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Introduction
In RAN1#110bis e-meeting, the following observation and agreements on LPHAP were achieved [1]:

Observation
Capture the following in TR as an observation:
· For the evaluation on the battery life of the baseline LPHAP Type A device with battery capacity C2 of 800mAh:
· Based on the results provided by all sources, the target requirement of 6~12 months is not achieved by the existing Rel-17 positioning for UEs in RRC_INACTIVE state with baseline implementation factor K = 1 and baseline evaluation assumptions;
· Based on the results provided by all sources, the target requirement of 6~12 months is not achieved by the existing Rel-17 positioning for UEs in RRC_INACTIVE state with optional implementation factor K or optional evaluation assumptions;
· For UE-assisted DL positioning, results are provided by 13 sources ([2/HW,Hisilicon], [4/Spreadtrum], [5/vivo], [6/Nokia,NSB], [8/CATT], [10/Sony], [11/ZTE], [12/xiaomi], [13/CMCC], [16/Samsung], [18/LGE], [20/Qualcomm], [21/Ericsson]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 0 source, and is not achieved by 13 sources ([2],[4],[5],[6],[8],[10],[11],[12],[13],[16],[18],[20],[21]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, CG-SDT for measurement reporting, and implementation factor K = 4.
· The target requirement of 12 months is achieved by 0 source, and is not achieved by 13 sources ([2],[4],[5],[6],[8],[10],[11],[12],[13],[16],[18],[20],[21]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, CG-SDT for measurement reporting, and implementation factor K = 4
· For UE-based DL positioning, results are provided by 10 sources ([2/HW,Hisilicon], [4/Spreadtrum], [5/vivo], [6/Nokia,NSB], [8/CATT], [11/ZTE], [12/xiaomi], [13/CMCC], [18/LGE], [20/Qualcomm]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 0 source, and is not achieved by 10 sources ([2],[4],[5],[6],[8],[11],[12],[13],[18],[20]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, and implementation factor K = 4.
· The target requirement of 12 months is achieved by 0 source, and is not achieved by 10 sources ([2],[4],[5],[6],[8],[11],[12],[13],[18],[20]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, and implementation factor K = 4.
· For UL positioning, results are provided by 12 sources ([2/HW,Hisilicon], [4/Spreadtrum], [5/vivo], [6/Nokia,NSB], [8/CATT], [11/ZTE], [12/xiaomi], [13/CMCC], [16/Samsung], [18/LGE], [20/Qualcomm], [21/Ericsson]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 0 source, and is not achieved by 12 sources ([2],[4],[5],[6],[8],[11],[12],[13],[16],[18],[20],[21]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, and implementation factor K = 4.
· The target requirement of 12 months is achieved by 0 source, and is not achieved by 12 sources ([2],[4],[5],[6],[8],[11],[12],[13],[16],[18],[20],[21]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, and implementation factor K = 4.
· For DL+UL positioning, results are provided by 1 source ([20/Qualcomm]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 0 source, and is not achieved by 1 source ([20]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, CG-SDT for measurement reporting, and implementation factor K = 4.
· The target requirement of 12 months is achieved by 0 source, and is not achieved by 1 source ([20]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, CG-SDT for measurement reporting, and implementation factor K = 4.
· For the evaluation on the battery life of the optional LPHAP Type B device with battery capacity C2 of 4500mAh:
· Based on the results provided by all sources, the target requirement of 6~12 months is not achieved by the existing Rel-17 positioning for UEs in RRC_INACTIVE state with the baseline implementation factor K=1 and baseline evaluation assumptions;
· For UE-assisted DL positioning, results are provided by 8 sources ([4/Spreadtrum], [5/vivo], [6/Nokia,NSB], [10/Sony], [11/ZTE], [13/CMCC], [18/LGE], [20/Qualcomm]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 4 sources ([4],[6],[13],[20]) with the implementation factor K = 4 and by 2 sources ([11],[18]) with the implementation factor K >= 2, and is not achieved by 6 sources with the implementation factor K < 4 ([4],[5],[6],[10],[13],[20]) and by 2 sources ([11],[18]) with the implementation factor K < 2; 
· The target requirement of 12 months is achieved by 3 sources ([11],[18],[20]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, CG-SDT for reporting and implementation factor K = 4, and is not achieved by 8 sources ([4],[5],[6],[10],[11],[13],[18],[20]) with the implementation factor K < 4.
· For UE-based DL positioning, results are provided by 7 sources ([4/Spreadtrum], [5/vivo], [6/Nokia,NSB], [11/ZTE], [13/CMCC], [18/LGE], [20/Qualcomm]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 4 sources ([4],[6],[13],[20]) with the implementation factor K = 4 and by 2 sources ([11],[18]) with the implementation factor K >= 2 , and is not achieved by 5 sources with the implementation factor K < 4 ([4],[5],[6],[13],[20]) and by 2 sources ([11],[18]) with the implementation factor K < 2;
· The target requirement of 12 months is achieved by 3 sources ([11],[18],[20]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, and implementation factor K = 4, and is not achieved by 7 sources ([4],[5],[6],[11],[13],[18],[20]) with the implementation factor K < 4.
· For UL positioning, results are provided by 7 sources ([4/Spreadtrum], [5/vivo], [6/Nokia,NSB], [11/ZTE], [13/CMCC], [18/LGE], [20/Qualcomm]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 4 sources ([4],[6],[13],[20]) with the implementation factor K = 4 and by 2 sources ([11],[18]) with the implementation factor K >= 2, and is not achieved by 5 sources ([4],[5],[6],[13],[20]) with the implementation factor K < 4 and by 2 sources ([11],[18]) with the implementation factor K < 2;
· The target requirement of 12 months is achieved by 3 sources ([11],[18],[20]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, and implementation factor K = 4, and is not achieved by 7 sources ([4],[5],[6],[11],[13],[18],[20]) with the implementation factor K < 4.
· For DL+UL positioning, results are provided by 1 source ([20/Qualcomm]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 1 source ([20]) with implementation factor K = 4, and is not achieved by 1 source ([20]) with implementation factor K < 4;
· The target requirement of 12 months is achieved by 1 source ([20]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, CG-SDT for measurement reporting, and implementation factor K = 4, and is not achieved by 1 source ([20]) with implementation factor K < 4.
· Note: The implementation factor K is a factor related to the reference device in the model to convert the relative power unit to the battery life. Four values are introduced for K with K = 1 as the baseline and K = 0.5, 2, 4 as optional values. The model is captured in the Annex A.4.
· Note: Without otherwise noted, “high SINR” in the observation refers to the evaluation case that no intra-/inter-frequency RRM and single SSB for synchronization purpose is considered.
· (Not captured in TR) Note: The number of sources and the references can be further updated in next meeting depending on companies’ updates of simulation results. 

