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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 RAN1#109-e meeting, agreements on target use cases and requirements, and evaluation methodology and power consumption model on low power and high accuracy positioning were achieved.
In this contribution, we continually discuss the remaining open issues on the evaluation assumptions, and provide our evaluation results based on the agreed evaluation methodology, and also our views on potential enhancements of LPHAP.
[bookmark: _Ref31533076]Remaining issues on evaluation methodology
2.1 Conversion model of battery life
As clarified by the objectives, the target is to evaluate whether existing RAN functionality can satisfy a battery life of 6~12 months defined by LPHAP use case 6; and if not, the gap should be identified. 
The UE power consumption models, including power states and relative power consumption values for the reference configuration, and the power scaling schemes, are captured in TR 38.840. With the power consumption models, the power saving gain can be evaluated in terms of relative power units. However, the target requirement of LPHAP is to achieve a battery life of 6~12 months, which cannot be directly evaluated based on relative power units. To properly identify the performance gap, the following agreements were made in the last RAN1 meeting:
	Agreement
At least the relative power unit is adopted as the performance metric to evaluate the power consumption of the Rel-17 RRC_INACTIVE state positioning and potential enhancements.

Agreement
A reference device (e.g., a mobile phone) with reference traffic type, reference battery capability, and reference battery life is defined for the purpose of identification of the performance gap that achieved by the Rel-17 RRC_INACTIVE state positioning baseline and the target battery life of LPHAP use case 6.

Agreement
· Study further at least the following models and parameter values of conversion between the relative power unit and the battery life to identify the performance gap:
· Alt. 1: battery life is used as the metric to identify the gap
· Example:


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


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

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






In this sub-section, we provide our views on the conversion model and the associated parameters.
To evaluate the battery life of a LPHAP device, a reference device with a reference battery capacity C1 mAh and an expected battery life T1 should be defined. Assume that a reference traffic type consumes X% of the total power of the reference device, based on which the relative power unit of the reference device, noted as P1, can be evaluated. Considering a LPHAP device with a battery capacity C2 mAh and its total power is consumed by high accuracy positioning services. Suppose that the relative power units of the LPHAP device based on the evaluation methodology / assumptions defined in this agenda item is P2, and the corresponding battery life is T2, assuming with the same energy utilization efficiency, apparently, we have:

Observation 1: With the assumption that the reference device and LPHAP device have the same energy utilization efficiency, the conversion between the relative power unit and the battery life can be derived by proportion.
In the last RAN1 meeting, two examples of the conversion model were considered for further study. The two examples are essentially the same, but adopt different metrics to identify the performance gap. Note that the target requirement defined by the LPHAP use case 6 is the battery life of 6~12 month, in this sense, adopt Alt. 1 which uses the battery life to identify the gap between the existing functionality and the target requirement is more straightforward.
In addition, the parameters in the conversion model should be defined. During the discussion of the last RAN1 meeting, the following parameters were listed for further study: the battery capacity of the reference device and LPHAP device, C1 and C2; the battery life of the reference device, T1; traffic type of the reference device; the percentage of the power consumed by the reference traffic type, X; the target battery life of the LPHAP device, T2_req. It is noted that by aligning the evaluation methodology of the LPHAP evaluation, companies are able to align the evaluation results of the relative power unit, P2, as much as possible; however, to achieve a unified outcome among companies in order to identify the performance gap and make a final conclusion, the relative power unit of the reference device, P1, should be calibrated in the evaluation. Note that even in the study of NR power saving, no such alignment was reached, therefore, we think that the most straightforward way is to define a reference value for P1.
Observation 2: By aligning the evaluation methodology of the LPHAP evaluation, it is only able to align the evaluation results of the relative power unit, P2; however, without the calibration of the relative power unit of the reference device, P1, the outcome for identifying the performance gap may not be by aligned.
Based on related analysis in TR 38.840 and investigations from the industry, we propose to consider the following values of the parameters as the starting point:
	C1
	T1
	P1
	X
	reference traffic type
	C2
	T2req

	[4500] mAh
	[8] hours
	[52.33]
(refer to [4] in the Appendix)
	20 %
	FTP (model 3)
	[4500] mAh
	6, 12 months



Proposal 1: In the LPHAP evaluation, adopt the following conversion model between the relative power unit and the battery life to identify the performance gap:
· Alt. 1: battery life is used as the metric to identify the gap


