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1 Introduction
For industrial IoT devices, power efficiency is one of the most essential and critical considerations, especially for high accuracy positioning. On one hand, the development scenarios for industrial IoT devices may require high accuracy positioning, e.g. to avoid various utility sectors not proper for such devices; on the other hand, to achieve high accuracy positioning, industrial IoT devices may have to consume high power, e.g. frequency positioning fix to obtain real-time location information. Recharging these massive IoT devices would be a great burden for the industry operator, hence, low energy consumption per position fix is required for industrial IoT devices in order to sustain a long lifetime without changing the battery. 
For this purpose, SA approved WI on Low Power High Accuracy Positioning (LPHAP) for industrial IoT scenarios [1], and specified requirements on low power high accuracy positioning service for industrial IoT scenarios. RAN also approved Rel-18 SI [2] to study the requirements on LPHAP as developed by SA1 and evaluate whether existing RAN functionality can support these power consumption and positioning requirements, and study potential enhancements to help address any limitations if needed.
In the SID [2], the following objective is included regarding the support of low power higher accuracy positioning (LPHAP): 
· Study the requirements on LPHAP as developed by SA1 and evaluate whether existing RAN functionality can support these power consumption and positioning requirements. Based on the evaluation, and, if found beneficial, study potential enhancements to help address any limitations [RAN2, RAN1]
· Study is limited to a single representative use case (use case 6 as defined TS 22.104). The choice of selected use case can be reviewed at the start of the study.
· Study is limited to enhancements to RRC_INACTIVE and/or RRC_IDLE state

In RAN1 #109e [3], the study scope was further clarified and evaluation assumptions were agreed (see Appendix 3 for details). This contribution further discusses aspects related to the support of LPHAP. 
2 Further Clarification of Study Scope
The study intends to focus on RRC_INACTIVE and/or RRC_IDLE state, as described in the SID [1], to further alleviate the study load. However, RAN1 may need RAN2 to clarify whether positioning for RRC_IDLE state is within the scope of Rel-18 study since there was no support of positioning on RRC_IDLE state in Rel-16 and Rel-17. After the clarification of study scope from RAN2, RAN1 can further study whether enhancement is needed for RRC_INACTIVE and/or RRC_IDLE state to support LPHAP. 
Proposal 1: RAN1 shall wait for RAN2’s clarification on the scope of the study. Especially, one of the following options shall be clarified:
· Option 1: The study investigates potential enhancement to positioning in RRC_INATIVE state to support LPHAP.
· Option 2: The study investigates supporting of positioning in RRC_IDLE state and potential enhancement to support LPHAP.
· Option 3: Option 1 + Option 2.
3 Remaining Issues for Evaluation Methodology
In RAN1#109e [3], evaluation assumptions for LPHAP was discussed, and framework on calculating the power consumption in DL and UL positioning was agreed. One of the key remaining issues is to how to define a reference device, such that the calculated power unit can be converted into battery life. 
Two alternatives were listed in the last meeting for further study: 
· 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:


The two alternatives have a one-to-one mapping relationship between power unit and battery life, which implies the equivalence of the two alternative in math. However, since the study is for evaluating the battery life as in SA requirement, power unit could be more treated as an intermediate value for RAN1’s internal discussion. In this sense, Alt 1 is preferred as the final output of the study and reported to other WGs and TSGs. 
Regarding the details of parameter values, we have the following associated proposal:
Proposal 2: RAN1 shall adopt battery life as the final metric to evaluate power consumption.
· Further study how to convert power unit into battery life.
4 DL Positioning Evaluation Results
The evaluation assumptions and the corresponding results for DL positioning are summarized in Table 1, and the details are provided in Appendix 1. 
[bookmark: _Ref109918138]Table 1 Summary of evaluation results for power consumption in DL positioning.
	Case #
	Description
	Timeline Illustration
	Power Unit

	Case 1a 
	High SNR (single SSB for sync and tracking)
I-DRX cycle = 1.28 s
Compact timeline with micro sleeps
One PRS per I-DRX cycle
	

	1.758

	Case 1b 
	High SNR (single SSB for sync and tracking)
I-DRX cycle = 1.28 s
Relaxed timeline with light sleeps
One PRS per I-DRX cycle
	

	2.229

	Case 2
	Low SNR (three SSBs for sync and tracking)
I-DRX cycle = 1.28 s
Compact timeline with micro sleeps
One PRS per I-DRX cycle
	

	3.035

	Case 3
	High SNR (single SSB for sync and tracking)
I-DRX cycle = 1.28 s
Compact timeline with micro sleeps
One PRS per 8 I-DRX cycles
	

