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Introduction
In Rel-16 native NR positioning support was standardized and in Rel-17 enhancements were made. At RAN#94 a new SI was approved on enhancements for Rel-18 NR positioning [1]. This contribution discussed our views related to LPHAP. Our companion contributions discuss our other views [2-7]. The objective in the SID is: 
· 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
Discussion
RAN1 agreed to focus on the use case 6 defined in TS 22.104 as a single representative use case and made necessary agreements to determine evaluation assumption. We discuss further details on the evaluation assumption and provide evaluation results based on the agreed parameters. Based on the evaluation results, we discuss identified enhancement issues to save power consumption.
LPHAP Evaluation Methodology
The previous meeting defined the target requirement for LPHAP study and made a conclusion such that NR Rel-16/17 positioning techniques already achieved the target horizontal positioning accuracy for LPHAP as follows.
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.
In our view, however, the conclusion RAN1 made is not somewhat aligned with the agreed baseline evaluation assumption for the accuracy performance of LPHAP, and we think we need to revisit the above conclusion. That is, baseline evaluation assumptions for LPHAP may be different from the evaluation assumption of Rel-16/17 NR positioning to achieve the accuracy performance. 
For example, the baseline relative power of SRS transmission is 210, which is corresponding to 0 dBm, but RAN1 did not evaluate performance with 0 dBm of SRS transmission power at Rel-16/17 NR positioning study item phase, so it might not be reasonable to capture the conclusion as it was. In addition, the baseline of the number of TRPs for DL PRS measurement is 4, but RAN1 considered 18 TRPs for DL PRS measurement for InF-SH/DH. 
Agreement
Adopt the following power consumption model for UL SRS for positioning transmission.
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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):
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Observation 1: RAN1 agreed that baseline of SRS transmission power is 0 dBm, but Rel-16/17 NR positioning study item assumed 23 dBm for the maximum power of SRS transmission.
Observation 2: For InF-SH/DH scenario, the UE could measure far more than 4 TRPs as the number of TRPs in InF is 18. 4 TRPs may be the minimum number of TRPs for DL-TDOA and may not be a baseline assumption of Rel-16/17 NR positioning. 
Proposal 1: RAN1 to update LPHAP baseline assumptions such that SRS transmission power is 700 which corresponds to 23 dBm. 
Proposal 2: RAN1 to update the number of TRPs for DL PRS measurement such that it corresponds more closely to the Rel-17 assumption. 
Initial LPHAP Energy Consumption Evaluation 
In this section, we present our initial power consumption evaluation with evaluation assumption agreed in RAN1 #109.
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 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.
Reference device energy consumption
In RAN1 #109, the methodology of converting relative power unit to battery life has been agreed. In this methodology, one key component that needs to be evaluated is the relative power unit obtained from a reference device with reference traffic. In this section, we provide our evaluation result.
The assumption of the reference traffic for the reference device is listed in Table 1.
[bookmark: _Ref101953065]Table 1 Reference traffic for the reference device
	Parameters
	Reference traffic

	Traffic model
	FTP (model 3)

	Packet Size
	0.5 Mbytes (TR 38.840)

	Mean interval
	200 ms

	DRX setting
	Period: 160ms
On duration: 8ms
Inactivity timer: 20ms


The relative power/energy consumption for one C-DRX (=160 ms) is listed in the following Table.
	
	Time spent [slots]
	Energy [relative energy unit REU]

	Sleep prior to SSB
	266.13
	716.13

	SSB
	4
	200

	Sleep
	2
	90

	WUS
	1
	50

	Sleep between WUS and ActiveTime
	3
	135

	
	 
	

	Downlink slots
	26.32
	

	DL packet reception
	1.55
	186.0

	PDCCH monitoring + CSI measurements
	24.77
	1273.6

	 
	 
	

	Uplink slots
	17.55
	

	UL ACK extra
	0.55
	115.5

	CSI report+UL ACK
	1.00
	700

	UL slots without activity
	16.00
	719.91

	
	
	

	Total
	320.00
	4186.1


Hence, the energy consumption rate of a reference device with reference traffic is 4186.1/0.16 ≈ 26163 [REU/s]. 
DL positioning evaluation
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.

