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In RAN1 Meeting #101e, some agreements related to positioning power consumption evaluation were approved as below:
Agreement:
Network efficiency and UE efficiency can be evaluated at least in an analytical manner.
· FFS: the definition of efficiency metric (e.g., the positioning performance (accuracy, latency) vs. PRS/SRS resource utilization etc.)
· Note: It will be up to each company on whether to use other methods (e.g., numerical simulation) for the evaluation.
Agreement:
· UE power consumption for NR positioning can be optionally evaluated in the SI.
· Note: It is up to each company on how to evaluate the power consumption for positioning. The UE power consumption models developed in TR38.840 can be considered as the starting point for defining the UE power consumption model for the evaluation for NR positioning
In this contribution, we present our views and evaluation results on positioning power consumption 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 in measurement and report. 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 choosing 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. 
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 that model, the target signal is SSB. Therefore, for PRS measurement power consumption, we make the following assumptions.
General PRS measurements assumption
· Frequency range: 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=8, time gap=1
· 1 positioning frequency layer is baseline
· 8 TRPs per frequency layer
Slot-avraged power  for single positioning frequency layer 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 () in 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.
Total power for single and multiple positioning frequency layers measurements
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, for frequency layer i, the power of PRS measurement is represented as:

where 
-     is total power over slots over which measurements are carried out in frequency layer i
-     is the slot average power for PRS measurements in frequency layer i 
-     is the number of slot over which measurements are carried out 
-     is the power for measurement gap switching , where = Pt * Tt
-	Pt is the switching power consumption 
-	Assume micro sleep power for Pt which equals to 45 power unit
-	Tt is switching time (including switching on and off) for FR1 for measurement gap switching, which equals to 1ms (0.5ms*2)
-	If gap is not configured, gap switching power is 0
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 different frequency layers ).
 = E*Nf

Proposal 1: Support quantitative evaluation of power consumption for positioning in Rel-17.
· The power consumption model  below for PRS measurement should be considered.
	For frequency layer i, the power of PRS measurement is represented as:

For Nf frequency layers, the total power is

where
-     is total power over slots over which measurements are carried out in frequency layer i
-     is the slot average power for PRS measurements in frequency layer i
-     is the number of slot over which measurements are carried out
-     is the power for measurement gap switching
-     is total power for Nf frequency layers




Baseline 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 (baseline)
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)
· 4ms PRS length, 1PRS occasion
· 20MHz 
· Relative power: 96
· Paging occasion
· 4ms length
· PDCCH only or PDCCH+PDSCH
· Relative power: 50 for PDCCH only; 120 for PDCCH+PDSCH
· Note1: for PDCCH-only, no PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot;  for PDCCH+PDSCH, it is used when the UE decodes the PDCCH for paging and obtains the need to decode the corresponding PDSCH
· Note2: PDCCH only is assumed as baseline in idle state
· 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 RSRP 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 Figure 1 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
	41.5

	Micro sleep
	45
	4.5

	SSB for Inter-frequency measurement
	60
	5

	SSB for Intra-frequency measurement
	60
	2

	SSB Proc.
	50
	2+2

	Single positioning frequency layer measurement
	96
	4

	Paging Occasion
	50
	4

	Sleep transition type
	Transition energy
	Transition times

	Deep sleep transition
	450
	1

	Light sleep transition
	100
	4

	Average power
	3.3605



Connected state power consumption (baseline)
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)
· 4ms PRS length, 1PRS occasion
· 100MHz 
· Relative power: 610
· Measurement gap for PRS measurement
· Length: 5ms
· Period: 160ms
· Total switching time: 1ms 
· Relative power for switching: 45
· PDCCH only monitoring during active time
· For simplicity, only performs PDCCH decoding, traffic model is not introduced
· 4ms length
· Relative power: 100
· Note:  For PDCCH-only, no PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot.
· 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 RSRP measurement of serving/camping cell
· 2ms window before PDCCH monitoring
· 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.