Proposal 2: In the LPHAP evaluation, study the following parameter values of the conversion model as starting point:
	C1
	T1
	P1
	X
	reference traffic type
	C2
	T2req

	[4500] mAh
	[8] hours
	[52.33]
(refer to [4] in the Appendix)
	20 %
	FTP (model 3)
	[4500] mAh
	6, 12 months



2.2 Evaluation assumptions for potential enhancements
2.2.1 Sleep type
In TR 38.840, three UE sleep types are defined for power consumption evaluation:
	Power State
	Characteristics
	Relative Power 

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

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

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


Below captures the additional transition energy and total transition time of the three sleep types:
	Sleep type
	Additional transition energy:
(Relative power x  ms) 
	Total transition time 

	Deep sleep 
	450 
	20 ms 

	Light sleep 
	100 
	6 ms 

	Micro sleep 
	0 
	0 ms* 

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


[image: ]
In the last RAN1 meeting, some companies proposed to introduce a new sleep type on top of the above three sleep types in the LPHAP evaluation. The new sleep type is similar with the “Power Saving State (PSS)” in the study of CIoT, in which the UE turns off most of its power supplies and consumes much less power even than that in RRC_IDLE states. During the email discussion, however, many companies were not convinced to define a new sleep type, and therefore the following agreement was made to further discuss whether/how a new sleep type is considered in the LPHAP evaluation:
	Agreement
· Adopt the power consumption model, additional transition energy and total transition time of the three sleep types (deep sleep, light sleep, and micro sleep) in TR38.840 as the evaluation baseline:
· FFS: whether/how an additional new ultra-deep sleep mode can be considered in the evaluation of potential solutions to maximize the battery life, including the determination of the relative power, additional transition energy and total transition time, if necessary.



From the evaluations and analysis (details please refer to Section 3), we believe that a new sleep type in which a UE consumes even less power than the deep sleep mode defined in TR 38.840 could be considered in the LPHAP evaluations, and the reasons are threefold:
1) Based on our results of baseline evaluation cases of the existing Rel-17 RRC_INACTIVE state positioning, none of the evaluation cases meets the stringent battery life requirement of 6~12 month developed by SA1, and it can be observed that most of the power is consumed by the deep sleep mode and the corresponding state transitions;
2) To meet the requirement of 6~12 months battery life, the target slot-averaged relative power unit should be less than 0.5, as shown below, which is even less than the relative power state of deep sleep mode (Note that even the optional relative power unit of deep sleep defined in TR 38.840, which is 0.5, cannot meet the requirement). Without introducing a new deep sleep type, there is no way that we can achieve the target requirement;
	
	 (months)
	 (months)

	
	
	


3) In LPHAP use case 6, the positioning interval is defined as 15~30s. Given that a UE is only interested in low power and high accuracy location service, the UE should be able to sleep during most of the time, and is only required to wake up every tens of seconds for positioning purpose. In such a case, within the positioning interval, the LPHAP UE can turns of most of its power components to maximize the battery life.
Observation 3: To meet the requirement of 6~12 months battery life, the target slot-averaged relative power unit should be less than 0.5, which is even less than the relative power state of deep sleep mode.
Observation 4: Considering a UE only interested in low power and high accuracy location service, it is only required to wake up every tens of seconds (15~30s as the requirement defined by LPHAP use case 6) for positioning purpose, and is able to turn off most of its power components to save power.
Furthermore, for a newly defined sleep type, the relative power, additional transition energy and total transition time should be determined. We propose to consider the following as the starting point for discussion:
	Relative power unit
	Additional transition energy
	Total transition time

	0.01
	[5000]
	[500]ms



Proposal 3: For the LPHAP evaluation, consider a new ultra-deep sleep type as one of the enhancements, and with the following parameters:
	Relative power unit
	Additional transition energy
	Total transition time

