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Introduction
RAN#94-e approve the SID in [1] with the LPHAP objective as below.
	· 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 paper, we discuss the requirements and evaluation methodology for LPHAP.
Target use cases and requirement
The SID used use case 6 in [2] as the representative use case for evaluation, which can be reviewed at the study.
Table 1 LPHAP use cases defined in [2]
	Use Case #
	Use Case description
	Horizontal accuracy
	Corresponding service level (22.261)
	Positioning interval/ duty cycle
	battery life time/ minimum operation time

	1
	Process automation: Dolly tracking (outdoor).
	10 m
	Service Level 1
	on request
	24 months

	2
	Process automation: Asset tracking.
	2 m to 3 m
	Service Level 2
	< 4 seconds
	> 6 months

	3
	Flexible modular assembly area: Tool tracking in flexible, modular assembly areas in smart factories.
	< 1 m
	Service Level 3
	no indication
	1 work shift - 8 hours (up to 3 days, 1 month for inventory purposes)

	4
	Process automation: Sequence container (Intralogistics).
	< 1 m
	Service Level 3
	1 second
	6 - 8 years

	5
	Process automation: Palette tracking (e.g. in turbine construction).
	< 1 m
	Service Level 3
	5 seconds - 15 minutes
	18 months

	6
	Flexible modular assembly area: Tracking of workpiece (in- and outdoor) in assembly area and warehouse.
	< 1 m
	Service Level 3
	15 s to 30 s
	6 - 12 months 

	7
	Flexible modular assembly area: Tool assignment (assign tool to vehicles in a production line, left/right) in flexible, modular assembly area in smart factories.
	30 cm
	Service Level 5
	250 ms
	18 months

	8
	Flexible modular assembly area: Positioning of autonomous vehicles for monitoring purposes (vehicles in line, distance 1.5 meter).
	30 cm
	Service Level 5
	1 second
	6 - 8 years (no strong limitation in battery size)

	9
	(Intra-)logistics: Asset tracking
	10m
	Service level 1
	20 minutes
	12 years
(@20mJ/positioning fix)



We believe that use case 6 can serve as the representative one that draws interest in the industry.
The target accuracy can meet most industry IoT requirements.
The positioning interval of tens of seconds offers the real-time update of the device location, e.g. three times per minute.
The battery life of half a year to one year appeals to the general impression of a long battery life.
We propose to consider use case 6 for the purpose of RAN1 evaluation.
Proposal 1: Adopt use case 6 of TS 22.104 for power evaluation in RAN1.

Overall evaluation methodology
Accuracy aspects
On accuracy aspects, given that we already spent two releases to evaluate the positioning accuracy, it should be clear that for IIoT use case, with the positioning bandwidth of 100MHz for FR1 and FR2, the target accuracy under InF-DH/SH channel is able to meet the 1m accuracy.
Observation 1: The existing evaluation already showed that 100MHz bandwidth can already meet the 1m accuracy.
To reduce the workload, we think there is no need to further optimize the accuracy aspects for LPHAP, but rather conclude that LPHAP target accuracy can be met for IIoT scenarios.
Proposal 2: Conclude in RAN1 that LPHAP target accuracy can already be met for IIoT scenarios with the Rel-17 positioning techniques, with at least 100MHz positioning bandwidth.

Power aspects
The NR power evaluation used relative evaluation, assuming the number of power units for each reception/transmission model (e.g. PDCCH, PDSCH, UL, etc.). The power saving gain of any enhancement is shown in comparison with the baseline power consumption in terms of power units.
This evaluation methodology avoids disclosing the vendor-specific current/power profiles. However, using relative power evaluation does not directly convert to the absolute battery life, whereas LPHAP use cases are defined based on absolute battery life.
To overcome this, we suggest to also consider the relative evaluation of battery life, which can be done in the following steps.
First, consider a reference device, which can be e.g. a commercial cell-phone.
Second, assume a reference traffic for the reference device, which can be e.g. the traffic model used for calibration in TR 38.840, and calculate the power consumption rate, e.g. X1 power unit per second
Third, assume the battery volume/energy allocated for the reference traffic for the reference device, e.g. E1 mAh and the expected battery life, T1 hours.
Fourth, consider a target device to evaluate the battery life.
Fifth, assume a traffic for the target device, and calculate the power consumption rate, e.g. X2 power unit per second.
Sixth, assume the battery volume/energy allocated for the traffic for the target device, e.g. E2 mAh.
Last, calculate the expected battery life for the target device as

