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Introduction
In Rel-16 native NR positioning support was standardized and in Rel-17 enhancements were made. At RAN#94 a new SI was approved on enhancements for Rel-18 NR positioning [1]. This contribution discussed our views related to LPHAP. Our companion contributions discuss our other views [2-7]. The objective in the SID is: 
· 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
Discussion
We discuss further details on the evaluation assumption and provide evaluation results based on the agreed parameters. Based on the evaluation results, we discuss identified enhancement issues to save power consumption.
LPHAP Evaluation Methodology
In RAN1 #109e meeting, we made the following conclusion about the positioning accuracy.
Conclusion
· At least when the positioning accuracy is evaluated without jointly evaluating the associated power consumption, the target horizontal positioning accuracy requirement on LPHAP of <1m can be achieved by Rel-16/17 positioning techniques with a positioning bandwidth of at least 100MHz.
· The main aspect of RAN1 evaluation is on power consumption.
· Note: This does not preclude the case that the positioning accuracy can be revisited, if found necessary at later stage.
 From this, we concluded that the target horizontal positioning accuracy requirement on LPHAP can be achieved by Rel-17 NR positioning technique such as DL-TDOA with bandwidth of 100 MHz. What we would like to point out is that the baseline assumption for power consumption evaluation of LPHAP device might not be aligned with this conclusion for positioning accuracy. The baseline assumption on the number of TRPs is 4 for LPHAP and 8 TRPs are optional case. Four TRPs would be the minimum number of TRPs to estimate UE location (x,y,z) by using DL-TDOA. In the InF scenario, even if less than 18 measurements were used for location estimation, but the UE needs to measure PRSs transmitted from 18 TRPs. 
For the clarification, we would suggest revisiting the conclusion and adding an additional note as follows: It does not mean that Rel-16/17 positioning technique can achieve the target horizontal positioning accuracy requirement based on the baseline assumption for power consumption evaluation of LPHAP.
Proposal 1: Add the following note to the conclusion made at RAN1#109.
· Note: This does not imply anything about if the Rel-16/17 positioning technique can achieve the target horizontal positioning accuracy requirement based on the baseline assumption for power consumption evaluation of LPHAP.

LPHAP Energy Consumption Evaluation 
In this section, we present our initial power consumption evaluation with evaluation assumption agreed in RAN1 at 109e and 110 meeting.
Agreement
· Adopt the following parameters as the common evaluation parameters for the LPHAP evaluation:
· Frequency range: FR1 (baseline); FR2 (optional)
· SCS: 30kHz for FR1 (baseline); 120kHz for FR2 (optional)
· BW of the DL PRS and UL SRS pos: 100MHz;
· Single-sample measurement per position fix (baseline); 4-sample measurement per position fix (optional)
· UE mobility: up to 3km/h
· Note: It is up to each company to provide detailed power model and evaluation results on power consumption in FR2.
 
Agreement
In the LPHAP evaluation, the power consumption of 5GC data traffic is not modelled. Only the power consumption of the traffic type related to LPHAP positioning (e.g., obtaining/updating SRS configurations, DL PRS measurement reporting, etc.) is considered.
· Note: This does not preclude the power consumption of paging monitoring in the baseline evaluation, but rather assumes that no power consumption of 5GC data traffic is considered during a power cycle.
Agreement
Adopt the following power consumption model common for the baseline evaluation of Rel-17 RRC_INACTIVE state positioning.
	Power State
	Relative power

	PDCCH-only (PPDCCH)
	50Note

	PDCCH + PDSCH (PPDCCH+PDSCH)
	120

	SSB proc. (PSSB)
	50

	UL
	250 (0 dBm)
700 (23 dBm)

	(Optional) PRACH
	[210]

	(Optional) BWP switching
	[50]

	(Optional) Intra-frequency RRM measurement (Pintra)
	[60] (synchronous case, N=8, measurement only; Pintra, meas-only)
[80] (combined search and measurement; Pintra, search+meas)

	(Optional) Inter-frequency RRM measurement (Pinter)
	[60] (measurement only per freq. layer; Pinter, meas-only)
[150] (neighbor cell search power per freq. layer; Pinter, search-only)
Micro sleep power assumed for switch in/out a freq. layer

	Note: Power scaling to 20MHz reception bandwidth follows the rule in Section 8.1.3 of TR 38.840, i.e., max{reference power * 0.4, 50}.



Agreement
Adopt the following periodicity of DL PRS / UL SRS for positioning in the baseline evaluation of Rel-17 RRC_INACTIVE positioning:
· 1 DL PRS / UL SRS for positioning occasion per N I-DRX cycle(s); 
· Candidate values of N to evaluate is 1 and 8 for I-DRX cycle of 1.28s;
· Note: Individual company may consider either one or both in the evaluation.
· Candidate value of N to evaluate is 1 for I-DRX cycle of 10.24s.
 
Agreement
· The I-DRX configuration is included in the baseline evaluation of Rel-17 RRC_INACTVIE positioning.
· Note: This does not preclude the case where no I-DRX cycle nor paging is considered in the evaluation of potential solutions to maximize the battery life.
· Adopt the following I-DRX cycle to evaluate:
· 1.28s (baseline); 10.24s (optional).
 
Agreement
· Adopt the power consumption model, additional transition energy and total transition time of the three sleep types (deep sleep, light sleep, and micro sleep) in TR38.840 as the evaluation baseline:
· FFS: whether/how an additional new ultra-deep sleep mode can be considered in the evaluation of potential solutions to maximize the battery life, including the determination of the relative power, additional transition energy and total transition time, if necessary.

Agreement
For the purpose of LPHAP evaluation, the following assumptions on eDRX configuration and/or paging reception can be optionally considered:
· The eDRX cycle to evaluate: 20.48s; 30.72s;
· For paging reception:
· 1 paging occasion is included in one eDRX cycle
· 10% paging rate
· No paging reception can be optionally evaluated;
· 1 DL PRS and/or UL SRS for positioning occasion per 1 eDRX cycle 
· Minimizing the gap between PRS measurement, SRS transmission and/or measurement reporting with paging monitoring in time domain can be evaluated.
 For the ultra-deep sleep state, RAN1 made the following agreements. In the case of option 2, the additional transition energy is the same as that of deep sleep operation, which would be too ideal unless there is clear reference. If a baseline evaluation for ultra-deep sleep state is necessary, we think the option 1 with modification on additional transition energy is proper selection. We would suggest updating the transition energy from 2000 to 20000, based on the view from the company which suggested option 1.
Agreement
For the purpose of LPHAP evaluation, an ultra-deep sleep state is considered. The following options of the power consumption model of the ultra-deep sleep state can be further discussed:
· Option 1:
· The relative power unit: 0.015
· Additional transition energy: 2000
· Total transition time: 400ms
· Option 2:
· The relative power unit: 0.01
· Additional transition energy: 450;
· Total transition time: 25ms
· FFS: restrictions in processing associated with option 2 after the UE comes out of ultra-deep sleep state
· Notes: the values above can be further discussed
Agreement
For option 1 in the agreement above, the value of additional transition energy is changed to “a value between 2000 and 20000”. FFS which value.
[bookmark: _Hlk115432252]Proposal 2: RAN1 considers option 1 for the evaluation of the battery life of the LPHAP device with a modification of the transition energy from 2000 to 20000.