	0.01
	[5000]
	[500]ms



2.2.2 UE power state transition models
During the email discussion of the last RAN1 meeting, a longer RS periodicity (e.g., 20.48s to meet the positioning interval of 15~30s required by LPHAP use case 6) was discussed, however, companies believed that this assumption belongs to the enhancement not the baseline case.
In the following, we discuss the evaluation assumptions for potential enhancements for the LPHAP evaluation, and to further align the results, observations and conclusions of whether/how potential enhancements can be met the target requirement of battery life, if necessary.
To meet the positioning interval of 15~30s defined by LPHAP use case 6, it is reasonable to set the PRS periodicity as 20.48s. In addition, the DRX-related enhancement is assumed to further save the power. In the evaluation, we consider the eDRX, as introduced in NB-IoT, where a longer DRX cycle of up to multiple SFNs can be set to monitor the paging occasion. To simplify the evaluation, the eDRX cycle is assumed as 20.48s, i.e., 1 PRS occasion per eDRX cycle, and the eDRX pattern is aligned with the RS occasion or measurement reporting procedure. Furthermore, the Power Saving State (PSS) is also considered as one of the enhancements, during which the UE completely stops receiving paging.
Given a typical 5ms TDD pattern with 7D1S2U, the UE power consumption transition models are illustrated in the following.
DL positioning
Figures 1(a) and 1(b) depict the UE power consumption transition models of the UE-assisted DL positioning. For the UE-based DL positioning, no measurement reporting is considered. For the DL measurement reporting, assume that 24ms is consumed for DL PRS processing, and CG-SDT is used.


Figure 1: UE power state transition for UE-assisted DL positioning (a) with eDRX cycle of 20.48s; (b) without paging monitoring
UL positioning
Figures 2(a) and 2(b) depict the UE power consumption transition models of the UL positioning. 


Figure 2: UE power state transition for UL positioning (a) with eDRX cycle of 20.48s; (b) without paging monitoring

Based on the illustration, we propose that:
Proposal 4: Consider the following power state transition model in the LPHAP evaluation of potential enhancements, if eDRX is considered:
· The periodicity of DL PRS / UL SRS for positioning is 20.48s;
· DL PRS is processed in 24ms light sleep before measurement reporting for UE-assisted DL positioning;
· CG-SDT is used for measurement reporting for UE-assisted DL positioning
· eDRX cycle is 20.48s (i.e., 1 RS occasion per eDRX cycle);
· eDRX pattern is aligned with the RS occasion or the measurement reporting procedure
Proposal 5: Consider the following power state transition model in the LPHAP evaluation of potential enhancements, if no paging monitoring considered:
· The periodicity of DL PRS / UL SRS for positioning is 20.48s;
· DL PRS is processed in 24ms light sleep before measurement reporting for UE-assisted DL positioning;
· CG-SDT is used for measurement reporting for UE-assisted DL positioning

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


Figure 3: 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 assumption of baseline evaluation cases
	Evaluation case
	Detailed Description

	
	Positioning method
	DRX cycle
	RS periodicity
	M-sample
	RRM / BWP switching
	Measurement reporting

	Case 1
	UE-assisted DL positioning
	1.28s
	1.28s
(1 RS occasion per 1 I-DRX cycle)
	1
	N/A
	CG-SDT;
Reporting interval = 1.28s

	Case 2
	UE-assisted DL positioning
	1.28s
	10.24s
(1 RS occasion per 8 I-DRX cycle)
	1
	N/A
	CG-SDT;
Reporting interval = 10.24s

	Case 3
	UE-assisted DL positioning
	1.28s
	1.28s
(1 RS occasion per 1 I-DRX cycle)
	1
	N/A
	RA-SDT;
Reporting interval = 1.28s

	Case 4
	UE-assisted DL positioning
	1.28s
	10.24s
(1 RS occasion per 8 I-DRX cycle)
	1
	N/A
	RA-SDT;
Reporting interval = 10.24s

	Case 5
	UE-based DL positioning
	1.28s
	1.28s
(1 RS occasion per 1 I-DRX cycle)
	1
	N/A
	N/A

	Case 6
	UE-based DL positioning
	1.28s
	10.24s
(1 RS occasion per 8 I-DRX cycle)
	1
	N/A
	N/A

	Case 7
	UL positioning
	1.28s
	1.28s
(1 RS occasion per 1 I-DRX cycle)
	1
	N/A
	N/A

	Case 8
	UL positioning
	1.28s
	10.24s
(1 RS occasion per 8 I-DRX cycle)
	1
	N/A
	N/A



UE-assisted DL positioning
Typical UE power state transition during a power cycle for UE-assisted DL positioning with CG-SDT for measurement reporting are shown in the following figure:


Figure 4: UE power state transition for evaluation case 1/2.
The corresponding UE power consumptions are evaluated in Table 2 and Table 3.
Table 2: UE power consumptions for evaluation case 1
	Evaluation case description
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 1
	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%



Table 3: UE power consumptions for evaluation case 2
	Evaluation case description
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 2
	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%



Typical UE power state transition during a power cycle for UE-assisted DL positioning with RA-SDT for measurement reporting are shown in the following figure:


Figure 5: UE power state transition for evaluation case 3/4.
The corresponding UE power consumptions are evaluated in Table 4 and Table 5.
Table 4: UE power consumptions for evaluation case 3
	Evaluation case description
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 3
	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%

	
	- SSB
	50
	4
	2
	8
	
	

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

	
	- PRACH
	210
	2
	1
	2
	
	

	
	- RAR (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	- Msg3 (UL)
	700
	2
	1
	2
	
	

	
	- Msg4 (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	- RRCRelease (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	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)
	2560
	32821
	100%



Table 5: UE power consumptions for evaluation case 4
	Evaluation case description
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 4
	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%

	
	- SSB
	50
	4
	2
	8
	
	

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

	
	- PRACH
	210
	2
	1
	2
	
	

	
	- RAR (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	- Msg3 (UL)
	700
	2
	1
	2
	
	

	
	- Msg4 (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	- RRCRelease (PDCCH + PDSCH)
	120
	2
	1
	2
	
	

	
	- 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%



UE-based DL positioning
Typical UE power state transition during a power cycle for UE-based positioning are shown in the following figure:


Figure 6: UE power state transition for evaluation case 5/6.
The corresponding UE power consumptions are evaluated in Table 6 and Table 7. 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 6: UE power consumptions for evaluation case 5
	Evaluation case description
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 5
	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%



Table 7: UE power consumptions for evaluation case 6
	Evaluation case description
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 6
	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%



UL positioning

Typical UE power state transition during a power cycle for UL positioning are shown in the following figure:
Figure 7: UE power state transition for evaluation case 7/8.
The corresponding UE power consumptions are evaluated in Table 8 and Table 9.
Table 8: UE power consumptions for evaluation case 7
	Evaluation case description
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 7
	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%



Table 9: UE power consumptions for evaluation case 8
	Evaluation case description
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 8
	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%



First of all, it is observed that for the UE-assisted DL positioning, using CG-SDT for DL measurement reporting is more power efficient than using RA-SDT for DL measurement reporting. In addition, since no measurement reporting is required for the UL positioning and UE-based DL positioning, they are more power efficient than the UE-assisted DL positioning.
Observation 5: For UE-assisted DL positioning, using CG-SDT for DL measurement reporting is more power efficient than using RA-SDT for DL measurement reporting.
Observation 6: As no measurement reporting is required, UL positioning and UE-based DL positioning are more power efficient than the UE-assisted DL positioning.

Summary
According to the discussion in Section 2.1, the slot-averaged relative power unit of the baseline evaluation cases are converted to the battery life, and the results are summarized in the following table. Note that for the relative power unit of the reference device, P1, we adopt the evaluation result of the baseline configuration in [4], as shown in the Appendix.
Table 10: Summary of baseline evaluation results
	Evaluation case
	Slot-averaged relative power unit (P2)
	Battery life (in month)
	Target requirement are met – Yes/No; If no, provide gaps

	
	
	
	6 months
	12 months

	Case 1
	2.59
	1.12
	No; 4.88
	No; 10.88

	Case 2
	1.60
	1.81
	No; 4.19
	No; 10.19

	Case 3
	3.96
	0.73
	No; 5.27
	No; 11.27

	Case 4
	1.77
	1.64
	No; 4.36
	No; 10.36

	Case 5
	1.67
	1.74 
	No; 4.26
	No; 10.26

	Case 6
	1.49
	1.95
	No; 4.05
	No; 10.05

	Case 7
	1.85
	1.57
	No; 4.43
	No; 10.43

	Case 8
	1.51
	1.92
	No; 4.08
	No; 10.08


It can be observed that none of the baseline Rel-17 RRC_INACTIVE state positioning methods can meet the target battery life requirement of 6~12 months.
Observation 7: The existing Rel-17 RRC_INACTIVE state positioning functionalities cannot meet the target requirement of 6~12 months battery life.

