UE- based DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep (Option 1, additional transition energy = 20000)

	DRX cycle
	20.48s (Gap between paging, RS or reporting is minimized)

	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
	[E241], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[E242], [FR1], [UE- based DL positioning], [LPHAP Type A]
	[E243], [FR1], [UE- based DL positioning], [LPHAP Type A]
	[E244], [FR1], [UE- based DL positioning], [LPHAP Type B]
	[E245], [FR1], [UE- based DL positioning], [LPHAP Type B]
	[E246], [FR1], [UE- based DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep (Option 1, additional transition energy = 2000)

	DRX cycle
	20.48s (Gap between paging, RS or reporting is minimized)

	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
	[E251], [FR1], [UE-based DL positioning], [LPHAP Type A]
	[E252], [FR1], [UE- based DL positioning], [LPHAP Type A]
	[E253], [FR1], [UE- based DL positioning], [LPHAP Type A]
	[E254], [FR1], [UE- based DL positioning], [LPHAP Type B]
	[E255], [FR1], [UE- based DL positioning], [LPHAP Type B]
	[E256], [FR1], [UE- based DL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep (Option 2)

	DRX cycle
	20.48s (Gap between paging, RS or reporting is minimized)

	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
	[E261], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E271], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E281], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	
	
	

	Sleep state
	Ultra-deep sleep (Option 1, 20000)
	Ultra-deep sleep (Option 1, 2000)
	Ultra-deep sleep (Option 2)
	
	
	

	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
	1
	1
	
	
	

	Evaluation assumption
	[E301], [FR1], [UL positioning], [LPHAP Type A]
	[E302], [FR1], [UL positioning], [LPHAP Type A]
	[E303], [FR1], [UL positioning], [LPHAP Type A]
	[E304], [FR1], [UL positioning], [LPHAP Type B]
	[E305], [FR1], [UL positioning], [LPHAP Type B]
	[E306], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep (Option 1, additional transition energy = 20000)

	DRX cycle
	20.48s (Gap between paging, RS or reporting is minimized)

	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
	[E311], [FR1], [UL positioning], [LPHAP Type A]
	[E312], [FR1], [UL positioning], [LPHAP Type A]
	[E313], [FR1], [UL positioning], [LPHAP Type A]
	[E314], [FR1], [UL positioning], [LPHAP Type B]
	[E315], [FR1], [UL positioning], [LPHAP Type B]
	[E316], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep (Option 1, additional transition energy = 2000)

	DRX cycle
	20.48s (Gap between paging, RS or reporting is minimized)

	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
	[E321], [FR1], [UL positioning], [LPHAP Type A]
	[E322], [FR1], [UL positioning], [LPHAP Type A]
	[E323], [FR1], [UL positioning], [LPHAP Type A]
	[E324], [FR1], [UL positioning], [LPHAP Type B]
	[E325], [FR1], [UL positioning], [LPHAP Type B]
	[E326], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep (Option 2)

	DRX cycle
	20.48s (Gap between paging, RS or reporting is minimized)

	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
	[E331], [FR1], [UL positioning], [LPHAP Type A]
	[E332], [FR1], [UL positioning], [LPHAP Type A]
	[E333], [FR1], [UL positioning], [LPHAP Type A]
	[E334], [FR1], [UL positioning], [LPHAP Type B]
	[E335], [FR1], [UL positioning], [LPHAP Type B]
	[E336], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep (Option 1, additional transition energy = 20000)

	DRX cycle
	20.48s (Gap between paging, RS or reporting is minimized)

	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

	Evaluation assumption
	[E341], [FR1], [UL positioning], [LPHAP Type A]
	[E342], [FR1], [UL positioning], [LPHAP Type A]
	[E343], [FR1], [UL positioning], [LPHAP Type A]
	[E344], [FR1], [UL positioning], [LPHAP Type B]
	[E345], [FR1], [UL positioning], [LPHAP Type B]
	[E346], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep (Option 1, additional transition energy = 2000)

	DRX cycle
	20.48s (Gap between paging, RS or reporting is minimized)

	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

	Evaluation assumption
	[E351], [FR1], [UL positioning], [LPHAP Type A]
	[E352], [FR1], [UL positioning], [LPHAP Type A]
	[E353], [FR1], [UL positioning], [LPHAP Type A]
	[E354], [FR1], [UL positioning], [LPHAP Type B]
	[E355], [FR1], [UL positioning], [LPHAP Type B]
	[E356], [FR1], [UL positioning], [LPHAP Type B]

	Sleep state
	Ultra-deep sleep (Option 2)

	DRX cycle
	20.48s (Gap between paging, RS or reporting is minimized)

	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

	Evaluation assumption
	[E361], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E371], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	[E381], [FR1], [UE-assisted DL positioning], [LPHAP Type A]
	
	
	

	Sleep state
	Ultra-deep sleep (Option 1, 20000)
	Ultra-deep sleep (Option 1, 2000)
	Ultra-deep sleep (Option 2)
	
	
	

	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
	1
	1
	
	
	



Summary
The results of evaluation cases for potential enhancements are summarized in the following table. The detailed evaluation result and analysis for each enhanced case is shown in Appendix A2.
Table 4: Summary of enhanced evaluation results
	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

	[E101]
	0.59
	1.26
	No;
	No;

	[E102]
	
	2.52
	No;
	No;

	[E103]
	
	5.04
	No;
	No;

	[E104]
	
