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Introduction
In the latest approved/revised Rel-18 SID on study on expanded and improved NR positioning [1], an objective to evaluate and study the low power high accuracy requirement provided by SA1 was justified as follows.
	· 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


This contribution provides a summary of the submitted contributions, email discussion topics and outcomes during this meeting.

[109-e-R18-Pos-07] Email discussion on LPHAP by May 20 – Jingwen (CMCC)
· Check points: May 16, May 20

1.1 Preliminary plan
As clarified by the objective, the scope of this agenda item is to evaluate whether the identified power consumption and positioning requirements can be met by the existing RAN functionality, and whether performance gap is identified based on the evaluations, meanwhile, potential enhancements are further studied. The preliminary plan/goal of this agenda item in RAN1#109-e meeting is made as follows:
· [First priority, refer to Section 2] Determine whether use case 6 as defined in TS 22.104 is defined as the target use case/requirement of LPHAP.
· [First priority, refer to Section 3, 4] Define evaluation methodology / assumption and power model for the evaluation of LPHAP power consumption.
· [First priority, refer to Section 6] Align the templates used for collection of evaluation results.
· [Second priority, refer to Section 5] Companies’ views on potential enhancements are collected but may not be summarized during the first round of email discussion. Later on, according to the progress of the first priority issues, and based on the comments from companies, the potential enhancements may be further studied and discussed.

1.2 Contact Information
As the first meeting of Rel-18 positioning, to facilitate the upcoming works/discussions, please provide your contact information in the following table.
	Company
	Name
	Email

	CMCC
	Jingwen Zhang
	zhangjingwen@chinamobile.com

	vivo
	Yuanyuan Wang
	yuanyuan.wang.txyj@vivo.com

	Huawei, HiSilicon
	Jinhuan Xia
	Jinhuan.xia@huawei.com

	CATT
	Ren Da
	renda@catt.cn

	Qualcomm
	Alex Manolakos
	amanolak@qti.qualcomm.com

	OPPO
	Zhihua Shi
	szh@oppo.com

	Xiaomi
	Mingju Li
	limingju@xiaomi.com

	Samsung
	Hongbo Si
	hongbo.si@samsung.com

	Lenovo
	Alexander Golitschek
	aelbwart@lenovo.com

	Ericsson
	Florent Munier
	Florent.munier@ericsson.com

	NTT DOCOMO
	Masaya Okamura
	masaya.okamura.ea@nttdocomo.com

	Spreadtrum
	Zhenzhu lei
	reven.lei@unisoc.com

	ZTE
	Di Zong
	zong.di@zte.com.cn

	InterDigital
	Fumihiro Hasegawa
	Fumihiro.hasegawa@InterDigital.com




[bookmark: _Ref31533076]Target use case and requirement
Background: Use case 6 as defined in TS 22.104 is captured in the objective as a representative use case example for the study of LPHAP. It is clarified that this choice can be reviewed at the start of the study.
	Use Case #
	Use Case description
	Horizontal accuracy
	Corresponding service level (22.261)
	Positioning interval/ duty cycle
	battery life time/ minimum operation time

	1
	Process automation: Dolly tracking (outdoor).
	10 m
	Service Level 1
	on request
	24 months

	2
	Process automation: Asset tracking.
	2 m to 3 m
	Service Level 2
	< 4 seconds
	> 6 months

	3
	Flexible modular assembly area: Tool tracking in flexible, modular assembly areas in smart factories.
	< 1 m
	Service Level 3
	no indication
	1 work shift – 8 hours (up to 3 days, 1 month for inventory purposes)

	4
	Process automation: Sequence container (Intralogistics).
	< 1 m
	Service Level 3
	1 second
	6 – 8 years

	5
	Process automation: Palette tracking (e.g. in turbine construction).
	< 1 m
	Service Level 3
	5 seconds – 15 minutes
	18 months

	6
	Flexible modular assembly area: Tracking of workpiece (in- and outdoor) in assembly area and warehouse.
	< 1 m
	Service Level 3
	15 s to 30 s
	6 – 12 months 

	7
	Flexible modular assembly area: Tool assignment (assign tool to vehicles in a production line, left/right) in flexible, modular assembly area in smart factories.
	30 cm
	Service Level 5
	250 ms
	18 months

	8
	Flexible modular assembly area: Positioning of autonomous vehicles for monitoring purposes (vehicles in line, distance 1.5 meter).
	30 cm
	Service Level 5
	1 second
	6 – 8 years (no strong limitation in battery size)

	9
	(Intra-)logistics: Asset tracking
	10 m
	Service Level 1
	20 minutes
	12 years (@20mJ/position fix)



[Closed] 2.1 Representative use case
From reviewing contributions in this agenda item, 
· 12 companies (HW/Hisilicon, Nokia/NSB, vivo, ZTE, xiaomi, Samsung, OPPO, CMCC, LGE, Lenovo, Sharp, Qualcomm) support use case 6 as defined in TS 22.104 as the single representative use case for the LPHAP study;
· 1 company (ZTE) suggests to evaluate use case 5 or use case 6, as both use cases are balanced in the KPIs;
· 1 company (Lenovo) suggests to take use cases 6, 8, or 9 for study, as the use cases consider moderate and longer battery time.
FL comments: It is observed that use case 6 corresponds to a typical application in the industry that requires low power and high accuracy positioning; on the other hand, use case 6 provides reasonable requirements on each KPI. Majority of companies support use case 6, and no objection is expressed.
2.1.1 Round 1 discussion
[Stable] Proposal 2.1-1 (I)
· Confirm that use case 6 defined in TS 22.104 is the single representative use case for the study of LPHAP.
	Company
	Comments

	vivo
	OK

	Huawei, HiSilicon
	support

	CATT
	support

	Qualcomm
	Support

	CMCC
	Support

	OPPO
	Support

	Xiaomi
	Support 

	InterDigital
	Support

	Samsung
	We support the proposal. 

	Lenovo
	To clarify our position, we are fine with moving ahead with any of use case 6, 8, 9, so we are fine with Proposal 1-1.

	Nokia/NSB
	Support. 

	Ericsson
	Support 

	NTT DOCOMO
	Support

	Spreadtrum
	Support

	Sharp
	Support

	ZTE
	Support

	LGE
	Okay.

	Delimiter

	
	

	
	



FL observations: All companies that provide their inputs in the first round are supportive of the initial proposal 1-1(I), I marked it as stable for now, and put it into Section 7 for the email approval before the 1st checkpoint. For companies did not get a chance to comment in the first round, comments are welcomed to continually comment at the table above after the “Delimiter”, if any. 

[Closed] 2.2 Target requirement
Based on the contributions in this meeting, most companies propose to adopt the battery life and positioning requirement of use case 6 as the target requirement; while some companies suggest to have further clarification on each KPI. 1 company (Nokia/NSB) proposes to set the target requirement as horizontal accuracy of < 1m, 30 second positioning interval/duty cycle, and battery life of 6 months, and suggests RAN1 to discuss the number of UEs for which the horizontal accuracy requirement holds (e.g., 90%). 1 company (OPPO) proposes to set the target requirement of positioning as horizontal position accuracy (< 1 m) for 90% of UEs, and end-to-end latency for position estimation of UE (< 1 s).

2.2.1 Round 1 discussion
Question 1-1a
· Do you think that it is necessary to have additional clarifications/modifications on target requirements of use case 6, including clarifying the number of UEs for which the accuracy requirements hold, and/or setting an exact value of positioning interval / duty cycle and/or battery life? 
	Company
	Yes/No
	Comments

	vivo
	No
	

	Huawei, HiSilicon
	Yes
	Ok to clarify the accuracy is the target 100MHz bandwidth can achieve as R16/R17 and no need to further enh accuracy. The latency can also be assumed to be the same as legacy (R16/R17). What specific requirement needed is long battery life. Since it is evaluating whether baseline technologies can achieve the target, it is preferred to see whether the 1yr can be achieved or not. Positioning interval can be adjusted when needed accordingly within the range for evaluating the battery life comparing with the target. 


	CATT
	
	Suggest focusing on target requirements of use case 6. Additional clarifications/modifications could be discussed in later stage if necessary.


	Qualcomm
	No
	With regards to the number of UEs, it doesn’t seem necessary from us at this point. 
Focus on target requirements of use case 6. Additional clarifications/modifications could be discussed in later stage if necessary.


	CMCC
	Yes (for battery life)
	The requirement of use case 6 is enough for accuracy and positioning interval. Regarding the battery life, to facilitate the evaluation on the performance gap, a specific value of target battery life can be revisited.

	OPPO
	Yes
	If we follow the target requirement of use case 6 defined by SA1, the 95 % confidence level of positioning accuracy is less than 1m. It is better to reuse the R17 requirement for the accuracy, i.e., Horizontal position accuracy (< 1 m) for 90% of UEs

	Xiaomi
	
	Prefer to focus on target requirement of use case 6 first.

	InterDigital
	No
	Focus on Use Case 6 requirements

	Samsung
	No
	

	Lenovo
	Yes
	We think that the number of Rx antennas for which the requirements are to be fulfilled should be clarified, this could be another aspect for evaluation parameters (see also section 4.2). For IIoT devices with few Rx antennas, the positioning coverage and accuracy can be expected to be more limited. We may set target requirements for such low complexity devices as well.
· FL comments: I’m still a bit confused why the number of Rx antenna should be explicitly mentioned. If I understand your comment correctly, it is towards the IIoT devices with few Rx antennas. To my understanding, this is more in line with the scope of RedCap UE positioning, where the UE BW and RF capabilities are limited, no? The main scope in this agenda item is to maintain a battery life as long as several months meanwhile the high positioning accuracy is also guaranteed.
Response: Our intention was rather define the number of antennas to make clear that we do not require e.g. devices with a fewer antennas (like RedCap or IIoT) to fulfill the requirements of LPHAP.

	Nokia/NSB
	Yes
	We prefer to confirm that the accuracy target is for 90% of UEs (as in Rel-17) and then we can safely say that 100 MHz can achieve that target. Otherwise we may need further accuracy evaluations which we prefer to avoid. 

	Ericsson
	No
	In our view, the accuracy requirements are already met by rel17 at the percentiles discussed by SA1.  We can focus on power evaluation for  without discussing the number of UEs.  Duty cycle and battery life should be taken from case 6. 

	NTT DOCOMO
	No
	At this stage, it would be better to focus on use case 6.

	Spreadtrum
	
	Focus on Use Case 6.

	Sharp
	No
	We prefer to focus on the requirement of use case 6 first.

	ZTE
	No
	Additional clarifications/modifications could be discussed later, but for the moment we should focus on target requirements of use case 6

	LGE
	No
	We think current target requirements of use case 6 is sufficient.


Question 1-1b
· If the answer to Question 1-1a is yes, please provide your recommended requirements.
	Company
	Recommended requirements

	
	Number of UEs for which the horizontal accuracy requirement holds (80% or 90%)
	Positioning interval/duty cycle
	Battery life

	Huawei, HiSilicon
	Keep the same as R16/R17. No need to explicitly set the concrete number because this 80% or 90% is not only the one relevant which is validly discussed in a certain bandwidth and other assumptions. 
	Adjustable within the range
	1yr

	CMCC
	
	
	12 months

	OPPO
	Reuse the same requirements (e.g., accuracy, latency) as R17 positioning
	
	

	Nokia/NSB
	90%
	Longest duty cycle should be the baseline
	6 months should be the baseline



2.2.2 Round 2 discussion
FL observations: Most companies prefer to focus on the target requirement of use case 6, and additional clarifications/modifications can be revisited later if found necessary. 
Regarding the target accuracy requirement, 1 company (HW/Hisilicon) proposes to have a clarification that the target positioning accuracy requirement of <1m can be achieved by Rel-16/17 positioning techniques with a positioning bandwidth of 100MHz. For this comment, I think that can be resolved in Section 3. 1 company (Ericsson) declares that the accuracy requirements are already met by Rel-17 at the percentiles provided by SA1. 2 companies (OPPO, Nokia) suggest to explicitly clarify the accuracy target is for 90% UEs.
In addition, 3 companies (HW/Hisilicon, CMCC, Nokia) propose to further set an exact target battery life. A possible way forward could be that we don’t further clarify the exact target battery life in the target requirement, but rather provide performance gap targeting both 6 months and 12 months. 
Furthermore, 1 company (Lenovo) suggests to clarify the Rx antennas for which the requirement to be fulfilled. Please refer to my comments (in red) under Question 1-1a. 
Based on the inputs from the first round, the following proposal is formulated:
[Medium] Proposal 2.2-1 (II)
· In Rel-18 low power and high accuracy positioning, adopt the requirement of use case 6 defined in TS 22.107 104 as the target requirement. 
	Company
	Comments

	vivo
	Support

	OPPO
	Would some companies like to clarify the positioning accuracy is defined for 95% or 99% according to SA1?  According to the first table, the requirement of use case 6 is defined in terms of Service Level 3. And the detailed requirement of Service level 3 can be found in the second table.

It seems TS 22.107 should be TS 22.104.
· FL: Thanks for checking, fixed it!
 
	Use Case #
	Horizontal accuracy
	Corresponding service level (22.261)
	Positioning interval/ duty cycle
	battery life time/ minimum operation time

	1
	10 m
	Service Level 1
	on request
	24 months

	2
	2 m to 3 m
	Service Level 2
	< 4 seconds
	> 6 months

	3
	< 1 m
	Service Level 3
	no indication
	1 work shift - 8 hours (up to 3 days, 1 month for inventory purposes)

	4
	< 1 m
	Service Level 3
	1 second
	6 - 8 years

	5
	< 1 m
	Service Level 3
	5 seconds - 15 minutes
	18 months

	6
	< 1 m
	Service Level 3
	15 s to 30 s
	6 - 12 months 

	7
	30 cm
	Service Level 5
	250 ms
	18 months

	8
	30 cm
	Service Level 5
	1 second
	6 - 8 years (no strong limitation in battery size)

	9
	10 m
	Service Level 1
	20 minutes
	12 years (@20mJ/position fix)



  
[image: ]

	Qualcomm
	OK

	MTK
	Typo by FL,  it is TS 22.104 not TS 22.107
· FL: Thanks for checking, fixed it!
Similar view as OPPO. We also doubt to use 95% for accuracy. How about using 90% as before?

	Nokia/NSB
	 We still prefer to keep 90% or not define the percentile. If we agree to Proposed conclusion 3-1 (II) at the same time then we are okay with this proposal

	Intel
	Our interpretation is that if we just refer to the requirements from TS 22.104, then as pointed out by OPPO, we would be targeting the accuracy for 95% of UEs. Prefer to keep this at 90% as in Rel-17. 

	NTT DOCOMO
	Support

	Spreadtrum
	Support

	CMCC
	Support

	Sharp
	Support

	Xiaomi
	Support 

	FL
	Regarding the comments made by OPPO, MTK, and Intel, to my understanding (please correct me if I understand it wrong), this 95% confidential level of accuracy somehow refers to the 2-sigma error of a normal distribution, meaning that about 95% of your measurements will fall on the range between [\mu-2\sigma, \mu+2\sigma], where \mu and \sigma is the mean and standard variance. It is not the same thing as the number of UEs for which the accuracy holds (80% or 90%) that we care in RAN1. 
If companies share different understanding, or have strong concerns on it, maybe we can try adding a note:
· Note: Keep the same number of UEs for which the target accuracy requirement holds as that in Rel-17 positioning

	ZTE
	Support

	LGE
	We are generally fine with FL’s suggestion and prefer to keep the note in the latest FL’s comment..

	Huawei, HiSilicon
	We think the confidence level of 95% is the confidence level of location service, which corresponds to the percentage of UEs meeting the requirement.
The tables in TS 22.261 has been there since Rel-16, which may stand for the entire 5G area, and from RAN1 perspective during Rel-16/Rel-17, we use 80%/90%, none of which follows exactly the 95%.

	InterDigital
	Our preference for accuracy is to keep Rel-17 target at 90%. We are open for discussion on the target accuracy value indicated by 2nd table.

	Ericsson
	Support. Our view is that the percentile refers to the % of UEs meeting the requirements. 

	Samsung
	OK with the proposal. 



2.2.3 Round 3 discussion
FL observations: Some companies are generally fine with the proposal, while some companies prefer to clarify the understanding of the target accuracy of use case 6 in SA1 (e.g., 95% confidence level, 99% availability), and suggest to keep the same percentage of UEs for which the positioning accuracy holds as that in Rel-17 positioning.
Based on the discussion, the proposal is revised by adding a note, let’s see if it addresses companies’ concerns. 

[Medium] Proposal 2.2-1 (III)
· In Rel-18 low power and high accuracy positioning, adopt the requirement of use case 6 defined in TS 22.104 as the target requirement.
· Note: Keep the same number of UEs for which the target accuracy requirement holds as that in Rel-17 positioning.
	Company
	Comments

	Nokia/NSB
	After checking the discussion again we are afraid that companies have different understandings of what this proposal means. To make sure there is no future confusion we suggest to directly list the requirements we are agreeing to (e.g., <1 m for 90% of UEs, 6-12 month battery life, 30 s positioning duty cycle). 

	FL
	To Nokia: To my understanding, the main divergence among companies' views are on the target accuracy. Some companies are confused about the 95% confidential level and 99% service availability provided by SA1, and prefer to reuse 90% of UEs in Rel-17 positioning. That is what the note clarifies. For setting an exact number of positioning cycle of 30s, it seems that most companies believe that the positioning interval of 15s~30s in use case 6 is enough, and no further clarification is necessary. In my views, it is somehow related to the periodicity of PRS/SRS and reporting interval, and should be adjustable within the range.

	vivo
	Support

	FL
	Based on the comment by Nokia, let’s say if the following is agreeable:
· In Rel-18 low power and high accuracy positioning, adopt the following requirement: of use case 6 defined in TS 22.104 as the target requirement.
· Horizontal positioning accuracy < 1 m for 90% of UEs
· Positioning interval / duty cycle of 15-30 s
· UE battery life of 6 months – 1 year
· Note: Setting an exact value each from the set of positioning interval / duty cycle and UE battery life in the evaluation and identification of performance gap will be discussed separately, if found necessary.


	Ericsson
	Support

	Huawei, HiSilicon
	We’d like to change “if found” to “when”. The reason is somewhere (e.g., Proposal 4.1-3) we are discussing how to evaluate the power consumption and whether the battery  life target can be met, where we probably need a target for the comparison. 

	Samsung
	We are ok with the updated proposal. 

	Qualcomm
	OK with the updated proposal

	Lenovo
	Support the latest FL proposal to include the details. Either "if found" or "when" is fine, we don't really see a difference between them at this point.

	CMCC
	Support. We are fine with HW’s modification.

	ZTE
	OK with the latest proposal

	Sharp
	We are OK with the latest FL proposal.

	LGE
	Agree with the latest version of FL’s suggestion.

	Xiaomi
	We are OK with the latest FL proposal.

	Spreadtrum
	Support.

	OPPO
	Support the updated proposal



FL observations: Based on the inputs, it seems that most companies are OK with the updated version by FL. In addition, HW/Hisilicon suggests to change “if found” to “when”, and it looks good to companies. 
I then marked it as stable for now (the updated version is recapped below), and put it into Section 7.2 for the email approval.
[bookmark: _Hlk103787604][Stable] Proposal 2.2-1 (IV)
· In Rel-18 low power and high accuracy positioning, adopt the following requirement: 
· Horizontal positioning accuracy < 1 m for 90% of UEs
· Positioning interval / duty cycle of 15-30 s
· UE battery life of 6 months – 1 year
· Note: Setting an exact value each from the set of positioning interval / duty cycle and UE battery life in the evaluation and identification of performance gap will be discussed separately when necessary.


[Closed] Consideration on evaluation on positioning accuracy
According to the SID, the existing RAN functionalities should be evaluated to figure out whether the power consumption and positioning requirements on LPHAP can be satisfied. From reviewing contributions in this meeting, 4 companies (HW/Hisilicon, vivo, xiaomi, Ericsson) explicitly mention that the study of LPHAP in RAN1 should focus on the power consumption evaluation and not need to consider the positioning accuracy. The reason is that positioning accuracy has been comprehensively evaluated for the last two releases, and it is shown that the target positioning accuracy requirement of < 1m can be met with a positioning bandwidth of 100MHz for IIoT scenarios in Rel-17 positioning. In this sense, the duplication of work should be avoided.
3.1 Round 1 discussion
Proposal 2-1 (I)
· RAN1 concludes that target positioning accuracy requirement on LPHAP of < 1m can be met by Rel-17 positioning techniques for IIoT use cases with a positioning bandwidth of 100MHz.
· The study of LPHAP in RAN1 focuses on the power consumption evaluation.
	Company
	Comments

	vivo
	OK

	Huawei, HiSilicon
	support

	CATT
	Okay

	Qualcomm
	We prefer not to make this conclusion at this point. We can rediscuss it later, but we agree that the main aspect that may be discussed is the evaluation of power consumption. 

	CMCC
	Support

	OPPO
	Agree that more effort will be used for the power consumption evaluation. 

	Xiaomi
	Support 

	InterDigital
	We also prefer not to make this conclusion. For LPHAP, it is not clear whether there are any tradeoffs in terms power consumption (e.g. due to potential shorter measurement duration) and positioning accuracy. As such we think there are benefits for evaluating the accuracy performance when evaluating power consumption. 

	Nokia/NSB
	Okay. We are also fine to make an agreement that power consumption should be the main priority of the evaluations for this objective. 

	Ericsson
	Support 

	NTT DOCOMO
	Support

	Spreadtrum
	Support

	Sharp
	OK

	ZTE
	OK

	LGE
	We have a similar view with Qualcomm. We think that accuracy performance would be affected by which power consumption techniques are used. So, we think making this proposal seems not good and evaluation could be required for each power saving scheme that will be studied.



3.2 Round 2 discussion
FL observations: It is observed that companies share a common understanding that the LPHAP evaluation should be focused on power consumption. However, 3 companies (Qualcomm, InterDigital, LGE) comment that it seems no need to make such conclusion at this point. Meanwhile, 2 companies (InterDigital, LGE) mention that we can only say that the target accuracy requirement is met by Rel-17 positioning techniques, but it cannot exclude the cases if some potential solutions for power saving may be at the cost of positioning accuracy. 
Based on the inputs, I updated the proposed conclusion with a note to explicitly mention that revisiting the positioning accuracy is not precluded if found necessary. Hope that can solve the concerns raised by companies.

[Medium] Proposed conclusion 3-1 (II)
· The target positioning accuracy requirement on LPHAP of <1m can be achieved by Rel-16/17 positioning techniques with a positioning bandwidth of 100MHz.
· The main aspect of RAN1 evaluation is on power consumption.
· Note: This does not preclude the case that the positioning accuracy can be revisited, if found necessary at later stage.
	Company
	Comments

	vivo
	Support

	OPPO
	Support

	Qualcomm
	OK with the 2nd and 3rd bullet. With regards to the 1st bullet, we think it is more fair to say that:
· At least when the positioning accuracy is evaluated without jointly evaluating the associated power consumption, the target positioning accuracy requirement on LPHAP of <1m can be achieved by Rel-16/17 positioning techniques with a positioning bandwidth of 100MHz or more.
If the above statement (or a similar variation) is included in the conclusion we would be OK. 

	MTK
	QC’s revision is okay for us

	Nokia/NSB
	Support. 

	Intel
	Support the version from QC.

	NTT DOCOMO
	Support

	Spreadtrum
	Support

	CMCC
	Support. We are also fine with QC’s revision.

	Sharp
	Support.

	Xiaomi
	QC’s version is much better.

	ZTE
	Support. And QC’s revision is also fine to us. 

	LGE
	We are fine with QC’s suggestion. In addition, we think that accuracy performance would be affected by which power consumption techniques are used. To provide or evaluate power saving schemes that will be studied/suggested from other companies, we think evaluation could be required.

	Huawei, HiSilicon
	OK with either FL’s version or QC’s version.

	InterDigital
	We are ok with QC’s revised 1st bullet of the proposal. We are also ok with the 2nd and 3rd bullets

	Ericsson
	Support. QC’s version is also ok.  

	Samsung
	Support the proposal. 



3.3 Round 3 discussion
FL observations: QC provides a modified version of the proposed conclusion in the comments, and it seems to be preferred by most companies. Therefore, I revised the proposed conclusion based on QC’s version.

[bookmark: _Hlk103787629][Stable] Proposed conclusion 3-1 (III)
· At least when the positioning accuracy is evaluated without jointly evaluating the associated power consumption, the target horizontal positioning accuracy requirement on LPHAP of <1m can be achieved by Rel-16/17 positioning techniques with a positioning bandwidth of at least 100MHz.
· The main aspect of RAN1 evaluation is on power consumption.
· Note: This does not preclude the case that the positioning accuracy can be revisited, if found necessary at later stage.
	Company
	Comments

	Nokia/NSB
	This accuracy of < 1m is from the table (use case #6) of Section 2 of FL summary and it should be for horizontal positioning accuracy.

	FL
	To Nokia/NSB: I add “horizontal” in the proposal above, please check if this is your intention, and let’s hear views from other companies.

	vivo
	support

	Ericsson
	Support

	Huawei, HiSilicon
	ok

	Samsung
	We are ok with the updated proposal. 
BTW, one suggestion to FL: if a proposal is updated (e.g. adding “horizontal”), it’s better to track the version number, and people can understand which version referred to as supporting ^^. It’s not a big issue for this proposal since the change is minor and for clarification, but could be issue in the future. 

