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Introduction
In this paper, we discuss the remaining issues of LPHAP evaluation and solutions.

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 to 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 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 power
	Sum duration
	Power ratio

	Ramp up + down
	450
	20
	8
	3600.00 
	160.0 
	11.4817%

	SRS Tx + Paging
	877
	7.5
	8
	7016.00 
	60.0 
	22.3765%

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

	Deep sleep
	2
	1
	10010.8
	20021.60 
	10010.8 
	63.8561%

	Total
	　
	　
	　
	31354.27 
	10240.0 
	100.0000%

	
	
	
	
	
	
	

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

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

	Ramp up + down
	450
	20
	8
	3600.00 
	160.0 
	11.9208%

	SRS Tx + paging
	877
	7.5
	1
	877.00 
	7.5 
	2.9040%

	Paging
	712
	7.5
	7
	4984.00 
	52.5 
	16.5037%

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

	Deep sleep
	2
	1
	10010.8
	20021.60 
	10010.8 
	66.2983%

	Total
	　
	　
	　
	30199.27 
	10240.0 
	100.0000%

	
	
	
	
	
	
	

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

	Power state
	Power unit
	Duration
	Instances
	Power
	Sum duration
	Power ratio

	Ramp up + down
	450
	20
	1
	450.00 
	20.0 
	2.0044%

	SRS Tx + Paging
	877
	7.5
	1
	877.00 
	7.5 
	3.9064%

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

	Deep sleep
	2
	1
	10203.3
	20406.60 
	10203.3 
	90.8969%

	Total
	　
	　
	　
	22450.27 
	10240.0 
	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.
(Ultra-)Deep sleep
Ramp down
SSB
Ramp up
(Ultra-)Deep sleep
2ms
4.5ms
Paging
Micro sleep
1ms
(Ultra-)Deep sleep
Ramp down
SSB
Ramp up
(Ultra-)Deep sleep
2ms
4.5ms
Paging
Micro sleep
1ms
PRS
Light sleep
19.5ms
(Ultra-)Deep sleep
Ramp down
SSB
Ramp up
(Ultra-)Deep sleep
2ms
4.5ms
Paging
Micro sleep
1ms
PRS
Light sleep
19.5ms
CG-SDT
RRCRelease

[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 power
	Sum duration
	Power ratio

	Ramp up + down
	450
	20
	8
	3600.00 
	160.0 
	9.3784%

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

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

	Deep sleep
	2
	1
	9846.8
	19693.60 
	9846.8 
	51.3038%

	Total
	　
	　
	　
	38386.27 
	10240.0 
	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 power
	Sum duration
	Power ratio

	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
	　
	　
	　
	31078.27 
	10240.0 
	100.0000%

	
	
	
	
	
	
	

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

	Power state
	Power unit
	Duration
	Instances
	Power
	Sum duration
	Power ratio

	Ramp up + down
	450
	20
	1
	450.00 
	20.0 
	1.9289%

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

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

	Deep sleep
	2
	1
	10182.8
	20365.60 
	10182.8 
	87.2964%

	Total
	　
	　
	　
	23329.27 
	10240.0 
	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 power
	Sum duration
	Power ratio

	Ramp up + down
	450
	20
	8
	3600.00 
	160.0 
	10.2576%

	PRS Rx + Paging
	1472
	27.5
	8
	11776.00 
	220.0 
	33.5537%

	Deep sleep
	2
	1
	9860
	19720.00 
	9860.0 
	56.1887%

	Total
	　
	　
	　
	35096.00 
	10240.0 
	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 power
	Sum duration
	Power ratio

	Ramp up + down
	450
	20
	8
	3600.00 
	160.0 
	11.9776%

	PRS Rx + paging
	1472
	27.5
	1
	1472.00 
	27.5 
	4.8975%

	Paging
	712
	7.5
	7
	4984.00 
	52.5 
	16.5824%

	Deep sleep
	2
	1
	10000
	20000.00 
	10000.0 
	66.5425%

	Total
	　
	　
	　
	30056.00 
	10240.0 
	100.0000%

	
	
	
	
	
	
	

