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Introduction
In RAN1#109-e, preliminary evaluation assumptions were agreed to identify whether the existing RAN functionality can support LPHAP service and whether enhancements are needed.
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.

Remaining issues of the evaluation assumptions
Battery life evaluation methodology
In RAN1#109-e, the following agreement was made on how to identify the performance gap.
	Agreement
· Study further at least the following models and parameter values of conversion between the relative power unit and the battery life to identify the performance gap:
· Alt. 1: battery life is used as the metric to identify the gap
· Example:


· Alt. 2: relative power unit is adopted as the metric to identify the gap
· Example:


in which
· C1 is the battery capacity of the reference device;
· T1 is the battery life of the reference device;
· P1 is the relative power unit obtained based on the reference traffic type;
· X is the percentage of the power consumed by the reference traffic type;
· C2 is the battery capacity of the LPHAP device;
· P2 is the evaluated relative power unit of the LPHAP device;
· P2_req is the target relative power unit of the LPHAP device;
· T2_req is the target battery life of the LPHAP device
· Examples of these parameters are provided as follows:
	C1
	T1
	X
	reference traffic type
	C2
	T2req

	[4500] mAh
	[10] hours
	[20] %
	[FTP (model 3)]
	[800] mAh
	[12] months






Two alternatives are under consideration, which provide two perspectives from describing the gap. 
Alt.1 seems straightforward and flexible when other non-positioning related operations are added, which discounts the overall battery life.
Alt.2, on the other hand, may also be considered to evaluate the maximum allowed power unit for any “ultra-deep sleep” if T2req needs to be met.
On the table of the parameters, we think the current table provides a good starting point. For T1 value, we think this is somehow related to configuration of C-DRX, and would suggest the following modification.
	C1
	T1
	X
	reference traffic type
	C2
	T2req

	4500 mAh
	[8~12] hours under the reference C-DRX configuration of
160ms DRX cycle
10ms on duration
100ms inactivity timer
	20 %
	FTP (model 3)
	800 mAh
	12 months



In summary, we have the following proposal.
Proposal 1: Adopt Alt.1 to use the battery life as the metric to identify the gap.
Alt.2 can be considered to evaluate the maximum allowed power unit for any “ultra-deep sleep” to meet the battery life target.
Adopt the following table as the starting point for evaluating the battery life of LPHAP.
	C1
	T1
	X
	reference traffic type
	C2
	T2req

	4500 mAh
	[8~12] hours under the reference C-DRX configuration of
160ms DRX cycle
10ms on duration
100ms inactivity timer
	20 %
	FTP (model 3)
	800 mAh
	12 months



Ultra-deep sleep
The following agreement was reached on the sleep type in the evaluation.
	Agreement
· Adopt the power consumption model, additional transition energy and total transition time of the three sleep types (deep sleep, light sleep, and micro sleep) in TR38.840 as the evaluation baseline:
· FFS: whether/how an additional new ultra-deep sleep mode can be considered in the evaluation of potential solutions to maximize the battery life, including the determination of the relative power, additional transition energy and total transition time, if necessary.



Based on our evaluation to be shown in section 3 of the paper, we think ultra-deep sleep is essential for the device to meet the LPHAP target, because the existing deep sleep consumes more than 90% of the energy.
Ultra-deep sleep is not new to either 3GPP or positioning industry.
In 3GPP, during the CIoT study TR 45.820, the evaluation assumes PSS in the power evaluation, and it has been stated in the TR that
	PSS denotes a Power Saving State such as that achieved with the Rel-12 Power Save Mode feature. In Idle, the device may be consuming more power than in the PSS state because, for example, it is maintaining a more accurate time/frequency synchronization with the network.



[image: ]
Figure 1 Example of events affecting energy consumption for IP packet exchange (Figure 5.4-1 [3])
The power of PSS state is assumed as 15uW according to table 5.4-1 [3], which translates to 5uA if the voltage is 3.3V.
Table 1 Key input parameters for energy consumption analysis (Table 5.4-1 [3])
	(1) Battery capacity
(Wh)
	(2) Battery power during Tx
(mW)
	(3) Battery power for Rx
(mW)
	(4) Battery power when Idle but not in PSS (mW)
	(5) Battery power in Power Save State (PSS)
(mW)
	(6) Time between end of IP packet carrying "report" and start of IP packet carrying "ack" on radio (ms)
	(7) Number of reports per day

	5
	
	
	