	7.09
	Yes
	No;

	[E105]
	
	14.19
	Yes
	Yes

	[E106]
	
	28.37
	Yes
	Yes

	[E111]
	0.15
	5.01
	No;
	No;

	[E112]
	
	10.01
	Yes
	No;

	[E113]
	
	20.03
	Yes
	Yes

	[E114]
	
	28.16
	Yes
	Yes

	[E115]
	
	56.33
	Yes
	Yes

	[E116]
	
	112.67
	Yes
	Yes

	[E121]
	0.11
	7.03
	Yes
	No;

	[E122]
	
	14.06
	Yes
	Yes

	[E123]
	
	28.12
	Yes
	Yes

	[E124]
	
	39.75
	Yes
	Yes

	[E125]
	
	79.08
	Yes
	Yes

	[E126]
	
	158.16
	Yes
	Yes

	[E131]
	0.58
	1.29
	No;
	No;

	[E132]
	
	2.58
	No;
	No;

	[E133]
	
	5.15
	No;
	No;

	[E134]
	
	7.24
	Yes
	No;

	[E135]
	
	14.49
	Yes
	Yes

	[E136]
	
	28.97
	Yes
	Yes

	[E141]
	0.14
	5.46
	No;
	No;

	[E142]
	
	10.91
	Yes
	No;

	[E143]
	
	21.83
	Yes
	Yes

	[E144]
	
	30.69
	Yes
	Yes

	[E145]
	
	61.38
	Yes
	Yes

	[E146]
	
	122.75
	Yes
	Yes

	[E151]
	0.09
	7.95
	Yes
	No;

	[E152]
	
	15.89
	Yes
	Yes

	[E153]
	
	31.78
	Yes
	Yes

	[E154]
	
	44.70
	Yes
	Yes

	[E155]
	
	89.39
	Yes
	Yes

	[E156]
	
	178.78
	Yes
	Yes

	[E161]
	0.66
	1.12
	No;
	No;

	[E171]
	0.22
	3.30
	No;
	No;

	[E181]
	0.18
	4.06
	No;
	No;

	[E201]
	0.53
	1.40
	No;
	No;

	[E202]
	
	2.80
	No;
	No;

	[E203]
	
	5.60
	No;
	No;

	[E204]
	
	7.87
	Yes
	No;

	[E205]
	
	15.74
	Yes
	Yes

	[E206]
	
	31.47
	Yes
	Yes

	[E211]
	0.09
	8.22
	Yes
	No;

	[E212]
	
	16.45
	Yes
	Yes

	[E213]
	
	32.89
	Yes
	Yes

	[E214]
	
	46.25
	Yes
	Yes

	[E215]
	
	92.50
	Yes
	Yes

	[E216]
	
	185.00
	Yes
	Yes

	[E221]
	0.05
	15.59
	Yes
	Yes

	[E222]
	
	31.17
	Yes
	Yes

	[E223]
	
	62.35
	Yes
	Yes

	[E224]
	
	87.66
	Yes
	Yes

	[E225]
	
	175.32
	Yes
	Yes

	[E226]
	
	350.65
	Yes
	Yes

	[E231]
	0.52
	1.44
	No;
	No;

	[E232]
	
	2.88
	No;
	No;

	[E233]
	
	5.75
	No;
	No;

	[E234]
	
	8.09
	Yes
	No;

	[E235]
	
	16.18
	Yes
	Yes

	[E236]
	
	32.35
	Yes
	Yes

	[E241]
	0.08
	9.78
	Yes
	No;

	[E242]
	
	19.56
	Yes
	Yes

	[E243]
	
	39.13
	Yes
	Yes

	[E244]
	
	55.01
	Yes
	Yes

	[E245]
	
	110.03
	Yes
	Yes

	[E246]
	
	220.05
	Yes
	Yes

	[E251]
	0.03
	22.33
	Yes
	Yes

	[E252]
	
	44.66
	Yes
	Yes

	[E253]
	
	89.31
	Yes
	Yes

	[E254]
	
	125.58
	Yes
	Yes

	[E255]
	
	251.16
	Yes
	Yes

	[E256]
	
	502.32
	Yes
	Yes

	[E261]
	0.61
	1.22
	No;
	No;

	[E271]
	0.17
	4.44
	No;
	No;

	[E281]
	0.12
	5.94
	No;
	No;

	[E301]
	0.53
	1.40
	No;
	No;

	[E302]
	
	2.80
	No;
	No;

	[E303]
	
	5.61
	No;
	No;

	[E304]
	
	7.88
	Yes
	No;

	[E305]
	
	15.77
	Yes
	Yes

	[E306]
	
	31.54
	Yes
	Yes

	[E311]
	0.09
	8.32
	Yes
	No;

	[E312]
	
	16.65
	Yes
	Yes

	[E313]
	
	33.30
	Yes
	Yes

	[E314]
	
	46.82
	Yes
	Yes

	[E315]
	
	93.64
	Yes
	Yes

	[E316]
	
	187.28
	Yes
	Yes

	[E321]
	0.05
	15.95
	Yes
	Yes

	[E322]
	
	31.91
	Yes
	Yes

	[E323]
	
	63.82
	Yes
	Yes

	[E324]
	
	89.73
	Yes
	Yes

	[E325]
	
	179.47
	Yes
	Yes

	[E326]
	
	358.93
	Yes
	Yes

	[E331]
	0.52
	1.43
	No;
	No;

