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At the RAN1# 110 meeting, the following agreements were made regarding power consumption evaluation of LPHAP device [1]:
	Agreement
In the LPHAP evaluation, adopt the following model to convert the relative power unit to the battery life:
· Alt. 1: battery life is used as the metric to identify the gap


· K is an implementation factor, K = 1 (baseline); K = 0.5, 2, 4 (optional)
· Note: The definition of the notations will be captured in the updates of TR.
· Note: The voltage is assumed to be the same for the reference device and the LPHAP device.

Agreement
· In the LPHAP evaluation, adopt the following example parameter values in the conversion model to evaluate the battery life:
· For the reference device in the conversion model:
	C1 (mAh)
	T1 (hour)
	X
	reference traffic type

	4500
	12
	20% 
	FTP (model 3)


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

	Type A (baseline)
	800
	6~12

	Type B (optional)
	4500
	6~12


· Note: As the reference device and LPHAP device characteristics, and therefore the parameter values of the model for determining battery life, is dependent on implementation factors, manufacturer, design options and cost options, it is up to individual company to evaluate the optional K values, and report the corresponding parameter values.
Agreement
In the LPHAP evaluation, adopt the example value of relative power unit of the reference device P1 = 50 to further align the battery life among companies.

Agreement
For the purpose of LPHAP evaluation, an ultra-deep sleep state is considered. The following options of the power consumption model of the ultra-deep sleep state can be further discussed:
· Option 1:
· The relative power unit: 0.015
· Additional transition energy: 2000
· Total transition time: 400ms
· Option 2:
· The relative power unit: 0.01
· Additional transition energy: 450;
· Total transition time: 25ms
· FFS: restrictions in processing associated with option 2 after the UE comes out of ultra-deep sleep state
· Notes: the values above can be further discussed

Agreement
For option 1 in the agreement above, the value of additional transition energy is changed to “a value between 2000 and 20000”. FFS which value.
Agreement
For the purpose of LPHAP evaluation, the following assumptions on eDRX configuration and/or paging reception can be optionally considered:
· The eDRX cycle to evaluate: 20.48s; 30.72s;
· For paging reception:
· 1 paging occasion is included in one eDRX cycle
· 10% paging rate
· No paging reception can be optionally evaluated;
· 1 DL PRS and/or UL SRS for positioning occasion per 1 eDRX cycle 
· Minimizing the gap between PRS measurement, SRS transmission and/or measurement reporting with paging monitoring in time domain can be evaluated.
Agreement
Capture the following in TR as an observation:
· Evaluations of baseline Rel-17 RRC_INACTIVE state positioning with the evaluation assumptions agreed for the study show that the power consumption on deep sleep state accounts for the highest proportion in the total power.



In this contribution, we discuss power consumption evaluation of LPHAP devices and potential enhancements. 
Power consumption evaluation
In RAN1 110, ultra-deep sleep state and extended DRX cycle of 20.48s and 30.72s were agreed for power consumption evaluation of LPHAP device. However, some details related to power model of ultra-deep sleep state are still open. The two options for power model discussed were as follows:
· Option 1:
· The relative power unit: 0.015
· Additional transition energy: [2000 – 20000]
· Total transition time: 400ms
· Option 2:
· The relative power unit: 0.01
· Additional transition energy: 450;
· Total transition time: 25ms
We focus on Option 1 for the evaluation, since transition time of 400ms is more typical when relative power is scaled down to 0.015 in our view.  Option 2 assumes very short transition time even though relative power is scaled down by a factor of 100. In our view, when UE stays in ultra-deep sleep state with relative power 0.01, most of the HW components are expected to be turned off which implies significantly longer transition time compared to the next level of sleep state is expected. Moreover, in our view, UE needs to process one or more SSBs before UE can process PRS. It seems not typical to us that UE quickly wakes up from ultra-deep sleep state and can monitor PRS. In our view, when UE wakes up from ultra-deep sleep state, synchronization can be off.
Observation 1: The LPHAP device characteristics for Option 2 in the ultra-deep sleep power model is unclear and transition time of 25ms seems rather too low given relative time is scaled down by factor of 100.