3.2 Enhanced evaluation cases
In the following sub-section, we further consider some enhanced evaluation cases, and the evaluation assumptions are captured in Table 11.
Table 11: Evaluation assumption of enhanced evaluation cases
	Evaluation case
	Detailed Description

	
	Positioning method
	DRX cycle
	RS periodicity
	M-sample
	RRM / BWP switching
	Measurement reporting
	Sleep type

	Case 9
	UE-assisted DL positioning
	eDRX = 20.48s;
DRX pattern aligned with RS occasion
	20.48s
(1 RS occasion per 1 eDRX cycle)
	1
	N/A
	CG-SDT;
Reporting interval = 20.48s
	as 38.840

	Case 10
	UE-assisted DL positioning
	No paging
	20.48s
	1
	N/A
	CG-SDT;
Reporting interval = 20.48s
	as 38.840

	Case 11
	UE-based DL positioning
	eDRX = 20.48s;
DRX pattern aligned with RS occasion
	20.48s
(1 RS occasion per 1 eDRX cycle)
	1
	N/A
	N/A
	as 38.840

	Case 12
	UE-based DL positioning
	No paging
	20.48s
	1
	N/A
	N/A
	as 38.840

	Case 13
	UL positioning
	eDRX = 20.48s;
DRX pattern aligned with RS occasion
	20.48s
(1 RS occasion per 1 eDRX cycle)
	1
	N/A
	N/A
	as 38.840

	Case 14
	UL positioning
	No paging
	20.48s
	1
	N/A
	N/A
	as 38.840

	Case 15
	UE-assisted DL positioning
	eDRX = 20.48s;
DRX pattern aligned with RS occasion
	20.48s
(1 RS occasion per 1 eDRX cycle)
	1
	N/A
	CG-SDT;
Reporting interval = 20.48s
	Ultra-deep sleep

	Case 16
	UE-assisted DL positioning
	No paging
	20.48s
	1
	N/A
	CG-SDT;
Reporting interval = 20.48s
	Ultra-deep sleep

	Case 17
	UE-based DL positioning
	eDRX = 20.48s;
DRX pattern aligned with RS occasion
	20.48s
(1 RS occasion per 1 eDRX cycle)
	1
	N/A
	N/A
	Ultra-deep sleep

	Case 18
	UE-based DL positioning
	No paging
	20.48s
	1
	N/A
	N/A
	Ultra-deep sleep

	Case 19
	UL positioning
	eDRX = 20.48s;
DRX pattern aligned with RS occasion
	20.48s
(1 RS occasion per 1 eDRX cycle)
	1
	N/A
	N/A
	Ultra-deep sleep

	Case 20
	UL positioning
	No paging
	20.48s
	1
	N/A
	N/A
	Ultra-deep sleep



Enhanced RS periodicity and DRX pattern
Based on the UE power state transition models shown in Section 2.2, the corresponding UE power consumptions with enhanced RS periodicity and DRX pattern are evaluated in Table 12 to Table 17.
Table 12: UE power consumptions for evaluation case 9
	Evaluation case description
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 9
	SSB synchronization
	50
	4
	1
	4
	200
	0.45%

	
	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
	3.13%

	
	Deep sleep
	1
	
	
	40839
	40839
	91.27%

	
	Light sleep
	20
	
	
	48
	960
	2.15%

	
	Micro sleep
	45
	
	
	10
	450
	1.01%

	
	Transition energy
	
	
	
	
	
	

	
	- Deep sleep
	450
	40
	1
	40
	450
	1.01%

	
	- Light sleep
	100
	12
	1
	12
	100
	0.22%

	Total (every 20.48s)
	40960
	44747
	100%



Table 13: UE power consumptions for evaluation case 10
	Evaluation case description
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 10
	SSB synchronization
	50
	4
	1
	4
	200
	0.45%

	
	PRS measurement
	120
	1
	1
	1
	120
	0.27%

	
	UL
	700
	2
	1
	2
	1400
	3.16%

	
	Deep sleep
	1
	
	
	40849
	40849
	92.30%

	
	Light sleep
	20
	
	
	48
	960
	2.17%

	
	Micro sleep
	45
	
	
	4
	180
	0.41%

	
	Transition energy
	
	
	
