9.5 Study on expanded and improved NR positioning

Please refer to RP-213588 for detailed scope of the SI.
R1-2204804
Draft skeleton of TR38.859
Intel Corporation

R1-2204805
Work Plan for Study Item on Expanded and Improved NR Positioning
Intel Corporation, CATT, Ericsson
[109-e-R18-Pos-01] Email discussion and approval of TR skeleton for Rel-18 SI on expanded and improved NR positioning by May 13 – Debdeep (Intel)
R1-2205358
FL summary on TR 38.859 skeleton for Rel-18 SI on expanded and improved NR positioning
Moderator (Intel Corporation)

R1-2205398
Draft skeleton of TR38.859
Rapporteur (Intel Corporation)
Agreement
TR skeleton for TR 38.859 for study on expanded and improved NR positioning is endorsed in R1-2205398.

9.5.1 Sidelink positioning

9.5.1.1 SL positioning scenarios and requirements

Including specific target performance requirements
R1-2205194
Potential SL Positioning Scenarios and Requirements
Lenovo
R1-2204309
Discussion on SL positioning scenarios and requirements
CMCC

R1-2204948
SL positioning scenarios and requirements
Ericsson

R1-2203057
Considerations on scenarios and target requirements for sidelink positioning
FUTUREWEI

R1-2203127
SL positioning scenarios and requirements
Nokia, Nokia Shanghai Bell

R1-2203162
Discussion on scenarios and requirements
Huawei, HiSilicon

R1-2203334
Consideration on SL positioning scenarios and requirements
Spreadtrum Communications

R1-2203465
Discussion on SL positioning scenarios and requirements
CATT, GOHIGH

R1-2203564
Discussion on SL positioning scenarios and requirements
vivo

R1-2203622
Discussion on scenarios and requirements for SL positioning
ZTE

R1-2203718
Discussion on SL positioning scenarios and requirements
LG Electronics

R1-2203737
Considerations on SL positioning scenarios and requirements
Sony

R1-2203751
Scenarios and requirements for sidelink positioning
MediaTek Inc.

R1-2203821
Discussion on sidelink positioning scenarios and requirement
xiaomi

R1-2203909
On SL Positioning Scenarios and Requirements
Samsung

R1-2203941
SL positioning scenarios and requirements
NEC

R1-2203978
Discussion on SL positioning scenarios and requirements
OPPO

R1-2204094
Discussion on V2X use cases, scenarios, and requirements for sidelink positioning
TOYOTA Info Technology Center

R1-2204130
Potential scenarios and requirements for SL positioning
InterDigital, Inc.

R1-2204251
Discussion on SL positioning scenarios and requirements
Apple

R1-2204480
Consideration on SL positioning scenarios and requirements
Spreadtrum Communications

Withdrawn 

R1-2204557
Potential SL Positioning Scenarios and Requirements
Lenovo

R1-2204666
Views on SL positioning scenarios and requirements
Sharp

R1-2204753
Discussion on sidelink based positioning requirements & scenarios
CEWiT

R1-2204806
On SL positioning scenarios and requirements
Intel Corporation

R1-2204833
SL positioning scenarios and requirements
Fraunhofer IIS, Fraunhofer HHI

R1-2205036
Sidelink Positioning Scenarios and Requirements
Qualcomm Incorporated
[109-e-R18-Pos-02] Email discussion on SL positioning scenarios and requirements by May 20 – Debdeep (Intel)
· Check points: May 16, May 20

Agreement
Following two operation scenarios are considered for studies on SL positioning:

· Scenario 1: PC5-only-based positioning

· Scenario 2: Combination of Uu- and PC5-based positioning solutions

9.5.1.2 Evaluation of SL positioning
Including evaluation methodology and performance evaluation results
R1-2204754
Discussion on evaluation methods and results of sidelink based positioning
CEWiT

R1-2205186
Discussion on Evaluation for SL Positioning
Samsung 
R1-2203128
Evaluation of SL positioning
Nokia, Nokia Shanghai Bell

R1-2203163
Evaluation of SL positioning
Huawei, HiSilicon

R1-2203466
Evaluation methodology and performance evaluation for SL positioning
CATT, GOHIGH

R1-2203565
Evaluation of sideilnk positioning performance
vivo

R1-2203623
Discussion on evaluation for SL positioning
ZTE

R1-2203719
Discussion on evaluation of SL positioning
LG Electronics

R1-2203822
Discussion on sidelink positioning evaluation methodology
xiaomi

R1-2203910
Discussion on Evaluation for SL Positioning
Samsung

R1-2203942
Evaluation of SL positioning
NEC

R1-2203979
Discussion on evaluation methodoloty of SL positioning
OPPO

R1-2204061
Discussion on sidelink postioning design
CENC

R1-2204131
Evaluation methodology for SL positioning
InterDigital, Inc.