We consider power consumption evaluation of three positioning methods assuming baseline evaluation assumptions:
· UE based DL positioning
· UE assisted DL positioning, with CG-SDT for reporting
· UL positioning

In particular, we assumed the following timeline for evaluation purposes shown in Fig 1. 1 SSB transmission before PO is assumed. Note that larger number of SSB processing before PO can also be assumed, such as when link condition is poor, and this will increase P2 further and reduce battery life.
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Figure 1: Operation timeline for different DL positioning methods in a cycle.
The evaluation assumptions are presented in Tables 1 to 4 for additional transition energy values of 2000 and 20000, Positioning interval of 20.48s and 30.72s corresponding to three positioning methods. In Table 5, we summarized the power consumption results and identify whether battery life requirements can be met or not for each of the evaluation cases.
Table 1: Evaluation cases and assumptions
	Evaluation assumption
	[Case 1A], UE assisted DL positioning, Type A, FR1
	[Case 2A], UE based DL positioning, Type A, FR1
	[Case 3A], UL Positioning, Type A, FR1

	Sleep state
	Ultra-deep with add. Transition energy 2000
	Ultra-deep with add. Transition energy 2000
	Ultra-deep with add. Transition energy 2000

	DRX cycle
	20.48s
	20.48s
	20.48s

	paging reception
	20.48s
	20.48s
	20.48s

	RS periodicity
	20.48s
	20.48s
	20.48s

	M-sample
	
	
	

	RRM measurement
	
	
	

	BWP switching
	
	
	

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT, 20.48s
	
	

	implementation factor K
	1
	1
	1



Table 2: Evaluation cases and assumptions
	Evaluation assumption
	[Case 4A], UE assisted DL positioning, Type A, FR1
	[Case 5A], UE based DL positioning, Type A, FR1
	[Case 6A], UL Positioning, Type A, FR1

	Sleep state
	Ultra-deep with add. Transition energy 2000
	Ultra-deep with add. Transition energy 2000
	Ultra-deep with add. Transition energy 2000

	DRX cycle
	30.72s
	30.72s
	30.72s

	paging reception
	30.72s
	30.72s
	30.72s

	RS periodicity
	30.72s
	30.72s
	30.72s

	M-sample
	
	
	

	RRM measurement
	
	
	

	BWP switching
	
	
	

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT, 30.72s
	
	

	implementation factor K
	1
	1
	1



Table 3: Evaluation cases and assumptions
	Evaluation assumption
	[Case 1B], UE assisted DL positioning, Type A, FR1
	[Case 2B], UE based DL positioning, Type A, FR1
	[Case 3B], UL Positioning, Type A, FR1

	Sleep state
	Ultra-deep with add. Transition energy 20000
	Ultra-deep with add. Transition energy 20000
	Ultra-deep with add. Transition energy 20000

	DRX cycle
	20.48s
	20.48s
	20.48s

	paging reception
	20.48s
	20.48s
	20.48s

	RS periodicity
	20.48s
	20.48s
	20.48s

	M-sample
	
	
	

	RRM measurement
	
	
	

	BWP switching
	
	
	

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT, 20.48s
	
	

	implementation factor K
	1
	1
	1



Table 4: Evaluation cases and assumptions
	Evaluation assumption
	[Case 4B], UE assisted DL positioning, Type A, FR1
	[Case 5B], UE based DL positioning, Type A, FR1
	[Case 6B], UL Positioning, Type A, FR1

	Sleep state
	Ultra-deep with add. Transition energy 2000
	Ultra-deep with add. Transition energy 2000
	Ultra-deep with add. Transition energy 2000

	DRX cycle
	30.72s
	30.72s
	30.72s

	paging reception
	30.72s
	30.72s
	30.72s

	RS periodicity
	30.72s
	30.72s
	30.72s

	M-sample
	
	
	

	RRM measurement
	
	
	

	BWP switching
	
	
	

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT, 30.72s
	
	

	implementation factor K
	1
	1
	1



 Table 5: Summary for UE power consumption results 
	Evaluation case description
	Slot-averaged relative power unit (P2)
	Battery life (in month)
	Target requirement are met – Yes/No; If no, provide gaps

	
	
	
	6 months
	12 months

	1A
	0.1121
	6.608
	yes
	no

	1B
	0.5515
	1.343
	no
	no

	2A
	0.1077
	6.878

	yes
	no

	2B
	0.5471
	1.354

	no
	no

	3A
	0.0976
	7.590
	yes
	no

	3B
	0.5371
	1.3792
	no
	no

	4A
	0.0852
	8.6944
	yes
	no

	4B
	0.3727
	1.988
	no
	no

	5A
	0.0808
	9.168
	yes
	no

	5B
	0.3697
	2.003
	no
	no

	6A
	0.0701
	10.57
	yes
	no

	6B
	0.3631
	2.040
	no
	no



Observation 2: For the baseline evaluation scenario of type A LPHAP device, assuming transition energy 2000 in Option 1 of the ultra-deep sleep power model meets the 6 months battery life requirement when 20.48s and 30.72s DRX cycles are assumed for the three positioning methods.
Observation 3: For the baseline evaluation scenario of type A LPHAP device, assuming transition energy 20000 in Option 1 of the ultra-deep sleep power model does not meet the 6 months battery life requirement when 20.48s and 30.72s DRX cycles are assumed for the three positioning methods.

