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1 Introduction
In RAN1#109-e several agreements were reached on LPHAP Positioning, especially with regards to the requirements and the evaluation assumptions of the power consumption modelling: 

	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.




In this paper, we provide our initial power consumption analysis on LPHAP, together with our views on and potential enhancements within RRC Inactive and/or RRC Idle positioning. 
2 Relative power Unit Power Consumption Analysis
The first step of the power consumption analysis is to perform a relative power unit power consumption analysis by identifying the main PHY channels and procedures that are needed for each Positioning method. 
2.1 SDT Procedure – UL or DL+UL Positioning
We start from the RA-SDT procedure which is the basis of the Positioning procedure in RRC Inactive for the purpose of providing SRS configuration as shown in the diagram below (related to UL-only and DL+UL Positioning). 


We observe that after step 3 (UE->NG-RAN), there are steps 4,5,6,7,8,9a, before the RRC Release message. This involves NG-RAN to Core Nework signaling, and therefore, may be associated with some increased delay. In our analysis, we consider 2 cases: 
· A case with an SDT procedure with legacy network delay, which corresponds to the case shown above, wherein the RAN requests for new SRS configuration using the steps 4-9a, where we assume that a total delay of 100msec is needed. 
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	Channel / Procedure
	Power Units / slot
	Number of slots
	Power Units

	Coreset0+SIB1
	120
	2
	240

	PRACH (short format)
	175
	2
	350

	RAR (PDCCH+PDSCH)
	120
	2
	240

	Msg3 (PUSCH)
	700
	2
	1400

	Msg4 (PDCCH+PDSCH)
	120
	2
	240

	Msg4 ACK (PUCCH)
	210
	1
	210

	RRC Release PDCCH monitoring
	50
	10
	500

	RRC release (PDCCH+PDSCH)
	280
	2
	560

	Micro sleep
	45
	210
	9450

	Total Power Units:
	13190



· A case with an SDT procedure with  minimal network delay, in which the RAN can quickly determine the SRS configuration with minimal time domain gaps in between the PHY messages.
[image: ]
	Channel / Procedure
	Power Units / slot
	Number of slots
	Power Units

	Coreset0+SIB1
	120
	2
	240

	PRACH (short format)
	175
	2
	350

	RAR (PDCCH+PDSCH)
	120
	2
	240

	Msg3 (PUSCH)
	700
	2
	1400

	Msg4 (PDCCH+PDSCH)
	120
	2
	240

	Msg4 ACK (PUCCH)
	210
	1
	210

	RRC release (PDCCH+PDSCH)
	280
	2
	560

	Micro sleep
	45
	24
	1089

	Total Power Units
	4320



Observation 1: For UL-only, or DL+UL Positioning, RA-SDT may correspond to a procedure requiring between 4320 to 13190 power units depending on the delays involved in the overall signaling UE<->NG RAN<->LMF. 
2.2 DL-only Positioning without reporting (UE-based)
For the case DL-only positioning where the location is needed at the UE (e.g. UE-based), there is no need to include in the power consumption analysis a power component related to the reporting of the location report. 
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Based on the above, and the previous agreements on the channels to include (shown below), we provide the tables shown in Sections 2.2.1-2.2.3. 
	DL positioning

	· For the 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;
· 1 Number of PFL;
· 8 DL PRS resources per slot are measured;
· DL PRS instance of smaller than or equal to 1 slot duration;



2.2.1 PRS/SRS every N=1 I-DRX cycles with 1.28 sec
	UE-Assisted DL Positioning
	Power Units / slot
	Number of slots
	Power Units

	Paging Occasion (2 ms)
	57
	4
	228

	SSB serv. cell (2 ms)
	50
	4
	200

	Light sleep (8 ms)
	20
	16
	320

	PRS Instance (0.5 ms)
	120
	1
	120

	Deep sleep
	1
	2533
	2533

	Deep State transit
	450
	3
	1350

	Light State transit
	100
	1
	100

	CG UL
	700
	2
	1400

	
	
	Total Power
	6251

	
	
	Average Power per slot
	2.44



2.2.2 PRS/SRS every 8 I-DRX cycles with 1.28 sec
	DL-only Positioning without reporting (UE-based)
	Power Units / slot
	Number of slots
	Power Units

