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Introduction
In RAN#94-e meeting, a new SID on study on expanded and improved NR positioning was approved [1], in which the intention to evaluate whether the Rel-17 RRC_inactive positioning can satisfy the SA1 requirements for high accuracy and extreme low power consumption with battery life sustainable up to one or more years was justified. The objectives on LPHAP are listed as follows:
	· Improved accuracy, integrity, and power efficiency:
· Study the requirements on LPHAP as developed by SA1 and evaluate whether existing RAN functionality can support these power consumption and positioning requirements. Based on the evaluation, and, if found beneficial, study potential enhancements to help address any limitations [RAN2, RAN1]
· Study is limited to a single representative use case (use case 6 as defined TS 22.104). The choice of selected use case can be reviewed at the start of the study.
· Study is limited to enhancements to RRC_INACTIVE and/or RRC_IDLE state


In this contribution, we provide our considerations on the use cases and requirements, evaluation methodology, and potential enhancements of LPHAP.

Discussion
[bookmark: _Ref31533076]2.1 Use cases and requirements
According to our preliminary investigations in vertical industries, use cases such as localization for personal safety undermine, and real-time tracking of vehicle locations on the assembly line have urgent needs on positioning with high accuracy performance, low UE power consumption, and low cost:
· On accuracy:
· Localization for personal safety undermine: < 0.3m (horizontal);
· Real-time tracking of vehicle locations on the assembly line: 0.1m (Horizontal) @ 90% UEs, 0.5m (Horizontal) @ 99.99% UEs in NLOS indoor scenarios;
· On battery life: 12~18 months
In TS22.104, 9 use cases and requirements are defined for low power and high accuracy positioning, as shown in the Appendix [2]. It seems that use case 7 is more in line with the industrial needs that we collected. However, as the first release to investigate LPHAP, we prefer to adopt use case 6 as the starting point and not waste time to revise the target use case.
Proposal 1: Adopt use case 6 defined in TS 22.104 as the representative use case of LPHAP, and the requirement of use case 6 as the target requirement of LPHAP.

2.2 Evaluation methodology 
As clarified by the objectives, the target is to evaluate whether existing RAN functionality can support the power consumption and positioning requirements identified by SA1. In Rel-17, NR positioning for UEs in RRC_inactive state was specified for both DL- and UL- positioning. Therefore, the Rel-17 RRC_inactive positioning should be considered as the evaluation baseline, of which the power consumption should be evaluated and aligned based on the power consumption model defined in TR 38.840 [3]. The baseline power consumption is further converted to the battery life to figure out whether the requirement of the LPHAP use case can be satisfied; and if not, the gap is identified. The power consumption gain of the potential enhancements is evaluated over the baseline, and is compared to the target requirement.
In the following, the power consumption evaluation assumptions for both DL- and UL-positioning is discussed.
DL positioning
To evaluate the power consumption of DL-positioning, the power consumption model for DL PRS measurement should be defined based on the UE power consumption model for RRM measurements in Clause 8.1.4 of TR 38.840.
Reference configuration and assumptions for DL PRS measurements
The reference configuration of DL PRS is listed in the following table, the rationale behind the value of each parameter is trying to align the configurations of SSB for RRM in TR38.840:
Table 1: Reference configuration of DL PRS
	Parameters
	Values
	Note

	Number of positioning frequency layers
	1
	

	DL PRS periodicity
	[20.48s]
	Refer to the positioning interval requirement that is 15s~30s.

	DL PRS bandwidth
	100MHz
	1 For RRC_inactive/idle modes;
2 To meet the high positioning accuracy requirement that is <1m.

	DL PRS SCS
	30kHz
	

	Number of TRPs
	8
	

	Number of resources per TRP
	[8]
	

	Comb size
	4
	

	Number of OS
	4
	2 PRS resources per slot are measured.

	Number of repetitions
	1
	



Proposal 2: The following reference configuration of DL PRS is used to define the power consumption model for DL PRS measurement and for evaluation:
	Parameters
	Values
	Note

	Number of positioning frequency layers
	1
	

	DL PRS periodicity
	[20.48s]
	Refer to the positioning interval requirement that is 15s~30s.

