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Introduction
In RAN1#110bis-e, the evaluation assumptions were finalized for LPHAP power consumption evaluation.
In this paper, we present our evaluations for the battery life of LPHAP and propose the enhancements to overcome the limitation of the existing RAN functionality.

Power evaluation results
Cell access procedure
The cell access procedure is based on the timeline as exemplified in the Appendix of this paper. The basic assumption is
The UE uses RA-SDT to initiate the cell access procedure towards a new serving cell, when the trigger events for the deferred MT-LR procedure is detected, e.g. cell change.
Only four messages are considered in the procedures, which is terminated by the msg-4 that contains the contention resolution MAC CE, RRCRelease message that may include the new SRS configuration for the new serving cell, and potentially a NAS message for the event report acknowledgement or for a new triggered event report configuration.
In general, the RRCRelease message should be acknowledged by RLC, which requires a follow-up UL, but is omitted for simplicity.
The overall cell access procedure can be simplified by the following model, as shown in Table 1.

[bookmark: _Ref114577346]Table 1 Power consumption for cell access procedure
	Cell access
	Duration (ms)
	Power

	Micro sleep
	22
	1980

	SSB RRM/Cell Search
	2
	200

	SIB1
	0.5
	120

	PRACH
	0.5
	210

	PDCCH-only
	8.5
	850

	RAR
	0.5
	120

	Msg-3
	0.5
	250

	RRCRelease
	0.5
	120

	Total 
	35
	3850



For cell access rate, we assume a deployment where the ISD equals 50 meters with the speed of LPHAP device being 3km/h, which converts to 60 sec per access, and equivalently 6 SFN periods per access.
If we take the ramp-up/down period from deep sleep and ultra-deep sleep (option 1) into account, the total power consumption of cell access is as shown in Table 2. For the analysis of ultra-deep sleep, we take Option 1 because in this case UE is actually targeting communication procedure that requires longer time to ramp up instead of positioning procedure.
[bookmark: _Ref114581016]Table 2 The power consumption of cell access including ramp-up/down from deep sleep and ultra-deep sleep
	Parameters
	Mean duration of cell access
	Mean power consumption of cell access

	Deep sleep
	20+35 = 55ms
	3850+450 = 4300

	Ultra-deep sleep with transition time of 400ms and transition energy of 10000
	400+35 = 435ms
	10000+3850 = 13850



Rel-17 INACTIVE state positioning baseline
UL positioning
The assumption of the traffic for the Rel-17 UL positioning in RRC_INACTIVE state is listed in Table 3.
[bookmark: _Ref101963349]Table 3 Traffic for UL positioning in RRC_INACTIVE state for Rel-17
	Parameters
	Traffic

	Traffic model
	N/A

	Packet Size
	N/A

	Mean interval
	N/A

	DRX setting
	I-DRX with 1.28s
I-DRX with 10.24s 

	Positioning period
	1.28s for I-DRX with 1.28s
10.24s for I-DRX with 1.28s and 10.24s

	RRM
	Not accounting for RRM

	Deep sleep power unit
	1



The timeline for UL positioning with paging is modelled as below in Figure 1.
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[bookmark: _Ref109746270][bookmark: _Hlk115281593]Figure 1 UL positioning timeline with paging (SRS+Paging and paging only)

The power consumption for the SRS+paging and paging only are shown in Table 4.
[bookmark: _Ref109748039]Table 4 Power consumption for SRS+paging and paging only
	SRS Tx + Paging
	Duration (ms)
	Power

	Micro sleep
	4
	360

	SSB Sync
	2
	200

	SRS Tx (23dBm)
	0.5
	210

	Paging
	1
	107

	Total 
	7.5
	877

	
	
	

	Paging
	Duration (ms)
	Power

	Micro sleep
	4.5
	405

	SSB Sync
	2
	200

	Paging
	1
	107

	Total 
	7.5
	712



The power consumption for the following three cases are shown:
SRS periodicity 1.28 sec, and I-DRX periodicity 1.28 sec
SRS periodicity 10.24 sec, and I-DRX periodicity 1.28 sec
SRS periodicity 10.24 sec, and I-DRX periodicity 10.24 sec
[bookmark: _Ref109750751]Table 5 Power consumption for Rel-17 UL positioning in RRC_INACTIVE state
	Case 1: INACTIVE state UL every 10.24s (SRS 1.28s, paging 1.28)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down
	450
	20
	8
	160.0 
	3600.00 
	11.4817%

	SRS Tx + Paging
	877
	7.5
	8
	60.0 
	7016.00 
	22.3765%

	Cell access (including ramp up)
	4300
	55
	0.166666667
	9.2 
	716.67 
	2.2857%

	Deep sleep
	2
	1
	10010.8
	10010.8 
	20021.60 
	63.8561%

	Total
	　
	　
	　
	10240.0 
	31354.27 
	100.0000%

	
	
	
	
	
	
	

	Case 2: INACTIVE state UL every 10.24s (SRS 10.24s, paging 1.28s)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down
	450
	20
	8
	160.0 
	3600.00 
	11.9208%

	SRS Tx + paging
	877
	7.5
	1
	7.5 
	877.00 
	2.9040%

	Paging
	712
	7.5
	7
	52.5 
	4984.00 
	16.5037%

	Cell access (including ramp up)
	4300
	55
	0.166666667
	9.2 
	716.67 
	2.3731%

	Deep sleep
	2
	1
	10010.8
	10010.8 
	20021.60 
	66.2983%

	Total
	　
	　
	　
	10240.0 
	30199.27 
	100.0000%

	
	
	
	
	
	
	

	Case 3: INACTIVE state UL every 10.24s (SRS 10.24s, paging 10.24s)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down
	450
	20
	1
	20.0 
	450.00 
	2.0044%

	SRS Tx + Paging
	877
	7.5
	1
	7.5 
	877.00 
	3.9064%

	Cell access (including ramp up)
	4300
	55
	0.166666667
	9.2 
	716.67 
	3.1922%

	Deep sleep
	2
	1
	10203.3
	10203.3 
	20406.60 
	90.8969%

	Total
	　
	　
	　
	10240.0 
	22450.27 
	100.0000%



DL positioning
The assumption of the traffic for the Rel-17 UL positioning in RRC_INACTIVE state is listed in Table 3.
Table 6 Traffic for DL positioning in RRC_INACTIVE state for Rel-17
	Parameters
	Traffic

	Traffic model
	N/A

	Packet Size
	N/A

	Mean interval
	N/A

	DRX setting
	I-DRX with 1.28s
I-DRX with 10.24s 

	Positioning period
	1.28s for I-DRX with 1.28s
10.24s for I-DRX with 1.28s and 10.24s

	RRM
	Not accounting for RRM

	Deep sleep power unit
	1



The timeline for DL positioning with paging is modelled as below in Figure 2.
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[bookmark: _Ref109747057][bookmark: _Hlk115281621]Figure 2 DL positioning timeline with paging (PRS+Paging, PRS+Paging+SDT, and paging only)

The power consumption for the PRS+paging and paging only are shown in Table 7.
[bookmark: _Ref109748244]Table 7 Power consumption for PRS+paging, PRS+paging+SDT, and paging only
	PRS Rx + Paging
	Duration (ms)
	Power

	PRS Rx
	0.5
	120

	Light sleep
	13.5
	540

	Ramp up/down for light sleep
	6
	100

	SSB Sync
	2
	200

	Micro sleep
	4.5
	405

	Paging
	1
	107

	Total 
	27.5
	1472

	
	
	

	PRS Rx + Paging + SDT
	Duration (ms)
	Power

	PRS Rx
	0.5
	120

	Light sleep
	13.5
	540

	Ramp up/down for light sleep
	6
	100

	SSB Sync
	2
	200

	CG-SDT
	0.5
	250

	Micro sleep
	4
	360

	Paging
	1
	107

	RRCRelease
	0.5
	120

	Total 
	28
	1797

	
	
	

	Paging
	Duration (ms)
	Power

	Micro sleep
	4.5
	405

	SSB Sync
	2
	200

	Paging
	1
	107

	Total 
	7.5
	712



The power consumption for the following three cases are shown in Table 8.
PRS periodicity 1.28 sec, and I-DRX periodicity 1.28 sec for UE-assisted DL positioning
PRS periodicity 10.24 sec, and I-DRX periodicity 1.28 sec for UE-assisted DL positioning
PRS periodicity 10.24 sec, and I-DRX periodicity 10.24 sec for UE-assisted DL positioning
PRS periodicity 1.28 sec, and I-DRX periodicity 1.28 sec for UE-based DL positioning
PRS periodicity 10.24 sec, and I-DRX periodicity 1.28 sec for UE-based DL positioning
PRS periodicity 10.24 sec, and I-DRX periodicity 10.24 sec for UE-based DL positioning
[bookmark: _Ref109748733]Table 8 Power consumption for Rel-17 DL positioning in RRC_INACTIVE state
	Case 11: INACTIVE state UE assisted DL every 10.24s (PRS 1.28s, paging 1.28)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down
	450
	20
	8
	160.0 
	3600.00 
	9.3784%

	PRS Rx + Paging + SDT
	1797
	28
	8
	224.0 
	14376.00 
	37.4509%

	Cell access (including ramp up)
	4300
	55
	0.166666667
	9.2 
	716.67 
	1.8670%

	Deep sleep
	2
	1
	9846.8
	9846.8 
	19693.60 
	51.3038%

	Total
	　
	　
	　
	10240.0 
	38386.27 
	100.0000%

	
	
	
	
	
	
	

	Case 12: INACTIVE state UE assisted DL every 10.24s (PRS 10.24s, paging 1.28s)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down
	450
	20
	8
	160.0 
	3600.00 
	11.5837%

	PRS Rx + paging + SDT
	1797
	28
	1
	28.0 
	1797.00 
	5.7822%

	Paging
	712
	7.5
	7
	52.5 
	4984.00 
	16.0369%

	Cell access (including ramp up)
	4300
	55
	0.166666667
	9.2 
	716.67 
	2.3060%

	Deep sleep
	2
	1
	9990.3
	9990.3 
	19980.60 
	64.2912%

	Total
	　
	　
	　
	10240.0 
	31078.27 
	100.0000%

	
	
	
	
	
	
	

	Case 13: INACTIVE state UE assisted DL every 10.24s (PRS 10.24s, paging 10.24s)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down
	450
	20
	1
	20.0 
	450.00 
	1.9289%

	PRS Rx + Paging + SDT
	1797
	28
	1
	28.0 
	1797.00 
	7.7028%

	Cell access (including ramp up)
	4300
	55
	0.166666667
	9.2 
	716.67 
	3.0720%

	Deep sleep
	2
	1
	10182.8
	10182.8 
	20365.60 
	87.2964%

	Total
	　
	　
	　
	10240.0 
	23329.27 
	100.0000%

	
	