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

	Power state
	Power unit
	Duration
	Instances
	Power
	Sum duration
	Power ratio

	Ramp up + down
	450
	20
	1
	450.00 
	20.0 
	2.0173%

	PRS Rx + Paging
	1472
	27.5
	1
	1472.00 
	27.5 
	6.5988%

	Deep sleep
	2
	1
	10192.5
	20385.00 
	10192.5 
	91.3839%

	Total
	　
	　
	　
	22307.00 
	10240.0 
	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)

	Ref
	100000
	4500
	20%
	12 

	Case 1: UL (1.28/1.28)
	3061.940104
	800
	100%
	348 

	Case 2: UL (10.24/1.28)
	2949.147135
	800
	100%
	362 

	Case 3: UL (10.24/10.24)
	2192.408854
	800
	100%
	487 

	Case 11: DL UE-A (1.28/1.28)
	3748.658854
	800
	100%
	285 

	Case 12: DL UE-A (10.24/1.28)
	3034.986979
	800
	100%
	351 

	Case 13: DL UE-A (10.24/10.24)
	2278.248698
	800
	100%
	468 

	Case 21: DL UE-B (1.28/1.28)
	3427.34375
	800
	100%
	311 

	Case 22: DL UE-B (10.24/1.28)
	2935.15625
	800
	100%
	363 

	Case 23: DL UE-B (10.24/10.24)
	2178.417969
	800
	100%
	490 



Observation 1: Rel-17 baseline UL and DL positioning in RRC_INACTIVE state can approximately achieve 300 – 500 hours battery life, which cannot meet the LPHAP requirements.
Even with K factor taking the value 4, it still cannot meet the battery life requirement of 6 months.

Rel-18 enhancements for evaluation
Ultra-deep sleep
Two options of ultra-deep sleep were agreed for evaluation in RAN1#110.
	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



Firstly, we think that the two ultra-deep sleep state options could align in terms of the relative power unit. We observed that the value 0.015 was from the NB-IoT evaluation taking the unit of power unit per ms, instead of power unit per slot, so adopting a single value of 0.01 power unit per slot is preferred for both options for possible calibration.
Secondly, apart from the relative power unit, the two options actually correspond to different wake-up states. For Option 1, it is assumed that UE would be capable of the legacy “communication” service and the UE is expected to be ready to perform regular operations for communication when leaving from the sleeping mode, such as cell access, data transmission/reception, etc, while for Option 2, it is assumed that UE is implemented dominantly for positioning purpose so UE is only expected to be ready for positioning operation only when leaving from the sleeping mode. Those two distinct operations may require different time durations for boosting or reloading memory, etc., which consequently would result in different transition time and the transition energy. In this regard, we consider both Options can be implemented according to the operations that UE expects to work.
For example:
Option 2 ultra-deep sleep only applies to the case when UE wakes up to only perform SRS transmission or PRS reception.
Option 1 ultra-deep sleep applies to the case when UE wakes up to receive paging, initiate SDT procedure, or even perform cell access.
Third, due to the controversy over the transition energy for ultra-deep sleep option 1 since a per-slot power unit of 50 during transition period would result in 20000 power unit power consumption within 400ms transition time, we believe a value of 10000 power unit would be a middle ground for some implementations.
Therefore, we have the following proposal.
Proposal 1: On the ultra-deep sleep model
Adopt a single value of 0.01 power unit per slot for both options
Both Options can be adopted in the evaluation, where
· Option 2 applies to the case when UE wakes up to only perform positioning transmission or measurement
· Option 1 applies to the case when UE wakes up to perform communication, including receiving paging, initiating SDT, or accessing a cell
The transition energy of Option 1 takes the value of 10000.

The evaluations for the ultra-deep sleep Option 1 is shown in Table 10, where the use of ultra-deep sleep Option 1 is because UE needs to wake up and receive paging.