	Qualcomm
	Support

	CMCC
	Support

	ZTE 
	Support

	Sharp
	Support

	LGE
	OK

	Xiaomi
	Support 

	Spreadtrum
	Support.

	OPPO
	Support



FL observations: All companies that provide their inputs in the 3rd round are supportive of the proposed conclusion 3-1 (III), I marked it as stable for now, and put it into Section 7.2 for the email approval.
@Samsung: Thanks for your suggestion, I’ll keep it in mind!


Evaluation methodology on power consumption
Background: In Rel-17 positioning SI, it was agreed that UE power consumption for NR positioning can be optionally evaluated in the SI. It is up to each company on how to evaluate the power consumption for positioning. As this agenda item aims to evaluate whether current RAN functionalities can meet the LPHAP requirement on battery life. It is preferred to define evaluation methodology, assumptions, and power consumption models so that power consumption for different evaluation cases from different companies can be better aligned and understood.

[Closed] 4.1 Battery life evaluation
In TR 38.840, the UE power consumption models, including power states and relative power consumption values for the reference configuration, and the power scaling schemes, are captured in Clause 8.1. With the power consumption models, the power saving gain can be evaluated in terms of relative power units. However, the target requirement of LPHAP is to achieve a battery life of 6~12 months, which cannot be directly evaluated based on relative power units. From reviewing contributions in this meeting, 3 companies (HW/Hisilicon, Nokia/NSB, vivo) suggest to discuss/define the conversion of relative power units and the battery life.
In [2/HW, Hisilicon] and [5/vivo], the methods to evaluate battery life based on relative power units are introduced. Basically, a communication device (e.g., a mobile phone) with a certain battery capacity C1 mAh and an expected battery life T1 hours is assumed as a reference / baseline device. Suppose that a reference traffic model consumes X% of the total power (note that the other power is consumed by APP/screen) and its relative power units is calculated as P1. Considering a LPHAP device with a battery capacity C2 mAh and its total power is consumed by 5GC traffic type. After we obtain the relative power units of the LPHAP device based on the evaluation methodology / assumptions defined in this agenda item, assumed as P2, then the corresponding battery life, T2, of a LPHAP evaluation case can be converted as follows:

In other words, with a target battery life of T2req (e.g., 12 months), an expected relative power unit to meet this requirement can be obtained as:


4.1.1 Round 1 discussion
Question 3-1
· Do you think that the evaluation of battery life should be considered in LPHAP power consumption evaluation on top of the evaluation of relative power unit? 
	Company
	Yes/No
	Comments

	vivo
	Yes
	We should evaluate the power consumption to identify the gap between current positioning operation in inactive state/idle state and target power consumption requirement, then study potential solutions.

	Huawei, HiSilicon
	Yes
	We think it is needed because we need to ask whether the absolute battery life target can be met or not. 

	CATT
	Yes
	

	Qualcomm
	Comment
	It can be considered if an agreeable common model is identified. We should at least attempt to evaluate based on the relative power unit. 

	CMCC
	Yes
	

	OPPO
	
	We share the similar view as QC. It is not clear whether a common model can be agreed or not in current stage. 

	Xiaomi
	
	We also think it is better to identify a common model first.

	InterDigital
	Yes
	

	Samsung
	Yes
	The final goal of this study should be comparing the battery life with the requirement, so the evaluation of battery life should be considered. 

	Nokia/NSB
	Yes
	We should strive to find a common model. Otherwise it is very difficult to say that enhancements are truly needed. 

	Ericsson
	Yes
	Agree wth Qualcomm’s comment.   

	Spreadtrum
	Yes
	

	Sharp
	Yes
	

	ZTE
	
	Agree with Qualcomm’s comment 

	LGE
	Yes
	We are generally fine with consideration of battery life which is one of the requirements for use case #6. And then, we think that sufficient productive discussion on the common model seems to be required and it could be discussed based on the relative power unit.



Question 3-2
· Which of the following performance metric do you prefer?
· Option 1: Battery life. The evaluated relative power unit is converted to the battery life, and the gap between the evaluated battery life and the target battery life can be identified.
· Option 2: Relative power unit. The target battery life is converted to an expected relative power unit, the gap between the evaluated relative power unit and the expected relative power unit can be identified.
	Company
	Option
	Comments

	vivo
	Option 2
	We prefer relative power unit. In Rel-16 and Rel-17 power saving, the evaluation results by companies are generally based on average relative power unit. In addition to evaluating the performance gap between positioning operation and target requirement, average relative power unit can be used to compare power saving gain between different solutions. We recommend unified use of relative power unit as performance metric.

	Huawei, HiSilicon
	Option 1
	As said the study needs to answer whether the absolute battery life target can be met or not. However, for processing the evaluation, we also admit relative power consumption unit is the metric we will use for the calculation. 

	CATT
	Option 1
	 Share the similar view as Huawei that Option 1 is what we need for final evaluation. Relative power can be used during the evaluation.

	Qualcomm
	Option 2
	Relative power unit is the minimum needed. If an agreeable way to convert to battery life is identified, this can be discussed after the basic relative power unit has progressed. 

	CMCC
	Option 1
	The target requirement of LPHAP use case 6 is to achieve a battery life of 6~12 months, in this sense, Option 1 is more straightforward, and RAN1 can directly provide observations whether this target can be satisfied and if not, what is the gap. 
Regarding Option 2, we admit that R16/R17 power saving evaluation are based on the performance metric of relative power unit. In our views, anyway the relative power unit should be provided, and the power saving gain can be used in comparison among different solutions. The relative power unit can then be converted to battery life using one more step.

	OPPO
	
	R16/R17 has some well-defined framework and models. We can reuse them as the starting point to reduce the efforts. But there seems no much difference between Option 1 and Option 2: in both option 1, relative power unit should be evaluated. The only difference is the mapping from the battery life to the relative power unit, or the mapping from the relative power unit to battery lift. In our understanding, there are equivalent.   The key difficulty is how to achieve a common mapping accepted by all companies.

	Xiaomi
	Option 2
	Prefer to reuse the relative power unit in R16/R17.

	InterDigital
	Option 1
	

	Samsung
	
	Either way can work, since it’s a one-to-one mapping (seems not essential need to distinguish from Option 1 or Option 2). 

	Nokia/NSB
	
	Agree with Samsung. We think the more critical part is to define a common model for mapping relative power to battery life. 

	Ericsson
	
	At this stage, option2, but eventually we need to answer the question whether the battery life target can be met. 

	Spreadtrum
	Option 1
	

	ZTE
	Option 2
	We prefer option 2 but both are OK to us.  A common mapping between relative power and battery life is the most important thing

	LGE
	Option 2
	We are not sure whether the option 1 (e.g. battery like) can be used to performance metric properly/efficiently since the battery life is depending on maximum capacity of UE. If our understanding is right, at least we believe option 2 would be a basic performance metric.



Question 3-3a
· Do you think it is necessary to define a reference device with reference traffic type and reference battery capacity/life for the evaluation of battery life of the LPHAP device? 
	Company
	Yes/No
	Comments

	vivo
	Yes
	An example of reference device in our contribution [5] can be considered. 

	Huawei, HiSilicon
	Yes
	As said the study needs to answer whether the absolute battery life target can be met or not. Defining a reference device with reference traffic type and reference battery capacity/life is one way to do it. 

	Qualcomm
	
	We think it is something that needs to be studied. We suggest in this meeting to study whether a reference device/traffic time/capacity is needed, if any, and potentially with the values that are proposed in the 3-3b, as potential examples to be studied. 

	CMCC
	Yes
	Reference device/traffic type/battery capacity/battery time is required.

	OPPO
	Yes
	For the evaluation of power consumption, some reference should be assumed. 

	Xiaomi
	Yes 
	

	Samsung
	Yes
	

	Nokia/NSB
	Yes
	

	Ericsson
	
	At least a reference power consumption profile is needed. We agree with qualcomm we can proceed with relative power consumption first. 

	Spreadtrum
	Yes
	

	Sharp
	Yes
	

	ZTE
	
	Share the same view with Qualcomm

	LGE
	
	We are on the same page with Qualcomm. 


Question 3-3b
· If the answer to Question 3-3b is yes, please provide your recommendations on the parameters (including C1, T1, X, reference traffic type, C2, T2req) of the reference and LPHAP devices.
	Company
	Yes/No
	Recommendations

	
	
	C1
	T1
	X
	reference traffic type
	C2
	T2req

	vivo
	Yes
	4500mAh
	10 hours
	20%
	Mobile phone
	4500mAh
	6 months

	Huawei, HiSilicon
	Yes
	4000mAh
	8 hrs
	20%
	FTP (model 3)
	800mAh
	12months

	
	
	
	
	
	
	
	



4.1.2 Round 2 discussion
FL observations: Based on the replies to Question 3-1 and Question 3-2, companies share common understanding that at least the relative power unit should be used to evaluate the power consumption of the baseline positioning techniques and potential enhancements. The divergence lies in that whether the battery life or relative power unit is used to further identify the performance gap. As commented by OPPO, the two options of performance metric in Question 3-2 are essentially the same. If battery life is used, the evaluated relative power unit should be converted to the evaluated battery life, and if relative power unit is used, the target battery life should be converted to the target relative power unit. Hence, the critical thing that we should discuss and try to agree, as commented by Qualcomm, is a model to convert between the battery life and the relative power unit.
According to the replies to Question 3-3a, most companies support to define some reference, and 2 companies (HW/Hisilicon, vivo) provide their recommendations on the reference traffic type, reference battery capacity, and reference battery life of the reference device, and also the battery capacity and target battery life of the LPHAP device. Note that the recommendation provided by HW and vivo are quite diverged somehow. From FL’s perspective, it is better to develop a common set of parameter values to facilitate the performance gap identification. In the Proposal 4.1-4 (II) below, I propose a recommended set. Let me briefly provide my thinking on why the following parameters are proposed:
· Regarding the parameters C1 and T1, HW proposes 4000 mAh with 8 hours battery life, and vivo proposes 4500 mAh with 10 hours battery life. The latter provided by vivo represents the case that 1 hour consumes 45 mA, which is smaller than that provided by HW. In such a case, the converted battery life is a bit longer. If this evaluated battery life cannot satisfy the target battery life, then we can safely conclude that the performance gap exists.
· Regarding the parameter C2, to my understanding, as it is the battery capability of the LPHAP device, due to the limited size and cost of an IIoT device, I think to use a battery capability smaller than a normal mobile phone seems more reasonable.
From the inputs in the first round, the following proposals are formulated:
[Stable] Proposal 4.1-1 (I)
· At least the relative power unit is adopted as the performance metric to evaluate the power consumption of the Rel-17 RRC_INACTIVE state positioning and potential enhancements.
	Company
	Comments

	vivo
	Support

	OPPO
	Support. 

	Qualcomm
	Support

	MTK
	ok

	Nokia/NSB
	Okay

	Intel
	Support

	Spreadtrum
	Support

	CMCC
	Support

	Sharp
	Support

	Xiaomi
	Support 

	ZTE
	Support

	LGE
	Agree

	Huawei, HiSilicon
	OK.

	InterDigital
	Support

	Ericsson
	Support.   

	Samsung
	Support.



FL observations: All companies that provide their inputs in the 2nd round are supportive of proposal 4.1-1(I), I therefore marked it as stable for now, and put it into Section 7 for the email approval before the 1st checkpoint. 

[Stable] Proposal 4.1-2 (I)
· A reference device (e.g., a mobile phone) with reference traffic type, reference battery capability, and reference battery life is defined for the purpose of identification of the performance gap that achieved by the Rel-17 RRC_INACTIVE state positioning baseline and the target battery life of LPHAP use case 6.
	Company
	Comments

	vivo
	Support

	OPPO
	Support

	Qualcomm
	OK

	MTK
	ok

	Nokia/NSB
	Support

	Intel
	Support

	Spreadtrum
	Support

	CMCC
	Support

	Sharp
	Support

	Xiaomi
	Support 

	ZTE
	Support

	LGE
	Okay.

	Huawei, HiSilicon
	Support.

	InterDigital
	Support

	Ericsson
	Support.   

	Samsung
	Support.



FL observations: All companies that provide their inputs in the 2nd round are supportive of proposal 4.1-2(I), I therefore marked it as stable for now, and put it into Section 7 for the email approval before the 1st checkpoint.

[High] Proposal 4.1-3 (I)
· Adopt one of the following models of conversion between the relative power unit and the battery life to identify the performance gap:
· Alt. 1 (battery life is used as the metric to identify the gap):


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



in which
· C1 is the battery capacity of the reference device;
· T1 is the battery life of the reference device;
· P1 is the relative power unit obtained based on the reference traffic type;
· X is the percentage of the power consumed by the reference traffic type;
· C2 is the battery capacity of the LPHAP device;
· P2 is the evaluated relative power unit of the LPHAP device;
· P2_req is the target relative power unit of the LPHAP device;
· T2_req is the target battery life of the LPHAP device
	Company
	Alt.
	Comments

	FL
	
	For companies that are confused where are the above two formula coming from, please refer to the summaries that I made at beginning of the Section 4.1 for detailed information.

	vivo
	Alt.2
	

	Qualcomm
	
	We think that it is early too say: “Adopt one of the 2 Alternatives”. With regards to the actual formulas, we would like to say that these are “examples”, which can be studied by the companies. In short, Ww prefer to rewrite the proposal as follows:

· Study further at least the following two models of conversion between the relative power unit and the battery life to identify the performance gap:
· Option. 1: battery life is used as the metric to identify the gap
· Example: 
· Option. 2: relative power unit is adopted as the metric to identify the gap:
· Example:
In the above examples,
· C1 is the battery capacity of a reference device;
· T1 is the battery life of a reference device;
· P1 is the relative power unit obtained based on a reference traffic type;
· X is the percentage of the power consumed by a reference traffic type;
· C2 is the battery capacity of a LPHAP device;
· P2 is the evaluated relative power unit of a LPHAP device;
· P2_req is the target relative power unit of a LPHAP device;
· T2_req is the target battery life of a LPHAP device
Note: Other Options may be considered, if found necessary from the study.


	MTK
	
	The equation listed by FL seems better to be treated as example, as QC suggested

	Nokia/NSB
	
	The formulation is okay to us but we also prefer to say “study the following models” rather than adopt either option.

	Intel
	
	Prefer QC’s version.

	Spreadtrum
	
	Agree with the version of QC.

	CMCC
	
	Qualcomm’s version is fine to us.

	Sharp
	
	OK with the Qualcomm’s modification

	Xiaomi
	
	Prefer QC’s version

	LGE
	
	Considering this meeting is first time to discuss the issue, we prefer to discuss/define details of models in the next meeting.

	Huawei, HiSilicon
	
	We agree with study the general framework raised by FL. Qualcomm’s revision is also acceptable to us.

	InterDigital
	
	Agree with QC on revising the proposal to “Study at least the following models”

	Ericsson
	
	Agree that at this stage it’s too early to to lock the equations to use in the model. 

	Samsung
	ok
	Either alternative can work. 



[High] Proposal 4.1-4 (I)
· Adopt the following parameter values in the model of conversion between the relative power unit and the battery life:
	C1
	T1
	X
	reference traffic type
	C2
	T2req

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


· Note: Individual company may consider other parameter values in bracket in the evaluation.
	Company
	Comments

	vivo
	Okay

	Qualcomm
	Too early to adopt these parameters. These parameters could be added as examples in the above proposal (4.1-3), so that companies do their study for next meeting. 

	Nokia/NSB
	We also think it is too early to define specific these parameters. These could be an example and prefer to study further.

	Intel
	Agree with QC and Nokia.

	Spreadtrum
	It is too early to define specific these parameters.

	CMCC
	Support.

	ZTE
	OK with the parameter but more study is needed for the  model

	LGE
	Same view with QC, Nokia, Intel and Spreadtrum.

	Huawei, HiSilicon
	In general, we agree to have the table. The detailed values can be FFS.

	InterDigital
	Same understanding with QC and Nokia

	Ericsson
	The table can be used, but the numbers need to be further discussed. Ok to keep them in brackets or have no numbers at all. 
   

	Samsung
	OK in general. What’s the meaning of listing two values for T2req
· FL comment: It is somehow related to Proposal 2.2-1 on the target requirement. In the first round, though most companies prefer to focus on the requirement of use case 6, some companies suggest to define an exact number of target battery life (i.e, 6 months, or 12 months) for evaluation and identification of performance gaps. I think a possible way forward is that we don’t further clarify the exact target battery life in the target requirement, but rather provide performance gap targeting both 6 months and 12 months. That’s the intention of listing two values for T2_req. But as commented by companies, as this is the first time that we investigate this models and parameters, any value is FFS for now.




4.1.3 Round 3 discussion
FL observations: QC and many other companies raise the comment that, as this is the first meeting that we discuss the issue on conversion between relative power units and battery life, along with the corresponding parameter values, it is better to let companies further study the convention model and the value of the related parameters. Two alternatives of the conversion equation (in Proposal 4.1-3), and the parameter values of the model (in Proposal 4.1-4) provided by FL can be considered as examples for further study. I think these are valid points, and I then modified the proposal (merging Proposal 4.1-3 and Proposal 4.1-4 together) based on QC’s suggestion.

[bookmark: _Hlk103787698][bookmark: _Hlk103787660][Stable] Proposal 4.1-3 (II)
· Study further at least the following models and parameter values of conversion between the relative power unit and the battery life to identify the performance gap:
· Alt. 1: battery life is used as the metric to identify the gap
· Example:


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


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

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



	Company
	Comments

	vivo
	Support

	Ericsson
	Support

	Huawei, HiSilicon
	We sympathised with QC this is the first meeting though these two examples are what we see can be used to the evaluation practically. Acceptable to further study. 

	Samsung
	OK with the proposal. 

	Qualcomm
	Support

	CMCC
	Support

	ZTE
	Support

	Sharp
	Support

	LGE
	Support.

	Xiaomi
	Support 

	Spreadtrum
	Support.



FL observations: All companies that provide their inputs in the 3rd round are supportive of the proposal 4.1-3 (II), I marked it as stable for now, and put it into Section 7.2 for the email approval.


4.2 Common evaluation parameters
Based on the submitted contributions in this meeting, the following evaluation parameters common for all evaluation cases are summarized:
· Frequency range, SCS and BW of DL PRS/UL SRS: 6 companies (HW/Hisilicon, Nokia/NSB, vivo, CMCC, Lenovo, QC) provide views on the frequency range, SCS and/or BW of DL PRS/UL SRS. For the 4 companies (HW/Hisilicon, Nokia/NSB, vivo, CMCC) provide initial evaluation results, both FR1 with 30kHz and 100MHz BW for DL PRS/UL SRS are considered. In [14/Lenovo], it is proposed to prioritize the FR1 frequency range for LPHAP evaluations. In [17/QC], both FR1 with 30kHz SCS and 100MHz BW for RS and FR2 with 120kHz SCS and 400MHz for RS are suggested. 
· FL comments: As discussed in Section 3, based on the evaluations and observations in Rel-16/17 positioning, a positioning BW of 100MHz can satisfy the target positioning accuracy performance of the LPHAP use case 6. In addition, the power consumption model in TR 38.840 for FR1 is better defined than that for FR2. In this sense, FR1 with 30kHz SCS and 100MHz BW for DL PRS/UL SRS can be adopted as baseline.
· Periodicity of DL PRS/UL SRS pos: The following periodicities of DL PRS/UL SRS are assumed in the submitted contributions, 20.48s by [2/HW, Hisilicon] and [11/CMCC], 2.56s by [5/vivo], and 160ms/1.28s/10.24s by [17/Qualcomm]. The rationale behind the value of 20.48s is to meet the positioning interval requirement (i.e., 15~30s) of LPHAP use case 6. The rationale behind the value of 2.56s is that vivo assumes 1 PRS/SRS occasion per I-DRX cycle, and 2.56s is declared to be the largest I-DRX cycle.
· Measurement sample: In [3/Nokia, NSB] and [17/Qualcomm], the M-sample measurement is discussed, where [3/Nokia, NSB] proposes to adopt single sample measurement, and [17/Qualcomm] proposes to evaluate M = {1, 4}. 
· FL comments: To simplify the evaluation, propose to adopt M=1 as the baseline.
· DRX configuration: 5 companies (HW/Hisilicon, Nokia, vivo, CMCC, Qualcomm) consider I-DRX configurations in RRC_INACTIVE state for LPHAP evaluations. The I-DRX cycle of 1.28s is proposed/evaluated in [3/Nokia], [5/vivo], [11/CMCC], and [17/Qualcomm], and the I-DRX cycle of 10.24s is proposed/evaluated in [2/HW] and [17/Qualcomm]. In addition, the 8ms on-duration timer and 100ms inactivity timer is proposed by [17/Qualcomm].
· Data traffic: 2 company (Nokia/NSB, Qualcomm) explicitly propose that no data traffic power consumption is considered in the LPHAP evaluation. Meanwhile, the power consumption assumptions and initial evaluation results provided by most companies implicitly ignore the power consumption of 5GC traffic data, and assume that all message types are related to positioning service (e.g., SRS configuration/updates, DL PRS measurement reporting).
· UE mobility: In [9/OPPO], it is proposed to support scenario with low velocity (e.g., 3km/h) as first priority. Similarly, in [11/CMCC], it is observed that for a typical use case of low power and high accuracy positioning, the UE is in slow mobility.
· FL comments: For the UE mobility, it should be use case specific. Though the LPHAP use case 6 includes tracking of workpiece in assembly area and warehouse for both indoor and outdoor scenarios, a more typical use case is located in indoor area, which is also identified as baseline scenario of IIoT use cases in Rel-17 positioning. When considering the indoor scenario, a UE in slow motion is then reasonable. Another issue that may be brought by fast UE mobility is that, the UE may change its serving cell frequently, which overcomplicates the power consumption evaluation of positioning for Ues in RRC_INACTIVE state. To simplify the evaluation, UE with low velocity is preferred.

4.2.1 Round 1 discussion
Proposal 3-1 (I)
· Adopt the following parameters as the baseline evaluation parameters for all evaluation cases:
· Frequency range: FR1;
· SCS: 30kHz;
· BW of the DL PRS and UL SRS pos: 100MHz;
· Single-sample measurement per positioning fix;
· UE mobility: up to 3km/h
	Company
	Comments

	vivo
	OK

	Huawei, HiSilicon
	ok

	CATT
	Okay

	Qualcomm
	OK (for FR1), but we believe there should be a set of baseline evaluations parameters for FR2: SCS: 120 KHz, 100 Mhz PRS. 

	CMCC
	Support

	FL
	Reply to Qualcomm: The frequency range is related to the power consumption model to be adopted in the evaluation. To our understanding, the power consumption model in TR 38.840 for FR1 is better defined than that for FR2. Maybe a way forward is that we first agree FR1 with 30kHz as baseline in this meeting, and if companies are interested in FR2 (e.g., 100MHz with 120kHz SCS), the corresponding power consumption model and evaluation results are provided up to each company.

	OPPO
	Ok. 

	Xiaomi
	Ok 

	InterDigital
	Ok

	Samsung
	OK in general. For the number of samples for measurement, we suggest to consider 4, since 4 is the typical value used since Rel-16; the value of 1 was introduced in Rel-17 for latency purpose and may not be applicable here. RAN4 also informed that the use of 1 can relax the accuracy.

	Lenovo
	Ok in principle. We think the number of UE Rx antennas could be set as additional parameter, or should be provided in evaluation results.
· FL comment: Please refer to my response to Question 1-1a.

	Nokia/NSB
	Support. 

	Ericsson
	OK

	Spreadtrum
	Support

	Sharp
	OK

	ZTE
	Support

	LGE
	Overall, We agree with current version. But, we have a question about the last sub-bullet (e.g. per positioning fix) for clarification. To FL, could you explain the meaning of ‘positioning fix’?, if it is used for representing fixed location or low velocity, we prefer to modify it as ‘position fix’ which is already used in TS 22.104.
· FL comment: Thanks for the comment. I’m not sure if I fully understand your point on “fixed location or low velocity”. Here, for single-sample (or 4-sample as proposed by other companies) measurement per positioning fix, the meaning is that a UE can measure 1 or 4 measurement samples before measurement reporting. To my understanding, the “position fix” in TS22.104 seems to have the same meaning. I have changed it into “position fix”, let’s see companies views on it.



Proposal 3-2 (I)
· In the LPHAP evaluation, consider the following periodicity of DL PRS / UL SRS pos to evaluate:
· Alt. 1: 20.48s;
· Alt. 2: 1 PRS / SRS occasion per I-DRX cycle;
· Alt. 3: Up to each company to decide;
	Company
	Alt
	Comments

	vivo
	Alt. 2
	We prefer Alt.2 as baseline, and other values can be optionally provided by companies.

	Huawei, HiSilicon
	Alt1
	This particular use case 6 for this particular target of battery life, this application scenario is supposed to be for positioning only purpose. Therefore, there is no traffic data supposed to be communicated with this device, no need to consider paging. The interval is to match how often the device needs do positioning to get the target battery life. 

	CATT
	Alt.2
	

	Qualcomm
	2
	

	CMCC
	Alt 1
	To our understanding, the evaluation baseline should be, when setting the parameters such as RS periodicity and measurement reporting periodicity subject to the requirement of LPHAP use case 6, whether using Rel-17 RRC_inactive state positioning can meet the target battery life or not. 

	OPPO
	Alt.1
	Share similar view as Huawei. UE power consumption for positioning is only related to periodicity of positioning measurement/reporting, not related to other services.

	Xiaomi
	Alt. 2
	We prefer to consider the DRX cycle.