	
	
	

	
	- Deep sleep
	450
	40
	1
	40
	450
	1.02%

	
	- Light sleep
	100
	12
	1
	12
	100
	0.23%

	Total (every 20.48s)
	40960
	44259
	100%



Table 14: UE power consumptions for evaluation case 11
	Evaluation case description
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 11
	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
	96.38%

	
	Micro sleep
	45
	
	
	12
	540
	1.27%

	
	Transition energy
	
	
	
	
	
	

	
	- Deep sleep
	450
	40
	1
	40
	450
	1.06%

	Total (every 20.48s)
	40960
	42437
	100%



Table 15: UE power consumptions for evaluation case 12
	Evaluation case description
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 12
	SSB synchronization
	50
	4
	1
	4
	200
	0.48%

	
	PRS measurement
	120
	1
	1
	1
	120
	0.29%

	
	Deep sleep
	1
	
	
	40911
	40911
	97.73%

	
	Micro sleep
	45
	
	
	4
	180
	0.43%

	
	Transition energy
	
	
	
	
	
	

	
	- Deep sleep
	450
	40
	1
	40
	450
	1.07%

	Total (every 20.48s)
	40960
	41861
	100%



Table 16: UE power consumptions for evaluation case 13
	Evaluation case description
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 13
	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 20.48s)
	40960
	42395
	100%



Table 17: UE power consumptions for evaluation case 14
	Evaluation case description
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 14
	SSB synchronization
	50
	4
	1
	4
	200
	0.48%

	
	SRS
	210
	1
	1
	1
	210
	0.50%

	
	Deep sleep
	1
	
	
	40911
	40911
	97.52%

	
	Micro sleep
	45
	
	
	4
	180
	0.43%

	
	Transition energy
	
	
	
	
	
	

	
	- Deep sleep
	450
	40
	1
	40
	450
	1.07%

	Total (every 20.48s)
	40960
	41951
	100%



When comparing the above enhanced evaluation cases and the baseline evaluation cases, it is noted that with the increase of the positioning interval and the DRX cycle, the ratio of the power consumed by deep sleep and the corresponding power state transition energy significantly increases, from 36.54%~78.91% to 92.28%~98.59%, as the UE spends longer time for sleeping.
Observation 8: With the increase of the positioning interval and the DRX cycle, the ratio of the power consumed by deep sleep and the corresponding power state transition energy significantly increases, from 36.54%~78.91% to 92.28%~98.59%.

Enhanced sleep type
Based on the UE power state transition models shown in Section 2.2, the corresponding UE power consumptions considering the new sleep type are evaluated in Table 18 to Table 23.
Table 18: UE power consumptions for evaluation case 15
	Evaluation case description
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 15
	SSB synchronization
	50
	4
	1
	4
	200
	2.26%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	2.57%

	
	PRS measurement
	120
	1
	1
	1
	120
	1.35%

	
	UL
	700
	2
	1
	2
	1400
	15.81%

	
	Ultra-deep sleep
	0.01
	
	
	39879
	398.79
	4.50%

	
	Light sleep
	20
	
	
	48
	960
	10.84%

	
	Micro sleep
	45
	
	
	10
	450
	5.08%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	5000
	1000
	1
	1000
	5000
	56.45%

	
	- Light sleep
	100
	12
	1
	12
	100
	1.13%

	Total (every 20.48s)
	40960
	8856.79
	100%



Table 19: UE power consumptions for evaluation case 16
	Evaluation case description
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 16
	SSB synchronization
	50
	4
	1
	4
	200
	2.39%

	
	PRS measurement
	120
	1
	1
	1
	120
	1.44%

	
	UL
	700
	2
	1
	2
	1400
	16.75%

	
	Ultra-deep sleep
	0.01
	
	
	39889
	398.89
	4.77%

	
	Light sleep
	20
	
	
	48
	960
	11.48%

	
	Micro sleep
	45
	
	
	4
	180
	2.15%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	5000
	1000
	1
	1000
	5000
	59.82%

	
	- Light sleep
	100
	12
	1
	12
	100
	1.20%

	Total (every 20.48s)
	40960
	8358.89
	100%



Table 20: UE power consumptions for evaluation case 17
	Evaluation case description
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 17
	SSB synchronization
	50
	4
	1
	4
	200
	3.08%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	3.51%

