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R1-2207458
Draft TR 38.859 v001: Study on expanded and improved NR positioning
Intel Corporation, CATT, Ericsson
R1-2208157
Draft TR 38.859 v010: Study on expanded and improved NR positioning
Intel Corporation, CATT, Ericsson
9.5.1 Sidelink positioning

9.5.1.1 SL positioning scenarios and requirements

Including specific target performance requirements
R1-2205836
SL positioning scenarios and requirements
Nokia, Nokia Shanghai Bell

R1-2205853
Discussion on SL positioning scenarios and requirements
LG Electronics

R1-2205866
Remaining issues of scenarios and requirements for sidelink positioning
Huawei, HiSilicon

R1-2205899
Discussion on scenarios and requirements for SL positioning
ZTE

R1-2206044
Discussion on SL positioning scenarios and requirements
vivo

R1-2206066
Discussion on requirements for sidelink positioning
TOYOTA Info Technology Center

R1-2206122
Considerations on SL positioning scenarios
Sony

R1-2206238
SL positioning scenarios and requirements
NEC

R1-2206287
Discussion on SL positioning scenarios and requirements
OPPO

R1-2206403
Discussion on SL positioning scenarios and requirements
CATT, GOHIGH

R1-2206496
Potential SL Positioning Scenarios and Requirements
Lenovo

R1-2206588
On scenarios and requirements for SL positioning
Intel Corporation

R1-2206647
Discussion on sidelink positioning scenarios and requirement
Xiaomi

Withdrawn
R1-2206829
On SL Positioning Scenarios and Requirements
Samsung

R1-2206916
Remaining issues on SL positioning scenarios and requirements
CMCC

R1-2207071
Further discussion on sidelink based positioning requirements & scenarios
CEWiT

R1-2207085
Discussions on SL positioning scenario and requirements
InterDigital, Inc.

R1-2207236
Sidelink Positioning Scenarios and Requirements
Qualcomm Incorporated

R1-2207282
Views on SL positioning scenarios and requirements
Sharp

R1-2207340
Discussion on Sidelink positioning scenarios and requirements
Apple

R1-2207507
Views on SL positioning scenarios and requirements
ROBERT BOSCH GmbH

R1-2207577
Discussion on sidelink positioning scenarios and requirement
Xiaomi

R1-2207618
Scenarios and requirements for sidelink positioning
Ericsson

R1-2207626
Considerations on sidelink positioning in NR
ITL
R1-2207738
FL summary #1 on SL positioning scenarios and requirements
Moderator (Intel)
Agreement
· For ranging between two devices, ranging direction accuracy is defined as accuracy of angle of arrival (AoA) at a receiving node.

· The following requirements on ranging direction accuracy are considered:

· Set A: Y = ±15° for 90% of the UEs
· Set B: Y = ±8° for 90% of the UEs
· Note 1: For evaluations of ranging direction accuracy, companies are expected to report: 

· whether each of the two requirements are satisfied, and 

· %-ile of UEs satisfying the target positioning accuracy for a requirement that may not be satisfied with 90%.

· Note 2: target positioning requirements may not necessarily be reached for all scenarios and deployments.

· Note 3: all positioning techniques may not achieve all positioning requirements in all scenarios.

Agreement
Confirm the following working assumption on positioning accuracy requirements for V2X with the changes indicated below:

·  For evaluation of V2X use-cases for SL positioning, the following accuracy requirements are considered:

· Set A (similar to “Set 2” defined in TR 38.845)

· Horizontal accuracy of 1.5 m (absolute and or relative); Vertical accuracy of 3 m (absolute and or relative) for 90% of UEs

· Set B (similar to “Set 3” defined in TR 38.845)

· Horizontal accuracy of 0.5 m (absolute and or relative); Vertical accuracy of 2 m (absolute and or relative) for 90% of UEs

· Note 1: For evaluated SL positioning methods, companies are expected to report: 

· whether each of the two requirements are satisfied, and 

· %-ile of UEs satisfying the target positioning accuracy for a requirement that may not be satisfied with 90%.