	[0,015]
	1000
	



In positioning industry, as shown in Figure 2 from the Decawave 1000 data sheet for the UWB product, the sleep current and deep sleep current can be as low as 1uA and 50nA, respectively, which helps UWB to claim the battery life of more than a year. Note that the current of the sleep mode for the UWB device is less than a thousandth of that in the IDLE mode.
[image: ]
[bookmark: _Ref101978696]Figure 2 Operating States and their effect on power consumption (Table 24 [4])

Observation 1: Both CIoT and UWB considered a very deep sleep mode with current in the order of uA, which is much lower than the assumption of the current in the deep sleep in TR 38.840.
For the new ultra-deep sleep, we think the following relative power, transition energy, and total transition time can be considered.
Proposal 2: Define a new ultra-deep sleep type for the evaluation of LPHAP.
The power unit of ultra-deep sleep can take 0.01 power unit as the starting point.
The transition energy is 450 power unit.
The transition time is 25ms.

Paging
RAN1#109-e agreed to the following modeling of paging. Some parameters were worth revisiting.
	· SSB proc. with 2 ms duration and the periodicity of I-DRX cycle;
· Paging with 2 ms duration, the periodicity of I-DRX cycle, and group paging rate of 10%;



It was agreed that paging is with 2ms duration, but in general the paging search space set configuration could follow the corresponding search space 0 configuration that two consecutive slots for each associated with SSB according to the description of TS 38.213 and TS 38.304.
For simplicity, we suggest to consider the following paging configuration at least for FR1, where the PO/paging search space sets are half frame offset from the associated with SSB, i.e. M=0.5 sec.
	Paging
	Radio Frame 0

	Slot
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	DSU
	D
	D
	D
	D
	D
	D
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D
	D
	S
	U
	U

	SSB
	0/1
	2/3
	4/5
	6/7
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	SS#0
	SS#0 configuration 5 for SS/RMSI multiplexing pattern 1 with
O=5 (offset = 5 ms)
M=0.5
Number of SS sets per slot=2


	SS#0 monitoring for SSB0
	SSB0
	
	
	
	
	
	
	
	UL
	UL
	Paging
	Paging
	
	
	
	
	
	
	UL
	UL

	SS#0 monitoring for SSB1
	SSB1
	
	
	
	
	
	
	
	
	
	Paging
	Paging
	
	
	
	
	
	
	
	

	SS#0 monitoring for SSB2
	
	SSB2
	
	
	
	
	
	
	
	
	
	Paging
	Paging
	
	
	
	
	
	
	

	SS#0 monitoring for SSB3
	
	SSB3
	
	
	
	
	
	
	
	
	
	Paging
	Paging
	
	
	
	
	
	
	

	SS#0 monitoring for SSB4
	
	
	SSB4
	
	
	
	
	
	
	
	
	
	Paging
	Paging
	
	
	
	
	
	

	SS#0 monitoring for SSB5
	
	
	SSB5
	
	
	
	
	
	
	
	
	
	Paging
	Paging
	
	
	
	
	
	

	SS#0 monitoring for SSB6
	
	
	
	SSB6
	
	
	
	
	
	
	
	
	
	Paging
	Paging
	
	
	
	
	

	SS#0 monitoring for SSB7
	
	
	
	SSB7
	
	
	
	
	
	
	
	
	
	Paging
	Paging
	
	
	
	
	



When UE wakes up from sleep, UE first attempts to receive the SSB transmitted within a 2-msec duration (4 slots for 8 SSBs), finds the best SSB, and receive paging only in the slots that corresponds to the best SSB.
For the two paging slots, UE attempts to decode the paging DCI, with the 10% probability (group paging rate) that UE decodes a valid DCI transmission that schedules a PDSCH that does not contain the target UE ID assuming that the UE within the LPHAP device will never be paged.
In this regard, we think that at least for 30kHz SCS, the paging duration can be reduced to 1msec (2 slots) to follow the current common search space configuration. During the 2-slot duration, at least one slot is PDCCH only, while the other slot is 90% probability of PDCCH only and 10% probability of PDCCH+PDSCH.
In the worse case scenario, UE needs to receive paging in slots 13 and 14 that corresponds to SSB#6 and SSB#7, and between SSB and paging reception, UE may either stay (micro-)sleep or perform positioning related procedures.
Proposal 3: For paging reception, update the previous assumption that
UE attempts to receive paging DCI in two consecutive slots associated with the SSB.
One slot is treated as PDCCH-only.
The other slot is treated as 90% PDCCH-only and 10% PDCCH+PDSCH.
Note: This reverts the previous agreement of paging receive duration of 2ms.