	
	
	
	
	

	Case 21: INACTIVE state UE based DL every 10.24s (PRS 1.28s, paging 1.28)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down
	450
	20
	8
	160.0 
	3600.00 
	10.2576%

	PRS Rx + Paging
	1472
	27.5
	8
	220.0 
	11776.00 
	33.5537%

	Deep sleep
	2
	1
	9860
	9860.0 
	19720.00 
	56.1887%

	Total
	　
	　
	　
	10240.0 
	35096.00 
	100.0000%

	
	
	
	
	
	
	

	Case 22: INACTIVE state UE based DL every 10.24s (PRS 10.24s, paging 1.28s)


	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down
	450
	20
	8
	160.0 
	3600.00 
	11.9776%

	PRS Rx + paging
	1472
	27.5
	1
	27.5 
	1472.00 
	4.8975%

	Paging
	712
	7.5
	7
	52.5 
	4984.00 
	16.5824%

	Deep sleep
	2
	1
	10000
	10000.0 
	20000.00 
	66.5425%

	Total
	　
	　
	　
	10240.0 
	30056.00 
	100.0000%

	
	
	
	
	
	
	

	Case 23: INACTIVE state UE based DL every 10.24s (PRS 10.24s, paging 10.24s)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down
	450
	20
	1
	20.0 
	450.00 
	2.0173%

	PRS Rx + Paging
	1472
	27.5
	1
	27.5 
	1472.00 
	6.5988%

	Deep sleep
	2
	1
	10192.5
	10192.5 
	20385.00 
	91.3839%

	Total
	　
	　
	　
	10240.0 
	22307.00 
	100.0000%



Summary of Rel-17 baseline
With the evaluation results shown in  Table 5, and Table 8, the battery life estimation for Rel-17 baseline UL and DL positioning in RRC_INACTIVE state can be found in Table 9.
[bookmark: _Ref109750857]Table 9 Rel-17 baseline power consumption
	Case
	P (PU/s)
	C (mAh)
	X
	T (hour)
	T (months)

	Ref
	100000 
	4500
	20%
	12 
	0.02 

	Case 1: UL (1.28/1.28)
	3062 
	800
	100%
	348 
	0.48 

	Case 2: UL (10.24/1.28)
	2949 
	800
	100%
	362 
	0.50 

	Case 3: UL (10.24/10.24)
	2192 
	800
	100%
	487 
	0.68 

	Case 11: DL UE-A (1.28/1.28)
	3749 
	800
	100%
	285 
	0.40 

	Case 12: DL UE-A (10.24/1.28)
	3035 
	800
	100%
	351 
	0.49 

	Case 13: DL UE-A (10.24/10.24)
	2278 
	800
	100%
	468 
	0.65 

	Case 21: DL UE-B (1.28/1.28)
	3427 
	800
	100%
	311 
	0.43 

	Case 22: DL UE-B (10.24/1.28)
	2935 
	800
	100%
	363 
	0.50 

	Case 23: DL UE-B (10.24/10.24)
	2178 
	800
	100%
	490 
	0.68 



Rel-18 enhancements for evaluation
Ultra-deep sleep Option 1
Two options of ultra-deep sleep were agreed in RAN1#110 [1] and modified for evaluation in RAN1#110bis-e [2].
	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 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.



We evaluated the cases with a fixed positioning interval (PRS or SRS periodicity) with different DRX periodicities. For some positioning cycles, there may exist only positioning measurement or positioning transmission for the longer DRX periodicity.
The timeline for UL and DL positioning cycles without paging is shown in Figure 3.
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[bookmark: _Ref117792092]Figure 3 UL and DL positioning timeline without paging

The power consumption for SRS only and PRS only without paging is shown in Table 10.
[bookmark: _Ref117792123]Table 10 Power consumption for SRS only and PRS only
	SRS Tx
	Duration (ms)
	Power

	Micro sleep
	1.5
	135

	SSB Sync
	2
	200

	SRS Tx (23dBm)
	0.5
	210

	Total 
	4
	545

	
	
	

	PRS Rx
	Duration (ms)
	Power

	PRS Rx
	0.5
	120

	Light sleep
	19.5
	780

	Total 
	20
	900



The evaluations for the ultra-deep sleep Option 1 are shown in Table 11 with respect to a different ratios of DRX periodicity over positioning periodicity, including a special case without paging reception at all.

[bookmark: _Ref109753501]Table 11 Power consumption for UL and DL positioning with ultra-deep sleep Option 1
	Case 101: INACTIVE state UL every 10.24s (SRS 10.24s, paging 10.24s, UDS1)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down option 1
	10000
	400
	1
	400.0 
	10000.00 
	89.5097%

	SRS Tx + Paging
	877
	7.5
	1
	7.5 
	877.00 
	7.8500%

	Ultra-deep sleep Option 1
	0.03
	1
	9832.5
	9832.5 
	294.98 
	2.6403%

	Total
	　
	　
	　
	10240.0 
	11171.98 
	100.0000%

	
	
	
	
	
	
	

	Case 102: INACTIVE state UL every 10.24s (SRS 10.24s, paging 20.48s, UDS1)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down option 1
	10000
	400
	1
	400.0 
	10000.00 
	90.8593%

	SRS Tx + Paging
	877
	7.5
	0.5
	3.8 
	438.50 
	3.9842%

	SRS Tx
	545
	4
	0.5
	2.0 
	272.50 
	2.4759%

	Ultra-deep sleep Option 1
	0.03
	1
	9834.2
	9834.2 
	295.03 
	2.6806%

	Total
	　
	　
	　
	10240.0 
	11006.03 
	100.0000%

	
	
	
	
	
	
	

	Case 103: INACTIVE state UL every 10.24s (SRS 10.24s, paging 40.96s, UDS1)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down option 1
	10000
	400
	1
	400.0 
	10000.00 
	91.5495%

	SRS Tx + Paging
	877
	7.5
	0.25
	1.9 
	219.25 
	2.0072%

	SRS Tx
	545
	4
	0.75
	3.0 
	408.75 
	3.7421%

	Ultra-deep sleep Option 1
	0.03
	1
	9835.1
	9835.1 
	295.05 
	2.7012%

	Total
	　
	　
	　
	10240.0 
	10923.05 
	100.0000%

	
	
	
	
	
	
	

	Case 104: INACTIVE state UL every 10.24s (SRS 10.24s, paging 80.92s, UDS1)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down option 1
	10000
	400
	1
	400.0 
	10000.00 
	91.8985%

	SRS Tx + Paging
	877
	7.5
	0.125
	0.9 
	109.63 
	1.0074%

	SRS Tx
	545
	4
	0.875
	3.5 
	476.88 
	4.3824%

	Ultra-deep sleep Option 1
	0.03
	1
	9835.6
	9835.6 
	295.07 
	2.7116%

	Total
	　
	　
	　
	10240.0 
	10881.57 
	100.0000%

	
	
	
	
	
	
	

	Case 105: INACTIVE state UL every 10.24s (SRS 10.24s, no paging, UDS1)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down Option 1
	10000
	400
	1
	400.0 
	10000.00 
	93.0950%

	SRS Tx
	545
	4
	1
	4.0 
	545.00 
	5.0737%

	Ultra-deep sleep Option 1
	0.02
	1
	9836
	9836.0 
	196.72 
	1.8314%

	Total
	　
	　
	　
	10240.0 
	10741.72 
	100.0000%

	
	
	
	
	
	
	

	Case 111: INACTIVE state UE assisted DL every 10.24s (PRS 10.24s, paging 10.24s, UDS1)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down Option 1
	10000
	400
	1
	400.0 
	10000.00 
	83.3904%

	PRS Rx + Paging + SDT
	1797
	28
	1
	28.0 
	1797.00 
	14.9853%

	Ultra-deep sleep Option 1
	0.02
	1
	9739.5
	9739.5 
	194.79 
	1.6244%

	Total
	　
	　
	　
	10167.5 
	11991.79 
	100.0000%

	
	
	
	
	
	
	

	Case 121: IINACTIVE state UE based DL every 10.24s (PRS 10.24s, paging 10.24s, UDS1)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down Option 1
	10000
	400
	1
	400.0 
	10000.00 
	85.7027%

	PRS Rx + Paging
	1472
	27.5
	1
	27.5 
	1472.00 
	12.6154%

	Ultra-deep sleep Option 1
	0.02
	1
	9812.5
	9812.5 
	196.25 
	1.6819%

	Total
	　
	　
	　
	10240.0 
	11668.25 
	100.0000%

	
	
	
	
	
	
	

	Case 122: INACTIVE state UE based DL every 10.24s (PRS 10.24s, paging 20.48s, UDS1)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down Option 1
	10000
	400
	1
	400.0 
	10000.00 
	87.8555%

	PRS Rx + Paging
	1472
	27.5
	0.5
	13.8 
	736.00 
	6.4662%

	PRS Rx
	900
	20
	0.5
	10.0 
	450.00 
	3.9535%

	Ultra-deep sleep Option 1
	0.02
	1
	9816.2
	9816.2 
	196.32 
	1.7248%

	Total
	　
	　
	　
	10240.0 
	11382.32 
	100.0000%

	
	
	
	
	
	
	

	Case 123: INACTIVE state UE based DL every 10.24s (PRS 10.24s, paging 40.96s, UDS1)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down Option 1
	10000
	400
	1
	400.0 
	10000.00 
	88.9730%

	PRS Rx + Paging
	1472
	27.5
	0.25
	6.9 
	368.00 
	3.2742%

	PRS Rx
	900
	20
	0.75
	15.0 
	675.00 
	6.0057%

	Ultra-deep sleep Option 1
	0.02
	1
	9818.1
	9818.1 
	196.36 
	1.7471%

	Total
	　
	　
	　
	10240.0 
	11239.36 
	100.0000%

	
	
	
	
	
	
	

	Case 124: INACTIVE state UE based DL every 10.24s (PRS 10.24s, paging 81.92s, UDS1)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down Option 1
	10000
	400
	1
	400.0 
	10000.00 
	89.5425%

	PRS Rx + Paging
	1472
	27.5
	0.125
	3.4 
	184.00 
	1.6476%

	PRS Rx
	900
	20
	0.875
	17.5 
	787.50 
	7.0515%

	Ultra-deep sleep Option 1
	0.02
	1
	9819.1
	9819.1 
	196.38 
	1.7585%

	Total
	　
	　
	　
	10240.0 
	11167.88 
	100.0000%

	
	
	
	
	
	
	

	Case 125: INACTIVE state UE based DL every 10.24s (PRS 10.24s, no paging, UDS1)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down Option 1
	10000
	400
	1
	400.0 
	10000.00 
	90.1193%

	PRS Rx
	900
	20
	1
	20.0 
	900.00 
	8.1107%

	Ultra-deep sleep Option 1
	0.02
	1
	9820
	9820.0 
	196.40 
	1.7699%

	Total
	　
	　
	　
	10240.0 
	11096.40 
	100.0000%



It can be observed, the overall power consumption slightly reduces along with the increase of DRX periodicity, while as the result, the ratio of transition energy (10000) to the overall energy consumption increases from less than 90% to more than 90%.
On the evaluation cases of
Case 105: INACTIVE state UL every 10.24s (SRS 10.24s, no paging, UDS1)
Case 125: INACTIVE state UE based DL every 10.24s (PRS 10.24s, no paging, UDS1)
It can be seen that when UE is not required to receive paging and UE wakes from ultra-deep sleep only for the purpose of positioning transmission (including synchronization) or for the purpose positioning measurement, using ultra-deep sleep Option 1 will consume more than 90% energy for the transition.
Observation 1: When the positioning interval is set to 10.24s, the power consumption only slightly reduces when the DRX period increases for ultra-deep sleep Option 1, because the ultra-deep sleep Option 1 transition energy accounts for approximately 90% of overall energy consumption.