Chair’s note: references in the above observation are from R1-2209345.

Agreement
· For UL and DL+UL positioning for UEs in RRC_INACTIVE, study the potential benefits and performance gains of enhancements on SRS for positioning in order to avoid frequent SRS (re)configuration, including at least the following:
· The (pre-)configuration of SRS for positioning. FFS details, e.g., signaling and procedure, whether/how it is applicable to an area across multiple cells, consideration of UL overhead/capacity implied by (pre-)configuration and multiple cells, etc;
· SRS for positioning activation/request procedure(s), e.g., network activation of SRS via paging, UE request to obtain/update SRS via RACH-based procedure;
· FFS: Events of invalidity of SRS configuration to trigger the UE request procedure.
· FFS whether it is applicable to UEs in RRC_IDLE state.
Agreement
For the LPHAP study only:
· For the power consumption model of the ultra-deep sleep type, adopt the following option (i.e. revision of option 1 from previous agreement):
· The relative power unit: 0.015
· Additional transition energy: 10000
· Note: Power consumption analysis from individual companies with additional transition energy of 5000 can be optionally evaluated and captured in the TR.
· Total transition time: 400ms
· Note: Power consumption analysis from individual companies with Option 2 (revised from previous agreement) can be optionally evaluated and captured in the TR.
· Option 2 additional transition energy is revised from 450 to 480.
· Note: No new device type is expected based on ultra-deep sleep power modeling.

In this contribution, we provide our evaluation results of LPHAP and discuss potential enhancements for LPHAP. 

Evaluation results of LPHAP
In this section, we provide our evaluation results for ten cases, which include I-DRX and eDRX, DL and UL positioning, light sleep, deep sleep and ultra-deep sleep scenarios. The evaluation assumptions are summarized in Table 1. And the corresponding results of each case are given in Table 2- Table 11. 

Table 1: Evaluation cases and assumptions
	Evaluation assumption
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2][Case 1-1], [100M-30KHz], [UE-assisted DL positioning], [Type A]
	[Case 1-2], [100M-30KHz], [UE-assisted DL positioning], [Type B]
	[Case 2-1], [100M-30KHz], [UE-assisted DL positioning], [Type A]

	Sleep state
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep

	DRX cycle
	N=1 I-DRX cycles with 1.28 sec
	N=1 I-DRX cycles with 1.28 sec
	N=8 I-DRX cycles with 1.28 sec


	Paging reception
	Yes
	Yes
	Yes

	M-sample
	1
	1
	1

	RRM measurement
	None
	None
	None

	BWP switching
	None
	None
	None

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT
	CG-SDT
	CG-SDT

	Implementation factor K
	1
	1
	1

	Evaluation assumption
	[Case 2-2], [100M-30KHz], [UE-assisted DL positioning], [Type B]
	[Case 3-1], [100M-30KHz], [UE-based DL positioning], [Type A]
	[Case 3-2], [100M-30KHz], [UE-based DL positioning], [Type B]

	Sleep state
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep

	DRX cycle
	N=8 I-DRX cycles with 1.28 sec

	N=1 I-DRX cycles with 1.28 sec

	N=1 I-DRX cycles with 1.28 sec


	Paging reception
	Yes
	Yes
	Yes

	M-sample
	1
	1
	1

	RRM measurement
	None
	None
	None

	BWP switching
	None
	None
	None

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT
	None
	None

	Implementation factor K
	1
	1
	1

	Evaluation assumption
	[Case 4-1], [100M-30KHz], [UE-based DL positioning], [Type A]
	[Case 4-2], [100M-30KHz], [UE-based DL positioning], [Type B]
	[Case 5-1], [100M-30KHz], [UL Positioning], [Type A]

	Sleep state
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep

	DRX cycle
	N=8 I-DRX cycles with 1.28 sec

	N=8 I-DRX cycles with 1.28 sec

	N=1 I-DRX cycles with 1.28 sec


	Paging reception
	Yes
	Yes
	Yes

	M-sample
	1
	1
	1

	RRM measurement
	None
	None
	None

	BWP switching
	None
	None
	None

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	None
	None
	None

	Implementation factor K
	1
	1
	1

	Evaluation assumption
	[Case 5-2], [100M-30KHz], [UL Positioning], [Type B]
	[Case 6-1], [100M-30KHz], [UE-based DL positioning], [Type A]
	[Case6-2], [100M-30KHz], [UE-based DL positioning], [Type B]

	Sleep state
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep

	DRX cycle
	N=1 I-DRX cycles with 1.28 sec

	N=8 I-DRX cycles with 1.28 sec

	N=8 I-DRX cycles with 1.28 sec


	Paging reception
	Yes
	Yes
	Yes

	M-sample
	1
	1
	1

	RRM measurement
	None
	None
	None

	BWP switching
	None
	None
	None

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	None
	None
	None

	Implementation factor K
	1
	1
	1

	Evaluation assumption
	[Case 7-1], [100M-30KHz], [UE-assisted DL positioning], [Type A]
	[Case 7-2], [100M-30KHz], [UE-assisted DL positioning], [Type B]
	[Case8-1], [100M-30KHz], [UE-based DL positioning], [Type A]

	Sleep state
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep

	DRX cycle
	N=1 eDRX cycles with 30.72 sec 
	N=1 eDRX cycles with 30.72 sec 
	N=1 eDRX cycles with 30.72 sec 

	Paging reception
	Yes
	Yes
	Yes

	M-sample
	1
	1
	1

	RRM measurement
	None
	None
	None

	BWP switching
	None
	None
	None

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT
	CG-SDT
	None

	Implementation factor K
	1
	1
	1

	Evaluation assumption
	[Case 8-2], [100M-30KHz], [UE-based DL positioning], [Type B]
	[Case 9-1], [100M-30KHz], [UL Positioning], [Type A]
	[Case 9-2], [100M-30KHz], [UL Positioning], [Type B]

	Sleep state
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep

	DRX cycle
	N=1 eDRX cycles with 30.72 sec 
	N=1 eDRX cycles with 30.72 sec 
	N=1 eDRX cycles with 30.72 sec 