If the total energy used for the reference traffic of the reference device is the same as that used for the traffic of the target device, i.e. , the equation can be reduced to

This E2 = E1 is under the assumption that even if the reference device (commercial cell-phone) has a large battery volume, but most of the energy are consumed on the screen and applications, while the target device considered for positioning may concentrate most of its energy to positioning related procedures, and thus a smaller battery volume is expected, justifying using the same energy for both devices on their concerned traffic.
If the LPHAP target requirement is expressed in absolute battery life (e.g. 1 year), then the target is set as T2 ≥ 1 year and RAN1 evaluations can evaluate X2 and determine whether X2 can be made small enough to meet the target. This only requires RAN1 to agree on an assumption for T1 for the reference device (e.g. a commercial cellphone, for which T1 could be set to e.g. 8 hours). With such evaluation methodology, RAN1 could then inform RAN2 that RAN1 has the capability to evaluate the feasibility of a requirement expressed in absolute battery life for LPHAP.
It is also worth noting that this approach may also be used to estimate the increase of the battery volume to reach an even longer battery life.
Proposal 3: For the purpose of battery life evaluation for LPHAP, define a reference device (e.g. a commercial cellphone) with a reference traffic and a reference battery life.
Proposal 4: Adopt the following steps in the TR for evaluating the battery life, and inform RAN2 that RAN1 is able to evaluate the feasibility of a requirement expressed in absolute battery life for LPHAP.
	First, consider a reference device, which can be e.g. a commercial cell-phone.
Second, assume a reference traffic for the reference device, which can be e.g. the traffic model used for calibration in TR 38.840, and calculate the power consumption rate, e.g. X1 power unit per second
Third, assume the battery volume/energy allocated for the reference traffic for the reference device, e.g. E1 mAh and the expected battery life, T1 hours.
Fourth, consider a target device to evaluate the battery life.
Fifth, assume a traffic for the target device, and calculate the power consumption rate, e.g. X2 power unit per second.
Sixth, assume the battery volume/energy allocated for the traffic for the target device, e.g. E2 mAh.
Last, calculate the expected battery life for the target device as




Power model
UL positioning
For Rel-17 positioning procedures to support UL positioning, the existing deferred MT-LR with event report is considered, as shown in Figure 1 [3].

[bookmark: _Ref100847490]Figure 1 Low Power Periodic and Triggered 5GC-MT-LR Procedure with SDT (UL-only positioning)
According to the TS 24.572/TS 24.080 [5][4], the event report may be configured to “area event”, which may be set to the UE serving cell only. Under this configuration, UE may send the SRS according to the periodicity, until UE leaves the area, in which case UE may report the event to the LMF, triggering the above procedure and get a new SRS configuration.
	LCS-PeriodicTriggeredInvokeArg	::= SEQUENCE {
	referenceNumber	[0]	LCS-ReferenceNumber,
	h-gmlc-address	[1]	GSN-Address,
	qoS		[2] LCS-QoS		OPTIONAL,
	reportingPLMNList	[3]	ReportingPLMNList	OPTIONAL,
	periodicLocation	[4]	PeriodicLocation	OPTIONAL,
	areaEventReporting	[5]	AreaEventReporting	OPTIONAL,
	motionEventReporting	[6]	MotionEventReporting	OPTIONAL,
	...,
	referenceNumberExt	[7]	LCS-ReferenceNumberExt	OPTIONAL,
	h-gmlc-callBackUri		[8] UTF8String	OPTIONAL,
	supportedGADShapes	[9]	SupportedGADShapes	OPTIONAL,
	deferredRoutingIdentifier	[10]	OCTET STRING	OPTIONAL,
	reportingAccessTypes	[11]	ReportingAccessTypes	OPTIONAL,
	multiplePositioningProtocolPDUs	[12] MultiplePositioningProtocolPDUs	OPTIONAL,
	controlPlane-CIoT-5GS-Optimisation	[13] ControlPlane-CIoT-5GS-Optimisation	OPTIONAL,
	scheduledLocTime	[14] DateTime }
-- Only one of periodicLocation, areaEventReporting and motionEventReporting shall be included.
-- responseTime and velocityRequest are not applicable in LCS-QoS.
-- reportingPLMNList provides a list of PLMNs in which event reporting is allowed.
-- If referenceNumberExt is included, an MS shall ignore referenceNumber.
-- h-gmlc-address shall be ignored by a UE for 5GS access.
-- referenceNumberExt, h-gmlc-callBackUri, supportedGADShapes, deferredRoutingIdentifier,
-- reportingAccessTypes, multiplePositioningProtocolPDUs and controlPlane-CIoT-5GS-Optimisation
-- shall not be included for E-UTRA access to EPC.
-- reportingPLMNList shall not be included for 5GS access.
-- scheduledLocTime is only applicable for periodic location reporting, which indicates a time in future for the first periodic location to be reported.