	[E332]
	
	2.86
	No;
	No;

	[E333]
	
	5.73
	No;
	No;

	[E334]
	
	8.05
	Yes
	No;

	[E335]
	
	16.11
	Yes
	Yes

	[E336]
	
	32.21
	Yes
	Yes

	[E341]
	0.08
	9.51
	Yes
	No;

	[E342]
	
	19.01
	Yes
	Yes

	[E343]
	
	38.02
	Yes
	Yes

	[E344]
	
	53.46
	Yes
	Yes

	[E345]
	
	106.93
	Yes
	Yes

	[E346]
	
	213.85
	Yes
	Yes

	[E351]
	0.04
	20.94
	Yes
	Yes

	[E352]
	
	41.88
	Yes
	Yes

	[E353]
	
	83.77
	Yes
	Yes

	[E354]
	
	117.78
	Yes
	Yes

	[E355]
	
	235.56
	Yes
	Yes

	[E356]
	
	471.13
	Yes
	Yes

	[E361]
	0.62
	1.20
	No;
	No;

	[E371]
	0.18
	4.16
	No;
	No;

	[E381]
	0.14
	5.45
	No;
	No;



Based on the evaluation results, we have the following observations:
Observation 3: By extending the DRX cycle and RS periodicity, the power consumption significantly reduced, as the UE is able to go into a deeper sleep state and stays asleep as much as possible.
Observation 4: Minimizing the gap between paging reception, DL PRS/UL SRS occasion, and measurement reporting helps reduce the power consumption, as the UE reduces the number of transitions from active to ultra-deep sleep and stays asleep as much as possible.
Observation 5: For option 1 of ultra-deep sleep state with additional transition power 20000:
· None of the UE-assisted DL positioning, UE-based DL positioning and UL positioning techniques meets the battery life of 6 nor 12 months for LPHAP Type A device.
· The battery life of 6 and 12 months can be met with UE-assisted DL positioning, UE-based DL positioning and UL positioning for LPHAP Type B device.
Observation 5: For option 1 of ultra-deep sleep state with additional transition power 2000:
· The battery life of 6 and 12 months can be met with UE-assisted DL positioning, UE-based DL positioning and UL positioning for LPHAP Type A device.
· The battery life of 6 and 12 months can be met with UE-assisted DL positioning, UE-based DL positioning and UL positioning for LPHAP Type B device.
Observation 6: For option 2 of ultra-deep sleep state:
· The battery life of 6 and 12 months can be met with UE-assisted DL positioning, UE-based DL positioning and UL positioning for LPHAP Type A device.
· The battery life of 6 and 12 months can be met with UE-assisted DL positioning, UE-based DL positioning and UL positioning for LPHAP Type B device.

Potential enhancements
During the discussion in RAN1#110 meeting, as clarified on the study scope of the objective, the study will include both RRC_INACTIVE and RRC_IDLE state; while in the normative stage, the enhancement in RRC_INACTIVE state or RRC_IDLE state will be specified. In our views, at last the support of DL PRS measurement in RRC_IDLE state should be considered from RAN1 perspective. For the UL positioning in RRC_IDLE state, we think that it should be up to RAN2 to determine.
Proposal 5: From RAN1 perspective, support of DL measurement for UEs in RRC_IDLE state.
From the evaluation results in Section 3, it can be observed that a UE “wakes up” during the ON duration of each DRX cycle to monitor the PDCCH and the corresponding power mode transit energy consumes a big part of the power for both DL and UL positioning. 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 wake up every time when the ON duration comes.
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 6: The following DRX related enhancements should be considered:
· Introduction of the eDRX mode in LPHAP
· Reduce the number of PDCCH monitoring occasions in RRC_INACTIVE/IDLE state for LPHAP
· Align the DRX pattern and the DL PRS / UL SRS occasions
In Rel-17, the UL SRS for transmission in RRC_inactive state is configured by RRC_Release message, and if it is determined to be invalid, the UE has to enter the RRC_connected mode for the update of the SRS configurations. According to the initial evaluation results, to reduce the UE power consumption of UL positioning, the SRS configurations in RRC_inactive state should be kept valid for a period of time as long as possible. One straightforward solution is that, the SRS resources are (pre-)configured within an area (e.g., an indoor factory hall). Optionally, the SRS resources within this area are orthogonal to avoid the potential conflict of SRS resources. NW configures the SRS resource for a positioning UE and the SRS resource keeps valid within this area.
Proposal 7: The following enhancement of SRS transmission in RRC_INACTIVE state should be considered:
· SRS resources are (pre-)configured within an area in RRC_INACTIVE state. 
· FFS: How to define this area.