	Paging reception
	Yes
	Yes
	Yes

	M-sample
	1
	1
	1

	RRM measurement
	None
	None
	None

	BWP switching
	None
	None
	None

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	None
	None
	None

	Implementation factor K
	1
	1
	1

	Evaluation assumption
	[Case 10-1], [100M-30KHz], [UE-based DL positioning], [Type A]
	[Case 10-2], [100M-30KHz], [UE-based DL positioning], [Type B]

	Sleep state
	Deep Sleep/ Light Sleep/ Ultra-deep Sleep
	Deep Sleep/ Light Sleep/ Ultra-deep Sleep

	DRX cycle
	N=1 eDRX cycles with 30.72 sec 
	N=1 eDRX cycles with 30.72 sec 

	Paging reception
	Yes
	Yes

	M-sample
	1
	1

	RRM measurement
	None
	None

	BWP switching
	None
	None

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	None
	None

	Implementation factor K
	1
	1



Figure 1 shows the procedure of UE-assisted DL positioning within one I-DRX cycle. Note that, for N=8, Figure 1 corresponds to 1 positioning cycle among the 8 cycles. For the other 7 cycles, PRS receiving is absent. The corresponding results are given in Table 2 and Table 3.


Figure 1. Procedure of UE-assisted DL positioning within one I-DRX cycle

Table 2: UE power consumption result for Case 1-1,Case 1-2 (PRS every N=1 I-DRX cycles with 1.28 sec)
	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	[bookmark: _Hlk115360328]Case 1-1,Case 1-2:
UE-Assisted DL Positioning
	Paging Occasion 
	57
	4
	1
	4
	228
	3.8326%

	
	SSB serv. cell 
	50
	4
	1
	4
	200
	3.3619%

	
	DL PRS measurement 
	120
	1
	1
	1
	120
	2.0171%

	
	Light sleep 
	20
	12
	2
	24
	480
	8.0686%

	
	Deep sleep
	1
	1
	2421
	2421
	2421
	40.6959%

	
	Deep State transit
	450
	40
	2
	80
	900
	15.1286%

	
	Light State transit
	100
	12
	2
	24
	200
	3.3619%

	
	CG-SDT
	700
	2
	1
	2
	1400
	23.5334%

	
	Total (every power cycle)
	5949

	
	Slot-averaged power unit
	2.3238

	
	Battery life (in month) (LPHAP device type A)
	0.32

	
	Battery life (in month) (LPHAP device type B)
	1.80




Table 3: UE power consumption result for Case 2-1,Case 2-2 (PRS every N=8 I-DRX cycles with 1.28 sec)
	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	[bookmark: _Hlk115094714]Case 2-1,Case 2-2:
UE-Assisted DL Positioning
	Paging Occasion 
	57
	4
	8
	32
	1824
	5.7195%

	
	SSB serv. cell 
	50
	4
	8
	32
	1600
	5.0171%

	
	DL PRS measurement 
	120
	1
	1
	1
	120
	0.3763%

	
	Light sleep 
	20
	12
	9
	108
	2160
	6.7731%

	
	Deep sleep
	1
	1
	19837
	19837
	19837
	62.2025%

	
	Deep State transit
	450
	40
	9
	360
	4050
	12.6995%

	
	Light State transit
	100
	12
	9
	108
	900
	2.8221%

	
	CG-SDT
	700
	2
	1
	2
	1400
	4.3900%

	
	Total (every power cycle)
	31891

	
	Slot-averaged power unit
	1.5572

	
	Battery life (in month) (LPHAP device type A)
	0.47

	
	Battery life (in month) (LPHAP device type B)
	2.64



Figure 2 shows the procedure of UE-based DL positioning within one I-DRX cycle. Note that, for N=8, Figure 2 corresponds to 1 positioning cycle among the 8 cycles. For the other 7 cycles, PRS receiving is absent. The corresponding results are given in Table 4 and Table 5.


Figure 2. Procedure of UE-based DL positioning within one I-DRX cycle

Table 4: UE power consumption result for Case 3-1,Case 3-2 (PRS every N=1 I-DRX cycles with 1.28 sec)
	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 3-1,Case 3-2:
UE-based DL Positioning
	Paging Occasion 
	57
	4
	1
	4
	228
	5.3837%

	
	SSB serv. cell 
	50
	4
	1
	4
	200
	4.7226%

	
	DL PRS measurement
	120
	1
	1
	1
	120
	2.8335%

	
	Light sleep 
	20
	12
	1
	12
	240
	5.6671%

	
	Deep sleep
	1
	1
	2447
	2447
	2447
	57.7804%

	
	Deep State transit
	450
	40
	2
	80
	900
	21.2515%

	
	Light State transit
	100
	12
	1
	12
	100
	2.3613%

	
	Total (every power cycle)
	4235

	
	Slot-averaged power unit
	1.6543

	
	Battery life (in month) (LPHAP device type A)
	0.44

	
	Battery life (in month) (LPHAP device type B)
	2.48



Table 5: UE power consumption result for Case 4-1,Case 4-2 (PRS every N=8 I-DRX cycles with 1.28 sec)
	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 4-1,Case 4-2:
UE-based DL Positioning
	Paging Occasion 
	57
	4
	8
	32
	1824
	6.0443%

	
	SSB serv. cell 
	50
	4
	8
	32
	1600
	5.3021%

	
	DL PRS measurement
	120
	1
	1
	1
	120
	0.3977%

	
	Light sleep 
	20
	12
	8
	96
	1920
	6.3625%

	
	Deep sleep
	1
	1
	19863
	19863
	19863
	65.8217%

	
	Deep State transit
	450
	40
	9
	360
	4050
	13.4208%

	
	Light State transit
	100
	12
	8
	96
	800
	2.6510%

	
	Total (every power cycle)
	30177

	
	Slot-averaged power unit
	1.4735

	
	Battery life (in month) (LPHAP device type A)
	0.49

	
	Battery life (in month) (LPHAP device type B)
	2.76



Figure 3 shows the procedure of UL positioning within one I-DRX cycle. Note that, for N=8, Figure 3 corresponds to 1 positioning cycle among the 8 cycles. For the other 7 cycles, SRS transmission is absent. The corresponding results are given in Table 6 and Table 7.


