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At the RAN1# 110bis-e meeting, the following agreements were made regarding power consumption evaluation of LPHAP device [1]:
	Conclusion
· From evaluations for a LPHAP device, RAN1 concludes that the existing Rel-17 positioning for UEs in RRC_INACTIVE state cannot satisfy the target battery life required by LPHAP use case 6 in the majority of the evaluation scenarios that were examined. 
· Based on the evaluations, enhancements to meet the target battery life in Rel-18 are necessary.
Observation
Capture the following in TR as an observation:
· For the evaluation on the battery life of the baseline LPHAP Type A device with battery capacity C2 of 800mAh:
· Based on the results provided by all sources, the target requirement of 6~12 months is not achieved by the existing Rel-17 positioning for UEs in RRC_INACTIVE state with baseline implementation factor K = 1 and baseline evaluation assumptions;
· Based on the results provided by all sources, the target requirement of 6~12 months is not achieved by the existing Rel-17 positioning for UEs in RRC_INACTIVE state with optional implementation factor K or optional evaluation assumptions;
· For UE-assisted DL positioning, results are provided by 13 sources ([2/HW,Hisilicon], [4/Spreadtrum], [5/vivo], [6/Nokia,NSB], [8/CATT], [10/Sony], [11/ZTE], [12/xiaomi], [13/CMCC], [16/Samsung], [18/LGE], [20/Qualcomm], [21/Ericsson]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 0 source, and is not achieved by 13 sources ([2],[4],[5],[6],[8],[10],[11],[12],[13],[16],[18],[20],[21]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, CG-SDT for measurement reporting, and implementation factor K = 4.
· The target requirement of 12 months is achieved by 0 source, and is not achieved by 13 sources ([2],[4],[5],[6],[8],[10],[11],[12],[13],[16],[18],[20],[21]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, CG-SDT for measurement reporting, and implementation factor K = 4
· For UE-based DL positioning, results are provided by 10 sources ([2/HW,Hisilicon], [4/Spreadtrum], [5/vivo], [6/Nokia,NSB], [8/CATT], [11/ZTE], [12/xiaomi], [13/CMCC], [18/LGE], [20/Qualcomm]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 0 source, and is not achieved by 10 sources ([2],[4],[5],[6],[8],[11],[12],[13],[18],[20]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, and implementation factor K = 4.
· The target requirement of 12 months is achieved by 0 source, and is not achieved by 10 sources ([2],[4],[5],[6],[8],[11],[12],[13],[18],[20]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, and implementation factor K = 4.
· For UL positioning, results are provided by 12 sources ([2/HW,Hisilicon], [4/Spreadtrum], [5/vivo], [6/Nokia,NSB], [8/CATT], [11/ZTE], [12/xiaomi], [13/CMCC], [16/Samsung], [18/LGE], [20/Qualcomm], [21/Ericsson]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 0 source, and is not achieved by 12 sources ([2],[4],[5],[6],[8],[11],[12],[13],[16],[18],[20],[21]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, and implementation factor K = 4.
· The target requirement of 12 months is achieved by 0 source, and is not achieved by 12 sources ([2],[4],[5],[6],[8],[11],[12],[13],[16],[18],[20],[21]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, and implementation factor K = 4.
· For DL+UL positioning, results are provided by 1 source ([20/Qualcomm]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 0 source, and is not achieved by 1 source ([20]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, CG-SDT for measurement reporting, and implementation factor K = 4.
· The target requirement of 12 months is achieved by 0 source, and is not achieved by 1 source ([20]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, CG-SDT for measurement reporting, and implementation factor K = 4.
· For the evaluation on the battery life of the optional LPHAP Type B device with battery capacity C2 of 4500mAh:
· Based on the results provided by all sources, the target requirement of 6~12 months is not achieved by the existing Rel-17 positioning for UEs in RRC_INACTIVE state with the baseline implementation factor K=1 and baseline evaluation assumptions;
· For UE-assisted DL positioning, results are provided by 8 sources ([4/Spreadtrum], [5/vivo], [6/Nokia,NSB], [10/Sony], [11/ZTE], [13/CMCC], [18/LGE], [20/Qualcomm]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 4 sources ([4],[6],[13],[20]) with the implementation factor K = 4 and by 2 sources ([11],[18]) with the implementation factor K >= 2, and is not achieved by 6 sources with the implementation factor K < 4 ([4],[5],[6],[10],[13],[20]) and by 2 sources ([11],[18]) with the implementation factor K < 2; 
· The target requirement of 12 months is achieved by 3 sources ([11],[18],[20]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, CG-SDT for reporting and implementation factor K = 4, and is not achieved by 8 sources ([4],[5],[6],[10],[11],[13],[18],[20]) with the implementation factor K < 4.
· For UE-based DL positioning, results are provided by 7 sources ([4/Spreadtrum], [5/vivo], [6/Nokia,NSB], [11/ZTE], [13/CMCC], [18/LGE], [20/Qualcomm]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 4 sources ([4],[6],[13],[20]) with the implementation factor K = 4 and by 2 sources ([11],[18]) with the implementation factor K >= 2 , and is not achieved by 5 sources with the implementation factor K < 4 ([4],[5],[6],[13],[20]) and by 2 sources ([11],[18]) with the implementation factor K < 2;
· The target requirement of 12 months is achieved by 3 sources ([11],[18],[20]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, and implementation factor K = 4, and is not achieved by 7 sources ([4],[5],[6],[11],[13],[18],[20]) with the implementation factor K < 4.
· For UL positioning, results are provided by 7 sources ([4/Spreadtrum], [5/vivo], [6/Nokia,NSB], [11/ZTE], [13/CMCC], [18/LGE], [20/Qualcomm]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 4 sources ([4],[6],[13],[20]) with the implementation factor K = 4 and by 2 sources ([11],[18]) with the implementation factor K >= 2, and is not achieved by 5 sources ([4],[5],[6],[13],[20]) with the implementation factor K < 4 and by 2 sources ([11],[18]) with the implementation factor K < 2;
· The target requirement of 12 months is achieved by 3 sources ([11],[18],[20]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, and implementation factor K = 4, and is not achieved by 7 sources ([4],[5],[6],[11],[13],[18],[20]) with the implementation factor K < 4.
· For DL+UL positioning, results are provided by 1 source ([20/Qualcomm]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 1 source ([20]) with implementation factor K = 4, and is not achieved by 1 source ([20]) with implementation factor K < 4;
· The target requirement of 12 months is achieved by 1 source ([20]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, CG-SDT for measurement reporting, and implementation factor K = 4, and is not achieved by 1 source ([20]) with implementation factor K < 4.
· Note: The implementation factor K is a factor related to the reference device in the model to convert the relative power unit to the battery life. Four values are introduced for K with K = 1 as the baseline and K = 0.5, 2, 4 as optional values. The model is captured in the Annex A.4.
· Note: Without otherwise noted, “high SINR” in the observation refers to the evaluation case that no intra-/inter-frequency RRM and single SSB for synchronization purpose is considered.
· (Not captured in TR) Note: The number of sources and the references can be further updated in next meeting depending on companies’ updates of simulation results. 
Chair’s note: references in the above observation are from R1-2209345.