Some companies suggested that additional transition energy of 20000 should be adopted in Option 1, aligning with the NB-IoT power model, shown in Table 6. For reference, power model of LPHAP device are provided in Table 7, and there are 4 sleep states defined for LPHAP device. 
While we see that the choice of additional transition energy is quite implementation specific but there can be debate whether NB-IoT relative power model can be directly applied to LPHAP device for ultra-deep sleep state. In our view, 20000 for transition energy is too high. Our preference is 2000 which seems more reasonable as explained below. One key distinction is that NB-IoT power model had only two sleep states (Table 6), whereas for LPHAP, there are 4 sleep states (ultra-deep, deep, light, micro-sleeps) as shown in Table 7 and it is expected that more HW components are turned off gradually as deeper sleep states are reached. Moreover, assumption on which HW components are turned off for the sleep state with normalized power value 1 are not same in the two models. Light sleep of NB-IoT model (where sync is still maintained, cf. the comments column) and deep sleep (where sync can be off, similar consideration as in UE PS study in Rel-16) in LPHAP model have normalized power value 1 in respective models. Hence, we think that it is not typical to observe such a large increase in transition energy for ultra-deep sleep compared to deep sleep for LPHAP. Moreover, as can be seen from Table 5, assuming 20000 as additional transition energy could potentially mean battery life requirement cannot be met, even if extended DRX cycle values of 20s and 30s are assumed. On the other hand, UE capabilities of NB-IoT and LPHAP can be different. NB-IoT has a very limited UE capability and bandwidth while LPHAP device is able to process/transmit RS up to 100MHz. 

Observation 4: NB-IOT power model may not be directly applicable to NR LPHAP model for the following reasons
· UE capabilities, operating BWs etc. can be different for NB-IOT and LPHAP
· Group of HW components that can be turned ON/OFF in different sleep states appear to be quite different for NB-IOT and NR LPHAP devices. NB-IoT only defined two sleep states, whereas NR LPHAP model consists of four sleep states.
· Power states with normalized relative power value of 1 have different characteristics for NB-IOT and NR LPHAP
· Light sleep with relative power 1 in NB IOT model can still assume synchronization and accurate timing is maintained
· Deep sleep in NR LPHAP has relative power 1 and it may not observe accurate timing and synchronization

Table 6: NB-IoT Power model
	Operating mode
	Power 
[units/ms]
	Total ramp up or 
ramp down time [ms]
	Notes

	Receive
	100
	
	RF and baseband circuitry

	Light sleep
	1
	
	Corresponds to maintaining accurate timing by 
keeping RF frequency reference active.

	Idle, deep sleep
	0.015/[0.05]
	
	Deep sleep during PSM and eDRX, 
depending on UE architecture.

	Transitions to or 
from light sleep
	50
	15
	Boot, reload memory etc.

	Transitions to or 
from deep sleep
	50
	200/[25]
	Boot, reload memory etc. , 
depending on UE architecture.







Table 7: Power model of LPHAP
	UE power state
	Relative power/slot
	 Notes

	Ultra Deep sleep
	0.015
	Transition energy [2000 - 20000]
Transition time: 6ms

	Deep sleep
	1

	Transition energy: 450
Transition time: 20ms

	Light sleep
	20

	Transition energy: 100
Transition time: 6ms

	Micro sleep
	45
	

	PDCCH only
	100
	

	PDCCH+PDSCH
	300
	



Proposal 1: Support Option 1 with additional transition energy 2000  for the ultra-deep sleep state for power consumption evaluation of LPHAP devices.
Since assumption of extended DRX cycle values of 20.48s and 30.72s are critical to meeting battery life requirements, we propose to support these values in RRC INACTIVE state.
Proposal 2: RAN1 recommends to support eDRX values of 20.48s and 30.72s in RRC INACTIVE state.
UL positioning enhancement 
Due to mobility of the UE, cell reselection may occur and SRS configuration in the serving cell becomes invalid when validity criteria is not satisfied. In Rel-17, SRS validity criteria includes conditions related to spatial relationship, pathloss RS and TA. For UL positioning service, low power high accuracy positioning (LPHAP) device requires to transmit SRS periodically. According to existing legacy procedure, UE has to enter RRC connected state in new cell to obtain the new SRS configuration via RRC release message to keep the positioning service. Cf. Figure 2, which illustrates need for new SRS configuration as UE moves to new cell. 