DL positioning evaluation
Agreement
· For DL positioning, at least the following power components and parameter values are considered for the baseline evaluation of Rel-17 RRC_INACTIVE positioning:
· For the UE-assisted DL positioning,
· SSB proc. with 2 ms duration and the periodicity of I-DRX cycle;
· Paging with 2 ms duration, the periodicity of I-DRX cycle, and group paging rate of 10%;
· DL PRS measurement with 0.5 ms duration;
· CG-SDT with 1ms duration and the periodicity of positioning interval;
· RRCRelsease after the CG-SDT can be optionally included with [1] ms duration;
· (Optional) BWP switching with [1] ms duration;
· (Optional) Intra-/inter-frequency RRM measurement in low SINR condition with [1] ms duration;
· (Optional) RA-SDT (e.g., including CORSET0 + SIB1, PRACH, RAR, Msg 3/4/5) in case of CG-SDT is unavailable;
· For the UE-based DL positioning,
· SSB proc. with 2 ms duration and the periodicity of I-DRX cycle;
· Paging with 2 ms duration, the periodicity of I-DRX cycle, and group paging rate of 10%;
· DL PRS measurement with 0.5 ms duration;
· (Optional) BWP switching with [1] ms duration;
· (Optional) Intra-/inter-frequency RRM measurement in low SINR condition with [1] ms duration;
· Note: The power component and parameter values for UE-assisted DL positioning is also applicable to the DL part of UE-assisted DL+UL positioning method.
· Note: Individual company may consider additional power components and different parameter values in bracket in the evaluation.
· Note: Companies are encouraged to provide the assumption on the timeline between different power consumption events in the evaluation of potential enhancements to reduce the transition times between different power states and to extend the sleeping time as much as possible.

For DL positioning in RRC-inactive state, the following activities may be required:
1. SSB monitoring, for synchronization
2. Paging reception, for potential positioning assistance data update
3. PRS measurements
4. Positioning measurement report (for UE assisted positioning)
5. Intra/inter-frequency RRM measurement
Based on different SINR conditions, we evaluate LPHAP device energy consumption under low SINR case (Case #1) and high SINR case (Case #2).
DL Case #1 – low SINR 
In this case, we aim to evaluate LPHAP device energy consumption for DL positioning in low SINR case. In our assumption, the occasions of PRS activities (including PRS measurement and positioning measurement report) are close to paging occasion, in order to maximize the duration of deep sleeping. In this case, two further situations (i.e., with and without measurement report) are considered for different activities in a I-DRX cycle:
a. Low SINR, UE-based positioning 
In this example, we assume that the LPHAP UE shall measure PRSs once per I-DRX cycle and it does not report the positioning measurements.


The detailed components considered from this case are listed up in the following table, and the average power per slot is given for different DRX cycle
1) I-DRX cycle of 1.28 s
	component
	power unit
	slots (0.5 ms)
	energy consumption

	SSB1
	50
	4
	200

	Sleep1 (DS)
	1
	156
	606

	SSB2
	50
	4
	200

	Sleep2 (DS)
	1
	156
	606

	SSB3
	50
	4
	200

	Sleep3 (DS)
	1
	75
	525

	switch into PRS
	50
	2
	100

	PRS reception
	120
	1
	120

	switch back
	50
	2
	100

	PO reception
	57
	4
	128

	Sleep4 (DS)
	1
	71
	521

	Switch in to another freq layer
	45
	1
	45

	Inter-freq RRM measurements
	150
	2
	300

	Switch back to serving freq layer
	45
	1
	45

	Sleep6 (DS)
	1
	2077
	2527

	Total
	
	2560
	6323

	
	
	Avg power/slot
	2.470



2) I-DRX cycle of 10.24 s:
	component
	power unit/slot
	slots (0.5 ms)
	total power units

	SSB1
	50
	4
	200

	Sleep1 (DS)
	1
	156
	606

	SSB2
	50
	4
	200

	Sleep2 (DS)
	1
	156
	606

	SSB3
	50
	4
	200

	Sleep3 (DS)
	1
	75
	525

	switch into PRS
	50
	2
	100

	e
	120
	1
	120

	switch back
	50
	2
	100

	PO reception
	57
	4
	228

	Sleep4 (DS)
	1
	71
	521

	Switch in to another freq layer
	45
	1
	45

	Inter-freq RRM measurements
	150
	2
	300

	Switch back to serving freq layer
	45
	1
	45

	Sleep6 (DS)
	1
	19997
	20447

	Total
	
	20480
	24243

	
	
	avg power/slot
	1.184



3) eDRX cycle of 20.48 s:
	component
	power unit/slot
	slots (0.5 ms)
	total power units

	SSB1
	50
	4
	200

	Sleep1 (DS)
	1
	156
	606

	SSB2
	50
	4
	200

	Sleep2 (DS)
	1
	156
	606

	SSB3
	50
	4
	200

	Sleep3 (DS)
	1
	75
	525

	switch into PRS
	50
	2
	100

	PRS
	120
	1
	120

	switch back
	50
	2
	100

	PO reception
	57
	4
	228

	Sleep4 (DS)
	1
	71
	521

	Switch in to another freq layer
	45
	1
	45

	Inter-freq RRM measurements
	150
	2
	300

	Switch back to serving freq layer
	45
	1
	45

	Sleep6 (DS)
	1
	40477
	40927

	Total
	
	40960
	44723

	
	
	avg power/slot
	1.092



4) eDRX cycle of 30.72 s:
	component
	power unit/slot
	slots (0.5 ms)
	total power units

	SSB1
	50
	4
	200

	Sleep1 (DS)
	1
	156
	606

	SSB2
	50
	4
	200

	Sleep2 (DS)
	1
	156
	606

	SSB3
	50
	4
	200

	Sleep3 (DS)
	1
	75
	525

	switch into PRS
	50
	2
	100

	PRS
	120
	1
	120

	switch back
	50
	2
	100

	PO reception
	57
	4
	228

	Sleep4 (DS)
	1
	71
	521

	Switch in to another freq layer
	45
	1
	45

	Inter-freq RRM measurements
	150
	2
	300

	Switch back to serving freq layer
	45
	1
	45

	Sleep6 (DS)
	1
	60957
	61407

	Total
	
	61440
	65203

	
	
	avg power/slot
	1.061



The average power per slot is 2.470, 1.184, 1.092, and 1.061, respectively for DRX cycle of 1.28 s, 10.24 s, 20.48 s, and 30.72 s.
Observation 1: For DL-only UE-based positioning with low SINR assumption, average power consumption per slot is 2.470, 1.184, 1.092, and 1.061, respectively for DRX cycle of 1.28 s, 10.24 s, 20.48 s, and 30.72 s.
b. Low SINR, UE-assisted positioning
In this example, we assume that the LPHAP UE shall not only measure PRSs but also report positioning measurement in one DRX cycle.