	1.532

	Case 4
	High SNR (single SSB for sync and tracking)
I-DRX cycle = 10.24 s
Compact timeline with micro sleeps
One PRS per I-DRX cycle
	

	1.095

	Note 1: Common evaluation assumptions: 
· Frequency range: FR1
· SCS: 30 kHz
· Carrier BW: 100 MHz
· PRS configuration: single-sample per positioning fix
· # TRP for poisoning: 4
· Group paging rate: 10%
Note 2: Common legends in the figures




5 UL Positioning Evaluation Results
[bookmark: _GoBack]The evaluation assumptions and the corresponding results for UL positioning are summarized in Table 2, and the details are provided in Appendix 2. 
[bookmark: _Ref109983579]Table 2 Summary of evaluation results for power consumption in UL positioning.
	Case #
	Description
	Timeline Illustration
	Power Unit

	Case 1a 
	High SNR (single SSB for sync and tracking)
I-DRX cycle = 1.28 s
Compact timeline with micro sleeps
One PRS per I-DRX cycle
	

	1.599

	Case 1b 
	High SNR (single SSB for sync and tracking)
I-DRX cycle = 1.28 s
Relaxed timeline with light sleeps
One PRS per I-DRX cycle
	

	1.907

	Case 2
	Low SNR (three SSBs for sync and tracking)
I-DRX cycle = 1.28 s
Compact timeline with micro sleeps
One PRS per I-DRX cycle
	

	2.433

	Case 3
	High SNR (single SSB for sync and tracking)
I-DRX cycle = 1.28 s
Compact timeline with micro sleeps
One PRS per 8 I-DRX cycles
	

	1.512

	Case 4
	High SNR (single SSB for sync and tracking)
I-DRX cycle = 10.24 s
Compact timeline with micro sleeps
One PRS per I-DRX cycle
	

	1.075

	Note 1: Common evaluation assumptions: 
· Frequency range: FR1
· SCS: 30 kHz
· Carrier BW: 100 MHz
· # TRP for poisoning: 4
· Group paging rate: 10%
Note 2: Common legends in the figures





6 Conclusion
The proposals made in this contribution are summarized below: 
Proposal 1: RAN1 shall wait for RAN2’s clarification on the scope of the study. Especially, one of the following options shall be clarified:
· Option 1: The study investigates potential enhancement to positioning in RRC_INATIVE state to support LPHAP.
· Option 2: The study investigates supporting of positioning in RRC_IDLE state and potential enhancement to support LPHAP.
· Option 3: Option 1 + Option 2.
Proposal 2: RAN1 shall adopt battery life as the final metric to evaluate power consumption.
· Further study how to convert power unit into battery life.
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Appendix 1: Evaluation Results for DL Positioning

Table 3 Evaluation result for DL positioning – Case 1a
	State
	Power Consumption
	Time Unit
	# Time Unit
	Overall Power per State

	Deep Sleep
	1
	1
	1254
	1254

	Deep Sleep Transition
	450
	20
	20
	450

	Light Sleep
	20
	1
	0
	0

	Light Sleep Transition
	100
	6
	0
	0

	Micro Sleep
	45
	1
	0.5
	22.5

	SSB Proc.
	50
	1
	2
	100

	Paging
	57
	1
	2
	114

	PRS
	120
	1
	0.5
	60

	CG-SDT
	250
	1
	1
	250

	overall
	
	
	1280
	2250.5

	average
	1.758



Table 4 Evaluation result for DL positioning – Case 1b
	State
	Power Consumption
	Time Unit
	# Time Unit
	Overall Power per State

	Deep Sleep
	1
	1
	1218.5
	1218.5

	Deep Sleep Transition
	450
	20
	20
	450

	Light Sleep
	20
	1
	18
	360

	Light Sleep Transition
	100
	6
	18
	300

	Micro Sleep
	45
	1
	0
	0

	SSB Proc.
	50
	1
	2
	100

	Paging
	57
	1
	2
	114

	PRS
	120
	1
	0.5
	60

	CG-SDT
	250
	1
	1
	250

	overall
	
	
	1280
	2852.5

	average
	2.229



Table 5 Evaluation result for DL positioning – Case 2
	State
	Power Consumption
	Time Unit
	# Time Unit
	Overall Power per State

	Deep Sleep
	1
	1
	1198
	1198

	Deep Sleep Transition
	450
	20
	20
	450

	Light Sleep
	20
	1
	36
	720

	Light Sleep Transition
	100
	6
	12
	200

	Micro Sleep
	45
	1
	0.5
	22.5

	SSB Proc.
	50
	1
	6
	300

	Paging
	57
	1
	2
	114

	PRS
	120
	1
	0.5
	60

	CG-SDT
	820
	5
	5
	820

	overall
	
	
	1280
	3884.5

	average
	3.035



Table 6 Evaluation result for DL positioning – Case 3
	State
	Power Consumption
	Time Unit
	# Time Unit
	Overall Power per State