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.

Agreement
· For UL and DL+UL positioning for UEs in RRC_INACTIVE, study the potential benefits and performance gains of enhancements on SRS for positioning in order to avoid frequent SRS (re)configuration, including at least the following:
· The (pre-)configuration of SRS for positioning. FFS details, e.g., signaling and procedure, whether/how it is applicable to an area across multiple cells, consideration of UL overhead/capacity implied by (pre-)configuration and multiple cells, etc;
· SRS for positioning activation/request procedure(s), e.g., network activation of SRS via paging, UE request to obtain/update SRS via RACH-based procedure;
· FFS: Events of invalidity of SRS configuration to trigger the UE request procedure.
· FFS whether it is applicable to UEs in RRC_IDLE state.

Conclusion
· Evaluations show that extending paging DRX cycles beyond 10.24s provide power saving gains with respect to that with the baseline DRX cycle of 1.28s and is beneficial towards meeting the battery life requirement 
· 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 and to show the achievable gains.

Conclusion
· Evaluations show that minimizing gaps between PRS/SRS/paging/reporting/synchronization RS reduces the 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.

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.



In this contribution, we discuss power consumption evaluation of LPHAP devices and potential enhancements. 
Power consumption evaluation
In RAN1 110bis-e, ultra-deep sleep state power model was confirmed as follows:
· Option 1 (baseline):
· The relative power unit: 0.015
· Additional transition energy: 10000 (baseline), 5000 (optional)
· Total transition time: 400ms
· Option 2 (optional):
· The relative power unit: 0.01
· Additional transition energy: 480;
· 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
· UL positioning with SRS update

In particular, we assumed the following timeline for evaluation purposes shown in Fig 1. 1 SSB transmission before PO is assumed considering high SINR scenario. 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.
[image: ]
Figure 1: Operation timeline for different DL positioning methods in a cycle.
The evaluation assumptions are presented in Tables 1 to 16. In Table 17, we summarized the power consumption results and identify whether battery life requirements can be met or not for each of the evaluation cases.  Note that for UL positioning with SRS update, we assume SRS is reconfigured every 8 cycles. 
Table 1: Sleep State (As per TR 38.840), K = 1, DRX cycle 10.24s
	Evaluation assumption
	[Case 1A], UE assisted DL positioning, Type A, FR1
	[Case 1B], UE based DL positioning, Type A, FR1
	[Case 1C], UL Positioning, Type A, FR1
	[Case 1D], UL Positioning with SRS update, Type A, FR1

	Sleep state
	38.840
	38.840
	38.840
	38.840

	DRX cycle
	10.24s
	10.24s
	10.24s
	10.24s

	paging reception
	10.24s
	10.24s
	10.24s
	10.24s

	RS periodicity
	10.24s
	10.24s
	10.24s
	10.24s

	M-sample
	1
	1
	1
	1

	RRM measurement
	N/A
	N/A
	N/A
	N/A

	BWP switching
	N/A
	N/A
	N/A
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval), SRS config
	CG-SDT, 10.24s
	
	
	RA-SDT for SRS configuration (every 8 cycles)

	implementation factor K
	1
	1
	1
	1




Table 2: Sleep State (As per TR 38.840), K = 4, DRX cycle 10.24s
	Evaluation assumption
	[Case 2A], UE assisted DL positioning, Type A, FR1
	[Case 2B], UE based DL positioning, Type A, FR1
	[Case 2C], UL Positioning, Type A, FR1
	[Case 2D], UL Positioning with SRS update, Type A, FR1

	Sleep state
	38.840
	38.840
	38.840
	38.840

	DRX cycle
	10.24s
	10.24s
	10.24s
	10.24s

	paging reception
	10.24s
	10.24s
	10.24s
	10.24s

	RS periodicity
	10.24s
	10.24s
	10.24s
	10.24s

	M-sample
	1
	1
	1
	1

	RRM measurement
	N/A
	N/A
	N/A
	N/A

	BWP switching
	N/A
	N/A
	N/A
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval), SRS config
	CG-SDT, 10.24s
	
	
	RA-SDT for SRS configuration (every 8 cycles)

	implementation factor K
	4
	4
	4
	4



Table 3: Ultra-deep Sleep (TE 5000), K = 1, DRX cycle 10.24s
	Evaluation assumption
	[Case 3A], UE assisted DL positioning, Type A, FR1
	[Case 3B], UE based DL positioning, Type A, FR1
	[Case 3C], UL Positioning, Type A, FR1
	[Case 3D], UL Positioning with SRS update, Type A, FR1