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
	115

	Light sleep
	20
	23

	Micro sleep
	45
	4

	SSB for Inter-frequency measurement
	150
	5

	SSB for Intra-frequency measurement
	150
	2

	SSB Proc.
	100
	2

	Single positioning frequency layer measurement
	610
	4

	Gap switching 
	45
	1

	PDCCH-only monitoring
	100
	4

	Sleep transition type
	Transition energy
	Transition times

	Deep sleep transition
	450
	1

	Light sleep transition
	100
	3

	Average power
	35.2500



The above cases for both idle and connected mode are typical examples for PRS measurement power evaluation. These examples can be used as a baseline for subsequent evaluation in next 2 sections.
Evaluation for different PRS configurations
In this section, we evaluated the power consumption under different PRS configurations and focus on power consumption in connected state. 
Extending PRS period 
As we all know, increasing the period of PRS can reduce the power consumption of PRS measurement. Therefore, we extend PRS period 2 times (320ms). The procedure and power components analysis of PRS measurements  are shown in Figure3 and Table6 respectively.


Figure3 Procedure of PRS measurements in DRX cycle with PRS and DRX cycle without PRS in connected state
Table 6 Power components analysis for PRS measurement by extending PRS period in connected state
	Power state
	Relative power
	
Duration(ms)


	
	
	PRS period(320ms)
	PRS period(640ms)

	Deep sleep
	1
	230
	460

	Light sleep
	20
	55
	119

	Micro sleep
	45
	4
	4

	SSB for Inter-frequency measurement
	150
	10
	20

	SSB for Intra-frequency measurement
	150
	4
	8

	SSB Proc.
	100
	4
	8

	Single positioning frequency layer measurement
	610
	4
	4

	Gap switching 
	45
	1
	1

	PDCCH-only monitoring
	100
	8
	16

	Sleep transition type
	Transition energy
	Transition times
	Transition times

	Deep sleep transition
	450
	2
	4

	Light sleep transition
	100
	6
	12

	Average power
	-
	27.4844
	23.6016

	Power saving gain
	-
	22.03%
	33.05%



It can be observed that, 
· By extending the PRS period to 2 times(160ms to 320ms), 22.03% power saving gain is shown ,comparing with the baseline assumption. 
· By extending the PRS period to 4 times(160ms to 640ms), 33.05 % power saving gain is shown ,comparing with the baseline assumption.
Therefore, for stationary or low mobility UEs, properly increasing the PRS period can obtain power saving gains.
Defining positioning measurement window 
In Rel-15, SMTC has been defined. SSB-MTC is used to configure measurement timing configurations and includes duration which is the duration of the measurement window in which to receive SS/PBCH blocks. When SMTC is configured, the UE is not expected to measure SSB outside the SMTC window which reduces unnecessary power consumption.
For PRS, a similar measurement window may be introduced, which may be called PRS-MTC as shown in Figure4.

Figure4 Procedure of PRS measurements with PRS MTC (2ms) in the DRX cycle in connected state
When configured with PRS MTC window, UE is not expected to process PRS without this window. Therefore, at the same time, the sleep time is increased. The corresponding power analysis is shown below.
Table 7 Power components analysis for PRS measurement by adding PRS MTC window in connected state
	Power state
	Relative power
	
Duration(ms)


	
	
	PRS MTC(1ms) 
	PRS MTC(2ms)

	Deep sleep
	1
	115
	115

	Light sleep
	20
	24.5
	24

	Micro sleep
	45
	5.5
	5

	SSB for Inter-frequency measurement
	150
	5
	5

	SSB for Intra-frequency measurement
	150
	2
	2

	SSB Proc.
	100
	2
	2

	Single positioning frequency layer measurement
	610
	1
	2

	Gap switching 
	45
	1
	1

	PDCCH-only monitoring
	100
	4
	4

	Sleep transition type
	Transition energy
	Transition times
	Transition times

	Deep sleep transition
	450
	1
	1

	Light sleep transition
	100
	3
	3

	Average power
	-
	24.4219
	28.0313

	Power saving gain
	-
	30.72%
	20.48%



It can be observed that, 
· By adding the PRS MTC window to limit PRS measurement in 1ms (from 4ms to 1ms), 30.72% power saving gain is shown ,comparing with the baseline assumption.
· By adding the PRS MTC window limit PRS measurement in 2ms (from 4ms to 2ms), 20.48% power saving gain is shown ,comparing with the baseline assumption.