	Paging Occasion (2 ms)
	57
	32
	1824

	SSB serv. cell (2 ms)
	50
	32
	1600

	Light sleep (8 ms)
	20
	128
	2560

	PRS Instance (0.5 ms)
	120
	1
	120

	Deep sleep
	1
	20287
	20287

	Deep State transit
	450
	9
	4050

	Light State transit
	100
	8
	800

	
	
	Total Power
	31241

	
	
	Average Power per slot
	1.53



2.2.3 PRS/SRS every I-DRX cycles with 10.24 sec
	UE-based DL Positioning
	Power Units / slot
	Number of slots
	Power Units

	Paging Occasion (2 ms)
	57
	4
	228

	SSB serv. cell (2 ms)
	50
	4
	200

	Light sleep (8 ms)
	20
	16
	320

	PRS Instance (0.5 ms)
	120
	1
	120

	Deep sleep
	1
	20455
	20455

	Deep State transit
	450
	2
	900

	Light State transit
	100
	1
	100

	
	
	Total Power
	22323

	
	
	Average Power per slot
	1.09



2.3 DL-only Positioning with reporting (UE-based or UE-assisted)
For DL-Only Positioning with location reporting to the network, either UE-based or UE-assisted, we need to include the power consumption due to reporting. We assume that a CG UL can be used for that as was agreed in the previous meeting ((UE-A) CG-SDT with 1ms duration and the periodicity of positioning interval). 
2.3.1 PRS/SRS every N=1 I-DRX cycles with 1.28 sec
	UE-Assisted DL Positioning
	Power Units / slot
	Number of slots
	Power Units

	Paging Occasion (2 ms)
	57
	4
	228

	SSB serv. cell (2 ms)
	50
	4
	200

	Light sleep (8 ms)
	20
	16
	320

	PRS Instance (0.5 ms)
	120
	1
	120

	Deep sleep
	1
	2533
	2533

	Deep State transit
	450
	3
	1350

	Light State transit
	100
	1
	100

	CG UL
	700
	2
	1400

	
	
	Total Power
	6251

	
	
	Average Power per slot
	2.44



2.3.2 PRS/SRS every 8 I-DRX cycles with 1.28 sec
	DL-only Positioning with reporting (UE-based or UE-assisted)
	Power Units / slot
	Number of slots
	Power Units

	Paging Occasion (2 ms)
	57
	32
	1824

	SSB serv. cell (2 ms)
	50
	32
	1600

	Light sleep (8 ms)
	20
	128
	2560

	PRS Instance (0.5 ms)
	120
	1
	120

	Deep sleep
	1
	20285
	20285

	Deep State transit
	450
	9
	4050

	Light State transit
	100
	8
	800

	CG UL
	700
	2
	1400

	
	
	Total Power
	32639

	
	
	Average Power per slot
	1.59



2.3.3 PRS/SRS every I-DRX cycles with 10.24 sec
	UE-Assisted DL Positioning
	Power Units / slot
	Number of slots
	Power Units

	Paging Occasion (2 ms)
	57
	4
	228

	SSB serv. cell (2 ms)
	50
	4
	200

	Light sleep (8 ms)
	20
	16
	320

	PRS Instance (0.5 ms)
	120
	1
	120

	Deep sleep
	1
	20453
	20453

	Deep State transit
	450
	1
	450

	Light State transit
	100
	1
	100

	CG UL
	700
	2
	1400

	
	
	Total Power
	23271

	
	
	Average Power per slot
	1.14



2.4 UL-only Positioning
With regards to the UL-only Positioning, we consider it useful to consider to scenarios of power cycle computation. 
· 1st case: No SDT in the power cycle. This corresponds to the case that SRS has been configured before, and it is still valid in the power cycle that is being analyzed.
· 2nd case: Legacy SDT in the power cycle. This corresponds to the case that SRS has not been configured before, and a new SDT is needed to be performed.
2.4.1 PRS/SRS every N=1 I-DRX cycles with 1.28 sec
2.4.1.1 No SDT in the power cycle
	UL-only Positioning
	Power Units / slot
	Number of slots
	Power Units

	Paging Occasion (2 ms)
	57
	4
	228

	SSB serv. cell (2 ms)
	50
	4
	200

	Light sleep (8 ms)
	20
	16
	320

	SRS (0.5 msec)
	210
	1
	210

	Deep sleep
	1
	2535
	2535

	Deep State transit
	450
	2
	900

	Light State transit
	100
	1
	100

	
	