AreaEventReporting	::=	SEQUENCE {
	deferredLocationEventType	[0] DeferredLocationEventType,
	areaList		[1]	AreaList,
	occurrenceInfo	[2]	OccurrenceInfo	OPTIONAL,
	intervalTime	[3]	IntervalTime	OPTIONAL,
	maximumInterval	[4]	MaximumInterval	OPTIONAL,
	samplingInterval	[5] SamplingInterval	OPTIONAL,
	duration		[6]	Duration	OPTIONAL,
	locationInfo	[7]	LocationInfo	OPTIONAL,
	... }
-- msAvailable and periodicLDR in DeferredLocationEventType are not applicable.
-- intervalTime and maximumInterval are not applicable when OccurenceInfo is present with
-- the value of oneTimeEvent.

AreaList ::= SEQUENCE SIZE (1..maxAreas) OF Area

maxAreas	INTEGER ::= 250

Area ::= SEQUENCE {
	areaType	[0]	AreaType,
	areaIdentification	[1]	AreaIdentification,
	...,
	areaIdentificationExt [2] AreaIdentificationExt }

AreaType ::= ENUMERATED {
	trackingArea (0),
	ecgi (1),
	...,
	trackingArea5GS (2),
	ncgi (3) }
-- trackingArea5GS and ncgi shall not be included for an MS without 5GS access



Observation 2: According to Rel-17 discussion and CT1 specification, the UE may be configured to transmit the periodic SRS without reporting anything to LMF if SRS is valid when UE is still within the last serving cell for the configured area event reporting.

Therefore, UE should be able to wake up to only transmit SRS for most of the time, and the power model for SRS transmission can be shown in Figure 2. UE needs to sync to SSB first, and the duration between SSB and SRS transmission is because of the typical TDD configuration of DDDDD-DDSUU with 30kHz SCS. For the SRS transmission, in order to increase the coverage so that the SRS can be received by a neighbouring cell, 23dBm transmission power may be assumed.
Deep sleep
Ramp down
SRS [23dBm]
SSB
Micro sleep
Ramp up
Deep sleep
4ms

[bookmark: _Ref100850248]Figure 2 Power model for SRS transmission in RRC_INACTIVE
Proposal 5: Adopt the following model for SRS transmission in RRC_INACTIVE for evaluating power consumption of UL positioning. 
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DL positioning
For Rel-17 positioning procedures to support DL positioning, the existing deferred MT-LR with event report is considered, as shown in Figure 3 [3].

[bookmark: _Ref100850559]Figure 3 Low Power Periodic and Triggered 5GC-MT-LR Procedure with SDT – DL-only and RAT-Independent positioning

It can be observed that for DL positioning, UE needs to report the measurement to the LMF along with event report configured by the LMF, and UE needs to receive the event report ACK and the RRCRelease message to terminate the SDT procedure.
Given that it may be difficult to define the timeline between SDT initiation and the subsequent RRCRelease message, we suggest to simply adopt the power model for PRS reception and measurement reporting shown in Figure 4, where PRS reception is within a slot, and UE needs to process the PRS in 20ms with light sleep given that UE is not required to maintain synchronization. UE receives the SSB, and selects the CG-SDT resource to report the measurement and potentially the event to the LMF, without further considering the PDCCH/PDSCH after the SDT that is used to convey the subsequent DL. Since the CG-SDT resource is only intended for the serving gNB, 0dBm transmission power may be assumed.
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[bookmark: _Ref100851013]Figure 4 Power model for PRS reception and measurement reporting in RRC_INACTIVE
Proposal 6: Adopt the following model for PRS reception and measurement reporting in RRC_INACTIVE for evaluating power consumption of UL positioning.
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For PRS reception power, we suggest to follow the RRM model of intra-frequency measurement from TR 38.840, which is reflected in Table 2. It is worth noting that the actual power may be distributed after the buffering time, i.e. in the micro-sleep after the PRS slot, but here for simplicity, we only count them in the PRS slot.
[bookmark: _Ref100851464]Table 2 Power model for PRS reception
	N: Number of TRPs for positioning
	Synchronous case

