3GPP TSG RAN WG1 #111                                                      R1-2211239
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Toulouse, France, November 14th – 18th, 2022

Agenda Item:	9.5.2.3
Source:	Spreadtrum Communications
Title:	Discussion on evaluation and solutions for LPHAP 
Document for:	Discussion and decision

Introduction
The study on LPHAP is approved in [1]. 
	· Study the requirements on LPHAP as developed by SA1 and evaluate whether existing RAN functionality can support these power consumption and positioning requirements. Based on the evaluation, and, if found beneficial, study potential enhancements to help address any limitations [RAN2, RAN1]
· Study is limited to a single representative use case (use case 6 as defined TS 22.104). The choice of selected use case can be reviewed at the start of the study.
· Study is limited to enhancements to RRC_INACTIVE and/or RRC_IDLE state


In this paper, we share our initial evaluation of power consumption of positioning in RRC_INACTIVE and consideration on potential enhancements.

Power model for positioning in RRC inactive mode
UL positioning
[bookmark: OLE_LINK17]In RAN1#109-e, the following agreement on the power components and parameter values of UL positioning had been achieved [3].
	Agreement
· [bookmark: OLE_LINK15][bookmark: OLE_LINK16]For UL positioning, at least the following power components and parameter values are considered for the baseline evaluation of Rel-17 RRC_INACTIVE positioning:
· 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%;
· UL SRS for positioning transmission with 0.5 ms duration;
· (Optional) BWP switching with [1] ms duration;
· (Optional) Intra-/inter-frequency RRM measurement in low SINR condition with [1] ms duration;
· Note: The power component and parameter values for UL positioning is also applicable to the UL part of UE-assisted DL+UL positioning method.
· Note: Individual company may consider additional power components and different parameter values in bracket in the evaluation.
Note: Companies are encouraged to provide the assumption on the timeline between different power consumption events in the evaluation of potential enhancements to reduce the transition times between different power states and to extend the sleeping time as much as possible.
Agreement
Adopt the following power consumption model for UL SRS for positioning transmission.

	Power State
	Relative power

	SRS
	210 (baseline);
700 (optional)





For the UL positioning, the power model for SRS transmission in RRC inactive mode can be shown in Figure 2.1.
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Figure 2.1: The power model for UL positioning in RRC inactive mode.
In our evaluation, power components and parameter values of the UE-assisted DL positioning as shown in the following Table.
Table 2.1: Power components and parameter values of the UE-assisted DL positioning
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]UE power  state
	Relative power

	SSB proc.
	50

	PDCCH-only
	50

	PDCCH+PDSCH
	120

	SRS Tx
	210

	Micro sleep
	45

	Light sleep
	20

	Deep sleep/ultra-deep sleep
	1/0.015

	Additional transition energy (deep sleep/ultra-deep sleep)
	450/10000



DL positioning
In RAN1#109-e, the following agreement on the power components and parameter values of DL positioning had been achieved [3].
	Agreement
· Adopt the following reference configuration and assumption for DL PRS to define the power consumption model for DL PRS measurement:
· 1 Number of PFL;
· 8 DL PRS resources per slot are measured;
· DL PRS instance of smaller than or equal to 1 slot duration;
· Adopt the following table as the power consumption model for DL PRS measurement (derived from Table 22 in TR38.840):

	N: Number of TRPs for DL PRS measurement
	Synchronous case (baseline)
	Asynchronous case (optional)

	
	FR1 (baseline)
	FR2 
(optional)
	FR1
	FR2

	N=4 (baseline)
	120
	195
	140
	255

	N=8 (optional)
	150
	225
	170
	285




	Agreement
· For DL positioning, at least the following power components and parameter values are considered for the baseline evaluation of Rel-17 RRC_INACTIVE positioning:
· For the UE-assisted DL positioning,
· 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%;
· DL PRS measurement with 0.5 ms duration;
· CG-SDT with 1ms duration and the periodicity of positioning interval;
· RRCRelsease after the CG-SDT can be optionally included with [1] ms duration;
· (Optional) BWP switching with [1] ms duration;
· (Optional) Intra-/inter-frequency RRM measurement in low SINR condition with [1] ms duration;
· (Optional) RA-SDT (e.g., including CORSET0 + SIB1, PRACH, RAR, Msg 3/4/5) in case of CG-SDT is unavailable;
· For the UE-based DL positioning,
· 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%;
· DL PRS measurement with 0.5 ms duration;
· (Optional) BWP switching with [1] ms duration;
· (Optional) Intra-/inter-frequency RRM measurement in low SINR condition with [1] ms duration;
· Note: The power component and parameter values for UE-assisted DL positioning is also applicable to the DL part of UE-assisted DL+UL positioning method.
· Note: Individual company may consider additional power components and different parameter values in bracket in the evaluation.
· Note: Companies are encouraged to provide the assumption on the timeline between different power consumption events in the evaluation of potential enhancements to reduce the transition times between different power states and to extend the sleeping time as much as possible.