	Total Power
	4493

	
	
	Average Power per slot
	1.76



2.4.1.2 Legacy SDT in the power cycle
	UL-only Positioning
	Power Units / slot
	Number of slots
	Power Units

	Paging Occasion (2 ms)
	57
	4
	228

	SSB serv. cell (2 ms)
	50
	4
	200

	Light sleep (8 ms)
	20
	16
	320

	SRS (0.5 msec)
	210
	1
	210

	Deep sleep
	1
	2302
	2302

	Deep State transit
	450
	3
	1350

	SDT w/o network delay
	See SDT breakdown
	233
	13190

	Light State transit
	100
	1
	100

	
	
	Total Power
	17900

	
	
	Average Power per slot
	6.99



2.4.2 PRS/SRS every 8 I-DRX cycles with 1.28 sec
2.4.2.1 No SDT in the power cycle
	UL-only Positioning
	Power Units / slot
	Number of slots
	Power Units

	Paging Occasion (2 ms)
	57
	32
	1824

	SSB serv. cell (2 ms)
	50
	32
	1600

	Light sleep (8 ms)
	20
	128
	2560

	SRS (0.5 msec)
	210
	1
	210

	Deep sleep
	1
	20287
	20287

	Deep State transit
	450
	9
	4050

	Light State transit
	100
	8
	800

	
	
	Total Power
	31331

	
	
	Average Power per slot
	1.53



2.4.2.2 Legacy SDT in the power cycle
	UL-only Positioning
	Power Units / slot
	Number of slots
	Power Units

	Paging Occasion (2 ms)
	57
	32
	1824

	SSB serv. cell (2 ms)
	50
	32
	1600

	Light sleep (8 ms)
	20
	128
	2560

	SRS (0.5 msec)
	210
	1
	210

	Deep sleep
	1
	20054
	20054

	Deep State transit
	450
	10
	4500

	SDT
	See SDT breakdown
	233
	13190

	Light State transit
	100
	8
	800

	
	
	Total Power
	44738

	
	
	Average Power per slot
	2.18



2.4.3 PRS/SRS every I-DRX cycles with 10.24 sec
2.4.3.1 No SDT in the power cycle
	UL-only Positioning
	Power Units / slot
	Number of slots
	Power Units

	Paging Occasion (2 ms)
	57
	4
	228

	SSB serv. cell (2 ms)
	50
	4
	200

	Light sleep (8 ms)
	20
	16
	320

	SRS (0.5 msec)
	210
	1
	210

	Deep sleep
	1
	20455
	20455

	Deep State transit
	450
	2
	900

	Light State transit
	100
	1
	100

	
	
	Total Power
	22413

	
	
	Average Power per slot
	1.09



2.4.3.2 Legacy SDT in the power cycle
	UL-only Positioning
	Power Units / slot
	Number of slots
	Power Units

	Paging Occasion (2 ms)
	57
	4
	228

	SSB serv. cell (2 ms)
	50
	4
	200

	Light sleep (8 ms)
	20
	16
	320

	SRS (0.5 msec)
	210
	1
	210

	Deep sleep
	1
	20222
	20222

	Deep State transit
	450
	3
	1350

	SDT with legacy network delay
	See SDT breakdown
	233
	13190

	Light State transit
	100
	1
	100

	
	
	Total Power
	35820

	
	
	Average Power per slot
	1.75



2.5 DL+UL Positioning
Similar to the UL-only Positioning, we consider 2 power cycle cases with regards to the SDT, one that doesn’t have SDT, and one that has a legacy SDT procedure considered in the power consumption computation. 
2.5.1 PRS/SRS every N=1 I-DRX cycles with 1.28 sec
2.5.1.1 No SDT in the power cycle
	DL+UL Positioning
	Power Units / slot
	Number of slots
	Power Units

	Paging Occasion (2 ms)
	57
	4
	228

	SSB serv. cell (2 ms)
	50
	4
	200

	Light sleep (8 ms)
	20
	16
	320

	PRS Instance (0.5 ms)
	120
	1
	120

	SRS (0.5 msec)
	210
	1
	210

	Deep State transit
	450
	4
	1800

	Light State transit
	100
	1
	100

	CG UL
	700
	2
	1400

	Deep sleep
	1
	2532
	2532

	
	
