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In RAN Meeting #86, the SI [1] on NR positioning enhancement was approved as below ..
1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
a. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]
b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
c. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]
NOTE 1:	Sidelink is not part of this objective.
NOTE 2:	Involve RAN4 for validating assumptions for the systems evaluations where appropriate.
NOTE 3:	The commercial use cases and requirements are applicable to a limited geographic area.
2. Study solutions necessary to support integrity and reliability of assistance data and position information: [RAN2]
a. Identify positioning integrity KPIs and relevant use cases.
b. Identify the error sources, threat models, occurrence rates and failure modes requiring positioning integrity validation and reporting. 
c. Study methodologies for network-assisted and UE-assisted integrity.
NOTE 4:	Objective 2 is applicable to both, RAT-dependent and RAT-independent positioning methods.
As can be seen from the above SID objectives, device efficiency aspects such as UE power comsumption of positioning techniques should be evaluated. Therefore, in this contribution, we present our views on power consumption model for NR positioning.
[bookmark: Pro2]Power consumption model for positioning
UE battery life is an important aspect of the user's experience, which will influence the adoption of 5G NR handsets and/or services. For positioning service, considering operation of larger bandwidth and multiple TRPs, UE consumes a lot of power. Therefore, in this SI, positioning schemes with efficient UE power consumption needs to be studied as one aspect of objective.  The study of UE power saving for positioning is to identify the feasibility and benefit of techniques to allow UE implementations which can operate with reduced power consumption. 
We believe that a quantitative evaluation of power consumption for positioning is necessary. Because it will help when choose a suitable positioning solution with efficient power consumption. This model can be used to evaluate how NR UE power consumption is affected by changes in the PRS configuration. It can also be used to compare different positioning schemes in terms of UE power consumption. In addition, since UE power saving study has been completed in Rel-16, and the conclusions and methods of that study have been captured in TR38.840 [2]; we can largely reuse their models and the methods when evaluating positioning power consumption, which greatly reduces the complexity of quantitative evaluation. 
Proposal 1: Support quantitative evaluation of power consumption for positioning in Rel-17.
· The models and methods for UE power saving study can be referenced.
Power consumption model for PRS measurements
PRS measurement is similar to RRM measurement. There are some common points as below:
· Both PRS measurement and RRM measurement are RS-based measurement, one of which is PRS and the other is SSB or CSI-RS for mobility
· RSs to be measured can be from serving cell and neighboring cells
· Both support intra-frequency measurement and inter-frequency measurement. More specifically, in these two kinds of measurement, the concept of frequency layer is defined. In each frequency layers , UE measures RSs from multiple cells.
The power consumption model for RRM in clause 8.1.4 of TR38.840 can be referenced. In this model, the target signal is SSB. Therefore, for PRS measurement, we make the following assumptions.
General PRS measurements assumption
· FR: FR1 has high priority
· Bandwidth: 100MHz/30kHz (connected mode); 20MHz/30kHz (idle mode)
· Periodicity: 160ms (connected mode); 1280ms (idle mode)
· RE mapping: Comb-6, 6 symbols
· 2 resources per TRP and 2 resources per slot 
· Repetition factor=6, time gap=1
· 2 frequency layers
· 8 TRPs per frequency layer
For intra-frequency measurements
We list two tables for UE power consumption for measurement on a PRS slot in connected mode and idle mode, respectively.
Table1 UE power consumption for PRS measurements in connected mode（100MHz）
	N: Number of TRPs for intra-frequency measurement
	Synchronous case
	Asynchronous case

	N=8
	610
	690

	N=4
	490
	570



Table2 UE power consumption for PRS measurements in idle mode（20MHz）
	N: Number of TRPs for intra-frequency measurement
	Synchronous case
	Asynchronous case

	N=8
	96
	108

	N=4
	76
	88



In the above tables, all above values are slot-avraged power (Pfr1 for FR1). The synchronous case means actual PRS transmissions from TRPs are time-aligned, while the asynchronous case means actual PRS transmissions from TRPs are not time-aligned. The power values in the above tables are calculated and assumed based on the SSB power and scaling schemes in TR38.840.
For inter-frequency measurements
Inter-frequency PRS measurements are related to the measurements of multiple positioning frequency layers. We can also refer to the model for inter-frequency RRM measurements in TR38.840 and make some minor changes.
In RAN1#100b-e, for UE processing multiple positioning frequency layers, the agreement is achieved as follow:
	Agreement:
UE capability for simultaneous DL PRS processing across positioning frequency layers is not supported in Rel.16 (i.e. for a UE supporting multiple positioning frequency layers, a UE is expected to process one frequency layer at a time).