R1-2204252
On Evaluation of SL positioning
Apple

R1-2204558
SL Positioning Evaluation Methodology
Lenovo

R1-2204834
SL positioning evaluation methodology
Fraunhofer IIS, Fraunhofer HHI

R1-2204939
Views on Evaluation Methodology for NR Sidelink Positioning
Intel Corporation

R1-2204949
Evaluation of SL positioning
Ericsson

R1-2205037
Sidelink Positioning Evaluation Assumptions and Results
Qualcomm Incorporated
[109-e-R18-Pos-03] Email discussion on evaluation of SL positioning by May 20 – Chuangxin (ZTE)
· Check points: May 16, May 20

9.5.1.3 Potential solutions for SL positioning
R1-2203566
Discussion on potential solutions for sidelink positioning
vivo

R1-2204385
Discussions on potential solutions for SL positioning
NTT DOCOMO, INC.

R1-2203058
Considerations on sidelink reference signals for positioning purposes
FUTUREWEI

R1-2203129
Potential solutions for SL positioning
Nokia, Nokia Shanghai Bell

R1-2203164
Discussion on solutions to support SL positioning
Huawei, HiSilicon

R1-2203335
Consideration on potential solutions for SL positioning
Spreadtrum Communications

R1-2203467
Discussion on potential solutions for SL positioning
CATT, GOHIGH

R1-2203624
Discussion on potential solutions for SL positioning
ZTE

R1-2203659
Discussion on potential solutions for sidelink positioning
China Telecom

R1-2203720
Discussion on potential solutions for SL positioning
LG Electronics

R1-2203738
Considerations on potential solutions for SL positioning
Sony

R1-2203752
The potential solutions for sidelink positioning
MediaTek Inc.

R1-2203823
Discussion on sidelink positioning solutions
xiaomi

R1-2203911
Discussion on Potential Solutions for SL Positioning
Samsung

R1-2203943
Discussion on Potential Solutions for SL Positioning
NEC

R1-2203980
Discussion on potential solutions for SL positioning
OPPO

R1-2204092
carrier phase measurement method for sidelink positioning
Locaila

R1-2204132
Potential solutions for SL positioning
InterDigital, Inc.

R1-2204253
Discussions on Potential solutions for SL positioning
Apple

R1-2204310
Discussion on potential solutions for SL positioning
CMCC

R1-2204481
Consideration on potential solutions for SL positioning
Spreadtrum Communications

Withdrawn 

R1-2204559
On Potential SL Positioning Solutions
Lenovo

R1-2204667
Views on potential solutions for SL positioning
Sharp

R1-2204755
Discussion on potential solutions for sidelink based positioning
CEWiT

R1-2204835
Potential solutions for SL positioning
Fraunhofer IIS, Fraunhofer HHI

R1-2204869
Views on potential solutions for SL positioning
ROBERT BOSCH GmbH

R1-2204940
Views on potential solutions for SL positioning
Intel Corporation

R1-2204950
Potential solutions for SL positioning
Ericsson

R1-2205038
Potential Solutions for Sidelink Positioning
Qualcomm Incorporated

[109-e-R18-Pos-04] Email discussion on potential solutions for SL positioning by May 20 – Alex (Qualcomm)
· Check points: May 16, May 20

Agreement
Study power control mechanisms for SL-PRS transmission, including whether it is necessary.

9.5.2 Improved positioning accuracy, integrity, and power efficiency 

9.5.2.1 Solutions for integrity of RAT dependent positioning techniques
R1-2203165
Error source for NR RAT-dependent positioning
Huawei, HiSilicon

R1-2203177
Initial Views on solutions for integrity of RAT-dependent positioning techniques
Nokia, Nokia Shanghai Bell

R1-2203336
Consideration on solutions for integrity of RAT dependent positioning techniques
Spreadtrum Communications

R1-2203468
Discussion on solutions for integrity of RAT dependent positioning techniques
CATT

R1-2203567
Discussion on solutions for integrity of RAT dependent positioning
vivo

R1-2203625
Discussion on integrity of RAT dependent positioning
ZTE

R1-2203739
Considerations on solution for integrity of RAT dependent positioning techniques
Sony

R1-2203912
Discussion on Integrity of RAT Dependent Positioning
Samsung

R1-2203965
Discussions on Integrity for NR Positioning
OPPO

R1-2204133
Integrity for RAT dependent positioning techniques
InterDigital, Inc.