	Total Power
	6910

	
	
	Average Power per slot
	2.70



2.5.1.2 Legacy SDT in the power cycle
	DL+UL Positioning
	Power Units / slot
	Number of slots
	Power Units

	Paging Occasion (2 ms)
	57
	4
	228

	SSB serv. cell (2 ms)
	50
	4
	200

	Light sleep (8 ms)
	20
	16
	320

	PRS Instance (0.5 ms)
	120
	1
	120

	SRS (0.5 msec)
	210
	1
	210

	Deep State transit
	450
	4
	1800

	Light State transit
	100
	1
	100

	SDT w/o network delay
	See SDT breakdown
	233
	13190

	CG UL
	700
	2
	1400

	Deep sleep
	1
	2299
	2299

	
	
	Total Power
	19867

	
	
	Average Power per slot
	7.76



2.5.2 PRS/SRS every 8 I-DRX cycles with 1.28 sec
2.5.2.1 No SDT in the power cycle
	DL+UL Positioning
	Power Units / slot
	Number of slots
	Power Units

	Paging Occasion (2 ms)
	57
	32
	1824

	SSB serv. cell (2 ms)
	50
	32
	1600

	Light sleep (8 ms)
	20
	128
	2560

	PRS Instance (0.5 ms)
	120
	1
	120

	SRS (0.5 msec)
	210
	1
	210

	Deep State transit
	450
	10
	4500

	Light State transit
	100
	8
	800

	CG UL
	700
	2
	1400

	Deep sleep
	1
	20284
	20284

	
	
	Total Power
	33298

	
	
	Average Power per slot
	1.63



2.5.2.2 Legacy SDT in the power cycle
	DL+UL Positioning
	Power Units / slot
	Number of slots
	Power Units

	Paging Occasion (2 ms)
	57
	32
	1824

	SSB serv. cell (2 ms)
	50
	32
	1600

	Light sleep (8 ms)
	20
	128
	2560

	PRS Instance (0.5 ms)
	120
	1
	120

	SRS (0.5 msec)
	210
	1
	210

	Deep State transit
	450
	10
	4500

	Light State transit
	100
	8
	800

	SDT
	See SDT breakdown
	233
	13190

	CG UL
	700
	2
	1400

	Deep sleep
	1
	20051
	20051

	
	
	Total Power
	46255

	
	
	Average Power per slot
	2.26



2.5.3 PRS/SRS every I-DRX cycles with 10.24 sec
2.5.3.1 No SDT in the power cycle
	DL+UL Positioning
	Power Units / slot
	Number of slots
	Power Units

	Paging Occasion (2 ms)
	57
	4
	228

	SSB serv. cell (2 ms)
	50
	4
	200

	Light sleep (8 ms)
	20
	16
	320

	PRS Instance (0.5 ms)
	120
	1
	120

	SRS (0.5 msec)
	210
	1
	210

	Deep State transit
	450
	3
	1350

	Light State transit
	100
	1
	100

	CG UL
	700
	2
	1400

	Deep sleep
	1
	20452
	20452

	
	
	Total Power
	24380

	
	
	Average Power per slot
	1.19



2.5.3.2 Legacy SDT in the power cycle
	DL+UL Positioning
	Power Units / slot
	Number of slots
	Power Units

	Paging Occasion (2 ms)
	57
	4
	228

	SSB serv. cell (2 ms)
	50
	4
	200

	Light sleep (8 ms)
	20
	16
	320

	PRS Instance (0.5 ms)
	120
	1
	120

	SRS (0.5 msec)
	210
	1
	210

	Deep State transit
	450
	4
	1800

	Light State transit
	100
	1
	100

	SDT with legacy network delay
	See SDT breakdown
	233
	13190

	CG UL
	700
	2
	1400

	Deep sleep
	1
	20219
	20219

	
	
	Total Power
	37787

	
	
	Average Power per slot
	1.85



2.6 Summary of Relative Power Unit Analysis
Based on the above analysis, we provide the following summary:
	Scenario
	I-DRX and PRS/SRS Instances
	RA-SDT with legacy network delay included
	RA-SDT Not included in the power cycle