The power unit for paging reception can be calculated as:

Proposal 4: For the two slots associated with paging reception, the mean power unit per slot is 53.5.

Power consumption and battery life evaluation
Reference device
The following agreements were made with regards to the reference device in RAN1#109-e [1].
	Agreement
A reference device (e.g., a mobile phone) with reference traffic type, reference battery capability, and reference battery life is defined for the purpose of identification of the performance gap that achieved by the Rel-17 RRC_INACTIVE state positioning baseline and the target battery life of LPHAP use case 6.



The assumption of the reference traffic for the reference device is listed in Table 2.
[bookmark: _Ref101953065]Table 2 Reference traffic for the reference device
	Parameters
	Reference traffic

	Traffic model
	FTP (model 3)

	Packet Size
	0.5 Mbytes (TR 38.840)

	Mean interval
	200 ms

	DRX setting
	Period: 160ms
On duration: 8ms
Inactivity timer: 100ms

	Positioning period
	N/A

	RRM
	Not accounting for RRM

	Deep sleep power unit
	1



The remaining power evaluation assumptions follow the agreements and TR 38.840.
Due to the randomness of the traffic type, Monte-Carlo method is used in the evaluation. The power consumption can be evaluated as below.
	State                               Time TimeRatio     Power  PwrRatio
LightSleep                          2903  0.14515%     69760  0.09395%
MicroSleep                           214  0.01070%      9630  0.01297%
PDCCH_Only                        689137 34.45685%  68913700 92.80733%
PDCCH_PDSCH                         4896  0.24480%   1468800  1.97806%
DeepSleep                        1302850 65.14250%   3792700  5.10770%
Total Number of State: 5
Total Number of Slots: 2000000
Total Power: 74254590



P1, the power consumption rate, for the reference device and other assumptions of battery volume, power percentage used for the reference traffic, and battery life are listed in Table 3.
[bookmark: _Ref101955014]Table 3 Power consumption rate for the reference device
	Power consumption rate
	P1 = 74254590 per 1000s = 74000 [PU/s]

	Battery volume for the traffic
	C1=4500 mAh
X=20%

	Battery life
	T1=12 hours



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 4.
[bookmark: _Ref101963349]Table 4 Traffic for UL positioning in RRC_INACTIVE state for Rel-17
	Parameters
	Reference 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 3.
(Ultra-)Deep sleep
Ramp down
SRS [23dBm]
SSB
Micro sleep
Ramp up
(Ultra-)Deep sleep
2ms
1.5ms
2.5ms
Paging
Micro sleep
1ms
0.5ms
(Ultra-)Deep sleep
Ramp down
SSB
Ramp up
(Ultra-)Deep sleep
2ms
4.5ms
Paging
Micro sleep
1ms

[bookmark: _Ref109746270]Figure 3 UL positioning timeline with paging (SRS+Paging and paging only)

The power consumption for the SRS+paging and paging only are shown in Table 5.
[bookmark: _Ref109748039]Table 5 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 6 Power consumption for Rel-17 UL positioning in RRC_INACTIVE state
	INACTIVE state UL every 1.28s (SRS 1.28s, paging 1.28s)

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

	Ramp up + down
	450
	20
	8
	3600
	160
	11.7432%

	SRS Tx + Paging
	877
	7.5
	8
	7016
	60
	22.8862%

	Deep sleep
	2
	1
	10020
	20040
	10020
	65.3706%

	Total
	　
	　
	　
	30656
	10240
	100.0000%

	
	
	
	
	
	
	

	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
	160
	12.2030%

	SRS Tx + paging
	877
	7.5
	1
	877
	7.5
	2.9728%

	Paging
	712
	7.5
	7
	4984
	52.5
	16.8943%

	Deep sleep
	2
	1
	10020
	20040
	10020
	67.9299%

	Total
	　
	　
	　
	29501
	10240
	100.0000%

	
	
	
	
	
	
	

	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
	20
	2.0688%

	SRS Tx + Paging
	877
	7.5
	1
	877
	7.5
	4.0318%

	Deep sleep
	2
	1
	10212.5
	20425
	10212.5
	93.8994%

	Total
	　
	　
	　
	21752
	10240
	100.0000%



DL positioning
The assumption of the traffic for the Rel-17 UL positioning in RRC_INACTIVE state is listed in Table 4.
Table 7 Traffic for DL positioning in RRC_INACTIVE state for Rel-17
	Parameters
	Reference 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 4.
(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