The detailed components considered from this case are listed up in the following table, and the average power per slot is given for different DRX cycle. 
1) I-DRX cycle of 1.28 s
	component
	power unit/slot
	slots (0.5 ms)
	Total power units

	SSB1
	50
	4
	200

	Sleep1 (DS)
	1
	156
	606

	SSB2
	50
	4
	200

	Sleep2 (DS)
	1
	156
	606

	SSB3
	50
	4
	200

	Sleep3 (DS)
	1
	75
	525

	switch into PRS
	50
	2
	100

	PRS
	120
	1
	120

	switch back
	50
	2
	100

	PO reception
	57
	4
	228

	Sleep 4 (MS)
	45
	8
	360

	CG-SDT
	700
	2
	1400

	RRC release
	120
	2
	240

	Sleep 5 (DS)
	1
	67
	517

	Switch in to another freq layer
	45
	1
	45

	Inter-freq RRM measurements
	150
	2
	300

	Switch back to serving freq layer
	45
	1
	45

	Sleep 6 (DS)
	1
	2069
	2519

	Total
	
	2560
	8311

	
	
	avg power/slot
	3.246



2) I-DRX cycle of 10.24 s
	component
	power unit/slot
	slots (0.5 ms)
	Total power units

	SSB1
	50
	4
	200

	Sleep1 (DS)
	1
	156
	606

	SSB2
	50
	4
	200

	Sleep2 (DS)
	1
	156
	606

	SSB3
	50
	4
	200

	Sleep3 (DS)
	1
	75
	525

	switch into PRS
	50
	2
	100

	PRS
	120
	1
	120

	switch back
	50
	2
	100

	PO reception
	57
	4
	228

	Sleep 4 (MS)
	45
	8
	360

	CG-SDT
	700
	2
	1400

	RRC release
	120
	2
	240

	Sleep 5 (DS)
	1
	67
	517

	Switch in to another freq layer
	45
	1
	45

	Inter-freq RRM measurements
	150
	2
	300

	Switch back to serving freq layer
	45
	1
	45

	Sleep 6 (DS)
	1
	19989
	20439

	Total
	
	20480
	26231

	
	
	avg power/slot
	1.281



3) eDRX cycle of 20.48 s
	component
	power unit
	slots (0.5 ms)
	Total power units

	SSB1
	50
	4
	200

	Sleep1 (DS)
	1
	156
	606

	SSB2
	50
	4
	200

	Sleep2 (DS)
	1
	156
	606

	SSB3
	50
	4
	200

	Sleep3 (DS)
	1
	75
	525

	switch into PRS
	50
	2
	100

	PRS
	120
	1
	120

	switch back
	50
	2
	100

	PO reception
	57
	4
	228

	Sleep 4 (MS)
	45
	8
	360

	CG-SDT
	700
	2
	1400

	RRC release
	120
	2
	240

	Sleep 5 (DS)
	1
	67
	517

	Switch in to another freq layer
	45
	1
	45

	Inter-freq RRM measurements
	150
	2
	300

	Switch back to serving freq layer
	45
	1
	45

	Sleep 6 (DS)
	1
	40469
	40919

	Total
	
	40960
	46711

	
	
	avg power/slot
	1.140



4) eDRX cycle of 30.72 s
	component
	power unit/slot
	slots (0.5 ms)
	Total power units

	SSB1
	50
	4
	200

	Sleep1 (DS)
	1
	156
	606

	SSB2
	50
	4
	200

	Sleep2 (DS)
	1
	156
	606

	SSB3
	50
	4
	200

	Sleep3 (DS)
	1
	75
	525

	switch into PRS
	50
	2
	100

	PRS
	120
	1
	120

	switch back
	50
	2
	100

	PO reception
	57
	4
	228

	Sleep 4 (MS)
	45
	8
	360

	CG-SDT
	700
	2
	1400

	RRC release
	120
	2
	240

	Sleep 5 (DS)
	1
	67
	517

	Switch into another freq layer
	45
	1
	45

	Inter-freq RRM measurements
	150
	2
	300

	Switch back to serving freq layer
	45
	1
	45

	Sleep 6 (DS)
	1
	60949
	61399

	Total
	
	61440
	67191

	
	
	avg power/slot
	1.094


The average power consumption per slot is 3.246, 1.281, 1.140, and 1.094, respectively for DRX cycle of 1.28 s, 10.24 s, 20.48 s, and 30.72 s.
Observation 2: For DL-only UE-assisted positioning with low SINR assumption, the average power consumption per slot is 3.246, 1.281, 1.140, and 1.094, respectively for DRX cycle of 1.28 s, 10.24 s, 20.48 s, and 30.72 s.

DL Case #2 – high SINR 
In this case, we aim to evaluate LPHAP device energy consumption for DL positioning in high SINR case. In this case, two further situations are considered for different activities in a I-DRX cycle:
a. High SINR, UE-based positioning 
In this example, we assume that the LPHAP UE shall measure PRSs once per DRX cycle and it does not report positioning measurement. 
b. 

The detailed components considered from this case are listed up in the following table, and the average power per slot is given for different DRX cycle. 
1) I-DRX cycle of 1.28 s

	component
	power unit/slot
	slots (0.5 ms)
	Total power units

	SSB
	50
	4
	200

	Sleep 1 (DS)
	1
	75
	525

	switch into PRS
	50
	2
	100

	PRS
	120
	1
	120

	switch back
	50
	2
	100

	PO reception
	57
	4
	228

	Sleep 2 (DS)
	1
	2472
	2922

	Total power
	
	2560
	4195

	
	
	Avg. power/slot
	1.639



2) I-DRX cycle of 10.24 s
	Component
	power unit
	slots (0.5 ms)
	Total power units

	SSB
	50
	4
	200

	Sleep 1 (DS)
	1
	75
	525

	switch into PRS
	50
	2
	100

	PRS
	120
	1
	120

	switch back
	50
	2
	100

	PO reception
	57
	4
	228

	Sleep 2 (DS)
	1
	20392
	20842

	Total
	
	20480
	22115

	
	
	Avg. power/slot
	1.080



3) eDRX cycle of 20.48 s
	component
	power unit
	slots (0.5 ms)
	Total power units