For DL positioning in RRC-inactive state, the following activities may be required:
1. SSB monitoring, for synchronization
2. Paging reception, for potential positioning assistance data update
3. PRS measurements
4. Positioning measurement report (for UE assisted positioning)
5. Intra/inter-frequency RRM measurement
Based on different SINR conditions, we evaluate LPHAP device energy consumption under low SINR case (Case #1) and high SINR case (Case #2).
DL Case #1 – low SINR, UE assisted positioning 
In this case, we aim to evaluate LPHAP device energy consumption for DL positioning in low SINR case. In our assumption, the occasions of PRS activities (including PRS measurement and positioning measurement report) are close to paging occasion, in order to maximize the duration of deep sleeping. In this case, two further situations (i.e., with and without measurement report) are considered for different activities in a I-DRX cycle:
a. One I-DRX cycle with PRS measurements
In this example, we assume that the LPHAP UE shall measure PRSs once per I-DRX cycle. 


Relative energy consumption of UE in a I-DRX cycle
	component
	power unit
	slots (0.5 ms)
	energy consumption

	SSB1
	50
	4
	200

	Sleep1 (DS)
	1
	156
	606

	SSB2
	50
	4
	200

	Sleep2 (DS)
	1
	156
	606

	SSB3
	50
	4
	200

	Sleep3 (DS)
	1
	75
	525

	switch into PRS
	50
	2
	100

	PRS reception
	120
	1
	120

	switch back
	50
	2
	100

	PO reception
	120
	4
	480

	Sleep4 (DS)
	1
	71
	521

	Switch in to another freq layer
	45
	1
	45

	Inter-freq RRM measurements
	150
	2
	300

	Switch back to serving freq layer
	45
	1
	45

	Sleep6 (DS)
	1
	2077
	2527

	I-DRX Total
	
	2560
	6575



b. One I-DRX cycle with PRS measurements and positioning report 
In this example, we assume that the LPHAP UE shall not only measure PRSs but also report positioning measurement in a I-DRX cycle.


Relative energy consumption of UE in a I-DRX cycle of this case
	component
	power unit
	slots (0.5 ms)
	energy consumption

	SSB1
	50
	4
	200

	Sleep1 (DS)
	1
	156
	606

	SSB2
	50
	4
	200

	Sleep2 (DS)
	1
	156
	606

	SSB3
	50
	4
	200

	Sleep3 (DS)
	1
	75
	525

	switch into PRS
	50
	2
	100

	PRS
	120
	1
	120

	switch back
	50
	2
	100

	PO reception
	120
	4
	480

	Sleep 4 (MS)
	45
	8
	360

	CG-SDT
	700
	2
	1400

	RRC release
	120
	2
	240

	Sleep 5 (DS)
	1
	67
	517

	Switch in to another freq layer
	45
	1
	45

	Inter-freq RRM measurements
	150
	2
	300

	Switch back to serving freq layer
	45
	1
	45

	Sleep 6 (DS)
	1
	2069
	2519

	I-DRX Total
	
	2560
	8563



Hence, in case the UE reports positioning measurement once per positioning interval of [1.28 s * 12 = 15.36 s], it contains 11 I-DXR cycles with PRS measurement only and 1 I-DRX cycle with both PRS measurement and measurement report. The total relative power for this case would be 6575*11+8563 = 80888 [Relative Energy Unit] . Energy consumption rate of the LPHAP device is 80888/15.36 ≈ 5266 [REU/s].

	C1
	T1
	X
	reference traffic type
	C2
	T2req

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





The battle life gap of LPHAP device in DL Case #1 is 8715.8 hours.
DL Case #2 – high SINR, UE assisted positioning 
In this case, we aim to evaluate LPHAP device energy consumption for DL positioning in high SINR case. In this case, two further situations are considered for different activities in a I-DRX cycle:
a. One I-DRX cycle with PRS measurements
In this example, we assume that the LPHAP UE shall measure PRSs once per I-DRX cycle. 