Ultra-deep sleep Option 2
We would like to clarify that the two different ultra-deep sleep options actually differ in the wake-up state, including the supported features upon wake-up, as shown in Figure 4.
Wake-up state for Option 2 UDS: Positioning capable
Wake-up state for Option 1 UDS： Communication capable
Transition period to be positioning capable
Transition period to be communication capable
Ramp down
Ramp down
Ultra-deep sleep state
Ultra-deep sleep state
UE capability

[bookmark: _Ref117691528]Figure 4 UE ramp-up capability illustration 

By saying that UE is only positioning capable with ultra-deep sleep Option 2, it does not necessarily imply a positioning-only device or UE type, but rather a positioning-only mode for the UE. For the UE itself, it may be operating under either communication mode or positioning mode subject to the task it expects to handle upon wake-up.
It could be possible that for some periods, UE wakes from ultra-deep sleep to a positioning-only mode, and for some periods, UE wakes from ultra-deep sleep to a communication mode. Figure 5 shows an example of the UE ultra-deep sleep states when the DRX periodicity is 4 times of the positioning interval. A DRX cycle contains one ultra-deep sleep option 1 period and three ultra-deep sleep option 2 periods, which correspond to the communication services (e.g. paging reception, etc.) and positioning service, respectively. 
UDS1 cycle
UDS2 cycle
UDS2 cycle
UDS2 cycle
UDS2 cycle
UDS1 cycle
Paging
Positioning
Positioning
Positioning
Paging
DRX periodicity
Positioning interval
UDS2 ramp-up
UDS1 ramp-up

[bookmark: _Ref117691540]Figure 5 UE TDM between positioning mode and communication mode (e.g. receive paging)

It should be noted that only if UE wakes up for the sole purpose of positioning, which is a positioning-dedicated optimization at the UE that does not exist in the current non-LPHAP UEs, such as
Synchronization and SRS transmission, or
PRS reception/measurement without reporting,
a short wake-up period with small transition energy is possible.
Observation 2: Two ultra-deep sleep options correspond to different UE wake-up modes.
Observation 3: Ultra-deep sleep option 2 is specifically designed for UEs to operate positioning only after waking up for LPHAP.
Observation 4: Two ultra-deep sleep options may coexist within a UE via a TDM manner, e.g. when a DRX period contains multiple positioning periods if UE supports ultra-deep sleep option 2.
Proposal 1: Ultra-deep sleep Option 2 is feasible when UE wakes up from ultra-deep sleep only to perform positioning without communication.

The evaluations for the ultra-deep sleep Option 2 are shown in Table 12 with respect to a different ratio of DRX periodicity and positioning periodicity, including a special case without paging reception at all.

[bookmark: _Ref117790103]Table 12 Power consumption for UL and DL positioning with ultra-deep sleep Option 2
	Case 102a: INACTIVE state UL every 10.24s (SRS 10.24s, paging 20.48s, UDS1+UDS2)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down Option 1
	10000
	400
	0.5
	200.0 
	5000.00 
	80.6372%

	SRS Tx + Paging
	877
	7.5
	0.5
	3.8 
	438.50 
	7.0719%

	Ultra-deep sleep Option 1
	0.03
	1
	4918
	4918.0 
	147.54 
	2.3794%

	Ramp up + down Option 2
	480
	25
	0.5
	12.5 
	240.00 
	3.8706%

	SRS Tx
	545
	4
	0.5
	2.0 
	272.50 
	4.3947%

	Ultra-deep sleep Option 2
	0.02
	1
	5103.75
	5103.8 
	102.08 
	1.6462%

	Total
	　
	　
	　
	10240.0 
	6200.62 
	100.0000%

	
	
	
	
	
	
	

	Case 103a: INACTIVE state UL every 10.24s (SRS 10.24s, paging 40.96s, UDS1+UDS2)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down Option 1
	10000
	400
	0.25
	100.0 
	2500.00 
	67.2962%

	SRS Tx + Paging
	877
	7.5
	0.25
	1.9 
	219.25 
	5.9019%

	Ultra-deep sleep Option 1
	0.03
	1
	2459
	2459.0 
	73.77 
	1.9858%

	Ramp up + down Option 2
	480
	25
	0.75
	18.8 
	360.00 
	9.6907%

	SRS Tx
	545
	4
	0.75
	3.0 
	408.75 
	11.0029%

	Ultra-deep sleep Option 2
	0.02
	1
	7657.375
	7657.4 
	153.15 
	4.1225%

	Total
	　
	　
	　
	10240.0 
	3714.92 
	100.0000%

	
	
	
	
	
	
	

	Case 104a: INACTIVE state UL every 10.24s (SRS 10.24s, paging 81.92s, UDS1+UDS2)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down Option 1
	10000
	400
	0.125
	50.0 
	1250.00 
	50.5649%

	SRS Tx + Paging
	877
	7.5
	0.125
	0.9 
	109.63 
	4.4345%

	Ultra-deep sleep Option 1
	0.03
	1
	1229.5
	1229.5 
	36.89 
	1.4921%

	Ramp up + down Option 2
	480
	25
	0.875
	21.9 
	420.00 
	16.9898%

	SRS Tx
	545
	4
	0.875
	3.5 
	476.88 
	19.2905%

	Ultra-deep sleep Option 2
	0.02
	1
	8934.1875
	8934.2 
	178.68 
	7.2281%

	Total
	　
	　
	　
	10240.0 
	2472.07 
	100.0000%

	
	
	
	
	
	
	

	Case 105a: INACTIVE state UL every 10.24s (SRS 10.24s, no paging, UDS2)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down Option 2
	480
	25
	1
	25.0 
	480.00 
	39.0492%

	SRS Tx
	545
	4
	1
	4.0 
	545.00 
	44.3371%

	Ultra-deep sleep Option 2
	0.02
	1
	10211
	10211.0 
	204.22 
	16.6138%

	Total
	　
	　
	　
	10240.0 
	1229.22 
	100.0000%

	
	
	
	
	
	
	

	Case 122a: INACTIVE state UE based DL every 10.24s (PRS 10.24s, paging 20.48s, UDS1+UDS2)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down Option 1
	10000
	400
	0.5
	200.0 
	5000.00 
	74.9044%

	PRS Rx + Paging
	1472
	27.5
	0.5
	13.8 
	736.00 
	11.0259%

	Ultra-deep sleep Option 1
	0.03
	1
	4910
	4910.0 
	147.30 
	2.2067%

	Ramp up + down Option 2
	480
	25
	0.5
	12.5 
	240.00 
	3.5954%

	PRS Rx
	900
	20
	0.5
	10.0 
	450.00 
	6.7414%

	Ultra-deep sleep Option 2
	0.02
	1
	5093.75
	5093.8 
	101.88 
	1.5262%

	Total
	　
	　
	　
	10240.0 
	6675.18 
	100.0000%

	
	
	
	
	
	
	

	Case 123a: INACTIVE state UE based DL every 10.24s (PRS 10.24s, paging 40.96s, UDS1+UDS2)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down Option 1
	10000
	400
	0.25
	100.0 
	2500.00 
	60.5395%

	PRS Rx + Paging
	1472
	27.5
	0.25
	6.9 
	368.00 
	8.9114%

	Ultra-deep sleep Option 1
	0.03
	1
	2455
	2455.0 
	73.65 
	1.7835%

	Ramp up + down Option 2
	480
	25
	0.75
	18.8 
	360.00 
	8.7177%

	PRS Rx
	900
	20
	0.75
	15.0 
	675.00 
	16.3457%

	Ultra-deep sleep Option 2
	0.02
	1
	7644.375
	7644.4 
	152.89 
	3.7023%

	Total
	　
	　
	　
	10240.0 
	4129.54 
	100.0000%

	
	
	
	
	
	
	

	Case 124a: INACTIVE state UE based DL every 10.24s (PRS 10.24s, paging 81.92s, UDS1+UDS2)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down Option 1
	10000
	400
	0.125
	50.0 
	1250.00 
	43.7565%

	PRS Rx + Paging
	1472
	27.5
	0.125
	3.4 
	184.00 
	6.4410%

	Ultra-deep sleep Option 1
	0.03
	1
	1227.5
	1227.5 
	36.83 
	1.2891%

	Ramp up + down Option 2
	480
	25
	0.875
	21.9 
	420.00 
	14.7022%

	PRS Rx
	900
	20
	0.875
	17.5 
	787.50 
	27.5666%

	Ultra-deep sleep Option 2
	0.02
	1
	8919.6875
	8919.7 
	178.39 
	6.2447%

	Total
	　
	　
	　
	10240.0 
	2856.72 
	100.0000%

	
	
	
	
	
	
	

	Case 125a: INACTIVE state UE based DL every 10.24s (PRS 10.24s, no paging, UDS2)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down Option 2
	480
	25
	1
	25.0 
	480.00 
	30.3049%

	PRS Rx
	900
	20
	1
	20.0 
	900.00 
	56.8218%

	Ultra-deep sleep Option 2
	0.02
	1
	10195
	10195.0 
	203.90 
	12.8733%

	Total
	　
	　
	　
	10240.0 
	1583.90 
	100.0000%



Given the benefit of ultra-deep sleep Option 2 in the transition energy, it should be reasonable to adopt ultra-deep sleep Option 2 for the positioning cycles without receiving paging at all. When paging is inevitable, operating ultra-deep sleep Option 1 for the occasions with paging and ultra-deep sleep Option 2 for the occasions with positioning only in TDM is also beneficial and we can draw the following observation from the above corresponding evaluates in the tables:
Observation 5: With the TDM of ultra-deep sleep Option 1 and Option2 when the DRX cycle is a multiple of positioning interval:
The ramp-up/down power from ultra-deep sleep Option 1 takes more than 74% of total power consumption if the paging DRX cycle is no longer than 20.48s;
The ramp-up/down power from ultra-deep sleep Option 1 still takes more than 43% of total power consumption even if the paging DRX cycle is 81.92s.