Figure 3. Procedure of UL positioning within one I-DRX cycle

Table 6: UE power consumption result for Case 5-1,Case 5-2 (SRS every N=1 I-DRX cycles with 1.28 sec)
	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 5-1,Case 5-2:
UL Positioning
	Paging Occasion 
	57
	4
	1
	4
	228
	5.2717%

	
	SSB serv. cell 
	50
	4
	1
	4
	200
	4.6243%

	
	UL SRS measurement
	210
	1
	1
	1
	210
	4.8555%

	
	Light sleep 
	20
	12
	1
	12
	240
	5.5491%

	
	Deep sleep
	1
	1
	2447
	2447
	2447
	56.5780%

	
	Deep State transit
	450
	40
	2
	80
	900
	20.8092%

	
	Light State transit
	100
	12
	1
	12
	100
	2.3121%

	
	Total (every power cycle)
	4325

	
	Slot-averaged power unit
	1.6895

	
	Battery life (in month) (LPHAP device type A)
	0.43

	
	Battery life (in month) (LPHAP device type B)
	2.42



Table 7: UE power consumption result for Case 6-1,Case 6-2 (SRS every N=8 I-DRX cycles with 1.28 sec)
	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	[bookmark: _Hlk115097709]Case 6-1,Case 6-2:
UL Positioning
	Paging Occasion 
	57
	4
	8
	32
	1824
	6.0264%

	
	SSB serv. cell 
	50
	4
	8
	32
	1600
	5.2863%

	
	UL SRS measurement
	210
	1
	1
	1
	210
	0.6938%

	
	Light sleep 
	20
	12
	8
	96
	1920
	6.3435%

	
	Deep sleep
	1
	1
	19863
	19863
	19863
	65.6259%

	
	Deep State transit
	450
	40
	9
	360
	4050
	13.3809%

	
	Light State transit
	100
	12
	8
	96
	800
	2.6431%

	
	Total (every power cycle)
	30267

	
	Slot-averaged power unit
	1.4779

	
	Battery life (in month) (LPHAP device type A)
	0.49

	
	Battery life (in month) (LPHAP device type B)
	2.75



Table 8- Table 11 show the evaluation results for eDRX cases, where eDRX cycle is 30.72s and PTW is assumed to be 1.28s.

Table 8: UE power consumption result for Case 7-1,Case 7-2 (PRS every N=1 eDRX cycles with 30.72 sec)

	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 7-1,Case 7-2:
UE-assisted DL Positioning
	Paging Occasion 
	57
	4
	1
	4
	228
	0.3517%

	
	SSB serv. cell 
	50
	4
	1
	4
	200
	0.3085%

	
	DL PRS measurement 
	120
	1
	1
	1
	120
	0.1851%

	
	Light sleep 
	20
	12
	2
	24
	480
	0.7404%

	
	Deep sleep
	1
	1
	61301
	61301
	61301
	94.5580%

	[bookmark: _Hlk115365963]
	Deep State transit
	450
	40
	2
	80
	900
	1.3883%

	
	Light State transit
	100
	12
	2
	24
	200
	0.3085%

	
	CG-SDT
	700
	2
	1
	2
	1400
	2.1595%

	
	Total (every power cycle)
	64829

	
	Slot-averaged power unit
	1.0552

	
	Battery life (in month) (LPHAP device type A)
	0.69

	
	Battery life (in month) (LPHAP device type B)
	3.88




Table 9: UE power consumption result for Case 8-1,Case 8-2 (PRS every N=1 eDRX cycles with 30.72 sec)
	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 8-1,Case 8-2:
UE-based DL Positioning
	Paging Occasion 
	57
	4
	1
	4
	228
	0.3612%

	
	SSB serv. cell 
	50
	4
	1
	4
	200
	0.3169%

	
	DL PRS measurement 
	120
	1
	1
	1
	120
	0.1901%

	
	Light sleep 
	20
	12
	1
	12
	240
	0.3803%

	[bookmark: _Hlk115083763]
	Deep sleep
	1
	1
	61327
	61327
	61327
	97.1671%

	
	Deep State transit
	450
	40
	2
	80
	900
	1.4260%

	
	Light State transit
	100
	12
	1
	12
	100
	0.1584%

	
	Total (every power cycle)
	63115

	
	Slot-averaged power unit
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]1.0273

	
	Battery life (in month) (LPHAP device type A)
	0.71

	
	Battery life (in month) (LPHAP device type B)
	3.99



Table 10: UE power consumption result for Case 9-1,Case 9-2 (SRS every N=1 eDRX cycles with 30.72 sec)
	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 9-1,Case 9-2:
UL Positioning
	Paging Occasion 
	57
	4
	1
	4
	228
	0.3607%

	
	SSB serv. cell 
	50
	4
	1
	4
	200
	0.3164%

	
	UL SRS measurement 
	210
	1
	1
	1
	210
	0.3323%

	
	Light sleep 
	20
	12
	1
	12
	240
	0.3797%

	
	Deep sleep
	1
	1
	61327
	61327
	61327
	97.0287%

	
	Deep State transit
	450
	40
	2
	80
	900
	1.4239%

	
	Light State transit
	100
	12
	1
	12
	100
	0.1582%

	
	Total (every power cycle)
	63205

	
	Slot-averaged power unit
	1.0287

	
	Battery life (in month) (LPHAP device type A)
	0.71

	
	Battery life (in month) (LPHAP device type B
	3.99



Figure 4 shows the procedure of UE-based DL positioning within one PTW, where ultra-deep sleep is also introduced. The corresponding results are given in Table 11.



Figure 4. Procedure of UE-based DL positioning for eDRX with ultra-deep sleep state

Table 11: UE power consumption result for Case 10-1,Case 10-2 (PRS every N=1 eDRX cycles with 30.72 sec)

	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 10-1,Case 10-2:
UE-based DL Positioning
	Paging Occasion 
	57
	4
	1
	4
	228
	1.6495%

	
	SSB serv. cell 
	50
	4
	1
	4
	200
	1.4469%

	
	DL PRS measurement 
	120
	1
	1
	1
	120
	0.8681%

	
	Light sleep 
	20
	12
	1
	12
	240
	1.7363%

	
	Deep sleep
	1
	1
	1600
	1600
	1600
	11.5753%

	
	Ultra Deep sleep
	0.015
	1
	58967
	58967
	884.505
	6.3990%

	
	Deep State transit
	450
	40
	1
	40
	450
	3.2556%

	
	Light State transit
	100
	12
	1
	12
	100
	0.7235%

	
	Ultra Deep sleep transit
	10000
	800
	1
	800
	10000
	72.3458%

	
	Total (every power cycle)
	13822.505

	
	Slot-averaged power unit
	0.2250

	
	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Battery life (in month) (LPHAP device type A)
	3.25

	
	Battery life (in month) (LPHAP device type B)
	18.28



The power consumptions for all the cases are summarized in Table 12 and Table 13.