	SSB
	50
	4
	200

	Sleep 1 (DS)
	1
	75
	525

	switch into PRS
	50
	2
	100

	PRS
	120
	1
	120

	switch back
	50
	2
	100

	PO reception
	57
	4
	228

	Sleep 2 (DS)
	1
	40872
	41322

	Total
	
	40960
	42595

	
	
	Avg. power/slot
	1.040



4) eDRX cycle of 30.72 s
	component
	power unit
	slots (0.5 ms)
	Total power units

	SSB
	50
	4
	200

	Sleep 1 (DS)
	1
	75
	525

	switch into PRS
	50
	2
	100

	PRS
	120
	1
	120

	switch back
	50
	2
	100

	PO reception
	57
	4
	228

	Sleep 2 (DS)
	1
	61352
	61802

	Total
	
	61440
	63075

	
	
	Avg. power/slot
	1.027



Power consumption for switch into PRS means the power consumption for BWP switching from initial BWP for PRS measurement. The average power consumption per slot is 1.639, 1.080, 1.040, and 1.027, respectively for DRX cycle of 1.28 s, 10.24 s, 20.48 s, and 30.72 s.
Observation 3: For DL-only UE-based positioning with high SINR assumption, the average power consumption per slot is 1.639, 1.080, 1.040, and 1.027, respectively for DRX cycle of 1.28 s, 10.24 s, 20.48 s, and 30.72 s.

c. High SINR, UE-assisted positioning  
In this example, we assume that the LPHAP UE shall not only measure PRSs but also report positioning measurement in a I-DRX cycle. The UE reports positioning measurement by SDT and we assumed the transmission power is 0 dBm as this is high SINR scenario.


The detailed components considered from this case are listed up in the following table, and the average power per slot is given for different DRX cycle.
1) I-DRX cycle of 1.28 s:
	component
	power unit/slot
	slots (0.5 ms)
	Total power Unit

	SSB
	50
	4
	200

	Sleep 1 (DS)
	1
	75
	525

	switch into PRS
	50
	2
	100

	PRS
	120
	1
	120

	switch back
	50
	2
	100

	PO reception
	57
	4
	228

	Sleep 2 (MS)
	45
	8
	360

	CG-SDT
	250
	2
	500

	RRC release
	120
	2
	240

	Sleep 3 (DS)
	1
	2460
	2910

	Total
	
	2560
	5283

	
	
	Avg power/slot
	2.064



2) I-DRX cycle of 10.24 s
	component
	power unit/slot
	slots (0.5 ms)
	total power unit

	SSB
	50
	4
	200

	Sleep 1 (DS)
	1
	75
	525

	switch into PRS
	50
	2
	100

	PRS
	120
	1
	120

	switch back
	50
	2
	100

	PO reception
	57
	4
	228

	Sleep 2 (MS)
	45
	8
	360

	CG-SDT
	250
	2
	500

	RRC release
	120
	2
	240

	Sleep 3 (DS)
	1
	20380
	20830

	Total
	
	20480
	23203

	
	
	Avg. power/slot
	1.133



3) eDRX cycle of 20.48 s
	component
	power unit/slot
	slots (0.5 ms)
	total power unit

	SSB
	50
	4
	200

	Sleep 1 (DS)
	1
	75
	525

	switch into PRS
	50
	2
	100

	PRS
	120
	1
	120

	switch back
	50
	2
	100

	PO reception
	57
	4
	228

	Sleep 2 (MS)
	45
	8
	360

	CG-SDT
	250
	2
	500

	RRC release
	120
	2
	240

	Sleep 3 (DS)
	1
	40860
	41310

	Total
	
	40960
	43683

	
	
	Avg. power/slot
	1.066



4) eDRX cycle of 30.72 s
	component
	power unit/slot
	slots (0.5 ms)
	total power unit

	SSB
	50
	4
	200

	Sleep 1 (DS)
	1
	75
	525

	switch into PRS
	50
	2
	100

	PRS
	120
	1
	120

	switch back
	50
	2
	100

	PO reception
	57
	4
	228

	Sleep 2 (MS)
	45
	8
	360

	CG-SDT
	250
	2
	500

	RRC release
	120
	2
	240

	Sleep 3 (DS)
	1
	61340
	61790

	Total
	
	61440
	64163

	
	
	avg. power/slot
	1.044



The average power per slot is 2.064, 1.133, 1.066, and 1.044, respectively for DRX cycle of 1.28 s, 10.24 s, 20.48 s, and 30.72 s.
Observation 4: For DL-only UE-assisted positioning with high SINR assumption, the average power per slot is 2.064, 1.133, 1.066, and 1.044, respectively for DRX cycle of 1.28 s, 10.24 s, 20.48 s, and 30.72 s.
 
UL positioning evaluation
RAN1 made the following agreement at 109e meeting for the power consumption evaluation for uplink positioning.
Agreement
· For UL positioning, at least the following power components and parameter values are considered for the baseline evaluation of Rel-17 RRC_INACTIVE positioning:
· SSB proc. with 2 ms duration and the periodicity of I-DRX cycle;
· Paging with 2 ms duration, the periodicity of I-DRX cycle, and group paging rate of 10%;
· UL SRS for positioning transmission with 0.5 ms duration;
· (Optional) BWP switching with [1] ms duration;
· (Optional) Intra-/inter-frequency RRM measurement in low SINR condition with [1] ms duration;
· Note: The power component and parameter values for UL positioning is also applicable to the UL part of UE-assisted DL+UL positioning method.
· Note: Individual company may consider additional power components and different parameter values in bracket in the evaluation.
· Note: Companies are encouraged to provide the assumption on the timeline between different power consumption events in the evaluation of potential enhancements to reduce the transition times between different power states and to extend the sleeping time as much as possible.

For UL positioning in RRC-inactive state, the following activities may be required:
1. SSB monitoring, for synchronization
2. Paging reception, for potential positioning assistance data update
3. SRS-pos transmission
4. Intra/inter-frequency RRM measurement
We consider these activity and different SINR condition to evaluate the power consumption of LPHAP device.

UL Case #1 – low SINR 
In this case, we assume the UE being in a low SINR situation and transmits positioning SRS every DRX cycle. 