UE-assisted DL positioning
For the UE-assisted DL positioning, the power model for PRS reception and measurement reporting in RRC inactive mode shown in Figure 2.2.1. We assume that UE selects the CG-SDT resource to report the measurement.
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Figure 2.2.1: The power model for UE-assisted DL positioning in RRC inactive mode.

[bookmark: OLE_LINK18][bookmark: OLE_LINK19]In our evaluation, power components and parameter values of the UE-assisted DL positioning as shown in the following table.
Table 2.2.1: Power components and parameter values of the UE-assisted DL positioning
	UE power  state
	Power unit per slot

	SSB proc.
	50

	PDCCH-only
	50

	PDCCH+PDSCH
	120

	PUSCH
	250

	PRS
	120

	Micro sleep
	45

	Light sleep
	20

	Deep sleep/ultra-deep sleep
	1/0.015

	Additional transition energy (deep sleep/ultra-deep sleep)
	450/10000



[bookmark: OLE_LINK5][bookmark: OLE_LINK6]UE-based DL positioning
For the UE-based DL positioning, the power model for PRS reception in RRC inactive mode shown in Figure 2.2.2. 
[image: ]
Figure 2.2.2: The power model for UE-assisted DL positioning in RRC inactive mode.

In our evaluation, power components and parameter values of the UE-based DL positioning as shown in the following table.
Table 2.2.2: Power components and parameter values of the UE-based DL positioning
	UE power  state
	Power unit per slot

	SSB proc.
	50

	PDCCH-only
	50

	PDCCH+PDSCH
	120

	PRS
	120

	Micro sleep
	45

	Light sleep
	20

	Deep sleep/ultra-deep sleep
	1/0.015

	Additional transition energy (deep sleep/ultra-deep sleep)
	450/10000



Reference device
According TR 38.840, the power model assumption for the reference device considered in the evaluation is listed in Table 2.3-1.
Table 2.3-1: The power model assumption for the reference device
	UE power  state
	Power unit per slot

	SSB proc.
	50

	PDCCH-only
	50

	PDCCH+PDSCH
	120

	Micro sleep
	45

	Light sleep
	20

	Deep sleep
	1



Evaluation 
In RAN1#110e, the following agreement on the relative power unit and the battery life had been achieved [4].
	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.


In this section, we share our initial evaluation result of the relative power unit and the battery life of LPHAP device to identify the performance gap.

Reference device
The reference traffic type is FTP model 3. Some other parameter configurations about the reference device are shown in the following table.
Table 3.1-1: Some other parameter configurations about the reference device
	Parameters
	Values

	Packet Size
	0.5 Mbytes 

	Mean interval
	200 ms

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


In our evaluation, we count the total power unit values for each power states of  the reference device during 1024s. The evaluation results are shown in Table 2.3-3.
Table 3.1-2: The total power unit values for each power states of the reference device during 1024s
	UE power  state
	Total power unit 

	PDCCH-only
	71850040

	PDCCH+PDSCH
	1547500

	Micro sleep
	10540

	Light sleep
	71450

	Deep sleep
	3812500

	Ramp up/down
	67500


According to the total power consumption during 1024s, the relative power unit P1 of the reference device obtained based on the reference traffic type is calculated as follows.
P1 = (71850040+1547500+10540+71450+3812500+67500)/(1024*1000*2)=38 (units/slot)

Evaluation cases and assumptions
Evaluation cases and assumptions with deep sleep
Our evaluation cases and assumptions with deep sleep are shown in Table 3.2-1 and Table 3.2-2.
Table 3.2-1: Evaluation cases and assumptions
	Evaluation assumption
	[Case 1], [FR1], [UL positioning], [Type A]
	[Case 2], [FR1], [UL positioning], [Type B]
	[Case 3], [FR1], [UE-assisted DL positioning], [Type A]