	DL-only without reporting (UE-B)
	I-DRX=1.28s, N=1
	NA
	1.72

	DL-only (UE-A or UE-B) w/ CG-SDT for reporting
	
	NA
	2.44

	UL-only
	
	6.99
	1.76

	DL+UL w/ CG-SDT for reporting
	
	7.76
	2.70



	Scenario
	I-DRX and PRS/SRS Instances
	RA-SDT with legacy network delay included
	RA-SDT Not included in the power cycle

	DL-only without reporting (UE-B)
	I-DRX=1.28s, N=8
	NA
	1.53

	DL-only (UE-A or UE-B) w/ CG-SDT for reporting
	
	NA
	1.59

	UL-only
	
	2.18
	1.53

	DL+UL w/ CG-SDT for reporting
	
	2.26
	1.63



	Scenario
	I-DRX and PRS/SRS Instances
	RA-SDT with legacy network delay included
	RA-SDT Not included in the power cycle

	DL-only without reporting (UE-B)
	I-DRX=10.24s, N=1
	NA
	1.09

	DL-only (UE-A or UE-B) w/ CG-SDT for reporting
	
	NA
	1.14

	UL-only
	
	1.75
	1.09

	DL+UL w/ CG-SDT for reporting
	
	1.85
	1.19



3 Expected Battery Life Power Consumption Analysis
In the 2nd step of the LPHAP power consumption analysis, the proposal is to transform the relative power unit analysis to an expected battery life, using the following formula:
[image: ] 
wherein
· 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;

From the analysis in Section 2.3-2.5, we are able to determine an estimate of the P2 for different positioning methods. For the remaining parameters though, there can be significant variation depending on the type of reference device, the power of the IIoT device, the type of IIoT , etc. 
3.1 Reference and IIoT Devices Examples
With regards to the C1 value of the reference device, it really depends on the OEM and the tier; for premium tier one can find 4-5.5H MAh. Furthermore, the value X, i.e., the percentage of the power consumed by the reference traffic type, is really implementation dependent, and using a single value will present a limited picture of this study. We suggest to include X = {10,20}% . With regards to T1 and the corresponding P1 value, it is another difficult parameter to nail down due to the fact that Days Of Use (DoU) analysis has not been performed in 3GPP, and its company is expected to come up with their own numbers. From our side, using P1=50, with T1 ={0.5, 1} day, could be a good starting point. For example, in R1-1903374 , Qualcomm suggested that for an FTP traffic, an average power of P1~43 PUs, web browsing P1~=12 PUs, and instant messaging P1~6 PUs. In R1-2203167, Huawei, HiSilicon suggested 37 PUs in a slot, and vivo, in R1-2203569, 73.65 PUs in a slot. 
Observation: Evaluate the expected battery lifetime using different reference devices, wherein
· C1 ~ {4500, 5500} mAH
· X ~ {10,20}%
· P1 =  50
· T1 ~ {0.5, 1} day

	Reference Device Parameters
	Ref Dev 1
	Ref Dev 2

	C1
	4500
	5500

	X
	20%
	10%

	P1
	50
	50

	T1
	0.5 day
	1 day



Furthermore, different IIoT devices may have significantly different battery capacities; starting, for example, from 330 mAh to 8400 mAh. For this purpose, we suggest analyzing the expected battery lifetime for 3 battery capacities C2. 
Observation: Evaluate the expected battery lifetime using multiple C2 values (e.g. C2 = {800, 3000, 8400} mAh). 
	IIoT Device Parameters
	IIoT 1 (Large battery)
	IIoT 2 (medium battery)
	IIoT 3 (small batter)