· Note 2: target positioning requirements may not necessarily be reached for all scenarios and deployments

· Note 3: all positioning techniques may not achieve all positioning requirements in all scenarios

Agreement
Confirm the following working assumption on positioning accuracy requirements for IIoT:

· For evaluation of IIoT use-cases for SL positioning solutions, the following accuracy requirements are considered:

· For horizontal accuracy, 

· Set A: 1 m (absolute or relative) for 90% of UEs

· Set B: 0.2 m (absolute or relative) for 90% of UEs

· For vertical accuracy, 

· Set A: 1 m (absolute or relative) for 90% of UEs

· Set B: 0.2 m (absolute or relative) for 90% of UEs

· Relative speed: up to 30 km/hr.

· Note 1: For evaluated SL positioning methods, companies are expected to report: 

· whether each of the two requirements are satisfied, and 

· %-ile of UEs satisfying the target positioning accuracy for a requirement that may not be satisfied with 90%.

· Note 2: target positioning requirements may not necessarily be reached for all scenarios and deployments

· Note 3: all positioning techniques may not achieve all positioning requirements in all scenarios

Conclusion
Further prioritization amongst the identified use-cases for SL positioning is not pursued during this SI in RAN1.
9.5.1.2 Evaluation of SL positioning
Including evaluation methodology and performance evaluation results
R1-2205837
Evaluation of SL positioning
Nokia, Nokia Shanghai Bell

R1-2205854
Discussion on evaluation of SL positioning
LG Electronics

R1-2205867
Evaluation assumptions and results for SL positioning
Huawei, HiSilicon

R1-2205900
Discussion on evaluation of SL positioning
ZTE

R1-2206045
Evaluation of sidelink positioning performance
vivo

R1-2206123
Initial Performance Evaluation of SL Positioning
Sony

R1-2206239
Evaluation of SL positioning
NEC

R1-2206288
Remaining details on evaluation methodology of SL positioning
OPPO

R1-2206404
Evaluation methodology and performance evaluation for SL positioning
CATT, GOHIGH

R1-2206497
SL Positioning Evaluation Methodology and Performance
Lenovo
Revised to R1-2207686
R1-2206648
Discussion on evaluation of sidelink positioning
Xiaomi

Withdrawn

R1-2206830
Discussion on Evaluation for SL Positioning
Samsung

R1-2207072
Discussion on evaluation methods and results of sidelink based positioning
CEWiT

R1-2207086
Evaluation results for SL positioning
InterDigital, Inc.

R1-2207124
Evaluation methodology for SL positioning
Fraunhofer IIS, Fraunhofer HHI

R1-2207237
Sidelink Positioning Evaluation Assumptions and Results
Qualcomm Incorporated

R1-2207508
Views on Evaluation of SL positioning for VRU Protection
ROBERT BOSCH GmbH

R1-2207578
Discussion on evaluation of sidelink positioning
Xiaomi

R1-2207606
FL summary#2 for SL positioning evaluation
ZTE

R1-2207619
Simulation assumptions and evaluations for  NR SL positioning
Ericsson
R1-2207686
SL Positioning Evaluation Methodology and Performance
Lenovo
R1-2207605
FL summary#1 for SL positioning evaluation
ZTE

Agreement
For SL positioning evaluation in IIOT use case, companies should report how to drop anchor UEs and how to select anchor UEs
R1-2207606
FL summary#2 for SL positioning evaluation
ZTE
Agreement
Adopt the tables in section 3 of R1-2207606 as templates to collect SL positioning simulation results from each company.
Agreement
In the evaluation, relative positioning or ranging is performed between two UEs within X m, where X value(s) are reported by companies, and companies should also report the minimum distance used in the evaluations for each use case. The assumption used for X will be included in the TR for each set of results.

Agreement
For SL positioning evaluation purpose, the following assumptions are further adopted

· Companies should report whether SL-PRS and other SL signals are FDMed or not FDMed, and whether other SL signals are present
· Adopting system level simulations (rather than the link level simulations) as the baseline tool 
· For SL positioning evaluation in highway scenario or urban grid scenario, the performance metrics can include absolute horizontal accuracy, relative horizontal accuracy, ranging with distance accuracy, and ranging with direction accuracy (optionally). 
· In highway and urban grid scenarios, companies can further consider other UE types, e.g. pedestrian UE or VRU devices.