	
	FR1
	FR2

	N=4
	120
	195



Proposal 7: Adopt the following power model for PRS reception.
	N: Number of TRPs for positioning
	Synchronous case

	
	FR1
	FR2

	N=4
	120
	195



Deep sleep power
The current TR 38.840 assumed a deep sleep mode with 1 power unit per slot with the corresponding transition period
	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



[image: ]
It can be perceived that for the UE doing positioning during RRC_INACTIVE state, most of the time will be in the deep sleep mode, and the power contribution in deep sleep constitutes most part of the UE power consumption. An ultra-deep sleep can be considered in the evaluation.
Ultra-deep sleep is not new to either 3GPP or positioning industry.
In 3GPP, during the CIoT study TR 45.820, the evaluation assumes “power saving state” (PSS) in the power evaluation, and it has been stated in the TR that:
	PSS denotes a Power Saving State such as that achieved with the Rel-12 Power Save Mode feature. In Idle, the device may be consuming more power than in the PSS state because, for example, it is maintaining a more accurate time/frequency synchronization with the network.




Figure 5 Example of events affecting energy consumption for IP packet exchange (Figure 5.4-1 [7])
The power of PSS state is assumed as 15uW according to table 5.4-1 [7], which translates to 5uA if the voltage is 3.3V.
Table 3 Key input parameters for energy consumption analysis (Table 5.4-1 [7])
	(1) Battery capacity
(Wh)
	(2) Battery power during Tx
(mW)
	(3) Battery power for Rx
(mW)
	(4) Battery power when Idle but not in PSS (mW)
	(5) Battery power in Power Save State (PSS)
(mW)
	(6) Time between end of IP packet carrying "report" and start of IP packet carrying "ack" on radio (ms)
	(7) Number of reports per day

	5
	
	
	
	[0,015]
	1000
	



In positioning industry, as shown in Figure 6 from the Decawave 1000 data sheet for the UWB product, the sleep current and deep sleep current can be as low as 1uA and 50nA, respectively, which helps UWB to claim the battery life of more than a year. Note that the current of the sleep mode for the UWB device is less than a thousandth of the IDLE mode.
[image: ]
[bookmark: _Ref101978696]Figure 6 Operating States and their effect on power consumption (Table 24 [8])

Observation 3: Both CIoT and UWB considered a very deep sleep mode with current in the order of uA, which is much lower than the assumption of deep sleep in TR 38.840.
Proposal 8: Define a new ultra-deep sleep type for the evaluation of LPHAP.
The power unit of ultra-deep sleep can take 0.01 power unit as the starting point.
UE enters ultra-deep sleep when UE is not performing positioning.
FFS any change to the transition energy and/or period for the ultra-deep sleep compared with that of the current deep sleep mode.

Initial evaluation results
Power consumption for the reference device
The simulation for the reference device can be implemented via the same calibration effort as conducted during Rel-16. 
The assumption of the reference traffic for the reference device is listed in Table 4.
[bookmark: _Ref101953065]Table 4 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: 100ms

	Positioning period
	N/A

	RRM
	Not accounting for RRM

	Deep sleep power unit
	1



The power consumption model considered in the evaluation is listed in Table 5.
[bookmark: _Ref101955006]Table 5 Power model assumption for the reference device
	UE power state
	Power units per slot

	PDCCH only
	100

	PDCCH+PDSCH
	300

	Micro sleep
	45

	Light sleep
	20
Note: additional 100 PU of 6ms transition time is required.