Concentrated PRS distribution 
In this subsection, we compare two PRS distribution methods, namely concentrated PRS (baseline) and distributed PRS. For PRS, the expected RSTD and expected RSTD uncertainty is used for per TRP, and the different resources and resource sets also have different offset. Thus, the PRS signal may be distributed over any position of the period such as shown in Figure 5 and Figure 6, which may have impact on the power consumption.
In Figure5, we divide the concentrated PRS occasion of 4ms (baseline) into 2 PRS occasions with 2ms, and the adjacent PRS occasions are separated by 5ms. In this case, 1 measurement gap with 10ms duration may cover the 2 PRS occasions.


Figure5 Procedure of distributed PRS (type1) measurements in the DRX cycle in connected state
In Figure6, we divide the concentrated PRS occasion of 4ms (baseline) into 2 PRS occasions with 2ms, and the adjacent PRS occasions are separated by 40ms. In this case, measurement gap with  duration of 3ms and period of 40ms is needed. We also adjusted the distance between PRS occasion and SSB burst for more even distribution.  
Figure6 Procedure of distributed PRS (type 2)  measurements in the DRX cycle in connected state
Table 7 Power components analysis for PRS measurement by adding PRS MTC window in connected state
	Power state
	Relative power
	
Duration(ms)


	
	
	Distributed PRS type1
	Distributed PRS type2

	Deep sleep
	1
	115
	106

	Light sleep
	20
	14
	35

	Micro sleep
	45
	13
	0

	SSB for Inter-frequency measurement
	150
	5
	5

	SSB for Intra-frequency measurement
	150
	2
	2

	SSB Proc.
	100
	2
	2

	Single positioning frequency layer measurement
	610
	4
	4

	Gap switching 
	45
	1
	2

	PDCCH-only monitoring
	100
	4
	4

	Sleep transition type
	Transition energy
	Transition times
	Transition times

	Deep sleep transition
	450
	1
	1

	Light sleep transition
	100
	2
	5

	Average power
	-
	36.6563
	37.1000

	Power saving loss
	-
	2.22%
	5.25%



It can be observed that, compared with concentrated PRS distribution, distributed PRS can cause some power loss. The distributed transmissions for signals bring more sleep transition, which is the main cause of power loss.

Reducing number of TRPs for measurement 
When reducing the number of TRPs to be measured, the power component analysis is shown in Table8.
Table 8 Power components analysis for PRS measurement for 4 TRPs in connected state
	Power state
	Relative power
	Duration(ms)

	Deep sleep
	1
	115

	Light sleep
	20
	23

	Micro sleep
	45
	4

	SSB for Inter-frequency measurement
	150
	5

	SSB for Intra-frequency measurement
	150
	2

	SSB Proc.
	100
	2

	Single positioning frequency layer measurement
	490
	4

	Gap switching 
	45
	1

	PDCCH-only monitoring
	100
	4

	Sleep transition type
	Transition energy
	Transition times

	Deep sleep transition
	450
	1

	Light sleep transition
	100
	3

	Average power
	32.2500

	Power saving gain
	8.51%



It can be observed that, 
· By reducing the number of TRPs for PRS measurement (from 8 TRPs to 4 TRPs),  8.51% power saving gain is shown ,comparing with the baseline assumption.

Reducing number of positioning frequency layers 
To simplify the evaluation, we only list the power component analysis for a single freqeuency layer in the baseline. In this subsection, more anaysis are shown for multiple positioning frequency layers as shown in Figure 7, Figure 8 and Table 9.


Figure7 Procedure of PRS  measurements of 2 frequency layers in the DRX cycle in connected state




Figure8 Procedure of PRS  measurements of 4 frequency layers in the DRX cycle in connected state

Table 9 Power components analysis for multiple frequency layers PRS measurement in connected state
	Power state
	Relative power
	
Duration(ms)


	
	
	2 frequency layers
	4 frequency layers

	Deep sleep
	1
	115
	115

	Light sleep
	20
	14
	0

	Micro sleep
	45
	8
	12

	SSB for Inter-frequency measurement
	150
	5
	5

	SSB for Intra-frequency measurement
	150
	2
	2

	SSB Proc.
	100
	2
	2

	Multiple positioning frequency layers measurement
	610
	8
	16

	Gap switching 
	45
	2
	4

	PDCCH-only monitoring
	100
	4
	4

	Sleep transition type
	Transition energy
	Transition times
	Transition times

	Deep sleep transition
	450
	1
	1

	Light sleep transition
	100
	2
	0

	Average power
	-
	52.0313
	82.4688

	Power consmuption gain
	-
	47.61%
	133.95%



It can be observed that, 
· By increasing the number of frequency layers to 2 (from 1 to 2), 47.61% power consumption gain is shown, comparing with the baseline assumption.
· By increasing the number of frequency layers to 4 (from 1 to 4), 133.95% power consumption gain is shown, comparing with the baseline assumption.