[bookmark: _Ref109753501]Table 10 Power consumption for UL and DL positioning with ultra-deep sleep
	Case 101: INACTIVE state UL every 10.24s (SRS 10.24s, paging 10.24s)

	Power state
	Power unit
	Duration
	Instances
	Power
	Sum duration
	Power ratio

	Ramp up + down
	10000
	400
	1
	10000.00 
	400.0 
	74.7354%

	SRS Tx + Paging
	877
	7.5
	1
	877.00 
	7.5 
	6.5543%

	Cell access (including ramp up)
	13850
	435
	0.166666667
	2308.33 
	72.5 
	17.2514%

	Ultra-deep sleep Option 1
	0.02
	1
	9760
	195.20 
	9760.0 
	1.4588%

	Total
	　
	　
	　
	13380.53 
	10240.0 
	100.0000%

	
	
	
	
	
	
	

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

	Power state
	Power unit
	Duration
	Instances
	Power
	Sum duration
	Power ratio

	Ramp up + down
	10000
	400
	1
	10000.00 
	400.0 
	69.9295%

	PRS Rx + Paging + SDT
	1797
	28
	1
	1797.00 
	28.0 
	12.5663%

	Cell access (including ramp up)
	13850
	435
	0.166666667
	2308.33 
	72.5 
	16.1421%

	Ultra-deep sleep Option 1
	0.02
	1
	9739.5
	194.79 
	9739.5 
	1.3622%

	Total
	　
	　
	　
	14300.12 
	10240.0 
	100.0000%

	
	
	
	
	
	
	

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

	Power state
	Power unit
	Duration
	Instances
	Power
	Sum duration
	Power ratio

	Ramp up + down
	10000
	400
	1
	10000.00 
	400.0 
	85.7027%

	PRS Rx + Paging
	1472
	27.5
	1
	1472.00 
	27.5 
	12.6154%

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

	Total
	　
	　
	　
	11668.25 
	10240.0 
	100.0000%



No paging reception with Option 2 ultra-deep sleep
LPHAP service type is considered with no or little such requirements, especially for the duration when UE is under “positioning power saving mode”, which can benefit from no paging reception in terms of power efficiency improvements.
Removing paging would allow UE to wake up to only perform positioning without any requirement for communication, and thus ultra-deep sleep Option 2 can be implemented.
Observation 2: Without the requirement of receiving paging, UE may implement ultra-deep sleep Option 2 for the purpose of waking up to do positioning only.
The timeline for UL and DL positioning without paging is shown in Figure 3, and for this case, we only consider UE-based DL positioning.
(Ultra-)Deep sleep
Ramp down
SRS [23dBm]
SSB
Micro sleep
Ramp up
(Ultra-)Deep sleep
2ms
1.5ms
0.5ms
(Ultra-)Deep sleep
Ramp down
Ramp up
(Ultra-)Deep sleep
PRS
Light sleep
19.5ms

[bookmark: _Ref109913479][bookmark: _Hlk115281661]Figure 3 UL and DL positioning timeline without paging

The power consumption for SRS only and PRS only without paging is shown in Table 11.
[bookmark: _Ref109755592]Table 11 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 power evaluation for 10.24 positioning interval without paging that facilitate ultra-deep sleep Option 2 is shown in Table 12.
[bookmark: _Ref109755769]Table 12 Power consumption with ultra-deep sleep Option 2 and no paging
	Case 102: INACTIVE state UL every 10.24s (SRS 10.24s, no paging with ultra-deep sleep option 2)

	Power state
	Power unit
	Duration
	Instances
	Power
	Sum duration
	Power ratio

	Ramp up + down
	450
	25
	1
	450.00 
	25.0 
	12.8348%

	SRS Tx
	545
	4
	1
	545.00 
	4.0 
	15.5443%

	Cell access (including ramp up)
	13850
	435
	0.166666667
	2308.33 
	72.5 
	65.8376%

	Ultra-deep sleep Option 2
	0.02
	1
	10138.5
	202.77 
	10138.5 
	5.7833%

	Total
	　
	　
	　
	3506.10 
	10240.0 
	100.0000%

	
	
	
	
	
	
	

	Case 122: INACTIVE state UE based DL every 10.24s (PRS 10.24s, no paging with ultra-deep sleep option 2)

	Power state
	Power unit
	Duration
	Instances
	Power
	Sum duration
	Power ratio

	Ramp up + down
	450
	25
	1
	450.00 
	25.0 
	28.9594%

	PRS Rx
	900
	20
	1
	900.00 
	20.0 
	57.9188%

	Ultra-deep sleep Option 2
	0.02
	1
	10195
	203.90 
	10195.0 
	13.1218%

	Total
	　
	　
	　
	1553.90 
	10240.0 
	100.0000%



SRS mobility enhancement
We noticed that for UL positioning, cell access procedure takes more than 50% under the ultra-deep sleep Option 2 without paging reception as shown in Table 12. Therefore, if the SRS configuration could be valid within the region of interest for the LPHAP device, such cell access to obtain the new SRS configuration can be avoided, and thus power consumption can be reduced.
The power evaluation for 10.24 positioning interval without paging and with SRS mobility enhancement is shown in Table 13.
[bookmark: _Ref114592683]Table 13 Power consumption with SRS mobility enhancement and no paging
	Case 103: INACTIVE state UL every 10.24s (SRS 10.24s, no paging, mobility enhancements)