	Sleep state
	Ultra-deep with add. Transition energy 5000
	Ultra-deep with add. Transition energy 5000
	Ultra-deep with add. Transition energy 5000
	Ultra-deep with add. Transition energy 5000

	DRX cycle
	10.24s
	10.24s
	10.24s
	10.24s

	paging reception
	10.24s
	10.24s
	10.24s
	10.24s

	RS periodicity
	10.24s
	10.24s
	10.24s
	10.24s

	M-sample
	1
	1
	1
	1

	RRM measurement
	N/A
	N/A
	N/A
	N/A

	BWP switching
	N/A
	N/A
	N/A
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval), SRS config
	CG-SDT, 10.24s
	
	
	RA-SDT for SRS configuration (every 8 cycles)

	implementation factor K
	1
	1
	1
	1



Table 4: Ultra-deep Sleep (TE 5000), K = 4, DRX cycle 10.24s
	Evaluation assumption
	[Case 4A], UE assisted DL positioning, Type A, FR1
	[Case 4B], UE based DL positioning, Type A, FR1
	[Case 4C], UL Positioning, Type A, FR1
	[Case 4D], UL Positioning with SRS update, Type A, FR1

	Sleep state
	Ultra-deep with add. Transition energy 5000
	Ultra-deep with add. Transition energy 5000
	Ultra-deep with add. Transition energy 5000
	Ultra-deep with add. Transition energy 5000

	DRX cycle
	10.24s
	10.24s
	10.24s
	10.24s

	paging reception
	10.24s
	10.24s
	10.24s
	10.24s

	RS periodicity
	10.24s
	10.24s
	10.24s
	10.24s

	M-sample
	1
	1
	1
	1

	RRM measurement
	N/A
	N/A
	N/A
	N/A

	BWP switching
	N/A
	N/A
	N/A
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT, 10.24s
	
	
	RA-SDT for SRS configuration (every 8 cycles)

	implementation factor K
	4
	4
	4
	4







Table 5: Ultra-deep Sleep (TE 10000), K = 1, DRX cycle 10.24s
	Evaluation assumption
	[Case 5A], UE assisted DL positioning, Type A, FR1
	[Case 5B], UE based DL positioning, Type A, FR1
	[Case 5C], UL Positioning, Type A, FR1
	[Case 5D], UL Positioning with SRS update, Type A, FR1

	Sleep state
	Ultra-deep with add. Transition energy 10000
	Ultra-deep with add. Transition energy 10000
	Ultra-deep with add. Transition energy 10000
	Ultra-deep with add. Transition energy 10000

	DRX cycle
	10.24s
	10.24s
	10.24s
	10.24s

	paging reception
	10.24s
	10.24s
	10.24s
	10.24s

	RS periodicity
	10.24s
	10.24s
	10.24s
	10.24s

	M-sample
	1
	1
	1
	1

	RRM measurement
	N/A
	N/A
	N/A
	N/A

	BWP switching
	N/A
	N/A
	N/A
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT, 10.24s
	
	
	RA-SDT for SRS configuration (every 8 cycles)

	implementation factor K
	1
	1
	1
	1




Table 6: Ultra-deep Sleep (TE 10000), K = 4, DRX cycle 10.24s
	Evaluation assumption
	[Case 6A], UE assisted DL positioning, Type A, FR1
	[Case 6B], UE based DL positioning, Type A, FR1
	[Case 6C], UL Positioning, Type A, FR1
	[Case 6D], UL Positioning with SRS update, Type A, FR1

	Sleep state
	Ultra-deep with add. Transition energy 10000
	Ultra-deep with add. Transition energy 10000
	Ultra-deep with add. Transition energy 10000
	Ultra-deep with add. Transition energy 10000

	DRX cycle
	10.24s
	10.24s
	10.24s
	10.24s

	paging reception
	10.24s
	10.24s
	10.24s
	10.24s

	RS periodicity
	10.24s
	10.24s
	10.24s
	10.24s

	M-sample
	1
	1
	1
	1

	RRM measurement
	N/A
	N/A
	N/A
	N/A

	BWP switching
	N/A
	N/A
	N/A
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT, 10.24s
	
	
	RA-SDT for SRS configuration (every 8 cycles)

	implementation factor K
	4
	4
	4
	4




Table 7: Sleep State (As per TR 38.840), K = 1, DRX cycle 20.48s
	Evaluation assumption
	[Case 7A], UE assisted DL positioning, Type A, FR1
	[Case 7B], UE based DL positioning, Type A, FR1
	[Case 7C], UL Positioning, Type A, FR1
	[Case 7D], UL Positioning with SRS update, Type A, FR1

	Sleep state
	38.840
	38.840
	38.840
	38.840

	DRX cycle
	20.48s
	20.48s
	20.48s
	20.48s

	paging reception
	20.48s
	20.48s
	20.48s
	20.48s

	RS periodicity
	20.48s
	20.48s
	20.48s
	20.48s

	M-sample
	1
	1
	1
	1

	RRM measurement
	N/A
	N/A
	N/A
	N/A

	BWP switching
	N/A
	N/A
	N/A
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval), SRS config
	CG-SDT, 20.48s
	
	
	RA-SDT for SRS configuration (every 8 cycles)

	implementation factor K
	1
	1
	1
	1





Table 8: Sleep State (As per TR 38.840), K = 4, DRX cycle 20.48s
	Evaluation assumption
	[Case 8A], UE assisted DL positioning, Type A, FR1
	[Case 8B], UE based DL positioning, Type A, FR1
	[Case 8C], UL Positioning, Type A, FR1
	[Case 8D], UL Positioning with SRS update, Type A, FR1

	Sleep state
	38.840
	38.840
	38.840
	38.840

	DRX cycle
	20.48s
	20.48s
	20.48s
	20.48s

	paging reception
	20.48s
	20.48s
	20.48s
	20.48s

	RS periodicity
	20.48s
	20.48s
	20.48s
	20.48s

	M-sample
	1
	1
	1
	1

	RRM measurement
	N/A
	N/A
	N/A
	N/A

	BWP switching
	N/A
	N/A
	N/A
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT, 20.48s
	
