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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
A new release-18 study item on expanded and improved NR positioning was approved in RANP#94e meeting in December 2021 [1]. The study item has several objectives, in which one of them is related to supporting Low Power High Accuracy Positioning (LPHAP). 

	· [bookmark: _Hlk117605316]Study the requirements on LPHAP as developed by SA1 and evaluate whether existing RAN functionality can support these power consumptions 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



During RAN1 #110b-e, the following conclusions and agreements were made [2].
	Conclusion
· From evaluations for a LPHAP device, RAN1 concludes that the existing Rel-17 positioning for UEs in RRC_INACTIVE state cannot satisfy the target battery life required by LPHAP use case 6 in the majority of the evaluation scenarios that were examined. 
· Based on the evaluations, enhancements to meet the target battery life in Rel-18 are necessary.
Conclusion
· Evaluations show that UE (re)entering RRC_CONNECTED state to obtain SRS (re)configuration increases power consumption;
· Note: This intermediate conclusion may be updated before capturing it in the TR if new/different evaluations are provided and to add information about the number of sources.
Agreement
· For UL and DL+UL positioning for UEs in RRC_INACTIVE, study the potential benefits and performance gains of enhancements on SRS for positioning in order to avoid frequent SRS (re)configuration, including at least the following:
· The (pre-)configuration of SRS for positioning. FFS details, e.g., signaling and procedure, whether/how it is applicable to an area across multiple cells, consideration of UL overhead/capacity implied by (pre-)configuration and multiple cells, etc;
· SRS for positioning activation/request procedure(s), e.g., network activation of SRS via paging, UE request to obtain/update SRS via RACH-based procedure;
· FFS: Events of invalidity of SRS configuration to trigger the UE request procedure.
· FFS whether it is applicable to UEs in RRC_IDLE state.
Conclusion
· Evaluations show that extending paging DRX cycles beyond 10.24s provide power saving gains with respect to that with the baseline DRX cycle of 1.28s and is beneficial towards meeting the battery life requirement 
· Note: This intermediate conclusion may be updated before capturing it in the TR if new/different evaluations are provided and to add information about the number of sources and to show the achievable gains.
Conclusion
· Evaluations show that minimizing gaps between PRS/SRS/paging/reporting/synchronization RS reduces the power consumption;
· Note: This intermediate conclusion may be updated before capturing it in the TR if new/different evaluations are provided and to add information about the number of sources.
Agreement
For the LPHAP study only:
· For the power consumption model of the ultra-deep sleep type, adopt the following option (i.e. revision of option 1 from previous agreement):
· The relative power unit: 0.015
· Additional transition energy: 10000
· Note: Power consumption analysis from individual companies with additional transition energy of 5000 can be optionally evaluated and captured in the TR.
· Total transition time: 400ms
· Note: Power consumption analysis from individual companies with Option 2 (revised from previous agreement) can be optionally evaluated and captured in the TR.
· Option 2 additional transition energy is revised from 450 to 480.
Note: No new device type is expected based on ultra-deep sleep power modeling



In this contribution, we discuss potential enhancement for both DL assisted and UL positioning. We also evaluate total power consumption for the DL assisted positioning method. For this, we use the latest agreed power model from the previous meeting when calculating the total power consumption.
2 DL assisted positioning and potential enhancement
In this section, we first analyse and evaluate the power consumption of the UE for the DL assisted positioning scheme. We then discuss the potential enhancement necessary to reduce the UE power consumption. 
2.1 Power consumption evaluation
For a UE configured with DRX in IDLE/INACTIVE the periodicity of the DL-PRS transmission is typically not aligned with active time of the DRX cycles or CG-SDT as they serve different purposes. Therefore, as shown in Figure 1, the UE needs to wake up several times to be able to perform positioning procedure independently from monitoring for potential paging. This in returns results in unnecessary and extra transition and synchronization power consumption.  