	Power state
	Power unit
	Duration
	Instances
	Power
	Sum duration
	Power ratio

	Ramp up + down
	450
	25
	1
	450.00 
	25.0 
	37.5244%

	SRS Tx
	545
	4
	1
	545.00 
	4.0 
	45.4462%

	Ultra-deep sleep Option 2
	0.02
	1
	10211
	204.22 
	10211.0 
	17.0294%

	Total
	　
	　
	　
	1199.22 
	10240.0 
	100.0000%



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 4.
(Ultra-)Deep sleep
Ramp down
SRS [23dBm]
Ramp up
(Ultra-)Deep sleep
1ms
TRS

[bookmark: _Ref109913673][bookmark: _Hlk115281686]Figure 4 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 104: INACTIVE state UL every 10.24s (SRS 10.24s, no paging, mobility enhancements, Sync TRS)

	Power state
	Power unit
	Duration
	Instances
	Power
	Sum duration
	Power ratio

	Ramp up + down
	450
	25
	1
	450.00 
	25.0 
	49.2191%

	SRS Tx TRS
	260
	1
	1
	260.00 
	1.0 
	28.4377%

	Ultra-deep sleep Option 2
	0.02
	1
	10214
	204.28 
	10214.0 
	22.3433%

	Total
	　
	　
	　
	914.28 
	10240.0 
	100.0000%



Summary of Rel-18 enhancements
With the evaluation results shown in Table 10, Table 12, and Table 15, 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)
	LPHAP Targets

	Ref
	100000
	4500
	20%
	12 
	

	Case 101: UL (10.24/10.24, ultra-deep sleep option 1)
	1306.692708
	800
	100%
	816 
	No (~1 month)

	Case 102: UL (10.24/no paging, ultra-deep sleep option 2)
	342.3929036
	800
	100%
	3115 
	No (~4 months)

	Case 103: UL (10.24/no paging, ultra-deep sleep option 2, and SRS mobility enhancement)
	117.1113281
	800
	100%
	9108 
	12 months

	Case 104: UL (10.24/no paging, ultra-deep sleep option 2, and SRS mobility enhancements with TRS sync)
	89.28515625
	800
	100%
	11947 
	12 months

	Case 111: DL UE A (10.24/10.24, ultra-deep sleep option 1)
	1396.496419
	800
	100%
	764 
	No (~1 month)

	Case 121: DL UE B (10.24/10.24, ultra-deep sleep option 1)
	1139.48 
	800
	100%
	936 
	No (~1 month)

	Case 122: DL UE B (10.24/no paging, ultra-deep sleep option 2)
	151.7480469
	800
	100%
	7029 
	6 months



Observation 3:
With ultra-deep sleep Option 1
· DL and UL positioning cannot meet the requirement of 6 months
By further removing paging reception and adopting ultra-deep sleep Option 2
· DL UE-based positioning can meet the requirement of 6 months
By further enhancing SRS mobility
· UL positioning can meet the requirement of one year

Potential enhancements
Ultra-deep sleep
As discussed before, two types of ultra-deep sleep may be present where ultra-deep sleep Option 2 is optimized for positioning, while ultra-deep sleep Option 1 is somehow a traditional UE implementation from such a sleep mode. We do not think that any specification effort is needed for ultra-deep sleep Option 1, but for ultra-deep sleep Option 2, we think that the following factors need to be additionally considered that motivates the specification change.
No UE will implement ultra-deep sleep Option 2 unless the sleep state can be acknowledged and coordinated by the network, e.g. avoiding configuring I-DRX with very short periodicity.
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.
Proposal 2: RAN1 should further study the impact to support ultra-deep sleep Option 2, where UE ramping up from ultra-deep sleep is only for positioning transmission or measurement.