	DL PRS bandwidth
	100MHz
	1 For RRC_inactive/idle modes;
2 To meet the high positioning accuracy requirement that is <1m.

	DL PRS SCS
	30kHz
	

	Number of TRPs
	8
	

	Number of resources per TRP
	[8]
	

	Comb size
	4
	

	Number of OS
	4
	2 PRS resources per slot are measured.

	Number of repetitions
	1
	



UE power consumption for DL PRS measurements
Based on the reference configurations of DL PRS measurement, a UE measures two PRS resources that multiplexed 8 TRPs within a slot, as shown in  Figure 1, and hence the slot-average power can directly reuse the UE power consumption of the combined neighbour cell measurements and cell search given in Table 24 of TR38.840:
Table 2: UE power consumption for intra-frequency DL PRS measurements and search
	N: Number of TRPs for intra-frequency measurement & search
	Synchronous case
	Asynchronous case

	
	FR1
	FR2
	FR1
	FR2

	N=8
	200
	320
	220
	380





Figure 1: Illustration of reference DL PRS configurations 
Proposal 3: Adopt the UE power consumption model for DL PRS measurements as:
	N: Number of TRPs for intra-frequency measurement & search
	Synchronous case
	Asynchronous case

	
	FR1
	FR2
	FR1
	FR2

	N=8
	200
	320
	220
	380




UL positioning
Reference configuration of UL SRS for positioning
The reference configuration of UL SRS pos is listed in the following table:
Table 3: Reference configuration of UL SRS pos
	Parameters
	Values
	Note

	UL SRS periodicity
	[20.48s]
	Refer to the positioning interval requirement that is 15s~30s.

	UL SRS bandwidth
	100MHz
	1 For RRC_inactive/idle modes;
2 To meet the high positioning accuracy requirement that is <1m.

	UL SRS SCS
	30kHz
	

	Number of resources
	[1]
	

	Comb size
	4
	

	Number of OS
	4
	SRS resource occupies 0.3*UL slots



Proposal 4: The following reference configuration of UL SRS pos is used for evaluation:
	Parameters
	Values
	Note

	UL SRS periodicity
	[20.48s]
	Refer to the positioning interval requirement that is 15s~30s.

	UL SRS bandwidth
	100MHz
	1 For RRC_inactive/idle modes;
2 To meet the high positioning accuracy requirement that is <1m.

	UL SRS SCS
	30kHz
	

	Number of resources
	[1]
	

	Comb size
	4
	

	Number of OS
	4
	SRS resource occupies 0.3*UL slots




Assumptions for RRC_inactive positioning
For UEs in RRC_inactive state, I-DRX is applied with periodicity of 1.28s. 
For other DL signals/channels reception and processing, 20MHz operation bandwidth is considered for RRC_inactive state, and the power saving model in FR1 for evaluation of UEs in idle/inactive mode defined in Rel-17 power saving enhancements can be adopted:
	Power State
	Relative Power
(FR1 reference from TR 84.840)
	Relative Power 
(Idle/inactive-mode operation with reception bandwidth 20 MHz)

	Deep Sleep (PDS)
	1
	1

	Light Sleep (PLS)
	20
	20

	Micro sleep (PMS)
	45
	45

	PDCCH-only (PPDCCH)
	100
	50Note

	PDCCH + PDSCH (PPDCCH+PDSCH)
	300
	120

	PDSCH-only (PPDSCH)
	280
	112

	SSB/CSI-RS proc. (PSSB)
	100 (synchronization or serving cell measurement)
	50

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

	Inter-frequency RRM measurement (Pinter)
	· 150 (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
	· [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}.