The detailed components considered from this case are listed up in the following table, and the average power per slot is given for different DRX cycle.
1) I-DRX cycle of 1.28 s:
	component
	power unit/slot
	slots (0.5 ms)
	Total power unit

	SSB1
	50
	4
	200

	Sleep1 (DS)
	1
	156
	606

	SSB2
	50
	4
	200

	Sleep2 (DS)
	1
	156
	606

	SSB3
	50
	4
	200

	Sleep3 (DS)
	1
	75
	525

	switch into SRS
	50
	2
	100

	SRS
	700
	1
	700

	switch back
	50
	2
	100

	PO reception
	57
	4
	228

	Sleep4 (DS)
	1
	71
	521

	Switch in to another freq layer
	45
	1
	45

	Inter-freq RRM measurements
	150
	2
	300

	Switch back to serving freq layer
	45
	1
	45

	Sleep6 (DS)
	1
	2077
	2527

	Total
	
	2560
	6903

	
	
	Avg Power/slot
	2.696


2) I-DRX cycle of 10.24 s
	component
	power unit/slot
	slots (0.5 ms)
	total power unit

	SSB1
	50
	4
	200

	Sleep1 (DS)
	1
	156
	606

	SSB2
	50
	4
	200

	Sleep2 (DS)
	1
	156
	606

	SSB3
	50
	4
	200

	Sleep3 (DS)
	1
	75
	525

	switch into SRS
	50
	2
	100

	SRS
	700
	1
	700

	switch back
	50
	2
	100

	PO reception
	57
	4
	228

	Sleep4 (DS)
	1
	71
	521

	Switch in to another freq layer
	45
	1
	45

	Inter-freq RRM measurements
	150
	2
	300

	Switch back to serving freq layer
	45
	1
	45

	Sleep6 (DS)
	1
	19997
	20447

	Total
	
	20480
	24823

	
	
	avg. power/slot
	1.212


3) eDRX cycle of 20.48 s
	component
	power unit/slot
	slots (0.5 ms)
	total power unit

	SSB1
	50
	4
	200

	Sleep1 (DS)
	1
	156
	606

	SSB2
	50
	4
	200

	Sleep2 (DS)
	1
	156
	606

	SSB3
	50
	4
	200

	Sleep3 (DS)
	1
	75
	525

	switch into SRS
	50
	2
	100

	SRS
	700
	1
	700

	switch back
	50
	2
	100

	PO reception
	57
	4
	228

	Sleep4 (DS)
	1
	71
	521

	Switch in to another freq layer
	45
	1
	45

	Inter-freq RRM measurements
	150
	2
	300

	Switch back to serving freq layer
	45
	1
	45

	Sleep6 (DS)
	1
	40477
	40927

	Total
	
	40960
	45303

	
	
	avg. power/slot
	1.106


4) eDRX cycle of 30.72 s
	component
	power unit/slot
	slots (0.5 ms)
	total power unit

	SSB1
	50
	4
	200

	Sleep1 (DS)
	1
	156
	606

	SSB2
	50
	4
	200

	Sleep2 (DS)
	1
	156
	606

	SSB3
	50
	4
	200

	Sleep3 (DS)
	1
	75
	525

	switch into SRS
	50
	2
	100

	SRS
	700
	1
	700

	switch back
	50
	2
	100

	PO reception
	57
	4
	228

	Sleep4 (DS)
	1
	71
	521

	Switch in to another freq layer
	45
	1
	45

	Inter-freq RRM measurements
	150
	2
	300

	Switch back to serving freq layer
	45
	1
	45

	Sleep6 (DS)
	1
	60957
	61407

	Total
	
	61440
	65783

	
	
	avg. power/slot
	1.071


The average power per slot is 2.696, 1.212, 1.106, and 1.071, respectively for DRX cycle of 1.28 s, 10.24 s, 20.48 s, and 30.72 s.
Observation 5: For UL-only UE-assisted positioning with low SINR assumption, the average power per slot is 2.696, 1.212, 1.106, and 1.071, respectively for DRX cycle of 1.28 s, 10.24 s, 20.48 s, and 30.72 s.

UL Case #2 – high SINR 
In this case, we assume the UE being in a high SINR situation, and it transmits positioning SRS resource(s) every DRX cycle as depicted in the following figure. 


The detailed components considered from this case are listed up in the following table, and the average power per slot is given for different DRX cycle.
1) I-DRX cycle of 1.28 s
	component
	power unit/slot
	slots (0.5 ms)
	total power unit

	SSB1
	50
	4
	200

	Sleep1 (DS)
	1
	75
	525

	switch into SRS
	50
	2
	100

	SRS
	210
	1
	210

	switch back
	50
	2
	100

	PO reception
	57
	4
	228

	Sleep2 (DS)
	1
	2472
	2922

	Total
	
	2560
	4285

	
	
	Avg. power/slot
	1.674


2) I-DRX cycle of 10.24 s
	component
	power unit/slot
	slots (0.5 ms)
	Total power unit

	SSB1
	50
	4
	200

	Sleep1 (DS)
	1
	75
	525

	switch into SRS
	50
	2
	100

	SRS
	210
	1
	210

	switch back
	50
	2
	100

	PO reception
	57
	4
	228

	Sleep2 (DS)
	1
	20392
	20842

	Total
	
	20480
	22205

	
	
	avg. power/slot
	1.084


3) eDRX cycle of 20.48 s
	component
	power unit/slot
	slots (0.5 ms)
	Total power unit

	SSB1
	50
	4
	200

	Sleep1 (DS)
	1
	75
	525

	switch into SRS
	50
	2
	100

	SRS
	210
	1
	210

	switch back
	50
	2
	100

	PO reception
	57
	4
	228

	Sleep2 (DS)
	1
	40872
	41322

	Total
	
	40960
	42685

	
	
	avg. power/slot
	1.042


4) eDRX cycle of 30.72 s
	component
	power unit/slot
	slots (0.5 ms)
	Total power unit

	SSB1
	50
	4
	200

	Sleep1 (DS)
	1
	75
	525

	switch into SRS
	50
	2
	100

	SRS
	210
	1
	210

	switch back
	50
	2
	100

	PO reception
	57
	4
	228

	Sleep2 (DS)
	1
	61352
	61802

	I-DRX Total
	
	61440
	63165

	
	
	avg. power/slot
	1.028


The average power per slot is 1.674, 1.084, 1.042, and 1.028, respectively for DRX cycle of 1.28 s, 10.24 s, 20.48 s, and 30.72 s.
Observation 6: For UL-only UE-assisted positioning with high SINR assumption, the average power per slot is 1.674, 1.084, 1.042, and 1.028, respectively for DRX cycle of 1.28 s, 10.24 s, 20.48 s, and 30.72 s.