9.5.1.3 Potential solutions for SL positioning
R1-2205746
Potential sidelink positioning solutions
FUTUREWEI

R1-2205838
Potential solutions for SL positioning
Nokia, Nokia Shanghai Bell

R1-2205855
Discussion on potential solutions for SL positioning
LG Electronics

R1-2205868
Discussion on solutions to support SL positioning
Huawei, HiSilicon

R1-2205901
Discussion on potential solutions for SL positioning
ZTE

R1-2205994
Discussion on potential solutions for SL positioning
Spreadtrum Communications

R1-2206046
Discussion on potential solutions for sidelink positioning
vivo

R1-2206124
Discussion on potential solutions for SL positioning
Sony

R1-2206240
Discussion on Potential Solutions for SL Positioning
NEC

R1-2206289
Discussion on potential solutions for SL positioning
OPPO

R1-2206405
Discussion on potential solutions for SL positioning
CATT, GOHIGH

R1-2206498
On Potential SL Positioning Solutions
Lenovo

R1-2206589
Potential solutions for SL positioning
Intel Corporation

R1-2206649
Discussion on sidelink positioning solutions
Xiaomi

Withdrawn

R1-2206693
Discussion on potential solutions for sidelink positioning
China Telecom

R1-2206831
Discussion on Potential Solutions for SL Positioning
Samsung

R1-2206917
Discussion on potential solutions for SL positioning
CMCC

R1-2207073
Discussion on enhancement for sidelink positioning support
CEWiT

R1-2207087
Potential solutions for SL positioning
InterDigital, Inc.

R1-2207125
Potential solutions for SL positioning
Fraunhofer IIS, Fraunhofer HHI

R1-2207238
Potential Solutions for Sidelink Positioning
Qualcomm Incorporated

R1-2207283
Views on potential solutions for SL positioning
Sharp

R1-2207341
Discussions on Potential solutions for SL positioning
Apple

R1-2207411
Discussion on potential solutions for SL positioning
NTT DOCOMO, INC.

R1-2207443
Discussion on handling Anchor UE
DENSO AUTOMOTIVE

R1-2207479
The potential solutions for sidelink positioning
MediaTek Inc.

R1-2207484
Discussion on sidelink positioning
ASUSTeK

R1-2207579
Discussion on sidelink positioning solutions
Xiaomi

R1-2207620
On potential solutions for SL positioning
Ericsson

R1-2207846
Moderator Summary #1 on potential solutions for SL positioning
Moderator (Qualcomm)

R1-2207875
Moderator Summary #2 on potential solutions for SL positioning
Moderator (Qualcomm)

Agreement
With regards to the Positioning methods supported using at least SL measurements, potential candidate positioning methods include at least the following:

· RTT-type solution(s) using SL

· SL-AoA

· SL-TDOA

· Note: other methods can still be studied

· Note: The above categorization does not necessarily mean that there will be separate SL positioning methods specified.  

Agreement
A new reference signal should be introduced for supporting SL positioning/ranging.
Agreement
Regarding SL-PRS resource allocation, both Scheme 1 and Scheme 2 should be introduced for supporting SL positioning/ranging:

· Scheme 1: Network-centric operation SL-PRS resource allocation (e.g. similar to a legacy Mode 1 solution)

· The network (e.g. gNB, LMF, gNB & LMF) allocates resources for SL-PRS. 

· Scheme 2: UE autonomous SL-PRS resource allocation (e.g. similar to legacy Mode 2 solution)

· At least one of the UE(s) participating in the sidelink positioning operation allocates resources for SL-PRS

Agreement
With regards to the SL Positioning resource allocation, one of the following alternatives should be introduced for supporting SL positioning/ranging:

· Alt. 1: only dedicated resource pool(s) can be (pre-)configured for SL-PRS

· Alt. 2: either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-)configured for SL-PRS

· Note: whether other signals/channels can be present in the dedicated resource pool can be further discussed

R1-2207974
Moderator Summary #3 on potential solutions for SL positioning
Moderator (Qualcomm)

Agreement
For the content of the sidelink positioning measurement report, potential elements may include at least the following:

· One or more sidelink positioning measurement(s)

· Timestamp(s) associated with a sidelink positioning measurement 

· Quality metric(s) associated with a sidelink positioning measurement 

· Identification Information for a sidelink positioning measurement

· FFS any detail for the above

Agreement
For the sequence of the new reference signal for SL positioning/ranging, down select between Alt 1 and Alt 2:

· Alt. 1: pseudorandom-based. Use existing sequence of DL-PRS as a starting point.