	
	RA-SDT for SRS configuration (every 8 cycles)

	implementation factor K
	4
	4
	4
	4




Table 9: Ultra-deep Sleep (TE 5000), K = 1, DRX cycle 20.48s
	Evaluation assumption
	[Case 9A], UE assisted DL positioning, Type A, FR1
	[Case 9B], UE based DL positioning, Type A, FR1
	[Case 9C], UL Positioning, Type A, FR1
	[Case 9D], UL Positioning with SRS update, Type A, FR1

	Sleep state
	Ultra-deep with add. Transition energy 5000
	Ultra-deep with add. Transition energy 5000
	Ultra-deep with add. Transition energy 5000
	Ultra-deep with add. Transition energy 5000

	DRX cycle
	20.48s
	20.48s
	20.48s
	20.48s

	paging reception
	20.48s
	20.48s
	20.48s
	20.48s

	RS periodicity
	20.48s
	20.48s
	20.48s
	20.48s

	M-sample
	1
	1
	1
	1

	RRM measurement
	N/A
	N/A
	N/A
	N/A

	BWP switching
	N/A
	N/A
	N/A
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval), SRS config
	CG-SDT, 20.48s
	
	
	RA-SDT for SRS configuration (every 8 cycles)

	implementation factor K
	1
	1
	1
	1





Table 10: Ultra-deep Sleep (TE 5000), K = 4, DRX cycle 20.48s
	Evaluation assumption
	[Case 10A], UE assisted DL positioning, Type A, FR1
	[Case 10B], UE based DL positioning, Type A, FR1
	[Case 10C], UL Positioning, Type A, FR1
	[Case 10D], UL Positioning with SRS update, Type A, FR1

	Sleep state
	Ultra-deep with add. Transition energy 5000
	Ultra-deep with add. Transition energy 5000
	Ultra-deep with add. Transition energy 5000
	Ultra-deep with add. Transition energy 5000

	DRX cycle
	20.48s
	20.48s
	20.48s
	20.48s

	paging reception
	20.48s
	20.48s
	20.48s
	20.48s

	RS periodicity
	20.48s
	20.48s
	20.48s
	20.48s

	M-sample
	1
	1
	1
	1

	RRM measurement
	N/A
	N/A
	N/A
	N/A

	BWP switching
	N/A
	N/A
	N/A
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT, 20.48s
	
	
	RA-SDT for SRS configuration (every 8 cycles)

	implementation factor K
	4
	4
	4
	4




Table 11: Ultra-deep Sleep (TE 10000), K = 1, DRX cycle 20.48s
	Evaluation assumption
	[Case 11A], UE assisted DL positioning, Type A, FR1
	[Case 11B], UE based DL positioning, Type A, FR1
	[Case 11C], UL Positioning, Type A, FR1
	[Case 11D], UL Positioning with SRS update, Type A, FR1

	Sleep state
	Ultra-deep with add. Transition energy 10000
	Ultra-deep with add. Transition energy 10000
	Ultra-deep with add. Transition energy 10000
	Ultra-deep with add. Transition energy 10000

	DRX cycle
	20.48s
	20.48s
	20.48s
	20.48s

	paging reception
	20.48s
	20.48s
	20.48s
	20.48s

	RS periodicity
	20.48s
	20.48s
	20.48s
	20.48s

	M-sample
	1
	1
	1
	1

	RRM measurement
	N/A
	N/A
	N/A
	N/A

	BWP switching
	N/A
	N/A
	N/A
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT, 20.48s
	
	
	RA-SDT for SRS configuration (every 8 cycles)

	implementation factor K
	1
	1
	1
	1



Table 12: Ultra-deep Sleep (TE 10000), K = 4, DRX cycle 20.48s
	Evaluation assumption
	[Case 12A], UE assisted DL positioning, Type A, FR1
	[Case 12B], UE based DL positioning, Type A, FR1
	[Case 12C], UL Positioning, Type A, FR1
	[Case 12D], UL Positioning with SRS update, Type A, FR1

	Sleep state
	Ultra-deep with add. Transition energy 10000
	Ultra-deep with add. Transition energy 10000
	Ultra-deep with add. Transition energy 10000
	Ultra-deep with add. Transition energy 10000

	DRX cycle
	20.48s
	20.48s
	20.48s
	20.48s

	paging reception
	20.48s
	20.48s
	20.48s
	20.48s

	RS periodicity
	20.48s
	20.48s
	20.48s
	20.48s

	M-sample
	1
	1
	1
	1

	RRM measurement
	N/A
	N/A
	N/A
	N/A

	BWP switching
	N/A
	N/A
	N/A
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT, 20.48s
	
	
	RA-SDT for SRS configuration (every 8 cycles)

	implementation factor K
	4
	4
	4
	4




Table 13: Ultra-deep Sleep (TE 5000), K = 1, DRX cycle 30.72s
	Evaluation assumption
	[Case 13A], UE assisted DL positioning, Type A, FR1
	[Case 13B], UE based DL positioning, Type A, FR1
	[Case 13C], UL Positioning, Type A, FR1
	[Case 13D], UL Positioning with SRS update, Type A, FR1

	Sleep state
	Ultra-deep with add. Transition energy 5000
	Ultra-deep with add. Transition energy 5000
	Ultra-deep with add. Transition energy 5000
	Ultra-deep with add. Transition energy 5000

	DRX cycle
	30.72s
	30.72s
	30.72s
	30.72s

	paging reception
	30.72s
	30.72s
	30.72s
	30.72s

	RS periodicity
	30.72s
	30.72s
	30.72s
	30.72s

	M-sample
	1
	1
	1
	1

	RRM measurement
	N/A
	N/A
	N/A
	N/A

	BWP switching
	N/A
	N/A
	N/A
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval), SRS config
	CG-SDT, 30.72s
	