	Sleep state
	Deep sleep: 1
	Deep sleep: 1
	Deep sleep: 1

	DRX cycle
	10.24s
	10.24s
	10.24s

	Paging reception
	Y
	Y
	Y

	RS periodicity
	10.24s
	10.24s
	10.24s

	M-sample
	1
	1
	1

	RRM measurement
	N/A
	N/A
	N/A

	BWP switching
	N/A
	N/A
	N/A

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

	implementation factor K
	1, 2, 4
	1, 2, 4
	1, 2, 4



Table 3.2-2: Evaluation cases and assumptions
	Evaluation assumption
	[Case 4], [FR1], [UE-assisted DL positioning], [Type B]
	[Case 5], [FR1], [UE-based DL positioning], [Type A]
	[Case 6], [FR1], [UE-based DL positioning], [Type B]

	Sleep state
	Deep sleep: 1
	Deep sleep: 1
	Deep sleep: 1

	DRX cycle
	10.24s
	10.24s
	10.24s

	Paging reception
	Y
	Y
	Y

	RS periodicity
	10.24s
	10.24s
	10.24s

	M-sample
	1
	1
	1

	RRM measurement
	N/A
	N/A
	N/A

	BWP switching
	N/A
	N/A
	N/A

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

	implementation factor K
	1, 2, 4
	1, 2, 4
	1, 2, 4



Evaluation cases and assumptions with ultra-deep sleep
In RAN1#110b, the following agreement on the power consumption model of the ultra-deep sleep type for LPHAP evaluation had been achieved [2].
	Agreement
For the LPHAP study only:
· For the power consumption model of the ultra-deep sleep type, adopt the following option (i.e. revision of option 1 from previous agreement):
· The relative power unit: 0.015
· Additional transition energy: 10000
· Note: Power consumption analysis from individual companies with additional transition energy of 5000 can be optionally evaluated and captured in the TR.
· Total transition time: 400ms
· Note: Power consumption analysis from individual companies with Option 2 (revised from previous agreement) can be optionally evaluated and captured in the TR.
· Option 2 additional transition energy is revised from 450 to 480.
· Note: No new device type is expected based on ultra-deep sleep power modeling.


Our evaluation cases and assumptions with ultra-deep sleep are shown in Table 3.2-3 and Table 3.2-4.
Table 3.2-3: Evaluation cases and assumptions
	Evaluation assumption
	[Case 7], [FR1], [UL positioning], [Type A]
	[Case 8], [FR1], [UL positioning], [Type B]
	[Case 9], [FR1], [UE-assisted DL positioning], [Type A]

	Sleep state
	ultra-deep sleep: 0.015
	ultra-deep sleep: 0.015
	ultra-deep sleep: 0.015

	DRX cycle
	10.24s
	10.24s
	10.24s

	Paging reception
	Y
	Y
	Y

	RS periodicity
	10.24s
	10.24s
	10.24s

	M-sample
	1
	1
	1

	RRM measurement
	N/A
	N/A
	N/A

	BWP switching
	N/A
	N/A
	N/A

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

	implementation factor K
	1, 2, 4
	1, 2, 4
	1, 2, 4



Table 3.2-4: Evaluation cases and assumptions
	Evaluation assumption
	[Case 10], [FR1], [UE-assisted DL positioning], [Type B]
	[Case 11], [FR1], [UE-based DL positioning], [Type A]
	[Case 12], [FR1], [UE-based DL positioning], [Type B]

	Sleep state
	ultra-deep sleep: 0.015
	ultra-deep sleep: 0.015
	ultra-deep sleep: 0.015

	DRX cycle
	10.24s
	10.24s
	10.24s

	Paging reception
	Y
	Y
	Y

	RS periodicity
	10.24s
	10.24s
	10.24s

	M-sample
	1
	1
	1

	RRM measurement
	N/A
	N/A
	N/A

	BWP switching
	N/A
	N/A
	N/A

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

	implementation factor K
	1, 2, 4
	1, 2, 4
	1, 2, 4



Evaluation results
Evaluation results with deep sleep
Our evaluation results with deep sleep are shown in Table 3.3-1.
Table 3.3-1: Evaluation 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

	Case 1 (K=1)
	1.1
	0.5
	No (Gap=5.5)
	No (Gap=11.5)

	Case 1 (K=2)
	1.1
	1
	No (Gap=5)
	No (Gap=5)

	Case 1 (K=4)
	1.1
	2
	No (Gap=4)
	No(Gap=10)

	Case 2 (K=1)
	1.1
	2.8
	No(Gap=3.2)
	No(Gap=9.2)