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: With baseline evaluation assumptions, none of the existing Rel-17 RRC_INACTIVE state positioning functionalities meets the target requirement of 6~12 months battery life.
Observation 2: For UL positioning, frequent (re)configuration for UL SRS significantly increases the power consumption:
· The slot-averaged relative power unit increases from 1.85 to 4.11 for a power cycle of 1.28s;
· The slot-averaged relative power unit increases from 1.51 to 1.79 for a power cycle of 10.24s.
Observation 3: By extending the DRX cycle and RS periodicity, the power consumption significantly reduced, as the UE is able to go into a deeper sleep state and stays asleep as much as possible.
Observation 4: Minimizing the gap between paging reception, DL PRS/UL SRS occasion, and measurement reporting helps reduce the power consumption, as the UE reduces the number of transitions from active to ultra-deep sleep and stays asleep as much as possible 
Observation 5: For option 1 of ultra-deep sleep state with additional transition power 20000:
· None of the UE-assisted DL positioning, UE-based DL positioning and UL positioning techniques meets the battery life of 6 nor 12 months for LPHAP Type A device.
· The battery life of 6 and 12 months can be met with UE-assisted DL positioning, UE-based DL positioning and UL positioning for LPHAP Type B device.
Observation 5: For option 1 of ultra-deep sleep state with additional transition power 2000:
· The battery life of 6 and 12 months can be met with UE-assisted DL positioning, UE-based DL positioning and UL positioning for LPHAP Type A device.
· The battery life of 6 and 12 months can be met with UE-assisted DL positioning, UE-based DL positioning and UL positioning for LPHAP Type B device.
Observation 6: For option 2 of ultra-deep sleep state:
· The battery life of 6 and 12 months can be met with UE-assisted DL positioning, UE-based DL positioning and UL positioning for LPHAP Type A device.
· The battery life of 6 and 12 months can be met with UE-assisted DL positioning, UE-based DL positioning and UL positioning for LPHAP Type B device.


Proposal 1: For option 1 of ultra-deep sleep state, consider the following power consumption model:
· The relative power unit: 0.015
· Additional transition energy: 2000
· Total transition time: 400ms
Proposal 2: For option 2 of ultra-deep sleep state, consider the following power consumption model:
· The relative power unit: 0.01
· Additional transition energy: 800
· Total transition time: 50ms
Proposal 3: For the power consumption model of the ultra-deep sleep state, RAN1 strives to down-select between the following two options:
· Option 1:
· The relative power unit: 0.015
· Additional transition energy: 2000
· Total transition time: 400ms
· Option 2:
· The relative power unit: 0.01
· Additional transition energy: [800]
· Total transition time: [50]ms
Proposal 4: Enhancements on power saving solutions should be studied for low power and high accuracy positionings.
Proposal 5: From RAN1 perspective, support of DL measurement for UEs in RRC_IDLE state.
Proposal 6: The following DRX related enhancements should be considered:
· Introduction of the eDRX mode in LPHAP
· Reduce the number of PDCCH monitoring occasions in RRC_INACTIVE/IDLE state for LPHAP
· Align the DRX pattern and the DL PRS / UL SRS occasions
Proposal 7: The following enhancement of SRS transmission in RRC_INACTIVE state should be considered:
· SRS resources are (pre-)configured within an area in RRC_INACTIVE state. 
· FFS: How to define this area.
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Appendix A: Detailed evaluation for each case
A1. Baseline evaluation cases
UE-assisted DL positioning
In the following, the power consumption results for UE-assisted DL positioning are captured. Typical UE power state transition during a power cycle for UE-assisted DL positioning is illustrated in Figure A1, where A1(a) shows CG-SDT for measurement reporting and A1(b) shows RA-SDT for measurement reporting.




Figure A1: Evaluation cases of UE power state transition for UE-assisted DL positioning with (a) CG-SDT for measurement reporting and (b) RA-SDT for measurement reporting.

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

	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 power consumption results for UE-based DL positioning are captured below. Typical UE power state transition during a power cycle for UE-based DL positioning is illustrated in Figure A2.


Figure A2: UE power state transition for UE-based DL positioning.
The corresponding UE power consumptions are evaluated in the following table. Note that only the power consumption of DL measurement is evaluated for UE-based DL positioning, and that of location estimation is not taken into account.
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

	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 power consumption results for UL positioning are captured in the following. Typical UE power state transition during a power cycle for UL positioning are shown in Figure A3, where A3(a) considers no SRS (re)configuration in a power cycle and A3(b) shows RA-SDT for SRS (re)configuration every power cycle.




Figure A3: UE power state transition for UL positioning with (a) no SRS (re)configuration in a power cycle and (b) RA-SDT for SRS (re)configuration in a power cycle.
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

	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




A2. Enhanced evaluation cases
DL positioning
Figures A4(a) and A4(b) depict the UE power consumption transition models of the UE-assisted DL positioning with gaps between paging reception, RS and measurement reporting is minimized. For the UE-based DL positioning, no measurement reporting is considered. 


Figure A4: UE power state transition for UE-assisted DL positioning (a) with eDRX cycle of 20.48s; (b) without paging monitoring
UL positioning
Figures A5(a) and A5(b) depict the UE power consumption transition models of the UL positioning with gaps between paging reception, RS and measurement reporting is minimized. 


Figure A5: UE power state transition for UL positioning (a) with eDRX cycle of 20.48s; (b) without paging monitoring

Based on the UE power state transition models shown above, the corresponding UE power consumptions with enhanced assumptions are evaluated in Table A4 to Table A6.
Table A4: 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

	E101
	SSB synchronization
	50
	4
	1
	4
	200
	0.83%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	0.95%

	
	PRS measurement
	120
	1
	1
	1
	120
	0.50%

	
	UL
	700
	2
	1
	2
	1400
	5.82%

	
	Ultra-deep sleep
	0.015
	
	
	40079
	601.19
	2.50%

	
	Light sleep
	20
	
	
	48
	960
	3.99%

	
	Micro sleep
	45
	
	
	10
	450
	1.87%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	20000
	800
	1
	800
	20000
	83.13%