[image: ]
Figure 1 – Timing diagram of DL assisted positioning scheme
A LPHAP UE is required to fulfil a battery lifetime of 6 to 12 months. Therefore, to have a better understanding of the total UE power consumption and its associated battery life, we use the above timing diagram and calculate the total energy consumption. The total energy cost is the sum of energy cost for the DL-PRS reception and monitoring of PO, the transmission cost of PRS measurement reporting, as well as extra synchronization energy consumed before both PO and DL-PRS reception, the transition cost between different radio transition status and different sleep energy costs. Note, in the timing diagram in Figure 1, we assume the UE enters the deep sleep whenever the UE inactivity exceeds 20 msec. To further reduce the UE power consumption, the UE can enter ultra-deep sleep after this time period with even lower power consumption level. The drawback is the transition energy before the radio is power up is 20 times longer than the UE waking up from the deep sleep.
We assume the following power model and time duration when calculating the total energy/power consumption of the LPHAP device.
Table 1 - Relative power consumption for UE in different radio status
	Power State
	Relative power
	Notes

	Ultra-deep sleep
	0.015
	transition energy: 10000
transition time: 400ms

	Deep sleep
	1

	Transition energy: 450 /480
Transition time: 20ms

	Light sleep
	20

	Transition energy: 100
Transition time: 6ms

	Micro-sleep
	45
	

	PDCCH-only (PPDCCH)
	50
	

	PDCCH + PDSCH (PPDCCH+PDSCH)
	120
	

	SSB proc. (PSSB)
	50
	

	UL
	700 (23 dBm)
	



Other key parameters used in our power consumption calculations are as follows:
· Length of DRX cycles (I-DRX): 1.28 sec and 10.24 sec,
· Periodicity of DL PRS for positioning occasion every N DRX cycle: N= 1, 8
· Durations of SSB proc, paging, DL PRS measurement, and CG-SDT: 2 msec, 2 msec, 0.5 msec, and 1 msec (CG-SDT has the same periodicity as positioning interval).
We also use the following models and parameter values of conversion between the relative power unit and the battery life when calculating the performance gap.

· Alt. 1: battery life is used as the metric to identify the gap
· Example:




where X is set to 20%, P1 to 50, and C1 to 4500 mhA and C2 to 800 mhA and 4500 mAh. K is an implementation factor, K = 1 (baseline); K = 0.5, 2, 4

In Table 2 and Table 3, we summarize the result of power consumption calculation for different combinations of DRX cycles and positioning periodicity, for  and , respectively.
[bookmark: _Ref117697055][bookmark: _Ref117696917]Table 2 - Summary of power consumption and device battery lifetime, for 
	
	Avg. power consumption
P2 (mW)
	Battery lifetime T2 (days)

	
	
	Type A (C2=800 mAh)
	Type B (C2=4500 mAh)

	
	Deep sleep
	Ultra-deep sleep
	Deep sleep
	Ultra-deep sleep
	Deep sleep
	Ultra-deep sleep

	I-DRX = 1.28 sec, N=1
	4.15
	3.37
	4.3
	5.3
	24.1
	29.6

	I-DRX = 1.28 sec, N=8
	2.2
	1.5
	7.8
	12
	43.7
	67.7

	I-DRX = 10.24 sec, N=1
	1.4
	0.55
	12.7
	32.16
	71.7
	180.9


[bookmark: _Ref117697051]Table 3 - Summary of power consumption and device battery lifetime, for 
	
	Avg. power consumption
P2 (mW)
	Battery lifetime T2 (days)

	
	
	Type A (C2=800 mAh)
	Type B (C2=4500 mAh)

	
	Deep sleep
	Ultra-deep sleep
	Deep sleep
	Ultra-deep sleep
	Deep sleep
	Ultra-deep sleep

	I-DRX = 1.28 sec, N=1
	4.15
	3.37
	17.2
	21.2
	86.4
	118.6

	I-DRX = 1.28 sec, N=8
	2.2
	1.5
	31
	48
	174.8
	270.8

	I-DRX = 10.24 sec, N=1
	1.4
	0.55
	51
	128.6
	286.8
	723.6



[bookmark: _Toc118709698][bookmark: _Toc118709836]Observation 1 – The battery life of the LPHAP device is limited to 4 days to about one month for all the studied scenarios  where K=1 and C2 =800 mhA. These results show that even if LPHAP device can further go to ultra-deep sleep, its battey life time is significantly lower than the long 6 – 12 months battery life requirements. The battery life of LPHAP device increases linearly when increasing its battery capacity to 4500 mAh and only for long I-DRX with ultra-deep sleep, the LPHA device can reach 6 months battery lifetime.
[bookmark: _Toc118709699][bookmark: _Toc118709837]Observation 2 – For K=4, the LPHA device battery lifetime increases with factor of K. The battery lifetime of LPHAP devices with type A battery capacity, however, is still lower than the required battery lifetime even if the device goes to ultra-deep sleep.
These observations are aligned with the RAN1 conclusion made in RAN1#110b-e meeting stating that the existing Rel-17 positioning for UEs in RRC_INACTIVE state cannot satisfy the target battery life required by LPHAP use case 6 in the majority of the evaluation scenarios that were examined. 