· Alt. 2: ZC-based (SRS sequence as a starting point)
Agreement
With regards to the frequency domain pattern, a Comb-N SL-PRS occupying M symbol(s) design should be introduced for the support of NR SL positioning
· Note: there could be multiple values for M, N
Agreement
Regarding Scheme 2 SL-PRS resource allocation, study at least the following aspects:
· Resource selection mechanism for SL-PRS
· Inter-UE coordination

· Aspects for congestion control mechanisms for SL-PRS

R1-2208186
Moderator Summary #4 on potential solutions for SL positioning
Moderator (Qualcomm)

Agreement
· With regards to the configuration/activation/deactivation/triggering of SL-PRS, Option 3 from the previous corresponding RAN1 #109 agreement will not be considered further.

· With regards to reservation of SL-PRS, it can be considered based on the Option 1 or Option 2 from the previous corresponding RAN1 #109 agreement.
Agreement
With regards to the frequency domain pattern for multi-symbol SL-PRS, prioritize partially and fully staggered SL-PRS. 
· Note: this does not preclude comb N=1

· FFS: single symbol SL-PRS, if supported
9.5.2 Improved positioning accuracy, integrity, and power efficiency 

9.5.2.1 Solutions for integrity of RAT dependent positioning techniques
R1-2205869
Error source for NR RAT-dependent positioning
Huawei, HiSilicon

R1-2205902
Discussion on integrity of RAT dependent positioning
ZTE

R1-2205995
Discussion on error sources for RAT-dependent positioning
Spreadtrum Communications

R1-2206047
Discussion on solutions for integrity of RAT dependent positioning
vivo

R1-2206125
Considerations on Integrity for RAT dependent positioning
Sony

R1-2206273
Discussions on Integrity for NR Positioning
OPPO

R1-2206406
Discussion on solutions for integrity of RAT dependent positioning techniques
CATT

R1-2206490
Views on solutions for integrity of RAT-dependent positioning techniques
Nokia, Nokia Shanghai Bell

R1-2206499
Integrity aspects for RAT-dependent positioning
Lenovo

R1-2206650
Error source for NR RAT-dependent positioning integrity
Xiaomi

R1-2206832
Discussion on Integrity of RAT Dependent Positioning
Samsung

R1-2206918
Discussion on integrity for RAT-dependent positioning
CMCC

R1-2207088
Discussion on integrity for RAT dependent positioning techniques
InterDigital, Inc.

R1-2207239
Integrity for RAT dependent positioning
Qualcomm Incorporated

R1-2207284
Views on solutions for integrity of RAT dependent positioning techniques
Sharp

R1-2207412
Discussion on solutions for integrity of RAT dependent positioning techniques
NTT DOCOMO, INC.

R1-2207621
Error Sources characterization for integrity of RAT dependent positioning techniques
Ericsson

R1-2207744
FL summary #1 on integrity of RAT dependent positioning techniques
Moderator (InterDigital)
Agreement
· For LMF-based positioning integrity mode, at least the followings are error sources for timing related measurements :
· RSTD measurement is an error source for DL-TDOA 
· RTOA measurement is an error source for UL-TDOA

· UE Rx-Tx time difference measurement is an error source for Multi-RTT
· gNB Rx-Tx time difference measurement is an error source for Multi-RTT
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
Agreement
· For LMF-based positioning integrity mode, at least angle of arrival measurement is an error source for UL-AoA
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· FFS: The error can be expressed as the error of the AoA/ZoA in LCS or GCS or the error of a defined function of AoA/ZoA in LCS.
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

R1-2207922
FL summary #2 on integrity of RAT dependent positioning techniques
Moderator (InterDigital)
Agreement
For UE-based positioning integrity mode, at least the following are error sources in assistance data : 

· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) and Inter-TRP synchronization (e.g., NR-RTD-Info in TS 37.355) are error sources for DL-TDOA

· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) is an error source for DL-AoD

· FFS: whether boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo in TS 37.355) is an error source

· FFS: whether beam information of DL-PRS (e.g., NR-TRP-BeamAntennaInfo in TS 37.355) is an error source 

· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)

· Other error sources are not precluded

· FFS : Applicability of the above error sources to LMF-based positioning integrity mode

· Note : Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

Agreement
For LMF-based positioning integrity mode, ARP location (e.g., ARPLocationInformation in TS 38.455) is an error source for UL-AoA.

· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity)
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

· FFS : Whether the error statistics of ARP location is available at the gNB

· Other error sources are not precluded
Agreement
For LMF-based positioning integrity mode, at least inter-TRP synchronization is an error source for UL-TDOA. 

· FFS : Specification impact of inter-TRP synchronization as an error source for UL-TDOA
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
Agreement
Study the distribution of RSTD, RTOA and UE/gNB Rx-Tx time measurement error considering the following aspects: 
· Whether TEG-related timing error is an independent error source from timing related measurement error (e.g., RTOA, RSTD, UE/gNB Rx-Tx time difference)
· Whether the measurement error is considered for each ToA or for the reported RSTD value
· Other Details (e.g., mean and standard deviation)

Note : it is encouraged to provide the evaluation assumptions used by companies (e.g., requirements in TS 38.101, TS 38.104, TS 38.133, evaluation assumptions in TR 38.857, LOS/NLOS probability, measurement algorithm) and results (e.g., error histogram) if evaluation is used to determine the distribution, mean and standard deviation or range of values of an error source.

R1-2208189
FL summary #3 on integrity of RAT dependent positioning techniques
Moderator (InterDigital)
Agreement
Study the distribution of arrival measurement error focusing on the following aspects 

· Whether the angle of arrival measurement error can be expressed as the error of the AoA/ZoA in LCS or GCS or the error of a defined function of AoA/ZoA in LCS
· Distribution of AoA measurement error for an NLOS/LOS link
· Other Details (e.g., mean, standard deviation)

Note: It is encouraged to provide evaluation assumptions (e.g., requirements in TS 38.101, TS 38.104, TS 38.133, evaluation assumptions in TR 38.857, LOS/NLOS probability, measurement algorithm) and results (e.g., error histogram) if evaluation is used to determine the distribution, mean and standard deviation or range of values of an error source.
9.5.2.2 Improved accuracy based on NR carrier phase measurement
R1-2205870
Evaluation and solutions for NR carrier phase positioning
Huawei, HiSilicon

R1-2205903
Discussion on carrier phase measurement based positioning
ZTE

R1-2206048
Discussion on carrier phase measurement enhancements
vivo

R1-2206227
Solutions for Integer Ambiguity, TRP synchronization and Vertical Positioning 
Locaila

R1-2206274
Discussions on Carrier Phase Measurement for NR Positioning
OPPO

R1-2206407
Discussion on improved accuracy based on NR carrier phase measurement
CATT

R1-2206491
Views on improved accuracy based on NR carrier phase measurement
Nokia, Nokia Shanghai Bell

R1-2206500
On NR carrier phase measurements
Lenovo

R1-2206590
Improved positioning accuracy with NR carrier phase measurements
Intel Corporation

R1-2206651
Improved accuracy based on NR carrier phase measurement
Xiaomi

R1-2206694
Discussion on improved accuracy based on NR carrier phase measurement
China Telecom

R1-2206833
Discussion on NR Carrier Phase Measurement
Samsung

R1-2206919
Discussion on carrier phase positioning
CMCC

R1-2207090
Discussion on positioning based on NR carrier phase measurement
InterDigital, Inc.

R1-2207126
NR carrier phase measurements for positioning
Fraunhofer IIS, Fraunhofer HHI

R1-2207240
Phase Measurements in NR Positioning
Qualcomm Incorporated

R1-2207285
Views on improved accuracy based on NR carrier phase measurement
Sharp

R1-2207360
Discussion on OFDM based carrier phase measurement in NR
LG Electronics

R1-2207413
Discussion on improved accuracy based on NR carrier phase measurement
NTT DOCOMO, INC.

R1-2207480
On carrier phase measurement
MediaTek Inc.

