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Introduction
In this contribution, we provide power consumption evaluation of the LPHAP and discuss potential enhancements that needs to be discussed/studied from the RAN1’s point of view. 

Power consumption evaluation of the LPHAP
In the previous meeting [1], it was agreed that a single representative use case was decided to be considered and then requirements for LPHAP were also agreed as shown in below:   
	Agreement
· Confirm that use case 6 defined in TS 22.104 is the single representative use case for the study of LPHAP.

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.
· [bookmark: _GoBack]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.


Based on the above previous agreements, it is obvious that RAN1 needs to evaluate whether the current positioning measurement in the RRC inactive state can meet the target battery life of LPHAP use case 6. So, in this section, we provide our analysis of power consumption in the RRC inactive state.
Power consumption models and assumptions
In this section, power consumption models and related assumptions are discussed. In addition to TR38.840, the following common assumptions that were agreed in the previous RAN1#109e meeting [1] can also be considered.
	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 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.




DL positioning measurement in RRC inactive state
Regarding DL positioning measurement in RRC inactive state, common power consumption model was agreed as shown below: 
	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}.





In addition, related reference configurations and assumptions were also agreed:
	
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.




Considering previous agreements, we evaluate power consumption for DL positioning measurement in RRC inactive state with following power components and assumptions: 

Table 1: Power components for DL positioning measurement in inactive state
	components
	Assumptions
	Relative power 
in Slot

	SSB sync
	· Duration: 2ms (2 slots)
· SSB burst set periodicity: 20ms
· # of SSB bursts: 3 and 1 for High/Low SINR condition respectively 

	50

	inter-frequency RRM measurement
	· Duration: 1ms (1 slot);
· Note: BWP switching: 1ms (1 slot), 2 slot is considered before/after PRS reception.
	[60] (measurement only per freq. layer; Pinter, meas-only)

50 (BWP switching)

	PRS
	· Duration: 0.5ms (half slot)
· Synchronous case
· 8 DL PRS resources per slot are measured, 1PFL
· 100Mhz

Note: BWP switching: 1ms (1 slot), 2 slot is considered before/after PRS reception.
	150




50 (BWP switching)

	Paging
	· Duration: 2ms ( 2 slots)
· Periodicity: 1.28 sec (e.g. I-DRX cycle)
· Group paging rate (for a PO): 10%
· Consider both only PDCCH case and PDCCH+PDSCH case
	57 (10% Paging rate: 50(PDCCH only case)*0.9+120(PDCCH+PDSCH case)*0.1 = 57)

	Sleep

	· Three sleep types (deep sleep, light sleep, and micro sleep) in TR38.840 (table #18, #19)
	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

	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



	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



Note: we assume the fixed light sleep duration(except for gap between adjacent SSBs): 10ms (median value between 0ms and 19ms)

	CG-SDT
(For UE-Based)
	· PUSCH (0dBm): 1ms, UE reports 1 measurement results per I-DRX cycle
· PDCCH+PDSCH (e.g. RRC release)
	Positioning report: 250
RRC release: 120

	RA-SDT
(For UE-Based)
	· Coreset0+SIB1: PDCCH + PDSCH (1ms, 1slot)
· Msg1: PRACH (1ms, 1slot)
· Msg2: PDCCH + PDSCH (1ms, 1slot)
· Msg3: PUSCH (0dBm, 1ms, 1slot)
· Msg4: PDCCH + PDSCH (1ms, 1slot)
· Msg5: PUCCH (long PUCCH) 
	Coreset0+SIB1: 120
Msg1: 210
Msg2: 120
Msg3: 250
Msg4: 120
Msg5: 250



Based on components listed in the Table 1, we consider two optional cases such as BWP switching and inter frequency RRM measurement to analyze power consumption more precisely. Figure 1 and 2 show that procedures for UE-based DL positioning measurement in RRC inactive state in accordance with SINR. Additionally, we consider an additional scenario (e.g. Figure 1-C) to evaluate how the sleep transition energy impacts on power consumption significantly.  
[image: ]
[bookmark: _Ref40382314]Figure 1. UE-based DL positioning measurement in RRC inactive state in high SINR

[image: ]
Figure 2. UE-based DL positioning measurement in RRC inactive state in low SINR.