Under the same condition, if UE uses ultra-deep sleep Option 2, the power consumption rate can be reduced, and the battery life can be extended by a factor between 7 to 9
Case 105 v.s. Case 105a: 10741.72 v.s. 1229.22
Case 125 v.s. Case 125a: 11096.40 v.s. 1583.90
Observation 6: Using ultra-deep sleep Option 2 without receiving paging can extend the battery life by a factor of 7-9 compared with ultra-deep sleep Option 1.

SRS mobility enhancement
In the evaluation shown in section 2.3.1 of the paper, we did not model the cell access procedure for the cases of SRS reconfiguration in the UL positioning when UE reselects another cell.
The power evaluation for 10.24s positioning interval without paging without cell access and with cell access every 61.44s is shown in Table 13.
[bookmark: _Ref114592683]Table 13 Power consumption with SRS mobility enhancement and no paging
	Case 105a: INACTIVE state UL every 10.24s (SRS 10.24s, no paging, UDS2)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down Option 2
	480
	25
	1
	25.0 
	480.00 
	39.0492%

	SRS Tx
	545
	4
	1
	4.0 
	545.00 
	44.3371%

	Ultra-deep sleep Option 2
	0.02
	1
	10211
	10211.0 
	204.22 
	16.6138%

	Total
	　
	　
	　
	10240.0 
	1229.22 
	100.0000%

	
	
	
	
	
	
	

	Case 106a: INACTIVE state UL every 10.24s (SRS 10.24s, no paging with cell access every 61.44s, UDS2)


	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down Option 2
	480
	25
	1
	25.0 
	480.00 
	13.5743%

	SRS Tx
	545
	4
	1
	4.0 
	545.00 
	15.4124%

	Cell access (including ramp up)
	13850
	435
	0.166666667
	72.5 
	2308.33 
	65.2790%

	Ultra-deep sleep Option 2
	0.02
	1
	10138.5
	10138.5 
	202.77 
	5.7343%

	Total
	　
	　
	　
	10240.0 
	3536.10 
	100.0000%



By comparing Case 105a and Case 106a, it can be observed that with the cell access procedure to update the SRS configuration, the power consumption will increase by a factor of 3.
Observation 7: Cell access for the purpose of updating SRS configuration may increase the power consumption by 3 times.

TRS-based synchronization
The power for UL positioning can be further reduced if the synchronization is close to SRS transmission, e.g. in adjacent slots. Usually this is not possible for SSB, since SSB is cell-specifically deployed and its transmission occasion is fixed according to TS 38.213; we could consider TRS, which also serves the time/frequency synchronization purpose. There is no such requirement to have two slots TRS transmission/reception because the synchronization requirement to transmit SRS is not so stringent as PDSCH reception.
The timeline for UL positioning with TRS-based synchronization can be found in Figure 6.
(Ultra-)Deep sleep
Ramp down
SRS [23dBm]
Ramp up
(Ultra-)Deep sleep
1ms
TRS

[bookmark: _Ref109913673][bookmark: _Hlk115281686]Figure 6 UL positioning timeline without paging for TRS-based synchronization
The power consumption for SRS only without paging synchronized by TRS is shown in Table 14.
[bookmark: _Ref109916123]Table 14 Power consumption for SRS only without paging synchronized by TRS
	SRS Tx TRS
	Duration (ms)
	Power

	TRS sync
	0.5
	50

	SRS Tx (23dBm)
	0.5
	210

	Total 
	1
	260



The power evaluation for 10.24 positioning interval without paging synchronized by TRS is shown in Table 15.
[bookmark: _Ref109916162]Table 15 Power consumption with ultra-deep sleep and no paging synchronized by TRS
	Case 105a: INACTIVE state UL every 10.24s (SRS 10.24s, no paging, UDS2)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down Option 2
	480
	25
	1
	25.0 
	480.00 
	39.0492%

	SRS Tx
	545
	4
	1
	4.0 
	545.00 
	44.3371%

	Ultra-deep sleep Option 2
	0.02
	1
	10211
	10211.0 
	204.22 
	16.6138%

	Total
	　
	　
	　
	10240.0 
	1229.22 
	100.0000%

	
	
	
	
	
	
	

	Case 107a: INACTIVE state UL every 10.24s (SRS 10.24s, no paging, Sync TRS, UDS2)

	Power state
	Power unit
	Duration
	Instances
	Sum duration
	Sum power
	Power ratio

	Ramp up + down Option 2
	480
	25
	1
	25.0 
	480.00 
	50.8324%

	SRS Tx TRS
	260
	1
	1
	1.0 
	260.00 
	27.5342%

	Ultra-deep sleep Option 2
	0.02
	1
	10214
	10214.0 
	204.28 
	21.6334%

	Total
	　
	　
	　
	10240.0 
	944.28 
	100.0000%



Summary of Rel-18 enhancements
With the evaluation results shown as above, the battery life estimation for Rel-18 LPHAP UL and DL positioning in RRC_INACTIVE state can be found in Table 16.
[bookmark: _Ref109755930]Table 16 Rel-18 LPHAP enhancements power consumption
	Case
	P (PU/s)
	C (mAh)
	X
	T (hour)
	T (months)
	LPHAP Targets

	Ref
	100000 
	4500
	20%
	12 
	0.02 
	No

	Case 101: UL (10.24/10.24, UDS1)
	1091 
	800
	100%
	978 
	1.36 
	No

	Case 102: UL (10.24/20.48, UDS1)
	1075 
	800
	100%
	992 
	1.38 
	No

	Case 103: UL (10.24/40.96, UDS1)
	1067 
	800
	100%
	1000 
	1.39 
	No

	Case 104: UL (10.24/81.92, UDS1)
	1063 
	800
	100%
	1004 
	1.39 
	No

	Case 105: UL (10.24/no paging, UDS1)
	1049 
	800
	100%
	1017 
	1.41 
	No

	Case 102a: UL (10.24/20.48, UDS1+UDS2)
	606 
	800
	100%
	1762 
	2.45 
	No

	Case 103a: UL (10.24/40.96, UDS1+UDS2)
	363 
	800
	100%
	2940 
	4.08 
	No

	Case 104a: UL (10.24/81.92, UDS1+UDS2)
	241 
	800
	100%
	4418 
	6.14 
	6 months

	Case 105a: UL (10.24/no paging, UDS2)
	120 
	800
	100%
	8886 
	12.34 
	12 months

	Case 106a: UL (10.24/no paging, UDS2, cell access 61.44s)
	345 
	800
	100%
	3089 
	4.29 
	No

	Case 107a: UL (10.24/no paging, UDS2, Sync TRS)
	92 
	800
	100%
	11567 
	16.07 
	12 months

	Case 111: DL UE A (10.24/10.24, UDS1)
	1171 
	800
	100%
	911 
	1.27 
	No

	Case 121: DL UE B (10.24/10.24, UDS1)
	1139 
	800
	100%
	936 
	1.30 
	No

	Case 122: DL UE B (10.24/20.48, UDS1)
	1112 
	800
	100%
	960 
	1.33 
	No

	Case 123: DL UE B (10.24/40.96, UDS1)
	1098 
	800
	100%
	972 
	1.35 
	No

	Case 124: DL UE B (10.24/81.92, UDS1)
	1091 
	800
	100%
	978 
	1.36 
	No

	Case 125: DL UE B (10.24/no paging, UDS1)
	1084 
	800
	100%
	984 
	1.37 
	No

	Case 122a: DL UE B (10.24/20.48, UDS1+UDS2)
	652 
	800
	100%
	1636 
	2.27 
	No

	Case 123a: DL UE B (10.24/40.96, UDS1+UDS2)
	403 
	800
	100%
	2645 
	3.67 
	No

	Case 124a: DL UE B (10.24/81.92, UDS1+UDS2)
	279 
	800
	100%
	3824 
	5.31 
	No

	Case 125a: DL UE B (10.24/no paging, UDS2)
	155 
	800
	100%
	6896 
	9.58 
	6 months



Based on the evaluation result, we can draw the following observation.
Observation 8: For LPHAP UE type A with K=1
With ultra-deep sleep Option 1
· DL and UL positioning cannot meet the requirement of 6 months by either technique or any combination of techniques. 
When UE needs to access the cell to update the SRS configuration every minute (61.44s)
· UL positioning cannot meet the requirement of 6 months by either technique or any combination of techniques. 

[bookmark: _Hlk117950638]Observation 9: For LPHAP UE Type A with K=1 with positioning interval of 10.24s, the LPHAP target of 6 months/12 months can only be met with the use of ultra-deep sleep Option 2 by
Implementing TDMed ultra-deep sleep Option 1 (for the occasions with paging) and ultra-deep sleep Option 2 (for the occasions without paging) with the DRX periodicity no shorter than 81.92s, or 
Implementing only ultra-deep sleep Option 2 without receiving paging completely.
Note: without receiving paging means NW is aware of UE unreachable during a given period. 
Observation 10: Ultra-deep sleep Option 2 is essential to meet the LPHAP requirements.

Potential enhancements
Ultra-deep sleep
As discussed before, UE may implement either or both types of ultra-deep sleep modes with ultra-deep sleep Option 1 as traditional ready-to-go UE implementation and ultra-deep sleep Option 2 as optimized for positioning only purpose. For ultra-deep sleep Option 2, we think that the following factors need to be additionally considered that may entail the specification change:
No UE will additionally implement ultra-deep sleep Option 2 unless the sleep state can be acknowledged and coordinated by the network, e.g., configuring a DRX periodicity larger than positioning interval or not paging UE at all.
In order to wake up from such an ultra-deep sleep state in a very short time as 25 msec (i.e. 25 msec ramp-up time), UE may not be fully functional, and may only perform very simple operations, such as synchronization and SRS transmission or PRS measurement only.
The implementation of ultra-deep sleep does not generally require a specific UE requirement. However, we would think the following principle could be adopted as the baseline considered further in the normative phase.
Proposal 2: The identified specification impact of ultra-deep sleep Option 2 includes a UE capability indication of supporting a power-efficient wake-up mode only for the purpose of positioning activities. The positioning activities include
PRS measurement and optionally location calculation for DL positioning and DL+UL positioning.
Synchronization and SRS transmission for UL and DL+UL positioning.
Note: if allowed by the network, UE may suspend all communication related activities or relax communication related requirements in RRC_INACTIVE state (paging, RRM) in the power-efficient wake-up mode.