	
	RA-SDT for SRS configuration (every 8 cycles)

	implementation factor K
	1
	1
	1
	1






Table 14: Ultra-deep Sleep (TE 5000), K = 4, DRX cycle 30.72s
	Evaluation assumption
	[Case 14A], UE assisted DL positioning, Type A, FR1
	[Case 14B], UE based DL positioning, Type A, FR1
	[Case 14C], UL Positioning, Type A, FR1
	[Case 14D], UL Positioning with SRS update, Type A, FR1

	Sleep state
	Ultra-deep with add. Transition energy 5000
	Ultra-deep with add. Transition energy 5000
	Ultra-deep with add. Transition energy 5000
	Ultra-deep with add. Transition energy 5000

	DRX cycle
	30.72s
	30.72s
	30.72s
	30.72s

	paging reception
	30.72s
	30.72s
	30.72s
	30.72s

	RS periodicity
	30.72s
	30.72s
	30.72s
	30.72s

	M-sample
	1
	1
	1
	1

	RRM measurement
	N/A
	N/A
	N/A
	N/A

	BWP switching
	N/A
	N/A
	N/A
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT, 30.72s
	
	
	RA-SDT for SRS configuration (every 8 cycles)

	implementation factor K
	4
	4
	4
	4



Table 15: Ultra-deep Sleep (TE 10000), K = 1, DRX cycle 30.72s
	Evaluation assumption
	[Case 15A], UE assisted DL positioning, Type A, FR1
	[Case 15B], UE based DL positioning, Type A, FR1
	[Case 15C], UL Positioning, Type A, FR1
	[Case 15D], UL Positioning with SRS update, Type A, FR1

	Sleep state
	Ultra-deep with add. Transition energy 10000
	Ultra-deep with add. Transition energy 10000
	Ultra-deep with add. Transition energy 10000
	Ultra-deep with add. Transition energy 10000

	DRX cycle
	30.72s
	30.72s
	30.72s
	30.72s

	paging reception
	30.72s
	30.72s
	30.72s
	30.72s

	RS periodicity
	30.72s
	30.72s
	30.72s
	30.72s

	M-sample
	1
	1
	1
	1

	RRM measurement
	N/A
	N/A
	N/A
	N/A

	BWP switching
	N/A
	N/A
	N/A
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT, 30.72s
	
	
	RA-SDT for SRS configuration (every 8 cycles)

	implementation factor K
	1
	1
	1
	1





Table 16: Ultra-deep Sleep (TE 10000), K = 4, DRX cycle 30.72s
	Evaluation assumption
	[Case 16A], UE assisted DL positioning, Type A, FR1
	[Case 16B], UE based DL positioning, Type A, FR1
	[Case 16C], UL Positioning, Type A, FR1
	[Case 16D], UL Positioning with SRS update, Type A, FR1

	Sleep state
	Ultra-deep with add. Transition energy 10000
	Ultra-deep with add. Transition energy 10000
	Ultra-deep with add. Transition energy 10000
	Ultra-deep with add. Transition energy 10000

	DRX cycle
	30.72s
	30.72s
	30.72s
	30.72s

	paging reception
	30.72s
	30.72s
	30.72s
	30.72s

	RS periodicity
	30.72s
	30.72s
	30.72s
	30.72s

	M-sample
	1
	1
	1
	1

	RRM measurement
	N/A
	N/A
	N/A
	N/A

	BWP switching
	N/A
	N/A
	N/A
	N/A

	Measurement reporting (e.g., RA/CG-SDT, reporting interval)
	CG-SDT, 30.72s
	
	
	RA-SDT for SRS configuration (every 8 cycles)

	implementation factor K
	4
	4
	4
	4



 

	Table 17: Summary for UE power consumption results
	Evaluation case description
	Slot-averaged relative power unit (P2)
	Battery life (in months)
	Target requirement are met – Yes/No; 

	
	