For UE-assisted DL positioning measurement in RRC inactive state, we consider two types of small data transmission such as CG-SDT and RA-SDT to report measurement results. Since the differences between UE-based and UE-assisted positioning is the procedures that are related with measurement report, we use the block marked with “positioning measurement” to avoid duplicated descriptions as shown in Figure 3 and 4 and then the detail procedures of “positioning measurement” is same with above descriptions in Figure 1 and 2. Furthermore, considering that CG-SDT is normally used in the high SINR, we assume that CG-SDT and RA-SDT are applied for high SINR and low SINR respectively. The procedures for UE-assisted DL positioning measurement in RRC inactive state are shown in Figure 3 and 4.
[image: ]
Figure 3. UE-assisted DL positioning measurement via CG-SDT in RRC inactive state in high SINR

[image: ]
Figure 4. UE-assisted DL positioning measurement via RA-SDT in RRC inactive state in low SINR

UL positioning measurement in RRC inactive state
Regarding UL positioning measurement in RRC inactive state, common power consumption model and assumptions were agreed as shown below: 
	Agreement
Adopt the following power consumption model for UL SRS for positioning transmission.

	Power State
	Relative power

	SRS
	210 (baseline);
700 (optional)



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.




Considering previous agreements, we evaluate power consumption for UL positioning measurement in RRC inactive state with following power components and assumptions: 


Table 2: Power components for UL positioning measurement in inactive state
	components
	Assumptions
	Relative power 
in Slot

	SSB sync
	· Duration: 2ms (2 slots)
· SSB burst set periodicity: 20ms
· # of SSB bursts: 3 and 1 for High/Low SINR condition respectively 

	50

	inter-frequency RRM measurement
	· Duration: 1ms (1 slot);
· Note: BWP switching: 1ms (1 slot), 2 slot is considered before/after PRS reception.
	[60] (measurement only per freq. layer; Pinter, meas-only)
[150] (neighbor cell search power per freq. layer; Pinter, search-only)

50 (BWP switching)

	SRS
	· Duration: 0.5ms (half slot)
Note: BWP switching: 1ms (1 slot), 2 slot can considered before/after SRS transmission.
	210

50 (BWP switching)

	Paging
	· Duration: 2ms ( 2 slots)
· Periodicity: 1.28 sec (e.g. I-DRX cycle)
· Group paging rate (for a PO): 10%
· Consider both only PDCCH case and PDCCH+PDSCH case
	57 (10% Paging rate: 50(PDCCH only case)*0.9+120(PDCCH+PDSCH case)*0.1 = 57)

	Sleep

	· Three sleep types (deep sleep, light sleep, and micro sleep) in TR38.840 (table #18, #19)
	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

	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



	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



Note: we assume the fixed light sleep duration(except for gap between adjacent SSBs): 10ms (median value between 0ms and 19ms)



Considering components listed in the Table 2, the procedures for UL positioning measurement in RRC inactive state can be shown in Figure 5 and 6.

[image: ]
Figure 5. UL positioning measurement in RRC inactive state in high SINR

[image: ]
Figure 6. UL positioning measurement in RRC inactive state in low SINR


Evaluation results
In this section, we calculate the average power consumption based on explained the models and assumptions in section 2.1. 

DL positioning measurement in RRC inactive state
UE-Based
The UE power consumption for DL positioning measurement every 1.28s is computed as below:
· Table 3~7: Power consumption evaluation for UE-based DL positioning depending on conditions such as SINR, BWP switching, Inter frequency RRM measurement.
· Table 5 is only used to observe how the sleep transition energy impacts on power consumption 
· Table 8~11: Power consumption evaluation for UE-assisted DL positioning depending on conditions such as SINR, BWP switching, Inter frequency RRM measurement.


Table 3: Power consumption evaluation for UE-based DL positioning in high SINR without BWP switching (Fig.1-A) 
	Power components
	Power unit per slot
	Duration/Times
	Relative Energy

	SSB 
	50
	2
	100

	Inter-frequency measurement
	60
	0
	0

	PRS 
	300
	0.5
	150

	BWP switching
	50
	0
	0

	Paging 
	57
	2
	114

	DS
	1
	1255.5
	1255.5

	LS
	20
	20
	400

	MS
	45
	0
	0

	DS (Transition)
	450
	2
	900

	LS (Transition)
	100
	4
	400

	MS (Transition)
	0
	0
	0

	Total
	
	
	3319.5



Table 4: Power consumption evaluation for UE-based DL positioning in high SINR with BWP switching (Fig.1-B)
	Power components
	Power unit per slot
	Duration/Times
	Relative Energy