Expected battery lifetime
This section shows the expected battery lifetime based on the evaluation on the power consumption for UE-based and UE-assisted positioning for both downlink and uplink. We use the agreed model to convert the relative power unit to the battery lifetime and also consider the agreed reference device and target LPHAP device. In the previous meeting, RAN1 made further agreement to update the model of the battery life to convert the relative power unit to the actual battery life.
Agreement
In the LPHAP evaluation, adopt the following model to convert the relative power unit to the battery life:
· Alt. 1: battery life is used as the metric to identify the gap


· K is an implementation factor, K = 1 (baseline); K = 0.5, 2, 4 (optional)
· Note: The definition of the notations will be captured in the updates of TR.
· Note: The voltage is assumed to be the same for the reference device and the LPHAP device.
Agreement
· In the LPHAP evaluation, adopt the following example parameter values in the conversion model to evaluate the battery life:
· For the reference device in the conversion model:
	C1 (mAh)
	T1 (hour)
	X
	reference traffic type

	4500
	12
	20% 
	FTP (model 3)


· For the LPHAP device, consider 2 types in the conversion model:
	LPHAP device
	C2 (mAh)
	T2req (month)

	Type A (baseline)
	800
	6~12

	Type B (optional)
	4500
	6~12


· Note: As the reference device and LPHAP device characteristics, and therefore the parameter values of the model for determining battery life, is dependent on implementation factors, manufacturer, design options and cost options, it is up to individual company to evaluate the optional K values, and report the corresponding parameter values.
Agreement
In the LPHAP evaluation, adopt the example value of relative power unit of the reference device P1 = 50 to further align the battery life among companies.
From the above agreement made at RAN1 #110 meeting, the agreed example value of relative power unit of the reference device (P1) is 50, but the unit was not specified. We believe the unit of this P1 value is per slot. We summarize the evaluated battery life for two different type of LPHAP devices with different implementation factors (K=1 and K=4).
Observation 7: The evaluated battery life time for two different types of LPHAP device (unit: days) is as follows:
1) I-DRX cycle with 1.28 s 
	
	
	Type-A LPHAP device
	Type B LPHAP device

	
	
	K=1
	K=4
	K=1
	K=4

	DL-only UE-based
	Low SINR
	8.99
	35.98
	50.60
	202.42

	
	High SINR
	13.55
	54.23
	76.26
	305.06

	DL-only UE-assisted
	Low SINR
	6.84
	27.38
	38.51
	154.03

	
	High SINR
	10.76
	43.06
	60.56
	242.24

	UL-only
	Low SINR
	8.24
	32.97
	46.36
	185.45

	
	High SINR
	13.27
	53.09
	74.67
	298.68



2) I-DRX cycle with 10.24 s
	
	
	Type-A LPHAP device
	Type B LPHAP device

	
	
	K=1
	K=4
	K=1
	K=4

	DL-only UE-based
	Low SINR
	18.76
	75.07
	105.57
	422.29

	
	High SINR
	20.57
	82.30
	115.74
	462.96

	DL-only UE-assisted
	Low SINR
	17.34
	69.39
	97.58
	390.32

	
	High SINR
	19.61
	78.45
	110.32
	441.30

	UL-only
	Low SINR
	18.33
	73.34
	103.13
	412.54

	
	High SINR
	20.50
	82.00
	115.31
	461.25



3) eDRX cycle with 20.48 s
	
	
	Type-A LPHAP device
	Type B LPHAP device

	
	
	K=1
	K=4
	K=1
	K=4

	DL-only UE-based
	Low SINR
	20.35
	81.40
	114.46
	457.87

	
	High SINR
	21.36
	85.47
	120.19
	480.76

	DL-only UE-assisted
	Low SINR
	19.49
	77.97
	109.65
	438.59

	
	High SINR
	20.84
	83.38
	117.26
	469.04

	UL-only
	Low SINR
	20.09
	80.36
	113.01
	452.07

	
	High SINR
	21.32
	85.30
	119.96
	479.84


4) eDRX cycle with 30.72 s
	
	
	Type-A LPHAP device
	Type B LPHAP device

	
	
	K=1
	K=4
	K=1
	K=4

	DL-only UE-based
	Low SINR
	20.94
	83.77
	117.81
	471.25

	
	High SINR
	21.63
	86.55
	121.71
	486.85

	DL-only UE-assisted
	Low SINR
	20.31
	81.25
	114.26
	457.03

	
	High SINR
	21.28
	85.14
	119.73
	478.92

	UL-only
	Low SINR
	20.74
	82.99
	116.71
	466.85

	
	High SINR
	21.61
	86.46
	121.59
	486.38


We only considered 4 TRPs but more TRPs should be necessary to achieve the high accuracy performance. The requirement on the battery lifetime might not be achievable for type-A LPHAP device even with K=4. RAN1 should consider overall enhancement including positioning measurement behavior, positioning measurement reporting, RS configuration/reconfiguration.
Observation 8: Type-A LPHAP device can’t achieve the target requirement for battery life without further enhancement beyond just e-DRX. 
Observation 9: The gains from e-DRX of 20.48 s and 30.72 s are marginal compared with the existing I-DRX configurations.
Observation 10: Type-B LPHAP device can’t achieve the target requirement for battery life with the baseline K value of 1.
Observation 11: In order to achieve the LPHAP battery life requirement, enhancement of Rel-17 functionality is necessary.
Proposal 3: RAN1 should consider overall enhancement including positioning measurement behavior, positioning measurement reporting, procedure for RS configuration/reconfiguration.

Potential LPHAP Enhancements
As pointed out in Section 2.1 the battery life of the UE cannot be directly evaluated based on the above power consumption model. Our understanding based on this analysis, however, is that enhancements will be needed to lower the power consumption of the UE during positioning procedures. Especially considering some impacts that were so far ignored or partially ignored in the analysis in Section 2.2, for example UE measurement report and assistance data update. Some potential areas for enhancement that RAN1 can consider are: 
· Measurement report power consumption reduction 
· Optimized delivery of assistance data updates 

In case of Deferred Location Request, the UE may need to periodically report the positioning measurements regardless of if the measurement outcomes are the same or not, or the UE may need to receive assistance data from SIB regardless of whether there is an update or not. Even when using SDT, the UE may still incur considerable power consumption to perform the measurement report. In fact, many of these measurement reports may be redundant if the UE has not moved much. One potential solution is to consider allowing the UE to skip some measurement reports. 
Proposal 4: RAN1 to study allowing UE to skip some measurement reports (e.g., when measurement results are similar). 
We are expecting that the mobility of this type of UE may be lower than a normal UE. Although the UE has moved to another place, it does not necessarily report all positioning measurements so that the LMF calculates the location of this UE with low latency. For the power consumption reduction, it would be better to use as minimum power as possible. For example, the UE could report a part of measurements at a reporting instance and reports another part of measurements after a long time, so that LMF could estimate UE location using a part of accumulated reported measurements. It should be noted that the current LPP may not be able to utilize a part of reported measurements by message segmentation. RAN1 needs to study the partial measurement report functionality. Inherently, RRC_INACTIVE UE might have a limited reporting overhead. 
Proposal 5: For purpose of the power consumption reduction, RAN1 investigates the impact of the partial measurement reporting functionality and identifies the necessary physical layer procedure.
In addition, the overhead of updating the AD should be considered as the UE power consumption is targeted to be mitigated. One potential way to reduce the overhead of updating the AD is to consider a partial update of the assistance data. For example, the UE may receive AD for a new TRP only and the rest of the AD is left unchanged.
Proposal 6: RAN1 to study partial updates of PRS AD for UEs in RRC_INACTIVE mode to reduce overhead and power consumption.