For DL positioning, the UE reports DL PRS measurements using UL SDT with a periodicity of 20.48s.
As in RRC_inactive state, the bandwidth of positioning RS is assumed to be 100MHz, which is outside of initial DL/UL BWP of 20MHz, the power consumption of BWP switching is considered. Assume that the BWP transition duration is one slot, and the slot average power level is 50 power units.
Proposal 5: The following assumptions can be considered for evaluation:
· DRX is applied with periodicity of 1.28s for UEs in RRC_inactive state;
· UE reports DL PRS measurements using UL SDT with a periodicity of 20.48s;
· BWP transition duration is one slot, and the slot average power level is 50 power units;
· The power saving model in FR1 for evaluation of UEs in idle/inactive mode with 20MHz reception bandwidth defined in Rel-17 power saving enhancements is adopted

UE mobility
Considering a typical use case of positioning for UEs in RRC_inactive state, which is localization of goods/products on the shelves in a large hall indoor factory (300m * 150m with BS distance of 50m), the positioning UE is in slow mobility (e.g., 3km/h). Within a positioning interval of 15~30s, the UE barely changes its serving cell or updates its TA.
Observation 1: For a typical use cases of low power and high accuracy positioning, the UE is in slow mobility.
Observation 2: Within a positioning interval of 15~30s, the UE barely changes its serving cell or updates its TA.

2.3 Initial evaluation results
In the following, the evaluation results of UE power consumption for Rel-17 RRC_inactive positioning are analysed, based on the power consumption model and assumption discussed in Section 2.2. 
In the evaluation, we assume that the TDD pattern is 7D1S2U with the periodicity of 5ms:

[bookmark: _GoBack]
DL positioning
A typical UE power state transitions during a positioning interval of DL positioning is shown as follows:


Figure 2: UE power state transitions for DL positioning every 20.48s.
The UE power consumption for DL positioning every 20.48s is computed as:
	Power state
	Power unit (in slots)
	Durations 
(in ms, incl. 2slots)
	Power

	Deep sleep
	1
	19958
	39916

	Micro sleep
	45
	66
	5940

	SSB Proc.
	50
	34
	3400

	PDCCH + PDSCH
	120
	32
	7680

	Intra-frequency RRM measurement
	80
	2
	320

	PRS measurement
	200
	4
	1600

	BWP switching
	50
	1
	100

	PUSCH
	280
	1
	560

	Deep sleep transit energy
	450
	19 times
(20ms/time)
	8550

	Total power
	
	20480
	68066


In addition, we suppose that the DL PRS and the UL SDT for reporting the DL measurement is configured inside/next to the I-DRX ON duration, as shown in the following figure. 


Figure 3: DL PRS measurement and reporting is next to I-DRX ON duration.
The UE power consumption is updated as:
	Power state
	Power unit (in slots)
	Durations 
(in ms, incl. 2slots)
	Power

	Deep sleep
	1
	20003.5
	40007

	Micro sleep
	45
	64.5
	5805

	SSB Proc.
	50
	32
	3200

	PDCCH + PDSCH
	120
	32
	7680

	Intra-frequency RRM measurement
	80
	2
	320

	PRS measurement
	200
	4
	1600

	BWP switching
	50
	1
	100

	PUSCH
	280
	1
	560

	Deep sleep transit energy
	450
	17 times
(20ms/time)
	7650

	Total power
	
	20480
	66922



UL positioning
A typical UE power state transitions during a positioning interval of UL positioning is shown as follows:


Figure 4: UE power state transitions for UL positioning every 20.48s
The UE power consumption for UL positioning every 20.48s is computed as:
	Power state
	Power unit (in slots)
	Durations (in ms)
	Power

	Deep sleep
	1
	19985.5
	39971

	Micro sleep
	45
	65
	5850

	SSB Proc.
	50
	34
	3400

	PDCCH +PDSCH
	120
	32
	7680

	Intra-frequency RRM measurement
	80
	2
	320

	SRS
	210
	0.5
	210

	BWP switching
	50
	1
	100

	Deep sleep transit energy
	450
	18 times
(20ms/times)
	8100

	Total power
	
	20480
	65631


Observation 3: The UE ramps up during the ON duration of each I-DRX cycle to monitor the PDCCH and the corresponding power mode transit energy consumes a big part of the power for both DL and UL positioning.
Observation 4: For the DL PRS measurement, if the DL PRS is configured outside of the active time of a I-DRX cycle, extra power is consumed to transit between different operation modes. 
Observation 5: For UL positioning, the SRS configuration for RRC_inactive positioning needs to be valid as long as possible to avoid additional power consumption of RRC modes transition.