	SSB 
	50
	2
	100

	Inter-frequency measurement
	60
	0
	0

	PRS 
	300
	0.5
	150

	BWP switching 
	50
	2
	100

	Paging 
	57
	2
	114

	DS
	1
	1253.5
	1253.5

	LS
	20
	20
	400

	MS
	45
	0
	0

	DS (Transition)
	450
	2
	900

	LS (Transition)
	100
	4
	400

	MS (Transition)
	0
	0
	0

	Total
	
	
	3417.5






Table 5: Power consumption evaluation for UE-based DL positioning in high SINR without BWP switching (Fig.1-C) 
	Power components
	Power unit per slot
	Duration/Times
	Relative Energy

	SSB 
	50
	2
	100

	Inter-frequency measurement
	60
	0
	0

	PRS 
	300
	0.5
	150

	BWP switching
	50
	0
	0

	Paging 
	57
	2
	114

	DS
	1
	1265.5
	1265.5

	LS
	20
	10
	200

	MS
	45
	0
	0

	DS (Transition)
	450
	4
	1800

	LS (Transition)
	100
	2
	200

	MS (Transition)
	0
	0
	0

	Total
	
	14.5
	3829.5




Table 6: Power consumption evaluation for UE-based DL positioning in low SINR without BWP switching and inter frequency RRM measurement (Fig.2-A)
	Power components
	Power unit per slot
	Duration/Times
	Relative Energy

	SSB 
	50
	6
	300

	Inter-frequency measurement
	60
	0
	0

	PRS 
	300
	0.5
	150

	BWP switching 
	50
	2
	100

	Paging 
	57
	2
	114

	DS
	1
	1213.5
	1213.5

	LS
	20
	56
	1120

	MS
	45
	0
	0

	DS (Transition)
	450
	2
	900

	LS (Transition)
	100
	8
	800

	MS (Transition)
	0
	0
	0

	Total
	
	
	4697.5






Table 7: Power consumption evaluation for UE-based DL positioning in low SINR with BWP switching and inter frequency RRM measurement (Fig.2-B) 
	Power components
	Power unit per slot
	Duration/Times
	Relative Energy

	SSB
	50
	6
	300

	Inter-frequency measurement
	60
	1
	60

	PRS 
	300
	0.5
	150

	BWP switching 
	50
	4
	200

	Paging 
	57
	2
	114

	DS
	1
	1200.5
	1200.5

	LS
	20
	66
	1320

	MS
	45
	0
	0

	DS (Transition)
	450
	2
	900

	LS (Transition)
	100
	10
	1000

	MS (Transition)
	0
	0
	0

	Total
	
	
	5244.5



UE-Assisted

Table 8: Power consumption evaluation for UE-assisted DL positioning in high SINR with CG-SDT (Fig.1-A and Fig. 3)
	Power components
	Power unit per slot
	Duration/Times
	Relative Energy

	SSB 
	50
	2
	100

	Inter-frequency measurement
	60
	0
	0

	PRS 
	300
	0.5
	150

	BWP switching 
	50
	0
	0

	Paging 
	57
	2
	114

	PUSCH
	250
	1
	250

	PDCCH+PDSCH
	120
	1
	120

	DS
	1
	1233.5
	1233.5

	LS
	20
	40
	800

	MS
	45
	0
	0

	DS (Transition)
	450
	2
	900

	LS (Transition)
	100
	8
	800

	MS (Transition)
	0
	0
	0

	Total
	
	
	4467.5









Table 9: Power consumption evaluation for UE-assisted DL positioning in high SINR with CG-SDT (Fig.1-B and Fig. 3) 
	Power components
	Power unit per slot
	Duration/Times
	Relative Energy

	SSB 
	50
	2
	100

	Inter-frequency measurement
	60
	0
	0

	PRS 
	300
	0.5
	150

	BWP switching 
	50
	2
	100

	Paging 
	57
	2
	114

	PUSCH
	250
	1
	250

	PDCCH+PDSCH
	120
	1
	120

	DS
	1
	1231.5
	1231.5

	LS
	20
	40
	800

	MS
	45
	0
	0

	DS (Transition)
	450
	2
	900

	LS (Transition)
	100
	8
	800

	MS (Transition)
	0
	0
	0

	Total
	
	48.5
	4565.5




Table 10: Power consumption evaluation for UE-assisted DL positioning in low SINR with RA-SDT (Fig.2-A and Fig. 4) 
	Power components
	Power unit per slot
	Duration/Times
	Relative Energy