Decouple of communication bandwidth and positioning bandwidth
Although we concluded in RAN1#109-e that 100MHz bandwidth for FR1 is considered for LPHAP to meet the LPHAP accuracy requirement, this does not mean that LPHAP should be treated as an eMBB UE, which is not cost friendly.
	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 the service type that the UE in LPHAP operation, there is little communication requirement, and all the communication capability is only serving positioning functionality, including initial access in RAN, registration in CN, positioning reference signals (PRS, SRS) configuration, location information reporting, and etc. It could be as simple as a sensor, so a regular cell-phone or a UE that tasks all data-driven services will not be economic. Instead, RedCap UE can be considered with 20MHz for communication but 100MHz bandwidth capability for high accuracy positioning. 
Proposal 3: RedCap UE with a larger bandwidth capability for positioning (e.g. 100MHz)  than communication bandwidth (e.g. 20MHz or 5MHz) should be supported and is recommended for normative work. 

UL enhancements
Regarding SRS configuration enhancement, in general, we think it should be feasible from RAN1 perspective to support the SRS configuration associated with multiple cell. As elaborated in our contribution [3]
As the SRS for positioning could already be received by neighbouring TRPs, the interference profile does not significantly change compared with single-cell SRS configuration.
The timing misalignment with neighbouring TRPs are also present, so the timing alignment does not seem to be a big issue.
The spatial relation and pathloss reference could be enhanced to incorporate the potential multi-cell DL RS, but we do not think spatial relation is a factor that should be optimized for LPHAP.
On the SRS configuration request by the UE or triggered by paging, it could be directly discussed by RAN2, and the specification impact to RAN1 is next to none.
Proposal 4: RAN1 could focus on the multi-cell SRS configuration, and conclude its feasibility. The details could be left to normative work.

TRS based synchronization and its association with multi-cell SRS
As shown in the evaluation, TRS based synchronization may shorten the active time when UE wakes up for the purpose of transmitting SRS compared with SSB based.
Rel-17 already introduced TRS configuration for RRC_INACTIVE, but the presence of TRS may not be guaranteed. For SRS transmission in RRC_INACTIVE, network could ensure the transmission by associating the SRS configuration with the TRS configuration.
This always-on TRS could serve as the multi-cell pathloss RS when the SRS is configured for multiple cells, including for the purpose of RSRP-based SRS validation, if the TRS is transmitted via SFN scheme from the multiple cells.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 5: Synchronization, RSRP validation, and pathloss reference for UL SRS transmission in RRC_INACTIVE based on the TRS could be feasible and be recommended for the normative work.

Conclusion
In this contribution, we discussed the remaining evaluations and solutions for LPHAP. Based on the discussion, we have the following observations and proposals.
Observation 1: When the positioning interval is set to 10.24s, the power consumption only slightly reduces when the DRX period increases for ultra-deep sleep Option 1, because the ultra-deep sleep Option 1 transition energy accounts for approximately 90% of overall energy consumption.
Observation 2: Two ultra-deep sleep options correspond to different UE wake-up modes.
Observation 3: Ultra-deep sleep option 2 is specifically designed for UEs to operate positioning only after waking up for LPHAP.
Observation 4: Two ultra-deep sleep options may coexist within a UE via a TDM manner, e.g. when a DRX period contains multiple positioning periods if UE supports ultra-deep sleep option 2.
Observation 5: With the TDM of ultra-deep sleep Option 1 and Option2 when the DRX cycle is a multiple of positioning interval:
The ramp-up/down power from ultra-deep sleep Option 1 takes more than 74% of total power consumption if the paging DRX cycle is no longer than 20.48s;
The ramp-up/down power from ultra-deep sleep Option 1 still takes more than 43% of total power consumption even if the paging DRX cycle is 81.92s.
Observation 6: Using ultra-deep sleep Option 2 without receiving paging can extend the battery life by a factor of 7-9 compared with ultra-deep sleep Option 1.
Observation 7: Cell access for the purpose of updating SRS configuration may increase the power consumption by 3 times.
Observation 8: For LPHAP UE type A with K=1
With ultra-deep sleep Option 1
· DL and UL positioning cannot meet the requirement of 6 months by either technique or any combination of techniques. 
When UE needs to access the cell to update the SRS configuration every minute (61.44s)
· UL positioning cannot meet the requirement of 6 months by either technique or any combination of techniques. 

Observation 9: For LPHAP UE Type A with K=1 with positioning interval of 10.24s, the LPHAP target of 6 months/12 months can only be met with the use of ultra-deep sleep Option 2 by
Implementing TDMed ultra-deep sleep Option 1 (for the occasions with paging) and ultra-deep sleep Option 2 (for the occasions without paging) with the DRX periodicity no shorter than 81.92s, or 
Implementing only ultra-deep sleep Option 2 without receiving paging completely.
Note: without receiving paging means NW is aware of UE unreachable during a given period. 
Observation 10: Ultra-deep sleep Option 2 is essential to meet the LPHAP requirements.

Proposal 1: Ultra-deep sleep Option 2 is feasible when UE wakes up from ultra-deep sleep only to perform positioning without communication.
Proposal 2: The identified specification impact of ultra-deep sleep Option 2 includes a UE capability indication of supporting a power-efficient wake-up mode only for the purpose of positioning activities. The positioning activities include
PRS measurement and optionally location calculation for DL positioning and DL+UL positioning.
Synchronization and SRS transmission for UL and DL+UL positioning.
Note: if allowed by the network, UE may suspend all communication related activities or relax communication related requirements in RRC_INACTIVE state (paging, RRM) in the power-efficient wake-up mode.
Proposal 3: RedCap UE with a larger bandwidth capability for positioning (e.g. 100MHz)  than communication bandwidth (e.g. 20MHz or 5MHz) should be supported and is recommended for normative work. 
Proposal 4: RAN1 could focus on the multi-cell SRS configuration, and conclude its feasibility. The details could be left to normative work.
Proposal 5: Synchronization, RSRP validation, and pathloss reference for UL SRS transmission in RRC_INACTIVE based on the TRS could be feasible and be recommended for the normative work.
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Text proposal to the TR
The section provides the TP to the template.
[bookmark: _Toc112369727]B.5.X	Results from source [X]
[bookmark: _Toc112369728]B.5.X.1	Description of evaluation scenarios
For Rel-17 evaluated cases as shown in Table B.5.X.1-1, UL-TDOA, UE-assisted DL-TDOA, UE-based DL-TDOA with three combination of positioning periodicity/DRX periodicity are evaluated.
For Rel-18 evaluated cases as shown in Table B.5.X.1-2
· UL-TDOA positioning is evaluated with 4 cases
· UE-assisted DL positioning is evaluated with 1 case of ultra-deep sleep Option 1
· UE-based DL positioning is evaluated with 2 cases.
Throughout the evaluation
· LPHAP UE type A with 800mAh battery volume is evaluated and the battery life can be extended to 6.25 times if LPHAP UE type B is considered.
· Implementation factor K = 1 is evaluated and the battery life can be scaled for other K values.
The following timelines of each power states are assumed:
· Figure B.5.X.1-1 shows the UL positioning timeline with paging reception
· Figure B.5.X.1-2 shows the DL positioning timeline with paging reception
· Figure B.5.X.1-3 shows the UL and UE based DL positioning timeline without paging reception

[image: ]
Figure B.5.X.1-1: UL positioning timeline with paging (SRS+Paging and paging only) from [X]

[image: ]
Figure B.5.X.1-2: DL positioning timeline with paging (PRS+Paging, PRS+Paging+SDT, and paging only) from [X]
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Figure B.5.X.1-3: UL and DL positioning timeline without paging


For the evaluation of ultra-deep sleep, the following assumptions are assumed.
· Figure B.5.X.1-4 shows the ramp-up/ramp-down associated with its capability for ultra-deep sleep Option 1 (UDS1) and ultra-deep sleep Option 2 (UDS2)
· Figure B.5.X.1-5 shows the switching between UDS1 and UDS2 when the paging periodicity is a multiple of positioning interval.
Wake-up state for Option 2 UDS: Positioning capable
Wake-up state for Option 1 UDS： Communication capable
Transition period to be positioning capable
Transition period to be communication capable
Ramp down
Ramp down
Ultra-deep sleep state
Ultra-deep sleep state
UE capability

Figure B.5.X.1-4: UE ramp-up capability illustration
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Figure B.5.X.1-5: UE TDM between positioning mode and communication mode (e.g. receive paging)

Evaluation cases and corresponding assumptions for UE power consumption analysis for Rel-17 are provided in Table B.5.X.1-1.
Evaluation cases and corresponding assumptions for UE power consumption analysis for Rel-18 UL positioning enhancement without ultra-deep sleep Option 2 are provided in Table B.5.X.1-2.
Evaluation cases and corresponding assumptions for UE power consumption analysis for Rel-18 UL positioning enhancement with ultra-deep sleep Option 2 are provided in Table B.5.X.1-3.
Evaluation cases and corresponding assumptions for UE power consumption analysis for Rel-18 DL positioning enhancement without ultra-deep sleep Option 2 are provided in Table B.5.X.1-4.
Evaluation cases and corresponding assumptions for UE power consumption analysis for Rel-18 DL positioning enhancement with ultra-deep sleep Option 2 are provided in Table B.5.X.1-5.

Table B.5.X.1-1: Low Power High Accuracy Positioning - Evaluation cases and assumptions for Rel-17 baseline from [X]
	Evaluation assumption
	Case 1, FR1, UL-TDOA, Type A, 1.28/1.28
	Case 2: FR1, UL-TDOA, Type A, 10.24/1.28
	Case 3: FR1, UL-TDOA, Type A, 10.24/10.24
	Case 11: FR1, UE-A DL-TDOA, Type A, 1.28/1.28
	Case 12: FR1, UE-A DL-TDOA, Type A, 10.24/1.28
	Case 13: FR1, UE-A DL-TDOA, Type A, 10.24/10.24
	Case 21: FR1, UE-B DL-TDOA, Type A, 1.28/1.28
	Case 22: FR1, UE-B DL-TDOA, Type A, 10.24/1.28
	Case 23: FR1, UE-B DL-TDOA, Type A, 10.24/10.24

	Sleep state
	Deep sleep
	Deep sleep
	Deep sleep
	Deep sleep
	Deep sleep
	Deep sleep
	Deep sleep
	Deep sleep
	Deep sleep

	DRX cycle
	1.28s
	1.28s
	10.24
	1.28s
	1.28s
	10.24
	1.28s
	1.28s
	10.24

	paging reception
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	RS periodicity
	1.28s
	10.24s
	10.24s
	1.28s
	10.24s
	10.24s
	1.28s
	10.24s
	10.24s

	M-sample
	1
	1
	1
	1
	1
	1
	1
	1
	1

	RRM measurement
	No
	No
	No
	No
	No
	No
	No
	No
	No

	BWP switching
	No
	No
	No
	No
	No
	No
	No
	No
	No

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	No
	No
	No
	CG-SDT 1.28s
	CG-SDT 10.24s
	CG-SDT 10.24s
	No
	No
	No

	Implementation factor K
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Other assumptions
	Cell access rate is once per 61.44s with state transition power consumption under deep sleep being 4300 power units.