R1-2204311
Discussion on solutions for integrity of RAT-dependent positioning techniques
CMCC

R1-2204386
Discussion on solutions for integrity of RAT dependent positioning techniques
NTT DOCOMO, INC.

R1-2204482
Consideration on solutions for integrity of RAT dependent positioning techniques
Spreadtrum Communications

Withdrawn 

R1-2204523
Discussion on integrity of RAT dependent positioning techniques
LG Electronics

R1-2204560
Integrity for RAT-dependent positioning
Lenovo

R1-2204668
Views on solutions for integrity of RAT dependent positioning techniques
Sharp

R1-2204951
Solutions for integrity of RAT dependent positioning techniques
Ericsson

R1-2205039
Integrity for RAT dependent positioning
Qualcomm Incorporated

[109-e-R18-Pos-05] Email discussion on integrity of RAT dependent positioning techniques by May 20 – Fumihiro (InterDigital)
· Check points: May 16, May 20

9.5.2.2 Improved accuracy based on NR carrier phase measurement
R1-2203469
Discussion on improved accuracy based on NR carrier phase measurement
CATT

R1-2203634
Use cases and applications on Carrier Phase Based Positioning for NR 
Locaila

R1-2203626
Discussion on Carrier Phase Measurement Based Positioning
ZTE

R1-2203166
Discussion on NR carrier phase positioning
Huawei, HiSilicon

R1-2203178
Initial Views on improved accuracy based on NR carrier phase measurement
Nokia, Nokia Shanghai Bell

R1-2203337
Consideration on improved accuracy based on NR carrier phase measurement
Spreadtrum Communications

R1-2203568
Discussion on carrier phase measurement enhancements
vivo

R1-2203635
"Continuous PRS for improved carrier phase measurement Document for:
Discussion & Decision"
Dankook University

R1-2203660
Discussion on improved accuracy based on NR carrier phase measurement
China Telecom

R1-2203753
On carrier phase measurement
MediaTek Inc.

R1-2203824
Improved accuracy based on NR carrier phase measurement
xiaomi

R1-2203913
Discussion on NR Carrier Phase Measurement
Samsung

R1-2203966
Discussions on Carrier Phase Measurement for NR Positioning
OPPO

R1-2204134
Potential solutions for carrier phase based positioning
InterDigital, Inc.

R1-2204312
Discussion on carrier phase positioning
CMCC

R1-2204387
Discussion on improved accuracy based on NR carrier phase measurement
NTT DOCOMO, INC.

R1-2204483
Consideration on improved accuracy based on NR carrier phase measurement
Spreadtrum Communications

Withdrawn 

R1-2204524
Discussion on OFDM based carrier phase measurement in NR
LG Electronics

R1-2204561
On NR carrier phase measurements
Lenovo

R1-2204669
Views on improved accuracy based on NR carrier phase measurement
Sharp

R1-2204807
Design Aspects of Carrier Phase Measurements for NR Positioning Enhancements
Intel Corporation

R1-2204836
NR carrier phase measurements for positioning
Fraunhofer IIS, Fraunhofer HHI

R1-2204952
Improved accuracy based on NR carrier phase measurement
Ericsson

R1-2205040
Phase Measurements in NR Positioning
Qualcomm Incorporated

[109-e-R18-Pos-06] Email discussion on improved accuracy based on NR carrier phase measurement by May 20 – Ren (CATT)
· Check points: May 16, May 20

Agreement
NR carrier phase positioning performance will be evaluated at least with the carrier phase measurements of a single measurement instance.
R1-2205164
FL Summary for improved accuracy based on NR carrier phase measurement
Moderator (CATT)

R1-2205165
FL Summary #2 for improved accuracy based on NR carrier phase measurement
Moderator (CATT)

R1-2205166
FL Summary #3 for improved accuracy based on NR carrier phase measurement
Moderator (CATT)

9.5.2.3 LPHAP (Low Power High Accuracy Positioning)

Including discussions on requirements, evaluations, and potential enhancements.
R1-2203167
Requirements and evaluation methodology for LPHAP
Huawei, HiSilicon

R1-2203179
Initial Views on LPHAP
Nokia, Nokia Shanghai Bell

R1-2203470
Discussion on Low Power High Accuracy Positioning
CATT

R1-2203569
Discussion on Low Power High Accuracy Positioning
vivo

R1-2203627
Discussion on low power high accuracy positioning(LPHAP)
ZTE

R1-2203825
LPHAP (Low Power High Accuracy Positioning)
xiaomi

R1-2203914
Discussion on LPHAP
Samsung

R1-2203967
Disucssion on Low Power High Accuracy Positioning
OPPO

R1-2204155
Discussions on Low Power High Accuracy Positioning (LPHAP) techniques
InterDigital, Inc.