	SSB 
	50
	6
	300

	Inter-frequency measurement
	60
	0
	0

	PRS 
	300
	0.5
	150

	BWP switching 
	50
	0
	0

	Paging 
	57
	2
	114

	CORESET0+SIB1
	120
	1
	120

	Msg1
	210
	1
	210

	Msg2
	120
	1
	120

	Msg3
	250
	1
	250

	Msg4
	120
	1
	120

	Msg5
	250
	1
	250

	DS
	1
	1154.5
	1154.5

	LS
	20
	108.5
	2170

	MS
	45
	2.5
	112.5

	DS (Transition)
	450
	2
	900

	LS (Transition)
	100
	18
	1800

	MS (Transition)
	0
	2
	0

	Total
	
	
	7771




Table 11: Power consumption evaluation for UE-assisted DL positioning in low SINR with RA-SDT (Fig.2-B and Fig. 4) 
	Power components
	Power unit per slot
	Duration/Times
	Relative Energy

	SSB 
	50
	6
	300

	Inter-frequency measurement
	60
	1
	60

	PRS 
	300
	0.5
	150

	BWP switching 
	50
	4
	200

	Paging 
	57
	2
	114

	CORESET0+SIB1
	120
	1
	120

	Msg1
	210
	1
	210

	Msg2
	120
	1
	120

	Msg3
	250
	1
	250

	Msg4
	120
	1
	120

	Msg5
	250
	1
	250

	DS
	1
	1142
	1142

	LS
	20
	116
	2320

	MS
	45
	2.5
	112.5

	DS (Transition)
	450
	2
	900

	LS (Transition)
	100
	20
	2000

	MS (Transition)
	0
	2
	0

	Total
	
	
	8368.5



UL positioning measurement in RRC inactive state
The UE power consumption for UL positioning measurement every 1.28s is computed as below:
· Table 12~15: Power consumption evaluation for UL positioning measurement depending on conditions such as SINR, BWP switching, Inter frequency RRM measurement

Table 12: Power consumption evaluation for UL positioning in High SINR without BWP switching (Fig.5-A) 
	Power components
	Power unit per slot
	Duration/Times
	Relative Energy

	SSB 
	50
	2
	100

	Inter-frequency measurement
	60
	0
	0

	SRS 
	210
	0.5
	210

	BWP switching 
	50
	0
	0

	Paging 
	57
	2
	114

	DS
	1
	1255.5
	1255.5

	LS
	20
	20
	400

	MS
	45
	0
	0

	DS (Transition)
	450
	2
	900

	LS (Transition)
	100
	4
	400

	MS (Transition)
	0
	0
	0

	Total
	
	
	3379.5



Table 13: Power consumption evaluation for UL positioning in High SINR with BWP switching (Fig.5-B) 
	Power components
	Power unit per slot
	Duration/Times
	Relative Energy

	SSB 
	50
	2
	100

	Inter-frequency measurement
	60
	0
	0

	SRS 
	210
	0.5
	210

	BWP switching 
	50
	2
	100

	Paging 
	57
	2
	114

	DS
	1
	1253.5
	1253.5

	LS
	20
	20
	400

	MS
	45
	0
	0

	DS (Transition)
	450
	2
	900

	LS (Transition)
	100
	4
	400

	MS (Transition)
	0
	0
	0

	Total
	
	26.5
	3477.5



Table 14: Power consumption evaluation for UL positioning in Low SINR without BWP switching and inter frequency RRM measurement (Fig.6-A) 
	Power components
	Power unit per slot
	Duration/Times
	Relative Energy

	SSB 
	50
	6
	300

	Inter-frequency measurement
	60
	0
	0

	SRS 
	210
	0.5
	210

	BWP switching 
	50
	2
	100

	Paging 
	57
	2
	114

	DS
	1
	1213.5
	1213.5

	LS
	20
	56
	1120

	MS
	45
	0
	0

	DS (Transition)
	450
	2
	900

	LS (Transition)
	100
	8
	800

	MS (Transition)
	0
	0
	0

	Total
	
	66.5
	4757.5



Table 15: Power consumption evaluation for UL positioning in Low SINR with BWP switching and inter frequency RRM measurement (Fig.6-A) 
	Power components
	Power unit per slot
	Duration/Times
	Relative Energy