Table B.5.X.1-2: Low Power High Accuracy Positioning - Evaluation cases and assumptions for Rel-18 UL positioning enhancements without UDS2 from [X]
	Evaluation assumption
	Case 101: FR1, UL-TDOA, Type A, 10.24/10.24, UDS1
	Case 102: FR1, UL-TDOA, Type A, 10.24/20.48, UDS1
	Case 103: FR1, UL-TDOA, Type A, 10.24/40.96, UDS1
	Case 104: FR1, UL-TDOA, Type A, 10.24/81.92, UDS1
	Case 105: FR1, UL-TDOA, Type A, 10.24/no paging, UDS1

	Sleep state
	Ultra-deep sleep option 1
	Ultra-deep sleep option 1
	Ultra-deep sleep option 1
	Ultra-deep sleep option 1
	Ultra-deep sleep option 1

	DRX cycle
	10.24s
	20.48s
	40.96s
	81.92s
	Inf

	paging reception
	Yes
	Yes
	Yes
	Yes
	No

	RS periodicity
	10.24s
	10.24s
	10.24s
	10.24s
	10.24s

	M-sample
	1
	1
	1
	1
	1

	RRM measurement
	No
	No
	No
	No
	No

	BWP switching
	No
	No
	No
	No
	No

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	No
	No
	No
	No
	No

	Implementation factor K
	1
	1
	1
	1
	1



Table B.5.X.1-3: Low Power High Accuracy Positioning - Evaluation cases and assumptions for Rel-18 UL positioning enhancements with UDS2 from [X]
	Evaluation assumption
	Case 102a: FR1, UL-TDOA, Type A, 10.24/20.48, UDS1+UDS2
	Case 103a: FR1, UL-TDOA, Type A, 10.24/40.96, UDS1+UDS2
	Case 104a: FR1, UL-TDOA, Type A, 10.24/81.92, UDS1+UDS2
	Case 105a: FR1, UL-TDOA, Type A, 10.24/no paging, UDS1
	Case 106a: FR1, UL-TDOA, Type A, 10.24/no paging, UDS2
	Case 107a: FR1, UL-TDOA, Type A, 10.24/no paging, UDS1

	Sleep state
	Ultra-deep sleep option 1+option 2
	Ultra-deep sleep option 1+option 2
	Ultra-deep sleep option 1+option 2
	Ultra-deep sleep option 2
	Ultra-deep sleep option 2
	Ultra-deep sleep option 2

	DRX cycle
	20.48s
	40.96s
	81.92s
	Inf
	81.92s
	Inf

	paging reception
	Yes
	Yes
	Yes
	No
	Yes
	No

	RS periodicity
	10.24s
	10.24s
	10.24s
	10.24s
	10.24s
	10.24s

	M-sample
	1
	1
	1
	1
	1
	1

	RRM measurement
	No
	No
	No
	No
	No
	No

	BWP switching
	No
	No
	No
	No
	No
	No

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	No
	No
	No
	No
	No
	No

	Implementation factor K
	1
	1
	1
	1
	1
	1

	Other assumptions
	
	
	
	
	Note 1
	Synchronization based on TRS

	Note 1: Cell access rate is once per 61.44s with state transition power consumption under ultra- deep sleep Option 1 being 13850 power units.



Table B.5.X.1-4: Low Power High Accuracy Positioning - Evaluation cases and assumptions for Rel-18 DL positioning enhancements without UDS2 from [X]
	Evaluation assumption
	Case 111: FR1, UE-A DL-TDOA, Type A, 10.24/10.24, UDS1
	Case 121: FR1, UE-B DL-TDOA, Type A, 10.24/10.24, UDS1
	Case 122: FR1, UE-B DL-TDOA, Type A, 10.24/20.48, UDS1
	Case 123: FR1, UE-B DL-TDOA, Type A, 10.24/40.96, UDS1
	Case 124: FR1, UE-B DL-TDOA, Type A, 10.24/81.92, UDS1
	Case 125, FR1, UE-B DL-TDOA, Type A, 10.24/no paging, UDS1

	Sleep state
	Ultra-deep sleep option 1
	Ultra-deep sleep option 1
	Ultra-deep sleep option 1
	Ultra-deep sleep option 1
	Ultra-deep sleep option 1
	Ultra-deep sleep option 1

	DRX cycle
	10.24s
	10.24s
	20.48s
	40.96s
	81.92s
	Inf

	paging reception
	Yes
	Yes
	Yes
	Yes
	Yes
	No

	RS periodicity
	10.24s
	10.24s
	10.24s
	10.24s
	10.24s
	10.24s

	M-sample
	1
	1
	1
	1
	1
	1

	RRM measurement
	No
	No
	No
	No
	No
	No

	BWP switching
	No
	No
	No
	No
	No
	No

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT 10.24s
	No
	No
	No
	No
	No

	Implementation factor K
	1
	1
	1
	1
	1
	1



Table B.5.X.1-5: Low Power High Accuracy Positioning - Evaluation cases and assumptions for Rel-18 DL positioning enhancements with UDS2 from [X]
	Evaluation assumption
	Case 122a: FR1, UE-B DL-TDOA, Type A, 10.24/20.48, UDS1+UDS2
	Case 123a: FR1, UE-B DL-TDOA, Type A, 10.24/40.96, UDS1
	Case 124a: FR1, UE-B DL-TDOA, Type A, 10.24/81.92, UDS1
	Case 125a, FR1, UE-B DL-TDOA, Type A, 10.24/no paging, UDS2

	Sleep state
	Ultra-deep sleep option 1+option 2
	Ultra-deep sleep option 1+option 2
	Ultra-deep sleep option 1+option 2
	Ultra-deep sleep option 2

	DRX cycle
	20.48s
	40.96s
	81.92s
	Inf

	paging reception
	Yes
	Yes
	Yes
	No

	RS periodicity
	10.24s
	10.24s
	10.24s
	10.24s

	M-sample
	1
	1
	1
	1

	RRM measurement
	No
	No
	No
	No

	BWP switching
	No
	No
	No
	No

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	No
	No
	No
	No

	Implementation factor K
	1
	1
	1
	1



[bookmark: _Toc112369729]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 for Rel-17.
Table B.5.X.2-2 provides detailed UE power consumption results for each evaluated case for Rel-18.
In the two tables,
· SRS Tx includes synchronization to the closest SSB.
· Paging includes synchronization to the closest SSB, with the group paging rate being 10%, but no match in the paging message.
· SRS Tx TRS includes synchronization to a TRS that is one slot before the SRS.
Table B.5.X.2-3 provides summary of 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 msec)
	Instances
	Sum Durations (in msec)
	Relative power
	Power ratio

	[bookmark: _Hlk118479432]Case 1, FR1, UL-TDOA, Type A, 1.28/1.28
	Ramp up + down
	450
	20
	8
	160.0
	3600.00
	11.4817%

	
	SRS Tx + Paging
	877
	7.5
	8
	60.0
	7016.00
	22.3765%

	
	Cell access (including ramp up)
	4300
	55
	0.166666667
	9.2
	716.67
	2.2857%

	
	Deep sleep
	2
	1
	10010.8
	10010.8
	20021.60
	63.8561%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0
	31354.27
	100.0000%

	
	Slot-averaged power unit
	1.53

	
	Battery life (in month)
	0.48

	Case 2: FR1, UL-TDOA, Type A, 10.24/1.28
	Ramp up + down
	450
	20
	8
	160.0
	3600.00
	11.9208%

	
	SRS Tx + paging
	877
	7.5
	1
	7.5
	877.00
	2.9040%

	
	Paging
	712
	7.5
	7
	52.5
	4984.00
	16.5037%

	
	Cell access (including ramp up)
	4300
	55
	0.166666667
	9.2
	716.67
	2.3731%

	
	Deep sleep
	2
	1
	10010.8
	10010.8
	20021.60
	66.2983%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0
	30199.27
	100.0000%

	
	Slot-averaged power unit
	1.47

	
	Battery life (in month)
	0.50

	Case 3: FR1, UL-TDOA, Type A, 10.24/10.24
	Ramp up + down
	450
	20
	1
	20.0
	450.00
	2.0044%

	
	SRS Tx + Paging
	877
	7.5
	1
	7.5
	877.00
	3.9064%

	
	Cell access (including ramp up)
	4300
	55
	0.166666667
	9.2
	716.67
	3.1922%

	
	Deep sleep
	2
	1
	10203.3
	10203.3
	20406.60
	90.8969%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0
	22450.27
	100.0000%

	
	Slot-averaged power unit
	1.10

	
	Battery life (in month)
	0.68

	Case 11: FR1, UE-A DL-TDOA, Type A, 1.28/1.28
	Ramp up + down
	450
	20
	8
	160.0
	3600.00
	9.3784%

	
	PRS Rx + Paging + SDT
	1797
	28
	8
	224.0
	14376.00
	37.4509%

	
	Cell access (including ramp up)
	4300
	55
	0.166666667
	9.2
	716.67
	1.8670%

	
	Deep sleep
	2
	1
	9846.8
	9846.8
	19693.60
	51.3038%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0
	38386.27
	100.0000%

	
	Slot-averaged power unit
	1.87

	
	Battery life (in month)
	0.40

	Case 12: FR1, UE-A DL-TDOA, Type A, 10.24/1.28
	Ramp up + down
	450
	20
	8
	3600.00
	160.0
	11.5837%

	
	PRS Rx + paging + SDT
	1797
	28
	1
	1797.00
	28.0
	5.7822%

	
	Paging
	712
	7.5
	7
	4984.00
	52.5
	16.0369%

	
	Cell access (including ramp up)
	4300
	55
	0.166666667
	716.67
	9.2
	2.3060%

	
	Deep sleep
	2
	1
	9990.3
	19980.60
	9990.3
	64.2912%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0
	31078.27
	100.0000%

	
	Slot-averaged power unit
	1.52

	
	Battery life (in month)
	0.49

	Case 13: FR1, UE-A DL-TDOA, Type A, 10.24/10.24
	Ramp up + down
	450
	20
	1
	20.0
	450.00
	1.9289%

	
	PRS Rx + Paging + SDT
	1797
	28
	1
	28.0
	1797.00
	7.7028%

	
	Cell access (including ramp up)
	4300
	55
	0.166666667
	9.2
	716.67
	3.0720%

	
	Deep sleep
	2
	1
	10182.8
	10182.8
	20365.60
	87.2964%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0
	23329.27
	100.0000%