	
	6 months
	12 months

	1A
	1.1723
	0.6319
	No
	No

	1B
	1.1638
	0.6365
	No
	No

	1C
	1.0996
	0.6737
	No
	No

	1D
	1.1278
	0.6568
	No
	No

	2A
	1.1723
	2.5276
	No
	No

	2B
	1.1638
	2.5460
	No
	No

	2C
	1.0996
	2.6947
	No
	No

	2D
	1.1278
	2.6272
	No
	No

	3A
	0.4118
	1.7986
	No
	No

	3B
	0.4031
	1.8378
	No
	No

	3C
	0.3391
	2.1845
	No
	No

	3D
	0.3676
	2.0148
	No
	No

	4A
	0.4118
	7.1945
	Yes
	No

	4B
	0.4031
	7.3513
	Yes
	No

	4C
	0.3391
	8.7381
	Yes
	No

	4D
	0.3676
	8.0593
	Yes
	No

	5A
	0.6560
	1.1292
	No
	No

	5B
	0.6472
	1.1445
	No
	No

	5C
	0.5832
	1.2701
	No
	No

	5D
	0.6118
	1.2108
	No
	No

	6A
	0.6560
	4.5169
	No
	No

	6B
	0.6472
	4.5782
	No
	No

	6C
	0.5832
	5.0803
	No
	No

	6D
	0.6118
	4.8431
	No
	No

	7A
	1.0861
	0.6820
	No
	No

	7B
	1.0819
	0.6847
	No
	No

	7C
	1.0498
	0.7056
	No
	No

	7D
	1.0639
	0.6963
	No
	No

	8A
	1.0861
	2.7280
	No
	No

	8B
	1.0819
	2.7387
	No
	No

	8C
	1.0498
	2.8225
	No
	No

	8D
	1.0639
	2.7850
	No
	No

	9A
	0.2134
	3.4708
	No
	No

	9B
	0.2090
	3.5438
	No
	No

	9C
	0.1770
	4.1840
	No
	No

	9D
	0.1913
	3.8717
	No
	No

	10A
	0.2134
	13.8833
	Yes
	Yes

	10B
	0.2090
	14.175
	Yes
	Yes

	10C
	0.1770
	16.7359
	Yes
	Yes

	10D
	0.1913
	15.4868
	Yes
	Yes

	11A
	0.3355
	2.2079
	No
	No

	11B
	0.3311
	2.2372
	No
	No

	11C
	0.2991
	2.4765
	No
	No

	11D
	0.3134
	2.3636
	No
	No

	12A
	0.3355
	8.8318
	Yes
	No

	12B
	0.3311
	8.9489
	Yes
	No

	12C
	0.2991
	9.9058
	Yes
	No

	12D
	0.3134
	9.4545
	Yes
	No

	13A
	0.1473
	5.0295
	No
	No

	13B
	0.1444
	5.1315
	No
	No

	13C
	0.1230
	6.0209
	Yes
	No

	13D
	0.1325
	5.5885
	No
	No

	14A
	0.1473
	20.1180
	Yes
	Yes

	14B
	0.1444
	20.5261
	Yes
	Yes

	14C
	0.1230
	24.0836
	Yes
	Yes

	14D
	0.1325
	22.3538
	Yes
	Yes

	15A
	0.2287
	3.2395
	No
	No

	15B
	0.2257
	3.2815
	No
	No

	15C
	0.2044
	3.6238
	No
	No

	15D
	0.2139
	3.4626
	No
	No

	16A
	0.2287
	12.9580
	Yes
	Yes

	16B
	0.2257
	13.1261
	Yes
	Yes

	16C
	0.2044
	14.4953
	Yes
	Yes

	16D
	0.2139
	13.8503
	Yes
	Yes






Observation 2: For LPHAP Type A device, target requirement of 6 or 12 months is not achieved for any of DL positioning UE assisted (CG-SDT based reporting), DL positioning UE based, UL positioning, when I-DRX cycle of 10.24s with sleep states as in TR 38.840, 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 4 are assumed.
Observation 3: For LPHAP Type A device, target requirement of 6 or 12 months is not achieved for any of DL positioning UE assisted (CG-SDT based reporting), DL positioning UE based, UL positioning, when I-DRX cycle of 10.24s with ultra-deep sleep state (TE 5000), 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 1 are assumed.
Observation 4: For LPHAP Type A device, target requirement of 6 months is achieved (12 months is not achieved) for any of DL positioning UE assisted (CG-SDT based reporting), DL positioning UE based, UL positioning, when I-DRX cycle of 10.24s with ultra-deep sleep state (TE 5000), 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 4 are assumed.
Observation 5: For LPHAP Type A device, target requirement of 6 or 12 months is not achieved for any of DL positioning UE assisted (CG-SDT based reporting), DL positioning UE based, UL positioning, when I-DRX cycle of 10.24s with ultra-deep sleep state (TE 10000), 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 4 are assumed.
Observation 6: For LPHAP Type A device, target requirement of 6 or 12 months is not achieved for any of DL positioning UE assisted (CG-SDT based reporting), DL positioning UE based, UL positioning, when I-DRX cycle of 20.48s with ultra-deep sleep state (TE 5000), 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 1 are assumed.
Observation 7: For LPHAP Type A device, target requirements of 6 and 12 months are achieved for each of DL positioning UE assisted (CG-SDT based reporting), DL positioning UE based, UL positioning, when I-DRX cycle of 20.48s with ultra-deep sleep state (TE 5000), 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 4 are assumed.
Observation 8: For LPHAP Type A device, target requirement of 6 months is achieved (12 months is not achieved) for each of DL positioning UE assisted (CG-SDT based reporting), DL positioning UE based, UL positioning, when I-DRX cycle of 20.48s with ultra-deep sleep state (TE 10000), 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 4 are assumed.
Observation 9: For LPHAP Type A device, target requirement of 6 months is not achieved  for DL positioning UE assisted (CG-SDT based reporting) and DL positioning UE based and is achieved for UL positioning, when I-DRX cycle of 30.72s with ultra-deep sleep state (TE 5000), 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 1 are assumed, whereas  target requirements of 12 months is not achieved for any of the schemes.
Observation 10: For LPHAP Type A device, target requirements of 6 and 12 months are achieved for each of DL positioning UE assisted (CG-SDT based reporting), DL positioning UE based, UL positioning, when I-DRX cycle of 30.72s with ultra-deep sleep state (TE 5000), 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 4 are assumed.
Observation 11: For LPHAP Type A device, target requirement of 6 or 12 months is not achieved for any of DL positioning UE assisted (CG-SDT based reporting), DL positioning UE based, UL positioning, when I-DRX cycle of 30.72s with ultra-deep sleep state (TE 10000), 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 1 are assumed.
Observation 12: For LPHAP Type A device, target requirement of 6 and 12 months are achieved for each of DL positioning UE assisted (CG-SDT based reporting), DL positioning UE based, UL positioning, when I-DRX cycle of 30.72s with ultra-deep sleep state (TE 10000), 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 4 are assumed.
Proposal 1: Capture Observations 2 – 12 into the TR 38.859.
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 supporting eDRX values of 20.48s and 30.72s in RRC INACTIVE state. It is up to RAN2 to specify in appropriate agenda.
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 result in large increase in power consumption depending on the frequency of validity criteria failure and cell reselection events. RA-SDT based SRS reconfiguration steps  are shown in Figure 1 that 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 10 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.   
From Table 17, we observe the following:
Observation 13: Frequent SRS updates increase UE power consumption and can potentially result in not meeting the battery life requirement. For LPHAP Type A device, target requirement of 6 months is achieved (not achieved) for UL positioning (UL positioning with SRS update every 8 cycles), when I-DRX cycle of 30.72s with ultra-deep sleep state (TE 5000), 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 1 are assumed.
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 or allow the UE to keep using existing SRS configurations. 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: RAN1 recommends specifying a solution to avoid frequent SRS reconfiguration in RRC inactive state. 
· Investigate UL positioning enhancement mechanisms such as using PUR for SRS transmission even after cell reselection or how SRS configuration can be updated without entering RRC connected mode in new cell.