A UE is expected to process one frequency layer at a time. Therefore, we propose that, the inter-frequency PRS measurement is represented as function of the number of frequency layers:

[bookmark: _GoBack]where 
-    Ns is the number of slot over which measurements are carried out 
-	Et = Pt * Tt, where 
-	Pt is the switching power consumption for measurement gap swiching
-	Assume micro sleep power for Pt which equals to 45 power unit
-	Tt is 0.5ms for FR1 for measurement gap swiching
For Nf frequency layers, the total power is

It can be simplified to the following if Ei is the same across frequency layers (i.e. Ei = E for all i).
E3 = E*Nf

Preliminary evaluation of UE power consumption for positioning 
Based on the above PRS power consumption models, we evaluate UE power consumption for the procedure of PRS measurement in idle state and connected state. 
Idle state power consumption
We model the  positioning measurements in idle state with following power components:
· PRS occasion
· For simplicity, UE only performs intra-frequency PRS measurements every I-DRX cycle (1280ms)
· 3ms measurement window, 1PRS occasion
· 20MHz 
· Relative power: 96
· Paging occasion
· 4ms length
· PDCCH+PDSCH
· Relative power: 120
· SSB burst for inter-frequency RRM measurement
· 5ms window after paging occasion, 1 SSB burst
· UE performs inter-frequency RRM every I-DRX cycle (1280ms)
· Relative power: 60
· SSB burst for serving/intra-frequency RRM measurement
· 2ms window before paging occasion, 1 SSB burst
· UE performs intra-frequency RRM every I-DRX cycle (1280ms)
· SSB burst period: 20ms
· Relative power: 60
· SSB burst for fine time-frequency sync. and RRM measurement of serving/camping cell
· 2ms window before paging occasion
· 3 SSB bursts: 2 SSB burst is used standalone, 1 SSB burst reuse SSB burst for serving/intra-frequency RRM measurement
· Relative power: 50
· Sleep
· Sleep type is determined by duration between two power conponients above
· Deep sleep: duration>20ms
· Relative power: 1, transition energy: 450
· Light sleep: duration=6~20ms
· Relative power: 20, transition energy: 100
· Micro sleep: duration<6ms
· Relative power: 45, transition energy: 0
A procedure of PRS measurement in idle state is shown in Figure1 below.


Figure1 Procedure of PRS measurements in idle state
Then we analyze the time of multiple power components and calculate the average energy consumption, the specific content can refer to the following Table 3.
Table 3 Power components analysis for PRS measurement in idle state
	Power state
	Relative power
	Duration(ms)

	Deep sleep
	1
	1215

	Light sleep
	20
	42

	Micro sleep
	45
	5

	SSB for Inter-frequency measurement
	60
	5

	SSB for Intra-frequency measurement
	60
	2

	SSB Proc.
	50
	2+2

	PRS intra-frequency
Measurement
	96
	3

	PRS inter-frequency
Measurement
	-
	0

	Paging Occasion
	120
	4

	Sleep transition type
	Transition energy
	Transition times

	Deep sleep transition
	450
	1

	Light sleep transition
	100
	4

	Average power
	3.6078



Connected state power consumption
We also model the  positioning measurements in connected model with following power components:
· PRS occasion
· For simplicity, UE only performs intra-frequency PRS measurements every C-DRX cycle (160ms)
· 3ms measurement window, 1PRS occasion
· 100MHz 
· Relative power: 610
· PDCCH only monitoring during active time
· For simplicity, only performs PDCCH decoding, traffic model is not introduced
· 4ms length
· Relative power: 100
· SSB burst for inter-frequency RRM measurement
· 5ms window after PDCCH monitoring, 1 SSB burst
· UE performs inter-frequency RRM every C-DRX cycle (160ms)
· Relative power: 150
· SSB burst for serving/intra-frequency RRM measurement
· 2ms window before PDCCH monitoring, 1 SSB burst
· UE performs intra-frequency RRM every C-DRX cycle (160ms)
· SSB burst period: 20ms
· Relative power: 150
· SSB burst for fine time-frequency sync. and RRM measurement of serving/camping cell
· 2ms window before paging occasion
· 2 SSB bursts: 1 SSB burst is used standalone, 1 SSB burst reuse SSB burst for serving/intra-frequency RRM measurement
· Relative power: 100
· Sleep
A procedure for PRS measurement in connected state is shown in Figure 2 below. Based on the above assumtions and analysis, Table 4 shows the power consumption for PRS measurement in connected state.
[image: ]Figure2 Procedure of PRS measurements in connected state
Table 4 Power components analysis for PRS measurement in connected state
	Power state
	Relative power
	Duration(ms)

	Deep sleep
	1
	118

	Light sleep
	20
	24

	Micro sleep
	45
	5

	SSB for Inter-frequency measurement
	150
	5

	SSB for Intra-frequency measurement
	150
	2

	SSB Proc.
	100
	2

	PRS intra-frequency
Measurement
	610
	3

	PRS inter-frequency
Measurement
	-
	0

	PDCCH-only monitoring
	100
	4

	Sleep transition type
	Transition energy
	Transition times

	Deep sleep transition
	450
	1

	Light sleep transition
	100
	3

	Average power
	31.5813



The above cases for both idle and connected mode are just examples for PRS measurement power evaluation. Companies may evaluate and analyze power consumption for positioning in different cases  based on the above power models and metheds.
Conclusion
In this contribution, we discuss on power consumption model for NR positioning with following proposal:
Proposal 1: Support quantitative evaluation of power consumption for positioning in Rel-17.
· The models and methods in UE power saving study can be referenced.
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