	InterDigital
	Alt. 2
	We prefer aligning PRS/SRS occasion with DRX cycle

	Samsung
	Alt 1
	We think the discussion point is 1 PRS / SRS occasion per multiple I-DRX cycles or 1 1 PRS / SRS occasion per single I-DRX cycle. Whether to support Alt 2 depends on the value of the I-DRX cycle, so it may be easier to go with Alt 1 as a baseline. 

	Nokia/NSB
	Alt 2
	

	Ericsson
	Alt 1
	We don’t think the UE should wake up more often than the update period specify from case 6. 

	Spreadtrum
	Alt 2
	

	LGE
	Alt 2
	Regarding the proposal, we have one question for the clarification. In our understanding, this evaluation assumption is for power consumption analysis for LPHAP with Rel-17 features, without further enhancement. Is that correct understanding?
· FL comment: For the baseline evaluation of Rel-17 RRC_INACTIVE state positioning and identification of performance gaps, yes. 
We are generally supportive of Alt 2, and we can use the result of proposal 3-3(i) for determining the I-DRX cycle value. 



Proposal 3-3 (I)
· In the LPHAP evaluation, consider the following I-DRX configuration:
· The I-DRX cycle to evaluate is 
· Alt. 1: 1.28s;
· Alt. 2: 2.56s;
· Alt. 3: 10.24s;
· Alt. 4: Up to each company to decide;
· The on-duration timer is 8ms, and the inactivity timer is 100ms;
	Company
	Alt
	Comments

	vivo
	Alt.1
	In TS38.331, the configuration of paging cycle is shown as the following.  We prefer 1.28s as baseline, and other values can be optionally provided by companies.
In addition, from my understanding, the on-duration timer and inactivity timer are only applied in connected DRX. So, this bullet should be deleted. If my understanding is wrong, please correct me.
PagingCycle ::=                     ENUMERATED {rf32, rf64, rf128, rf256}
defaultPagingCycle
Default paging cycle, used to derive ‘T’ in TS 38.304 [20]. Value rf32 corresponds to 32 radio frames, value rf64 corresponds to 64 radio frames and so on.
· FL comment: Yes, you’re right. Sorry that I mixed up the two. This bullet is removed in the updated proposal.


	Huawei, HiSilicon
	See comments
	As commented, this application scenario is supposed to be for positioning only purpose, it should be reasonable to also evaluate the case without receiving paging at all. 
For the existing RAN functionality, we are fine with Alt.4.


	CATT
	
	Our preference is to select a value as baseline, and then each company can decide other I-DRX cycle for evaluation. 

	Qualcomm
	4
	We think paging should be included. 

	CMCC
	Alt. 1
	1.28s is the typical configuration of I-DRX.

	Xiaomi
	
	Support either Alt.1 or Alt. 2.

	Samsung
	Alt 2
	This is related to the above proposal. If we fixed a periodicity, then it’s better to choose the maximum configurable value for I-DRX as the baseline (i.e., Alt 2), and other values can be up to company. 

	Nokia/NSB
	Alt 1
	While we agree that the main use case is for positioning only there can be use cases where some data is useful. We don’t need to evaluate the data power consumption part (out of scope) but can at least evaluate a reasonable DRX configuration. 

	Spreadtrum
	Alt. 4
	

	LGE
	Alt. 1
	Same view with CMCC.



Proposal 3-4 (I)
· In the LPHAP evaluation, the power consumption of 5GC data traffic is not modelled. Only the power consumption of the traffic type related to LPHAP positioning (e.g., obtaining/updating SRS configurations, DL PRS measurement reporting, etc.) is considered.
	Company
	Comments

	vivo
	OK. 

	Huawei, HiSilicon
	Support. Because we assume it is the case UE can last long battery life to close to 1yr. 

	CATT
	Support. 

	Qualcomm
	OK. Note: This does not mean that paging power consumption is not included. Our understanding is that this proposal means that we could assume that we evaluate a power cycle during which there is no 5GC data traffic. 

	CMCC
	Support.

	OPPO
	Support

	Xiaomi
	Support 

	InterDigital
	Ok

	Samsung
	Agree with the Proposal 3-4 (I). 

	Nokia/NSB
	Same comment as QC. 

	Ericsson
	Support. 

	Spreadtrum
	Support.

	Sharp
	Support

	ZTE
	Support

	LGE
	Okay. We are also supportive of the note commented from Qualcomm.



4.2.2 Round 2 discussion
FL observations on Proposal 3-1(I): Most companies support Proposal 3-1 (I), while 1 company (Qualcomm) suggests to consider FR2 with SCS 120kHz and PRS 100MHz, and 1 company (Samsung) proposes to consider 4-sample measurement per positioning fix as it is the typical value used since Rel-16. 
Based on the inputs in the first round, the following proposal is updated:
[Stable] Proposal 4.2-1 (II)
· Adopt the following parameters as the common evaluation parameters for the LPHAP evaluation:
· Frequency range: FR1 (baseline); FR2 (optional)
· SCS: 30kHz for FR1 (baseline); 120kHz for FR2 (optional)
· BW of the DL PRS and UL SRS pos: 100MHz;
· Single-sample measurement per positioning fix (baseline); 4-sample measurement per positioning fix (optional)
· UE mobility: up to 3km/h
· Note: It is up to each company to provide detailed power model and evaluation results on power consumption in FR2.
	Company
	Comments

	vivo
	Support

	OPPO
	Support

	Qualcomm
	OK

	mtk
	ok

	Nokia/NSB
	Support

	Intel
	OK

	Spreadtrum
	Support

	CMCC
	Support

	Sharp
	Support

	Xiaomi
	Support 

	FL
	LGE raised a comment in the last round to revise “positioning fix” to “position fix”, so as to align with the terminology used in TS 22.104.

	ZTE
	Support 

	LGE
	Support. 

	Huawei, HiSilicon
	OK.

	InterDigital
	OK

	Ericsson
	Support.   

	Samsung
	OK with the proposal. 



FL observations: All companies that provide their inputs in the 2nd round are supportive of proposal 4.2-1(II), I therefore marked it as stable for now, and put it into Section 7 for the email approval before the 1st checkpoint.



FL observations on Proposal 3-2(I): There are 13 companies expressed their views on the periodicity of DL PRS and UL SRS:
· Alt. 1 (20.48s): HW/Hisilicon, CMCC, OPPO, Samsung, Ericsson (5 companies)
· Alt. 2 (per I-DRX cycle): vivo, CATT, Qualcomm, Xiaomi, InterDigital, Nokia/NSB, Spreadtrum, LGE (8 companies)
The rationale behind supporting Alt. 1 includes that, it is to match the positioning interval in use case 6 and to see if the battery life requirement can be met or not using the existing RAN functionalities, and no I-DRX cycle is included considering the evaluation on positioning only case, and hence the periodicity of positioning RS should be independent on I-DRX cycle. On the other hand, the main reasons to support Alt. 2 are that, in the baseline evaluation of Rel-17 RRC_INACTIVE positioning, I-DRX cycle should be considered, and it is straightforward to at least include one positioning RS occasion per I-DRX cycle. Note that it is almost a 50-to-50 situation, and both alternatives have reasonable arguments.
Note that it is almost a 50-to-50 situation, and both alternatives have reasonable arguments. I the update the proposal as follows:
[High] Proposal 4.2-2 (II)
· Adopt either one of the following alternatives of the periodicity of DL PRS / UL SRS for positioning in the baseline evaluation of Rel-17 RRC_INACTVIE positioning:
· Alt. 1: 20.48s;
· Alt. 2: 1 DL PRS / UL SRS for positioning occasion per I-DRX cycle
	Company
	Comments

	vivo
	Sorry, we can understand Alt 1 can be seen as enhancement, but not the baseline or common evaluation parameter, we think the baseline evaluation should be based on the existing mechanism, otherwise, the baseline evaluation is meaningless and cannot be used for identifying the gap.


	OPPO
	Support

	Qualcomm
	We tend to have similar view with vivo. For DL-PRS, maximum periodicity that is specified now is 10.24secs (please correct me if I am wrong). Are the proponents assuming, that a UE, by implementation could measure every other occasion? 

	MTK
	So far the max DL-PRS periodicity is 10240ms (10.24 s). we slightly prefer alt. 2

	Nokia/NSB
	We prefer Alt. 2 as a baseline evaluation. Alt.1 should be optional as the current spec does not support it. 

	Intel
	Same view as vivo and others that Alt 2 should be the baseline.

	CMCC
	In our understanding, there is no baseline configuration of PRS/SRS in the existing mechanism, it can be flexibly configured. Alt. 1 means that we use the Rel-17 RRC_INACTIVE positioning feature to evaluate the case when the PRS/SRS periodicities align with the positioning interval requirement and to see what is the gap, if any.
Regarding the comment by Qualcomm and MTK, yes, I agree that the 10.24s is the maximum DL PRS periodicity in the specification, but what I’m thinking is that with muting option 1, it can be further extended, no?
If majority views are go for Alt. 2 as the baseline, we are also fine with it.

	Xiaomi
	Prefer alt 2

	ZTE
	Prefer Alt 2 as baseline. We agree with vivo’s comments

	Huawei, HiSilicon
	If talking about baseline evaluation for Rel-17 RRC_INACTVIE, it is true Alt1 is not baseline. For Alt2, 1 DL PRS / UL SRS for positioning occasion per I-DRX cycle can be assumed but we still need to agree on at least a periodicity for I-DRX cycle for calibration. To us, the largest periodicity for I-DRX cycle i.e., 10.24s can be the baseline. 

	InterDigital
	We think it is reasonable for Alt 2 to be the baseline

	Ericsson
	Ok with alt2. 

	Samsung
	OK with the proposal. 

	LGE
	Prefer alt 2



FL observations on Proposal 3-3(I): There are 11 companies expressed their views on the I-DRX configuration:
· Alt. 1 (1.28s): vivo, CMCC, xiaomi, Nokia/NSB, LGE (5 companies)
· Alt. 2 (2.56s): xiaomi, Samsung (2 companies)
· Alt. 4 (up to each company): HW, CATT, Qualcomm, Spreadtrum (4 companies)
To my understanding, since we need to evaluate the existing Rel-17 RRC_INACTIVE state positioning as baseline, the I-DRX configuration should be included. Some companies propose to consider a case where no paging is monitored to maximize the battery life, and hence no need to consider I-DRX cycle in the evaluation. This, to me, is more like a potential solution regarding the enhancements on I-DRX configuration, which is open at this stage, companies are encouraged to provide minimized power consumption results without I-DRX and paging.
Regarding the I-DRX cycle to evaluate, companies shared diverse views on the preferred values. In addition, 1 company (vivo) comments that on-duration timer and inactivity timer are configurations sorely for C-DRX.
Based on the inputs in the first round, the following proposal is updated:
[High] Proposal 4.2-3 (II)
· The I-DRX configuration is included in the baseline evaluation of Rel-17 RRC_INACTVIE positioning.
· Note: This does not preclude the case where no I-DRX cycle and paging is considered in the evaluation of potential solutions to maximize the battery life.
· Adopt the I-DRX cycle of [1.28] s to evaluate.
· Note: Individual company may consider other parameter values in bracket in the evaluation.
	Company
	Comments

	vivo
	OK

	Qualcomm
	OK

	mtk
	ok

	Nokia/NSB
	OK

	Intel
	OK

	Spreadtrum
	Support

	CMCC
	Support

	Xiaomi
	Support 

	ZTE
	Support

	Huawei, HiSilicon
	The Note wording of “no I-DRX cycle and paging is ” is a bit confusing. I wonder whether paging is configured or not. Maybe  intended to say “This does not preclude the case where no I-DRX cycle nor paging is considered in the evaluation of potential solutions to maximize the battery life”. 
As comment to the earlier one, I-DRX cycle of 10.24s is supposed to be used because it is the value as baseline with battery life closest to the target. 
· FL comment: I fully understand your intention to set the maximum value that specified to acquire an evaluate result closest to the target requirement. However, if I understand correctly, the I-DRX cycle of 10.24s is the maximum configurable value for eDRX, which is introduced for CIoT in Rel-17. If so, I’m not sure whether it is reasonable to set this value as the baseline.

	InterDigital
	OK

	Ericsson
	Ok  with the first bullet. Since the value is in bracket, the second bullet is not very useful and could be removed or turned into FFS.  
· FL comment: As supported by most companies that the periodicity of DL PRS and UL SRS pos is related to the I-DRX cycle, I think that at least a baseline value of I-DRX cycle should be agreed for calibration.

	Samsung
	OK with the proposal. 

	LGE
	Agree with current FL’s proposal. Regarding the value of I-DRX cycle, 1.28 sec is normally used as we all know. In addition, now, we prefer not to use the longer I-DRX cycle such as eDRX since the eDRX is an optional feature, and using the optional feature for baseline seems not appropriate.



FL observations on Proposal 3-4(I):  Most companies are supportive of proposal 3-4 (I), where Qualcomm raises a point that this does not preclude the paging monitoring power consumptions, but rather assumes that no 5GC data traffic is evaluated during a power cycle. In my views, this is a valid point and the note is added for clarification.
The initial proposal 3-3 (I) is then updated as:
[Stable] Proposal 4.2-4 (II)
· In the LPHAP evaluation, the power consumption of 5GC data traffic is not modelled. Only the power consumption of the traffic type related to LPHAP positioning (e.g., obtaining/updating SRS configurations, DL PRS measurement reporting, etc.) is considered.
· Note: This does not preclude the power consumption of paging monitoring in the baseline evaluation, but rather assumes that no power consumption of 5GC data traffic is considered during a power cycle.
	Company
	Comments

	vivo
	Support

	OPPO
	Support

	Qualcomm
	Support

	mtk
	ok

	Nokia/NSB
	Support

	Intel
	OK

	Spreadtrum
	Support

	CMCC
	Support

	Sharp
	Support

	Xiaomi
	Support 

	ZTE
	Support

	Huawei, HiSilicon
	ok

	InterDigital
	Support

	Ericsson
	Ok   

	Samsung
	Support

	LGE
	Ok



FL observations: All companies that provide their inputs in the 2nd round are supportive of proposal 4.2-4(II), I therefore marked it as stable for now, and put it into Section 7 for the email approval before the 1st checkpoint.

4.2.3 Round 3 discussion
FL observations: Regarding the baseline periodicity of DL PRS / UL SRS pos, most companies share the view that Alt. 2, which is considering 1 PRS / SRS per I-DRX cycle, should be the evaluation baseline. Some companies express concerns on Alt. 1, where in Rel-16/17, the maximum periodicity of DL PRS is only 10.24s, and setting the periodicity of 20.48s is more of an enhancement.
In addition, regarding the baseline configuration of I-DRX cycle, most companies are fine with the proposed typical I-DRX value of 1.28s. 1 company (HW/Hisilicon) proposes to adopt the largest periodicity for I-DRX cycle i.e., 10.24s as the evaluation baseline. 1 company (Ericsson) suggests to remove the 2nd bullet or turn it into FFS as the value is in bracket.
Based on the inputs received, I further revised the proposal 4.2-2 and proposal 4.2-3. 

[High] Proposal 4.2-2 (III)
· Adopt the following periodicity of DL PRS / UL SRS for positioning in the baseline evaluation of Rel-17 RRC_INACTVIE positioning:
· 1 DL PRS / UL SRS for positioning occasion per I-DRX cycle
	Company
	Comments

	Huawei, HiSilicon
	In our view, the DL PRS measurement period/reporting period or the UL SRS transmission period relies on the positioning service period, which may not be exactly the same as the I-DRX cycle.
It should be possible to allow multiple I-DRX cycles to correspond to a single PRS measurement occasion or SRS transmission occasion.
So we suggest the sub-bullet should be “at most” 1 DL PRS / UL SRS for positioning occasion per I-DRX cycle is considered. 
· At most 1 DL PRS / UL SRS for positioning occasion per I-DRX cycle

	Qualcomm
	To Huawei, HiSilicon: Thanks for the discussion. If we are considering baseline behavior (e.g. supportable from the Rel-17 spec), how would it be possible to have less than a single SRS instance in I-DRX cycle? is the assumption an SP-SRS configuraiton in RRC Inactive where there are activation/deactivation messages to remove some of the instances? If yes, wouldn’t these need to be part of the power evaluation? I assume for periodic SRS in Rel-17, this behavior may not be possible. Again, i am referring to baseline Rel-17 behvior, and not whether what you are suggesting is not possible overall to be designed. I am just wondering whether we are merging “baseline” and “enhancements” by adding “at most” in the sub-bbulet. 

	Ericsson
	OK with Huawei’s update but we think If positioning occasion spans multiple DRXs, the UE has to be essentially static to have consistent measurements. 

	Huawei, HiSilicon
	To respond the questions to us:
As baseline, the I-DRX cycle is used for monitor paging but PRS reception or SRS transmission could be configured with a longer periodicity, which maps to the positioning interval to support the target use case. Therefore, it is fair to consider at most 1 DL PRS or UL SRS  within an I-DRX cycle for saving power. For example, the DRX cycle can be 1.28 sec while the PRS or SRS period is 5.12 sec.

On a positioning occasion spanning multiple DRX, we want to clarify that if a single-sample measurement is considered, the location estimate based on the single-sample will be timestamped with the positioning occasion. UE is not required to be static between two timestamps.

	Samsung
	We understand Huawei’s intention, but we are afraid using the wording “at most 1” may not provide enough information for evaluation. Maybe we can say “1 DL PRS / UL SRS for positioning occasion per N I-DRX cycle(s)”, and provides multiple values of N as baseline and/or optional for evaluation? 

	Qualcomm 
	Thanks for the further clarification. We tend to prefer the suggestion from Samsung. 

	CMCC
	We share similar views with HW that periodicity of PRS/SRS is not dependent on DRX cycle. Regarding the suggestion from Samsung, we think that it is reasonable, and candidate values for N can include, e.g., [1, 4, 8].

	ZTE
	As to Huawei’s concern, we think it’s reasonable but in this bullet we are trying to figure out a baseline of the periodicity of DL PRS/UL SRS for evaluation. From this point , we accept Samsung’s description.

	LGE
	We are generally open to how to set number of positioning occasion for the baseline. But, considering that we are currently discussing the baseline, we think we need to decide specific value rather than leave the expression like a “at most” suggested from Huawei. So we prefer current FL’s proposal.

	Xiaomi
	We are fine with the suggestion from Samsung.




[High] Proposal 4.2-3 (III)
· The I-DRX configuration is included in the baseline evaluation of Rel-17 RRC_INACTVIE positioning.
· Note: This does not preclude the case where no I-DRX cycle nor paging is considered in the evaluation of potential solutions to maximize the battery life.
· Adopt the following I-DRX cycle to evaluate:
· 1.28s (baseline); 10.24s (optional)
	Company
	Comments

	Samsung
	We are ok with the proposal, but have one clarification question which may not only be applicable to this proposal. We have many proposals having baseline and optional values for simulation, and we are wondering what’s their potential impact. Taking this proposal for example, the optional value is much larger than the baseline one, which implies much low power consumption typically (e.g. considering one measurement per I-DRX), then if the simulation results show that the baseline can satisfy the LPHAP requirement but the optional one cannot, do we conclude current technology satisfy the LPHAP requirement or not? 

	Qualcomm
	In (II) of that same paper, the [1.28] was in brackets, 
[High] Proposal 4.2-3 (II)
· …
· Adopt the I-DRX cycle of [1.28] s to evaluate.
· Note: Individual company may consider other parameter values in bracket in the evaluation.

And we understood that this means that we are going to discuss what DRX cycle to evaluate. Therefore we added “OK” from Qualcomm side. However, we don’t think that 1.28 should be the baseline, when the spec already supports 10.28s, and we are considering low-power operation. We think that, we either keep both 1.28s and 10.28s equal priority, or we make 10.28s as the baseline actually. I am wondering whether this bullet should continue for discussion in the email thread. 

	Nokia/NSB
	Our preference was 1.28s as baseline but company views are diverging based on the email discussion. We are okay to leave this up to each company if it consider the feasible value according to the current specification, which would be aligned with the FL’s previous proposal and we think it was stable.

	FL
	To Samsung: To my understanding, the baseline should be adopted by all companies willing to provide evaluation results and can also be used as calibration; while evaluation results using the optional can be up to individual company that are interested. If with the optional value, the requirement can be met (though I doubt it would be the case), I think maybe we can use a similar layout as what we did in Rel-17, e.g., the target battery life x is not achieved by y companies using aseline configuration, and is achieve by z companies using optional configuration. In addition, as HW/Hisilicon and Qualcomm also have comments on the baseline/optional configuration of I-DRX cycle, let’s further discuss the value.

	FL
	To HW/Hisilicon and Qualcomm: Regarding your suggestions of using 10.24s as the baseline, I fully understand your intention to set the maximum value that specified to acquire an evaluate result closest to the target requirement. However, my question is that, seems that the I-DRX cycle of 10.24s is the maximum configurable value for eDRX, which is introduced for CioT in Rel-17. Is it the correct understanding? If so, I’m not sure whether it is reasonable to set this value as the baseline.

	Vivo
	We support 1.28s as the baseline. For DRX cycle of ’10.24s’, it may only be applied when eDRX is configured and eDRX cycle is no longer than 1024 radio frames. If ’10.24s’ is regarded as baseline, we wonder the mechanism (e.g., PTW) when eDRX cycle is longer than 1024 radio frames can also be treated as the baseline, since they both fall within the scope of eDRX. We prefer eDRX-related cycles as enhancement rather than the baseline.

	Huawei, HiSilicon
	10.24s is introduced for redcap in R17. To FL: are you saying R17 cannot be the baseline? All the baseline should be based on R16 and backward? 
To vivo, eDRX with longer than 10.24s is not supported for RRC_INACTIVE but only for CN-paging in RRC_IDLE state to my knowledge. 

	Qualcomm
	Would it be acceptable to have both options as baseline?

	CMCC
	We are fine to have both as baseline.

	ZTE
	OK to accept 1.28s or 10.24s as baseline. Maybe companies need more clarification.

	LGE 
	We have a concern about the note. The original intention suggested from Qualcomm is that this does not preclude the paging monitoring power consumptions, but rather assumes that no 5GC data traffic is evaluated during a power cycle. Now, we are so confused. That is, now we are discussing that I-DRX configuration is included in the baseline evaluation in the first main bullet. On the other hand, in the note, the case where no I-DRX cycle and nor paging is described. We think that there is a contradiction between those two. Furthermore, monitoring paging is natural behaviour of UEs in RRC inactive state, we cannot understand correctly why we consider the case. For this, are we thinking that positioning is more crucial procedures than paging? Additionally, in proposal 4.2-2, periodicity of DL PRS / UL SRS for positioning having already been discussed based on I-DRX.



4.2.4 Round 4 discussion
FL observations: Based on the inputs on Proposal 4.2-2, there are still a few companies that have concerns on setting 1 DL PRS / UL SRS for positioning occasion per I-DRX cycle, the reason is that I-DRX cycle is configured to monitor paging but not the PRS reception or SRS transmission, which can have a periodicity that are longer than the I-DRX cycle, and this argument seems to be fine with companies. Samsung suggests a way forward to say that “1 DL PRS / UL SRS for positioning occasion per N I-DRX cycle(s)”, and multiple values of N can be provided as baseline/optional for evaluation, which seems to be acceptable by many companies. In addition, this proposal is also related to Proposal 4.2-3, in which the baseline configuration of I-DRX cycle is discussed. Most companies are fine to adopt a typical value of 1.28s; while some companies prefer to use the maximum value introduced for I-DRX cycle of 10.24s to acquire an evaluation results closest to the target requirement. In this sense, Qualcomm suggests to adopt both as baseline.
Regarding the baseline periodicity of DL PRS and UL SRS, I think Samsung’s proposal would be one way forward. Alternatively, we can simply decouple the I-DRX cycle with the DL PRS / UL SRS periodicity, as commented by a few companies that the intention is to set the baseline value of DL PRS / UL SRS periodicity, which is not necessarily depends on the I-DRX cycle. Then, another way forward is to set the value of the periodicity of the DL PRS / UL SRS without coupling it with the I-DRX cycle. In both alternatives, I set both 1.28s and 10.24s as baseline and ask individual company to consider either one or both in the evaluation. To me, supporting two values in the baseline seems weird and it is not friendly in identification of the performance gap; however, seems that companies’ views are quite diverse, this may be a compromise that we can try. At least, we can acquire two power consumption results, one can be treated as lower bound and the other as upper bound. Regarding the comments from Qualcomm and Nokia to bring back the bracket and each company may determine different values, based on the last GTW session, as guided by Chair, we should try to avoid the bracket in defining baseline evaluation assumption.
Regarding the baseline configuration of I-DRX cycle, here are some responses to the comments received:
@HW/Hisilicon and Qualcomm: As HW commented, a I-DRX cycle of up to 10.24s is introduced for inactive/idle RedCap UEs in Rel-17, the issue is then turned into what type of UEs do we assume in the baseline evaluation, normal eMBB UEs or Redcap UEs? I guess at least most companies consider eMBB UEs in mind (e.g., in the agreement we just made at the 1st checkpoint, we assume 100MHz BW for PRS reception and SRS transmission, which indicates a normal eMBB UE.), then in this sense, consider a 1.28s of I-DRX cycle in the baseline evaluation seems more reasonable. If companies are interested in evaluating enhancements or other UE types optionally, of course 10.24s can be adopted without any problem. 
@LGE: Regarding your comment on the note, yes, I believe the intention is crystal clear to everyone (which has already been agreed), and that is also what we are proposing in the main bullet, i.e., I-DRX configuration should be included in the BASELINE evaluation of Rel-17 RRC_INACTIVE positioning. The note, however, is to address concerns from some companies, saying that to further extend the battery life to meet the target battery life, we may consider in potential enhancements where no I-DRX cycle nor paging is considered. The main bullet which defines the baseline configuration of the baseline evaluation does not necessarily preclude different assumptions/configurations in potential enhancement, that is the intention of the note, which is not contradictory with the main bullet. Hopefully this clarifies your concern.
I then updated the proposal 4.2-2 and proposal 4.2-3 as follows:

[High] Proposal 4.2-2 (IV)
· Alt. 1: Adopt the following periodicity of DL PRS / UL SRS for positioning in the baseline evaluation of Rel-17 RRC_INACTVIE positioning:
· 1 DL PRS / UL SRS for positioning occasion per N I-DRX cycle(s); 
· Candidate values of N to evaluate is 1 and 8.
· Note: Individual company may consider either one or both in the evaluation.
· Alt. 2: The periodicity of DL PRS / UL SRS for positioning in the baseline evaluation of Rel-17 RRC_INACTVIE positioning to evaluate is 1.28s and 10.24s.
· Note: Individual company may consider either one or both in the evaluation.
	Company
	Alt.
	Comments

	InterDigital
	Alt 1
	We think it is reasonable to consider 1 PRS/SRSp occasion for multiple I-DRX cycles for handling any non-positioning transmissions. We are also open for considering more than 2 candidate values for N and the value other than 8 for N for the baseline evaluations.    