Table 12: Summary for UE power consumption results- type A
	Evaluation case description
	Slot-averaged relative power unit (P2)
	Battery life (in month)
	Target requirement are met – Yes/No; If no, provide gaps

	
	
	
	6 months
	12 months

	[bookmark: _Hlk115162221][Case 1-1], [Rel-17 ]
	2.3238
	0.32
	No,5.68
	No,11.68

	[Case 2-1], [Rel-17 ]
	1.5572
	0.47
	No,5.53
	No,11.53

	[Case 3-1], [Rel-17 ]
	1.6543
	0.44
	No,5.56
	No,11.56

	[Case 4-1], [Rel-17 ]
	1.4735
	0.49
	No,5.51
	No,11.51

	[Case 5-1], [Rel-17 ]
	1.6895
	0.43
	No,5.57
	No,11.57

	[Case 6-1], [Rel-17 ]
	1.4779
	0.49
	No,5.51
	No,11.51

	[Case 7-1], [Rel-17 ]
	1.0552
	0.69
	No,5.31
	No,11.31

	[Case 8-1], [Rel-17 ]
	1.0273
	[bookmark: OLE_LINK13][bookmark: OLE_LINK14]0.71
	No,5.29
	No,11.29

	[Case 9-1], [Rel-17 ]
	1.0287
	0.71
	No,5.29
	No,11.29

	[Case 10-1], [Potential enhancement]
	0.2250
	3.25
	No,2.75
	No,8.75



Table 13: Summary for UE power consumption results -type B
	Evaluation case description
	Slot-averaged relative power unit (P2)
	Battery life (in month)
	Target requirement are met – Yes/No; If no, provide gaps

	
	
	
	6 months
	12 months

	[Case 1-2], [Rel-17 ]
	2.3238
	1.80
	No,4.20
	No,10.20

	[Case 2-2], [Rel-17 ]
	1.5572
	2.64
	No,3.36
	No,9.36

	[Case 3-2], [Rel-17 ]
	1.6543
	2.48
	No,3.52
	No,9.52

	[Case 4-2], [Rel-17 ]
	1.4735
	2.76
	No,3.24
	No,9.24

	[Case 5-2], [Rel-17 ]
	1.6895
	2.42
	No,3.58
	No,9.58

	[Case 6-2], [Rel-17 ]
	1.4779
	2.75
	No,3.25
	No,9.25

	[Case 7-2], [Rel-17 ]
	1.0552
	3.88
	No,2.12
	No,8.12

	[Case 8-2], [Rel-17 ]
	1.0273
	3.99
	No,2.01
	No,8.01

	[Case 9-2], [Rel-17 ]
	1.0287
	3.99
	No,2.01
	No,8.01

	[Case 10-2], [Potential enhancement]
	0.2250
	18.28
	Yes
	Yes



From Table 13, only the Case 10-2 with eDRX and ultra-deep sleep could meet the 6 and 12 months requirement. For all the other cases, there is large gap between the evaluated battery life and 6 months. The major power consumption is caused by sleep state. Therefore, enhancement is needed in Rel-18.
Observation 1: The UE-based DL positioning with eDRX (eDRX cycles with 30.72 sec), ultra-deep sleep and LPHAP type B device could meet the target requirement of 6 and 12 months, where battery life is 18.28 months. 
Observation 2: The major power consumption is caused by sleep state, which takes more than 65% of total power consumption.

Possible enhancement for LPHAP
According to the agreement in RAN1#109-e, for low power and high accuracy positioning in Rel-18, horizontal positioning accuracy is required to be less than 1m for 90% of UEs. This has already been supported by Rel-17 positioning method. The main target of LPHAP is to reduce the power consumption to meet 6-12 months UE battery life. In the following, several potential solutions are provided.
DL enhancement
According to the objective of SID [2], the study should focus on enhancements to RRC_INACTIVE and/or RRC_IDLE state. From our view, RRC_IDLE positioning should also be considered in Rel-18. For Rel-17 UE positioning in RRC_INACTIVE state, configuration of PRS resources is carried by system information. Measurement reporting has been supported by Small Data Transmission (SDT) mechanism. The PRS configuration for RRC_INACTIVE state could be reused for RRC_IDLE state as system information reception is enabled for RRC_IDLE UE. Therefore, it is possible to perform DL positioning measurement in RRC_IDLE state. However, SDT is not supported for RRC_IDLE UE. Therefore, the enhancement in Rel-18 is to support measurement reporting in RRC_IDLE state.
Proposal 1: For DL positioning, enhancement to support measurement reporting in RRC_IDLE state should be considered for LPHAP in Rel-18.

UL enhancement
In Rel-17, the configuration of SRS-Pos for RRC_INACTIVE UE is carried by RRC release signaling. Validity criteria of the configuration has also been agreed to reuse that of the pathloss measurement. In the case that RRC_INACTIVE UE moves to the neighboring cell, the SRS configuration usually becomes invalid and UE stops transmission of SRS. But the use case #6 as defined in TS 22.104 requires UE to transmit SRS-Pos periodically. If UE has to enter RRC_CONNECTED state to obtain the new SRS-Pos configuration, large power consumption would be resulted in. To meet the requirement of use case #6, one possible enhancement is to design a new mechanism of SRS-Pos configuration for UE in RRC_INACTIVE/RRC_IDLE state, especially for the case when UE moves out of the original cell. As a candidate scheme, referring to DL positioning, candidate SRS-Pos resource configurations could be carried by system information. A SRS-Pos request could be sent by a new type of PRACH procedure. Then one of the candidate SRS-Pos resource configurations could be indicated to the UE in Msg2 or other massages. This scheme is suitable for deferred MT-LR positioning. If it is event-triggered, UE would either send SRS-Pos using current configuration or request a SRS-Pos configuration from the network.

Proposal 2: For UL positioning, the mechansim of SRS-Pos configuration for UE in RRC_INACTIVE/RRC_IDLE state should be enhanced especially for the case when UE moves out of the original gNB in Rel-18.
Proposal 3: The following SRS-Pos configuration method for UL positioning should be considered:
· Introducing a new RACH procedure for UE to obtain the SRS-Pos configuration information.
Paging optimization during the deferred MT-LR period
There could be some special scenarios where the UE only needs positioning service, but doesn’t need communication service. Therefore, it is possible to relax Paging Occasions (POs) monitoring according to the time characteristic of positioning service. Refer to the deferred 5GC-MT-LR procedure, when received the deferred location request from LCS client or AF, AMF will wait for UE to become reachable and initiate a network triggered service request procedure to establish signaling connection with UE. After that, during the whole deferred MT-LR period, NW will not page UE according to positioning requirement. Therefore, UE could stop monitoring the Paging Occasions (POs) during the deferred MT-LR according to its capability. As shown in 5, UE would monitor PO based on DRX/eDRX mechanism. Once the UE received a request of deferred 5GC-MT-LR procedure for periodic event, the UE can stop monitoring the PO until the end of the whole location event. In this way, the power consumption of the UE can be further reduced.