It has been discussed in RAN2 that to avoid frequent SRS reconfiguration, a positioning validity area can be defined, within which the SRS configuration can be valid regardless of cell reselection and the UE can transmit SRS until moving out of the positioning area. To this end, SRS transmission and cell reselection within the validity area may work as follows:
· The serving gNB of the UE sends SRS configuration to the UE along with the positioning validity area of the SRS configuration; 
· UE performs SRS transmission and gNBs perform SRS reception; 
· Cell reselection happens in the UE and the UE reselects to a cell within the defined positioning validity area for the SRS configuration that was used for SRS transmission in the previous cell the UE camps to; 
· UE continues the SRS transmission in the new cell the UE camps to and the gNB continues the SRS reception and measurement. 
When cell reselection happens out of the positioning validity area, the UE should stop the SRS transmission as in legacy system with the definition of positioning validity area. In order to maintain the continuity of positioning procedure, the UE should request to the network for SRS configuration update. New cell will provide SRS configurations.
The following issues may need to be considered for UL positioning within the validity area:
· Interference:  Since the SRS configuration needs to be valid across multiple cells, some resource reservation is needed so that interference avoided in the cells within the positioning validity area
· Timing errors: It is expected that the cells within the positing validity area share some commonality in terms timing errors, i.e., by gNB implementation, it may be possible that TA command maybe valid for the cells within the positioning area.
· Spatial relation: Although SRS configuration is valid across multiple cells, it is expected that UE would assume spatial correspondence to the SSB of the serving cell
· The spatial relation may be updated when UE enters new cell in the positioning area. Rest of the parameters can be assumed same.

Proposal 4: Regarding RAN2 LS on UL positioning within a validity area, consider the following:
· Interference avoidance:  Since the SRS configuration needs to be valid across multiple cells, some resource reservation is needed so that interference is avoided in the cells within the positioning validity area
· Handling timing errors: It is expected that the cells within the positioning validity area share some commonality in terms timing errors, i.e., by gNB implementation, it may be possible that TA command to the UE maybe valid for the cells within the positioning area.
· Maintaining spatial relation: Although SRS configuration is valid across multiple cells, it is expected that UE would assume spatial correspondence to the SSB of the serving cell
· The spatial relation for SRS transmission may be updated when UE enters new cell in the positioning area. Rest of the parameters can be assumed same as starting point.

Furthermore, an LS from SA2 has been sent to RAN1/RAN2/cc:RAN3 indicating the SA2 assumes that once the LPHAP indication is provided as part of location request from the AMF to the LMF, the LMF can pass on the LPHAP indication to RAN (gNB(s)), and asks RAN WGs to comment on whether gNB(s) may need to know of LPHAP information earlier than when the positioning request is triggered. In our view, no particular requirement is foreseen by RAN1 but any considerations on this question may be addressed by RAN2/RAN3.

Proposal 5: Regarding SA2 LS on whether gNB(s) may need to know of LPHAP information earlier than when the positioning request is triggered, it is up to RAN2/RAN3 to provide considerations.

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 6: RAN1 conducts feasibility study on whether DL positioning measurement reporting and UL SRS transmission can be supported in IDLE mode 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 LPHAP Type A device, target requirement of 6 or 12 months is not achieved for any of DL positioning UE assisted (CG-SDT based reporting), DL positioning UE based, UL positioning, when I-DRX cycle of 10.24s with sleep states as in TR 38.840, 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 4 are assumed.
Observation 3: For LPHAP Type A device, target requirement of 6 or 12 months is not achieved for any of DL positioning UE assisted (CG-SDT based reporting), DL positioning UE based, UL positioning, when I-DRX cycle of 10.24s with ultra-deep sleep state (TE 5000), 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 1 are assumed.
Observation 4: For LPHAP Type A device, target requirement of 6 months is achieved (12 months is not achieved) for any of DL positioning UE assisted (CG-SDT based reporting), DL positioning UE based, UL positioning, when I-DRX cycle of 10.24s with ultra-deep sleep state (TE 5000), 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 4 are assumed.
Observation 5: For LPHAP Type A device, target requirement of 6 or 12 months is not achieved for any of DL positioning UE assisted (CG-SDT based reporting), DL positioning UE based, UL positioning, when I-DRX cycle of 10.24s with ultra-deep sleep state (TE 10000), 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 4 are assumed.
Observation 6: For LPHAP Type A device, target requirement of 6 or 12 months is not achieved for any of DL positioning UE assisted (CG-SDT based reporting), DL positioning UE based, UL positioning, when I-DRX cycle of 20.48s with ultra-deep sleep state (TE 5000), 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 1 are assumed.
Observation 7: For LPHAP Type A device, target requirements of 6 and 12 months are achieved for each of DL positioning UE assisted (CG-SDT based reporting), DL positioning UE based, UL positioning, when I-DRX cycle of 20.48s with ultra-deep sleep state (TE 5000), 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 4 are assumed.
Observation 8: For LPHAP Type A device, target requirement of 6 months is achieved (12 months is not achieved) for each of DL positioning UE assisted (CG-SDT based reporting), DL positioning UE based, UL positioning, when I-DRX cycle of 20.48s with ultra-deep sleep state (TE 10000), 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 4 are assumed.
Observation 9: For LPHAP Type A device, target requirement of 6 months is not achieved  for DL positioning UE assisted (CG-SDT based reporting) and DL positioning UE based and is achieved for UL positioning, when I-DRX cycle of 30.72s with ultra-deep sleep state (TE 5000), 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 1 are assumed, whereas  target requirements of 12 months is not achieved for any of the schemes.
Observation 10: For LPHAP Type A device, target requirements of 6 and 12 months are achieved for each of DL positioning UE assisted (CG-SDT based reporting), DL positioning UE based, UL positioning, when I-DRX cycle of 30.72s with ultra-deep sleep state (TE 5000), 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 4 are assumed.
Observation 11: For LPHAP Type A device, target requirement of 6 or 12 months is not achieved for any of DL positioning UE assisted (CG-SDT based reporting), DL positioning UE based, UL positioning, when I-DRX cycle of 30.72s with ultra-deep sleep state (TE 10000), 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 1 are assumed.
Observation 12: For LPHAP Type A device, target requirement of 6 and 12 months are achieved for each of DL positioning UE assisted (CG-SDT based reporting), DL positioning UE based, UL positioning, when I-DRX cycle of 30.72s with ultra-deep sleep state (TE 10000), 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 4 are assumed.
Observation 13: Frequent SRS updates increase UE power consumption and can potentially result in not meeting the battery life requirement. For LPHAP Type A device, target requirement of 6 months is achieved (not achieved) for UL positioning (UL positioning with SRS update every 8 cycles), when I-DRX cycle of 30.72s with ultra-deep sleep state (TE 5000), 1 RS per 1 I-DRX cycle, high SINR, implementation factor K = 1 are assumed.