	Ericsson
	Alt1
	

	vivo
	Alt 1
	One question to be clarified: when N=8, for the I-DRX cycles without PRS/SRS, whether to still consider the power consumed by components like paging monitoring, SSB measurement, etc.? Our preference is to consider it.
· FL comment: Yes, I think companies should share a common understanding that paging monitoring and SSB measurement are considered in DRX cycles without RS occasion.

	Samsung
	Alt 1
	If we adopt Proposal 4.2-3 (IV), then Alt 1 seems more natural to be combined with.

	FL
	
	Seems that no interest showed on Alt. 2, let’s use Alt. 1 for the discussion in email:
Proposal 4.2-2 (V)
· Adopt the following periodicity of DL PRS / UL SRS for positioning in the baseline evaluation of Rel-17 RRC_INACTVIE positioning:
· 1 DL PRS / UL SRS for positioning occasion per N I-DRX cycle(s); 
· Candidate values of N to evaluate is 1 and 8.
· Note: Individual company may consider either one or both in the evaluation.


	MTK
	Alt.1
	Yes to remove alt. 2 as FL did above

	Qualcomm
	
	OK with Alt. 1 as shown in the latest proposal by the FL

	Sharp
	
	OK with the latest FL proposal



FL observations: Seems that no interest showed on Alt. 2, let’s recap Alt. 1 here in the after as version V:

[High] Proposal 4.2-2 (V)
· Adopt the following periodicity of DL PRS / UL SRS for positioning in the baseline evaluation of Rel-17 RRC_INACTVIE positioning:
· 1 DL PRS / UL SRS for positioning occasion per N I-DRX cycle(s); 
· Candidate values of N to evaluate is 1 and 8.
· Note: Individual company may consider either one or both in the evaluation.
	Company
	Comments

	
	

	
	




[High] Proposal 4.2-3 (IV)
· The I-DRX configuration is included in the baseline evaluation of Rel-17 RRC_INACTVIE positioning.
· Note: This does not preclude the case where no I-DRX cycle nor paging is considered in the evaluation of potential solutions to maximize the battery life.
· Adopt the following I-DRX cycle to evaluate:
· 1.28s (baseline); 10.24s (optional).
	Company
	Comments

	InterDigital
	We support the proposal. Our preference is to have 1.28 as baseline 

	vivo
	Support.


	Samsung
	Ok with the proposal. 

	MTK
	ok

	Qualcomm
	For the sake of progress we ll go with it, even though we still don’t think that 1.28s is the chosen baseline for a realistic Low-Power deployment. 
· FL comments: Thanks for the effort on making progress. 




4.3 Sleep type
Background: In TR 38.840, three UE sleep types are defined for power consumption evaluation.
	Power State
	Characteristics
	Relative Power 

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45


The Table below captures the additional transition energy and total transition time of the three sleep types.
	Sleep type
	Additional transition energy:
(Relative power x  ms) 
	Total transition time 

	Deep sleep 
	450 
	20 ms 

	Light sleep 
	100 
	6 ms 

	Micro sleep 
	0 
	0 ms* 

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


[image: ]

Based on the submitted contributions in this meeting, majority of companies propose to adopt the above three sleep types in the LPHAP evaluation. In [2/HW, Hisilicon], it is proposed to define an ultra-deep sleep mode in the LPHAP evaluation. The ultra-deep sleep mode is similar as the “Power Saving State (PSS)” in the study of CIoT, in which the UE turns off most of its power supplies and consumes much less power even than that in RRC_IDLE states. A relative power of 0.01 is proposed for the ultra-deep sleep mode. In addition, in [5/vivo], an ultra-deep sleep mode with a relative power unit of 0.015 between two adjacent paging time windows is considered in the evaluation of potential enhancements on eDRX. 

4.3.1 Round 1 discussion
Question 3-5a 
· Do you think it is necessary to define a new ultra-deep sleep mode in the LPHAP evaluation? 
	Company
	Yes/No
	Comments

	vivo
	
	We think the sleep mode in TR38.840 can be considered as the baseline. And new ultra-deep sleep mode can be optionally considered as one of enhancement if companies observe that target requirement cannot be achieved based on current positioning operation in inactive state. 
The assumptions of ‘new ultra-deep sleep mode’ in our contribution are based on the deep sleep assumptions for NB-IOT power consumption[R1-1714993].

	Huawei, HiSilicon
	Yes
	Most of power is consumed in the sleep mode based on the evaluation assumption that only the power consumption of the traffic type related to LPHAP positioning (e.g., obtaining/updating SRS configurations, DL PRS measurement reporting, etc.) is considered. This motivates reducing the current for the sleep mode, which can be called ultra-deep sleep mode for differentiating from other sleep modes defined in TR38840. Moreover, Ultra-deep sleep is not new to either 3GPP or positioning industry.
In 3GPP, during the CioT study TR 45.820, the evaluation assumes “power saving state” (PSS) in the power evaluation, and it has been stated in the TR that:
	PSS denotes a Power Saving State such as that achieved with the Rel-12 Power Save Mode feature. In Idle, the device may be consuming more power than in the PSS state because, for example, it is maintaining a more accurate time/frequency synchronization with the network.



In positioning industry, as from the Decawave 1000 data sheet for the UWB product, the sleep current and deep sleep current can be as low as 1uA and 50nA, respectively, which helps UWB to claim the battery life of more than a year. Note that the current of the sleep mode for the UWB device is less than a thousandth of the IDLE mode.

	Qualcomm
	No
	Baseline should be the power states that are included in 38.840. We are open to discuss as optional an additional power state to be evaluated. 

	CMCC
	No
	We think that only the three power states defined in TR 38.840 should be used in the evaluation baseline. As HW commented, the ultra-deep sleep mode can be referred to the power saving state in CioT, but for the Rel-17 RRC_inactive state positioning, there is no corresponding state of ultra-deep sleep. In our views, this can be considered as an enhancement, and it should be up to companies for evaluation.

	OPPO
	No
	TR 38.840 is a good starting point. Introduce of any new state should be well-justified. 

	Xiaomi
	No 
	The sleep modes defined in TR38.840 can be used as a baseline.

	Samsung
	
	To clarify, are we replacing the new ultra-deep sleep mode with the original deep sleep mode (i.e., effectively as setting a lower power unit for the original deep sleep mode), or introducing a new state? If it’s the later, then it’s better to discuss how to use this new state together. 

	Nokia/NSB
	No
	This is about evaluation assumptions. We should first do that based on the baseline that 38.840 has. Other sleep types can be additionally evaluated later. 

	Sharp
	No
	We prefer to study based on TR 38.840 as baseline.

	ZTE
	No
	UE power states defined in  38.840 should be the start point for evaluation and we are open to additional sleep mode

	LGE
	No
	We are on the same page with CMCC. We prefer that a baseline could be sleep modes defined in TR38.840. 


Question 3-5b 
· If the answer to Question 3-5a is yes, please provide your recommendations on the relative power unit, additional transition energy, and total transition time of the ultra-deep sleep mode.
	Company
	Relative power unit
	Additional transition energy
	Total transition time

	vivo
	0.015
	10000 (50/ms)
	200ms

	Huawei, HiSilicon
	0.01
	450
	25ms



4.3.2 Round 2 discussion
FL observations: Most companies suggest to adopt the three sleep types in the baseline evaluation, 3 companies (vivo, Qualcomm, CMCC) are open for discussing an additional new sleep mode as one of the enhancements, 1 company (HW/Hisilicon) prefer to define a new ultra-deep sleep mode. 
Based on the inputs, the following proposal is formulated:
[High] Proposal 4.3-1 (I)
· Adopt the power consumption model, additional transition energy and total transition time of the three sleep types (deep sleep, light sleep, and micro sleep) in TR38.840 as the evaluation baseline. 
· FFS: An additional new ultra-deep sleep mode (a sleep mode similar to the power saving state in the evaluation assumption in TR 45.820) can be optionally considered in the evaluation of potential solutions to maximize the battery life.
· It is up to each company to determine the relative power, additional transition energy and total transition time of the ultra-deep sleep mode, if any.
	Company
	Comments

	vivo
	Okay

	OPPO
	Support

	Qualcomm
	Support

	MTK
	It seems that the “FFS” at 2nd bullet could be removed since the sentence also said “can be optionally considered”. Then it allows the interested companies to provide the analysis

	Nokia/NSB
	OK

	Intel
	OK with the main bullet but we prefer removing the bullets on “ultra-deep sleep mode”. Just like it has been clarified by the FL that this agenda is not about low power/complexity IoT devices in context of Rx branches, we think the same applies for power consumption model. Moreover, the technical feasibility of directly assuming sleep states corresponding to EC-GSM-like device for an NR device is not clear. 

	Spreadtrum
	Support

	CMCC
	Support

	Sharp
	Support

	Xiaomi
	Support 

	ZTE
	Support

	LGE
	We are totally agree with Intel and okay with only first main bullet. We prefer that a baseline could be sleep modes defined in TR38.840.

	Huawei, HiSilicon
	Ok with the first one. 
Since we are saying this new ultra-deep sleep mode can be optionally considered as potential solutions to maximize the battery life. Then there is no need for “FFS”, meaning the bullet can be kept as “optional evaluation” without need to FFS. 

	InterDigital
	We are ok with the first bullet. Similar to Intel, we do not think the second bullet is necessary 

	Ericsson
	Ok for  the main bullet.  For the second bullet, we don’t see how evaluation will be comparable between sources. 

	Samsung
	Support



4.3.3 Round 3 discussion
FL observations: Based on the inputs, it seems that most companies are fine with the main bullet of proposal 4.3-1, i.e., at least the three sleep types in TR38.840 are adopted in the evaluation baseline. Regarding the 2nd bullet to additionally study a new sleep type, different views are expressed:
· 10 companies (vivo, OPPO, Qualcomm, Nokia/NSB, Spreadtrum, CMCC, Sharp, Xiaomi, ZTE, Samsung) are generally fine with it (without specific comments);
· 2 companies (MTK, HW/Hisilicon) suggests to remove “FFS” as 2nd bullet already says that “can be optionally considered”;
· 4 companies (Intel, InterDigital, LGE, Ericsson) prefer to remove the whole 2nd bullet, and think that using the sleep types in TR38840 as baseline are enough.
Let me share my thinking on this situation. Firstly, my intention of the proposal is to agree that in the evaluation of the existing Rel-17 RRC_INACTIVE state positioning, the sleep types in TR38840 are adopted as baseline. In addition, as proposed by several companies, an additional sleep mode may be considered as a potential enhancement to maximize the battery life, and meanwhile, up to 12 companies are generally supportive of further investigation on it. So, for companies showed concerns on the 2nd bullet, I would like to clarify that the intention of the 2nd bullet is not for the baseline evaluation, but rather for potential solutions for power saving. As commented by Ericsson saying that not sure how evaluation will be comparable between sources, in my views, at least in this meeting, we can agree with it for FFS, and if many companies show interests in this new sleep mode for enhancements, we can then discuss and make consensus in the next meeting on a reasonable parameter values.

[High] Proposal 4.3-1 (II)
· Adopt the power consumption model, additional transition energy and total transition time of the three sleep types (deep sleep, light sleep, and micro sleep) in TR38.840 as the evaluation baseline:
· FFS: whether/how an additional new ultra-deep sleep mode can be considered in the evaluation of potential solutions to maximize the battery life, including the determination of the relative power, additional transition energy and total transition time, if necessary.
	Company
	Comments

	CATT
	Support

	vivo
	Support, maybe Table 19 can be added before “in TR 38.840” to illustrate
Table 19: UE power consumption during the state transistion
	Sleep type
	Additional transition energy:
(Relative power x  ms) 
	Total transition time 

	Deep sleep 
	450 
	20 ms 

	Light sleep 
	100 
	6 ms 

	Micro sleep 
	0 
	0 ms* 

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




	FL
	To vivo: Thanks for the comment. In fact, the first bullet includes both power consumption model of the sleep types, which is in Table 18 in TR38.840, and additional transition energy and total transition time of the sleep types, which is in Table 19 in TR38.840. To keep the proposal concise, I did not include the two Tables. I think based on the previous comments, the first bullet itself is clear enough for companies. Anyway, I’m fine to add those Tables if companies think it makes the proposal more precise. Let’s hear more views!

	Ericsson
	Support

	Huawei, HiSilicon
	FL’s clarification on the intention of the second bullet was our understanding. This is one aspect can be considered as potential solution to prolong batter life. The current proposal could be ok to us. 

	Samsung
	We support the proposal, and current formulation seems sufficient. 

	Qualcomm
	Support

	CMCC
	Support

	ZTE
	Support

	Sharp
	Support

	LGE
	We are only OK with first main bullet. We think ultra-deep mode was even not discussed in the power saving agenda. We think that discussion on additional sleep mode such as ultra-deep mode seems quite questionable in this positioning agenda. If the sleep mode is currently supported, we are okay to leave the FFS. Otherwise, we prefer to remove FFS from the proposal.  

	Xiaomi
	Support 

	Spreadtrum
	Support.

	OPPO
	Support



4.3.4 Round 4 discussion
FL observations: Most companies that provide their inputs in the 3rd round are fine with the proposal 4.3-1 (II). 1 company (vivo) suggests to refine the format and to explicitly add Table 19 in TR38.840. By further clarification, it seems that vivo and other companies are fine with the current format to make the proposal concise. In addition, 1 company (LGE) has concerns on the FFS.
@LGE: I fully understand your intention that defining a new sleep mode should be carefully investigated. However, this is an FFS bullet, and it explicitly says “whether a new ultra-deep sleep mode can be considered …”. In this sense, nothing is included or excluded from this bullet. With the FFS, companies supporting or opposing it can then bring further analysis in the RAN1 next meeting. I think it should be fine at this stage.
Let’s continue the discussion on this proposal (no updates), and see if companies with concerns can live with it.
[High] Proposal 4.3-1 (III)
· Adopt the power consumption model, additional transition energy and total transition time of the three sleep types (deep sleep, light sleep, and micro sleep) in TR38.840 as the evaluation baseline:
· FFS: whether/how an additional new ultra-deep sleep mode can be considered in the evaluation of potential solutions to maximize the battery life, including the determination of the relative power, additional transition energy and total transition time, if necessary.
	Company
	Comments

	InterDigital
	OK

	Ericsson
	OK

	vivo
	Support

	Samsung
	OK with the proposal. 

	MTK
	ok

	Qualcomm
	OK

	Sharp
	OK




[Closed] 4.4 Common power consumption models
In this section, the UE power consumption models (except for the power consumption model for the sleep types, refer to Section 4.3) that are common for all evaluation cases are discussed. From reviewing the contributions in this meeting, majority companies suggest to adopt the UE power consumption models and scaling schemes in TS 38.840 (Tables 18, 19, and 21) as a starting point to evaluate the power consumption for LPHAP. Specially,
· Intra-/inter-frequency RRM: In [3/Nokia], [5/vivo], and [11/CMCC], intra-frequency and/or inter-frequency RRM is considered in the evaluation; while the assumptions in [2/HW, Hisilicon] and [17/Qualcomm] only consider SSB processing from the serving cell.
· BW of the initial DL/UL BWP: In [5/vivo], [11/CMCC], and [17/Qualcomm], the initial DL/UL BWP is assumed to be 20MHz, and the relative power units of each power states are scaled to be within 20MHz.
· BWP switching: In Rel-17 RRC_INACTIVE state positioning, it was specified that the BWP of DL PRS and UL SRS pos can be outside of the initial DL/UL BWP and with different numerologies subject to UE capability. The power states and relative power unit of BWP switching in such cases is considered in [5/vivo] and [11/CMCC]. 
· PRACH: In [5/vivo] and [17/Qualcomm], a 4-step RACH procedure is considered for request/obtain SRS configuration in RRC_INACTIVE state, and for DL PRS measurement reporting. Since the power state and relative power unit of PRACH is not defined in TR 38.840, the two contributions provide their own recommended relative power unit value of PRACH.

To facilitate the discussion regarding Question 3-6 below, the following Table is captured for reference. The power states and relative power are from TR 38.840 and the agreement on Rel-17 power saving made in RAN1#102e meeting. Alt. 1 is the relative power based on the reference configuration and assumptions in FR1 (i.e., based on a BW of 100MHz) from TR 38.840, and Alt. 2 is the relative power of idle/inactive-mode operation with reception bandwidth 20MHz.
	Power State
	Relative Power

	
	Alt. 1: Reference configuration and assumptions in FR1 from TR 38.840
	Alt. 2: Idle/inactive-mode operation with reception bandwidth 20 MHz

	PDCCH-only (PPDCCH)
	100
	50Note

	PDCCH + PDSCH (PPDCCH+PDSCH)
	300
	120

	SSB/CSI-RS proc. (PSSB)
	100 (synchronization or serving cell measurement)
	50

	Intra-frequency RRM measurement (Pintra)
	150 (synchronous case, N=8, measurement only; Pintra, meas-only)
200 (combined search and measurement; Pintra, search+meas)
	[60] (synchronous case, N=8, measurement only; Pintra, meas-only)
[80] (combined search and measurement; Pintra, search+meas)

	Inter-frequency RRM measurement (Pinter)
	150 (measurement only per freq. layer; Pinter, meas-only)
150 (neighbor cell search power per freq. layer; Pinter, search-only)
Micro sleep power assumed for switch in/out a freq. layer
	[60] (measurement only per freq. layer; Pinter, meas-only)
[150] (neighbor cell search power per freq. layer; Pinter, search-only)
Micro sleep power assumed for switch in/out a freq. layer

	UL
	250 (0 dBm)
700 (23 dBm)
	250 (0 dBm)
700 (23 dBm)

	Note: Power scaling to 20MHz reception bandwidth follows the rule in Section 8.1.3 of TR 38.840, i.e., max{reference power * 0.4, 50}.



4.4.1 Round 1 discussion
Question 3-6
· Please provide your views on the following power consumption model:
· On the relative power of SSB proc., PDCCH-only, PDCCH+PDSCH, and UL, which alternative do you prefer? 
· Alt. 1 (refer to the Table above): Reference configuration and assumptions in FR1 from TR 38.840, i.e., with reception/transmission BW 100MHz
· Alt. 2 (refer to the Table above): Idle/inactive-mode operation with reception bandwidth 20 MHz
· Do you think that intra- and inter-frequency RRM are required in the power consumption evaluation? If so, on the relative power, which alternative do you prefer?
· Do you think that BWP switching and PRACH are required in the power consumption evaluation? If so, please indicate your recommendation on the relative power.
	Company
	SSB proc. /PDCCH-only /PDCCH + PDSCH /UL
	Intra-frequency RRM
	Inter-frequency RRM
	BWP switching
	PRACH

	
	Alt. 1/2
	Yes/No
	Alt. 1/2
	Yes/No
	Alt. 1/2
	Yes/No
	Relative power
	Yes/No
	Relative power

	example
	Alt. 2
	Yes
	Alt. 2
	No
	
	Yes
	50
	No
	

	vivo
	Alt.2
	Yes
	Alt.2
	Yes 
	Alt.2
	Yes
	45
	Yes
	210

	Huawei, HiSilicon
	Alt 2
	No
	Alt1
	NO
	
	No
	
	No
	

	Qualcomm
	Alt. 2
	No
	
	No
	
	No
	
	Yes (for RA-SDT)
	210

	CMCC
	Alt. 2
	No
	
	No
	
	Yes
	50
	Yes
	210

	Xiaomi
	Alt. 2
	No 
	
	No 
	
	Yes 
	
	Yes 
	

	Samsung
	Alt 2
	Yes
	Alt 2
	Yes (for DL)
	Alt 2
	Baseline No
	
	Baseline No
	

	ZTE
	Alt 2
	No
	
	No
	
	No
	
	Yes for some cases
	210

	LGE
	Alt. 2
	Yes
	Alt.2
	Yes 
	Alt.2
	Yes
	50
	Yes
	210


· If with additional comments, please provide below:
	Company
	Comments

	vivo
	If UE is under low SINR, intra/inter-frequency RRM can be considered according to according to S-measurement criterion. However, if UE is under high SINR, no intra/inter-frequency RRM is assumed.
The switching power should be considered, since the bandwidth of PRS and SRS are assumed as 100MHz, which is outside the initial BWP.
If RA-SDT is used for positioning report, the power of PRACH should be considered. From our point of view, for simplicity, the relative power for PRACH can be considered the same as SRS.

	Huawei, HiSilicon
	In the ideal case, if the serving cell SSB RSRP is higher than a threshold, it should be allowed by TS 38.304 to bypass any RRM measurement.

For BWP switching, it is not clear why it is needed. Any switching power can be considered inside PRS measurement or SRS transmission power.

	CMCC
	We share similar view with vivo that BWP switching is needed, as we consider a BW of PRS/SRS as 100MHz, which is outside of 20MHz initial DL/UL BWP.
Regarding PRACH, we think that at least it should be considered in the evaluation baseline, where a cell access procedure (including initial access) is required to obtain SRS configuration and/or UL SDT configuration for DL measurement reporting. To simplify the evaluation, only one cell access procedure is included. In this sense, we should consider the power consumption model for transmission PRACH preamble, and we think that 210 (0.3*UL) is reasonable.

	FL
	Reply to HW: To my understanding, the power consumption model for DL PRS measurement provided by companies are all based on that for RRM measurement defined in TR38.840. The power consumption models in TR38.840 are based on a reference configuration of 100MHz BW, and it seems that no BWP switching power is considered in the power consumption model for RRM, and therefore is not included in that for DL PRS measurement and also SRS transmission.

	Xiaomi
	BWP switching power should be considered if initial BWP is 20MHz and the PRS bandwidth is 100MHz.
While for PRACH, it may be used for DL positioning measurement report and SRS requirement. Thus it also need to be considered.

	Samsung
	For a general scenario (e.g. baseline for evaluation), BWP switching and RACH procedure may not be needed. But it can be evaluated in an extreme case (e.g. for the UEs in bad SNR region). 

	LGE
	Considering the fact that the RRM measurement is a natural behaviour of UE under low SINR, we prefer that RRM also is included in the power consumption model.
Regarding BWP switching, we are on the same page with vivo and CMCC since reference signals for positioning can be configured outsize of initial BWP. 



4.4.2 Round 2 discussion
FL observations: Based on the inputs in the first round:
· Initial UL/DL BWP: All companies (6 companies) that provide inputs to Question 3-6 are supportive of Alt. 2, i.e., the inactive/idle operation with the initial DL/UL BWP of 20MHz;
· Intra-/Inter-frequency RRM: Most companies suggest not to consider the intra- and/or inter-frequency RRM. It is commented that as long as the SSB RSRP from serving cell is higher than a threshold, the RRM measurement can be bypassed. On the other hand, 3 companies (vivo, Samsung, LGE) propose to consider both intra- and inter-frequency RRM (vivo suggests to consider at least in low SINR condition).
· BWP switching: 4 companies (vivo, CMCC, xiaomi, LGE) think that BWP switching should be considered as the BW of DL PRS and UL SRS is 100MHz, which is outside of the 20MHz initial DL/UL BWP. 3 companies (HW/Hisilicon, Qualcomm, Samsung) suggest not to consider BWP switching in the baseline evaluation. 
· PRACH: 4 companies (vivo, Qualcomm, CMCC, LGE) suggest to consider PRACH (e.g., in RA-SDT, or cell access). As no power model is defined for PRACH in TR38.840, the proponents suggest to take 210 for simplicity. On contrary, 3 companies (HW/Hisilicon, xiaomi, Samsung) think that no PRACH should be included in the baseline evaluation. 
The following proposal is formulated as:
[Stable] Proposal 4.4-1 (I)
· Adopt the following power consumption model common for the baseline evaluation of Rel-17 RRC_INACTIVE state positioning.
	Power State
	Relative power

	PDCCH-only (PPDCCH)
	50Note

	PDCCH + PDSCH (PPDCCH+PDSCH)
	120

	SSB/CSI-RS proc. (PSSB)
	50

	UL
	250 (0 dBm)
700 (23 dBm)

	(Optional) PRACH
	[210]

	(Optional) BWP switching
	[50]

	(Optional) Intra-frequency RRM measurement (Pintra)
	[60] (synchronous case, N=8, measurement only; Pintra, meas-only)
[80] (combined search and measurement; Pintra, search+meas)

	(Optional) Inter-frequency RRM measurement (Pinter)
	[60] (measurement only per freq. layer; Pinter, meas-only)
[150] (neighbor cell search power per freq. layer; Pinter, search-only)
Micro sleep power assumed for switch in/out a freq. layer

	Note: Power scaling to 20MHz reception bandwidth follows the rule in Section 8.1.3 of TR 38.840, i.e., max{reference power * 0.4, 50}.