R1-2207622
Improved accuracy based on NR carrier phase measurement
Ericsson

R1-2207710
Discussion on OFDM based carrier phase measurement in NR
LG Electronics

R1-2207742
Discussion on NR Carrier Phase Measurement
Samsung

R1-2207690
FL Summary for improved accuracy based on NR carrier phase measurements
Moderator (CATT)

Agreement
Endorse the templates in section 17 under (H)(Round 1) Proposal 17-1 in R1-2207690 to collect carrier-phase based positioning simulation results, with the following notes:
· The TR editor can adjust the sections/sub-sections arrangement

· Adjust the titles of the tables to refer to NR carrier-phase based positioning
· The detailed rows of the tables can be further discussed

R1-2207691
FL Summary #2 for improved accuracy based on NR carrier phase measurements
Moderator (CATT)

Agreement
In the evaluation of NR carrier phase positioning, the following frequency errors can be considered, which are modeled independently for each UE and each TRP:

· Initial Residual CFO (is the same for one measurement instances [or multiple phase measurement instances]):

· Ideal: 0 (UE/TRP)

· Practical: uniform distribution within 
· [-30, +30] Hz (FR1, UE), [-100, +100] Hz (FR1, UE), 
· [-120, +120] Hz (FR2, UE), [-400, +400] Hz (FR2, UE),
· [-10, +10] Hz (for each TRP, FR1),
· [-40, +40] Hz (for each TRP, FR2).
· Oscillator-drift (is the same for one or multiple phase measurement instances for positioning fix):

· Ideal: 0 (UE/TRP)

· Practical: uniform distribution within [-0.1, 0.1] ppm (UE), [-0.02, +0.02] ppm (each TRP) within measurement duration
· Note: The Doppler frequency can be determined based on the UE speed in the evaluation assumption.

Agreement
In the evaluation of NR carrier phase positioning, the offset between the initial phase of the transmitter and the initial phase of the receiver can be modeled as a random variable uniformly distributed within [0, X].
·  Possible values of X: 2pi
· Other values FFS
Agreement
In the evaluation of NR carrier phase positioning, the antenna reference point (ARP) location error of a TRP can be modeled as follows: 

· Ideal: no ARP error

· Practical: a zero-mean, truncated Gaussian distribution with zero mean and standard deviation of T=[1, 5] cm truncated to 2T in each of (x, y, z) direction
R1-2208206
FL Summary #3 for improved accuracy based on NR carrier phase measurements
Moderator (CATT)

Agreement
In the evaluation of NR carrier phase positioning, the following the UE/TRP antenna phase center offset (PCO) model can be considered as the starting point: 

dPCO =  a * dPhi + w











where


· a is the scale factor, a=[0, 1, 3]
· FFS: other values
· dPhi is the direction difference (in degrees):

· Example 1, dPhi is the difference between the true and the calculated (or measured) directions between a transmitter (UE/TRP) and a receiver (TRP/UE).

· Example 2: dPhi is the direction difference between one UE to two TRPs, or between one TRP to two UEs.

· w is 0 or a random variable uniformly distributed within [-2, +2], or [-5, +5], or [-X, +X] degrees
· FFS: value of X or left up to companies

· Note: the above model is valid only when absolute value of dPhi < Y degrees
· FFS: value of Y or left up to companies
Agreement
For the evaluation of NR carrier phase positioning, UE position can be calculated by the use of the carrier phase measurements obtained at the M sequential time instances, where 

· Baseline: 

· M=1

· Optional : 

· M=4

· Other values of M 

· Companies should report their assumptions on UE mobility (e.g. speed)

Agreement
Further evaluate the following multipath mitigation methods for the carrier phase positioning, which include, but are not limited to, the following:

· The methods of estimating the carrier phase of the first path

· Note: Both time-domain and frequency-domain methods can be considered

· LOS/NLOS/ Multi-path indication for the carrier phase measurements for improving the accuracy of the position calculation
· Rel-17 LOS/NLOS indicator can be used as the starting point
· measurements of the first path and additional paths
· E.g. carrier phase measurements, timing measurements
· other channel information, such as RSRP/RSRPP, CIR/CFR, etc.

9.5.2.3 LPHAP (Low Power High Accuracy Positioning)

Including discussions on requirements, evaluations, and potential enhancements.
R1-2205871
Evaluation and solutions for LPHAP
Huawei, HiSilicon

R1-2205904
Discussion on low power high accuracy positioning
ZTE

R1-2205996
Discussion on evaluation on LPHAP
Spreadtrum Communications

R1-2206049
Discussion on Low Power High Accuracy Positioning
vivo

R1-2206275
Disucssion on Low Power High Accuracy Positioning
OPPO

R1-2206408
Discussion on Low Power High Accuracy Positioning
CATT

R1-2206492
Views on LPHAP
Nokia, Nokia Shanghai Bell

R1-2206501
LPHAP considerations
Lenovo

R1-2206591
Discussion on power saving evaluation and techniques for LPHAP
Intel Corporation

R1-2206652
Discussion on Low Power High Accuracy Positioning
Xiaomi

R1-2206834
Discussion on LPHAP
Samsung

R1-2206920
Discussion on low power high accuracy positioning
CMCC

R1-2207091
Discussions on Low Power High Accuracy Positioning (LPHAP) techniques
InterDigital, Inc.