	
	- Light sleep
	100
	12
	1
	12
	100
	0.42%

	
	Total (every 20.48s)
	40960
	24059.19
	100%

	
	Slot-averaged power unit
	0.59

	
	Battery life (in month)
	1.26

	E102
	Battery life (in month)
	2.52

	E103
	Battery life (in month)
	5.04

	E104
	Battery life (in month)
	7.09

	E105
	Battery life (in month)
	14.19

	E106
	Battery life (in month)
	28.37

	E111
	SSB synchronization
	50
	4
	1
	4
	200
	3.31%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	3.76%

	
	PRS measurement
	120
	1
	1
	1
	120
	1.98%

	
	UL
	700
	2
	1
	2
	1400
	23.11%

	
	Ultra-deep sleep
	0.015
	
	
	40079
	601.19
	9.92%

	
	Light sleep
	20
	
	
	48
	960
	15.84%

	
	Micro sleep
	45
	
	
	10
	450
	7.43%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	2000
	800
	1
	800
	2000
	33.01%

	
	- Light sleep
	100
	12
	1
	12
	100
	1.65%

	
	Total (every 20.48s)
	40960
	6059.19
	100%

	
	Slot-averaged power unit
	0.15

	
	Battery life (in month)
	5.01

	E112
	Battery life (in month)
	10.02

	E113
	Battery life (in month)
	20.03

	E114
	Battery life (in month)
	28.16

	E115
	Battery life (in month)
	56.33

	E116
	Battery life (in month)
	112.67

	E121
	SSB synchronization
	50
	4
	1
	4
	200
	4.63%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	5.28%

	
	PRS measurement
	120
	1
	1
	1
	120
	2.78%

	
	UL
	700
	2
	1
	2
	1400
	32.44%

	
	Ultra-deep sleep
	0.01
	
	
	40829
	408.29
	9.46%

	
	Light sleep
	20
	
	
	48
	960
	22.24%

	
	Micro sleep
	45
	
	
	10
	450
	10.43%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	450
	50
	1
	50
	450
	10.43%

	
	- Light sleep
	100
	12
	1
	12
	100
	2.32%

	
	Total (every 20.48s)
	40960
	4316.29
	100%

	
	Slot-averaged power unit
	0.11

	
	Battery life (in month)
	7.03

	E122
	Battery life (in month)
	14.06

	E123
	Battery life (in month)
	28.12

	E124
	Battery life (in month)
	39.54

	E125
	Battery life (in month)
	79.08

	E126
	Battery life (in month)
	158.16

	E131
	SSB synchronization
	50
	4
	1
	4
	200
	0.85%

	
	PRS measurement
	120
	1
	1
	1
	120
	0.51%

	
	UL
	700
	2
	1
	2
	1400
	5.94%

	
	Ultra-deep sleep
	0.015
	
	
	40089
	601.34
	2.55%

	
	Light sleep
	20
	
	
	48
	960
	4.07%

	
	Micro sleep
	45
	
	
	4
	180
	0.76%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	20000
	800
	1
	800
	20000
	84.88%

	
	- Light sleep
	100
	12
	1
	12
	100
	0.42%

	
	Total (every 20.48s)
	40960
	23561.34
	100%

	
	Slot-averaged power unit
	0.58

	
	Battery life (in month)
	1.29

	E132
	Battery life (in month)
	2.58

	E133
	Battery life (in month)
	5.15

	E134
	Battery life (in month)
	7.24

	E135
	Battery life (in month)
	14.49

	E136
	Battery life (in month)
	28.97

	E141
	SSB synchronization
	50
	4
	1
	4
	200
	3.60%

	
	PRS measurement
	120
	1
	1
	1
	120
	2.16%

	
	UL
	700
	2
	1
	2
	1400
	25.17%

	
	Ultra-deep sleep
	0.015
	
	
	40089
	601.34
	10.81%

	
	Light sleep
	20
	
	
	48
	960
	17.26%

	
	Micro sleep
	45
	
	
	4
	180
	3.24%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	2000
	800
	1
	800
	2000
	35.96%

	
	- Light sleep
	100
	12
	1
	12
	100
	1.80%

	
	Total (every 20.48s)
	40960
	5561.34
	100%

	
	Slot-averaged power unit
	0.14

	
	Battery life (in month)
	5.46

	E142
	Battery life (in month)
	10.91

	E143
	Battery life (in month)
	21.83

	E144
	Battery life (in month)
	30.69

	E145
	Battery life (in month)
	61.38

	E146
	Battery life (in month)
	122.75

	E151
	SSB synchronization
	50
	4
	1
	4
	200
	4.63%

	
	PRS measurement
	120
	1
	1
	1
	120
	2.78%

	
	UL
	700
	2
	1
	2
	1400
	32.44%

	
	Ultra-deep sleep
	0.01
	
	
	40839
	408.39
	9.46%

	
	Light sleep
	20
	
	
	48
	960
	22.24%

	
	Micro sleep
	45
	
	
	4
	180
	10.43%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	450
	50
	1
	50
	450
	10.43%

	
	- Light sleep
	100
	12
	1
	12
	100
	2.32%

	
	Total (every 20.48s)
	40960
	3818.39
	100%

	
	Slot-averaged power unit
	0.09

	
	Battery life (in month)
	7.95

	E152
	Battery life (in month)
	15.89

	E153
	Battery life (in month)
	31.79

	E154
	Battery life (in month)
	44.70

	E155
	Battery life (in month)
	89.39

	E156
	Battery life (in month)
	178.78

	E161
	SSB synchronization
	50
	4
	1
	4
	200
	1.47%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	0.84%