When RRC-inactive/idle UE moves from one serving gNB to a new serving gNB, the configured SRS-pos (from original cell) becomes invalid. UE needs to resume RRC connection to get new SRS-pos configuration from the new serving cell, in order to maintain the positioning service. Obviously, the related procedure would cause high power consumption at the UE and large positioning latency due to RRC resume process including UE AS Context fetch or a handover and RRC connection state transition from RRC INACTIVE to RRC CONNECTED.

Proposal 7: RAN1 to study methods to reduce frequent configuration or update of UL SRS for positioning, e.g., by configuring common UL SRS for positioning within a positioning area.

Rel-17 supports UE in RRC_INACTIVE state to be configured with SRS resources outside of the initial UL BWP, and the UE has no choice but to transmit SRS as it has been configured by the network. Whenever the UE meets SRS transmission occasion, the UE needs BWP switching to transmit SRS outside of the initial UL BWP, and the UE needs to get back to the initial UL BWP. Rel-17 supported high accuracy UL positioning for RRC_INACTIVE UEs but enhancement may be necessary to reduce unnecessary power consumption for RF switching.

Proposal 8: RAN1 to study how to avoid frequent BWP switching to transmit SRS resource outside of UL BWP.

Furthermore, we may need to discuss how to support UE to measure PRS outside of the initial DL BWP. The evaluation assumption is considering BWP switching from the initial DL BWP to outside of the initial BWP to perform PRS measurement. Unfortunately, however, Rel-17 does not seem to fully support positioning functionality of the UEs in the RRC_INACTIVE state. The UE is not mandated or indicated to measure PRS outside of the initial BWP in case of RRC_IANCTIVE UEs.

Reducing positioning RS transmission and reception:
In order to achieve more energy saving, it is beneficial to reduce the number of positioning activities (e.g., PRS reception in DL positioning, or SRS-pos transmission in UL positioning) for UE in inactive/idle state as many as possible. 
· For example, if the UE keeps stable (without moving), receiving PRS (or transmitting SRS) is not necessary as the UE’s location does not change. On the other hand, if the UE is moving, reducing the number of positioning activities may have impact on the positioning accuracy.
· In another example, it is not necessary to always use the same number of PRS reception or SRS transmission under different SNR/SINR conditions.
Proposal 9: RAN1 to study how to reduce UE positioning activities (e.g., PRS reception in DL positioning, or SRS-pos transmission in UL positioning) on demand.
Conclusion
In this contribution we made the following proposals and observations: 
Proposal 1: Add the following note to the conclusion made at RAN1#109.
· Note: This does not imply anything about if the Rel-16/17 positioning technique can achieve the target horizontal positioning accuracy requirement based on the baseline assumption for power consumption evaluation of LPHAP.
Proposal 2: RAN1 considers option 1 for the evaluation of the battery life of the LPHAP device with a modification of the transition energy from 2000 to 20000.
Observation 1: For DL-only UE-based positioning with low SINR assumption, average power consumption per slot is 2.470, 1.184, 1.092, and 1.061, respectively for DRX cycle of 1.28 s, 10.24 s, 20.48 s, and 30.72 s.
Observation 2: For DL-only UE-assisted positioning with low SINR assumption, the average power consumption per slot is 3.246, 1.281, 1.140, and 1.094, respectively for DRX cycle of 1.28 s, 10.24 s, 20.48 s, and 30.72 s.
Observation 3: For DL-only UE-based positioning with high SINR assumption, the average power consumption per slot is 1.639, 1.080, 1.040, and 1.027, respectively for DRX cycle of 1.28 s, 10.24 s, 20.48 s, and 30.72 s.
Observation 4: For DL-only UE-assisted positioning with high SINR assumption, the average power per slot is 2.064, 1.133, 1.066, and 1.044, respectively for DRX cycle of 1.28 s, 10.24 s, 20.48 s, and 30.72 s.
Observation 5: For UL-only UE-assisted positioning with low SINR assumption, the average power per slot is 2.696, 1.212, 1.106, and 1.071, respectively for DRX cycle of 1.28 s, 10.24 s, 20.48 s, and 30.72 s.
Observation 6: For UL-only UE-assisted positioning with high SINR assumption, the average power per slot is 1.674, 1.084, 1.042, and 1.028, respectively for DRX cycle of 1.28 s, 10.24 s, 20.48 s, and 30.72 s.
Observation 7: The evaluated battery life time for two different types of LPHAP device (unit: days) is as follows:
1) I-DRX cycle with 1.28 s 
	
	
	Type-A LPHAP device
	Type B LPHAP device

	
	
	K=1
	K=4
	K=1
	K=4

	DL-only UE-based
	Low SINR
	8.99
	35.98
	50.60
	202.42

	
	High SINR
	13.55
	54.23
	76.26
	305.06

	DL-only UE-assisted
	Low SINR
	6.84
	27.38
	38.51
	154.03

	
	High SINR
	10.76
	43.06
	60.56
	242.24

	UL-only
	Low SINR
	8.24
	32.97
	46.36
	185.45

	
	High SINR
	13.27
	53.09
	74.67
	298.68



2) I-DRX cycle with 10.24 s
	
	
	Type-A LPHAP device
	Type B LPHAP device

	
	
	K=1
	K=4
	K=1
	K=4

	DL-only UE-based
	Low SINR
	18.76
	75.07
	105.57
	422.29

	
	High SINR
	20.57
	82.30
	115.74
	462.96

	DL-only UE-assisted
	Low SINR
	17.34
	69.39
	97.58
	390.32

	
	High SINR
	19.61
	78.45
	110.32
	441.30

	UL-only
	Low SINR
	18.33
	73.34
	103.13
	412.54

	
	High SINR
	20.50
	82.00
	115.31
	461.25



3) eDRX cycle with 20.48 s
	
	
	Type-A LPHAP device
	Type B LPHAP device

	
	
	K=1
	K=4
	K=1
	K=4

	DL-only UE-based
	Low SINR
	20.35
	81.40
	114.46
	457.87

	
	High SINR
	21.36
	85.47
	120.19
	480.76

	DL-only UE-assisted
	Low SINR
	19.49
	77.97
	109.65
	438.59

	
	High SINR
	20.84
	83.38
	117.26
	469.04

	UL-only
	Low SINR
	20.09
	80.36
	113.01
	452.07

	
	High SINR
	21.32
	85.30
	119.96
	479.84


4) eDRX cycle with 30.72 s
	
	
	Type-A LPHAP device
	Type B LPHAP device

	
	