[bookmark: _Ref109747057]Figure 4 DL positioning timeline with paging (PRS+Paging and paging only)

The power consumption for the PRS+paging and paging only are shown in Table 8.
[bookmark: _Ref109748244]Table 8 Power consumption for PRS+paging 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

	
	
	

	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 9.
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 9 Power consumption for Rel-17 DL positioning in RRC_INACTIVE state
	INACTIVE state DL every 1.28s (PRS 1.28s, paging 1.28s)

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

	Ramp up + down
	450
	20
	8
	3600
	160
	10.2576%

	PRS Rx + Paging
	1472
	27.5
	8
	11776
	220
	33.5537%

	Deep sleep
	2
	1
	9860
	19720
	9860
	56.1887%

	Total
	　
	　
	　
	35096
	10240
	100.0000%

	
	
	
	
	
	
	

	INACTIVE state 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
	160
	11.9776%

	PRS Rx + paging
	1472
	27.5
	1
	1472
	27.5
	4.8975%

	Paging
	712
	7.5
	7
	4984
	52.5
	16.5824%

	Deep sleep
	2
	1
	10000
	20000
	10000
	66.5425%

	Total
	　
	　
	　
	30056
	10240
	100.0000%

	
	
	
	
	
	
	

	INACTIVE state 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
	20
	2.0173%

	PRS Rx + Paging
	1472
	27.5
	1
	1472
	27.5
	6.5988%

	Deep sleep
	2
	1
	10192.5
	20385
	10192.5
	91.3839%

	Total
	　
	　
	　
	22307
	10240
	100.0000%



It is worth noting that for DL positioning, we only considered UE based positioning methods which seems to approach the low power consumption target, and for UE-assisted positioning, additional SDT procedure may be required to report the PRS measurement. However, SDT procedure usually lasts longer than a single UL transmission, because UE needs to wait for the RRCRelease message to enter the sleep mode, prior to which UE monitors PDCCH as in the RRC_CONNECTED state.

Summary of Rel-17 baseline
With the evaluation results shown in Table 3, Table 6, and Table 9, the battery life estimation for Rel-17 baseline UL and DL positioning in RRC_INACTIVE state can be found in Table 10.
[bookmark: _Ref109750857]Table 10 Rel-17 baseline power consumption
	Case
	P (PU/s)
	C (mAh)
	X
	T (hour)

	Ref
	74000
	4500
	20%
	12 

	UL (1.28/1.28)
	2993.75
	800
	100%
	264 

	UL (10.24/1.28)
	2880.957031
	800
	100%
	274 

	UL (10.24/10.24)
	2124.21875
	800
	100%
	372 

	DL (1.28/1.28)
	3427.34375
	800
	100%
	230 

	DL (10.24/1.28)
	2935.15625
	800
	100%
	269 

	DL (10.24/10.24)
	2178.417969
	800
	100%
	362 



Observation 2: Rel-17 baseline UL and DL positioning in RRC_INACTIVE state can achieve 200 – 300 hours battery life, which cannot meet the LPHAP requirements.

Rel-18 enhancements for evaluation
Ultra-deep sleep
It can be observed that the percentage of power consumption contribution of deep sleep is more than 50%, and in some extreme cases, more than 90%.
Table 11 Contribution of deep sleep power to the overall power consumption
	Case
	Percentage of power consumption for deep sleep

	UL (1.28/1.28)
	65.3706%

	UL (10.24/1.28)
	67.9299%

	UL (10.24/10.24)
	93.8994%

	DL (1.28/1.28)
	56.1887%

	DL (10.24/1.28)
	66.5425%

	DL (10.24/10.24)
	91.3839%



It should be noted that even if UE is only staying in the deep sleep mode, the battery life cannot meet LPHAP requirement, with 320 hours.
	
	P (PU/s)
	C (mAh)
	X
	T (hour)

	Ref
	74000
	4500
	20%
	10

	Sleep only
	2000
	800
	100%
	328.8888889



Observation 3: The power consumption of deep sleep is the bottleneck for further extending the battery life for LPHAP.