Correspondingly, if we take the case of 4 frequency layers as the baseline, then by reducing the number of frequency layer to 2 (from 4 to 2), 36.91% power saving gain is shown; by  reducing number of frequency layer to 1 (from 4 to 1), 57.26% power saving gain is shown. 
Therefore, by reducing the number of positioning frequency layers to be measured, the power saving is largely increased.
 
Proposal 2: For PRS measurements, the following approaches are benefit for power saving and should be supported in Rel-17.
· Extending PRS period
· Defining positioning measurement window
· Concentrated PRS distribution
· Reducing the number of TRPs  to be measured
· Reducing the number of positioning frequency layers to be measured


Evaluation for idle/inactive states positioning
In this section, we evaluate power consumption for idle/inactive states positioning.
Idle/inactive state measurement and report
Figure9 Procedure of PRS measurements and report in idle state
In this subsection, we discuss power consumption for positioning measurement and report in idle states. For positioning report in idle state, let’s take the positioning information reported by EDT as an example. If the UE and NG-RAN node both support EDT, the UE sends an RRCEarlyDataRequest message to the NG-RAN node and includes a NAS control plane service request. The NAS control plane service request includes an positioning report message. From the perspective from physical layer, this message is carried in Msg3. Furthermore, the UE can receive RRCEarlyDataComplete containing positioning report completion information which is also included in Msg4. 
The average power for the components introduced by positioning report in idle mode is listed below in Table10.
Table 10 Average power for the components introduced by positioning report in idle mode
	Power State
	Characteristics
	Relative Power 

	Coreset0+SIB1
	Equivalent to PDCCH + PDSCH. For idle mode, scaling factor is assume as 0.4 compared with connected states. 
	120

	RAR
	Equivalent to PDCCH + PDSCH.
	120

	Msg4
	Equivalent to PDCCH + PDSCH.  Msg4 contains contention resolution information and RRCEarlyDataComplete information, doesn’t contain additional RRC information to establish RRC connection.   
	120

	Msg3
	Equivalent to PUSCH. For idle mode, scaling factor is assume as 0.4.  
 Considering positionnig report carried in Msg3, the length of Msg3 is assumed as 4ms.
	280

	PRACH
	Sequence length is 839. SCS is 1.25kHz.
	175

	Paging occasion
	Equivalent to PDCCH + PDSCH.
	120



Therefore, the power components analysis for measurement and report in idle mode is below. The power calculation cycle is 1280ms.
Table 11 Power components analysis for positioning measurement and report in idle state
	Power state
	Relative power
	Duration(ms)

	Deep sleep
	1
	1177

	Light sleep
	20
	57.5

	Micro sleep
	45
	16.5

	SSB for Inter-frequency measurement
	60
	5

	SSB for Intra-frequency measurement
	60
	2

	SSB Proc.
	50
	6

	Single positioning frequency layer measurement
	96
	4

	Paging Occasion
	120
	4

	Coreset0+SIB1
	120
	1

	PRACH
	175
	1

	RAR
	120
	1

	Msg3(carrying positioning report)
	280
	4

	Msg4
	120
	1

	Sleep transition type
	Transition energy
	Transition times

	Deep sleep transition
	450
	1

	Light sleep transition
	100
	6

	Average power 
	5.7488



Idle/inactive state measurement and connected state report
In this subsection, we discuss power consumption for positioning measurement in idle state and report in connected state. For simplicity, it is assumed that the only thing the UE does in the connected state is to report positioning information. The related procedure is shown in Figure 10.