	
	PRS measurement
	120
	1
	1
	1
	120
	1.85%

	
	Ultra-deep sleep
	0.01
	
	
	39939
	399.39
	6.16%

	
	Micro sleep
	45
	
	
	12
	540
	8.32%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	5000
	1000
	1
	1000
	5000
	77.07%

	Total (every 20.48s)
	40960
	6487.39
	100%



Table 21: UE power consumptions for evaluation case 18
	Evaluation case description
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 18
	SSB synchronization
	50
	4
	1
	4
	200
	3.39%

	
	PRS measurement
	120
	1
	1
	1
	120
	2.03%

	
	Ultra-deep sleep
	0.01
	
	
	39951
	399.51
	6.77%

	
	Micro sleep
	45
	
	
	4
	180
	3.05%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	5000
	1000
	1
	1000
	5000
	84.75%

	Total (every 20.48s)
	40960
	5899.51
	100%



Table 22: UE power consumptions for evaluation case 19
	Evaluation case description
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 19
	SSB synchronization
	50
	4
	1
	4
	200
	3.10%

	
	Paging
	0.1*120 + 0.9*50 = 57
	4
	1
	4
	228
	3.54%

	
	SRS
	210
	1
	1
	1
	210
	3.26%

	
	Ultra-deep sleep
	0.01
	
	
	39942
	399.42
	6.20%

	
	Micro sleep
	45
	
	
	9
	405
	6.29%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	5000
	1000
	1
	1000
	5000
	77.61%

	Total (every 20.48s)
	40960
	6442.42
	100%



Table 23: UE power consumptions for evaluation case 20
	Evaluation case description
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 20
	SSB synchronization
	50
	4
	1
	4
	200
	3.34%

	
	SRS
	210
	1
	1
	1
	210
	3.51%

	
	Ultra-deep sleep
	0.01
	
	
	39951
	399.51
	6.67%

	
	Micro sleep
	45
	
	
	4
	180
	3.01%

	
	Transition energy
	
	
	
	
	
	

	
	- Ultra-deep sleep
	5000
	1000
	1
	1000
	5000
	83.48%

	Total (every 20.48s)
	40960
	5989.51
	100%



Summary
According to the discussion in Section 2.1, the slot-averaged relative power unit of the enhanced evaluation cases are converted to the battery life, and the results are summarized in the following table. We adopt the result in [4] as relative power unit of the reference device P1.
Table 24: Summary of enhanced evaluation results
	Evaluation case 
	Slot-averaged relative power unit (P2)
	Power saving gain (over baseline)
	Battery life (in month)
	Target requirement are met – Yes/No; If no, provide gaps

	
	
	
	
	6 months
	12 months

	Case 9
	1.09
	57.92%
	2.67
	No; 3.33
	No; 9.33

	Case 10
	1.08
	32.50%
	2.69
	No; 3.31
	No; 9.31

	Case 11
	1.04
	37.72%
	2.80
	No; 3.20
	No; 9.20

	Case 12
	1.02
	31.54%
	2.85
	No; 3.15
	No; 9.15

	Case 13
	1.04
	43.78%
	2.80
	No; 3.20
	No; 9.20

	Case 14
	1.02
	32.45%
	2.85
	No; 3.15
	No; 9.15

	Case 15
	0.22
	91.51%
	13.21
	Yes
	Yes

	Case 16
	0.20
	87.50%
	14.54
	Yes
	Yes

	Case 17
	0.16
	90.42%
	18.17
	Yes
	Yes

	Case 18
	0.14
	90.60%
	20.77
	Yes
	Yes

	Case 19
	0.16
	91.35%
	18.17
	Yes
	Yes

	Case 20
	0.15
	90.07%
	19.28
	Yes
	Yes


It can be observed that with longer positioning interval (including longer RS periodicity, reporting interval, and DRX cycle), in which the UE can reduce the power state transition frequency and turn off most its power consumptions when sleeping, the target battery life requirement of 6~12 months can be satisfied.
Observation 9: Considering longer positioning interval with ultra-deep sleep type, all evaluation cases can meet the target requirement of 6~12 months battery life.