	
	PRS measurement
	120
	1
	1
	1
	120
	0.44%

	
	UL
	700
	2
	1
	2
	1400
	5.15%

	
	Ultra-deep sleep
	0.015
	
	
	37600
	564
	2.07%

	
	Deep sleep
	1
	
	
	2409
	2409
	8.86%

	
	Micro sleep
	45
	
	
	16
	720
	2.65%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	20000
	800
	1
	800
	20000
	73.55%

	
	- Deep sleep
	450
	40
	3
	120
	1350
	4.96%

	
	Total (every 20.48s)
	40960
	27191
	100%

	
	Slot-averaged power unit
	0.66

	
	Battery life (in month)
	1.12

	E171
	SSB synchronization
	50
	4
	1
	4
	200
	4.35%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	2.48%

	
	PRS measurement
	120
	1
	1
	1
	120
	1.31%

	
	UL
	700
	2
	1
	2
	1400
	15.23%

	
	Ultra-deep sleep
	0.015
	
	
	37600
	564
	6.14%

	
	Deep sleep
	1
	
	
	2409
	2409
	8.86%

	
	Micro sleep
	45
	
	
	16
	720
	7.83%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	2000
	800
	1
	800
	2000
	21.76%

	
	- Deep sleep
	450
	40
	3
	120
	1350
	14.69%

	
	Total (every 20.48s)
	40960
	9191
	100%

	
	Slot-averaged power unit
	0.22

	
	Battery life (in month)
	3.30

	E181
	SSB synchronization
	50
	4
	1
	4
	200
	5.36%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	3.06%

	
	PRS measurement
	120
	1
	1
	1
	120
	1.61%

	
	UL
	700
	2
	1
	2
	1400
	18.77%

	
	Ultra-deep sleep
	0.01
	
	
	38350
	383.50
	5.14%

	
	Deep sleep
	1
	
	
	2409
	2409
	32.29%

	
	Micro sleep
	45
	
	
	46
	720
	9.65%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	450
	50
	1
	50
	450
	0.60%

	
	- Deep sleep
	450
	40
	3
	120
	1350
	18.10%

	
	Total (every 20.48s)
	40960
	7460.50
	100%

	
	Slot-averaged power unit
	0.18

	
	Battery life (in month)
	4.07



Table A5: 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

	E201
	SSB synchronization
	50
	4
	1
	4
	200
	0.92%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	1.05%

	
	PRS measurement
	120
	1
	1
	1
	120
	0.55%

	
	Ultra-deep sleep
	0.015
	
	
	40139
	602.09
	2.78%

	
	Micro sleep
	45
	
	
	12
	540
	2.49%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	20000
	800
	1
	800
	20000
	92.21%

	
	Total (every 20.48s)
	40960
	21609.09
	100%

	
	Slot-averaged power unit
	0.53

	
	Battery life (in month)
	1.40

	E202
	Battery life (in month)
	2.80

	E203
	Battery life (in month)
	5.60

	E204
	Battery life (in month)
	7.87

	E205
	Battery life (in month)
	15.74

	E206
	Battery life (in month)
	31.47

	E211
	SSB synchronization
	50
	4
	1
	4
	200
	5.42%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	6.18%

	
	PRS measurement
	120
	1
	1
	1
	120
	3.25%

	
	Ultra-deep sleep
	0.015
	
	
	40139
	602.09
	16.32%

	
	Micro sleep
	45
	
	
	12
	540
	14.63%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	2000
	800
	1
	800
	2000
	54.20%

	
	Total (every 20.48s)
	40960
	3690.09
	100%

	
	Slot-averaged power unit
	0.09

	
	Battery life (in month)
	8.22

	E212
	Battery life (in month)
	16.45

	E213
	Battery life (in month)
	32.89

	E214
	Battery life (in month)
	46.25

	E215
	Battery life (in month)
	92.50

	E216
	Battery life (in month)
	185.00

	E221
	SSB synchronization
	50
	4
	1
	4
	200
	10.52%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	11.99%

	
	PRS measurement
	120
	1
	1
	1
	120
	11.04%

	
	Ultra-deep sleep
	0.01
	
	
	40889
	408.89
	21.50%

	
	Micro sleep
	45
	
	
	12
	540
	21.29%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	450
	50
	1
	50
	450
	23.66%

	
	Total (every 20.48s)
	40960
	1946.89
	100%

	
	Slot-averaged power unit
	0.05

	
	Battery life (in month)
	15.59

	E222
	Battery life (in month)
	31.17

	E223
	Battery life (in month)
	62.35

	E224
	Battery life (in month)
	87.66

	E225
	Battery life (in month)
	175.32

	E226
	Battery life (in month)
	350.65

	E231
	SSB synchronization
	50
	4
	1
	4
	200
	0.95%

	
	PRS measurement
	120
	1
	1
	1
	120
	0.57%

	
	Ultra-deep sleep
	0.015
	
	
	40151
	602.27
	2.85%

	
	Micro sleep
	45
	
	
	4
	180
	0.85%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	20000
	800
	1
	800
	20000
	94.78%