	Company
	Comments

	vivo
	Okay.


	Qualcomm
	Why is the “CSI-RS processing” added in the table above? We are not evaluating CSI-RS right? With the rest we are fine .

	Nokia/NSB
	We are generally okay. We think SSB/CSI-RS proc means SSB or CSI-RS but only SSB would be included in evaluation. 

	Intel
	OK

	Spreadtrum
	Support

	CMCC
	Support.

	Xiaomi
	Support and to clarify our view is ‘we support to consider PRACH’ in the first Round. 

	FL
	To Qualcomm: This fully copies and pastes from the agreement made in R17 power saving. As Nokia clarified, yes, it should mean the SSB or CSI-RS processing, and we don’t consider any CSI-RS processing in our evaluation. Remove “CSI-RS” for potential ambiguity.

	ZTE
	Support

	LGE
	We are generally okay. But, we prefer to add PUSCH/PUCCH for CG-SDT. If our understanding is right, RAN2 has not been reached agreement on which kind of SDTs is used for measurement report. For this, RA-SDT is considered in the above table, but for CG-SDT, it was not reflected.
· FL comment: My understanding is that PUSCH/PUCCH for CG-SDT is considered in the power state of “UL”. As in Table 18 of TR38.840, the characteristics of power state “UL” is said as “Long PUCCH or PUSCH”. Hope this clarifies your concerns.

	Huawei, HiSilicon
	We are fine with remove CSI-RS.
However, if CSI-RS is considered needed, companies could choose to use the same value of CSI-RS power as TR 38.840.
· FL comment: Yes, for sure.

	InterDigital
	OK

	Ericsson
	Ok   

	Samsung
	OK with the proposal. 



FL observations: Most companies that provide their inputs in the 2nd round are fine with proposal 4.4-1(II) (with a modification of removing “CSI-RS processing”); 1 company (LGE) commented to include PUCCH/PUSCH for CG-SDT, please refer to the FL’s comments above, I believe it is covered by the power state of UL, and hence should be no problem. I therefore marked it as stable for now, and put it into Section 7 for the email approval before the 1st checkpoint.


4.5 Power consumption model for DL positioning and DL part of DL+UL positioning
Background: In Clause 8.1.4 of TR 38.840, the UE power consumption model for RRM measurements including both intra-frequency and inter-frequency measurements are defined, based on the reference configuration and assumptions for RRM measurements. Tables 22 and 24 (Table # in TR 38.840) in the following define the slot-averaged power for intra-frequency RRM measurements. Synchronous case indicates that the actual SSB transmissions from cells are time-aligned; while asynchronous case indicates that actual SSB transmissions from cells are not time-aligned. Table 24 additionally counts the state power of neighbouring cell search to the state power in Table 22.
Table 22: UE power consumption for the RRM measurements
	N: Number of cells for intra-frequency measurement
	Synchronous case
	Asynchronous case

	
	FR1
	FR2
	FR1
	FR2

	N=8
	150
	225
	170
	285

	N=4
	120
	195
	140
	255



Table 24: UE power consumption of the combined neighbour cell measurements and cell search
	N: Number of cells for intra-frequency measurement & search
	Synchronous case
	Asynchronous case

	
	FR1
	FR2
	FR1
	FR2

	N=8
	200
	320
	220
	380

	N=4
	170
	290
	190
	350



From reviewing the contributions in this meeting, 6 companies (HW/Hisilicon, Nokia/NSB, vivo, CMCC, Qualcomm, Lenovo) provide views on the power consumption model for DL PRS measurement:
· DL PRS reference configuration (refer to Question 3-7a/b): In [3/Nokia, NSB], [5/vivo], [11/CMCC], and [14/Lenovo], assumptions on DL PRS configuration are discussed and provided. Specifically, in [5/vivo] and [11/CMCC], the DL PRS configuration are set to align with the reference configuration for RRM measurements as much as possible, so that the UE power consumption model for RRM measurements in TR 38.840 can be directly reused.
· Power consumption model for DL PRS measurement (refer to Question 3-8): In [2/HW, Hisilicon], [5/vivo], and [11/CMCC], it is proposed to reuse the UE power consumption model for RRM measurements in TR38.840, where [2/HW, Hisilicon] proposes to use Table 22 with N=4 for synchronous case, [5/vivo] proposes to use Table 22, and [11/CMCC] proposes to use Table 24 with N=8. In addition, [3/Nokia, NSB] propose to adopt 375 as the slot-averaged power for DL PRS measurement, and [17/Qualcomm] suggests a power range of [100, 200].
In addition, 4 companies (HW/Hisilicon, vivo, OPPO, Qualcomm) discuss the power components to be considered in the power consumption evaluation for the DL/DL+UL positioning and its characteristics/values (refer to Question 3-9).

4.5.1 Round 1 discussion
Question 3-7a
· Do you think that it is necessary to define a reference configuration and assumptions for DL PRS measurements in order to determine the UE power consumption model for DL PRS measurements? 
	Company
	Yes/No
	Comments

	vivo
	Yes
	The configuration for DL PRS within a slot can be as close as possible to the configuration of SSB in TR38.840, so that the relative power for SSB can be reused, e.g., number of symbols can be 8 which equal to SSB assumptions in TR38.840
For example, the below model can be suggested as UE power consumption for PRS measurements
UE power consumption for PRS measurements in inactive state (100MHz, FR1)
	N: Number of TRPs for intra-frequency measurement
	Synchronous case
	Asynchronous case

	N=8
	150
	170

	N=4
	120
	140




	Huawei, HiSilicon
	Yes
	We assume DL-PRS occupies a slot, and assume the power unit for the slot-level PRS processing.
The PRS processing latency could be assumed 20ms as Rel-17 latency evaluation with single-sample processing.

	CATT
	Yes
	

	Qualcomm
	No
	We believe that using 120 (FR1) and the corresponding for FR2(table 22, N=4) as a baseline relative power of PRS is a good starting point, no need to say that this corresponds to specific reference PRS config, since either way, these are very relative numbers. 

	CMCC
	Yes
	The power consumption model for RRM defined in TR38.840 is based on a reference configuration and assumption. To reuse the Table 22 or 24 in TR38.840, we should try to align the reference configuration of DL PRS with that of SSB.

	OPPO
	
	Agree with QC. We can directly define  the values of power consumption for PRS processing.

	Xiaomi
	
	We are not clear about the motivation to define a reference configuration and assumption for DL measurements. The definition of power consumption for PRS measurement and report is sufficient since it is not related to accuracy or latency.

	InterDigital
	Yes
	

	Samsung
	Yes
	Can refer to SSB for determining the power consumption. 

	Nokia/NSB
	Yes
	Since the power consumption associated with PRS measurement is a key factor in the overall relative power we should have a baseline. We assumed that it should be 1.5*SSB power since there are 50% more symbols in our assumption. 

	Spreadtrum
	Yes
	

	ZTE
	
	Agree with QC and OPPO. 

	LGE
	Yes
	Considering the fact that different power configuration model can be derived from different configurations or assumptions, we think defining a reference configuration and assumptions seems necessary.


Question 3-7b
· If the answer to Question 3-7a is yes, please provide your recommended parameters.
	Company
	Number of PFL
	Number of TRPs
	Number of resources per TRP
	Comb size
	Number of OS
	Number of repetitions

	vivo
	1
	8 or 4
	
	
	8
	

	Huawei, HiSilicon
	1
	<=4
	1
	6
	6
	1

	CATT
	1
	4
	
	
	
	1

	CMCC
	1
	4 or 8
	8
	4
	4
	1

	Samsung
	1
	4
	1
	6
	6
	1

	Nokia/NSB
	1
	6 (per slot)
	1
	6
	6
	4



Question 3-8
· Which of the following option do you prefer as the UE power consumption model (slot-averaged power) for DL PRS measurement?
· Option 1: Table 22 in TR 38.840;
· FFS: Number of TRPs (N), synchronous case and/or asynchronous case
· Option 2: Table 24 in TR 38.840;
· FFS: Number of TRPs (N), synchronous case and/or asynchronous case
· Option 3: 375;
· Option 4: In the range of [100, 200];
	Company
	Option
	Comments

	vivo
	Option 1
	

	Huawei, HiSilicon
	Option 1
	

	Qualcomm
	Option 4 or Option 1 (N=4)
	

	CMCC
	Option 2 or Option 1 
	

	Xiaomi
	Option 1
	

	InterDigital
	Option 1
		

	Samsung
	Option 1
	

	Nokia/NSB
	Option 3
	We arrived at this by assuming 6 TRPs’ PRS per slot and assuming it is 50% more symbols than SSB so 1.5*SSB. 

	Spreadtrum
	Option 1
	

	Sharp
	Option 1 or Option 2
	

	ZTE
	Option 1 or Option 2 
	

	LGE
	Option 1 
	



Question 3-9
· Please provide your views on which of the following power components should be considered in the power consumption evaluation for DL/DL+UL positioning, and corresponding characteristics. 
· Note that sleep types (including deep sleep, light sleep, and micro sleep) are discussed in Section 4.3, and not captured in the following table.
	Company
	Description of characteristics:
(1) Duration; (2) Periodicity; (3) Paging rate; (4) Others (please indicate)

	
	SSB
(1)(2)
	Paging
(1)(2)(3)
	BWP switching
(1)
	PRS
(1)
	Intra-freq. RRM
(1)(2)
	Inter-freq. RRM
(1)(2)
	CG-SDT
(1)(2)
	RA-SDT (1)(2)

	
	
	
	
	
	
	
	
	CORSET0+SIB1
	PRACH

	RAR
	Msg3
	Msg4
	Msg5

	example
	(1) 2ms;
(2) I-DRX cycle
	(1) 2ms;
(2) = I-DRX cycle
(3) 10%
	1ms
	4ms
	(1) 2ms;
(2) I-DRX cycle
	No
	(1) 1ms;
(2) 20.48s
	No
	No
	No
	No
	No
	No

	vivo
	(1)2ms
(2) I-DRX cycle

	(1)1ms for High SNR;
4ms for Low SINR
(2)I-DRX cycle
(3)10%
	1ms
	4ms
	(1)2ms
(2)I-DRX cycle
(4) can be not considered under high SINR;
	(1)5ms
(2)I-DRX cycle
(4) can be not considered under high SINR
	(1) 1ms
(2) I-DRX cycle
	(1) 1ms
(2) I-DRX cycle
	(1) 1ms
(2) I-DRX cycle
	(1) 1ms
(2) I-DRX cycle
	(1) 1ms
(2) I-DRX cycle
	(1) 1ms
(2) I-DRX cycle
	(1) 1ms
(2) I-DRX cycle

	Huawei, HiSilicon
	(1) 2ms
(2) Positioning cycle
	(1) 1ms
(2) 1.28s or 10.24s or no paging
(3) 0%
	Within a slot
	0.5ms
	(1) 2ms
(2) DRX cycle or no RRM
	No
	(1) 0.5ms
(2) poisitioning interval
	No
	No
	No
	No
	No
	No

	Qualcomm
	(1)2ms
(2) I-DRX cycle

	(1) 2ms;
(2) I-DRX cycle
(3) 10%
	
	0.5ms
	No RRM
	No
	See comment below
	No
	No
	No
	No
	No
	No

	CMCC
	(1) 2ms;
(2) I-DRX cycle
	(1) 2ms;
(2) = I-DRX cycle
(3) 10%
	1ms
	4ms
	No
	No
	(1) 1ms;
(2) 20.48s
	No
	No
	No
	No
	No
	No

	Samsung
	(1) 2ms;
(2) I-DRX cycle
	(1) 2ms;
(2) = I-DRX cycle
(3) 10%
	No
	4 ms
	(1) 2ms;
(2) I-DRX cycle
	(1) 5ms;
(2) I-DRX cycle
	(1) 1 ms;
(2) I-DRX cycle
	No
	No
	No
	No
	No
	No


· If with additional comments, please provide below:
	Company
	Comments

	vivo
	RRC release (equivalent to PDCCH+PDSCH, 1ms) can be considered after CG-SDT.

	Huawei, HiSilicon
	We believe that we should agree options for Rel-17 functionality and options for Rel-18 enhancements separately. For example, we consider paging is only for R17 as legacy or as baseline. 

	Qualcomm
	We filled in the table above assuming DL only methods. The DL+UL is included once in the 4.6. It is unclear why the DL+UL is twice in both Sections 4.5 and 4.6. 
For UE-based DL methods, when the consumer of the location is the device, then there is no need of an UL channel. The device may be doing the tracking locally, and reporting back sporadically or when there is an alert (e.g. outside of a specific area). In other words, CG-SDT would not be needed to be included in that case. 
For UE-assisted, we are OK with CG-SDT of: (1) 0.5ms (2) positioning interval


	CMCC
	For UE-based DL positioning, no UL transmissions is required in the evaluation.
For UE-assisted DL/DL+UL positioning, to simplify the evaluation, CG-SDT can be used in the evaluation.

	FL
	Reply to Qualcomm: My intention of section 4.5 and section 4.6 is trying to align companies understanding on which power consumption components are included in DL, UL and DL+UL positioning methods and for UE-based and UE-assisted positioning solutions. As for DL+UL positioning, I think it can be treated as a combination of UE-assisted DL positioning and UL positioning. Therefore, to simplify the discussion, we use section 4.5 to discuss the power consumption components for both (UE-based and UE-assisted) DL positioning and the DL part of the UE-assisted DL + UL positioning, and section 4.6 to discuss the power consumption components for both UL-positioning and the UL part of the DL+UL positioning

	LGE
	Regarding CG-SDT, in addition to vivo’s comments, we think both PDSCH (for response) and PUCCH (for HARQ-ACK) also should be considered.



4.5.2 Round 2 discussion
FL observations to Question 3-7/3-8: Based on the comments to Question 3-7a/b, companies shared diverse views on whether reference configuration and assumption on DL PRS is required to define the power consumption model of DL PRS measurement:
· Support: vivo, HW/Hisilicon, CATT, CMCC, InterDigital, Samsung, Nokia/NSB, Spreadtrum, LGE (9 companies). The main reason to define a reference configuration and assumption on DL PRS is that, the power consumption model for DL PRS measurement can be derived based on the power consumption model for intra-frequency RRM measurement in TR38.840, which are defined based on a reference configuration and assumption for RRM measurements.
· Not support: Qualcomm, OPPO, xiaomi, ZTE (4 companies). It is commented that no need to discuss a reference configuration to develop the power consumption model for DL PRS measurement.
A few companies provide their preference on the reference configuration for DL PRS, though diverse in particular values, I noticed that the rationale behind is trying to align/scale the PRS configurations with respect to the reference configuration for RRM measurements in TR 38.840.
Regarding the comments on Question 3-8 of the power consumption model for DL PRS measurement, most companies prefer to take Option 1 (i.e., reuse Table 22 in TR 38.840).
In my views, some consensus on reference configuration for DL PRS should be reached, and to align with the reference configuration for RRM in TR38,840 as much as possible; otherwise, it is not reasonable to directly reuse the power consumption model for RRM measurement in TR38.840.
[High] Proposal 4.5-1 (I)
· Adopt the following reference configuration and assumption for DL PRS to define the power consumption model for DL PRS measurement:
· 1 Number of PFL;
· 2 DL PRS resources per slot are measured;
· DL PRS resource pattern of comb 4 and 4 OS.
· Adopt the following table as the power consumption model for DL PRS measurement (derived from Table 22 in TR38.840):
	N: Number of cells for intra-frequency 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



	Company
	Comments

	vivo
	OK

	OPPO
	We can follow majority views 

	Qualcomm
	We agree with the “1 Number of PFL”, but not with the following 2 bullets:
· 2 DL PRS resources per slot are measured;
· DL PRS resource pattern of comb 4 and 4 OS.
Its unclear why a UE, if it wakes up in a slot, it should measure 2 only PRS resources. If the UE wakes up, for this LPHAP scenario, all the PRS resources should be measured within the same slot. So, a slot could fit 14 orthogonal resources if we have comb-2/2-symbols. Saying only 2 PRS resources per slot, will result in making the duration of DL-PRS unnecessarily large, which is bad and not useful for Low Power positioning. 
If we want to agree on a reference pattern for PRS, it should be on the duration of the PRS instance, which should not be larger than 1 slot (already supported in the spec, and the most power-saving mode). Not sure why it matters what is the comb pattern, in the type of power modelling we are doing. So we suggest to change this to:
·  Adopt the following reference configuration and assumption for DL PRS to define the power consumption model for DL PRS measurement:
· 1 Number of PFL;
· DL PRS instance of smaller or equal than 1 slot duration;
· FL comment: Thanks for the comments. Regarding the 2nd bullet here, basically I’m fine with the assumption that we can define a DL PRS instance of <= 1 slot duration. What I’m not quite sure is whether it should be defined as the reference configuration, or defined by Proposal 4.5-2 (where the DL PRS measurement and its duration is discussed). I think either way is fine, I added this bullet in the updated proposal, and let’s hear companies’ views.


	Nokia/NSB
	We are generally okay but the second sub-bullet needs clarification. We suggest that 

2 DL PRS resources per slot are measured per TRP

	CMCC
	Support.
To Qualcomm: In our understanding, the logical here is that, we want to reuse the power consumption model for RRM measurement in TR38.840 (e.g., Table 22) as the power consumption model for DL PRS measurement, as the power consumption model for RRM measurement is defined based on reference configuration for RRM, we need try to align the configuration of DL PRS so that the model in TR38.840 is used reasonably.
For the reference configuration for RRM measurement, it is assumed that two SSBs per slot are measured (for 1 SSB, it occupies 4 OFDM symbols I guess). Also, for Table 22 in TR38.840, the number of cells that are measured is either 4 or 8. Then, for the DL PRS configuration, we can first assume that 2 DL PRS resources per slot are measured (corresponding to 2 SSBs per slot), for each DL PRS resources, we assume its pattern is comb 4 with 4 OFDM symbols (corresponding to one SSB occasion), as comb 4 is used, 4 TRPs can be multiplexed together (corresponding to the case when 4 cells are measured at Table 22). 

	Xiaomi
	Thanks for CMCC’s explanation, we understand that there will be two PRS resource in one slot. And for each resource, there are 4 multiplexed DL PRS from different TRPs. If 1 PRS for each TRP in one slot, 8 TRPs can be measured in one slot. Else, 4 TRPs can be measured in one slot. 
We can support this proposal.


	ZTE
	We are OK with the proposal. 

	LGE
	Support if majorities are okay.

	Huawei, HiSilicon
	Can we agree that in general 8 PRS resources will be measured within a slot?

	Ericsson
	For the number of PRSs, we agree with qualcomm that the UE should maximize measurements per awake cycles.  Full Comb 4 patterns allocation in a slot should fit 12 PRSs. Depending on the considered number of TRPs in the deployment, more than 1 slot will be needed in the measurement time. 
· FL comment: I think what matters here is trying to align the DL PRS configuration with that in TR38.840 for RRM measurement, so that a power consumption model for DL PRS measurement can be defined to evaluate power consumption. I agree with you that in a typical deployment, say IIoT, 18 TRPs are surrounded, but anyway the UE is not required to measure all the TRPs, which is also subjected by the UE capability. The DL PRS instance with a duration up to 1 slot proposed by QC, which are also supported by many companies (see discussion under Proposal 4.5-2), can be adopted as the baseline.

	Samsung
	OK with the proposal. 



FL observations to Question 3-9: A few companies provide their views on the power components and corresponding parameter values required for the baseline evaluation of DL positioning, which is also applicable for the DL part of DL+UL positioning. My intention is trying to align companies’ understanding on the power components and the related parameters, so that the evaluation results as well as the observations to be captured in the TR can be better aligned. 
Based on the inputs so far, the following proposal is formatted:
[Medium] Proposal 4.5-2 (I)
· 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 paging rate of 10%;
· BWP switching with [1] ms duration;
· DL PRS measurement with [0.5] ms duration;
· CG-SDT with 1ms duration and the periodicity of positioning interval;
· 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 paging rate of 10%;
· BWP switching with [1] ms duration;
· DL PRS measurement with [0.5] 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.
	Company
	Comments

	vivo
	For CG-SDT, we think RRC release (equivalent to PDCCH+PDSCH, 1ms) should be considered after CG-SDT, so that UE can still remain in Inactive state.
Intra/inter-frequency RRM should be considered when SINR is low, maybe we can take it as an optional component.
For RA-SDT, it can also be considered as an optional power component when UE need to perform positioning report, e.g., when CG-SDT is not available under some conditions.

	Qualcomm
	We don’t think that RRM is needed to be included. 
With regards to BWP switching, our understanding Is that in the above proposal BWP switching is still “Optional”, since it is included as such in Section 4.2. Is that the understanding? 

	Nokia/NSB
	We would like to suggest discussing proposal 4.4.-1 first.

	CMCC
	Support

	FL
	To Qualcomm: Regarding “BWP switching”, yes, it is still optional as proposed in Section 4.2.

	Huawei, HiSilicon
	Regarding BWP switching, maybe a better approach could be like this.
· BWP switching with [1] ms duration if modelled;

	Samsung
	Support. We are ok RRM as optional. 



4.5.3 Round 3 discussion
FL observations on Proposal 4.5-1 (I): Based on the comments, the divergence is mainly on the reference configuration of DL PRS measurement. Up to 7 companies are fine with the proposal, other than that:
· 1 company (Qualcomm) comments that not sure why particular DL PRS resources per slot and particular DL PRS pattern should be defined, and suggest to consider DL PRS duration in the reference configuration;
· 1 company (Nokia/NSB) asks clarifications on “2 DL PRS resources per slot are measured”;
· 1 company (HW/Hisilicon) suggests to simply say that 8 PRS resources per slot are measured;
· 1 company (Ericsson) raises a point that considering 18 TRPs in the deployment, with comb 4 pattern, more than 1 slot is required in a measurement time.
I then updated the proposal based on the comments:

[High] Proposal 4.5-1 (II)
· 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 cellsTRP for intra-frequencyDL 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



	Company
	Comments

	vivo
	One comment: in the table, maybe we can change ‘N: Number of cells for intra-frequency measurement’ to ‘N: Number of cells for PRS measurement in a positioning frequency layer’, since there is no concept of 'intra/inter-frequency measurement' for positioning.
Another comment, what means” DL PRS instance of smaller than or equal to 1 slot duration”? it means UE only can perform DL measurement within a slot for a period? if it is, it may be too stringent for positioning measurement considering the RTD and PRS reception from neighbour cell. We think it is more reasonable for the length of PRS to be consistent with SSB or paging, e.g. 2ms

	FL
	To vivo: Thanks for checking. Maybe cells -> TRPs is more appropriate, and seems that everyone is fine with 1 PFL as reference configuration of DL PRS, I just simply say “N: Number of TRP for DL PRS measurement”.
Regarding the meaning of “DL PRS instance of smaller than or equal to 1 slot duration”, this is a comment raised by Qualcomm, and to my understanding, yes, it means that the DL PRS that measured is within a slot for each periodicity. From my side, in the reference configuration and assumption for RRM measurement in TR 38840, the SMTC duration of 2ms (for intra-freq. RRM) and 5ms (for inter-freq. RRM) are provided, I think it is reasonable to include the duration of a DL PRS instance. In addition, for the duration to be within 1 slot (0.5ms) or 2ms proposed by vivo, I am personally open. Note that back in the study item phase of Rel-17 positioning, if I remembered correctly, many companies, when providing their evaluation results on positioning accuracy, considered DL PRS configuration within 1 slot, and it seems no harm to the accuracy performance. Considering that we propose to use the synchronous case as baseline in our evaluation, and therefore we may not need to worry about the RTD between different TRPs. In this sense, there seems to be no problem assuming DL PRS instance within 1 slot. But anyway, either is fine. Let’s hear more views!

	Huawei, HiSilicon
	We think that for IIoT use case for LPHAP, there shouldn’t be such need to have PRS occasion more than a slot, which is why we think 0.5ms/1 slot should be considered as the baseline.

In this sense, we support the proposal.

	Samsung
	We are ok with the proposal. 

	Qualcomm
	We still think that anything longer than a slot is not really needed for LPHAP. So we prefer the current proposal. 

	CMCC
	Support

	ZTE
	Support

	Sharp
	Support

	LGE
	Support. 

	Xiaomi
	We want to clarify that, based on 8 DL PRS resources per slot, if N=4, i.e., 2 DL PRS resource per TRP, the power consumption value can refer to the first row of Table 22; if N =8, i.e., 1 DL PRS per TRP, the power consumption value will refer to the second row of Table 22. Does it mean that with same number of PRS sequence (i.e., 2*4 or 1*8), the power consumption value is different?

	Spreadtrum
	Support.