Potential enhancements
As clarified by the objectives, the study is focused on enhancements to RRC_INACTIVE and/or RRC_IDLE state. In our views, 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 6: 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 7: 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 8: 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 the assumption that the reference device and LPHAP device have the same energy utilization efficiency, the conversion between the relative power unit and the battery life can be derived by proportion.
Observation 2: By aligning the evaluation methodology of the LPHAP evaluation, it is only able to align the evaluation results of the relative power unit, P2; however, without the calibration of the relative power unit of the reference device, P1, the outcome for identifying the performance gap may not be by aligned.
Observation 3: To meet the requirement of 6~12 months battery life, the target slot-averaged relative power unit should be less than 0.5, which is even less than the relative power state of deep sleep mode.
Observation 4: Considering a UE only interested in low power and high accuracy location service, it is only required to wake up every tens of seconds (15~30s as the requirement defined by LPHAP use case 6) for positioning purpose, and is able to turn off most of its power components to save power.
Observation 5: For UE-assisted DL positioning, using CG-SDT for DL measurement reporting is more power efficient than using RA-SDT for DL measurement reporting.
Observation 6: As no measurement reporting is required, UL positioning and UE-based DL positioning are more power efficient than the UE-assisted DL positioning.
Observation 7: The existing Rel-17 RRC_INACTIVE state positioning functionalities cannot meet the target requirement of 6~12 months battery life.
Observation 8: With the increase of the positioning interval and the DRX cycle, the ratio of the power consumed by deep sleep and the corresponding power state transition energy significantly increases, from 36.54%~78.91% to 92.28%~98.59%.
Observation 9: Considering longer positioning interval with ultra-deep sleep type, all evaluation cases can meet the target requirement of 6~12 months battery life.

Proposal 1: In the LPHAP evaluation, adopt the following conversion model between the relative power unit and the battery life to identify the performance gap:
· Alt. 1: battery life is used as the metric to identify the gap


Proposal 2: In the LPHAP evaluation, study the following parameter values of the conversion model as starting point:
	C1
	T1
	P1
	X
	reference traffic type
	C2
	T2req

	[4500] mAh
	[8] hours
	[52.33]
(refer to [4] in the Appendix)
	20 %
	FTP (model 3)
	[4500] mAh
	6, 12 months


Proposal 3: For the LPHAP evaluation, consider a new ultra-deep sleep type as one of the enhancements, and with the following parameters:
	Relative power unit
	Additional transition energy
	Total transition time

	0.01
	[5000]
	[500]ms


Proposal 4: Consider the following power state transition model in the LPHAP evaluation of potential enhancements, if eDRX is considered:
· The periodicity of DL PRS / UL SRS for positioning is 20.48s;
· DL PRS is processed in 24ms light sleep before measurement reporting for UE-assisted DL positioning;
· CG-SDT is used for measurement reporting for UE-assisted DL positioning
· eDRX cycle is 20.48s (i.e., 1 RS occasion per eDRX cycle);
· eDRX pattern is aligned with the RS occasion or the measurement reporting procedure
Proposal 5: Consider the following power state transition model in the LPHAP evaluation of potential enhancements, if no paging monitoring considered:
· The periodicity of DL PRS / UL SRS for positioning is 20.48s;
· DL PRS is processed in 24ms light sleep before measurement reporting for UE-assisted DL positioning;
· CG-SDT is used for measurement reporting for UE-assisted DL positioning
Proposal 6: From RAN1 perspective, support of DL measurement for UEs in RRC_IDLE state.
Proposal 7: 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 8: 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
According to the analysis in Section 2.1, the relative power unit, P1, of the reference device can refer to the evaluation results in TR38.840 with the same evaluation assumption. In the contribution, we adopt the following highlighted results in [4] as the relative power unit to evaluate the battery life, i.e., P1 = 52.33.
[bookmark: _Ref535023204]Table A-1: Metrics for the baseline configuration (Table 4 in [4])
	Metric
	FTP/Video
	IM
	VoIP

	Power consumption (relative unit)
	52.33
	10.89
	50.63

	Power saving ratio (w.r.t. baseline)
	0%
	0%
	0%

	  

	Latency (ms)
	59.71
	148.04
	13.42

	Latency increment (w.r.t. baseline)
	0%
	0%
	0%

	  

	RU (%)
	32.73
	1.54
	0.98

	RU increment (w.r.t. baseline)
	0%
	0%
	0%
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