Relative energy consumption of UE in a I-DRX cycle of this case
	component
	power unit
	slots (0.5 ms)
	energy consumption

	SSB
	50
	4
	200

	Sleep 1 (DS)
	1
	75
	525

	switch into PRS
	50
	2
	100

	PRS
	120
	1
	120

	switch back
	50
	2
	100

	PO reception
	120
	4
	480

	Sleep 2 (DS)
	1
	2472
	2922

	I-DRX Total
	
	2560
	4447



b. One I-DRX cycle with PRS measurements and positioning report 
In this example, we assume that the LPHAP UE shall not only measure PRSs but also report positioning measurement in a I-DRX cycle.


Relative energy consumption of UE in a I-DRX cycle of this case
	component
	power unit
	slots (0.5 ms)
	energy consumption

	SSB
	50
	4
	200

	Sleep 1 (DS)
	1
	75
	525

	switch into PRS
	50
	2
	100

	PRS
	120
	1
	120

	switch back
	50
	2
	100

	PO reception
	120
	4
	480

	Sleep 2 (MS)
	45
	8
	360

	CG-SDT
	250
	2
	500

	RRC release
	120
	2
	240

	Sleep 3 (DS)
	1
	2460
	2910

	I-DRX Total
	
	2560
	5535


Assuming similar configuration as DL Case #1, the total relative power for DL case #1 is 4447*11+5535 = 55452 [Relative Energy Unit]. Energy consumption rate of the LPHAP device is 55452/15.36 ≈ 3545 [REU/s].

	C1
	T1
	X
	reference traffic type
	C2
	T2req

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





The battle life gap of LPHAP device in DL Case #1 is 8694.4 hours.
Observation 3: For DL-based positioning, the gap between the current battery life and the required battery life in LPHAP is quite large. 
UL positioning evaluation
RAN1 made the following agreement at 109e meeting for the power consumption evaluation for uplink positioning.
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.

For UL positioning in RRC-inactive state, the following activities may be required:
1. SSB monitoring, for synchronization
2. Paging reception, for potential positioning assistance data update
3. SRS-pos transmission
4. Intra/inter-frequency RRM measurement
Based on different SINR conditions and transmission frequencies of SRS-pos, we consider four UL cases to evaluate LPHAP device energy consumption.
UL Case #1 – low SINR, high frequent 
In this case, we assume the UE being in a low SINR situation and transmit SRS-pos every I-DRX cycle. 


Relative energy consumption of UE in a I-DRX cycle of this case
	component
	power unit
	slots (0.5 ms)
	energy consumption

	SSB1
	50
	4
	200

	Sleep1 (DS)
	1
	156
	606

	SSB2
	50
	4
	200

	Sleep2 (DS)
	1
	156
	606

	SSB3
	50
	4
	200

	Sleep3 (DS)
	1
	75
	525

	switch into SRS
	50
	2
	100

	SRS
	700
	1
	700

	switch back
	50
	2
	100

	PO reception
	120
	4
	480

	Sleep4 (DS)
	1
	71
	521

	Switch in to another freq layer
	45
	1
	45

	Inter-freq RRM measurements
	150
	2
	300

	Switch back to serving freq layer
	45
	1
	45

	Sleep6 (DS)
	1
	2077
	2527

	I-DRX Total
	
	2560
	7155



UL Case #2 – high SINR, high frequent 
In this case, we assume the UE being in a high SINR situation, and transmit SRS-pos every I-DRX cycle. 


Relative energy consumption of UE in a I-DRX cycle of this case
	component
	power unit
	slots (0.5 ms)
	energy consumption

	SSB1
	50
	4
	200

	Sleep1 (DS)
	1
	75
	525

	switch into SRS
	50
	2
	100

	SRS
	210
	1
	210

	switch back
	50
	2
	100

	PO reception
	120
	4
	480

	Sleep2 (DS)
	1
	2472
	2922

	I-DRX Total
	
	2560
	4537



UL Case #3 – low SINR, low frequent 
The timeline of this case is similar to the UL case #1, with different frequency of SRS transmission – once per positioning cycle.
	component
	power unit
	slots (0.5 ms)
	energy consumption

