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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). 

	· 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



At RAN1#109e [2] and RAN1#110 [3], a set of agreements related to evaluation assumptions and reference scenarios for evaluation of LPHAP techniques was made.
In this contribution, we use these evaluation assumptions and refence scenarios in our analysis and evaluate total power consumption for the DL assisted positioning method. We also discuss potential methods to reduce the total power consumption use-case no. 6 type applications.
2 Power consumption evaluation
In this section, we perform a power consumption analysis for DL assisted positioning methods, assuming baseline evaluation assumptions. For battery lifetime evaluations, we use Alt.1 from the two alternatives agreed in RAN1 # 109e for mapping between battery lifetime and relative device power consumption.
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. In our calculation, we therefore assume the timeline shown in Fig. 1. The total power consumption becomes the sum of energy cost for the DL-PRS reception and monitoring of PO, the synchronization energy consumed before PO and DL-PRS reception, the transmission cost of PRS measurement reporting, the transition cost between different radio transition status and different sleep energy costs.  

[image: ]
Figure 1 - DL assisted positioning scheme

We assume the following power model and time duration when calculating the total power consumption of the LPHAP device.

	Power State
	Relative power
	Notes

	Deep sleep
	1

	Transition energy: 450
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..

In Table 1, we summarize the result of power consumption evaluation for combinations of DRX cycles and positioning periodicity.
Table 1 - summary of power consumption and device battery lifetime
	
	Avg. power consumption
P2 (mW)
	Battery lifetime T2 (days)

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

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

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

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



[bookmark: _Toc115347765][bookmark: _Toc115347887][bookmark: _Toc115347936][bookmark: _Toc115347992][bookmark: _Toc102030935][bookmark: _Toc102031113]Observation 1 – The battery life of the LPHAP device is limited to 4 – 12 days for the studied scenarios and with C2 =800 mhA, much significantly lower than the long 6 – 12 months battery life requirements. The battery life of LPHA device increases linearly when increasing its battery capacity to 4500 mAh. 

To have a better understanding of the power consumption contribution of the different states of the device radio, in Fig. 2 we show a power consumption break-down relative to the total power consumption for the above three scenarios. 

[image: ]
Figure 2 – Power consumption breakdown relative to the total power consumption

As we can see, 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. 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: _Toc115347766][bookmark: _Toc115347888][bookmark: _Toc115347937][bookmark: _Toc115347993]Observation 2 – 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.


3 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 Fig. 2, 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 2, we summarize the calculated power consumption, the expected battery lifetime, as well as power saving and battery lifetime gain for the above three scenarios.  



Table 2 - summary of power consumption and device battery lifetim, enhanced mechanism
	
	Average power consumption
P2 (mW)
	Power saving gain
	Battery lifetime T2 (days)

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

	I-DRX = 1.28 sec, N=1
	2.68
	35%
	6.6
	37.2

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

	I-DRX = 10.24 sec, N=1
	1.2
	14.7%
	14.7
	82.6



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: _Toc115347767][bookmark: _Toc115347889][bookmark: _Toc115347938][bookmark: _Toc115347994]Observation 3 - Aligning the DRX on duration and DL assisted PRS procedure provide power saving gain.
[bookmark: _Toc115348000][bookmark: _Toc115348028]Proposal 1 – Consider aligning the DRX on duration and DL assisted PRS procedure. Further discuss the details (e.g., by RAN2).
[bookmark: _Toc115347768][bookmark: _Toc115347890][bookmark: _Toc115347939][bookmark: _Toc115347995]Observation 4 – 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 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]Proposal 2 – RAN1 to consider other/additional power saving mechanisms to reduce the total power consumption of LPHAP devices.

4 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 – 12 days for the studied scenarios and with C2 =800 mhA, much significantly lower than the long 6 – 12 months battery life requirements. The battery life of LPHA device increases linearly when increasing its battery capacity to 4500 mAh.
Observation 2 – 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 3 - Aligning the DRX on duration and DL assisted PRS procedure provide power saving gain.
Observation 4 – 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 – Consider aligning the DRX on duration and DL assisted PRS procedure. Further discuss the details (e.g., by RAN2).
Proposal 2 – RAN1 to consider other/additional power saving mechanisms to reduce the total power consumption of LPHAP devices.
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