	Deep sleep
	1
Note: additional 450 PU of 20ms transition time is required



Based on the assumption, the power consumption can be evaluated as below, and X1, the power consumption rate, for the reference device is given by Table 6.
	State                               Time TimeRatio     Power  PwrRatio
LightSleep                          2903  0.14515%     69760  0.09395%
MicroSleep                           214  0.01070%      9630  0.01297%
PDCCH_Only                        689137 34.45685%  68913700 92.80733%
PDCCH_PDSCH                         4896  0.24480%   1468800  1.97806%
DeepSleep                        1302850 65.14250%   3792700  5.10770%
Total Number of State: 5
Total Number of Slots: 2000000
Total Power: 74254590



[bookmark: _Ref101955014]Table 6 Power consumption rate for the reference device
	Power consumption rate
	X1 = 74254590 per 1000s = 74000 [PU/s]

	Battery volume for the traffic
	E1

	Battery life
	T1



Power consumption evaluation for Rel-17 baseline
UL positioning
The assumption of the traffic for the Rel-17 UL positioning in RRC_INACTIVE state is listed in Table 7.
[bookmark: _Ref101963349]Table 7 Traffic for UL positioning in RRC_INACTIVE state for Rel-17
	Parameters
	Reference traffic

	Traffic model
	N/A

	Packet Size
	N/A

	Mean interval
	N/A

	DRX setting
	I-DRX with 10.24s periodicity

	Positioning period
	20.48s

	RRM
	Not accounting for RRM

	Deep sleep power unit
	1



The power consumption model considered in the evaluation is listed in Table 8
[bookmark: _Ref101963385]Table 8 Power model assumption for the Rel-17 device with UL positioning in RRC_INACTIVE state
	UE power state
	Power units per slot

	SSB synchronization
	100

	SRS Tx
	210

	Micro sleep
	45

	Light sleep
	20
Note: additional 100 PU of 6ms transition time is required.

	Deep sleep
	1
Note: additional 450 PU of 20ms transition time is required



Based on the assumption, the power consumption can be evaluated as below, and X2, the power consumption rate, for the Rel-17 device is given by Table 9.

[bookmark: _Ref101965120]Table 9 Power consumption rate of the Rel-17 device with UL positioning
	SRS Tx
	Duration (ms)
	Power within the duration
	
	
	
	

	Micro sleep
	3
	270
	
	
	
	

	SSB Sync
	0.5
	100
	
	
	
	

	SRS Tx (23dBm)
	0.5
	210
	
	
	
	

	Total 
	4
	580
	
	
	
	

	
	
	
	
	
	
	

	INACTIVE state UL positioning every 20.48s

	Power state
	Power unit
	Duration (ms)
	Power unit
	Sum duration (ms)
	Instances
	Power ratio

	Ramp up + down
	450
	20
	450
	20
	1
	1.0729%

	SRS Tx
	580
	4
	580
	4
	1
	1.3829%

	Deep sleep
	2
	1
	40912
	20456
	20456
	97.5442%

	Total
	　
	　
	41942
	20480
	　
	100.0000%

	

	Power consumption rate
	X2UL, Rel-17 = 41942 per 20.48s = 2000 [PU/s]

	Battery volume for the traffic
	E2

	Battery life
	T2UL, Rel-17



DL positioning
[bookmark: _Ref101960357]The assumption of the traffic for the Rel-17 DL positioning in RRC_INACTIVE state is listed in Table 10. 
[bookmark: _Ref102064138]Table 10 Traffic for DL positioning in RRC_INACTIVE state for Rel-17
	Parameters
	Reference traffic

	Traffic model
	Periodic

	Packet Size
	Small packet via a single slot PUSCH

	Mean interval
	20.48s

	DRX setting
	I-DRX with 10.24s periodicity

	Positioning period
	20.48s

	RRM
	Not accounting for RRM

	Deep sleep power unit
	1



The power consumption model considered in the evaluation is listed in Table 11.
[bookmark: _Ref101960394]Table 11 Power model assumption for the Rel-17 device with DL positioning in RRC_INACTIVE state
	UE power state
	Power units per slot

	PRS Rx
	120

	SSB synchronization
	100

	PUSCH Tx (0dBm)
	250

	Micro sleep
	45

	Light sleep
	20
Note: additional 100 PU of 6ms transition time is required.

	Deep sleep
	1
Note: additional 450 PU of 20ms transition time is required



Based on the assumption, the power consumption can be evaluated as below, and X1, the power consumption rate, for the Rel-17 device is given by Table 12.