	SSB1
	50
	4
	200

	Sleep1 (DS)
	1
	156
	606

	SSB2
	50
	4
	200

	Sleep2 (DS)
	1
	156
	606

	SSB3
	50
	4
	200

	Sleep3 (DS)
	1
	75
	525

	switch into SRS
	50
	2
	100

	SRS
	700
	1
	700

	switch back
	50
	2
	100

	PO reception
	120
	4
	480

	Sleep4 (DS)
	1
	71
	521

	Switch in to another freq layer
	45
	1
	45

	Inter-freq RRM measurements
	150
	2
	300

	Switch back to serving freq layer
	45
	1
	45

	Sleep6 (DS)
	1
	30237
	30687

	Pos cycle Total
	
	30720
	35315



UL Case #4 – high SINR, low frequent 
The timeline of this case is similar to the UL case #2, with different frequency of SRS transmission – once per positioning cycle.
	component
	power unit
	slots (0.5 ms)
	energy consumption

	SSB1
	50
	4
	200

	Sleep1 (DS)
	1
	75
	525

	switch into SRS
	50
	2
	100

	SRS
	210
	1
	210

	switch back
	50
	2
	100

	PO reception
	120
	4
	480

	Sleep2 (DS)
	1
	30632
	31082

	Pos cycle Total
	
	30720
	32697



The energy consumption rate of the LPHAP device in different UL cases are illustrated in the following table
	
	Energy consumption rate (REU/s)
	Battery life gap (hour)

	UL Case #1
	7155/1.28 ≈ 5590 
	8760 – 41.6 = 8718.4

	UL Case #2
	4537/1.28 ≈ 3545
	8760 – 65.6 = 8694.5

	UL Case #3
	35315/15.36 ≈ 2299
	8760 – 101.2 = 8658.8

	UL Case #4
	32697/15.36 ≈ 2129
	8760 – 109.2 = 8650.8



Observation 4: For UL-based positioning, the gap between the current battery life and the required battery life in LPHAP is quite large. 
The evaluation results show that there is a huge gap between the battery life based on the current NR positioning technique and the target battery life in LPHAP for both DL-based and UL-based positioning. It is very challenging to achieve the target requirement, so RAN1 should consider enhancements from various perspectives to reduce power consumption, including positioning reference signal configuration, update, the UE behavior for positioning measurement and reporting, and sleeping.
Potential LPHAP Enhancements
As pointed out in Section 2.1 the battery life of the UE cannot be directly evaluated based on the above power consumption model. Our understanding based on this analysis, however, is that enhancements will be needed to lower the power consumption of the UE during positioning procedures. Especially considering some impacts that were so far ignored or partially ignored in the analysis in Section 2.2, for example UE measurement report and assistance data update. Some potential areas for enhancement that RAN1 can consider are: 
· Measurement report power consumption reduction 
· Optimized delivery of assistance data updates 

In case of Deferred Location Request, the UE may need to periodically report the positioning measurements regardless of if the measurement outcomes are the same or not, or the UE may need to receive assistance data from SIB regardless of whether there is an update or not. Even when using SDT, the UE may still incur considerable power consumption to perform the measurement report. In fact, many of these measurement reports may be redundant if the UE has not moved much. One potential solution is to consider allowing the UE to skip some measurement reports. 
Proposal 3: RAN1 to study allowing UE to skip some measurement reports (e.g., when measurement results are similar). 
We are expecting that the mobility of this type of UE may be lower than a normal UE. Although the UE has moved to another place, it does not necessarily report all positioning measurements so that the LMF calculates the location of this UE with low latency. For the power consumption reduction, it would be better to use as minimum power as possible. For example, the UE could report a part of measurements at a reporting instance and reports another part of measurements after a long time, so that LMF could estimate UE location using a part of accumulated reported measurements. It should be noted that the current LPP may not be able to utilize a part of reported measurements by message segmentation. RAN1 needs to study the partial measurement report functionality. Inherently, RRC_INACTIVE UE might have a limited reporting overhead. 
Proposal 4: For purpose of the power consumption reduction, RAN1 investigates the impact of the partial measurement reporting functionality and identifies the necessary physical layer procedure.
In addition, the overhead of updating the AD should be considered as the UE power consumption is targeted to be mitigated. One potential way to reduce the overhead of updating the AD is to consider a partial update of the assistance data. For example, the UE may receive AD for a new TRP only and the rest of the AD is left unchanged.
Proposal 5: RAN1 to study partial updates of PRS AD for UEs in RRC_INACTIVE mode to reduce overhead and power consumption.