2.4 Potential enhancements
As clarified by the objectives, the study is focused on enhancements to RRC_INACTIVE and/or RRC_IDLE state, and hence, the support of DL PRS measurement and UL SRS pos transmission in RRC_idle state should be considered from RAN1 perspective.
Proposal 6: From RAN1 perspective, support of positioning for UEs in RRC_idle state for both DL and UL positioning should be considered.
From the initial evaluation results, it can be observed that a UE “wakes up” during the ON duration of each I-DRX cycle to monitor the PDCCH and the corresponding power mode transit energy consumes a big part of the power for both DL and UL positioning. Note that for typical use cases of LPHAP, such as the plant asset management, the positioning UE can barely have 5G communication traffic, the service types are mainly focused on positioning and the related request/response signalling. In such cases, the UE may not be required to wake up every time when the ON duration comes.
In addition, for the DL PRS measurement, if the DL PRS is configured outside of the ON duration or active time within a I-DRX cycle, the UE has to additionally ramp up to measure the DL PRS, and the transitions between the sleep mode and active mode consumes extra power. From this perspective, a smarter design is to configure the DL PRS inside the I-DRX active time.
Proposal 7: The following I-DRX related enhancements should be considered:
· Reduce the number of PDCCH monitoring occasions in RRC_inactive/idle state for LPHAP.
· Align the I-DRX active time and the DL PRS configurations
In Rel-17, the UL SRS for transmission in RRC_inactive state is configured by RRC_Release message, and if it is determined to be invalid, the UE has to enter the RRC_connected mode for the update of the SRS configurations. According to the initial evaluation results, to reduce the UE power consumption of UL positioning, the SRS configurations in RRC_inactive state should be kept valid for a period of time as long as possible. One straightforward solution is that, the SRS resources is (pre-)configured within an area (e.g., an indoor factory hall). Optionally, the SRS resources within this area are orthogonal to avoid the potential conflict of SRS resources. NW configures the SRS resource for a positioning UE and the SRS resource keeps valid within this area.
Proposal 8: The following enhancement of SRS transmission in RRC_inactive/idle state should be considered:
· SRS resources in RRC_inactive/idle state is (pre-)configured within an area. 
· FFS: How to define this area.

Conclusions
In this contribution, we provide our views on the remaining issues on latency enhancements, and the following observations and proposals are made:
Observation 1: For a typical use cases of low power and high accuracy positioning, the UE is in slow mobility.
Observation 2: Within a positioning interval of 15~30s, the UE barely changes its serving cell or updates its TA.
Observation 3: The UE ramps up during the ON duration of each I-DRX cycle to monitor the PDCCH and the corresponding power mode transit energy consumes a big part of the power for both DL and UL positioning.
Observation 4: For the DL PRS measurement, if the DL PRS is configured outside of the active time of a I-DRX cycle, extra power is consumed to transition between different operation modes. 
Observation 5: For UL positioning, the SRS configuration for RRC_inactive positioning needs to be valid as long as possible to avoid additional power consumption of RRC modes transition.

Proposal 1: Adopt use case 6 defined in TS 22.104 as the representative use case of LPHAP, and the requirement of use case 6 as the target requirement of LPHAP.
Proposal 2: The following reference configuration of DL PRS is used to define the power consumption model for DL PRS measurement and for evaluation:
	Parameters
	Values
	Note

	Number of positioning frequency layers
	1
	

	DL PRS periodicity
	[20.48s]
	Refer to the positioning interval requirement that is 15s~30s.

	DL PRS bandwidth
	100MHz
	1 For RRC_inactive/idle modes;
2 To meet the high positioning accuracy requirement that is <1m.

	DL PRS SCS
	30kHz
	

	Number of TRPs
	8
	

	Number of resources per TRP
	[8]
	

	Comb size
	4
	

	Number of OS
	4
	2 PRS resources per slot are measured.