To have a better understanding of the power consumption contribution of the different states of the device radio, in  and  we show a power consumption break-down relative to the total power consumption for the above scenarios, and when the lowest radio power consumption level is at that of the deep sleep and ultra-deep sleep, respectively. 

[image: ]
[bookmark: _Ref118709528]Figure 2 – Power consumption breakdown relative to the total power consumption (for K=1).

[bookmark: _Ref117756085]	[image: ]
[bookmark: _Ref118709482]Figure 3 - Power consumption breakdown relative to total power consumption (for K=4).
As we can see in , the power consumption related to positioning is dominant with short DRX cycles and when DL PRS measurement periodicity and paging have the same periodicity. The contribution of positioning energy cost, however, becomes dominant by the sleep energy cost when the length of the DRX cycle increases. By allowing the device to go to ultra-deep sleep, as shown in Figure 3, we can reduce this cost. In this case the energy cost of positioning is still higher than paging cost as the positioning cost includes both DL measurement and UL transmission while paging includes DL monitoring. Additionally, as it is expected, the cost of paging reception becomes dominant when the periodicity of DL PRS reduces compared to that of paging monitoring.
[bookmark: _Toc118709700][bookmark: _Toc118709838]Observation 3 – Looking at the power consumption break-down, it is observed that the dominant source of energy cost is different depending on the I-DRX periodicity and positioning occasion periodicity.
2.2 Potential enhancement mechanism
[bookmark: _Toc102030949]As described earlier, the periodicity of the DL-PRS transmission is typically not aligned with active time of the DRX cycles or CG-SDT as they serve different purpose. This results, as shown in Figure 2 and Figure 3, in additional unnecessary transition and synchronization energy costs. One potential solution to avoid this is to align the DRX on duration and DL assisted positioning procedure. In Table 4 and Table 5, we summarize the calculated power consumption, the expected battery lifetime, as well as power saving and battery lifetime gain for the above studied scenarios.  



[bookmark: _Ref117756365]Table 4 - Summary of power consumption and device battery lifetime, enhanced mechanism, for K = 1.
	
	Average power consumption
P2 (mW)
	Power saving gain
	Battery lifetime T2 (days)

	
	
	
	Type A 
(C2=800 mAh)
	Type B 
(C2=4500 mAh)

	
	Deep sleep
	Ultra-deep sleep
	Deep sleep
	Ultra-deep sleep
	Deep sleep
	Ultra-deep sleep
	Deep sleep
	Ultra-deep sleep

	I-DRX = 1.28 sec, N=1
	2.68
	1.87
	35%
	44.5%
	6.6
	9.5
	37.2
	53.46

	I-DRX = 1.28 sec, N=8
	2.1
	1.28
	8%
	12.7%
	8.4
	13.8
	47.5
	77.5

	I-DRX = 10.24 sec, N=1
	1.2
	0.36
	13.2%
	34%
	14.7
	48.7
	82.6
	273.9


[bookmark: _Ref117756368]Table 5 - Summary of power consumption and device battery lifetime, enhanced mechanism, for K = 4.
	
	Average power consumption
P2 (mW)
	Power saving gain
	Battery lifetime T2 (days)

	
	
	
	Type A 
(C2=800 mAh)
	Type B 
(C2=4500 mAh)

	
	Deep sleep
	Ultra-deep sleep
	Deep sleep
	Ultra-deep sleep
	Deep sleep
	Ultra-deep sleep
	Deep sleep
	Ultra-deep sleep