DRX enhancements
Rel-17 already supports e-DRX for RedCap, and a longer DRX cycle than 10.24 sec is supported only for RRC_IDLE state that corresponds to CN paging. In RRC_INACTIVE state, such extension may be helpful for LPHAP to preserve power and also facilitate ultra-deep sleep at the UE.
In addition, considering LPHAP device is a device that is only tasked to help network track its location, in general there is little requirement for the network to send MT-data to the UE, and the necessity of receiving paging for LPHAP may be revisited.
Proposal 3: RAN1 acknowledges the benefit of DRX enhancement (e.g. no paging reception or eDRX in RRC_INACTIVE state) to reduce the power consumption for LPHAP.

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 a LPHAP device supports, 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 should be considered as a sensor, but not as a regular cell-phone, nor be assumed as a UE that tasks all data-driven services.
Therefore, on one hand, a LPHAP device is not required to support high data rate, assuming some basic communication capability is required to access the network, and on the other hand, a LPHAP device should be able to process up to 100MHz positioning reference signal transmission or reception, which motivates the decoupling of positioning bandwidth and communication bandwidth.
With the decoupling, UE RF bandwidth should cover the bandwidth required for positioning, but its baseband processing capability is only limited to the communication bandwidth, which is similar to UWB.
Proposal 4: RAN1 should further study decoupling bandwidth between communication and positioning for LPHAP.
Note: decoupling bandwidth between communication and positioning includes at least a larger positioning bandwidth (PRS and/or SRS) than the communication bandwidth.

UL enhancements
It can be observed that one of the problems for UL positioning is on the SRS mobility issue. In Rel-17, when UE reselects another cell in RRC_INACTIVE, the SRS configuration is released. Such cell access procedure even in the rate of once per minute will prevent UE from meeting the LPHAP target.
It should be noted that the cell access procedure would invoke ultra-deep sleep Option 1 that requires more time to wake up and consume more transition energy than ultra-deep sleep Option 2.
For the enhancement, the principle of predefined assistance data for DL can be considered for UL, where the SRS configuration could be applied to an area consisting of multiple cells. As long as UE is still within the coverage of the multiple cells, there is no requirement for the UE to release the SRS configuration or to notify network (except for the general mobility management in RRC_INACTIVE, e.g. RNA update or periodic registration if configured by the network).
Proposal 5: RAN1 should further study the configuration of SRS that is applicable to an area consisting of multiple cells, where the SRS configuration is not released as long as the cell UE is camping on belongs to the area.

TRS based synchronization
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.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 6: RAN1 should further study the configuration of TRS for synchronization before the SRS transmission.

Conclusion
In this contribution, we have discussed the LPHAP evaluation and solutions. With the discussion, we have the following observations and proposals.
Observation 1: Rel-17 baseline UL and DL positioning in RRC_INACTIVE state can approximately achieve 300 – 500 hours battery life, which cannot meet the LPHAP requirements.
Even with K factor taking the value 4, it still cannot meet the battery life requirement of 6 months.

Observation 2: Without the requirement of receiving paging, UE may implement ultra-deep sleep Option 2 for the purpose of waking up to do positioning only.
Observation 3:
With ultra-deep sleep Option 1
· DL and UL positioning cannot meet the requirement of 6 months
By further removing paging reception and adopting ultra-deep sleep Option 2
· DL UE-based positioning can meet the requirement of 6 months
By further enhancing SRS mobility
· UL positioning can meet the requirement of one year

Proposal 1: On the ultra-deep sleep model
Adopt a single value of 0.01 power unit per slot for both options
Both Options can be adopted in the evaluation, where
· Option 2 applies to the case when UE wakes up to only perform positioning transmission or measurement
· Option 1 applies to the case when UE wakes up to perform communication, including receiving paging, initiating SDT, or accessing a cell
The transition energy of Option 1 takes the value of 10000.