	
	Total (every 20.48s)
	40960
	21102.27
	100%

	
	Slot-averaged power unit
	0.52

	
	Battery life (in month)
	1.44

	E232
	Battery life (in month)
	2.88

	E233
	Battery life (in month)
	5.75

	E234
	Battery life (in month)
	8.09

	E235
	Battery life (in month)
	16.18

	E236
	Battery life (in month)
	32.35

	E241
	SSB synchronization
	50
	4
	1
	4
	200
	6.45%

	
	PRS measurement
	120
	1
	1
	1
	120
	3.87%

	
	Ultra-deep sleep
	0.015
	
	
	40151
	602.27
	19.41%

	
	Micro sleep
	45
	
	
	4
	180
	5.80%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	2000
	800
	1
	800
	2000
	64.47%

	
	Total (every 20.48s)
	40960
	3102.27
	100%

	
	Slot-averaged power unit
	0.08

	
	Battery life (in month)
	9.78

	E242
	Battery life (in month)
	19.56

	E243
	Battery life (in month)
	39.13

	E244
	Battery life (in month)
	55.01

	E245
	Battery life (in month)
	110.03

	E246
	Battery life (in month)
	220.05

	E251
	SSB synchronization
	50
	4
	1
	4
	200
	14.72%

	
	PRS measurement
	120
	1
	1
	1
	120
	8.83%

	
	Ultra-deep sleep
	0.01
	
	
	40901
	409.01
	30.10%

	
	Micro sleep
	45
	
	
	4
	180
	13.24%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	450
	50
	1
	50
	450
	33.11%

	
	Total (every 20.48s)
	40960
	1359.01
	100%

	
	Slot-averaged power unit
	0.03

	
	Battery life (in month)
	22.33

	E252
	Battery life (in month)
	44.66

	E253
	Battery life (in month)
	89.31

	E254
	Battery life (in month)
	125.58

	E255
	Battery life (in month)
	251.16

	E256
	Battery life (in month)
	502.32

	E261
	SSB synchronization
	50
	4
	1
	4
	200
	0.81%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	0.92%

	
	PRS measurement
	120
	1
	1
	1
	120
	0.48%

	
	Ultra-deep sleep
	0.015
	
	
	37600
	564
	2.27%

	
	Deep sleep
	1
	
	
	2463
	2463
	9.92%

	
	Micro sleep
	45
	
	
	8
	360
	1.45%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	20000
	800
	1
	800
	20000
	80.53%

	
	- Deep sleep
	450
	40
	2
	80
	900
	3.62%

	
	Total (every 20.48s)
	40960
	24835
	100%

	
	Slot-averaged power unit
	0.61

	
	Battery life (in month)
	1.22

	E271
	SSB synchronization
	50
	4
	1
	4
	200
	2.92%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	3.34%

	
	PRS measurement
	120
	1
	1
	1
	120
	1.76%

	
	Ultra-deep sleep
	0.015
	
	
	37600
	564
	8.25%

	
	Deep sleep
	1
	
	
	2463
	2463
	36.03%

	
	Micro sleep
	45
	
	
	8
	360
	5.27%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	2000
	800
	1
	800
	2000
	29.26%

	
	- Deep sleep
	450
	40
	2
	80
	900
	13.17%

	
	Total (every 20.48s)
	40960
	6835
	100%

	
	Slot-averaged power unit
	0.17

	
	Battery life (in month)
	4.44

	E281
	SSB synchronization
	50
	4
	1
	4
	200
	3.92%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	4.47%

	
	PRS measurement
	120
	1
	1
	1
	120
	2.35%

	
	Ultra-deep sleep
	0.01
	
	
	38350
	383.50
	7.51%

	
	Deep sleep
	1
	
	
	2463
	2463
	48.25%

	
	Micro sleep
	45
	
	
	8
	360
	7.05%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	450
	50
	1
	50
	450
	8.82%

	
	- Deep sleep
	450
	40
	2
	80
	900
	17.63%

	
	Total (every 20.48s)
	40960
	5104.50
	100%

	
	Slot-averaged power unit
	0.12

	
	Battery life (in month)
	5.94



Table A6: 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

	E301
	SSB synchronization
	50
	4
	1
	4
	200
	9.24%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	1.05%

	
	SRS
	210
	1
	1
	1
	210
	0.97%

	
	Ultra-deep sleep
	0.015
	
	
	40142
	602.13
	2.78%

	
	Micro sleep
	45
	
	
	9
	405
	1.87%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	20000
	800
	1
	800
	20000
	92.40%

	
	Total (every 20.48s)
	40960
	21645.13
	100%

	
	Slot-averaged power unit
	0.53

	
	Battery life (in month)
	1.40

	E302
	Battery life (in month)
	2.80

	E303
	Battery life (in month)
	5.61

	E304
	Battery life (in month)
	7.88

	E305
	Battery life (in month)
	15.77

	E306
	Battery life (in month)
	31.54

	E311
	SSB synchronization
	50
	4
	1
	4
	200
	5.49%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	6.25%

	
	SRS
	210
	1
	1
	1
	210
	5.76%

	
	Ultra-deep sleep
	0.015
	
	
	40142
	602.13
	16.52%

	
	Micro sleep
	45
	
	
	9
	405
	11.11%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	2000
	800
	1
	800
	2000
	54.87%