By adopting the following ultra-deep sleep assumption, the power evaluation for 10.24 positioning interval with 10.24s I-DRX period is shown in Table 12.
	Sleep type
	Relative power
	Additional transition energy:
(Relative power x  ms)
	Total transition time

	Ultra-deep sleep
	0.01
	450
	25 ms

	Deep sleep 
	1
	450
	20 ms

	Light sleep 
	20
	100
	6 ms

	Micro sleep 
	45
	0
	0 ms*

	*	Immediate transition is assumed for power saving study purpose from or to a non-sleep state



[bookmark: _Ref109753501]Table 12 Power consumption for UL and DL positioning with ultra-deep sleep
	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
	25
	1
	450
	25
	29.3897%

	SRS Tx + Paging
	877
	7.5
	1
	877
	7.5
	57.2772%

	Ultra-deep sleep
	0.02
	1
	10207.5
	204.15
	10207.5
	13.3331%

	Total
	　
	　
	　
	1531.15
	10240
	100.0000%

	
	
	
	
	
	
	

	INACTIVE state 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
	25
	1
	450
	25
	21.1690%

	PRS Rx + Paging
	1472
	27.5
	1
	1472
	27.5
	69.2461%

	Ultra-deep sleep
	0.02
	1
	10187.5
	203.75
	10187.5
	9.5849%

	Total
	　
	　
	　
	2125.75
	10240
	100.0000%



eDRX or no paging reception
It can be seen from Table 12 that SRS Tx + paging and PRS Rx + paging contribute to most of the power consumption. The paging is generally considered useful when network wants to reach UE for the case of MT-data.
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 eDRX or no paging reception in terms of power efficiency improvements.
The timeline for DL and UL positioning without paging is shown in Figure 5.
(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]Figure 5 UL and DL positioning timeline without paging

The power consumption for SRS only and PRS only without paging is shown in Table 13.
[bookmark: _Ref109755592]Table 13 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 is shown in Table 14.
[bookmark: _Ref109755769]Table 14 Power consumption with ultra-deep sleep and no paging
	INACTIVE state UL every 10.24s (SRS 10.24s, no paging)

	Power state
	Power unit
	Duration
	Instances
	Power
	Sum duration
	Power ratio

	Ramp up + down
	450
	25
	1
	450
	25
	37.5244%

	SRS Tx
	545
	4
	1
	545
	4
	45.4462%

	Ultra-deep sleep
	0.02
	1
	10211
	204.22
	10211
	17.0294%

	Total
	　
	　
	　
	1199.22
	10240
	100.0000%

	
	
	
	
	
	
	

	INACTIVE state DL every 10.24s (PRS 10.24s, no paging)

	Power state
	Power unit
	Duration
	Instances
	Power
	Sum duration
	Power ratio

	Ramp up + down
	450
	25
	1
	450
	25
	28.9594%

	PRS Rx
	900
	20
	1
	900
	20
	57.9188%

	Ultra-deep sleep
	0.02
	1
	10195
	203.9
	10195
	13.1218%

	Total
	　
	　
	　
	1553.9
	10240
	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 6.
(Ultra-)Deep sleep
Ramp down
SRS [23dBm]
Ramp up
(Ultra-)Deep sleep
[bookmark: _GoBack]1ms
TRS

[bookmark: _Ref109913673]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 15.
[bookmark: _Ref109916123]Table 15 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 16.
[bookmark: _Ref109916162]Table 16 Power consumption with ultra-deep sleep and no paging synchronized by TRS
	INACTIVE state UL every 10.24s (SRS 10.24s, no paging)

	Power state
	Power unit
	Duration
	Instances
	Power
	Sum duration
	Power ratio

	Ramp up + down
	450
	25
	1
	450
	25
	49.2191%

	SRS Tx TRS
	260
	1
	1
	260
	1
	28.4377%

	Ultra-deep sleep
	0.02
	1
	10214
	204.28
	10214
	22.3433%

	Total
	　
	　
	　
	914.28
	10240
	100.0000%



Summary of Rel-18 enhancements
With the evaluation results shown in Table 12, Table 14, and Table 16, the battery life estimation for Rel-18 LPHAP UL and DL positioning in RRC_INACTIVE state can be found in Table 17.
[bookmark: _Ref109755930]Table 17 Rel-18 LPHAP enhancements power consumption
	Case
	P (PU/s)
	C (mAh)
	X
	T (hour)
	LPHAP Targets