	SSB 
	50
	6
	300

	Inter-frequency measurement
	60
	1
	60

	SRS 
	210
	0.5
	210

	BWP switching 
	50
	4
	200

	Paging 
	57
	2
	114

	DS
	1
	1200.5
	1200.5

	LS
	20
	66
	1320

	MS
	45
	0
	0

	DS (Transition)
	450
	2
	900

	LS (Transition)
	100
	10
	1000

	MS (Transition)
	0
	0
	0

	Total
	
	79.5
	5304.5




Battery 
We summarize the above power evaluation results and battery life for each scenario in this section. Evaluated scenarios are summarized in Table 16. Base on the power evaluation and battery life model agreed in a previous meeting, expected battery lives are evaluated for I-DRX cycle 1.28s and 10.24s and capture in Table 17 and Table 18 respectively. The cases meeting the target requirement for battery life are highlighted in these tables (yellow mark is used for 6 month target / green mark is used for 12 month target). Note that 30 days are counted as one month in evaluation. 


Table 16: Summary of power consumption evaluation for positioning in RRC inactive state
	Scenarios

	Scenario #1: DL (UE-based) 
High SINR, no BWP switching 

	Scenario #2: DL(UE-based) 
High SINR, BWP switching)

	Scenario #3: DL (UE-based) 
High SINR, no BWP switching, Deep sleep between paging and PRS 

	Scenario #4: DL(UE-based)
Low SINR, no BWP switching, no inter frequency RRC measurement)

	Scenario #5: DL(UE-based)
Low SINR, BWP switching, inter frequency RRC measurement)

	Scenario #6: DL (UE-assisted, CG-SDT) 
High SINR, no BWP switching 

	Scenario #7: DL(UE-assisted, CG-SDT) 
High SINR, BWP switching)

	Scenario #8: DL(UE-assisted, RA-SDT)
Low SINR, no BWP switching, 
no inter frequency RRC measurement)

	Scenario #9: DL(UE-assisted, RA-SDT)
Low SINR, BWP switching,
inter frequency RRC measurement)

	Scenario #10: UL 
High SINR, no BWP switching 

	Scenario #11: UL
High SINR, BWP switching

	Scenario #12: UL
Low SINR, no BWP switching, 
no inter frequency RRC measurement

	Scenario #13: UL
Low SINR, BWP switching, 
inter frequency RRC measurement





Table 17: Battery life analysis for I-DRX cycle = 1.28s (in month)
	Scenarios
	P2
	C2=800
	C2=4500

	
	
	K=0.5
	K=1
	K=2
	K=4
	K=0.5
	K=1
	K=2
	K=4

	Scenario #1 
	2.5934
	0.14
	0.29
	0.57
	1.14
	0.80
	1.61
	3.21
	6.43

	Scenario #2
	2.6699
	0.14
	0.28
	0.55
	1.11
	0.78
	1.56
	3.12
	6.24

	Scenario #3
	2.9918
	0.12
	0.25
	0.50
	0.99
	0.70
	1.39
	2.79
	5.57

	Scenario #4
	3.6699
	0.10
	0.20
	0.40
	0.81
	0.57
	1.14
	2.27
	4.54

	Scenario #5
	4.0973
	0.09
	0.18
	0.36
	0.72
	0.51
	1.02
	2.03
	4.07

	Scenario #6
	3.4902
	0.11
	0.21
	0.42
	0.85
	0.60
	1.19
	2.39
	4.78

	Scenario #7
	3.5668
	0.10
	0.21
	0.42
	0.83
	0.58
	1.17
	2.34
	4.67

	Scenario #8
	6.0711
	0.06
	0.12
	0.24
	0.49
	0.34
	0.69
	1.37
	2.75

	Scenario #9
	6.5379
	0.06
	0.11
	0.23
	0.45
	0.32
	0.64
	1.27
	2.55

	Scenario #10
	2.6402
	0.14
	0.28
	0.56
	1.12
	0.79
	1.58
	3.16
	6.31

	Scenario #11
	2.7168
	0.14
	0.27
	0.55
	1.09
	0.77
	1.53
	3.07
	6.13

	Scenario #12
	3.7168
	0.10
	0.20
	0.40
	0.80
	0.56
	1.12
	2.24
	4.48

	Scenario #13
	4.1441
	0.09
	0.18
	0.36
	0.71
	0.50
	1.01
	2.01
	4.02



Table 18: Battery life analysis for I-DRX cycle = 10.24s (in month)
	Scenarios
	P2
	C2=800
	C2=4500