R1-2207241
Requirements, Evaluations, Potential Enhancements for Low Power High Accuracy Positioning
Qualcomm Incorporated

R1-2207286
Views on low power high accuracy positioning
Sharp

R1-2207361
Discussion on LPHAP in idle/inactive state
LG Electronics

R1-2207414
Discussion on Low Power High Accuracy Positioning
NTT DOCOMO, INC.

R1-2207623
Evaluations for Low Power High Accuracy Positioning
Ericsson
R1-2206921
Summary for low power high accuracy positioning
Moderator (CMCC)

Agreement
In the LPHAP evaluation, adopt the following model to convert the relative power unit to the battery life:

· Alt. 1: battery life is used as the metric to identify the gap
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· K is an implementation factor, K = 1 (baseline); K = 0.5, 2, 4 (optional)

· Note: The definition of the notations will be captured in the updates of TR.

· Note: The voltage is assumed to be the same for the reference device and the LPHAP device.

Agreement
· In the LPHAP evaluation, adopt the following example parameter values in the conversion model to evaluate the battery life:

· For the reference device in the conversion model:
	C1 (mAh)
	T1 (hour)
	X
	reference traffic type

	4500
	12
	20% 
	FTP (model 3)


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

	Type A (baseline)
	800
	6~12

	Type B (optional)
	4500
	6~12


· Note: As the reference device and LPHAP device characteristics, and therefore the parameter values of the model for determining battery life, is dependent on implementation factors, manufacturer, design options and cost options, it is up to individual company to evaluate the optional K values, and report the corresponding parameter values.

Agreement
In the LPHAP evaluation, adopt the example value of relative power unit of the reference device P1 = 50 to further align the battery life among companies.
Agreement
For the purpose of LPHAP evaluation, an ultra-deep sleep state is considered. The following options of the power consumption model of the ultra-deep sleep state can be further discussed:
· Option 1:
· The relative power unit: 0.015
· Additional transition energy: 2000
· Total transition time: 400ms
· Option 2:
· The relative power unit: 0.01
· Additional transition energy: 450;
· Total transition time: 25ms
· FFS: restrictions in processing associated with option 2 after the UE comes out of ultra-deep sleep state

· Notes: the values above can be further discussed

Agreement
For option 1 in the agreement above, the value of additional transition energy is changed to “a value between 2000 and 20000”. FFS which value.
Agreement
For the purpose of LPHAP evaluation, the following assumptions on eDRX configuration and/or paging reception can be optionally considered:

· The eDRX cycle to evaluate: 20.48s; 30.72s;
· For paging reception:
· 1 paging occasion is included in one eDRX cycle

· 10% paging rate
· No paging reception can be optionally evaluated;

· 1 DL PRS and/or UL SRS for positioning occasion per 1 eDRX cycle 

· Minimizing the gap between PRS measurement, SRS transmission and/or measurement reporting with paging monitoring in time domain can be evaluated.

R1-2207993
Summary for low power high accuracy positioning
Moderator (CMCC)

Agreement
The tables to collect evaluation results from each source in section 3.3.2 of R1-2207993 are endorsed.
Agreement
Capture the following in TR as an observation:

· Evaluations of baseline Rel-17 RRC_INACTIVE state positioning with the evaluation assumptions agreed for the study show that the power consumption on deep sleep state accounts for the highest proportion in the total power.