Proposal 2: RAN1 should further study the impact to support ultra-deep sleep Option 2, where UE ramping up from ultra-deep sleep is only for positioning transmission or measurement.
Proposal 3: RAN1 acknowledges the benefit of DRX enhancement (e.g. no paging reception or eDRX in RRC_INACTIVE state) to reduce the power consumption for LPHAP.
Proposal 4: RAN1 should further study decoupling bandwidth between communication and positioning for LPHAP.
Note: decoupling bandwidth between communication and positioning includes at least a larger positioning bandwidth (PRS and/or SRS) than the communication bandwidth.
Proposal 5: RAN1 should further study the configuration of SRS that is applicable to an area consisting of multiple cells, where the SRS configuration is not released as long as the cell UE is camping on belongs to the area.
Proposal 6: RAN1 should further study the configuration of TRS for synchronization before the SRS transmission.
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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.
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Figure B.5.X.1-1: UL positioning timeline with paging (SRS+Paging and paging only) from [X]
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Figure B.5.X.1-2: DL positioning timeline with paging (PRS+Paging, PRS+Paging+SDT, and paging only) from [X]

(Ultra-)Deep sleep
Ramp down
SRS [23dBm]
SSB
Micro sleep
Ramp up
(Ultra-)Deep sleep
2ms
1.5ms
0.5ms
(Ultra-)Deep sleep
Ramp down
Ramp up
(Ultra-)Deep sleep
PRS
Light sleep
19.5ms

Figure B.5.X.1-3: UL and DL positioning timeline without paging
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Figure B.5.X.1-4: UL positioning timeline without paging for TRS-based synchronization

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 are provided in Table B.5.X.1-2.
Table B.5.X.1-1: Low Power High Accuracy Positioning - Evaluation cases and assumptions 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 power consumption under deep sleep being 4300 power units.



Table B.5.X.1-2: Low Power High Accuracy Positioning - Evaluation cases and assumptions 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/no paging, UDS2
	Case 103: FR1, UL-TDOA, Type A, 10.24/no paging, UDS2, SRS-PA
	Case 104: FR1, UL-TDOA, Type A, 10.24/no paging, UDS2, SRS-PA, TRS sync
	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/no paging, UDS2

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

	DRX cycle
	10.24s
	Inf
	Inf
	Inf
	10.24s
	10.24s
	Inf

	paging reception
	Yes
	No
	No
	No
	Yes
	Yes
	No

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

	M-sample
	1
	1
	1
	1
	1
	1
	1

	RRM measurement
	No
	No
	No
	No
	No
	No
	No

	BWP switching
	No
	No
	No
	No
	No
	No
	No

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

	Implementation factor K
	1
	1
	1
	1
	1
	1
	1

	Other assumptions
	Cell access rate is once per 61.44s with power consumption under deep sleep being 4300 power units.
	No cell access procedure for SRS configuration update.
	Cell access rate is once per 61.44s with power consumption under deep sleep being 4300 power units.
	No cell access procedure.

	
	SSB based synchronization
	TRS-based synchronization
	
	




[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.2-1: 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

	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
	10000
	400
	1
	400.0
	10000.00
	74.7354%

	
	SRS Tx + Paging
	877
	7.5
	1
	7.5
	877.00
	6.5543%

	
	Cell access (including ramp up)
	13850
	435
	0.166666667
	72.5
	2308.33
	17.2514%

	
	Ultra-deep sleep Option 1
	0.02
	1
	9760
	9760.0
	195.20
	1.4588%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0
	13380.53
	100.0000%

	
	Slot-averaged power unit
	0.65

	
	Battery life (in month)
	1.13

	Case 102: FR1, UL-TDOA, Type A, 10.24/no paging, UDS2
	Ramp up + down
	450
	25
	1
	25.0
	450.00
	12.8348%

	
	SRS Tx
	545
	4
	1
	4.0
	545.00
	15.5443%

	
	Cell access (including ramp up)
	13850
	435
	0.166666667
	72.5
	2308.33
	65.8376%

	
	Ultra-deep sleep Option 2
	0.02
	1
	10138.5
	10138.5
	202.77
	5.7833%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0
	3506.10
	100.0000%

	
	Slot-averaged power unit
	0.17

	
	Battery life (in month)
	4.33

	Case 103: FR1, UL-TDOA, Type A, 10.24/no paging, UDS2, SRS-PA
	Ramp up + down
	450
	25
	1
	25.0
	450.00
	37.5244%

	
	SRS Tx
	545
	4
	1
	4.0
	545.00
	45.4462%

	
	Ultra-deep sleep Option 2
	0.02
	1
	10211
	10211.0
	204.22
	17.0294%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0
	1199.22
	100.0000%