Proposal 1: Capture Observations 2 – 12 in to the TR 38.859.

Proposal 2: RAN1 recommends supporting eDRX values of 20.48s and 30.72s in RRC INACTIVE state. It is up to RAN2 to specify in appropriate agenda.
Proposal 3: RAN1 recommends specifying a solution to avoid frequent SRS reconfiguration in RRC inactive state. 
· Investigate UL positioning enhancement mechanisms such as using PUR for SRS transmission even after cell reselection or how SRS configuration can be updated without entering RRC connected mode in new cell.
Proposal 4: Regarding RAN2 LS on UL positioning within a validity area, consider the following:
· Interference avoidance:  Since the SRS configuration needs to be valid across multiple cells, some resource reservation is needed so that interference is avoided in the cells within the positioning validity area
· Handling timing errors: It is expected that the cells within the positioning validity area share some commonality in terms timing errors, i.e., by gNB implementation, it may be possible that TA command to the UE maybe valid for the cells within the positioning area.
· Maintaining spatial relation: Although SRS configuration is valid across multiple cells, it is expected that UE would assume spatial correspondence to the SSB of the serving cell
· The spatial relation for SRS transmission may be updated when UE enters new cell in the positioning area. Rest of the parameters can be assumed same as starting point.


Proposal 5: Regarding SA2 LS on whether gNB(s) may need to know of LPHAP information earlier than when the positioning request is triggered, it is up to RAN2/RAN3 to provide considerations.

Proposal 6: RAN1 conducts feasibility study on whether DL positioning measurement reporting and UL SRS transmission can be supported in IDLE mode from physical layer perspective
· Consider at least pre-configured UL resource for UL transmissions in Idle mode.
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meeting, the following 


agreements 


were made regarding


 


power consumption evaluation of LPHAP 


device 


[1]


:


 


Conclusion


 


·


 


From evaluations for a LPHAP device, RAN1 concludes that the existing Rel


-


17 positioning for UEs in 


RRC_INACTIVE state cannot satisfy the target battery life required by LPHAP use case 6 in the majority of the 


evaluation scenarios that were exam


ined. 


 


·


 


Based on the evaluations, enhancements to meet the target battery life in Rel


-


18 are necessary.


 


Observation


 


Capture the following in TR as an observation:


 


·


 


For the evaluation on the battery life of the baseline LPHAP Type A device with battery 


capacity C2 of 800mAh:


 


o


 


Based on the results provided by all sources, the target requirement of 6~12 months is not achieved by the 


existing Rel


-


17 positioning for UEs in RRC_INACTIVE state with baseline implementation factor K = 1 and 


baseline evaluation as


sumptions;


 


o


 


Based on the results provided by all sources, the target requirement of 6~12 months is not achieved by the 


existing Rel


-


17 positioning for UEs in RRC_INACTIVE state with optional implementation factor K or optional 


evaluation assumptions;


 


o


 


For UE


-


assisted DL positioning, results are provided by 13 sources ([2/HW,Hisilicon], [4/Spreadtrum], [5/vivo], 


[6/Nokia,NSB], [8/CATT], [10/Sony], [11/ZTE], [12/xiaomi], [13/CMCC], [16/Samsung], [18/LGE], 


[20/Qualcomm], [21/Ericsson]) out of 20 sources, and the


 


following is observed:


 


u


 


The target requirement of 6 months is achieved by 0 source, and is not achieved by 13 sources 


([2],[4],[5],[6],[8],[10],[11],[12],[13],[16],[18],[20],[21]) even with the most power efficient case that I


-


DRX cycle of 10.24s, 1 RS per


 


1 I


-


DRX cycle, high SINR, CG


-


SDT for measurement reporting, and 


implementation factor K = 4.


 


u


 


The target requirement of 12 months is achieved by 0 source, and is not achieved by 13 sources 


([2],[4],[5],[6],[8],[10],[11],[12],[13],[16],[18],[20],[21]) even with the most power efficient case that I


-


DRX cycle of 10.24s, 1 RS per 1 I


-


DRX cycle, high SINR, CG


-


SDT for measurement reporting, and 


implementation factor K = 4


 


o


 


For UE


-


based DL positioni


ng, results are provided by 10 sources ([2/HW,Hisilicon], [4/Spreadtrum], [5/vivo], 


[6/Nokia,NSB], [8/CATT], [11/ZTE], [12/xiaomi], [13/CMCC], [18/LGE], [20/Qualcomm]) out of 20 sources, 


and the following is observed:
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