	OPPO
	Support



FL observations on Proposal 4.5-2 (I): Note that the inputs on Proposal 4.6.2 are limited (I guess, as also commented by Nokia/NSB, companies may prefer to discuss Proposal 4.4-1 first), based on which the following comments are received:
· 1 company (vivo) suggests to include RRCRelease after CG-SDT so that a UEs maintains in RRC_INACTIVE state;
· 1 company (vivo) suggests to consider RA-SDT if CG-SDT is unavailable;
· 2 companies (Qualcomm, HW/Hisilicon) shared clarification questions/modifications on BWP switching;
· 3 companies (vivo, Qualcomm, Samsung) comment on intra-/inter-frequency RRM is required or not;
Based on the comments received in the 2nd round, companies are confused whether BWP switching, RRM measurements, RA-SDT, etc. are included or not. As it is somehow related to Proposal 4.4-1, which is quite stable for now, to avoid further ambiguity, I revised the proposal to include these power components, but explicitly marked them as optional.
[Medium] Proposal 4.5-2 (II)
· 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 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 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.
	Company
	Comments

	vivo
	From our point of view, intra/inter-frequency RRM measurement is independent of UE-assisted or UE-based DL positioning, it may also be included in UE-based DL positioning optionally. In addition, we think it is more reasonable for the length of PRS to be consistent with SSB or paging, e.g. 2ms, especially considering neighbour cell PRS reception.


	FL
	To vivo: Thanks for checking. Sorry I mixed it, added above.
Regarding the duration of DL PRS, I guess we can either discuss it in Proposal 4.5-1(II), or here in Proposal 4.5-2(II). Please refer to my response under Proposal 4.5-1 (II), either 0.5ms or 2ms is fine from my side. Let’s hear more views from other companies. If we cannot reach a consensus in the end, maybe we can simply add a bracket on it and let individual company determine the value they prefer.

	Huawei, HiSilicon
	Although we list the power consumption events, we assume the timeline between those events and corresponding sleep mode in between should be considered by each company. For example, we may not expect CG is right after PRS, the RRCRelease is right after CG-SDT initial transmission or message-3/message-A initial transmission given gNB processing latency on higher signalling.

We are not against having RRCRelease considered as optional step during the measurement reporting procedure, but if that is to be considered, the following aspect may also need to be taken into account:
RRCRelease message is via to SRB1 with RLC AM mapped to the DCCH channel, and even if gNB receive HARQ-ACK from UE addressed to DL-SCH (PDSCH), from UE side, an additional RLC ACK payload needs to be transported over UL-SCH (PUSCH) to the gNB.

	Qualcomm
	OK

	CMCC
	Support

	ZTE
	Support

	Sharp
	OK

	LGE
	We are generally fine with the current version But, we have a just small comment about the ‘paging rate’ in both scenarios. In 38.840, there are two types of paging rate. The one is ‘Group paging rate’, the other is ‘paging rate’. We think that the ‘paging rate’ here refers to ‘Group paging rate’. If our understanding is right, we prefer to modify the ‘paging rate’ as ‘Group paging rate’.
In addition, we have a concern about SSB processing for clarification. Actually, the number of SSBs measured by UE would vary depending on the SINR. For example, UE normally expects to monitor SSB for purposes such as AGC, T/F sync, measurement, etc. before receiving the paging. Under the low SINR, three SSBs that need to be measured are generally assumed in power consumption anaylsis. For high SINR, on the other hand, only one SSB is assumed. However, only a single value of 2ms is currently assumed for SSB processing in this proposal. We think that the SSB proc. is the crucial factor for power consumption evaluation. So, we prefer to discuss it more carefully.





4.5.4 Round 4 discussion
FL observations on Proposal 4.5-I (II): Based on the comments, most companies are fine with the current proposal. Meanwhile, 1 company (vivo) still has concerns on the duration of the DL PRS instance, and proposes to adopt 2ms. According to the feedbacks/clarifications by HW/Hisilicon and Qualcomm, it seems not really needed to consider a duration longer than 1 slot for LPHAP power consumption evaluation. In addition, 1 company (Xiaomi) raises a comment for clarification.
@Xiaomi: Yes, the two different configurations can refer to different rows in the Table. Please note that we set synchronous case with N = 4 for FR1 as the baseline, so I believe it is clear that for the baseline evaluation, N=4 will be used, and if N=8 is interested by individual company, they can optionally provide corresponding evaluation results. Hope this clarifies.
Let’s continue the discussion on this proposal (no updates), and see if companies with concerns can live with it.

[High] Proposal 4.5-1 (III)
· 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



	Company
	Comments

	InterDigital
	Support

	Ericsson
	OK

	vivo
	Support

	Samsung
	OK with the proposal. 

	MTK
	ok

	Qualcomm
	OK

	Sharp
	OK




FL observations on Proposal 4.5-2 (II): It seems that most companies are fine with the proposal. Meanwhile, 1 company (HW/Hisilicon) suggests to consider a timeline between different power consumption events, and 1 company (LGE) has comments on the terminology “paging rate” and considering different SSB bursts under different SINR conditions:
@HW/Hisilicon: Thanks for the comments. Indeed, specific timeline between different power consumption events should be considered. To my understanding, as we are discussing the power consumption events with the corresponding duration/periodicity that are required in the baseline evaluation, together with the evaluation assumptions in other agreements/proposals, there won’t be too much difference on the timeline between power consumption events. However, I think what really matters is when we are discussing potential enhancements to meet the target requirement, the most critical thing is that we may need to work out/align some timeline between power consumption events, to reduce the transition times between different power states (e.g., making a UE to wake up and perform what it needs to do such as monitoring/reception/transmission at a time) and to extend the sleeping time as much as possible. Then, we can safely conclude that under what assumptions of potential solutions, the target requirement can be met at the end of the study item. Hence, I added a note in the updated proposal (both in Proposal 4.5-2 and Proposal 4.6-2) to encourage companies to provide their assumptions on the timeline between different power consumption events in the potential enhancements.
@LGE: Regarding the terminology, by checking the TR38.840, yes, the paging rate = 10% here is in fact the group paging rate. I modified the terminology in the updated proposal to align with TR 38.840. Thanks for checking! Furthermore, regarding your comment on considering different SSB bursts (in your comment, it says “SSB”, to my understanding, I guess you actually mean “SSB burst”, each lasts 2ms) under different SINR conditions, I admit that for low SINR condition, more SSB burst may be considered; however, as in the note, I explicitly mention that individual company may consider additional power components in the evaluation, if you are interested in evaluating low SINR condition, then considering more SSB bursts is not precluded at all. Note that as we are focusing on the LPHAP use case 6, which is related to a typical IIoT scenario, I think (which is also fine with most companies) that to use one SSB burst as the baseline would be reasonable.
Based on the comments, I then update the proposal as:

[High] Proposal 4.5-2 (III)
· 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.
	Company
	Comments

	vivo
	OK

	Samsung
	OK with the proposal. 

	MTK
	ok

	Qualcomm
	OK





4.6 Power consumption model for UL positioning and UL part of DL+UL positioning
From reviewing the contributions in this meeting, 5 companies (HW/Hisilicon, Nokia/NSB, vivo, CMCC, Qualcomm) provide views on the power consumption model for UL SRS pos transmission:
· UL SRS pos reference configuration (refer to Question 3-10a/b): In [3/Nokia, NSB], [5/vivo], [11/CMCC], and [17/Qualcomm], assumptions on UL SRS pos configuration are discussed and provided. In [17/Qualcomm], a long SRS (e.g. 12-symbol SRS) and a short SRS (e.g., 1~2 symbols) are considered in the evaluation.
· Power consumption model for UL SRS pos transmission (refer to Question 3-11): In [2/HW, Hisilicon], [5/vivo], and [11/CMCC], it is proposed to reuse the scaling scheme defined in TR 38.840, i.e., SRS Tx = 0.3 UL power. The 0.3 * uplink power of 700 (23dBm) = 210 is adopted as the power unit for SRS transmission considering the link budget limit of UL transmissions. In [17/Qualcomm], the power consumption model for long and short SRS is separately defined. A long SRS (e.g. 12-symbol SRS) should be associated with a power unit similar to that of PUSCH (power unit of 700), whereas a short SRS (e.g., 1-2 symbols) could be associated with a cost of 210 (0.3*700=210). In [3/Nokia, NSB], a power unit of 420 is proposed.
In addition, 4 companies (HW/Hisilicon, vivo, OPPO, Qualcomm) discuss the power components to be considered in the power consumption evaluation for the UL/DL+UL positioning and its characteristics/values (refer to Question 3-12).

4.6.1 Round 1 discussion
Question 3-10a
· Do you think that it is necessary to define a reference configuration and assumptions for UL SRS pos transmission in order to determine the UE power consumption model for UL SRS transmission? 
	Company
	Yes/No
	Comments

	vivo
	No
	The relative power for SRS is included in TR38.840 regardless of the configuration of SRS.


	Huawei, HiSilicon
	No
	We assume that single slot SRS transmission with 23dBm is sufficient.

	CATT
	No
	

	Qualcomm
	No
	We can directly try to agree on the relative power per slot. 

	CMCC
	No
	

	OPPO
	No
	Agree with QC

	Xiaomi
	No 
	

	Samsung
	No
	Already in TR 38.840

	Nokia/NSB
	See comments
	We are okay to directly agree on the relative power per slot if companies prefer that. Some baseline SRS configuration can be implicitly assumed to come up with the relative power per slot. 

	Spreadtrum
	No
	

	Sharp
	No
	

	ZTE
	No
	

	LGE
	No
	


Question 3-10b
· If the answer to Question 3-10a is yes, please provide your recommended parameters.
	Company
	Comb size
	Number of OS
	Number of resources

	
	
	
	

	
	
	
	



Question 3-11
· Which of the following option do you prefer as the UE power consumption model (slot-averaged power) for UL SRS pos transmission?
· Option 1: 210;
· Option 2: 700;
· Option 3: 420;
	Company
	Option
	Comments

	vivo
	Option 1
	Based on TR38.840, we can assume that SRS transmission power is equal to 210 (700(23dBm)*0.3) power units.
	Power State
	Characteristics
	Relative Power

	
	
	FR1

	UL
	SRS
	210(23dBm)




	Huawei, HiSilicon
	1
	Already adopted in TR 38.840 for 23dBm Tx power.

	CATT
	Option 1
	

	Qualcomm
	Both Option 1 & 2
	SRS is more likely to be power limited than DL-PRS. We think that both Option 1 and 2 should be evaluated. 

	CMCC
	Option 1
	

	OPPO
	Option 1
	

	Xiaomi
	Option 1
	

	InterDigital
	Option 1
	We are also open to considering using Option 1 or Option 2 based on whether long/short SRS is used

	Samsung 
	Option 1
	Already in TR 38.840

	Nokia/NSB
	Option 3
	Our understanding is that TR 38.840 is assuming 2 symbol SRS. Are companies supporting option 1 assuming that 2 symbol SRS is sufficient for positioning? 
· FL comment: Frankly speaking, I’m not sure whether an implicit assumption of 2 symbol SRS is used in TR38.840 for scaling the SRS power as 0.3*UL. If Nokia/NSB has concern on this may not be sufficient for positioning accuracy, we also consider a long SRS whose relative power is equivalent to UL Tx.

	Spreadtrum
	Option 1
	

	Sharp
	Option 1
	

	ZTE
	Option 1
	Based on TR 38.840, SRS power = 0.3 x uplink power(700 for 23dBm)

	LGE
	Option 1
	



Question 3-12
· Please provide your views on which of the following power components should be considered in the power consumption evaluation for UL/DL+UL positioning, and corresponding characteristics. 
· Note that sleep types (including deep sleep, light sleep, and micro sleep) are discussed in Section 4.3, and not captured in the following table.
	Company
	Description of characteristics:
(1) Duration; (2) Periodicity; (3) Paging rate;

	
	SSB
(1)(2)
	Paging
(1)(2)(3)
	BWP switching
(1)
	SRS
(1)
	Intra-freq RRM
(1)(2)
	Inter-freq RRM
(1)(2)
	CG-SDT
(1)(2)
	RA-SDT (1)(2)

	
	
	
	
	
	
	
	
	CORSET0+SIB1
	PRACH

	RAR
	Msg3
	Msg4
	Msg5

	example
	(1) 2ms;
(2) I-DRX cycle
	(1) 2ms;
(2) = I-DRX cycle
(3) 10%
	1ms
	0.5ms
	(1) 2ms;
(2) I-DRX cycle
	No
	No
	No
	No
	No
	No
	No
	No

	vivo
	(1)2ms
(2) I-DRX cycle

	(1)1ms for High SNR;
4ms for Low SINR
(2)I-DRX cycle
(3)10%
	1ms
	1ms
	(1)2ms
(2)I-DRX cycle
(4) can be not considered under high SINR;
	(1)5ms
(2)I-DRX cycle
(4) can be not considered under high SINR
	No
	No
	No
	No
	No
	No
	No

	Huawei, HiSilicon
	(1) 2ms
(2) Positioning cycle
	(1) 1ms
(2) 1.28s or 10.24s or no paging
(3) 0%
	Within a slot
	0.5ms
	(1) 2ms
(2) DRX cycle or no RRM
	No
	No
	No
	No
	No
	No
	No
	No

	Qualcomm
	(1)2ms
(2) max(I-DRX cycle, SRS periodicity)

	(1) 2ms;
(2) I-DRX cycle
(3) 10%
	
	0.5 ms
	No RRM
	No
	No
	(1) 1ms
(2) I-DRX cycle
	(1) 1ms
(2) I-DRX cycle
	(1) 1ms
(2) I-DRX cycle
	(1) 1ms
(2) I-DRX cycle
	(1) 1ms
(2) I-DRX cycle
	(1) 1ms
(2) I-DRX cycle

	CMCC
	(1) 2ms;
(2) I-DRX cycle
	(1) 2ms;
(2) = I-DRX cycle
(3) 10%
	1ms
	0.5ms
	No
	No
	No
	No
	No
	No
	No
	No
	No

	Samsung
	(1) 2ms;
(2) I-DRX cycle
	(1) 1ms;
(2) = I-DRX cycle
(3) 10%
	No
	0.5ms
	(1) 2ms;
(2) I-DRX cycle
	No
	No
	No
	No
	No
	No
	No
	No

	Nokia/NSB
	(1) 2 ms
(2) I-DRX cycle
	(1) 2 ms
(2) I-DRX cycle
(3) 0%
	
	2 ms
	No
	(1) 5 ms
(2) I-DRX cycle
(4) additional 2 ms switching time
	No
	No
	No
	No
	No
	No
	No


· If with additional comments, please provide below:
	Company
	Comments

	Huawei, HiSilicon
	We believe that we should agree options for Rel-17 functionality and options for Rel-18 enhancements separately. For example, we consider paging is only for R17 as legacy or as baseline.

	Qualcomm
	Unclear why there is “DL+UL” again. What is the difference from the “DL+UL” of Section 4.5? 

With regards to the SSB periodicity, for SRS, a UE shall be needed to do power control, and monitor an SSB at least before each SRS instance. So the periodicity of SSB measurements will be the maximum(I-DRX, SRS periodicity). 

	FL
	Reply to Qualcomm: Please refer to my response under Question 3-9 for your question.

	LGE
	We prefer to split the issue into DL / UL / DL+UL respectively. 
· FL comment: I add a note in the updated proposal to say that the power components for DL positioning is also applicable to the DL part of DL+UL positioning. Similar note is under the proposal for UL positioning. Please further check if it is acceptable.




4.6.2 Round 2 discussion
FL observations to Question 3-10/3-11: All companies are fine to define the power consumption model of UL SRS for positioning transmission regardless of the reference configuration, as no such reference configuration of SRS is considered in TR38.840. 1 company (Nokia) is open to have some implicitly assumed baseline SRS configuration. In addition, most companies agree to adopt 0.3*UL power, which is 210, as the relative power of the slot-average power of the UL SRS pos transmission. 1 company (Qualcomm) suggests to consider 700 on top of 210 in consideration of link budget of UL SRS pos. 1 company (Nokia/NSB) prefers Option 3 due to the concern that a short SRS may not be sufficient for positioning, please refer to my comments under Question 3-11.
Based on the inputs from the first round, the following proposal is formulated:
[Stable] Proposal 4.6-1 (I)
· Adopt the following power consumption model for UL SRS for positioning transmission.
	Power State
	Relative power

	SRS
	210 (baseline);
700 (optional)



	Company
	Comments

	vivo
	Okay

	OPPO
	Support

	Qualcomm
	OK

	Intel
	OK

	Spreadtrum
	Support

	CMCC
	Support.

	Sharp
	Support

	Xiaomi
	Support 

	ZTE
	Support

	LGE
	Okay

	Huawei, HiSilicon
	Support

	InterDigital
	OK

	Ericsson
	Ok   	

	Samsung
	Support



FL observations: All companies that provide their inputs in the 2nd round are supportive of proposal 4.6-1(I), I therefore marked it as stable for now, and put it into Section 7 for the email approval before the 1st checkpoint.



FL observations to Question 3-12: A few companies provide their views on the power components and corresponding parameter values required for the baseline evaluation of UL positioning, which is also applicable for the UL part of DL+UL positioning. My intention is trying to align companies’ understanding on the power components and the related parameters, so that the evaluation results as well as the observations to be captured in the TR can be better aligned. 
Based on the inputs so far, the following proposal is formatted:
[Medium] Proposal 4.6-2 (I)
· 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 paging rate of 10%;
· BWP switching with [1] ms duration;
· UL SRS for positioning transmission with 0.5 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.
	Company
	Comments

	vivo
	Regarding intra/inter-frequency RRM, we have the same view as Proposal 4.5-2, maybe we can take it as an optional component.

	CMCC
	Support.

	Huawei, HiSilicon
	The same handling as DL on BWP switching, add “if modelled ”

	Samsung 
	Support. We are ok with RRM as optional. 

	LGE
	We have a similar view to our comment in the proposal 4.5.2.



4.6.3 Round 3 discussion
FL observations on Proposal 4.6-2 (I): The inputs are similar to that for Proposal 4.5-2, and the proposal is updated accordingly:

[Medium] Proposal 4.6-2 (II)
· 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.
	Company
	Comments

	vivo
	Generally fine. From our point of view, intra/inter-frequency RRM measurement is independent of DL or UL positioning, it may also be included in UL positioning optionally.

	FL
	To vivo: Thanks for checking. Added above!

	Huawei, HiSilicon
	OK in general. 

The same comments as 4.5.3: Although we list the power consumption events, we assume the timeline between those events and corresponding sleep mode in between should be considered by each company.

	Samsung
	We are ok with the proposal. 

	Qualcomm
	OK

	CMCC
	Support

	ZTE
	Support

	Sharp
	OK

	Xiaomi
	Support 

	Spreadtrum
	Support.




4.6.4 Round 4 discussion
FL observations: Similar comments with Proposal 4.5-2 are received on Proposal 4.6-2, and I then update the proposal accordingly as:

[High] Proposal 4.6-2 (III)
· 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.
	Company
	Comments

	InterDigital
	OK

	Ericsson
	OK

	vivo
	OK

	Samsung
	OK with the proposal. 

	MTK
	ok

	Qualcomm
	OK

	Sharp
	OK





Potential enhancements
In this section, the potential enhancements on positioning in RRC_INACTIVE and/or RRC_IDLE states are summarized.
5.1 DL Positioning in RRC_IDLE state
From reviewing the contributions in this meeting, 7 companies (CATT, vivo, Samsung, InterDigital, CMCC, Ericsson, Qualcomm) provide views on the study of DL positioning in RRC_IDLE state.
· It is stated in [8/Samsung] that, the potential enhancements on LPHAP is limited to RRC_INACTIVE and/or RRC_IDLE state, which is a RAN2-led objective, therefore, RAN1 should wait for RAN2’s clarification on whether positioning in RRC_IDLE is within the scope of LPHAP.
· 4 companies (vivo, CMCC, Ericsson, Qualcomm) propose that at least DL PRS measurement in RRC_IDLE state should be supported. Furthermore, 2 companies (CATT, InterDigital) suggest to study whether/how to support measurements/location estimates reporting in RRC_IDLE states.
FL comments: In Rel-17 SI, the following agreements were achieved in RAN1#103-e meeting. RAN1 understands that the DL PRS measurement is feasible in RRC_IDLE state; while whether to support the measurements/location estimates reporting in RRC_IDLE states should be up to RAN2. It is noted that uplink data transmission in UL SDT is only supported for UEs in RRC_INACTIVE states in Rel-17, RAN2 should check whether UL SDT in RRC_IDLE state is feasible. 
	Agreement:
Capture the following in the TR:
From a physical layer perspective, it is feasible for a UE to perform DL positioning measurement in RRC_IDLE state.
· Note: This does not imply that measurements have to be reported in RRC_IDLE state.
Conclusion:
It is up to RAN2 to decide whether to support the enhancements of NR positioning reporting of DL positioning measurements and/or positioning estimates for RRC_IDLE Ues.



5.1.1 Round 1 discussion
[Low] Proposal 4-1 (I)
· Support of DL positioning measurements in RRC_IDLE state.
· Send a LS to RAN2 and ask response for whether to support DL positioning measurements and/or location estimates reporting in RRC_IDLE states.
	Company
	Comments

	vivo
	OK

	Huawei, HiSilicon
	Ok with the first bullet with the assumption that the measurement is reported in RRC connected state. 

	Qualcomm
	We support the first bullet, but unclear if we need to send an LS. 

	CMCC
	Support

	OPPO
	Ok

	Xiaomi
	Ok 

	InterDigital
	OK with FL’s proposal

	Samsung
	We want to clarify the proposal. 
· The first bullet is trying to say RAN1 support DL positioning measurements in IDLE mode or trying to say it’s feasible to support DL positioning measurements in IDLE mode? We are ok to claim it’s feasible from RAN1 perspective, but not ok to support it. 
· We are ok with the second bullet.

	Lenovo
	Ok with the first bullet. The wording in the second bullet is a bit ambiguous and could be improved so that it is clear that only the reporting is concerned, e.g. "… whether to support a report in RRC_IDLE state of DL positioning measurements and/or location estimates."

	Nokia/NSB
	Should this say “DL positioning measurements in RRC_IDLE state should be supported”?

	Ericsson
	Ok with first bullet. Since RAN1 is in charge of 38.215, we don’t think an LS is needed. 

	NTT DOCOMO
	Support

	Spreadtrum
	Support.

	Sharp
	OK

	ZTE
	Support

	LGE
	We think whether to support positioning measurements in idle state is totally up to RAN2, not a RAN1. So, we prefer to leave the issue to RAN2. If majorities are okay,we are only supportive of UE-based only. In case of UL-assisted, it is not easy to discuss how to transfer LPP message from UE such as report measurement.




5.2 Enhancements on SRS configuration
Background: In Rel-17 positioning, UL SRS for positioning transmissions in RRC_INACTIVE states was specified. The UE keeps using the SRS configuration obtained via RRCRelease unless validity criteria fails (e.g., upon cell re-selection, TA invalidation, etc.).

Based on the submitted contributions in this meeting, 8 companies (Nokia/NSB, CATT, vivo, ZTE, xiaomi, InterDigital, CMCC, Qualcomm) discuss the enhancements on SRS configuration for positioning in RRC_INACTIVE and/or RRC_IDLE states.
· UE mobility support for SRS transmission: 6 companies (Nokia/NSB, CATT, vivo, ZTE, xiaomi, CMCC) propose the UE mobility support for SRS transmission to reduce the probability and power consumption of the UE entering RRC_CONNECTED mode to update the SRS configuration for transmission in RRC_INACTIVE and/or RRC_IDLE states. Specifically, in [3/Nokia, NSB], [5/vivo], and [11/CMCC], (pre-)configured SRS resources common for a pre-defined positioning area is proposed. In [5/vivo], a solution to enable SRS beam sweeping is proposed to address the validation failure of spatial relation info.
· Activation/request of SRS configuration: 4 companies (CATT, vivo, InterDigital, Qualcomm) discuss the enhancements on activation/request of SRS configuration in RRC_INACTIVE and/or RRC_IDLE states, including NW activates and/or UE requests a (pre-)configured SRS configuration by paging or RACH procedure.
FL comments: In the contributions discussing the enhancements on SRS configuration, some declares that the enhancements should be for both RRC_INACTIVE and RRC_IDLE states, while some only considers RRC_INACTIVE states. Before going into the enhancement details, one thing that needs to be clarified is whether to support SRS transmission in RRC_IDLE state. Basically, as long as an SRS configuration is valid, no problem is identified to transmit the SRS configuration in RRC_IDLE state from RAN1’s perspective. However, as for a UE in RRC_IDLE state, it is no longer in CM_CONECTED state and the LPP context in LMF may be released. How does the LMF understand/recognize the reported UL positioning measurements is unclear. In this sense, other WGs should be included for further determination.

5.2.1 Round 1 discussion
[Low] Proposal 4-2 (I)
· From RAN1’s perspective, it is feasible to transmit UL SRS for positioning in RRC_IDLE state.
· Send a LS to RAN2/RAN3 and ask response for whether signaling/procedure of UL/DL+UL positioning, e.g., activation/deactivation of semi-persistent UL SRS pos, UL positioning measurement reporting, is feasible for UEs in RRC_IDLE states.
	Company
	Comments

	Huawei, HiSilicon
	OK.

	Qualcomm
	OK

	CMCC
	Support

	OPPO
	OK

	Xiaomi 
	Ok

	InterDigital
	Ok

	Samsung
	We don’t agree with the proposal. 
This is different from DL case in the sense that RAN1 never claimed the feasibility of UL positioning in the previous release, and it seems too premature to claim so at the beginning of the study. For UL idle mode, the TA is not known to the gNB, which is a quite difficult situation to perform validation check (all current validation check is based on the inactive state), and RAN1 should study further on the feasibility of UL positioning in idle mode before informing RAN2.  
We are ok with sending LS to RAN2 to ask for their view and clarifying the working scope, but not ok with concluding UL positioning in idle mode is feasible without any RAN1 study. 