	
	Slot-averaged power unit
	1.14

	
	Battery life (in month)
	0.65

	Case 21: FR1, UE-B DL-TDOA, Type A, 1.28/1.28
	Ramp up + down
	450
	20
	8
	160.0
	3600.00
	10.2576%

	
	PRS Rx + Paging
	1472
	27.5
	8
	220.0
	11776.00
	33.5537%

	
	Deep sleep
	2
	1
	9860
	9860.0
	19720.00
	56.1887%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0
	35096.00
	100.0000%

	
	Slot-averaged power unit
	1.71

	
	Battery life (in month)
	0.43

	Case 22: FR1, UE-B DL-TDOA, Type A, 10.24/1.28
	Ramp up + down
	450
	20
	8
	160.0
	3600.00
	11.9776%

	
	PRS Rx + paging
	1472
	27.5
	1
	27.5
	1472.00
	4.8975%

	
	Paging
	712
	7.5
	7
	52.5
	4984.00
	16.5824%

	
	Deep sleep
	2
	1
	10000
	10000.0
	20000.00
	66.5425%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0
	30056.00
	100.0000%

	
	Slot-averaged power unit
	1.47

	
	Battery life (in month)
	0.50

	Case 23: FR1, UE-B DL-TDOA, Type A, 10.24/10.24
	Ramp up + down
	450
	20
	1
	20.0
	450.00
	2.0173%

	
	PRS Rx + Paging
	1472
	27.5
	1
	27.5
	1472.00
	6.5988%

	
	Deep sleep
	2
	1
	10192.5
	10192.5
	20385.00
	91.3839%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0
	22307.00
	100.0000%

	
	Slot-averaged power unit
	1.09

	
	Battery life (in month)
	0.68



Table B.5.X.2-2: UE power consumption results for each evaluation case from [X]
	Evaluation case
	Power states
	Relative power unit
	Duration (in msec)
	Instances
	Sum Durations (in msec)
	Relative power
	Power ratio

	Case 101: FR1, UL-TDOA, Type A, 10.24/10.24, UDS1
	Ramp up + down option 1
	10000
	400
	1
	400.0 
	10000.00 
	89.5097%

	
	SRS Tx + Paging
	877
	7.5
	1
	7.5 
	877.00 
	7.8500%

	
	Ultra-deep sleep Option 1
	0.03
	1
	9832.5
	9832.5 
	294.98 
	2.6403%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0
	11171.98
	100.0000%

	
	Slot-averaged power unit
	0.55 

	
	Battery life (in month)
	1.36 

	Case 102: FR1, UL-TDOA, Type A, 10.24/20.48, UDS1
	Ramp up + down option 1
	10000
	400
	1
	400.0 
	10000.00 
	90.8593%

	
	SRS Tx + Paging
	877
	7.5
	0.5
	3.8 
	438.50 
	3.9842%

	
	SRS Tx
	545
	4
	0.5
	2.0 
	272.50 
	2.4759%

	
	Ultra-deep sleep Option 1
	0.03
	1
	9834.2
	9834.2 
	295.03 
	2.6806%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0 
	11006.03 
	100.0000%

	
	Slot-averaged power unit
	0.54

	
	Battery life (in month)
	1.38

	Case 103: FR1, UL-TDOA, Type A, 10.24/40.96, UDS1
	Ramp up + down option 1
	10000
	400
	1
	400.0 
	10000.00 
	91.5495%

	
	SRS Tx + Paging
	877
	7.5
	0.25
	1.9 
	219.25 
	2.0072%

	
	SRS Tx
	545
	4
	0.75
	3.0 
	408.75 
	3.7421%

	
	Ultra-deep sleep Option 1
	0.03
	1
	9835.1
	9835.1 
	295.05 
	2.7012%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0 
	10923.05 
	100.0000%

	
	Slot-averaged power unit
	0.53

	
	Battery life (in month)
	1.39

	Case 104: FR1, UL-TDOA, Type A, 10.24/81.92, UDS1
	Ramp up + down option 1
	10000
	400
	1
	400.0 
	10000.00 
	91.8985%

	
	SRS Tx + Paging
	877
	7.5
	0.125
	0.9 
	109.63 
	1.0074%

	
	SRS Tx
	545
	4
	0.875
	3.5 
	476.88 
	4.3824%

	
	Ultra-deep sleep Option 1
	0.03
	1
	9835.6
	9835.6 
	295.07 
	2.7116%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0 
	10881.57 
	100.0000%

	
	Slot-averaged power unit
	0.53

	
	Battery life (in month)
	1.39

	Case 105: FR1, UL-TDOA, Type A, 10.24/no paging, UDS1
	Ramp up + down Option 1
	10000
	400
	1
	400.0 
	10000.00 
	93.0950%

	
	SRS Tx
	545
	4
	1
	4.0 
	545.00 
	5.0737%

	
	Ultra-deep sleep Option 1
	0.02
	1
	9836
	9836.0 
	196.72 
	1.8314%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0 
	10741.72 
	100.0000%

	
	Slot-averaged power unit
	0.52

	
	Battery life (in month)
	1.41

	Case 102a: FR1, UL-TDOA, Type A, 10.24/20.48, UDS1+UDS2
	Ramp up + down Option 1
	10000
	400
	0.5
	200.0 
	5000.00 
	80.6372%

	
	SRS Tx + Paging
	877
	7.5
	0.5
	3.8 
	438.50 
	7.0719%

	
	Ultra-deep sleep Option 1
	0.03
	1
	4918
	4918.0 
	147.54 
	2.3794%

	
	Ramp up + down Option 2
	480
	25
	0.5
	12.5 
	240.00 
	3.8706%

	
	SRS Tx
	545
	4
	0.5
	2.0 
	272.50 
	4.3947%

	
	Ultra-deep sleep Option 2
	0.02
	1
	5103.75
	5103.8 
	102.08 
	1.6462%

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0 
	6200.62 
	100.0000%

	
	Slot-averaged power unit
	0.30

	
	Battery life (in month)
	2.45

	Case 103a: FR1, UL-TDOA, Type A, 10.24/40.96, UDS1+UDS2
	Ramp up + down Option 1
	10000
	400
	0.25
	100.0 
	2500.00 
	67.2962%

	
	SRS Tx + Paging
	877
	7.5
	0.25
	1.9 
	219.25 
	5.9019%

	
	Ultra-deep sleep Option 1
	0.03
	1
	2459
	2459.0 
	73.77 
	1.9858%

	
	Ramp up + down Option 2
	480
	25
	0.75
	18.8 
	360.00 
	9.6907%

	
	SRS Tx
	545
	4
	0.75
	3.0 
	408.75 
	11.0029%

	
	Ultra-deep sleep Option 2
	0.02
	1
	7657.375
	7657.4 
	153.15 
	4.1225%

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0 
	3714.92 
	100.0000%

	
	Slot-averaged power unit
	0.18

	
	Battery life (in month)
	4.08

	Case 104a: FR1, UL-TDOA, Type A, 10.24/81.92, UDS1+UDS2
	Ramp up + down Option 1
	10000
	400
	0.125
	50.0 
	1250.00 
	50.5649%

	
	SRS Tx + Paging
	877
	7.5
	0.125
	0.9 
	109.63 
	4.4345%

	
	Ultra-deep sleep Option 1
	0.03
	1
	1229.5
	1229.5 
	36.89 
	1.4921%

	
	Ramp up + down Option 2
	480
	25
	0.875
	21.9 
	420.00 
	16.9898%

	
	SRS Tx
	545
	4
	0.875
	3.5 
	476.88 
	19.2905%

	
	Ultra-deep sleep Option 2
	0.02
	1
	8934.1875
	8934.2 
	178.68 
	7.2281%

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0 
	2472.07 
	100.0000%

	
	Slot-averaged power unit
	0.12

	
	Battery life (in month)
	6.14

	Case 105a: FR1, UL-TDOA, Type A, 10.24/no paging, UDS2
	Ramp up + down Option 2
	480
	25
	1
	25.0 
	480.00 
	39.0492%

	
	SRS Tx
	545
	4
	1
	4.0 
	545.00 
	44.3371%

	
	Ultra-deep sleep Option 2
	0.02
	1
	10211
	10211.0 
	204.22 
	16.6138%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0 
	1229.22 
	100.0000%

	
	Slot-averaged power unit
	0.06

	
	Battery life (in month)
	12.34

	Case 106a: FR1, UL-TDOA, Type A, 10.24/no paging, cell access every 61.44s, UDS2
	Ramp up + down Option 2
	480
	25
	1
	25.0 
	480.00 
	13.5743%

	
	SRS Tx
	545
	4
	1
	4.0 
	545.00 
	15.4124%

	
	Cell access (including ramp up)
	13850
	435
	0.166666667
	72.5 
	2308.33 
	65.2790%

	
	Ultra-deep sleep Option 2
	0.02
	1
	10138.5
	10138.5 
	202.77 
	5.7343%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0 
	3536.10 
	100.0000%

	
	Slot-averaged power unit
	0.17

	
	Battery life (in month)
	4.29

	Case 107a: FR1, UL-TDOA, Type A, 10.24/no paging, TRS sync, UDS2
	Ramp up + down Option 2
	480
	25
	1
	25.0 
	480.00 
	50.8324%

	
	SRS Tx TRS
	260
	1
	1
	1.0 
	260.00 
	27.5342%

	
	Ultra-deep sleep Option 2
	0.02
	1
	10214
	10214.0 
	204.28 
	21.6334%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0 
	944.28 
	100.0000%

	
	Slot-averaged power unit
	0.05

	
	Battery life (in month)
	16.07

	Case 111: FR1, UE-A DL-TDOA, Type A, 10.24/10.24, UDS1
	Ramp up + down Option 1
	10000
	400
	1
	400.0 
	10000.00 
	83.3904%

	
	PRS Rx + Paging + SDT
	1797
	28
	1
	28.0 
	1797.00 
	14.9853%

	
	Ultra-deep sleep Option 1
	0.02
	1
	9739.5
	9739.5 
	194.79 
	1.6244%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10167.5 
	11991.79 
	100.0000%

	
	Slot-averaged power unit
	0.59

	
	Battery life (in month)
	1.27

	Case 121: FR1, UE-B DL-TDOA, Type A, 10.24/10.24, UDS1
	Ramp up + down Option 1
	10000
	400
	1
	400.0 
	10000.00 
	85.7027%

	
	PRS Rx + Paging
	1472
	27.5
	1
	27.5 
	1472.00 
	12.6154%

	
	Ultra-deep sleep Option 1
	0.02
	1
	9812.5
	9812.5 
	196.25 
	1.6819%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0 
	11668.25 
	100.0000%