	
	
	K=0.5
	K=1
	K=2
	K=4
	K=0.5
	K=1
	K=2
	K=4

	Scenario #1 
	1.1992
	0.31
	0.62
	1.24
	2.47
	1.74
	3.47
	6.95
	13.90

	Scenario #2
	1.2087
	0.31
	0.61
	1.23
	2.45
	1.72
	3.45
	6.89
	13.79

	Scenario #3
	1.249
	0.30
	0.59
	1.19
	2.37
	1.67
	3.34
	6.67
	13.34

	Scenario #4
	1.3337
	0.28
	0.56
	1.11
	2.22
	1.56
	3.12
	6.25
	12.50

	Scenario #5
	1.3876
	0.27
	0.53
	1.07
	2.14
	1.50
	3.00
	6.01
	12.01

	Scenario #6
	1.3113
	0.28
	0.56
	1.13
	2.26
	1.59
	3.18
	6.36
	12.71

	Scenario #7
	1.3209
	0.28
	0.56
	1.12
	2.24
	1.58
	3.15
	6.31
	12.62

	Scenario #8
	1.6339
	0.23
	0.45
	0.91
	1.81
	1.28
	2.55
	5.10
	10.20

	Scenario #9
	1.6922
	0.22
	0.44
	0.88
	1.75
	1.23
	2.46
	4.92
	9.85

	Scenario #10
	1.205
	0.31
	0.61
	1.23
	2.46
	1.73
	3.46
	6.92
	13.83

	Scenario #11
	1.2146
	0.30
	0.61
	1.22
	2.44
	1.72
	3.43
	6.86
	13.72

	Scenario #12
	1.3396
	0.28
	0.55
	1.11
	2.21
	1.56
	3.11
	6.22
	12.44

	Scenario #13
	1.393
	0.27
	0.53
	1.06
	2.13
	1.50
	2.99
	5.98
	11.96



It is observed that type A LPHAP device (i.e. C2=800mAh) cannot meet target requirement in any cases in evaluation. In case type B LPHAP device (i.e. C2=4500mAh) some cases with I-DRX cycle = 10.24s can meet the target battery life when implementation factor K higher than 1 is applied. However it should be noted that not a single case can meet the target requirement when baseline factors are assumed (i.e., K=1 and C2=800mAh). 
Observation #1: Type A LPHAP device (i.e. C2=800mAh) cannot meet the target battery life.
Observation #2: Type B LPHAP device (i.e. C2=4500mAh) cannot meet the target battery life in most of cases. Meanwhile when 10.24s I-DRX cycle and K≥2 are assumed, there are some cases that can meet the target requirement for battery life. 

Considering the above observations, we propose that RAN1 discusses/studies potential enhancements for power saving in RRC inactive state. 

Proposal #1: 
· Enhancements for power saving in RRC inactive state should be studied.


Discussion on LPHAP Enhancements
As discussed above, it might be challenging to satisfy power consumption requirement while achieving sub-meter level accuracy. To support LPHAP use case, following enhancement for inactive state UE positioning could be considered.  
RRC inactive state
Before beginning the discussion on the details of enhancement, current supported major functionalities in RRC inactive state needs to be investigated. One of the distinguishable property is, there are lots of periodic DL signals/channels such as SSB/SIBs/paging/SDT. Property of the periodic DL signals/channels would be beneficial from UE power saving perspective; UE need to wake up only when periodic DL signals/channels are expected. Addition to that, it is hard to provide UE dedicated signalling. In general most of signals/channels are broadcasted to idle/inactive UEs. Other than broadcasting channel, SDT was introduced in Rel-17 for inactive state data transmission.