	Ref
	74000
	4500
	20%
	12 
	<6 months

	UL (10.24/10.24, ultra-deep sleep)
	149.5263672
	800
	100%
	5279 
	6 months

	DL (10.24/10.24, ultra-deep sleep)
	207.5927734
	800
	100%
	3802 
	<6 months

	UL (10.24/no paging, ultra-deep sleep)
	117.1113281
	800
	100%
	6740 
	6 months

	DL (10.24/no paging, ultra-deep sleep)
	151.7480469
	800
	100%
	5202 
	6 months

	UL (10.24/no paging, ultra-deep sleep, TRS)
	89.28515625
	800
	100%
	8841 
	12 months



Observation 4:
With ultra-deep sleep
· UL positioning can meet the requirement of 6 months
By further removing paging reception
· UL and DL positioning can meet the requirement of 6 months
By further replacing SSB-based synchronization with TRS-based synchronization
· UL positioning can meet the requirement of one year

Considered enhancements
Ultra-deep sleep
As discussed, ultra-deep sleep is essential to LPHAP. In general, this is considered as a UE implementation; however, we think the following factors need to be additionally considered.
No UE will implement ultra-deep sleep 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 reception only.
Proposal 5: Ultra-deep sleep should be considered to achieve the battery life target for LPHAP.
RAN1 should further study the impact to support ultra-deep sleep.

DRX enhancements
Rel-17 already supports e-DRX for RedCap, and 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 6: RAN1 acknowledges the benefit of DRX enhancement (e.g. no paging reception) 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 7: RAN1 should further study the decoupling of bandwidth of communication and positioning for LPHAP.

UL enhancements
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.
Proposal 8: RAN1 should further study the configuration of TRS for synchronization before the SRS transmission.
Another aspect of UL positioning is that the SRS configuration is only valid within the cell that configures the SRS to the UE for RRC_INACTIVE in Rel-17. During the previous evaluation, it is assumed that there is no cell change at all, which may not be likely for a real deployment where multiple cells are present in a warehouse.
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 9: RAN1 should further study the configuration of SRS that is applicable to an area consisting of multiple cells.

Conclusion
In this contribution, we discussed the evaluation and enhancements to support LPHAP functionality, and have the following observations and proposals.
Observation 1: Both CIoT and UWB considered a very deep sleep mode with current in the order of uA, which is much lower than the assumption of the current in the deep sleep in TR 38.840.
Observation 2: Rel-17 baseline UL and DL positioning in RRC_INACTIVE state can achieve 200 – 300 hours battery life, which cannot meet the LPHAP requirements.
Observation 3: The power consumption of deep sleep is the bottleneck for further extending the battery life for LPHAP.
Observation 4:
With ultra-deep sleep
· UL positioning can meet the requirement of 6 months
By further removing paging reception
· UL and DL positioning can meet the requirement of 6 months
By further replacing SSB-based synchronization with TRS-based synchronization
· UL positioning can meet the requirement of one year

Proposal 1: Adopt Alt.1 to use the battery life as the metric to identify the gap.
Alt.2 can be considered to evaluate the maximum allowed power unit for any “ultra-deep sleep” to meet the battery life target.
Adopt the following table as the starting point for evaluating the battery life of LPHAP.
	C1
	T1
	X
	reference traffic type
	C2
	T2req

	4500 mAh
	[8~12] hours under the reference C-DRX configuration of
160ms DRX cycle
10ms on duration
100ms inactivity timer
	20 %
	FTP (model 3)
	800 mAh
	12 months


Proposal 2: Define a new ultra-deep sleep type for the evaluation of LPHAP.
The power unit of ultra-deep sleep can take 0.01 power unit as the starting point.
The transition energy is 450 power unit.
The transition time is 25ms.
Proposal 3: For paging reception, update the previous assumption that
UE attempts to receive paging DCI in two consecutive slots associated with the SSB.
One slot is treated as PDCCH-only.
The other slot is treated as 90% PDCCH-only and 10% PDCCH+PDSCH.
Note: This reverts the previous agreement of paging receive duration of 2ms.
Proposal 4: For the two slots associated with paging reception, the mean power unit per slot is 53.5.
Proposal 5: Ultra-deep sleep should be considered to achieve the battery life target for LPHAP.
RAN1 should further study the impact to support ultra-deep sleep.
Proposal 6: RAN1 acknowledges the benefit of DRX enhancement (e.g. no paging reception) to reduce the power consumption for LPHAP.
Proposal 7: RAN1 should further study the decoupling of bandwidth of communication and positioning for LPHAP.
Proposal 8: RAN1 should further study the configuration of TRS for synchronization before the SRS transmission.
Proposal 9: RAN1 should further study the configuration of SRS that is applicable to an area consisting of multiple cells.
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