	K=1
	K=4
	K=1
	K=4

	DL-only UE-based
	Low SINR
	20.94
	83.77
	117.81
	471.25

	
	High SINR
	21.63
	86.55
	121.71
	486.85

	DL-only UE-assisted
	Low SINR
	20.31
	81.25
	114.26
	457.03

	
	High SINR
	21.28
	85.14
	119.73
	478.92

	UL-only
	Low SINR
	20.74
	82.99
	116.71
	466.85

	
	High SINR
	21.61
	86.46
	121.59
	486.38


Observation 8: Type-A LPHAP device can’t achieve the target requirement for battery life without further enhancement beyond just e-DRX. 
Observation 9: The gains from e-DRX of 20.48 s and 30.72 s are marginal compared with the existing I-DRX configurations.
Observation 10: Type-B LPHAP device can’t achieve the target requirement for battery life with the baseline K value of 1.
Observation 11: In order to achieve the LPHAP battery life requirement, enhancement of Rel-17 functionality is necessary.
Proposal 3: RAN1 should consider overall enhancement including positioning measurement behavior, positioning measurement reporting, procedure for RS configuration/reconfiguration.
Proposal 4: RAN1 to study allowing UE to skip some measurement reports (e.g., when measurement results are similar). 
Proposal 5: For purpose of the power consumption reduction, RAN1 investigates the impact of the partial measurement reporting functionality and identifies the necessary physical layer procedure.
Proposal 6: RAN1 to study partial updates of PRS AD for UEs in RRC_INACTIVE mode to reduce overhead and power consumption.
Proposal 7: RAN1 to study methods to reduce frequent configuration or update of UL SRS for positioning, e.g., by configuring common UL SRS for positioning within a positioning area.
Proposal 8: RAN1 to study how to avoid frequent BWP switching to transmit SRS resource outside of UL BWP.
Proposal 9: RAN1 to study how to reduce UE positioning activities (e.g., PRS reception in DL positioning, or SRS-pos transmission in UL positioning) on demand.
References
[1] RP-213588, Revised SID on Study on Expanded and Improved positioning.
[2] R1-2208363, Evaluation of SL positioning, Nokia, Nokia Shanghai Bell. 
[3] R1-2208364, Potential solutions for SL positioning, Nokia, Nokia Shanghai Bell. 
[4] R1-2208735, Views on solutions for integrity of RAT-dependent positioning technques, Nokia, Nokia Shanghai Bell. 
[5] R1-2208736, Views on improved accuracy based on NR carrier phase measurement, Nokia, Nokia Shanghai Bell. 
[6] R1-2208738, Views on Positioning for RedCap UEs, Nokia, Nokia Shanghai Bell.
[7] TS 22.104, Service requirement for cyber-physical control applications in vertical domains Stage1. 	
[8] R1-2101664, Evaluation of potential paging enhancements, Nokia, Nokia Shanghai Bell.
[9] TR 38.840. Study on User Equipment power saving in NR.
image1.emf
SSB SSB

78 ms

DS

SSB

DS

2 ms 2 ms

PO

2 ms

DS

37.5 

ms

In

te

r-

fr

eq 

0.5 + 1 + 

0.5 ms

DS

35.5 ms

80 ms 80 ms 80 ms

P

R

S

1 + 0.5 + 1 

ms

78 ms

DS

DRX cycle


Microsoft_Visio_Drawing.vsdx
SSB
SSB
78 ms
DS
SSB
DS
2 ms
2 ms
PO
2 ms
DS
37.5 ms
Inter-freq
0.5 + 1 + 0.5 ms
DS
35.5 ms
80 ms
80 ms
80 ms
PRS
1 + 0.5 + 1 ms
78 ms
DS
DRX cycle



image2.emf
SSB

2 ms

SSB

78 ms

Deep sleep

SSB

Deep sleep

2 ms 2 ms

PO

2 ms

Deep 

sleep

34 ms

In

te

r-

fr

eq 

0.5 + 1 + 

0.5 ms

micro sleep

33 ms

80 ms 80 ms 80 ms

P

R

S

1 + 0.5 + 1 

ms

78 ms

Deep sleep

DRX cycle

S

D

T

re

le

as

e

Measurement 

report

Deep 

sleep

4 ms 1+1 ms


Microsoft_Visio_Drawing1.vsdx
SSB
2 ms
SSB
78 ms
Deep sleep
SSB
Deep sleep
2 ms
2 ms
PO
2 ms
Deep sleep
34 ms
Inter-freq
0.5 + 1 + 0.5 ms
micro sleep
33 ms
80 ms
80 ms
80 ms
PRS
1 + 0.5 + 1 ms
78 ms
Deep sleep
DRX cycle
SDT
release
Measurement report
Deep sleep
4 ms
1+1 ms



image3.emf
SSB

2 ms

PO

2 ms

37.5 

ms

80 ms

P

R

S

1 + 0.5 + 1 

ms

DRX cycle

Deep sleep Deep sleep


Microsoft_Visio_Drawing2.vsdx
SSB
2 ms
PO
2 ms
37.5 ms
80 ms
PRS
1 + 0.5 + 1 ms
DRX cycle
Deep sleep
Deep sleep



image4.emf
SSB

2 ms

PO

2 ms

37.5 

ms

80 ms

P

R

S

1 + 0.5 + 1 

ms

S

D

T

re

le

as

e

Measurement 

report

2 ms

DRX cycle

Deep sleep Deep sleep micro sleep

4 ms


Microsoft_Visio_Drawing3.vsdx
SSB
2 ms
PO
2 ms
37.5 ms
80 ms
PRS
1 + 0.5 + 1 ms
SDT
release
Measurement report
2 ms
DRX cycle
Deep sleep
Deep sleep
micro sleep
4 ms



image5.emf
SSB

2 ms

SSB

78 ms

SSB

2 ms 2 ms

PO

2 ms

37.5 

ms

In

te

r-

fr

eq 

0.5 + 1 + 

0.5 ms

35.5 ms

80 ms 80 ms 80 ms

S

R

S

1 + 0.5 + 1 

ms

78 ms

Deep sleep Deep sleep Deep sleep Deep sleep Deep sleep

DRX cycle


Microsoft_Visio_Drawing4.vsdx
SSB
2 ms
SSB
78 ms
SSB
2 ms
2 ms
PO
2 ms
37.5 ms
Inter-freq
0.5 + 1 + 0.5 ms
35.5 ms
80 ms
80 ms
80 ms
SRS
1 + 0.5 + 1 ms
78 ms
Deep sleep
Deep sleep
Deep sleep
Deep sleep
Deep sleep
DRX cycle



image6.emf
SSB

2 ms

PO

2 ms

37.5 

ms

80 ms

S

R

S

1 + 0.5 + 1 

ms

Deep sleep Deep sleep

DRX cycle


Microsoft_Visio_Drawing5.vsdx
SSB
2 ms
PO
2 ms
37.5 ms
80 ms
SRS
1 + 0.5 + 1 ms
Deep sleep
Deep sleep
DRX cycle



image7.png
Pl*Tl*K CZ 1
D'd Cl o




image8.png
Gapgatrife

T2 —

T2