	
	Slot-averaged power unit
	0.57

	
	Battery life (in month)
	1.30

	Case 122: FR1, UE-B DL-TDOA, Type A, 10.24/20.48, UDS1
	Ramp up + down Option 1
	10000
	400
	1
	400.0 
	10000.00 
	87.8555%

	
	PRS Rx + Paging
	1472
	27.5
	0.5
	13.8 
	736.00 
	6.4662%

	
	PRS Rx
	900
	20
	0.5
	10.0 
	450.00 
	3.9535%

	
	Ultra-deep sleep Option 1
	0.02
	1
	9816.2
	9816.2 
	196.32 
	1.7248%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0 
	11382.32 
	100.0000%

	
	Slot-averaged power unit
	0.56

	
	Battery life (in month)
	1.33

	Case 123: FR1, UE-B DL-TDOA, Type A, 10.24/40.96, UDS1
	Ramp up + down Option 1
	10000
	400
	1
	400.0 
	10000.00 
	88.9730%

	
	PRS Rx + Paging
	1472
	27.5
	0.25
	6.9 
	368.00 
	3.2742%

	
	PRS Rx
	900
	20
	0.75
	15.0 
	675.00 
	6.0057%

	
	Ultra-deep sleep Option 1
	0.02
	1
	9818.1
	9818.1 
	196.36 
	1.7471%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0 
	11239.36 
	100.0000%

	
	Slot-averaged power unit
	0.55

	
	Battery life (in month)
	1.35

	Case 124: FR1, UL-TDOA, Type A, 10.24/81.92, UDS1
	Ramp up + down Option 1
	10000
	400
	1
	400.0 
	10000.00 
	89.5425%

	
	PRS Rx + Paging
	1472
	27.5
	0.125
	3.4 
	184.00 
	1.6476%

	
	PRS Rx
	900
	20
	0.875
	17.5 
	787.50 
	7.0515%

	
	Ultra-deep sleep Option 1
	0.02
	1
	9819.1
	9819.1 
	196.38 
	1.7585%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0 
	11167.88 
	100.0000%

	
	Slot-averaged power unit
	0.55

	
	Battery life (in month)
	1.36

	Case 125: FR1, UL-TDOA, Type A, 10.24/no paging, UDS1
	Ramp up + down Option 1
	10000
	400
	1
	400.0 
	10000.00 
	90.1193%

	
	PRS Rx
	900
	20
	1
	20.0 
	900.00 
	8.1107%

	
	Ultra-deep sleep Option 1
	0.02
	1
	9820
	9820.0 
	196.40 
	1.7699%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0 
	11096.40 
	100.0000%

	
	Slot-averaged power unit
	0.54

	
	Battery life (in month)
	1.37

	Case 122a: FR1, UE-B DL-TDOA, Type A, 10.24/20.48, UDS1+UDS2
	Ramp up + down Option 1
	10000
	400
	0.5
	200.0 
	5000.00 
	74.9044%

	
	PRS Rx + Paging
	1472
	27.5
	0.5
	13.8 
	736.00 
	11.0259%

	
	Ultra-deep sleep Option 1
	0.03
	1
	4910
	4910.0 
	147.30 
	2.2067%

	
	Ramp up + down Option 2
	480
	25
	0.5
	12.5 
	240.00 
	3.5954%

	
	PRS Rx
	900
	20
	0.5
	10.0 
	450.00 
	6.7414%

	
	Ultra-deep sleep Option 2
	0.02
	1
	5093.75
	5093.8 
	101.88 
	1.5262%

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0 
	6675.18 
	100.0000%

	
	Slot-averaged power unit
	0.33

	
	Battery life (in month)
	2.27

	Case 123a: FR1, UE-B DL-TDOA, Type A, 10.24/40.96, UDS1+UDS2
	Ramp up + down Option 1
	10000
	400
	0.25
	100.0 
	2500.00 
	60.5395%

	
	PRS Rx + Paging
	1472
	27.5
	0.25
	6.9 
	368.00 
	8.9114%

	
	Ultra-deep sleep Option 1
	0.03
	1
	2455
	2455.0 
	73.65 
	1.7835%

	
	Ramp up + down Option 2
	480
	25
	0.75
	18.8 
	360.00 
	8.7177%

	
	PRS Rx
	900
	20
	0.75
	15.0 
	675.00 
	16.3457%

	
	Ultra-deep sleep Option 2
	0.02
	1
	7644.375
	7644.4 
	152.89 
	3.7023%

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0 
	4129.54 
	100.0000%

	
	Slot-averaged power unit
	0.20

	
	Battery life (in month)
	3.67

	Case 124a: FR1, UL-TDOA, Type A, 10.24/81.92, UDS1+UDS2
	Ramp up + down Option 1
	10000
	400
	0.125
	50.0 
	1250.00 
	43.7565%

	
	PRS Rx + Paging
	1472
	27.5
	0.125
	3.4 
	184.00 
	6.4410%

	
	Ultra-deep sleep Option 1
	0.03
	1
	1227.5
	1227.5 
	36.83 
	1.2891%

	
	Ramp up + down Option 2
	480
	25
	0.875
	21.9 
	420.00 
	14.7022%

	
	PRS Rx
	900
	20
	0.875
	17.5 
	787.50 
	27.5666%

	
	Ultra-deep sleep Option 2
	0.02
	1
	8919.6875
	8919.7 
	178.39 
	6.2447%

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0 
	2856.72 
	100.0000%

	
	Slot-averaged power unit
	0.14

	
	Battery life (in month)
	5.31

	Case 125a: FR1, UL-TDOA, Type A, 10.24/no paging, UDS2
	Ramp up + down Option 2
	480
	25
	1
	25.0 
	480.00 
	30.3049%

	
	PRS Rx
	900
	20
	1
	20.0 
	900.00 
	56.8218%

	
	Ultra-deep sleep Option 2
	0.02
	1
	10195
	10195.0 
	203.90 
	12.8733%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0 
	1583.90 
	100.0000%

	
	Slot-averaged power unit
	0.08

	
	Battery life (in month)
	9.58



Table B.5.X.2-3: Summary for UE power consumption results from [X]
	Evaluation case description
	Slot-averaged relative power unit (P2)
	Battery life (in month)
	Target requirements met? (Yes/No); If no, provide gaps

	
	
	
	6 months
	12 months

	Case 1, FR1, UL-TDOA, Type A, 1.28/1.28
	1.53
	0.48
	No
	No

	Case 2: FR1, UL-TDOA, Type A, 10.24/1.28
	1.47
	0.50
	No
	No

	Case 3: FR1, UL-TDOA, Type A, 10.24/10.24
	1.10
	0.68
	No
	No

	Case 11: FR1, UE-A DL-TDOA, Type A, 1.28/1.28
	1.87
	0.40
	No
	No

	Case 12: FR1, UE-A DL-TDOA, Type A, 10.24/1.28
	1.52
	0.49
	No
	No

	Case 13: FR1, UE-A DL-TDOA, Type A, 10.24/10.24
	1.14
	0.65
	No
	No

	Case 21: FR1, UE-B DL-TDOA, Type A, 1.28/1.28
	1.71
	0.43
	No
	No

	Case 22: FR1, UE-B DL-TDOA, Type A, 10.24/1.28
	1.47
	0.50
	No
	No

	Case 23: FR1, UE-B DL-TDOA, Type A, 10.24/10.24
	1.09
	0.68
	No
	No

	Case 101: FR1, UL-TDOA, Type A, 10.24/10.24, UDS1
	0.55
	1.36
	No
	No

	Case 102: FR1, UL-TDOA, Type A, 10.24/20.48, UDS1
	0.54
	1.38
	No
	No

	Case 103: FR1, UL-TDOA, Type A, 10.24/40.96, UDS1
	0.53
	1.39
	No
	No

	Case 104: FR1, UL-TDOA, Type A, 10.24/81.92, UDS1
	0.53
	1.39
	No
	No

	Case 105: FR1, UL-TDOA, Type A, 10.24/no paging, UDS1
	0.52
	1.41
	No
	No

	Case 102a: FR1, UL-TDOA, Type A, 10.24/20.48, UDS1+UDS2
	0.30
	2.45
	No
	No

	Case 103a: FR1, UL-TDOA, Type A, 10.24/40.96, UDS1+UDS2
	0.18
	4.08
	No
	No

	Case 104a: FR1, UL-TDOA, Type A, 10.24/81.92, UDS1+UDS2
	0.12
	6.14
	Yes
	No

	Case 105a: FR1, UL-TDOA, Type A, 10.24/no paging, UDS2
	0.06
	12.34
	Yes
	Yes

	Case 106a: FR1, UL-TDOA, Type A, 10.24/no paging, cell access every 61.44s, UDS2
	0.17
	4.29
	No
	No

	Case 107a: FR1, UL-TDOA, Type A, 10.24/no paging, TRS sync, UDS2
	0.05
	16.07
	Yes
	Yes

	Case 111: FR1, UE-A DL-TDOA, Type A, 10.24/10.24, UDS1
	0.59
	1.27
	No
	No

	Case 121: FR1, UE-B DL-TDOA, Type A, 10.24/10.24, UDS1
	0.57
	1.30
	No
	No

	Case 122: FR1, UE-B DL-TDOA, Type A, 10.24/20.48, UDS1
	0.56
	1.33
	No
	No

	Case 123: FR1, UE-B DL-TDOA, Type A, 10.24/40.96, UDS1
	0.55
	1.35
	No
	No

	Case 124: FR1, UL-TDOA, Type A, 10.24/81.92, UDS1
	0.55
	1.36
	No
	No

	Case 125: FR1, UL-TDOA, Type A, 10.24/no paging, UDS1
	0.54
	1.37
	No
	No

	Case 122a: FR1, UE-B DL-TDOA, Type A, 10.24/20.48, UDS1+UDS2
	0.33
	2.27
	No
	No

	Case 123a: FR1, UE-B DL-TDOA, Type A, 10.24/40.96, UDS1+UDS2
	0.20
	3.67
	No
	No

	Case 124a: FR1, UL-TDOA, Type A, 10.24/81.92, UDS1+UDS2
	0.14
	5.31
	No
	No

	Case 125a: FR1, UL-TDOA, Type A, 10.24/no paging, UDS2
	0.08
	9.58
	Yes
	No




Appendix
This appendix shows the timeline during the cell access using RA-SDT to convey the positioning measurement report and/or LCS event report, followed by the RRCRelease message in order to convey the response from the LMF or reconfigure the SRS.
It is worth noting that the long Msg-4 window is intended to cover the core network response to the RAN and inter-RAN node information exchange for the purpose of UE context information exchange and potentially anchor relocation procedure. 
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