[bookmark: _Ref111125464]Figure 5: Paging optimization scheme
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]
Proposal 4: UE could stop monitoring the Paging Occasions (POs) during the deferred MT-LR period. 

Conclusions
In this contribution, we provide evaluation results and discuss the possible enhancements for LPHAP, and have the following observations and proposals: 
Observation 1: The UE-based DL positioning with eDRX (eDRX cycles with 30.72 sec), ultra-deep sleep and LPHAP type B device could meet the target requirement of 6 and 12 months, where battery life is 18.28 months. 
Observation 2: The major power consumption is caused by sleep state, which takes more than 65% of total power consumption.

Proposal 1: For DL positioning, enhancement to support measurement reporting in RRC_IDLE state should be considered for LPHAP in Rel-18.
Proposal 2: For UL positioning, the mechansim of SRS-Pos configuration for UE in RRC_INACTIVE/RRC_IDLE state should be enhanced especially for the case when UE moves out of the original gNB in Rel-18.
Proposal 3: The following SRS-Pos configuration method for UL positioning should be considered:
· Introducing a new RACH procedure for UE to obtain the SRS-Pos configuration information.
Proposal 4: UE could stop monitoring the Paging Occasions (POs) during the deferred MT-LR period. 
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[bookmark: _Toc117437947]B.5.X.1	Description of evaluation scenarios
We provide our evaluation results for ten cases, which include I-DRX and eDRX, DL and UL positioning, light sleep, deep sleep and ultra-deep sleep scenarios.
Evaluation cases and corresponding assumptions for UE power consumption analysis are provided in Table B.5.X.1-1.
Table B.5.X.1-1: Low Power High Accuracy Positioning - Evaluation cases and assumptions from [X]

	Evaluation assumption
	[Case 1-1], [100M-30KHz], [UE-assisted DL positioning], [Type A]
	[Case 1-2], [100M-30KHz], [UE-assisted DL positioning], [Type B]
	[Case 2-1], [100M-30KHz], [UE-assisted DL positioning], [Type A]

	Sleep state
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep

	DRX cycle
	N=1 I-DRX cycles with 1.28 sec
	N=1 I-DRX cycles with 1.28 sec
	N=8 I-DRX cycles with 1.28 sec


	Paging reception
	Yes
	Yes
	Yes

	M-sample
	1
	1
	1

	RRM measurement
	None
	None
	None

	BWP switching
	None
	None
	None

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT
	CG-SDT
	CG-SDT

	Implementation factor K
	1
	1
	1

	Evaluation assumption
	[Case 2-2], [100M-30KHz], [UE-assisted DL positioning], [Type B]
	[Case 3-1], [100M-30KHz], [UE-based DL positioning], [Type A]
	[Case 3-2], [100M-30KHz], [UE-based DL positioning], [Type B]

	Sleep state
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep

	DRX cycle
	N=8 I-DRX cycles with 1.28 sec

	N=1 I-DRX cycles with 1.28 sec

	N=1 I-DRX cycles with 1.28 sec


	Paging reception
	Yes
	Yes
	Yes

	M-sample
	1
	1
	1

	RRM measurement
	None
	None
	None

	BWP switching
	None
	None
	None

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT
	None
	None

	Implementation factor K
	1
	1
	1

	Evaluation assumption
	[Case 4-1], [100M-30KHz], [UE-based DL positioning], [Type A]
	[Case 4-2], [100M-30KHz], [UE-based DL positioning], [Type B]
	[Case 5-1], [100M-30KHz], [UL Positioning], [Type A]

	Sleep state
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep

	DRX cycle
	N=8 I-DRX cycles with 1.28 sec

	N=8 I-DRX cycles with 1.28 sec

	N=1 I-DRX cycles with 1.28 sec


	Paging reception
	Yes
	Yes
	Yes

	M-sample
	1
	1
	1

	RRM measurement
	None
	None
	None

	BWP switching
	None
	None
	None

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	None
	None
	None

	Implementation factor K
	1
	1
	1

	Evaluation assumption
	[Case 5-2], [100M-30KHz], [UL Positioning], [Type B]
	[Case 6-1], [100M-30KHz], [UE-based DL positioning], [Type A]
	[Case6-2], [100M-30KHz], [UE-based DL positioning], [Type B]

	Sleep state
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep

	DRX cycle
	N=1 I-DRX cycles with 1.28 sec

	N=8 I-DRX cycles with 1.28 sec

	N=8 I-DRX cycles with 1.28 sec


	Paging reception
	Yes
	Yes
	Yes

	M-sample
	1
	1
	1

	RRM measurement
	None
	None
	None

	BWP switching
	None
	None
	None

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	None
	None
	None

	Implementation factor K
	1
	1
	1

	Evaluation assumption
	[Case 7-1], [100M-30KHz], [UE-assisted DL positioning], [Type A]
	[Case 7-2], [100M-30KHz], [UE-assisted DL positioning], [Type B]
	[Case8-1], [100M-30KHz], [UE-based DL positioning], [Type A]

	Sleep state
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep

	DRX cycle
	N=1 eDRX cycles with 30.72 sec 
	N=1 eDRX cycles with 30.72 sec 
	N=1 eDRX cycles with 30.72 sec 

	Paging reception
	Yes
	Yes
	Yes

	M-sample
	1
	1
	1

	RRM measurement
	None
	None
	None

	BWP switching
	None
	None
	None

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT
	CG-SDT
	None

	Implementation factor K
	1
	1
	1

	Evaluation assumption
	[Case 8-2], [100M-30KHz], [UE-based DL positioning], [Type B]
	[Case 9-1], [100M-30KHz], [UL Positioning], [Type A]
	[Case 9-2], [100M-30KHz], [UL Positioning], [Type B]

	Sleep state
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep
	Deep Sleep/ Light Sleep

	DRX cycle
	N=1 eDRX cycles with 30.72 sec 
	N=1 eDRX cycles with 30.72 sec 
	N=1 eDRX cycles with 30.72 sec 

	Paging reception
	Yes
	Yes
	Yes

	M-sample
	1
	1
	1

	RRM measurement
	None
	None
	None

	BWP switching
	None
	None
	None

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	None
	None
	None

	Implementation factor K
	1
	1
	1

	Evaluation assumption
	[Case 10-1], [100M-30KHz], [UE-based DL positioning], [Type A]
	[Case 10-2], [100M-30KHz], [UE-based DL positioning], [Type B]

	Sleep state
	Deep Sleep/ Light Sleep/ Ultra-deep Sleep
	Deep Sleep/ Light Sleep/ Ultra-deep Sleep

	DRX cycle
	N=1 eDRX cycles with 30.72 sec 
	N=1 eDRX cycles with 30.72 sec 

	Paging reception
	Yes
	Yes

	M-sample
	1
	1

	RRM measurement
	None
	None

	BWP switching
	None
	None

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	None
	None

	Implementation factor K
	1
	1



[bookmark: _Toc117437948]B.5.X.2	Evaluation results for Low Power High Accuracy Positioning
Table B.5.X.2-1 provides detailed UE power consumption results for each evaluated case.
 