Based on the discussion above, potential enhancement for LPHAP can be studied and discussed as follow:
Time domain enhancements 
In Rel-17, gNB currently needs to transmit all of configured PRS to inactive state UEs therefore the configured PRS resources cannot be used for other DL signals/channels. For higher accuracy, configuring the shorter periodicity and/or the larger repetition on PRS/SRS resources could be used, but resource and power efficiency should be considered. It would cause negative consequences in terms of resource utilization and power consumption at gNB. Additionally, without any restrictions on PRS reception and SRS transmission, more UE power consumption will be increased since it should be wake up at every configured PRS/SRS resources. To overcome this problem, time domain restriction for the actual PRS reception and SRS transmission for positioning can be considered. For example, introducing enhanced time domain widow in consideration of DRX cycle could be considered. 

Observation #3: 
· For LPHAP, following issues should be considered from a time domain perspective:
· For higher accuracy, configuring the shorter periodicity and/or the larger repetition on PRS/SRS resources could be used, but it costs of UL/DL resources and UE power.
· The time domain window is not supported for inactive state UE in Rel-17.

Frequency domain enhancements
In Rel-17, depending on UE capability, additional BWP for positioning SRS can be configured and, some parameters such as center frequency, SCS, CP type can be configured differently from the initial UL BWP. For LPHAP, it would be useful to configure larger BWP for positioning compare to the initial BWP. However, BWP switching operation only for the purpose of SRS transmission is not preferable for LPHAP UEs, since the other UL procedures, including RACH and SDT are conducted in initial BWP. If SRS resource is configured with short periodicity, UE may need to switch BWP frequently which degrades UE power consumption efficiency. Meanwhile, if initial BWP is used for SRS transmission, power consumption due to the BWP switching can be saved, however the potential accuracy benefits from large BW is diminished. Therefore, RAN1 needs to discuss the issue on BWP for positioning including BWP switching impact.

Observation #4: 
· For LPHAP, following issues should be considered from a frequency domain perspective
· When separated BWP for positioning SRS is configured for UE in RRC inactive state, power consumption due to the BWP switching should be considered. 

Other enhancements
The priority between SRS for positioning and other UL channels (e.g. PUSCH/PUCCH/PRACH) in RRC inactive state has not been discussed yet. If the SRS for positioning always has lower priority than other UL channels, not only performance in terms of accuracy cannot be guaranteed, but also the latency can be increased because of the drop and/or delaying of SRS transmission due to lower priority. 

Observation #5: 
· If the SRS for positioning always has lower priority than other UL channels, not only performance in terms of accuracy cannot be guaranteed, but also the latency can be increased because of the drop and/or delaying of SRS transmission due to lower priority.

It should be noted that only open loop power control is applied for SRS for positioning. In addition to that, gNB cannot control the transmit power of the UEs when it stays in RRC inactive state. For the connected state of UE, transmit power of SRS can be determined based on the transmit power of PRACH especially for SRS for MIMO, which enables precise transmit power control. It is obvious that precise power control would be useful not only for the power saving gain but also for higher accuracy. So the power control enhancement of LPHAP similar to the power control for connected state of SRS for MIMO can be considered.

Conclusion
In this contribution, positioning for UE in RRC_INACTVE in terms of LPHAP is discussed, and following proposals and observations are obtained: 

Power consumption evaluation of the LPHAP

Observation #1: Type A LPHAP device (i.e. C2=800mAh) cannot meet the target battery life.
Observation #2: Type B LPHAP device (i.e. C2=4500mAh) cannot meet the target battery life in most of cases. Meanwhile when 10.24s I-DRX cycle and K≥2 are assumed, there are some cases that can meet the target requirement for battery life.

Proposal #1: 
· Enhancements for power saving in RRC inactive state should be studied.

Discussion on LPHAP Enhancements

Observation #3: 
· For LPHAP, following issues should be considered from a time domain perspective:
· For higher accuracy, configuring the shorter periodicity and/or the larger repetition on PRS/SRS resources could be used, but it costs of UL/DL resources and UE power.
· The time domain window is not supported for inactive state UE in Rel-17.

Observation #4: 
· For LPHAP, following issues should be considered from a frequency domain perspective
· When separated BWP for positioning SRS is configured for UE in RRC inactive state, power consumption due to the BWP switching should be considered. 

Observation #5: 
· If the SRS for positioning always has lower priority than other UL channels, not only performance in terms of accuracy cannot be guaranteed, but also the latency can be increased because of the drop and/or delaying of SRS transmission due to lower priority.
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