                                          [image: ]
            Figure 2: Cell reselection for UE requires new SRS configuration in legacy procedure
This could large increase in power consumption depending on the frequency of validity criteria failure and cell reselection events. Below, an example is shown in Figure 2 on the necessary steps UE needs to perform before new SRS configuration via RRC release message can be obtained. After completing RACH procedure in the cell (starting from PRACH until when Msg4 ACK is transmitted), UE needs to monitor for PDCCH to receive RRC release message. PDCCH monitoring state may span 50 to 100ms since higher layer signaling exchange between NG-RAN and LMF to decide the new SRS configuration before it can be provided in a RRC release message. Since LPHAP device battery life requirement is 6 to 12 months, this power consumption increase due to validity criteria failure would have a negative impact in meeting the battery life requirement.   
                      
Figure 3: Necessary additional steps UE needs to perform in the new cell to receive SRS configuration when validity criteria in the previous cell fails.
To this end, we think mechanisms are needed to provide UE with new SRS configuration potentially before entering RRC CONNECTED mode in the new cell. At least PUR or new RACH procedure can be considered to reduce power consumption when cell reselection occurs so that UL positioning service can be maintained.

Proposal 3: Investigate UL positioning enhancement mechanisms such as how SRS configuration can be updated without entering RRC connected mode in new cell.
 
On idle-mode positioning
From a physical layer perspective, it is feasible for a UE to perform DL positioning measurement in RRC_IDLE state. However, reporting cannot take place until UE enters RRC Connected or RRC Inactive States. There maybe LPHAP devices which may require positioning support only and may not have data traffic, i.e., may skip paging. For these types of devices, entering RRC connected state in order to perform reporting is not deemed energy efficient and also there is chance of increased latency.
While RAN2 is looking into the details of potential Idle-mode positioning enhancements such as whether reporting can be made in Idle mode or whether UL positioning can be supported in IDLE mode, in RAN1 we can look into physical layer aspects, whether such reporting or SRS transmission in UL can be feasible.
In our view, dedicated pre-configured UL resource, similar to what was agreed for LTE-M, can also be applied here for reporting purposes or for configuring SRS resource for UL positioning. 
Proposal 4: RAN1 conducts feasibility study on whether DL positioning measurement reporting and UL SRS transmission can be supported from physical layer perspective
· Consider at least pre-configured UL resource for UL transmissions in Idle mode.


[bookmark: _Ref52481833]Conclusions
In this contribution, we discussed power consumption evaluation of LPHAP devices and some potential enhancements. Based on the analyses and discussion, we summarize the paper with the following observation and proposals.
Observation 1: The LPHAP device characteristics for Option 2 in the ultra-deep sleep power model is unclear and transition time of 25ms seems rather too low given relative time is scaled down by factor of 100.

Observation 2: For the baseline evaluation scenario of type A LPHAP device, assuming transition energy 2000 in Option 1 of the ultra-deep sleep power model meets the 6 months battery life requirement when 20.48s and 30.72s DRX cycles are assumed for the three positioning methods.
Observation 3: For the baseline evaluation scenario of type A LPHAP device, assuming transition energy 20000 in Option 1 of the ultra-deep sleep power model does not meet the 6 months battery life requirement when 20.48s and 30.72s DRX cycles are assumed for the three positioning methods.

Observation 4: NB-IOT power model may not be directly applicable to NR LPHAP model for the following reasons
· UE capabilities, operating BWs etc. can be different for NB-IOT and NR LPHAP
· Group of HW components that can be turned  ON/OFF in different sleep states appear to be quite different for NB-IOT and NR LPHAP devices. NB-IoT only defined two sleep states, whereas NR LPHAP model consists of four sleep states.
· Power states with normalized relative power value of 1 have different characteristics for NB-IOT and NR LPHAP
· Light sleep with relative power 1 in NB IOT model can still assume synchronization and accurate timing is maintained
· Deep sleep in LPHAP has relative power 1 and it may not observe accurate timing and synchronization

Proposal 1: Support Option 1 with additional transition energy 2000 for the ultra-deep sleep state for power consumption evaluation of LPHAP devices.
Proposal 2: RAN1 recommends to support eDRX values of 20.48s and 30.72s in RRC INACTIVE state.
Proposal 3: Investigate UL positioning enhancement mechanisms such as how SRS configuration can be updated without entering RRC connected mode in new cell.
Proposal 4: RAN1 conducts feasibility study on whether DL positioning measurement reporting and UL SRS transmission can be supported from physical layer perspective
· Consider at least pre-configured UL resource for UL transmissions in Idle mode.
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