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.
R1-2205872
Discussion on RedCap positioning
Huawei, HiSilicon

R1-2205905
Discussion on Positioning for RedCap UE
ZTE

R1-2206050
Discussion on positioning for RedCap UEs
vivo

R1-2206126
Discussion on positioning for RedCap UEs
Sony

R1-2206276
Discussion on Positioning for RedCap Ues
OPPO

R1-2206426
Discussion on positioning for RedCap UEs
CATT

R1-2206473
Discussion on positioning support for RedCap UEs
NEC

R1-2206493
Views on Positioning for RedCap UEs
Nokia, Nokia Shanghai Bell

R1-2206502
Positioning for RedCap devices
Lenovo

R1-2206592
Positioning for RedCap UEs
Intel Corporation

R1-2206835
Discussion on Positioning for RedCap UEs
Samsung

R1-2206922
Discussion on RedCap positioning
CMCC

R1-2207092
Discussions on positioning for RedCap UEs
InterDigital, Inc.

R1-2207242
Positioning for Reduced Capabilities UEs
Qualcomm Incorporated

R1-2207287
Views on positioning for RedCap Ues
Sharp

R1-2207342
Discussions on Positioning for RedCap Ues
Apple

R1-2207362
Discussion on positioning support for RedCap Ues
LG Electronics

R1-2207415
Discussion on positioning for RedCap UEs
NTT DOCOMO, INC.

R1-2207482
The potential solutions for RedCap UEs for positioning
MediaTek Inc.

R1-2207624
Considerations for RedCap Positioning
Ericsson
R1-2207749
Feature Lead Summary #1 for Positioning for RedCap Ues
Moderator (Ericsson)

Agreement
For the purpose of the Rel-18 study 

· The target accuracy requirements for RedCap UEs for commercial use cases are defined as follows:

· Indoor and outdoor

· Horizontal position accuracy (< 3 m) for 90% of UEs

· Vertical position accuracy (< 3 m) for 90% of UEs 

· The target accuracy requirements for RedCap UEs for IIoT use cases are defined as follows:

· Horizontal position accuracy (<1 m) for 90% of UEs 

· Vertical position accuracy (< 3 m) for 90% of UEs  

· Note: the requirements may not be met in all scenarios and use cases
Agreement
CDF values for evaluations of Redcap UE Positioning scenarios are derived based on:

· The reported CDF points used as performance metrics in the evaluation include at least the 50%, 67%, 80%, 90% percentiles.

· For indoor scenarios 
· (Required): The UEs inside the convex hull of the horizontal BS deployment area.

· (Optional): All the UEs

Agreement
The following table is endorsed to capture the evaluation scenarios and parameters in the evaluation results section of the TR:

Table 3.2-2 evaluation scenarios and parameters template

	Parameter
	Case XYZ (channel model, FRx)

	Scenario (baseline, otherwise state any modifications)
	

	Carrier frequency
	

	Subcarrier spacing
	

	Reference Signal Transmission Bandwidth
	

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	

	Reference signal

(type of sequence, number of ports, …)
	

	Number of sites
	

	Number of symbols used per occasion
	

	number of occasions used per positioning estimate
	

	Power-boosting level
	

	Uplink power control (applied/not applied)
	

	interference modelling (ideal muting, or other)
	

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	

	Network synchronization assumptions
	

	UE/gNB RX and TX timing error
	

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	

	UE antenna configuration
	

	Number of UE branches
	

	Description of enhancement solutions, if any
	

	gNB antenna configuration 
	

	UE noise figure  
	

	UE antenna height
	

	gNB antenna height
	

	Additional notes, if any
	


Agreement
Endorse the templates in section 7 in R1-2207749 to collect RedCap UE positioning simulation results, with the following notes:

· The first table as endorsed in previous agreement

· Add a column to the second table for capturing whether the requirement is met or not met

· The TR editor can adjust the sections/sub-sections arrangement

· Adjust the titles of the tables to refer to RedCap UE positioning
Agreement
For the evaluation of redcap UEs in the RMa scenarios, companies should report their evaluations parameters with their results. 

Agreement
The potential benefits and performance gains of frequency hopping of the DL PRS and UL SRS can be investigated in release 18, which may take into account at least the following:

· The impact of Doppler, phase offset, timing offset, power imbalance among hops
· RedCap UE capability and complexity considerations

· Impact of RF retuning during frequency hopping
· Details of frequency hopping (including Tx hopping and/or Rx hopping, BWP switching) for the study are FFS
R1-2207750
Feature Lead Summary #2 for Positioning for RedCap Ues
Moderator (Ericsson)

R1-2207751
Feature Lead Summary #3 for Positioning for RedCap Ues
Moderator (Ericsson)