Table B.5.X.2-1: UE power consumption results for each evaluation case from [X]
	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 1-1,Case 1-2:
UE-Assisted DL Positioning
	Paging Occasion 
	57
	4
	1
	4
	228
	3.8326%

	
	SSB serv. cell 
	50
	4
	1
	4
	200
	3.3619%

	
	DL PRS measurement 
	120
	1
	1
	1
	120
	2.0171%

	
	Light sleep 
	20
	12
	2
	24
	480
	8.0686%

	
	Deep sleep
	1
	1
	2421
	2421
	2421
	40.6959%

	
	Deep State transit
	450
	40
	2
	80
	900
	15.1286%

	
	Light State transit
	100
	12
	2
	24
	200
	3.3619%

	
	CG-SDT
	700
	2
	1
	2
	1400
	23.5334%

	
	Total (every power cycle)
	5949

	
	Slot-averaged power unit
	2.3238

	
	Battery life (in month) (LPHAP device type A)
	0.32

	
	Battery life (in month) (LPHAP device type B)
	1.80

	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 2-1,Case 2-2:
UE-Assisted DL Positioning
	Paging Occasion 
	57
	4
	8
	32
	1824
	5.7195%

	
	SSB serv. cell 
	50
	4
	8
	32
	1600
	5.0171%

	
	DL PRS measurement 
	120
	1
	1
	1
	120
	0.3763%

	
	Light sleep 
	20
	12
	9
	108
	2160
	6.7731%

	
	Deep sleep
	1
	1
	19837
	19837
	19837
	62.2025%

	
	Deep State transit
	450
	40
	9
	360
	4050
	12.6995%

	
	Light State transit
	100
	12
	9
	108
	900
	2.8221%

	
	CG-SDT
	700
	2
	1
	2
	1400
	4.3900%

	
	Total (every power cycle)
	31891

	
	Slot-averaged power unit
	1.5572

	
	Battery life (in month) (LPHAP device type A)
	0.47

	
	Battery life (in month) (LPHAP device type B)
	2.64

	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 3-1,Case 3-2:
UE-based DL Positioning
	Paging Occasion 
	57
	4
	1
	4
	228
	5.3837%

	
	SSB serv. cell 
	50
	4
	1
	4
	200
	4.7226%

	
	DL PRS measurement
	120
	1
	1
	1
	120
	2.8335%

	
	Light sleep 
	20
	12
	1
	12
	240
	5.6671%

	
	Deep sleep
	1
	1
	2447
	2447
	2447
	57.7804%

	
	Deep State transit
	450
	40
	2
	80
	900
	21.2515%

	
	Light State transit
	100
	12
	1
	12
	100
	2.3613%

	
	Total (every power cycle)
	4235

	
	Slot-averaged power unit
	1.6543

	
	Battery life (in month) (LPHAP device type A)
	0.44

	
	Battery life (in month) (LPHAP device type B)
	2.48

	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 4-1,Case 4-2:
UE-based DL Positioning
	Paging Occasion 
	57
	4
	8
	32
	1824
	6.0443%

	
	SSB serv. cell 
	50
	4
	8
	32
	1600
	5.3021%

	
	DL PRS measurement
	120
	1
	1
	1
	120
	0.3977%

	
	Light sleep 
	20
	12
	8
	96
	1920
	6.3625%

	
	Deep sleep
	1
	1
	19863
	19863
	19863
	65.8217%

	
	Deep State transit
	450
	40
	9
	360
	4050
	13.4208%

	
	Light State transit
	100
	12
	8
	96
	800
	2.6510%

	
	Total (every power cycle)
	30177

	
	Slot-averaged power unit
	1.4735

	
	Battery life (in month) (LPHAP device type A)
	0.49

	
	Battery life (in month) (LPHAP device type B)
	2.76

	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 5-1,Case 5-2:
UL Positioning
	Paging Occasion 
	57
	4
	1
	4
	228
	5.2717%

	
	SSB serv. cell 
	50
	4
	1
	4
	200
	4.6243%

	
	UL SRS measurement
	210
	1
	1
	1
	210
	4.8555%

	
	Light sleep 
	20
	12
	1
	12
	240
	5.5491%

	
	Deep sleep
	1
	1
	2447
	2447
	2447
	56.5780%

	
	Deep State transit
	450
	40
	2
	80
	900
	20.8092%

	
	Light State transit
	100
	12
	1
	12
	100
	2.3121%

	
	Total (every power cycle)
	4325

	
	Slot-averaged power unit
	1.6895

	
	Battery life (in month) (LPHAP device type A)
	0.43

	
	Battery life (in month) (LPHAP device type B)
	2.42

	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 6-1,Case 6-2:
UL Positioning
	Paging Occasion 
	57
	4
	8
	32
	1824
	6.0264%

	
	SSB serv. cell 
	50
	4
	8
	32
	1600
	5.2863%

	
	UL SRS measurement
	210
	1
	1
	1
	210
	0.6938%

	
	Light sleep 
	20
	12
	8
	96
	1920
	6.3435%

	
	Deep sleep
	1
	1
	19863
	19863
	19863
	65.6259%

	
	Deep State transit
	450
	40
	9
	360
	4050
	13.3809%

	
	Light State transit
	100
	12
	8
	96
	800
	2.6431%

	
	Total (every power cycle)
	30267

	
	Slot-averaged power unit
	1.4779

	
	Battery life (in month) (LPHAP device type A)
	0.49

	
	Battery life (in month) (LPHAP device type B)
	2.75

	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 7-1,Case 7-2:
UE-assisted DL Positioning
	Paging Occasion 
	57
	4
	1
	4
	228
	0.3517%