When RRC-inactive/idle UE moves from one serving gNB to a new serving gNB, the configured SRS-pos (from original cell) becomes invalid. UE needs to resume RRC connection to get new SRS-pos configuration from the new serving cell, in order to maintain the positioning service. Obviously, the related procedure would cause high power consumption at the UE and large positioning latency due to RRC resume process including UE AS Context fetch or a handover and RRC connection state transition from RRC INACTIVE to RRC CONNECTED.

Proposal 6: RAN1 to study methods to reduce frequent configuration or update of UL SRS for positioning, e.g., by configuring common UL SRS for positioning within a positioning area.

Rel-17 supports UE in RRC_INACTIVE state to be configured with SRS resources outside of the initial UL BWP, and the UE has no choice but to transmit SRS as it has been configured by the network. Whenever the UE meets SRS transmission occasion, the UE needs BWP switching to transmit SRS outside of the initial UL BWP, and the UE needs to get back to the initial UL BWP. Rel-17 supported high accuracy UL positioning for RRC_INACTIVE UEs but enhancement may be necessary to reduce unnecessary power consumption for RF switching.

Proposal 7: RAN1 to study how to avoid frequent BWP switching to transmit SRS resource outside of UL BWP.

Furthermore, we may need to discuss how to support UE to measure PRS outside of the initial DL BWP. The evaluation assumption is considering BWP switching from the initial DL BWP to outside of the initial BWP to perform PRS measurement. Unfortunately, however, Rel-17 does not seem to fully support positioning functionality of the UEs in the RRC_INACTIVE state. The UE is not mandated or indicated to measure PRS outside of the initial BWP in case of RRC_IANCTIVE UEs.


Reducing positioning RS transmission and reception:
In order to achieve more energy saving, it is beneficial to reduce the number of positioning activities (e.g., PRS reception in DL positioning, or SRS-pos transmission in UL positioning) for UE in inactive/idle state as many as possible. 
· For example, if the UE keeps stable (without moving), receiving PRS (or transmitting SRS) is not necessary as the UE’s location does not change. On the other hand, if the UE is moving, reducing the number of positioning activities may have impact on the positioning accuracy.
· In another example, it is not necessary to always use the same number of PRS reception or SRS transmission under different SNR/SINR conditions.
Proposal 8: RAN1 to study how to reduce UE positioning activities (e.g., PRS reception in DL positioning, or SRS-pos transmission in UL positioning) on demand.
Conclusion
In this contribution we made the following proposals and observations: 
Observation 1: RAN1 agreed that baseline of SRS transmission power is 0 dBm, but Rel-16/17 NR positioning study item assumed 23 dBm for the maximum power of SRS transmission.
Observation 2: For InF-SH/DH scenario, the UE could measure far more than 4 TRPs as the number of TRPs in InF is 18. 4 TRPs may be the minimum number of TRPs for DL-TDOA and may not be a baseline assumption of Rel-16/17 NR positioning. 
Observation 3: For DL-based positioning, the gap between the current battery life and the required battery life in LPHAP is quite large. 
Observation 4: For UL-based positioning, the gap between the current battery life and the required battery life in LPHAP is quite large. 
Proposal 1: RAN1 to update LPHAP baseline assumptions such that SRS transmission power is 700 which corresponds to 23 dBm. 
Proposal 2: RAN1 to update the number of TRPs for DL PRS measurement such that it corresponds more closely to the Rel-17 assumption. 
Proposal 3: RAN1 to study allowing UE to skip some measurement reports (e.g., when measurement results are similar). 
Proposal 4: For purpose of the power consumption reduction, RAN1 investigates the impact of the partial measurement reporting functionality and identifies the necessary physical layer procedure.
Proposal 5: RAN1 to study partial updates of PRS AD for UEs in RRC_INACTIVE mode to reduce overhead and power consumption.

Proposal 6: RAN1 to study methods to reduce frequent configuration or update of UL SRS for positioning, e.g., by configuring common UL SRS for positioning within a positioning area.

Proposal 7: RAN1 to study how to avoid frequent BWP switching to transmit SRS resource outside of UL BWP.

Proposal 8: RAN1 to study how to reduce UE positioning activities (e.g., PRS reception in DL positioning, or SRS-pos transmission in UL positioning) on demand.
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