	Case 2 (K=2)
	1.1
	5.6
	No(Gap=0.4)
	No(Gap=6.4)

	Case 2 (K=4)
	1.1
	11.2
	Yes
	No (Gap=0.8)

	Case 3 (K=1)
	1.09
	0.5
	No (Gap=5.5)
	No (Gap=11.5)

	Case 3(K=2)
	1.09
	1
	No (Gap=5)
	No (Gap=5)

	Case 3 (K=4)
	1.09
	2
	No (Gap=4)
	No(Gap=10)

	Case 4 (K=1)
	1.09
	2.8
	No(Gap=3.2)
	No(Gap=9.2)

	Case 4 (K=2)
	1.09
	5.6
	No(Gap=0.4)
	No(Gap=6.4)

	Case 4 (K=4)
	1.09
	11.2
	Yes
	No (Gap=0.8)

	Case 5 (K=1)
	1.08
	0.52
	No (Gap=5.48)
	No (Gap=11.48)

	Case 5 (K=2)
	1.08
	1.04
	No (Gap=4.96)
	No (Gap=10.96)

	Case 5 (K=4)
	1.08
	2.08
	No (Gap=3.92)
	No (Gap=9.92)

	Case 6 (K=1)
	1.08
	2.92
	N (Gap=3.08)
	N (Gap=9.08)

	Case 6 (K=2)
	1.08
	5.85
	No (Gap=0.15)
	No (Gap=6.15)

	Case 6 (K=4)
	1.08
	11.7
	Yes
	No (Gap=0.3)


Based on the above evaluation results with deep sleep, we have the following observations.
Observation 1: When implementation factor K is less than 4 and deep sleep is applied, the battery life of LPHAP device Type A and Type B cannot meet the requirement of 6 months.
Observation 2: When implementation factor K is equal to 4 deep sleep is applied, the battery life of LPHAP device Type B can meet the requirement of 6 months.
Observation 3: The battery life of LPHAP device Type A and Type B cannot meet the requirement of 12 months with any values of implementation factor K when deep sleep is applied.

Evaluation results with ultra-deep sleep
Our evaluation results with ultra-deep sleep are shown in Table 3.3-2.
Table 3.3-2: Evaluation 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

	Case 7 (K=1)
	0.59
	0.93
	No (Gap=5.07)
	No (Gap=11.07)

	Case 7 (K=2)
	0.59
	1.83
	No (Gap=4.17)
	No (Gap=10.17)

	Case 7 (K=4)
	0.59
	3.66
	No (Gap=2.34)
	No (Gap=8.34)

	Case 8 (K=1)
	0.59
	5.23
	No (Gap=0.77)
	No (Gap=6.77)

	Case 8 (K=2)
	0.59
	10.46
	Yes
	No (Gap=1.54)

	Case 8 (K=4)
	0.59
	20.92
	Yes
	Yes

	Case 9 (K=1)
	0.58
	0.94
	No (Gap=5.06)
	No (Gap=11.06)

	Case 9 (K=2)
	0.58
	1.88
	No (Gap=4.12)
	No (Gap=10.12)

	Case 9 (K=4)
	0.58
	2.76
	No (Gap=3.24)
	No (Gap=9.24)

	Case 10 (K=1)
	0.58
	5.28
	No (Gap=0.72)
	No (Gap=6.72)

	Case 10 (K=2)
	0.58
	10.56
	Yes
	No (Gap=0.44)

	Case 10 (K=4)
	0.58
	21.12
	Yes
	Yes

	Case 11 (K=1)
	0.57
	0.98
	No (Gap=5.02)
	No (Gap=11.02)

	Case 11 (K=2)
	0.57
	1.96
	No (Gap=4.04)
	No (Gap=10.04)

	Case 11 (K=4)
	0.57
	3.92
	No (Gap=2.08)
	No (Gap=8.08)

	Case 12 (K=1)
	0.57
	5.5
	No (Gap=0.5)
	No (Gap=6.5)

	Case 12 (K=2)
	0.57
	11
	Yes
	No (Gap=1)

	Case 12 (K=4)
	0.57
	22
	Yes
	Yes



Based on the above evaluation results with ultra-deep sleep, we have the following observations.
Observation 4: When implementation factor K is 2 and ultra-deep sleep (0.015) is applied, the battery life of LPHAP device Type B can meet the requirement of 6 months.
Observation 5: When implementation factor K is 4 and ultra-deep sleep (0.015) is applied, the battery life of LPHAP device Type B can meet the requirement of 6 months and 12 months.
Observation 6: The battery life of LPHAP device Type A cannot meet the requirement of 6 months and 12 months with any values of implementation factor K when ultra-deep sleep (0.015) is applied.