	C2
	8400
	3000
	800



3.1.1 Expected Battery Lifetime Using Reference device 1 (C1=4500, X=20%, P1=50, T1=0.5 day)
3.1.1.1 SDT with legacy network delay is used
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0. SDT is not used in the power cycle power computation
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3.1.2 Expected Battery Lifetime Using Reference device 1 (C1=5500, X=10%, P1=50, T1=1 day)
3.1.2.1 SDT with legacy network delay is used
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Description automatically generated]3.1.2.1 SDT is not used in the power cycle power computation
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Observation 2: If the location is needed at the UE, the smallest Power consumption is achieved for UE-based DL Positioning
Observation 3: If the location is needed at the network, the smallest Power consumption is achieved for UL-only Positioning
Observation 4: Positioning-related (re-)configuration(s) (e.g. SDT) increase significantly the power consumption, mainly due to increased latency and longer awake time for the devices. 
Observation 5: Time-domain proximity of the PRS/SRS/Paging/Reporting-Opportunity reduces the power consumption by ensuring the UE stays in sleep mode longer times and reducing the need of sleep mode switches.
Observation 6: Increasing I-DRX and/or SRS periodicities would reduce the power consumption while keeping the latency-related QoS within the required targets (e.g. 20.48, 30.72 SRS periodicities and/or I-DRX).
4 Potential Enhancements
4.1 RRC Idle Positioning
An easy and useful extension with regards to RRC Idle and Inactive Positioning is to extend the UE’s measurements in RRC Idle state. Up to NR Rel-17, all the measurements can happen in RRC connected or RRC Inactive state. 
[bookmark: _Hlk102052479]Proposal 1: Support Positioning measurements in RRC Idle state. 
4. UL-only / DL+UL RRC Inactive Positioning
With regards to DL+UL RRC inactive positioning, we make the following observations:
· The procedure requires 2 SDTs, one for configuring the SRS and one for reporting the measurements. 
· Even though the 2nd SDT appears unavoidable, since the UE has to report the measurements for UE-assted RTT, the 1st SDT procedure may be unnecessary. For example, instead of having to do a MSG3-based request of Location services, RAN1 could work on a MSG1-based request. Furthermore, instead of configuring/triggering the SRS in the RRC Release message, one could envision a paging-type of operation, where a UE only monitors a PDCCH+PDSCH. 
· Furthermore, power consumption could be reduced if the UE avoids retuning between PRS and SRS every time it needs to receive and transmit. Requesting PRS and SRS to have the same center frequency may reduce the power consumption of the DL+UL RRC Inactive operation. Another similar constraint could be that PRS and SRS are close by in time so that the UE really wakes up once for both. 
· Lastly, even though intra-band RTT has been specified in NR Rel-16/17, having PRS and SRS on different bands is another direction, that depending on the scenario, may provide power saving gains. To be more precise, if we are in a scenario that DL-PRS & UL-SRS in FR2 is being used, but the SRS is power/coverage limited, if a device is calibrated across bands, it could enable transmitting the SRS on an FR1 band so that it can fight against the increased pathloss of FR2. 
0. Enhancement - UL or DL+UL & SDT with SRS preconfiguration
As it was described in Section 2.1 and Observation 1, the SDT procedure used to configure SRS may be significantly longer than what it should be due to the high layer signaling between the network and the LMF that is currently required. In the sections below, we make the assumption of a SDT procedure with reduced latency between the messages (as an example, 2 msec gaps are being used, as shown in the figure below), and evaluate the potential power consumption gains. 
[image: Chart, bar chart
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4.2.1.1 PRS/SRS every N=1 I-DRX cycles with 1.28 sec
	UL-only Positioning
	Power unit (per slot)
	Number of slots
	Total Power

	Paging Occasion (2 ms)
	57
	4
	228

	SSB serv. cell (2 ms)
	50
	4
	200

	Light sleep (8 ms)
	20
	16
	320

	SRS (0.5 msec)
	210
	1
	210

	Deep sleep
	1
	2498
	2503

	Deep State transit
	450
	3
	1350

	SDT w/o network delay
	See SDT breakdown
	32
	4320

	Light State transit
	100
	1
	100

	
	
	Total Power
	9226

	
	
	Average Power per slot
	3.60



	DL+UL Positioning
	Power unit (per slot)
	Number of slots
	Total Power

	Paging Occasion (2 ms)
	57
	4
	228

	SSB serv. cell (2 ms)
	50
	4
	200

	Light sleep (8 ms)
	20
	16
	320

	PRS Instance (0.5 ms)
	120
	1
	120

	SRS (0.5 msec)
	210
	1
	210

	Deep State transit
	450
	4
	1800

	Light State transit
	100
	1
	100

	SDT w/o network delay
	See SDT breakdown
	32
	4320

	CG UL
	700
	2
	1400

	Deep sleep
	1
	2500
	2495

	
	
	Total Power
	11193

	
	