R1-2204313
Discussion on low power high accuracy positioning
CMCC

R1-2204426
Discussion on Low Power High Accuracy Positioning
Quectel

R1-2204525
Discussion on LPHAP in idle/inactive state
LG Electronics

R1-2204562
LPHAP considerations
Lenovo

R1-2204670
Views on low power high accuracy positioning
Sharp

R1-2204953
On the requirements, evaluations and potential enhancements for Low Power High Accuracy Positioning)
Ericsson

R1-2205041
Requirements, Evaluations, Potential Enhancements for Low Power High Accuracy Positioning
Qualcomm Incorporated
[109-e-R18-Pos-07] Email discussion on LPHAP by May 20 – Jingwen (CMCC)
· Check points: May 16, May 20

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)


R1-2205354
FL summary #2 for AI 9.5.2.3 – low power high accuracy positioning
Moderator (CMCC)

R1-2205355
FL summary #3 for AI 9.5.2.3 – low power high accuracy positioning
Moderator (CMCC)

9.5.3 Positioning for RedCap UEs
Including performance evaluation of existing positioning procedures and measurements with RedCap UEs. The result of the evaluation will be used to assess the necessity of enhancements and, if needed, identify enhancements.
R1-2203168
Discussion on RedCap positioning
Huawei, HiSilicon

R1-2203968
Discussion on Positioning for RedCap Ues
OPPO

R1-2205042
Positioning for Reduced Capabilities UEs
Qualcomm Incorporated
R1-2203180
Initial Views on Positioning for RedCap UEs
Nokia, Nokia Shanghai Bell

R1-2203471
Discussion on positioning for RedCap UEs
CATT

R1-2203570
Discussion on positionig for RedCap Ues
vivo

R1-2203628
Discussion on Positioning for RedCap UE
ZTE

R1-2203696
Discussion on positioning support for RedCap UEs
NEC

R1-2203740
Discussion on positioning for RedCap UEs
Sony

R1-2203754
The potential solutions for RedCap UEs for positioning
MediaTek Inc.

R1-2203826
Initial views on the positioning for RedCap UEs
xiaomi

R1-2203915
Discussion on Positioning for RedCap Ues
Samsung

R1-2204157
Evaluation assumptions and potential solutions for positioning for RedCap UEs
InterDigital, Inc.

R1-2204254
Discussions on Positioning for RedCap UEs
Apple

R1-2204314
Discussion on RedCap positioning
CMCC

R1-2204388
Discussion on positioning for RedCap UEs
NTT DOCOMO, INC.

R1-2204425
Discussion on Positioning for RedCap UEs
Quectel

R1-2204526
Discussion on positioning support for RedCap Ues
LG Electronics

R1-2204563
Positioning for RedCap devices
Lenovo

R1-2204671
Views on positioning for RedCap UEs
Sharp

R1-2204808
On enhancements for NR positioning support of RedCap UEs
Intel Corporation

R1-2204954
Positioning for RedCap Ues
Ericsson

[109-e-R18-Pos-08] Email discussion on positioning for RedCap UEs by May 20 – Florent (Ericsson)
· Check points: May 16, May 20

Agreement
For evaluation of RedCap UE positioning performances, all RAT based positioning methods can be considered. Sources should detail the chosen method(s) when presenting performance evaluations.
9.5.4 Others
R1-2203181
Initial Views on Other topics for Positioning
Nokia, Nokia Shanghai Bell

R1-2203472
Discussion on solutions of carrier phase positioning in multipath scenarios
CATT

R1-2203571
Discussion on PRS measurement in IDLE state
vivo

R1-2203629
Discussion on Positioning with Multiple Frequency Layers (Carriers)
ZTE

R1-2203916
Discussion on expended and improved NR positioning
Samsung

R1-2204158
Efficient usage of available bandwidths for positioning
InterDigital, Inc.

R1-2204916
Considerations on the CA positioning
Huawei, HiSilicon

R1-2204955
Considerations for PRS/SRS bandwidth aggregation
Ericsson