	I-DRX = 1.28 sec, N=1
	2.68
	1.87
	35%
	44.5%
	26.5
	38
	149
	213.9

	I-DRX = 1.28 sec, N=8
	2.1
	1.28
	8%
	12.7%
	33.8
	55.15
	190
	270.8

	I-DRX = 10.24 sec, N=1
	1.2
	0.36
	13.2%
	34%
	58.7
	195
	330.4
	1095.7



From these results, we can see that, when aligning the DRX on duration and DL assisted PRS procedure, the power saving gain is higher for the scenarios where the DRX cycle are short and DL positioning and paging occasion have the same periodicity. 
[bookmark: _Toc118709839]Observation 4 – Aligning the DRX on duration and DL assisted PRS procedure, as also concluded in RAN1#110b-e meeting, provides power saving gain.
[bookmark: _Toc118709845]Proposal 1 –  Capture in the TR that aligning the DRX on duration and DL assisted PRS procedure is supported. Further discuss the details (e.g., by RAN2 and/or during normative work).
[bookmark: _Toc118709840]Observation 5 – When aligning the DRX on duration and DL assisted PRS procedure, the power saving gain is higher for the scenarios where the DRX cycle are short and DL positioning and paging have the same periodicity.
It can also be observed the battery lifetime with aligning the DRX on duration and DL assisted PRS procedure for some scenarios is still below the target battery lifetime for LPHAP device. Increasing the battery lifetime can be done by updating the scenarios (e.g., longer I-DRX periodicity) and/or introducing other / additional power saving mechanism.
[bookmark: _Toc115348001][bookmark: _Toc115348029][bookmark: _Toc118709846]Proposal 2 – Other/additional power saving mechanisms to reduce the total power consumption of LPHAP devices operating in DL-based positioning shall not be precluded.
UL Positioning and potential enhancement
In Rel-17, UL-based positioning with periodic SRS has been supported based on the trigger/configuration received during RRC CONNECTED state. In this case, the UE continues to perform periodic SRS transmission when the UE changes its state from RRC CONNECTED to RRC_INACTIVE state. We consider this operation may not always be power efficient as the UE needs to perform periodic SRS transmission. To avoid this, the UE can perform SRS transmission for positioning on needed basis. Here, the UL-based positioning can be triggered by the network and/or by the UE itself. In case, the trigger comes from the network, the trigger can be included in the paging message. The SRS transmission should be designed in relatively short time after the reception of paging message, such as relative to the start of DRX active time. In this case, after the paging reception, the UE performs RACH procedure in which the timing advance acquiring information can be used to validate the SRS configuration. If the SRS configuration is still valid, the UE continues to perform SRS for positioning.
[bookmark: _Toc118709847]Proposal 3 – Support network activation of SRS via paging.
[bookmark: _Toc118709848]Proposal 4 – Support aligning the DRX on duration and UL SRS transmission for positioning
In RAN1#110b-e, it was concluded that the UE (re)entering RRC_CONNECTED state to obtain SRS (re)configuration increases power consumption. The UE operating UL positioning with SRS transmission does not have to re-enter RRC_CONNECTED. We can assume the UE can stay at least in RRC_INACTIVE state. The UE does not need to receive the entire configuration while operating in RRC_INACTIVE/IDLE state. We can assume the UE can receive limited parameters related to the SRS configuration, for instance during Random Access Procedure.
[bookmark: _Toc118709849]Proposal 5 – Support the UE operating in RRC_INACTIVE/IDLE state to receive limited parameters related to the SRS configuration, for instance during Random Access Procedure.

3 Conclusion
In this contribution we provide our analysis and evaluate total power consumption for the DL assisted positioning method of LPHAP device. We made the following observations and proposals:
Observation 1 – The battery life of the LPHAP device is limited to 4 days to about one month for all the studied scenarios  where K=1 and C2 =800 mhA. These results show that even if LPHAP device can further go to ultra-deep sleep, its battey life time is significantly lower than the long 6 – 12 months battery life requirements. The battery life of LPHAP device increases linearly when increasing its battery capacity to 4500 mAh and only for long I-DRX with ultra-deep sleep, the LPHA device can reach 6 months battery lifetime.
Observation 2 – For K=4, the LPHA device battery lifetime increases with factor of K. The battery lifetime of LPHAP devices with type A battery capacity, however, is still lower than the required battery lifetime even if the device goes to ultra-deep sleep.
Observation 3 – Looking at the power consumption break-down, it is observed that the dominant source of energy cost is different depending on the I-DRX periodicity and positioning occasion periodicity.
Observation 4 – Aligning the DRX on duration and DL assisted PRS procedure, as also concluded in RAN1#110b-e meeting, provides power saving gain.
Observation 5 – When aligning the DRX on duration and DL assisted PRS procedure, the power saving gain is higher for the scenarios where the DRX cycle are short and DL positioning and paging have the same periodicity.
Proposal 1 –  Capture in the TR that aligning the DRX on duration and DL assisted PRS procedure is supported. Further discuss the details (e.g., by RAN2 and/or during normative work).
Proposal 2 – Other/additional power saving mechanisms to reduce the total power consumption of LPHAP devices operating in DL-based positioning shall not be precluded.
Proposal 3 – Support network activation of SRS via paging.
Proposal 4 – Support aligning the DRX on duration and UL SRS transmission for positioning
Proposal 5 – Support the UE operating in RRC_INACTIVE/IDLE state to receive limited parameters related to the SRS configuration, for instance during Random Access Procedure.
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