	
	Total (every 20.48s)
	40960
	3645.13
	100%

	
	Slot-averaged power unit
	0.09

	
	Battery life (in month)
	8.32

	E312
	Battery life (in month)
	16.65

	E313
	Battery life (in month)
	33.30

	E314
	Battery life (in month)
	46.82

	E315
	Battery life (in month)
	93.64

	E316
	Battery life (in month)
	187.28

	E321
	SSB synchronization
	50
	4
	1
	4
	200
	10.52%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	11.99%

	
	SRS
	210
	1
	1
	1
	210
	11.04%

	
	Ultra-deep sleep
	0.01
	
	
	40892
	408.92
	21.50%

	
	Micro sleep
	45
	
	
	9
	405
	21.29%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	450
	50
	1
	50
	450
	23.66%

	
	Total (every 20.48s)
	40960
	1901.92
	100%

	
	Slot-averaged power unit
	0.05

	
	Battery life (in month)
	15.95

	E322
	Battery life (in month)
	31.91

	E323
	Battery life (in month)
	63.82

	E324
	Battery life (in month)
	89.73

	E325
	Battery life (in month)
	179.47

	E326
	Battery life (in month)
	358.93

	E331
	SSB synchronization
	50
	4
	1
	4
	200
	0.94%

	
	SRS
	210
	1
	1
	1
	210
	0.99%

	
	Ultra-deep sleep
	0.015
	
	
	40151
	602.27
	2.84%

	
	Micro sleep
	45
	
	
	4
	180
	0.85%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	20000
	800
	1
	800
	20000
	94.37%

	
	Total (every 20.48s)
	40960
	21192.27
	100%

	
	Slot-averaged power unit
	0.52

	
	Battery life (in month)
	1.43

	E332
	Battery life (in month)
	2.86

	E333
	Battery life (in month)
	5.73

	E334
	Battery life (in month)
	8.05

	E335
	Battery life (in month)
	16.11

	E336
	Battery life (in month)
	32.21

	E341
	SSB synchronization
	50
	4
	1
	4
	200
	6.27%

	
	SRS
	210
	1
	1
	1
	210
	6.58%

	
	Ultra-deep sleep
	0.015
	
	
	40151
	602.27
	18.87%

	
	Micro sleep
	45
	
	
	4
	180
	5.64%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	2000
	800
	1
	800
	2000
	62.65%

	
	Total (every 20.48s)
	40960
	3192.27
	100%

	
	Slot-averaged power unit
	0.08

	
	Battery life (in month)
	9.51

	E342
	Battery life (in month)
	19.01

	E343
	Battery life (in month)
	38.02

	E344
	Battery life (in month)
	53.46

	E345
	Battery life (in month)
	106.93

	E346
	Battery life (in month)
	213.85

	E351
	SSB synchronization
	50
	4
	1
	4
	200
	13.80%

	
	SRS
	210
	1
	1
	1
	210
	14.49%

	
	Ultra-deep sleep
	0.01
	
	
	40901
	409.01
	28.23%

	
	Micro sleep
	45
	
	
	4
	180
	12.42%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	450
	50
	1
	50
	450
	31.06%

	
	Total (every 20.48s)
	40960
	1449.01
	100%

	
	Slot-averaged power unit
	0.04

	
	Battery life (in month)
	20.94

	E352
	Battery life (in month)
	41.88

	E353
	Battery life (in month)
	83.77

	E354
	Battery life (in month)
	117.78

	E355
	Battery life (in month)
	235.56

	E356
	Battery life (in month)
	471.13

	E361
	SSB synchronization
	50
	4
	1
	4
	200
	1.58%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	0.90%

	
	SRS
	210
	1
	1
	1
	210
	0.83%

	
	Ultra-deep sleep
	0.015
	
	
	37600
	564
	2.23%

	
	Deep sleep
	1
	
	
	2455
	2455
	9.70%

	
	Micro sleep
	45
	
	
	12
	540
	2.13%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	20000
	800
	1
	800
	20000
	79.06%

	
	- Deep sleep
	450
	40
	2
	80
	900
	3.56%

	
	Total (every 20.48s)
	40960
	25297
	100%

	
	Slot-averaged power unit
	0.62

	
	Battery life (in month)
	1.20

	E371
	SSB synchronization
	50
	4
	1
	4
	200
	5.48%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	3.12%

	
	SRS
	210
	1
	1
	1
	210
	2.88%

	
	Ultra-deep sleep
	0.015
	
	
	37600
	564
	7.73%

	
	Deep sleep
	1
	
	
	2455
	2455
	33.64%

	
	Micro sleep
	45
	
	
	12
	540
	7.40%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	2000
	800
	1
	800
	2000
	27.41%

	
	- Deep sleep
	450
	40
	2
	80
	900
	12.33%

	
	Total (every 20.48s)
	40960
	7297
	100%

	
	Slot-averaged power unit
	0.18

	
	Battery life (in month)
	4.16

	E381
	SSB synchronization
	50
	4
	1
	4
	200
	7.19%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	4.10%

	
	SRS
	210
	1
	1
	1
	210
	3.77%

	
	Ultra-deep sleep
	0.01
	
	
	38350
	383.50
	6.89%

	
	Deep sleep
	1
	
	
	2455
	2455
	44.10%

	
	Micro sleep
	45
	
	
	12
	540
	9.70%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	450
	50
	1
	50
	450
	8.08%

	
	- Deep sleep
	450
	40
	2
	80
	900
	16.17%

	
	Total (every 20.48s)
	40960
	5566.50
	100%

	
	Slot-averaged power unit
	0.14

	
	Battery life (in month)
	5.45
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