Figure10 Procedure of PRS measurements in idle state and report in connected state
The average power for the components introduced by positioning report in connected state and RRC state switching is listed below in Table12.
Table 12 Average power for the components introduced by positioning report in connected state and RRC state switching
	Power State
	Characteristics
	Relative Power 

	RRC state switching
	Coreset0+SIB1
	Equivalent to PDCCH + PDSCH. For idle mode, scaling factor is assume as 0.4 compared with connected states. 
	120

	
	RAR
	Equivalent to PDCCH + PDSCH.
	120

	
	Msg4
	Equivalent to PDCCH + PDSCH.  Msg4 contains contention resolution information and RRC setup information to establish RRC connection.   
	120

	
	Msg3
	Equivalent to PUSCH. For idle mode, scaling factor is assume as 0.4.  
	280

	
	PRACH
	Sequence length is 839. SCS is 1.25kHz.
	175

	
	Paging occasion
	Equivalent to PDCCH + PDSCH.
	120

	Positioning report in connected state
	SSB burst in connected state
	SSB can be used for fine time-frequency sync.
	100

	
	Msg5
	Equivalent to PUSCH. For connected state, scaling factor is assume as 1.  
	700

	
	Uplink grant
	Equivalent to PDCCH only.
	100

	
	PUCCH SR
	Equivalent to short PUCCH. Short PUCCH power = 0.3 x uplink power.
	210

	
	Pos report
	Equivalent to PUSCH.
	700

	
	RRC release
	Equivalent to PDSCH only. RRC connected state switches to idle state.
	280



Therefore, the power components analysis for measurement in idle mode and report in connected states is below. The power calculation cycle is 1280ms.
Table 13 Power components analysis for positioning measurement and report in idle state
	Power state
	Relative power
	Duration(ms)

	Sleep

	Deep sleep
	1
	1129

	Light sleep
	20
	69.5

	Micro sleep
	45
	35.5

	Idle states

	SSB for Inter-frequency measurement 
	60
	5

	SSB for Intra-frequency measurement 
	60
	2

	SSB Proc. 
	50
	8

	Single positioning frequency layer measurement 
	96
	4

	Paging Occasion
	120
	4

	Coreset0+SIB1
	120
	1

	PRACH
	175
	1

	RAR
	120
	1

	Msg3
	280
	1

	Msg4
	120
	5

	Connected states

	Uplink grant
	100
	2

	SSB Proc.
	100
	4

	Msg5
	700
	2

	PUCCH SR
	210
	1

	Positioning report
	700
	3

	RRC release
	280
	2

	Sleep transition type
	Transition energy
	Transition times

	Deep sleep transition
	450
	1

	Light sleep transition
	100
	8

	Average power 
	10.3246



It can be observed that 
· compared to reporting in the idle state, the power consumption of reporting in the connected state increases 79.6%. 
· correspondingly, if we take the case of reporting in the connected state as the baseline, for reporting in the idle state , 44.32% power saving gain is shown.
Observation 1: Under the premise of idle state measurement, positioning report in the idle state can obtain 44.32% power saving gain compared to report in connected state.
Connected state measurement and report
In this subsection, we evaluate the case for connected states measurement and report. In order to be comparable with the above subsections, it is assumed that the UE still starts positioning from idle state. Furthermore, for simplicity, some additional assumptions is below.
· In connected state, LPP procedures including capability transfer,  positioning assistant data transfer, some request signalings between the UE and the LMF are ignored.
· One shot positioning measurement and report related procedures are considered in connected state.  
· Procedures related to measurement gap configuration are ignored.
· Once the positioning report is completed, the RRC connection is released.
· Measurement and report cycle is equal to idle state (1280ms).
· PRS bandwidth in connected state is equal to PRS bandwidth in idle state. 
· Paging occasion power is equivalent to ‘PDCCH+PDSCH’, considering it may lead to RRC state transition.
Therefore, related procedure is shown in Figure 11.
 Figure11 Procedure of PRS measurements and and report in connected state
The average power for the components introduced by positioning measurement/report in connected state and RRC state switching is listed below in Table13.
Table 13 Average power for the components introduced by positioning measurement/report in connected state and RRC state switching
	Power State
	Characteristics
	Relative Power 

	RRC state switching
	Coreset0+SIB1
	Equivalent to PDCCH + PDSCH. For idle mode, scaling factor is assume as 0.4 compared with connected states. 
	120