[bookmark: _Ref101964921]Table 12 Power consumption rate for the Rel-17 device with DL positioning
	PRS meas./report
	Duration (ms)
	Power within the duration
	
	
	
	

	PRS Rx
	0.5
	120
	
	
	
	

	Light sleep
	13.5
	540
	
	
	
	

	Ramp up/down for light sleep
	6
	100
	
	
	
	

	SSB Sync
	0.5
	100
	
	
	
	

	Micro sleep
	3
	270
	
	
	
	

	PUSCH (0dBm)
	0.5
	250
	
	
	
	

	Total
	24
	1380
	
	
	
	

	
	
	
	
	
	
	

	INACTIVE state DL positioning every 20.48s

	Power state
	Power unit
	Duration (ms)
	Power unit
	Sum duration (ms)
	Instances
	Power ratio

	Ramp up + down
	450
	20
	450
	20
	1
	1.0538%

	PRS meas./report
	1380
	24
	1380
	24
	1
	3.2317%

	Deep sleep
	2
	1
	40872
	20436
	20436
	95.7145%

	Total
	　
	　
	42702
	20480
	　
	100.0000%

	

	Power consumption rate
	X2DL, Rel-17 = 42702 per 20.48s = 2000 [PU/s]

	Battery volume for the traffic
	E2

	Battery life
	T2DL, Rel-17



Summary for power consumption evaluations of Rel-17 device
Based on the evaluation in section 5.2.1 and 5.2.2, the following observations are summarized:
Observation 4: The ratio of power consumption rate between Rel-17 UL positioning/DL positioning and the reference device is approximately 1:37.
Observation 5: 97.5% and 95% of the total power consumption is on the deep sleep for UL and DL positioning, respectively.
Observation 6: Assuming the same energy used for the reference traffic on reference device (for communication) as that used for positioning on the Rel-17 device, and assuming T1, i.e. the battery life for the reference device, is 8 hours, the battery life of Rel-17 device is approximately 300 hours (8x37), which cannot meet LPHAP requirements for use case 6.
Power consumption evaluation for ultra-deep sleep
The evaluation can be adjusted if the ultra-deep sleep replaces deep sleep between each positioning interval.
	Deep sleep
	1
Note: additional 450 PU of 20ms transition time is required

	Ultra-deep sleep
	0.01
Note: additional 450 PU of 25ms transition time is required



The evaluation results for UL and DL are provided for ultra-deep sleep in Table 13 and Table 14, respectively.
[bookmark: _Ref101964710]Table 13 Power consumption rate for ultra-deep sleep with UL positioning
	INACTIVE state UL positioning every 20.48s

	Power state
	Power unit
	Duration (ms)
	Power unit
	Sum duration (ms)
	Instances
	Power ratio

	Ramp up + down
	450
	25
	450
	25
	1
	31.2713%

	SRS Tx
	580
	4
	580
	4
	1
	40.3052%

	Ultra-deep sleep
	0.02
	1
	409.02
	20451
	20451
	28.4235%

	Total
	　
	　
	1439.02
	20480
	　
	100.0000%

	

	Power consumption rate
	X2UL, Rel-18 = 1439.02 per 20.48s = 70 [PU/s]

	Battery volume for the traffic
	E2

	Battery life
	T2DL, Rel-17



[bookmark: _Ref101964716]Table 14 Power consumption rate for ultra-deep sleep with DL positioning
	INACTIVE state DL positioning every 20.48s

	Power state
	Power unit
	Duration (ms)
	Power unit
	Sum duration (ms)
	Instances
	Power ratio

	Ramp up + down
	450
	25
	450
	25
	1
	20.1017%

	PRS meas./report
	1380
	24
	1380
	24
	1
	61.6451%

	Ultra-deep sleep
	0.02
	1
	408.62
	20431
	20431
	18.2532%

	Total
	　
	　
	2238.62
	20480
	　
	100.0000%

	

	Power consumption rate
	X2DL, Rel-17 = 2238.62 per 20.48s = 109 [PU/s]

	Battery volume for the traffic
	E2

	Battery life
	T2DL, Rel-17



With the evaluations shown in Table 13 and Table 14, the following observation are summarized:
Observation 7: The ratio of power consumption rate between the LPHAP device with ultra-deep sleep and
The Rel-17 baseline is approximately 1:28 for UL and 1:18 for DL;
The reference device is approximately 1:1000 for UL and 1:700 for DL.
Observation 8: Assuming the same energy used for the reference traffic on reference device as that used for positioning on the Rel-18 LPHAP device, and assuming T1, i.e. the battery life for the reference device, is 8 hours, the battery life of the Rel-18 LPHAP device with ultra-deep sleep is approximately 5600~8000 hours, which can meet LPHAP requirements for use case 6.