	
	SSB serv. cell 
	50
	4
	1
	4
	200
	0.3085%

	
	DL PRS measurement 
	120
	1
	1
	1
	120
	0.1851%

	
	Light sleep 
	20
	12
	2
	24
	480
	0.7404%

	
	Deep sleep
	1
	1
	61301
	61301
	61301
	94.5580%

	
	Deep State transit
	450
	40
	2
	80
	900
	1.3883%

	
	Light State transit
	100
	12
	2
	24
	200
	0.3085%

	
	CG-SDT
	700
	2
	1
	2
	1400
	2.1595%

	
	Total (every power cycle)
	64829

	
	Slot-averaged power unit
	1.0552

	
	Battery life (in month) (LPHAP device type A)
	0.69

	
	Battery life (in month) (LPHAP device type B)
	3.88

	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 8-1,Case 8-2:
UE-based DL Positioning
	Paging Occasion 
	57
	4
	1
	4
	228
	0.3612%

	
	SSB serv. cell 
	50
	4
	1
	4
	200
	0.3169%

	
	DL PRS measurement 
	120
	1
	1
	1
	120
	0.1901%

	
	Light sleep 
	20
	12
	1
	12
	240
	0.3803%

	
	Deep sleep
	1
	1
	61327
	61327
	61327
	97.1671%

	
	Deep State transit
	450
	40
	2
	80
	900
	1.4260%

	
	Light State transit
	100
	12
	1
	12
	100
	0.1584%

	
	Total (every power cycle)
	63115

	
	Slot-averaged power unit
	1.0273

	
	Battery life (in month) (LPHAP device type A)
	0.71

	
	Battery life (in month) (LPHAP device type B)
	3.99

	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 9-1,Case 9-2:
UL Positioning
	Paging Occasion 
	57
	4
	1
	4
	228
	0.3607%

	
	SSB serv. cell 
	50
	4
	1
	4
	200
	0.3164%

	
	UL SRS measurement 
	210
	1
	1
	1
	210
	0.3323%

	
	Light sleep 
	20
	12
	1
	12
	240
	0.3797%

	
	Deep sleep
	1
	1
	61327
	61327
	61327
	97.0287%

	
	Deep State transit
	450
	40
	2
	80
	900
	1.4239%

	
	Light State transit
	100
	12
	1
	12
	100
	0.1582%

	
	Total (every power cycle)
	63205

	
	Slot-averaged power unit
	1.0287

	
	Battery life (in month) (LPHAP device type A)
	0.71

	
	Battery life (in month) (LPHAP device type B
	3.99

	Evaluation case
	Power states
	Relative power unit
	Duration (in slots)
	Instances
	Sum Durations (in slots)
	Relative power
	Power ratio

	Case 10-1,Case 10-2:
UE-based DL Positioning
	Paging Occasion 
	57
	4
	1
	4
	228
	1.6495%

	
	SSB serv. cell 
	50
	4
	1
	4
	200
	1.4469%

	
	DL PRS measurement 
	120
	1
	1
	1
	120
	0.8681%

	
	Light sleep 
	20
	12
	1
	12
	240
	1.7363%

	
	Deep sleep
	1
	1
	1600
	1600
	1600
	11.5753%

	
	Ultra Deep sleep
	0.015
	1
	58967
	58967
	884.505
	6.3990%

	
	Deep State transit
	450
	40
	1
	40
	450
	3.2556%

	
	Light State transit
	100
	12
	1
	12
	100
	0.7235%

	
	Ultra Deep sleep transit
	10000
	800
	1
	800
	10000
	72.3458%

	
	Total (every power cycle)
	13822.505

	
	Slot-averaged power unit
	0.2250

	
	Battery life (in month) (LPHAP device type A)
	3.25

	
	Battery life (in month) (LPHAP device type B)
	18.28


  
Table B.5.X.2-2 provides summary of UE power consumption results for each evaluated case.
 
Table B.5.X.2-2: Summary for UE power consumption results from [X]

	Evaluation case description
	Slot-averaged relative power unit (P2)
	Battery life (in month)
	Target requirement are met – Yes/No; If no, provide gaps

	
	
	
	6 months
	12 months

	[Case 1-1], [Rel-17 ]
	2.3238
	0.32
	No,5.68
	No,11.68

	[Case 2-1], [Rel-17 ]
	1.5572
	0.47
	No,5.53
	No,11.53

	[Case 3-1], [Rel-17 ]
	1.6543
	0.44
	No,5.56
	No,11.56

	[Case 4-1], [Rel-17 ]
	1.4735
	0.49
	No,5.51
	No,11.51

	[Case 5-1], [Rel-17 ]
	1.6895
	0.43
	No,5.57
	No,11.57

	[Case 6-1], [Rel-17 ]
	1.4779
	0.49
	No,5.51
	No,11.51

	[Case 7-1], [Rel-17 ]
	1.0552
	0.69
	No,5.31
	No,11.31

	[Case 8-1], [Rel-17 ]
	1.0273
	0.71
	No,5.29
	No,11.29

	[Case 9-1], [Rel-17 ]
	1.0287
	0.71
	No,5.29
	No,11.29

	[Case 10-1], [Potential enhancement]
	0.2250
	3.25
	No,2.75
	No,8.75

	Evaluation case description
	Slot-averaged relative power unit (P2)
	Battery life (in month)
	Target requirement are met – Yes/No; If no, provide gaps

	
	
	
	6 months
	12 months

	[Case 1-2], [Rel-17 ]
	2.3238
	1.80
	No,4.20
	No,10.20

	[Case 2-2], [Rel-17 ]
	1.5572
	2.64
	No,3.36
	No,9.36

	[Case 3-2], [Rel-17 ]
	1.6543
	2.48
	No,3.52
	No,9.52

	[Case 4-2], [Rel-17 ]
	1.4735
	2.76
	No,3.24
	No,9.24

	[Case 5-2], [Rel-17 ]
	1.6895
	2.42
	No,3.58
	No,9.58

	[Case 6-2], [Rel-17 ]
	1.4779
	2.75
	No,3.25
	No,9.25

	[Case 7-2], [Rel-17 ]
	1.0552
	3.88
	No,2.12
	No,8.12

	[Case 8-2], [Rel-17 ]
	1.0273
	3.99
	No,2.01
	No,8.01

	[Case 9-2], [Rel-17 ]
	1.0287
	3.99
	No,2.01
	No,8.01

	[Case 10-2], [Potential enhancement]
	0.2250
	18.28
	Yes
	Yes
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