	Lenovo
	For the first bullet, we think it's too early to conclude that UL SRS transmissions for positioning in RRC_IDLE is feasible from RAN1's perspective. For example, details such as mobility within a cell or across cells and TA for SRS transmission have been identified as issues but are not resolved. We can say instead at this point that RAN1 will further study those aspects in order to support UL SRS transmission in RRC_IDLE. We may also ask RAN2 if in their opinion SRS transmission in RRC_IDLE is feasible while performing cell reselection(s), so that RAN1 is clear about the scope.

	Nokia/NSB
	We are okay to study this topic but feel it is too early to already say it is feasible. 

	Ericsson
	Do not support.  The purpose of this study is to evaluate a low power solution and transmitting the SRS is not as power efficient as measuring the PRS, considering the hearability of the PRS vs SRS. Additionally, as mentioned by Samsung and Lenovo ther are isues as to how to transmit the SRS in IDLE mode considering mobility, TA, etc. 

	NTT DOCOMO
	We are fine with the second bullet. Regarding the first bullet, we have similar view to Nokia.

	Spreadtrum
	Support.

	Sharp
	We are OK to study but we wonder if it is feasible.

	ZTE
	OK

	LGE
	We have a similar view with Samsung. In the idle state, there are some limitations such as TA and validation of bearer that are harmful to positioning measurement. We believe the decision is up to RAN2. So, before decision on the proposal, we are okay with sending LS for RAN2 to ask for their view first.



[bookmark: _Hlk102482675][Low] Question 4-1
· Please provide your views on potential enhancements on SRS configurations that should be investigated in low power high accuracy positioning:
· Solution 1: (Pre-)configuration of UL SRS for positioning resources within a positioning area
· Solution 2: NW activation of UL SRS for positioning configuration for UEs in RRC_INACTIVE and/or RRC_IDLE states, e.g., via paging, and RACH procedure
· Solution 3: UE request of UL SRS for positioning configuration in RRC_INACTIVE and/or RRC_IDLE states, e.g., via RACH procedure.
· Solution 4: Others (please indicate)
· Note: solutions are not for down-selection, one or more solutions can be identified for further study.
	Company
	Solution
	Comments

	vivo
	
	We propose  to list solution as option for power reduction solution evaluation 

	Huawei, HiSilicon
	1
3 (see comments)
	Solution 3 is somehow too general to consider. We think some clarification may be needed. For example, what event triggers UE to request the UL SRS configuration. In our view, the event of invalidity of SRS configuration (including TA expiry, cell-reselection, or cell reselection to a new area, RSRP validation failure) can be considered.

	Qualcomm
	1,2,3
	We propose to study all 3 options

	CMCC
	1,2,3
	

	OPPO
	
	As this is the first meeting, we can list all possible candidate solutions for further study

	Xiaomi
	1, 2, 3
	Prefer to study all 3 options

	InterDigital
	1, 2, 3
	We are ok to consider solutions 1 ,2 and 3 as potential enhancements for LPHAP. For solution 3, consideration of some event triggers as indicated by HW seems reasonable

	Samsung
	
	We believe it’s too early to discuss potential enhancements needed, since the evaluation on current approach for power consumption is not completed yet. The first step of the study is to evaluate whether current positioning technic can meet the LPHAP requirement, and if not, we could consider potential enhancements. We are ok to list all companies’ proposals, but commenting on their benefits and trying to down-selection seems too pre-mature. 

	Nokia/NSB
	1,2,3
	Agree with QC that we should study these options. 

	NTT DOCOMO
	1, 2, 3
	

	Spreadtrum
	
	We are fine to study all options.

	Sharp
	1,2,3
	We are open to study all options if necessary.

	ZTE
	1,2,3
	

	LGE
	1,2,3
	



5.3 DRX-related enhancements
From reviewing the submitted contributions in this meeting, 5 companies (vivo, xiaomi, CMCC, Quectel, Sharp) provide their views on DRX-related considerations/enhancements.
· In [5/vivo], eDRX mode that introduced for NB-IoT which enables a longer period of paging monitoring (e.g., up to 40 minutes) is proposed to be studied for LPHAP. Similar to the intention to consider eDRX mode proposed by [5/vivo], [11/CMCC] proposes to study potential solutions to reduce the number of paging monitoring.
· In [5/vivo], [11/CMCC], and [12/Quectel], it is suggested to consider the alignment of I-DRX configurations and DL PRS or UL SRS for positioning. 
· In [7/xiaomi], it is proposed to study the UE behavior for SRS transmission or PRS measurement in non-wake up paging occasions.

5.3.1 Round 1 discussion
[bookmark: _Hlk102482701][Low] Question 4-2
· Please provide your views on potential enhancements on DRX that should be investigated in low power high accuracy positioning:
· Solution 1: Alignment of DRX configurations with the DL PRS measurement or UL SRS for positioning transmission
· Solution 2: Reduction of paging occasion monitoring, e.g., configuration of eDRX mode in LPHAP
· Solution 3: Others (please indicate) 
· Note: solutions are not for down-selection, one or more solutions can be identified for further study.
	Company
	Solution
	Comments

	Huawei, HiSilicon
	1
2
	For solution 2, we should consider the case that UE is controlled by the network not to monitoring paging.
If solution 2 cannot cover the above case, we prefer to add solution 3:

No paging monitoring controlled by the network.

	Qualcomm
	1, 2
	

	CMCC
	1,2
	

	Xiaomi
	1, 2
	

	InterDigital
	1
	Clarification is needed on whether solution 1 is applicable for RRC INACTIVE and/or RRC IDLE state   

	Samsung
	
	We believe it’s too early to discuss potential enhancements needed, since the evaluation on current approach for power consumption is not completed yet. The first step of the study is to evaluate whether current positioning technic can meet the LPHAP requirement, and if not, we could consider potential enhancements. We are ok to list all companies’ proposals, but commenting on their benefits and trying to down-selection seems too pre-mature. 

	Nokia/NSB
	
	We feel it is too early to do more than study these enhancements. 

	NTT DOCOMO
	1, 2
	

	Spreadtrum
	
	We are fine to study all solutions.

	Sharp
	1,2
	

	ZTE
	1,2
	

	LGE
	1, 2
	




5.4 Enhancements on network-initiated DL message transmission 
Background: In Rel-17 positioning, RAN2 agreed that the NW can send DL LCS, LPP message and RRC message to the UE if the UE initiates data transmission using UL SDT beforehand. Otherwise, if the UE did not initiate UL SDT, the NW shall rely on the legacy operation, i.e., transit the UE to RRC_CONNECTED mode.

From reviewing the contributions in this meeting, 2 companies (ZTE, InterDigital) propose to study and support of network-initiated DL LCS/LPP message transmission via MT-SDT in RRC_INACTIVE states.
FL comments: As the support of MT-SDT for UEs in RRC_INACTIVE state is to be studied in RAN2 in Rel-18 SDT agenda item, RAN1 should wait for the progress of RAN2.

[Low] Question 4-3
· Please provide your views on enhancements on network-initiated DL message transmission via MT-SDT.
	Company
	Comments

	Huawei, HiSilicon
	This should be treated in another WI.

	Qualcomm
	This should be discussed in RAN2 directly

	CMCC
	It should be up to RAN2.

	OPPO
	It is up to RAN2

	InterDigital
	OK with FL’s assessment to wait for RAN2’s progress on supporting positioning in RRC INACTIVE state with MT-SDT

	Samsung
	We believe it’s too early to discuss potential enhancements needed, since the evaluation on current approach for power consumption is not completed yet. The first step of the study is to evaluate whether current positioning technic can meet the LPHAP requirement, and if not, we could consider potential enhancements. We are ok to list all companies’ proposals, but commenting on their benefits and trying to down-selection seems too pre-mature.

	Lenovo
	No need to work on this until RAN2 work has sufficient progress.

	Nokia/NSB
	Out of scope for this WI. 

	Sharp
	It is up to RAN2

	ZTE
	It is up to RAN2

	LGE
	Up to RAN2.



5.5 PRACH-based UL positioning
From reviewing the contributions in this meeting, 2 companies (InterDigital, Quectel) propose to study whether/how PRACH can be used for UL positioning in RRC_INACTIVE and/or RRC_IDLE state. Specifically, in [10/InterDigital], it is suggested to consider contention resolution and interference mitigation in RRC_IDLE state. In [12/Quectel], TA granularity, PRACH SCS and length, and DL synchronization accuracy are proposed to study to improve the positioning accuracy with PRACH preamble

FL comments: PRACH-based UL positioning for UEs in RRC_INACTIVE state has been studied in Rel-17. It was concluded that using PRACH preamble for the gNB to obtain UL positioning measurements is applicable to UEs in RRC_INACTIVE state, as UL E-CID is enhanced in Rel-17 TEI work. No fundamental difference of using PRACH preamble to obtain UL positioning measurement between RRC_INACTIVE and RRC_IDLE is found.

5.5.1 Round 1 discussion
[Low] Question 4-4
· Please provide your views on PRACH-based UL positioning, including,
· Whether PRACH-based UL positioning for UEs in RRC_IDLE state is applicable;
· Solutions on positioning accuracy improvement of PRACH-based UL positioning, e.g., TA granularity, PRACH SCS and length, DL synchronization accuracy, contention resolution and interference mitigation.
	Company
	Comments

	Huawei, HiSilicon
	We prefer to extend the UL E-CID based on Timing Advanced measurement to RRC_IDLE/RRC_INACTIVE state 

	Qualcomm
	We are OK to study

	CMCC
	Open for further study.

	OPPO
	Not sure whether PRACH-based UL positioning can meet the requirement of positioning accuracy

	Xiaomi
	Support to study 

	InterDigital
	We think the first bullet can be generalized to initial access-based UL positioning, under which it may be beneficial to study how UL positioning (e.g. via PRACH or positioning SRS transmission) can be done efficiently for meeting the target requirements for LPHAP 

	Samsung
	We believe it’s too early to discuss potential enhancements needed, since the evaluation on current approach for power consumption is not completed yet. The first step of the study is to evaluate whether current positioning technic can meet the LPHAP requirement, and if not, we could consider potential enhancements. We are ok to list all companies’ proposals, but commenting on their benefits and trying to down-selection seems too pre-mature.

	Lenovo
	Fine to study; however the study should also look into the amount of required/available PRACH resources. We can expect that the consequences for the system of using PRACH resources are different for RRC_IDLE and RRC_INACTIVE considering the different number of UEs residing in those states. This may involve RAN2's perspective.

	Nokia/NSB
	Support to study. 

	NTT DOCOMO
	In principle, we are supportive to study.

	Spreadtrum		
	We are fine to study.

	Sharp
	We are OK to study.

	ZTE
	OK for further discussion

	LGE
	We open for the issue. But, we have a concern point that how can gNB distinguish target UE from other UEs. If majorities are okay, we are okay.



5.6 Other enhancements
From reviewing the contributions in this meeting, the following enhancements on power consumption was summarized:
· In [3/Nokia], it is proposed to study optimization on the measurement reporting and assistance data delivery. Specifically,
· Consider the UE to skip some measurement reports (e.g., when measurement results are similar)
· Consider partial measurement reporting functionality and identifies the necessary physical layer procedure.
· Consider partial updates of PRS assistance data for UEs in RRC_INACTIVE mode.
· In [9/OPPO], it is proposed to study whether to introduce more candidate values for the reporting interval for the UE power saving.
· In [17/Qualcomm], it is proposed to study unstaggered/partially-staggered DL-PRS pattern for power consumption reduction on DL PRS processing, including the methods to mitigate potential time-domain aliasing caused by unstaggered pattern.
· In [17/Qualcomm], it is proposed to study PRS/SRS configuration restrictions and corresponding new UE capabilities for enabling reduced power consumption for RTT positioning.

5.6.1 Round 1 discussion
[Low] Question 4-5
· Please provide your views on the following enhancements:
· Solution 1: Measurement reporting enhancements, e.g., allow the UE to skip similar measurement reporting, partial measurement reporting functionality and the corresponding updates on PHY layer procedure;
· Solution 2: Partial updates of PRS assistance data;
· Solution 3: More candidate values for measurement reporting interval;
· Solution 4: Unstaggered/partially-staggered DL-PRS pattern, and methods to mitigate time-domain aliasing;
· Solution 5: PRS/SRS configuration restrictions and corresponding new UE capabilities for enabling reduced power consumption for RTT positioning, e.g., enable inter-band DL PRS and UL SRS for positioning configuration.
· Solution 6: Others (please indicate)
· Note: solutions are not for down-selection, one or more solutions can be identified for further study.
	Company
	Solution
	Comments

	Qualcomm
	4,5
	

	InterDigital
	1, 2
	Ok for considering the optimizations proposed in solutions 1 and 2. Other solutions may be considered at later stage, if needed. 

	Samsung
	
	We believe it’s too early to discuss potential enhancements needed, since the evaluation on current approach for power consumption is not completed yet. The first step of the study is to evaluate whether current positioning technic can meet the LPHAP requirement, and if not, we could consider potential enhancements. We are ok to list all companies’ proposals, but commenting on their benefits and trying to down-selection seems too pre-mature. 

	Nokia/NSB
	1,2
	We prefer to study 1 and 2 but are open to also studying 4 and 5. Solution 3 seems not needed or could be directly discussed in WI. 

	LGE
	1,2, 6
	We suggest following2 additional solutions that RAN1 should during SI:

First thing is about BWP switching, as we all know, it was agreed that additional BWP for positioning SRS is configured with different center frequency from initial BWP. In that case, some problems can occur when some procedures such as RACH / paging / SDT that needs to be conducted in initial BWP. In that case, not only more power consumption but also more resources that cannot be used during switching time are abandoned as shown below figure.

[image: ]
 So, we suggest RAN1 needs to discuss some mechanism to prevent frequent BWP switching.

The second thing is priority between SRS for positioning and other UL channels (e.g. PUSCH/PUCCH/PRACH). If the SRS for positioning always has lower priority than other UL channels, not only accuracy performance can not be guaranteed. Considering it. RAN1 also needs to discuss priority indication between positioning reference signal and other DL/UL channels.





Template for collection of evaluation results
To facilitate the evaluation and analysis work in the upcoming meetings, it is desired to develop a template for collection of evaluation results. 
6.1 Round 1 discussion
FL observation: The inputs are limited in the first round; companies are welcomed to continually provide their views on the following templates.
[Closed] Proposal 6-1 (I)
· Adopt the following template to collect evaluation results of each evaluation case per source:
	Evaluation case description
	Power components
	Power states
	Relative power unit
	Duration (in ms)
	Instances
	Sum Durations (in ms)
	PowerRelative power
	Power ratio

	e.g., UE-assisted DL positioning
	Component 1
	
	
	
	
	
	
	

	
	Component 2
	
	
	
	
	
	
	

	
	…
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Total
	Total durations
	Total relative power
	100%

	
	
	Battery life
	


· Adopt the following template to summarize observations based on the evaluation results:
	Evaluation case description
	Total power
	Battery life
	Target requirement are met – Yes/No; If no, provide gaps

	
	
	
	

	
	
	
	

	
	
	
	




	Company
	Comments

	vivo
	Firstly, we wonder what is the meaning of power state here, further clarification is needed.
Then, we prefer average power consumption as evaluation result, which aligns with TR38.840. 

	Huawei, HiSilicon
	OK

	CMCC
	Support.

	FL
	Reply to vivo: In the first table, the power component is for companies to list which procedure are evaluated in each evaluation case (e.g., SSB, paging, DL PRS measurement, RA-SDT including PRACH, RAR, Msg 3, Msg 4, RRCRelease, etc), and the power state is that used in TR 38.840, i.e., each procedure to be evaluated is mapped to a power state, such as PDCCH-only, PDCCH+PDSCH, etc. If we are able to align the power components to be evaluated in each case (which are under discussion in Section 4.5 and 4.6), or companies think that it is not needed to be captured in the table, we can further refine it. Let’s hear more views. 

	Samsung
	OK in general. 

	Nokia/NSB
	Ok in general. We assume for the power column this is relative power right? 
· FL comments: Yes, correct. Revised to “Relative power” to avoid ambiguity. Thanks a lot!

	LGE
	Support.



FL observation: It seems that the discussion on template to collect the evaluation results should be postponed and wait for the discussion on other issues, such as the metric to identify the performance gap. Let’s close this issue for now, and we can reopen it in the next RAN1 meeting.

Summary of proposals for email approval
7.1 Before 1st checkpoint – May 16th 
Proposal 2.1-1 (II)
· Confirm that use case 6 defined in TS 22.104 is the single representative use case for the study of LPHAP.

Proposal 4.1-1 (I)
· At least the relative power unit is adopted as the performance metric to evaluate the power consumption of the Rel-17 RRC_INACTIVE state positioning and potential enhancements.

Proposal 4.1-2 (I)
· A reference device (e.g., a mobile phone) with reference traffic type, reference battery capability, and reference battery life is defined for the purpose of identification of the performance gap that achieved by the Rel-17 RRC_INACTIVE state positioning baseline and the target battery life of LPHAP use case 6.

Proposal 4.2-1 (II)
· Adopt the following parameters as the common evaluation parameters for the LPHAP evaluation:
· Frequency range: FR1 (baseline); FR2 (optional)
· SCS: 30kHz for FR1 (baseline); 120kHz for FR2 (optional)
· BW of the DL PRS and UL SRS pos: 100MHz;
· Single-sample measurement per position fix (baseline); 4-sample measurement per position fix (optional)
· UE mobility: up to 3km/h
· Note: It is up to each company to provide detailed power model and evaluation results on power consumption in FR2.

Proposal 4.2-4 (II)
· In the LPHAP evaluation, the power consumption of 5GC data traffic is not modelled. Only the power consumption of the traffic type related to LPHAP positioning (e.g., obtaining/updating SRS configurations, DL PRS measurement reporting, etc.) is considered.
· Note: This does not preclude the power consumption of paging monitoring in the baseline evaluation, but rather assumes that no power consumption of 5GC data traffic is considered during a power cycle.

Proposal 4.4-1 (I)
· Adopt the following power consumption model common for the baseline evaluation of Rel-17 RRC_INACTIVE state positioning.
	Power State
	Relative power

	PDCCH-only (PPDCCH)
	50Note

	PDCCH + PDSCH (PPDCCH+PDSCH)
	120

	SSB proc. (PSSB)
	50

	UL
	250 (0 dBm)
700 (23 dBm)

	(Optional) PRACH
	[210]

	(Optional) BWP switching
	[50]

	(Optional) Intra-frequency RRM measurement (Pintra)
	[60] (synchronous case, N=8, measurement only; Pintra, meas-only)
[80] (combined search and measurement; Pintra, search+meas)

	(Optional) Inter-frequency RRM measurement (Pinter)
	[60] (measurement only per freq. layer; Pinter, meas-only)
[150] (neighbor cell search power per freq. layer; Pinter, search-only)
Micro sleep power assumed for switch in/out a freq. layer

	Note: Power scaling to 20MHz reception bandwidth follows the rule in Section 8.1.3 of TR 38.840, i.e., max{reference power * 0.4, 50}.



Proposal 4.6-1 (I)
· Adopt the following power consumption model for UL SRS for positioning transmission.
	Power State
	Relative power

	SRS
	210 (baseline);
700 (optional)





7.2 Before 2nd checkpoint – May 20th 
Stable proposals on May 18th: 
Proposal 2.2-1 (IV)
· In Rel-18 low power and high accuracy positioning, adopt the following requirement: 
· Horizontal positioning accuracy < 1 m for 90% of UEs
· Positioning interval / duty cycle of 15-30 s
· UE battery life of 6 months – 1 year
· Note: Setting an exact value each from the set of positioning interval / duty cycle and UE battery life in the evaluation and identification of performance gap will be discussed separately when necessary.

Proposed conclusion 3-1 (III)
· At least when the positioning accuracy is evaluated without jointly evaluating the associated power consumption, the target horizontal positioning accuracy requirement on LPHAP of <1m can be achieved by Rel-16/17 positioning techniques with a positioning bandwidth of at least 100MHz.
· The main aspect of RAN1 evaluation is on power consumption.
· Note: This does not preclude the case that the positioning accuracy can be revisited, if found necessary at later stage.

Proposal 4.1-3 (II)
· Study further at least the following models and parameter values of conversion between the relative power unit and the battery life to identify the performance gap:
· Alt. 1: battery life is used as the metric to identify the gap
· Example:


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


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

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





Collection of agreements / conclusions
Outcome of 1st checkpoint 
Agreement
Confirm that use case 6 defined in TS 22.104 is the single representative use case for the study of LPHAP.

Agreement
At least the relative power unit is adopted as the performance metric to evaluate the power consumption of the Rel-17 RRC_INACTIVE state positioning and potential enhancements.

Agreement
A reference device (e.g., a mobile phone) with reference traffic type, reference battery capability, and reference battery life is defined for the purpose of identification of the performance gap that achieved by the Rel-17 RRC_INACTIVE state positioning baseline and the target battery life of LPHAP use case 6.

Agreement
· Adopt the following parameters as the common evaluation parameters for the LPHAP evaluation:
· Frequency range: FR1 (baseline); FR2 (optional)
· SCS: 30kHz for FR1 (baseline); 120kHz for FR2 (optional)
· BW of the DL PRS and UL SRS pos: 100MHz;
· Single-sample measurement per position fix (baseline); 4-sample measurement per position fix (optional)
· UE mobility: up to 3km/h
· Note: It is up to each company to provide detailed power model and evaluation results on power consumption in FR2.

Agreement
In the LPHAP evaluation, the power consumption of 5GC data traffic is not modelled. Only the power consumption of the traffic type related to LPHAP positioning (e.g., obtaining/updating SRS configurations, DL PRS measurement reporting, etc.) is considered.
· Note: This does not preclude the power consumption of paging monitoring in the baseline evaluation, but rather assumes that no power consumption of 5GC data traffic is considered during a power cycle.

Agreement
Adopt the following power consumption model common for the baseline evaluation of Rel-17 RRC_INACTIVE state positioning.

	Power State
	Relative power

	PDCCH-only (PPDCCH)
	50Note

	PDCCH + PDSCH (PPDCCH+PDSCH)
	120

	SSB proc. (PSSB)
	50

	UL
	250 (0 dBm)
700 (23 dBm)

	(Optional) PRACH
	[210]

	(Optional) BWP switching
	[50]

	(Optional) Intra-frequency RRM measurement (Pintra)
	[60] (synchronous case, N=8, measurement only; Pintra, meas-only)
[80] (combined search and measurement; Pintra, search+meas)

	(Optional) Inter-frequency RRM measurement (Pinter)
	[60] (measurement only per freq. layer; Pinter, meas-only)
[150] (neighbor cell search power per freq. layer; Pinter, search-only)
Micro sleep power assumed for switch in/out a freq. layer

	Note: Power scaling to 20MHz reception bandwidth follows the rule in Section 8.1.3 of TR 38.840, i.e., max{reference power * 0.4, 50}.



Agreement
Adopt the following power consumption model for UL SRS for positioning transmission.

	Power State
	Relative power

	SRS
	210 (baseline);
700 (optional)



Outcome of email endorsement on May 19th 
Agreement
· In Rel-18 low power and high accuracy positioning, adopt the following requirement: 
· Horizontal positioning accuracy < 1 m for 90% of UEs
· Positioning interval / duty cycle of 15-30 s
· UE battery life of 6 months – 1 year
· Note: Setting an exact value each from the set of positioning interval / duty cycle and UE battery life in the evaluation and identification of performance gap will be discussed separately when necessary.

Conclusion
· At least when the positioning accuracy is evaluated without jointly evaluating the associated power consumption, the target horizontal positioning accuracy requirement on LPHAP of <1m can be achieved by Rel-16/17 positioning techniques with a positioning bandwidth of at least 100MHz.
· The main aspect of RAN1 evaluation is on power consumption.
· Note: This does not preclude the case that the positioning accuracy can be revisited, if found necessary at later stage.


Summary of LPHAP AI
3.1 Target use case and requirement
	Source
	Proposals

	Huawei, HiSilicon [ref]
	Proposal 1: Adopt use case 6 of TS 22.104 for power evaluation in RAN1.

	Nokia, NSB [ref]
	Proposal 1: Confirm that use case 6 as defined by TS 22.104 is the only use case to be studied in RAN1 during the LPHAP work. 
Proposal 2: Confirm the target requirements of at least horizontal accuracy of <1 m, 30 second positioning interval/duty cycle, and battery life of 6 months.
Proposal 3: RAN1 to discuss the number of UEs for which the horizontal accuracy requirement holds (e.g., 90%).

	vivo [ref]
	Proposal 1:
· Confirm that study is limited to a single representative use case (use case 6 as defined TS 22.104) for LPHAP.

	ZTE [ref]
	Proposal 1: Support use case 5 or use case 6 for the Rel-18 LPHAP.

	xiaomi [ref]
	Proposal 1: Support the use case 6 as defined in TS 22.104 as the single representative use case for LPHA positioning study.

	Samsung [ref]
	Proposal 1: From RAN1 perspective, use case 6 as defined in TS 22.104 is sufficient for the study, and RAN1 can ask for RAN2’s further confirmation.