	Deep Sleep
	1
	1
	10046
	10046

	Deep Sleep Transition
	450
	20
	160
	3600

	Light Sleep
	20
	1
	0
	0

	Light Sleep Transition
	100
	6
	0
	0

	Micro Sleep
	45
	1
	0.5
	22.5

	SSB Proc.
	50
	1
	16
	800

	Paging
	57
	1
	16
	912

	PRS
	120
	1
	0.5
	60

	CG-SDT
	250
	1
	1
	250

	overall
	
	
	10240
	15690.5

	average
	1.532



Table 7 Evaluation result for DL positioning – Case 4
	State
	Power Consumption
	Time Unit
	# Time Unit
	Overall Power per State

	Deep Sleep
	1
	1
	10214
	10214

	Deep Sleep Transition
	450
	20
	20
	450

	Light Sleep
	20
	1
	0
	0

	Light Sleep Transition
	100
	6
	0
	0

	Micro Sleep
	45
	1
	0.5
	22.5

	SSB Proc.
	50
	1
	2
	100

	Paging
	57
	1
	2
	114

	PRS
	120
	1
	0.5
	60

	CG-SDT
	250
	1
	1
	250

	overall
	
	
	10240
	11210.5

	average
	1.095



Appendix 2: Evaluation Results for UL Positioning

Table 8 Evaluation result for UL positioning – Case 1a
	State
	Power Consumption
	Time Unit
	# Time Unit
	Overall Power per State

	Deep Sleep
	1
	1
	1255
	1255

	Deep Sleep Transition
	450
	20
	20
	450

	Light Sleep
	20
	1
	0
	0

	Light Sleep Transition
	100
	6
	0
	0

	Micro Sleep
	45
	1
	0.5
	22.5

	SSB Proc.
	50
	1
	2
	100

	Paging
	57
	1
	2
	114

	SRS
	210
	1
	0.5
	105

	overall
	
	
	1280
	2046.5

	average
	1.599



Table 9 Evaluation result for UL positioning – Case 1b
	State
	Power Consumption
	Time Unit
	# Time Unit
	Overall Power per State

	Deep Sleep
	1
	1
	1231.5
	1231.5

	Deep Sleep Transition
	450
	20
	20
	450

	Light Sleep
	20
	1
	12
	240

	Light Sleep Transition
	100
	6
	12
	200

	Micro Sleep
	45
	1
	0
	0

	SSB Proc.
	50
	1
	2
	100

	Paging
	57
	1
	2
	114

	SRS
	210
	1
	0.5
	105

	overall
	
	
	1280
	2440.5

	average
	1.907



Table 10 Evaluation result for UL positioning – Case 2
	State
	Power Consumption
	Time Unit
	# Time Unit
	Overall Power per State

	Deep Sleep
	1
	1
	1203
	1203

	Deep Sleep Transition
	450
	20
	20
	450

	Light Sleep
	20
	1
	36
	720

	Light Sleep Transition
	100
	6
	12
	200

	Micro Sleep
	45
	1
	0.5
	22.5

	SSB Proc.
	50
	1
	6
	300

	Paging
	57
	1
	2
	114

	SRS
	210
	1
	0.5
	105

	overall
	
	
	1280
	3114.5

	average
	2.433



Table 11 Evaluation result for UL positioning – Case 3
	State
	Power Consumption
	Time Unit
	# Time Unit
	Overall Power per State

	Deep Sleep
	1
	1
	10047
	10047

	Deep Sleep Transition
	450
	20
	160
	3600

	Light Sleep
	20
	1
	0
	0

	Light Sleep Transition
	100
	6
	0
	0

	Micro Sleep
	45
	1
	0.5
	22.5

	SSB Proc.
	50
	1
	16
	800

	Paging
	57
	1
	16
	912

	SRS
	210
	1
	0.5
	105

	overall
	
	
	10240
	15486.5

	average
	1.512



Table 12 Evaluation result for UL positioning – Case 4
	State
	Power Consumption
	Time Unit
	# Time Unit
	Overall Power per State

	Deep Sleep
	1
	1
	10215
	10215

	Deep Sleep Transition
	450
	20
	20
	450

	Light Sleep
	20
	1
	0
	0

	Light Sleep Transition
	100
	6
	0
	0

	Micro Sleep
	45
	1
	0.5
	22.5

	SSB Proc.
	50
	1
	2
	100

	Paging
	57
	1
	2
	114

	SRS
	210
	1
	0.5
	105

	overall
	
	
	10240
	11006.5

	average
	1.075



Appendix 3: RAN1#109e Agreements

Agreement
Confirm that use case 6 defined in TS 22.104 is the single representative use case for the study of LPHAP.