Conclusion
In this contribution, we have discussed the requirements and evaluation methodology for LPHAP. In addition, initial battery life estimation is provided. With the discussion, we have the following observations and proposals.
Observation 1: The existing evaluation already showed that 100MHz bandwidth can already meet the 1m accuracy.
Observation 2: According to Rel-17 discussion and CT1 specification, the UE may be configured to transmit the periodic SRS without reporting anything to LMF if SRS is valid when UE is still within the last serving cell for the configured area event reporting.
Observation 3: Both CIoT and UWB considered a very deep sleep mode with current in the order of uA, which is much lower than the assumption of deep sleep in TR 38.840.
Observation 4: The ratio of power consumption rate between Rel-17 UL positioning/DL positioning and the reference device is approximately 1:37.
Observation 5: 97.5% and 95% of the total power consumption is on the deep sleep for UL and DL positioning, respectively.
Observation 6: Assuming the same energy used for the reference traffic on reference device (for communication) as that used for positioning on the Rel-17 device, and assuming T1, i.e. the battery life for the reference device, is 8 hours, the battery life of Rel-17 device is approximately 300 hours (8x37), which cannot meet LPHAP requirements for use case 6.
Observation 7: The ratio of power consumption rate between the LPHAP device with ultra-deep sleep and
The Rel-17 baseline is approximately 1:28 for UL and 1:18 for DL;
The reference device is approximately 1:1000 for UL and 1:700 for DL.
Observation 8: Assuming the same energy used for the reference traffic on reference device as that used for positioning on the Rel-18 LPHAP device, and assuming T1, i.e. the battery life for the reference device, is 8 hours, the battery life of the Rel-18 LPHAP device with ultra-deep sleep is approximately 5600~8000 hours, which can meet LPHAP requirements for use case 6.

Proposal 1: Adopt use case 6 of TS 22.104 for power evaluation in RAN1.
Proposal 2: Conclude in RAN1 that LPHAP target accuracy can already be met for IIoT scenarios with the Rel-17 positioning techniques, with at least 100MHz positioning bandwidth.
Proposal 3: For the purpose of battery life evaluation for LPHAP, define a reference device (e.g. a commercial cellphone) with a reference traffic and a reference battery life.
Proposal 4: Adopt the following steps in the TR for evaluating the battery life, and inform RAN2 that RAN1 is able to evaluate the feasibility of a requirement expressed in absolute battery life for LPHAP.
	First, consider a reference device, which can be e.g. a commercial cell-phone.
Second, assume a reference traffic for the reference device, which can be e.g. the traffic model used for calibration in TR 38.840, and calculate the power consumption rate, e.g. X1 power unit per second
Third, assume the battery volume/energy allocated for the reference traffic for the reference device, e.g. E1 mAh and the expected battery life, T1 hours.
Fourth, consider a target device to evaluate the battery life.
Fifth, assume a traffic for the target device, and calculate the power consumption rate, e.g. X2 power unit per second.
Sixth, assume the battery volume/energy allocated for the traffic for the target device, e.g. E2 mAh.
Last, calculate the expected battery life for the target device as




Proposal 5: Adopt the following model for SRS transmission in RRC_INACTIVE for evaluating power consumption of UL positioning. 
Deep sleep
Ramp down
SRS [23dBm]
SSB
Micro sleep
Ramp up
Deep sleep
4ms


Proposal 6: Adopt the following model for PRS reception and measurement reporting in RRC_INACTIVE for evaluating power consumption of UL positioning.
Deep sleep
Ramp down
CG-PUSCH [0dBm]
PRS
Ramp up
Deep sleep
[20] ms
SSB
Light sleep
4 ms
Micro sleep


Proposal 7: Adopt the following power model for PRS reception.
	N: Number of TRPs for positioning
	Synchronous case

	
	FR1
	FR2

	N=4
	120
	195



Proposal 8: Define a new ultra-deep sleep type for the evaluation of LPHAP.
The power unit of ultra-deep sleep can take 0.01 power unit as the starting point.
UE enters ultra-deep sleep when UE is not performing positioning.
FFS any change to the transition energy and/or period for the ultra-deep sleep compared with that of the current deep sleep mode.
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