	Number of repetitions
	1
	


Proposal 3: Adopt the UE power consumption model for DL PRS measurements as:
	N: Number of TRPs for intra-frequency measurement & search
	Synchronous case
	Asynchronous case

	
	FR1
	FR2
	FR1
	FR2

	N=8
	200
	320
	220
	380


Proposal 4: The following reference configuration of UL SRS pos is used for evaluation:
	Parameters
	Values
	Note

	UL SRS periodicity
	[20.48s]
	Refer to the positioning interval requirement that is 15s~30s.

	UL SRS bandwidth
	100MHz
	1 For RRC_inactive/idle modes;
2 To meet the high positioning accuracy requirement that is <1m.

	UL SRS SCS
	30kHz
	

	Number of resources
	[1]
	

	Comb size
	4
	

	Number of OS
	4
	SRS resource occupies 0.3*UL slots


Proposal 5: The following assumptions can be considered for evaluation:
· DRX is applied with periodicity of 1.28s for UEs in RRC_inactive state;
· UE reports DL PRS measurements using UL SDT with a periodicity of 20.48s;
· BWP transition duration is one slot, and the slot average power level is 50 power units;
· The power saving model in FR1 for evaluation of UEs in idle/inactive mode with 20MHz reception bandwidth defined in Rel-17 power saving enhancements is adopted
Proposal 6: From RAN1 perspective, support of positioning for UEs in RRC_idle state for both DL and UL positioning should be considered.
Proposal 7: The following I-DRX related enhancements should be considered:
· Reduce the number of PDCCH monitoring occasions in RRC_inactive/idle state for LPHAP.
· Align the I-DRX active time and the DL PRS configurations
Proposal 8: The following enhancement of SRS transmission in RRC_inactive/idle state should be considered:
· SRS resources in RRC_inactive/idle state is (pre-)configured within an area. 
· FFS: How to define this area.
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Appendix
[bookmark: _Toc75520062]A.7.2	Low Power High Accuracy Positioning
Table A.7.2-1 gives an indication of the required operation time of the 5G enabled IoT device and duty cycle of the updated position information for different use cases.
Table A.7.2-1: Low power high accuracy positioning use cases
	Use Case #
	Horizontal accuracy
	Corresponding service level (22.261)
	Positioning interval/ duty cycle
	battery life time/ minimum operation time

	1
	10 m
	Service Level 1
	on request
	24 months

	2
	2 m to 3 m
	Service Level 2
	< 4 seconds
	> 6 months

	3
	< 1 m
	Service Level 3
	no indication
	1 work shift - 8 hours (up to 3 days, 1 month for inventory purposes)

	4
	< 1 m
	Service Level 3
	1 second
	6 - 8 years

	5
	< 1 m
	Service Level 3
	5 seconds - 15 minutes
	18 months

	6
	< 1 m
	Service Level 3
	15 s to 30 s
	6 - 12 months 

	7
	30 cm
	Service Level 5
	250 ms
	18 months

	8
	30 cm
	Service Level 5
	1 second
	6 - 8 years (no strong limitation in battery size)

	9
	10 m
	Service Level 1
	20 minutes
	12 years (@20mJ/position fix)



Use case one
Process automation: Dolly tracking (outdoor).
Use case two
Process automation: Asset tracking.
Use case three
Flexible modulare assembly area: Tool tracking in flexible, modular assembly areas in smart factories.
Use case four
Process automation: Sequence container (Intralogistics).
Use case five
Process automation: Palette tracking (e.g. in turbine construction).
Use case six
Flexible modulare assembly area: Tracking of workpiece (in- and outdoor) in assembly area and warehouse.
Use case seven
Flexible modulare assembly area: Tool assignment (assign tool to vehicles in a production line, left/right) in flexible, modular assembly area in smart factories.
Use case eight
Flexible modulare assembly area: Positioning of autonomous vehicles for monitoring purposes (vehicles in line, distance 1.5 meter).
Use case nine
(Intra-)logistics: Asset tracking
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