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
· Adopt the following parameters as the common evaluation parameters for the LPHAP evaluation:
· Frequency range: FR1 (baseline); FR2 (optional)
· SCS: 30kHz for FR1 (baseline); 120kHz for FR2 (optional)
· BW of the DL PRS and UL SRS pos: 100MHz;
· Single-sample measurement per position fix (baseline); 4-sample measurement per position fix (optional)
· UE mobility: up to 3km/h
· Note: It is up to each company to provide detailed power model and evaluation results on power consumption in FR2.

Agreement
In the LPHAP evaluation, the power consumption of 5GC data traffic is not modelled. Only the power consumption of the traffic type related to LPHAP positioning (e.g., obtaining/updating SRS configurations, DL PRS measurement reporting, etc.) is considered.
· Note: This does not preclude the power consumption of paging monitoring in the baseline evaluation, but rather assumes that no power consumption of 5GC data traffic is considered during a power cycle.

Agreement
Adopt the following power consumption model common for the baseline evaluation of Rel-17 RRC_INACTIVE state positioning.

	Power State
	Relative power

	PDCCH-only (PPDCCH)
	50Note

	PDCCH + PDSCH (PPDCCH+PDSCH)
	120

	SSB proc. (PSSB)
	50

	UL
	250 (0 dBm)
700 (23 dBm)

	(Optional) PRACH
	[210]

	(Optional) BWP switching
	[50]

	(Optional) Intra-frequency RRM measurement (Pintra)
	[60] (synchronous case, N=8, measurement only; Pintra, meas-only)
[80] (combined search and measurement; Pintra, search+meas)

	(Optional) Inter-frequency RRM measurement (Pinter)
	[60] (measurement only per freq. layer; Pinter, meas-only)
[150] (neighbor cell search power per freq. layer; Pinter, search-only)
Micro sleep power assumed for switch in/out a freq. layer

	Note: Power scaling to 20MHz reception bandwidth follows the rule in Section 8.1.3 of TR 38.840, i.e., max{reference power * 0.4, 50}.



Agreement
Adopt the following power consumption model for UL SRS for positioning transmission.

	Power State
	Relative power

	SRS
	210 (baseline);
700 (optional)



Agreement
· In Rel-18 low power and high accuracy positioning, adopt the following requirement: 
· Horizontal positioning accuracy < 1 m for 90% of UEs
· Positioning interval / duty cycle of 15-30 s
· UE battery life of 6 months – 1 year
· Note: Setting an exact value each from the set of positioning interval / duty cycle and UE battery life in the evaluation and identification of performance gap will be discussed separately when necessary.

Conclusion
· At least when the positioning accuracy is evaluated without jointly evaluating the associated power consumption, the target horizontal positioning accuracy requirement on LPHAP of <1m can be achieved by Rel-16/17 positioning techniques with a positioning bandwidth of at least 100MHz.
· The main aspect of RAN1 evaluation is on power consumption.
· Note: This does not preclude the case that the positioning accuracy can be revisited, if found necessary at later stage.

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



Agreement
Adopt the following periodicity of DL PRS / UL SRS for positioning in the baseline evaluation of Rel-17 RRC_INACTIVE positioning:
· 1 DL PRS / UL SRS for positioning occasion per N I-DRX cycle(s); 
· Candidate values of N to evaluate is 1 and 8 for I-DRX cycle of 1.28s;
· Note: Individual company may consider either one or both in the evaluation.
· Candidate value of N to evaluate is 1 for I-DRX cycle of 10.24s.

Agreement
· The I-DRX configuration is included in the baseline evaluation of Rel-17 RRC_INACTVIE positioning.
· Note: This does not preclude the case where no I-DRX cycle nor paging is considered in the evaluation of potential solutions to maximize the battery life.
· Adopt the following I-DRX cycle to evaluate:
· 1.28s (baseline); 10.24s (optional).

Agreement
· Adopt the 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.

Agreement
· Adopt the following reference configuration and assumption for DL PRS to define the power consumption model for DL PRS measurement:
· 1 Number of PFL;
· 8 DL PRS resources per slot are measured;
· DL PRS instance of smaller than or equal to 1 slot duration;
· Adopt the following table as the power consumption model for DL PRS measurement (derived from Table 22 in TR38.840):

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

	
	FR1 (baseline)
	FR2 
(optional)
	FR1
	FR2

	N=4 (baseline)
	120
	195
	140
	255

	N=8 (optional)
	150
	225
	170
	285



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

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