	
	Slot-averaged power unit
	0.06

	
	Battery life (in month)
	12.65

	Case 104: FR1, UL-TDOA, Type A, 10.24/no paging, UDS2, SRS-PA, TRS sync
	Ramp up + down
	450
	25
	1
	25.0
	450.00
	49.2191%

	
	SRS Tx TRS
	260
	1
	1
	1.0
	260.00
	28.4377%

	
	Ultra-deep sleep Option 2
	0.02
	1
	10214
	10214.0
	204.28
	22.3433%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0
	914.28
	100.0000%

	
	Slot-averaged power unit
	0.04

	
	Battery life (in month)
	16.59

	Case 111: FR1, UE-A DL-TDOA, Type A, 10.24/10.24, UDS1
	Ramp up + down
	10000
	400
	1
	400.0
	10000.00
	69.9295%

	
	PRS Rx + Paging + SDT
	1797
	28
	1
	28.0
	1797.00
	12.5663%

	
	Cell access (including ramp up)
	13850
	435
	0.166666667
	72.5
	2308.33
	16.1421%

	
	Ultra-deep sleep Option 1
	0.02
	1
	9739.5
	9739.5
	194.79
	1.3622%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0
	14300.12
	100.0000%

	
	Slot-averaged power unit
	0.70

	
	Battery life (in month)
	1.06

	Case 121: FR1, UE-B DL-TDOA, Type A, 10.24/10.24, UDS1
	Ramp up + down
	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/no paging, UDS2
	Ramp up + down
	450
	25
	1
	25.0
	450.00
	28.9594%

	
	PRS Rx
	900
	20
	1
	20.0
	900.00
	57.9188%

	
	Ultra-deep sleep Option 2
	0.02
	1
	10195
	10195.0
	203.90
	13.1218%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Total (every power cycle)
	10240.0
	1553.90
	100.0000%

	
	Slot-averaged power unit
	0.08

	
	Battery life (in month)
	9.76



Table B.5.X.2-3 provides summary of UE power consumption results for each evaluated case.
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, Rel-17, FR1, UL-TDOA, Type A, 1.28/1.28
	1.53
	0.48
	No
	No

	Case 2: Rel-17, FR1, UL-TDOA, Type A, 10.24/1.28
	1.47
	0.50
	No
	No

	Case 3: Rel-17, FR1, UL-TDOA, Type A, 10.24/10.24
	1.10
	0.68
	No
	No

	Case 11: Rel-17, FR1, UE-A DL-TDOA, Type A, 1.28/1.28
	1.87
	0.40
	No
	No

	Case 12: Rel-17, FR1, UE-A DL-TDOA, Type A, 10.24/1.28
	1.52
	0.49
	No
	No

	Case 13: Rel-17, FR1, UE-A DL-TDOA, Type A, 10.24/10.24
	1.14
	0.65
	No
	No

	Case 21: Rel-17, FR1, UE-B DL-TDOA, Type A, 1.28/1.28
	1.71
	0.43
	No
	No

	Case 22: Rel-17, FR1, UE-B DL-TDOA, Type A, 10.24/1.28
	1.47
	0.50
	No
	No

	Case 23: Rel-17, FR1, UE-B DL-TDOA, Type A, 10.24/10.24
	1.09
	0.68
	No
	No

	Case 101: Rel-18, UL-TDOA, Ultra-deep sleep Option 1
	0.65
	1.13
	No
	No

	Case 102: Rel-18, UL-TDOA, Ultra-deep sleep Option 2 without paging
	0.17
	4.33
	No
	No

	Case 103: Rel-18, UL-TDOA, Ultra-deep sleep Option 2 without paging + SRS mobility enhancements
	0.06
	12.65
	Yes
	Yes

	Case 104: Rel-18, UL-TDOA, Ultra-deep sleep Option 2 without paging + SRS mobility enhancements + TRS sync
	0.04
	16.59
	Yes
	Yes

	Case 111: Rel-18, UE-A DL-TDOA, Ultra-deep sleep Option 1
	0.70
	1.06
	No
	No

	Case 121: Rel-18 UE-B DL-TDOA, Ultra-deep sleep Option 1
	0.57
	1.30
	No
	No

	Case 122: Rel-18 UE-B DL-TDOA, Ultra-deep sleep Option 2 without paging
	0.08
	9.76
	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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