	OPPO [ref]
	Proposal 1: For the study/evaluation of LPHAP, support the scenario with low velocity (e.g., up to 3km/h) as first priority. 
Proposal 2: For the study/evaluation of LPHAP, the target positioning requirements is suggested as below
·  Horizontal position accuracy (< 1 m) for 90% of UEs
· End-to-end latency for position estimation of UE (< 1 s)

	CMCC [ref]
	Proposal 1: Adopt use case 6 defined in TS 22.104 as the representative use case of LPHAP, and the requirement of use case 6 as the target requirement of LPHAP.

	LG Electronics [ref]
	Proposal #1: 
· Evaluate and check whether the current specification on positioning for inactive state UE can satisfy the requirement on LPHAP use case 6. 

	Lenovo [ref]
	Proposal 1: RAN 1 to study representative LPHAP Use cases #6, #8 and #9 for evaluation, which requires moderate to longer battery times.

	Sharp [ref]
	Proposal 1: The requirements of the use case 6 as defined TS 22.104 can be used as is, for the LPHAP study.

	Qualcomm [ref]
	Proposal 1: Keep use case 6 (and the corresponding requirements) as the representative use case to be evaluated.



3.2 Evaluation methodology and power model
	Source
	Proposals

	Huawei, HiSilicon [ref]
	Observation 1: The existing evaluation already showed that 100MHz bandwidth can already meet the 1m accuracy.
Proposal 2: Conclude in RAN1 that LPHAP target accuracy can already be met for IIoT scenarios with the Rel-17 positioning techniques, with at least 100MHz positioning bandwidth.
Proposal 3: For the purpose of battery life evaluation for LPHAP, define a reference device (e.g. a commercial cellphone) with a reference traffic and a reference battery life.
Proposal 4: Adopt the following steps in the TR for evaluating the battery life, and inform RAN2 that RAN1 is able to evaluate the feasibility of a requirement expressed in absolute battery life for LPHAP.
	· First, consider a reference device, which can be e.g. a commercial cell-phone.
· Second, assume a reference traffic for the reference device, which can be e.g. the traffic model used for calibration in TR 38.840, and calculate the power consumption rate, e.g. X1 power unit per second
· Third, assume the battery volume/energy allocated for the reference traffic for the reference device, e.g. E1 mAh and the expected battery life, T1 hours.
· Fourth, consider a target device to evaluate the battery life.
· Fifth, assume a traffic for the target device, and calculate the power consumption rate, e.g. X2 power unit per second.
· Sixth, assume the battery volume/energy allocated for the traffic for the target device, e.g. E2 mAh.
· Last, calculate the expected battery life for the target device as





Proposal 5: Adopt the following model for SRS transmission in RRC_INACTIVE for evaluating power consumption of UL positioning. 
Deep sleep
Ramp down
SRS [23dBm]
SSB
Micro sleep
Ramp up
Deep sleep
4ms

Proposal 6: Adopt the following model for PRS reception and measurement reporting in RRC_INACTIVE for evaluating power consumption of UL positioning.
Deep sleep
Ramp down
CG-PUSCH [0dBm]
PRS
Ramp up
Deep sleep
[20] ms
SSB
Light sleep
4 ms
Micro sleep

Proposal 7: Adopt the following power model for PRS reception.
	N: Number of TRPs for positioning
	Synchronous case

	
	FR1
	FR2

	N=4
	120
	195




Observation 3: Both CIoT and UWB considered a very deep sleep mode with current in the order of uA, which is much lower than the assumption of deep sleep in TR 38.840.
Proposal 8: Define a new ultra-deep sleep type for the evaluation of LPHAP.
· The power unit of ultra-deep sleep can take 0.01 power unit as the starting point.
· UE enters ultra-deep sleep when UE is not performing positioning.
· FFS any change to the transition energy and/or period for the ultra-deep sleep compared with that of the current deep sleep mode.

	Nokia, NSB [ref]
	Proposal 4: RAN1 to discuss evaluation methodology for UE battery life in positioning and reuse assumptions from TR 38.840 when possible.
Proposal 5: RAN1 to decide if battery life will be directly evaluated or if only relative power as an evaluation metric.
Observation 1: RRC Connected state does not need to be evaluated for UE power consumption/battery life as part of the LPHAP study.
Proposal 6: RAN1 to discuss the baseline scenario assumptions for power consumption evaluations (e.g., FR1 vs FR2, indoor vs outdoor). 
Proposal 7: Capture the above power consumption assumptions for PRS measurement and SRS transmission in idle/inactive mode in the TR. 
Observation 2: For idle/inactive mode UE power consumption modelling the UE should monitor paging and synchronize by making periodic SSB RRM measurements.
Proposal 8: For LPHAP evaluations do not model any data traffic power consumption.
Proposal 9: Reuse Tables 18, 19, and 21 from [11] for LPHAP power consumption evaluations.
Proposal 10: For the values of PRS (6 TRPs, 6 symbols) and SRS for positioning (4 symbols) power states adopt 375 and 420 respectively.

	CATT [ref]
	Proposal-1: On whether existing RAN functionality can support LPHAP power consumption and positioning requirements, positioning solutions for UE in RRC_INACTIVE state configured with eDRX could be used for the evaluation.

	vivo [ref]
	Proposal 2:
· Accuracy evaluation is not considered for LPHAP.
Proposal 3:
· Support quantitative evaluation of power consumption for LPHAP.
Proposal 4:
· Support power consumption evaluation model for PRS measurement in inactive state as the following.
· Slot-averaged power for PRS measurement in inactive state
UE power consumption for PRS measurements in inactive state (100MHz, FR1)
	N: Number of TRPs for intra-frequency measurement
	Synchronous case
	Asynchronous case

	N=8
	150
	170

	N=4
	120
	140


UE power consumption for PRS measurements in inactive state (20MHz, FR1)
	N: Number of TRPs for intra-frequency measurement
	Synchronous case
	Asynchronous case

	N=8
	60
	68

	N=4
	50
	56


· Power calculation formula for PRS measurement in inactive state
	For single frequency layer measurement of frequency layer i, the power of PRS measurement is represented as:

where 
-     is total power over slots over which measurements are carried out in frequency layer i
-     is the slot average power for PRS measurements in frequency layer i 
-     is the number of slot over which measurements are carried out 
-     is the power of switching from initial DL BWP to positioning frequency layer i, where = Pt * Tt
-    Pt is the switching power consumption 
-	Assume micro sleep power for Pt which equals to 45 power units
-    If PRS is inside initial DL BWP, switching power is 0
-   Tt is switching time (including switching on and off) for FR1, which is assumed to be 1ms (0.5ms*2)


Proposal 5:
· Support power consumption evaluation model for SRS transmisson in inactive state as the following.
· Slot-averaged power for SRS transmission in inactive state is assumed as 210 power units
· Power calculation formula for SRS transmission in inactive state
	The power of SRS transmission is represented as:

where 
-     is total power over slots over which SRS is transmitted 
-     is the slot average power for SRS transmission 
-     is the number of slots over which SRS is transmitted
-     is the power of switching from initial UL BWP to ‘SRS-only BWP’, where = Pt * Tt
-	Pt is the switching power consumption 
-	Assume micro sleep power for Pt which equals to 45 power units
-    If SRS is inside initial UL BWP, switching power is 0
-	Tt is switching time (including switching on and off) for FR1, which is assumed to be 1ms (0.5ms*2)



Proposal 6:
· For LPHAP device, the power consumption requirement should be converted to slot-average relative power unit.
· Consider 0.85 as target slot-average relative power unit for LPHAP.
Proposal 7:
· For LPHAP power consumption evaluation, PRS measurement assumptions in Table 8 should be adopted.
Proposal 8:
· For LPHAP power consumption evaluation, PRS measurement report assumptions in Table 9 should be adopted.
Proposal 9:
· For LPHAP power consumption evaluation, SRS transmission assumptions in Table 10 should be adopted.

	ZTE [ref]
	Proposal 2: Support to utilize the UE power consumption model in TS 38.840 as a starting point to evaluate the power consumption for positioning.

	xiaomi [ref]
	Proposal 2: The LPHA positioning study should focus on power consumption reduction to meet the low power requirement. 

	Samsung [ref]
	Proposal 3: RAN1 shall study the evaluation methodology for the power consumption in positioning, including the model to determine power consumption in positioning and key metric to evaluate the power consumption.

	OPPO [ref]
	Proposal 3: If RAN1 evaluation is needed for LPHAP, support to reuse the evaluation assumptions of FR1 InF-DH scenario captured in TR 38.857
Proposal 4: If RAN1 evaluation is needed for power consumption of LPHAP, suggest to take the power consumption model of [5] as the starting point and consider the following power states
·  For positioning methods based on DL PRS
· Deep sleep
· PRS reception and processing
· UL transmission for positioning reporting 
· For positioning methods based on UL SRS resources for positioning
· Deep sleep
· SRS transmission
· For positioning methods based on both DL PRS and UL SRS resources for positioning
· Deep sleep
· PRS reception and processing
· UL transmission for positioning reporting 
· SRS transmission
· Note: SRS transmission and UL transmission for positioning reporting may be merged into one state

	CMCC
	Proposal 2: The following reference configuration of DL PRS is used to define the power consumption model for DL PRS measurement and for evaluation:
	Parameters
	Values
	Note

	Number of positioning frequency layers
	1
	

	DL PRS periodicity
	[20.48s]
	Refer to the positioning interval requirement that is 15s~30s.

	DL PRS bandwidth
	100MHz
	1 For RRC_inactive/idle modes;
2 To meet the high positioning accuracy requirement that is <1m.

	DL PRS SCS
	30kHz
	

	Number of TRPs
	8
	

	Number of resources per TRP
	[8]
	

	Comb size
	4
	

	Number of OS
	4
	2 PRS resources per slot are measured.

	Number of repetitions
	1
	


Proposal 3: Adopt the UE power consumption model for DL PRS measurements as:
	N: Number of TRPs for intra-frequency measurement & search
	Synchronous case
	Asynchronous case

	
	FR1
	FR2
	FR1
	FR2

	N=8
	200
	320
	220
	380


Proposal 4: The following reference configuration of UL SRS pos is used for evaluation:
	Parameters
	Values
	Note

	UL SRS periodicity
	[20.48s]
	Refer to the positioning interval requirement that is 15s~30s.

	UL SRS bandwidth
	100MHz
	1 For RRC_inactive/idle modes;
2 To meet the high positioning accuracy requirement that is <1m.

	UL SRS SCS
	30kHz
	

	Number of resources
	[1]
	

	Comb size
	4
	

	Number of OS
	4
	SRS resource occupies 0.3*UL slots


Proposal 5: The following assumptions can be considered for evaluation:
· DRX is applied with periodicity of 1.28s for UEs in RRC_inactive state;
· UE reports DL PRS measurements using UL SDT with a periodicity of 20.48s;
· BWP transition duration is one slot, and the slot average power level is 50 power units;
· The power saving model in FR1 for evaluation of UEs in idle/inactive mode with 20MHz reception bandwidth defined in Rel-17 power saving enhancements is adopted
Observation 1: For a typical use cases of low power and high accuracy positioning, the UE is in slow mobility.
Observation 2: Within a positioning interval of 15~30s, the UE barely changes its serving cell or updates its TA.

	Lenovo [ref]
	Observation 1: Coverage and accuracy of the LPHAP is affected due to limited Rx antenna.
Proposal 2: RAN1 to use the power saving TR 38.840, Sec 8.1.4 - UE power consumption model for RRM measurements, as baseline for LPHAP power model evaluation. 
Proposal 3: RAN 1 to prioritize the FR1 frequency range for LPHAP evaluations. 
Proposal 4: RAN 1 to evaluate LPHAP use cases considering low complexity devices with a limited number of antennas/RF chains while leveraging higher bandwidths (e.g., 100MHz) for FR1. 
Proposal 5: RAN1 to consider following for the LPHAP power model evaluation 
· Number of positioning frequency layers
· Number of TRPs transmitting DL PRS
· Positioning method processing 
· Positioning measurement window 
· Positioning reporting 
Proposal 6: Consider UE-based positioning model in the LPHAP evaluation.

	Ericsson [ref]
	[bookmark: _Toc102163509][bookmark: _Toc101985769]Observation 1   NR positioning has already demonstrated sub-meter positioning accuracy in previous releases.
[bookmark: _Toc102163470]Proposal 1     RAN1 to focus on the power saving improvement for LPHAP

	Qualcomm [ref]
	[bookmark: _Hlk102052373]Proposal 2: Support agreeing on a common power consumption methodology, using TR38.840 as a starting point, for evaluating at least the following methods:
· RRC Inactive UE-based Positioning
· DL-TDOA/DL-AoD with DL-PRS reception at the UE
· RRC Inactive network-based Positioning
· UL-AoA/UL-TDOA with SRS for Positioning transmission by the UE
· RRC Inactive UE-assisted Positioning
· M-RTT with SRS for Positioning transmission and DL-PRS reception. 
[bookmark: _Hlk102052389]Proposal 3: For RRC Inactive Positioning and power consumption modelling consider the following relative Powers:
	Power State
	Relative Power (Idle/inactive)

	Deep Sleep (PDS)
	1

	Light Sleep (PLS)
	20

	Micro sleep (PMS)
	45

	PDCCH-only (PPDCCH)
	50

	PDCCH+PDSCH
	120

	SSB serv. cell
	50

	Long PUSCH Tx
	250 (0 dBm), 700 (23 dBm)

	SRS Tx
	0.3*UL Power

	PRACH
	175

	Power scaling to 20MHz reception BW according to the rule in Section 8.1.3 of TR 38.840: max{reference power * 0.4, 50}.



Proposal 4: For power consumption modelling for RRC inactive positioning, consider the following relative powers with regards to DRX and other main systems-related parameters:
· I-DRX cycle to evaluate: 1.28 sec, 10.248 sec
· 8 msec on-duration timer, 100 msec inactivity timer
· SCS and Bandwidth:
· FR1: 30 KHz SCS, 100 MHz PRS/SRS
· FR2: 120 KHz SCS, 400MHz PRS/SRS
· PRS/SRS Periodicities to be evaluated: 160 msec, 1.28 sec, 10.248 secs
· No data traffic is assumed in the power cycle computation

[bookmark: _Hlk102052399]Observation 1: Average Power consumption per slot of PRS depends significnaatly on the UE implementation, whether the UE is in a tracking or acquisition mode, number of TRPs to be measured, type of measurement report, etc. 
Proposal 5: Suggest evaluating multiple average DL PRS power consumption per slot in the range of [100,200].
[bookmark: _Hlk102052410]Proposal 6: For UE-based DL Positioning power consumption modeling, consider the scenario that the UE is expected to process Paging occasion, measure SSB from serving cell, and DL PRS, with the following aspects:
· Different   (power consumption per slot for PRS) including at least 
· M samples of PRS reception per Positioning fix, with M = {1,4}
· PRS instance as small as one slot 
· SSB are only needed to be measured once per paging cycle
[bookmark: _Hlk102052417]Proposal 7: For network-based UL Positioning, consider the scenario that the UE is only expected to transmit SRS, measure SSB from serving cell, process a paging occasion, with the following aspects:
· Power consumption evaluation for both short SRS and long SRS in slot
· M samples of SRS transmissions per Positioning fix, with M = {1,4}
· Reception of SSBs for the purpose of power control before each SRS instance Transmission
Proposal 8: For RRC Inactive UE-assisted positioning, consider the scenario with 2 SDT procedures (1st used to configure SRS, 2nd used for measurement reporting), with a 4-step RACH procedure and the following aspects included:
· Different   (power consumption per slot for PRS) including at least 
· M samples of PRS reception / SRS transmission per Positioning fix, with M = {1,4}
· PRS instance as small as one slot 
· Power consumption evaluation for both short SRS and long SRS in slot
· Reception of SSBs for the purpose of power control before each SRS instance Transmission



3.3 Evaluation results
	Source
	Proposals

	Huawei, HiSilicon [ref]
	Observation 4: The ratio of power consumption rate between Rel-17 UL positioning/DL positioning and the reference device is approximately 1:37.
Observation 5: 97.5% and 95% of the total power consumption is on the deep sleep for UL and DL positioning, respectively.
Observation 6: Assuming the same energy used for the reference traffic on reference device (for communication) as that used for positioning on the Rel-17 device, and assuming T1, i.e. the battery life for the reference device, is 8 hours, the battery life of Rel-17 device is approximately 300 hours (8x37), which cannot meet LPHAP requirements for use case 6.

Observation 7: The ratio of power consumption rate between the LPHAP device with ultra-deep sleep and
The Rel-17 baseline is approximately 1:28 for UL and 1:18 for DL;
· The reference device is approximately 1:1000 for UL and 1:700 for DL.
Observation 8: Assuming the same energy used for the reference traffic on reference device as that used for positioning on the Rel-18 LPHAP device, and assuming T1, i.e. the battery life for the reference device, is 8 hours, the battery life of the Rel-18 LPHAP device with ultra-deep sleep is approximately 5600~8000 hours, which can meet LPHAP requirements for use case 6.


	vivo [ref]
	Observation 1:
· Regardless of I-DRX cycle (or paging cycle) is selected as a typical value of 1280ms or the maximum value of 2560ms, the power consumption in inactive state for all the cases cannot meet the requirement. 
· e.g., even for the lowest power consumption in the case of SRS transmission under high SINR and with 2560ms IDRX cycle, the power consumption is 76.71% higher than the target.
Proposal 10:
· Power saving mechanism should be studied for LPHAP to meet the power consumption requirement.

	CMCC [ref]
	Observation 3: The UE ramps up during the ON duration of each I-DRX cycle to monitor the PDCCH and the corresponding power mode transit energy consumes a big part of the power for both DL and UL positioning.
Observation 4: For the DL PRS measurement, if the DL PRS is configured outside of the active time of a I-DRX cycle, extra power is consumed to transit between different operation modes. 
Observation 5: For UL positioning, the SRS configuration for RRC_inactive positioning needs to be valid as long as possible to avoid additional power consumption of RRC modes transition.



3.4 Potential enhancements
	Source
	Proposals

	Nokia, NSB [ref]
	Proposal 11: RAN1 to study allowing UE to skip some measurement reports (e.g., when measurement results are similar). 
Proposal 12: For purpose of the power consumption reduction, RAN1 investigates the impact of the partial measurement reporting functionality and identifies the necessary physical layer procedure.
Proposal 13: RAN1 to study partial updates of PRS AD for UEs in RRC_INACTIVE mode to reduce overhead and power consumption.
Proposal 14: RAN1 to study methods to reduce the frequency of UL SRS for positioning configuration update, e.g., by configuring common UL SRS for positioning within RAN-based Notification Area (RNA).

	CATT [ref]
	Proposal-2: For DL positioning, enhancement to support measurement reporting in RRC_IDLE state could be considered for LPHAP in Rel-18.
Proposal-3: For UL positioning, mechansim of SRS-pos configuration for UE in RRC_INACTIVE/RRC_IDLE state should be enhanced especially for the case when UE moves out of the original gNB in Rel-18.
Proposal-4: The following SRS-pos configuration method for UL positioning could be considered:
· Introducing a new RACH procedure for UE to obtain the SRS-Pos configuration information.

	vivo [ref]
	Observation 2:
· When eDRX mode is applied to LPHAP devices, the power consumption under all scenarios/assumptions can meet the requirement
· e.g., even for the case with the highest power consumption (PRS measurement/report (low SINR, RA-SDT)), power consumption is 17.17% below target.
Proposal 11:
· eDRX mode can be considered for LPHAP device for power saving.
Proposal 12:
· Mobility for SRS transmission in active state can be considered for LPHAP, including
· Pre-configured SRS
· UE initiated SRS configuration update request
· SRS beam sweeping enabling
Proposal 13:
· The following solutions related to inactive DRX can be considered for LPHAP, including
· LMF requesting inactive DRX configurations (e.g. DRX cycle, etc.) from the cells including UE serving cell and neighboring cells that may be reselected can be considered for LPHAP
· PRS measurement/SRS transmission in the vicinity of paging monitoring
Proposal 14:
· For LPHAP, the following enhancements related to idle state positioning should be supported at least
· DL-PRS measurement in idle state
· Reporting of DL-PRS measurement and/or location estimate performed in idle state when the UE is in inactive/connected state.

	ZTE [ref]
	Proposal 3: Support MT-LR via MT-SDT in RRC_INACTIVE in Rel-18.
Proposal 4: In Rel-18, continue the study of the UL/DL+UL positioning in RRC_INACTIVE/RRC_IDLE for lower power consumption.
Proposal 5: Rel-18 should further enhance the UE mobility of UL positioning in RRC_INACTIVE/RRC_IDLE, in order to ensure the low power consumption.

	xiaomi [ref]
	Proposal 3: The positioning SRS configuration enhancements can be considered for UE power consumption reduction.
Proposal 4: Study SRS transmission or PRS measurement in PO indicated not necessary to wake up by DCI format 2_7.

	Samsung [ref]
	Proposal 2: RAN1 shall wait for RAN2’s clarification on the scope of the study. Especially, one of the following options shall be clarified:
· Option 1: The study investigates potential enhancement to positioning in RRC_INATIVE state to support LPHAP.
· Option 2: The study investigates supporting of positioning in RRC_IDLE state and potential enhancement to support LPHAP.
· Option 3: Option 1 + Option 2.

	OPPO [ref]
	Proposal 5: Study whether or not to introduce more candidate values for the reporting interval for the UE power saving.

	InterDigital [reg]
	Proposal 1: 	RAN1 to study the impacts to UL-based and DL-based positioning methods when supporting network initiated SDT (MT-SDT) for UE in INACTIVE 
Proposal 2: 	RAN1 to study and evaluate the performance of UL-based (e.g. UL-TDOA, UL-AOA), DL-based (DL-TDOA, DL-AOD) and UL+DL based (e.g. multi-RTT) positioning methods in terms of power savings and accuracy when used during RRC IDLE state
Proposal 3: 	RAN1 to study whether and how PRACH can be used for supporting UL-based positioning in IDLE state
Proposal 4: 	RAN1 to study whether and how SRSp transmission can be supported during initial access procedure
Proposal 5: 	RAN1 to study how measurements or location estimates can be reported by UE with initial access messages when supporting DL-based positioning in IDLE state

	CMCC [ref]
	Proposal 6: From RAN1 perspective, support of positioning for UEs in RRC_idle state for both DL and UL positioning should be considered.
Proposal 7: The following I-DRX related enhancements should be considered:
· Reduce the number of PDCCH monitoring occasions in RRC_inactive/idle state for LPHAP.
· Align the I-DRX active time and the DL PRS configurations
Proposal 8: The following enhancement of SRS transmission in RRC_inactive/idle state should be considered:
· SRS resources in RRC_inactive/idle state is (pre-)configured within an area. 
· FFS: How to define this area.

	Quectel [ref]
	Proposal 1: 
· The procedure of low power positioning should consider the impact of Paging Early Indication for a UE in RRC_IDLE/RRC_INACTIVE mode.
Proposal 2: 
· For power saving and latency reduction for RRC_IDLE/INACTIVE UEs, positioning with PRACH preamble should be studied from the perspectives of TA granularity, PRACH SCS and length and DL synchronization accuracy.
Proposal 3: 
· The power consumption of SRS transmission and higher accuracy DL positioning should be evaluated.

	LG Electronics [ref]
	Observation #1: 
· For LPHAP, following issues should be considered from a time domain perspective:
· For higher accuracy, configuring the shorter periodicity and/or the larger repetition on PRS/SRS resources could be used, but it costs of UL/DL resources and UE power.
· The time domain window is not supported for inactive state UE in Rel-17.
Observation #2: 
· For LPHAP, following issues should be considered from a frequency domain perspective
· When separated BWP for positioning SRS is configured for UE in RRC inactive state, power consumption due to the BWP switching should be considered.
Observation #3: 
· If the SRS for positioning always has lower priority than other UL channels, not only performance in terms of accuracy cannot be guaranteed, but also the latency can be increased because of the drop and/or delaying of SRS transmission due to lower priority.

	Sharp [ref]
	Proposal 2: To achieve both accuracy and low power consumption, the required frequency/time resources for the accuracy requirement and the DRX cycle for the low power consumption requirement are jointly considered.

	Ericsson [ref]
	[bookmark: _Toc102163510]Observation 2    LPHAP use case 6 can be delivered in Rl18 with the existing methods in terms of accuracy. Power consumption target can be reached with DL measurements performed in RRC_IDLE.  
[bookmark: _Toc102163471]Proposal 2   Support DL positioning measurements in RRC_IDLE in 38.215
[bookmark: _Toc102163472]Proposal 3    RAN1 can discuss specify DL measurements to specify for RRC_IDLE during the normative phase of the WI.

	Qualcomm [ref]
	[bookmark: _Hlk102052475]Proposal 9: Study whether and how much unstaggered/partially-staggered DL-PRS could reduce the power consumption of DL PRS processing
· Study methods of mitigating time-domain aliasing due to unstaggered PRS measurements
[bookmark: _Hlk102052479]Proposal 10: Support Positioning measurements in RRC Idle state. 
[bookmark: _Hlk102052487]Proposal 11: Study at least the following enhancements in RRC Inactive Positioning for the purpose of reducing power consumption:
· Study PRS/SRS configuration restrictions & corresponding new UE capabilities for enabling reduced power consumption for RTT positioning.
· Study ways of avoiding configuring an SDT procedure for the purpose of SRS configuration/triggering (e.g. RACH-based SRS request from the UE, paging-based SRS activation).
· Study ways for SRS transmission continuation after cell change in RRC Inactive (e.g., continuity of the configured SRS across cell change).
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