Potential enhancements
Enhancement on SRS configuration
In Rel-17, the UL SRS for positioning in RRC_inactive state is configured by RRC Release message. If the UE camp on a new cell, the UE has to enter the RRC_connected mode for the update of the SRS configurations. In RAN1#110b, it has achieved a conclusion that evaluations show that UE (re)entering RRC_CONNECTED state to obtain SRS (re)configuration increases power consumption. 
	Conclusion
· Evaluations show that UE (re)entering RRC_CONNECTED state to obtain SRS (re)configuration increases power consumption;
· Note: This intermediate conclusion may be updated before capturing it in the TR if new/different evaluations are provided and to add information about the number of sources.


In order to avoid the UE frequently entering the connected mode to obtain SRS configuration information, a straightforward way is to define a validity area for LPHAP where the configured SRS is applicable across multiple cells in the validity area. When cell reselection happens within the SRS positioning validity area, the UE can keep the SRS configuration and continue the SRS transmission if the UE is under a positioning procedure. For SRS pre configuration of the validity area, the following issue should be considered in RAN1.
· Interference
· Timing alignment
· Spatial relation
· Which SRS parameters can be valid across multiple cells
Proposal 1: For SRS pre configuration of the validity area, the following issue should be considered in RAN1.
-	Interference
-	Timing alignment
-	Spatial relation
-	Which SRS parameters can be valid across multiple cells

Enhancements on DL-PRS configuration
In RAN1#110b, it has achieved a conclusion that evaluations show that minimizing gaps between PRS/SRS/paging/reporting/synchronization RS reduces the power consumption. In RAN2#119b, the following agreement on enhancements on DL-PRS configuration had been achieved.
	Agreement:
RAN2 will study the following candidate enhancements on DL-PRS configuration after there is progress in RAN1 and potentially RAN4.
-	a) Simplified PRS configuration; (2/15)
-	b) PRS is configured close to SSBs; (2/15)
-	c) Limit PRS reception in a time period; (3/15)
RAN2 can consider the feasibility of configuration alignment between PRS and DRX (at least paging DRX).


For simplified PRS configuration, LMF can configure a small number of positioning frequency points and TRPs for LPHAP UE to reduce the PRS duration.
For minimizing gaps between PRS/SRS/paging/reporting/synchronization RS, the following two options can be considered.
· Option 1: Minimize gaps between PRS/SRS/paging/reporting/synchronization RS through network configuration.
· Option 2: The network can trigger UE to conduct PRS measurement and report the results through PEI or Paging.
For Option 1, no impact on standard protocols. For Option 2, we need to redesign PEI or Paging DCI, which has protocol impact.
Proposal 2: Minimize gaps between PRS/SRS/paging/reporting/synchronization RS can be achieved through network configuration and no enhancements are needed.

Conclusion
In this contribution, we provided initial evaluation on LPHAP. In summary, we have following observations and proposals:
Observation 1: When implementation factor K is less than 4 and deep sleep is applied, the battery life of LPHAP device Type A and Type B cannot meet the requirement of 6 months.
Observation 2: When implementation factor K is equal to 4 deep sleep is applied, the battery life of LPHAP device Type B can meet the requirement of 6 months.
Observation 3: The battery life of LPHAP device Type A and Type B cannot meet the requirement of 12 months with any values of implementation factor K when deep sleep is applied.
Observation 4: When implementation factor K is 2 and ultra-deep sleep (0.015) is applied, the battery life of LPHAP device Type B can meet the requirement of 6 months.
Observation 5: When implementation factor K is 4 and ultra-deep sleep (0.015) is applied, the battery life of LPHAP device Type B can meet the requirement of 6 months and 12 months.
Observation 6: The battery life of LPHAP device Type A cannot meet the requirement of 6 months and 12 months with any values of implementation factor K when ultra-deep sleep (0.015) is applied.
Proposal 1: For SRS pre configuration of the validity area, the following issue should be considered in RAN1.
-	Interference
-	Timing alignment
-	Spatial relation
-	Which SRS parameters can be valid across multiple cells
Proposal 2: Minimize gaps between PRS/SRS/paging/reporting/synchronization RS through network configuration and no enhancements are needed.
[bookmark: _GoBack]
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