	
	RAR
	Equivalent to PDCCH + PDSCH.
	120

	
	Msg4
	Equivalent to PDCCH + PDSCH.  Msg4 contains contention resolution information and RRC setup information to establish RRC connection.   
	120

	
	Msg3
	Equivalent to PUSCH. For idle mode, scaling factor is assume as 0.4.  
	280

	
	PRACH
	Sequence length is 839. SCS is 1.25kHz.
	175

	
	Paging occasion
	Equivalent to PDCCH + PDSCH.
	120

	Positioning measurement and report in connected state
	SSB burst in connected state
	SSB can be used for fine time-frequency sync.
	100

	
	Msg5
	Equivalent to PUSCH. For connected state, scaling factor is assume as 1.  
	700

	
	Uplink grant
	Equivalent to PDCCH only.
	100

	
	PUCCH SR
	Equivalent to short PUCCH. Short PUCCH power = 0.3 x uplink power.
	210

	
	Pos report
	Equivalent to PUSCH.
	700

	
	RRC release
	Equivalent to PDSCH only. RRC connected state switches to idle state.
	280

	
	PRS measurement
	PRS bandwidth is equal to 20M.
	240



Therefore, the power components analysis for measurement and report in connected states is below. The power calculation cycle is 1280ms.
Table 14 Power components analysis for positioning measurement and report in connected state
	Power state
	Relative power
	Duration(ms)

	Sleep

	Deep sleep
	1
	1115

	Light sleep
	20
	84

	Micro sleep
	45
	32

	Idle states

	SSB for Inter-frequency measurement 
	60
	5

	SSB for Intra-frequency measurement 
	60
	2

	SSB Proc. 
	50
	8

	Paging Occasion
	120
	4

	Coreset0+SIB1
	120
	1

	PRACH
	175
	1

	RAR
	120
	1

	Msg3
	280
	1

	Msg4
	120
	5

	Connected states

	Single positioning frequency layer measurement 
	240
	4

	Gap switching
	45
	1

	Uplink grant
	100
	2

	SSB Proc.
	100
	6

	Msg5
	700
	2

	PUCCH SR
	210
	1

	Positioning report
	700
	3

	RRC release
	280
	2

	Sleep transition type
	Transition energy
	Transition times

	Deep sleep transition
	450
	1

	Light sleep transition
	100
	9

	Average power 
	11.1367



It can be observed that 
· compared to reporting in the idle state, the power consumption of reporting in the connected state increases 93.72%. 
· correspondingly, if we take the case of reporting in the connected state as the baseline, for reporting in the idle state , 48.38% power saving gain is shown.
Furthermore, considering that we make some assumptions to simplify power consumption evaluation, such as ignoring complicated steps for LPP procedures, aligning the bandwidth and period with idle state measurement, it will consume more power when positioning in the connected state in general. 
Observation 2: Compared to positioning measurement and report all in the connected state, positioning measurement and report in the idle state can obtain at least 48.38% power saving gain.
Proposal 3: Positioning in idle/inactive state shoule bd supported in Rel-17.
Conclusion
[bookmark: _GoBack]In this contribution, we discuss on power consumption model for NR positioning with following proposals and observations:
Observation 1: Under the premise of idle state measurement, comparing positioning report in idle state and connected state, positioning report in the idle state can obtain 44.32% power saving gain compared to report in connected state.
Observation 2: Compared to positioning measurement and report all in the connected state, positioning measurement and report in the idle state can obtain at least 48.38% power saving gain.
Proposal 1: Support quantitative evaluation of power consumption for positioning in Rel-17.
· The power consumption model  below for PRS measurement should be considered.
	For frequency layer i, the power of PRS measurement is represented as:

For Nf frequency layers, the total power is

where 
-     is total power over slots over which measurements are carried out in frequency layer i
-     is the slot average power for PRS measurements in frequency layer i 
-     is the number of slot over which measurements are carried out 
-     is the power for measurement gap switching
-     is total power for Nf frequency layers 


Proposal 2: For PRS measurements, the following approaches are benefit for power saving and should be supported in Rel-17.
· Extending PRS period
· Defining positioning measurement window
· Concentrated PRS distribution
· Reducing the number of TRPs  to be measured
· Reducing the number of positioning frequency layers to be measured
Proposal 3: Positioning in idle/inactive state shoule bd supported in Rel-17.
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