	Average Power per slot
	4.37



4.2.1.2 PRS/SRS every 8 I-DRX cycles with 1.28 sec
	UL-only Positioning
	Power unit (per slot)
	Number of slots
	Total Power

	Paging Occasion (2 ms)
	57
	32
	1824

	SSB serv. cell (2 ms)
	50
	32
	1600

	Light sleep (8 ms)
	20
	128
	2560

	SRS (0.5 msec)
	210
	1
	210

	Deep sleep
	1
	20250
	20250

	Deep State transit
	450
	10
	4500

	SDT
	See SDT breakdown
	37
	4320

	Light State transit
	100
	8
	800

	
	
	Total Power
	36064

	
	
	Average Power per slot
	1.76



	DL+UL Positioning
	Power unit (per slot)
	Number of slots
	Total Power

	Paging Occasion (2 ms)
	57
	32
	1824

	SSB serv. cell (2 ms)
	50
	32
	1600

	Light sleep (8 ms)
	20
	128
	2560

	PRS Instance (0.5 ms)
	120
	1
	120

	SRS (0.5 msec)
	210
	1
	210

	Deep State transit
	450
	10
	4500

	Light State transit
	100
	8
	800

	SDT with minimal network delay
	See SDT breakdown
	37
	4320

	CG UL
	700
	2
	1400

	Deep sleep
	1
	20247
	20247

	
	
	Total Power
	37581

	
	
	Average Power per slot
	1.84



4.2.1.3 PRS/SRS every I-DRX cycles with 10.24 sec
	UL-only Positioning
	Power unit (per slot)
	Number of slots
	Total Power

	Paging Occasion (2 ms)
	57
	4
	228

	SSB serv. cell (2 ms)
	50
	4
	200

	Light sleep (8 ms)
	20
	16
	320

	SRS (0.5 msec)
	210
	1
	210

	Deep sleep
	1
	20418
	20418

	Deep State transit
	450
	3
	1350

	SDT with minimal network delay
	See SDT breakdown
	37
	4320

	Light State transit
	100
	1
	100

	
	
	Total Power
	27146

	
	
	Average Power per slot
	1.33



	DL+UL Positioning
	Power unit (per slot)
	Number of slots
	Total Power

	Paging Occasion (2 ms)
	57
	4
	228

	SSB serv. cell (2 ms)
	50
	4
	200

	Light sleep (8 ms)
	20
	16
	320

	PRS Instance (0.5 ms)
	120
	1
	120

	SRS (0.5 msec)
	210
	1
	210

	Deep State transit
	450
	4
	1800

	Light State transit
	100
	1
	100

	SDT with minimal network delay
	See SDT breakdown
	32
	4320

	CG UL
	700
	2
	1400

	Deep sleep
	1
	20420
	20415

	
	
	Total Power
	29113

	
	
	Average Power per slot
	1.42



4.2.1.4 Summary of Average Power Unit consumption
	Scenario
	I-DRX and PRS/SRS Instances
	RA-SDT with legacy network delay 
	RA-SDT with minimal network delay (SRS pre-configuration) 
	Percent Reduction in average power consumption

	UL-only
	I-DRX=1.28s, N=1

	6.99
	3.60
	48%

	DL+UL w/ CG-SDT for reporting
	I-DRX=1.28s, N=1

	7.76
	4.37
	44%

	UL-only
	I-DRX=1.28s, N=8

	2.18
	1.76
	19%

	DL+UL w/ CG-SDT for reporting
	I-DRX=1.28s, N=8

	2.26
	1.84
	19%

	UL-only
	I-DRX=10.24s, N=1

	1.75
	1.33
	24%

	DL+UL w/ CG-SDT for reporting
	I-DRX=10.24s, N=1

	1.85
	1.42
	23%




Observation 6: Reducing the latencies involved in the legacy SDT procedure may significantly reduce the power consumption. 
[bookmark: _Hlk102052487]Based on the above analysis, we provide the following summary:

Proposal 2: Study at least the following enhancements in RRC Inactive Positioning for the purpose of reducing power consumption:
· Study ways of optimizing the SRS configuration/activation/request procedure(s) included in the UL/DL+UL RRC inactive positioning (e.g. SRS pre-configuration, RACH-based SRS request from the UE, paging-based SRS activation).
· Study ways for SRS transmission continuation after cell change in RRC Inactive (e.g., continuity of the configured SRS across cell change).
· Study PRS/SRS configuration restrictions & corresponding new UE capabilities for enabling reduced power consumption for RTT positioning.
5 Conclusions
With regards to the topic of LPHAP positioning we make the following observations and proposals:
Observation 1: For UL-only, or DL+UL Positioning, RA-SDT may correspond to a procedure requiring between 4320 to 13190 power units depending on the delays involved in the overall signaling UE<->NG RAN<->LMF. 
Observation 2: If the location is needed at the UE, the smallest Power consumption is achieved for UE-based DL Positioning
Observation 3: If the location is needed at the network, the smallest Power consumption is achieved for UL-only Positioning
Observation 4: Positioning-related (re-)configuration(s) (e.g. SDT) increase significantly the power consumption, mainly due to increased latency and longer awake time for the devices. 
Observation 5: Time-domain proximity of the PRS/SRS/Paging/Reporting-Opportunity reduces the power consumption by ensuring the UE stays in sleep mode longer times and reducing the need of sleep mode switches.
Observation 6: Increasing I-DRX and/or SRS periodicities would reduce the power consumption while keeping the latency-related QoS within the required targets (e.g. 20.48, 30.72 SRS periodicities and/or I-DRX).
Observation 7: Reducing the latencies involved in the legacy SDT procedure may significantly reduce the power consumption. 
Proposal 1: Support Positioning measurements in RRC Idle state. 
Proposal 2: Study at least the following enhancements in RRC Inactive Positioning for the purpose of reducing power consumption:
· Study ways of optimizing the SRS configuration/activation/request procedure(s) included in the UL/DL+UL RRC inactive positioning (e.g. SRS pre-configuration , RACH-based SRS request from the UE, paging-based SRS activation).
· Study ways for SRS transmission continuation after cell change in RRC Inactive (e.g., continuity of the configured SRS across cell change).
· Study PRS/SRS configuration restrictions & corresponding new UE capabilities for enabling reduced power consumption for RTT positioning.
6 [bookmark: _Ref450583331]References
[bookmark: _Ref524868549][bookmark: _Ref28076734][1] RP-213588, “Revised SID on Study on expanded and improved NR positioning ”, RAN#94e, December 6-17, 2021.
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Introduction
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e several agreements were reached on LPHAP Positioning


, especially with regards to 


the requirements and the evaluation assumptions of the power consumption modelling: 


 


 


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, referen


ce 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 f


ollowing parameters as the common evaluation parameters for the LPHAP evaluation:


 


o


 


Frequency range: FR1 (baseline); FR2 (optional)


 


o


 


S


CS: 30kHz for FR1 (baseline); 120kHz for FR2 (optional)
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B


W of the DL PRS and UL SRS pos: 100MHz;
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(e.g., obtaining/updating SRS configurations, DL PRS measurement reporting, etc.) is considered.
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Conclusion
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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.
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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, referen ce 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 f ollowing parameters as the common evaluation parameters for the LPHAP evaluation:   o   Frequency range: FR1 (baseline); FR2 (optional)   o   S CS: 30kHz for FR1 (baseline); 120kHz for FR2 (optional)   o   B W of the DL PRS and UL SRS pos: 100MHz;   o   S ingle - sample measurement pe r position fix (baseline); 4 - sample measurement per position fix (optional)   o   U E mobility: up to 3km/h      N ote: 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 d oes not preclude the power consumption of paging monitoring in the baseline evaluation, but rather assumes that no power cons umption of  5GC data traffic is considered during a power cycle.   Agreement   Adopt the following power consumption model common for th e baseline evaluation of Rel - 17 RRC_INACTIVE state positioning.    

Power State  Relative power  

PDCCH - only (P PDCCH )  50 Note  

PDCCH + PDSCH (P PDCCH+PDSCH )  120  

SSB proc. (P SSB )  50  

UL  250 (0 dBm)   700 (23 dBm)  

(Optional) PRACH  [210]  

(Optional) BWP  switching  [50]  

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

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

Note: Power scaling to 20MHz reception bandwidth follows the rule in Se ction 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:    o   Horizontal positioning accuracy < 1 m for 90% of UEs   o   Positioning interval / duty cycle of 15 - 30 s   o   UE battery life of 6 months  –   1 year      Note: Setting an exact value each fr om 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.  

