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1.1.1 Study on NR positioning support
FS_NR_pos; SID in RP-182155. Please refer to the SID for detailed scoping
R1-1900511
Discussion on Template for Collection of NR Positioning Evaluation Results
Intel Corporation

R1-1901194
on the TR structure for reporting system simulation results
Ericsson

Endorse updated version of TR based on agreements from this meeting
1.1.1.1 Potential Techniques for NR RAT Dependent Positioning

R1-1901181
Discussion of supported methods within NR positioning schemes
Fraunhofer IIS, Fraunhofer HHI

1.1.1.1.1 DL only based Positioning

Including positioning techniques, UE measurements/reports, reference signals and performance evaluations, etc.

R1-1900036
Downlink based solutions for NR positioning
Huawei, HiSilicon

R1-1900105
Support of New NR PRS
ZTE Corporation

R1-1900106
OTDOA enhancement with Beam TOA
ZTE Corporation
R1-1900149
Views on NR downlink positioning techniques
vivo

R1-1900203
On downlink OTDOA technique: potential reference signal design
MediaTek Inc.

R1-1900310
NR RAT-dependent DL Positioning
CATT

R1-1900384
Considerations on downlink-based positioning for NR
sony

R1-1900512
Analysis of Techniques for NR DL Positioning
Intel Corporation

R1-1900582
DL only based Positioning
Samsung

Withdrawn

R1-1900629
Discussion on DL only based Positioning
LG Electronics

R1-1900635
Views on DL only based NR positioning techniques
Mitsubishi Electric Corp

R1-1900703
Beam management enhancement for NR positioning
Spreadtrum Communications

R1-1900781
NR Angle Based DL Positioning 
Polaris Wireless

R1-1900914
RAT-dependent DL-only NR positioning techniques
Qualcomm Incorporated

R1-1901022
Positioning Techniques - DL based solutions
Nokia, Nokia Shanghai Bell

R1-1901090
DL only based Positioning
Samsung

R1-1901182
 DL Positioning considerations: Pattern learning, RSSI fingerprinting and beam management


Fraunhofer IIS

R1-1901195
DL Positioning Solutions
Ericsson

R1-1901274
Co-Band TBS Signal Transmit Configuration and Message Structure
BUPT, ZTE, CAICT

Late submission
R1-1901341
Summary for NR-Positioning AI - 7.2.10.1.1 DL only based Positioning
Intel Corporation

Agreement:
· NR should support timing (DL-TDOA) based DL-only positioning techniques in FR1 and FR2
· NR should support angle (DL-AoD) based DL-only positioning techniques with at least beam sweeping at least at the gNB in FR1 and FR2
· Note: This does not necessarily need different reference signals from the timing based DL-only positioning techniques
Agreement:
Enhancements to performance obtainable based on existing NR DL reference signals (e.g., based on extensions to current reference signals or with new reference signals) are necessary to meet accuracy requirements at least in some scenarios

R1-1901361
Offline discussion outcome for AI - 7.2.10.1.1 DL only based positioning
Intel Corporation

Agreement:
NR DL PRS design for FR1 and FR2 supports:

· Configurable NR DL PRS signal bandwidth

· FFS granularity of configuration, relationship with BWPs, whether the configuration is cell and/or UE specific

· Configurable NR DL PRS signal numerology (SCS)

· FFS configurability of CP for NR DL PRS

· Configurable NR DL PRS frequency and time allocation

· Use of DL beam sweeping / alignment

· i.e. beam alignment of gNB DL PRS transmission and UE reception of DL PRS

· Localized in time NR DL PRS transmissions with periodic and/or on-demand resource allocation

· FFS signaling details

· Dedicated NR DL PRS resources - time-frequency grid at resource block level 

· PRS transmitted in one cell may or may not collide with PRS transmissions in other cell

· e.g. frequency vShift/comb-offset is the same or different for two different PRSs in the same RB

· There is no data/control transmission in time-frequency grid of dedicated NR-DL PRS resources

· FDM multiplexing with other signals at RE level inside of PRS time-frequency grid is precluded

· FFS interference randomization techniques across PRS signals

· FFS shared in time/frequency NR DL PRS resources with other transmissions including data/control

· FFS which physical channel/signals can share resources with NR DL PRS

· FFS interference randomization techniques for PRS transmission with other signals

Agreement:
For NR DL PRS resource design:

· One antenna port is supported.

· FFS: configurable number of antenna ports (more than one) in addition to support of a single port

Agreement:
A PRS resource should have a PRS resource ID and a PRS sequence should have a PRS sequence ID 

Agreement:
· NR DL PRS resource is defined as a set of resource elements used for NR DL PRS transmission that can span multiple PRBs within N (1 or more) consecutive symbol(s) within a slot, where N is FFS.

· In any OFDM symbol, PRS resource occupies consecutive PRBs

· FFS if multiple symbols can be non-consecutive

· FFS on PRS Resource Set
· FFS: whether support of PRS frequency hopping is needed

Agreement:
· NR supports RSTD measurements for NR DL PRS

· FFS: RSTD b/w different configured PRS resources, beams, TRPs, cells, etc.

· NR supports RSRP measurement for NR DL PRS
· FFS if NR supports RSTD measurement quality metric for NR DL PRS

· FFS other measurements

Additional aspects that have been proposed during the study:

· Receive signal waveform reporting

· UE-based positioning

· Multipath measurements

· SFN transmissions for positioning

· Techniques to lower UE complexity for OTDOA

· Broadcast of assistance data

· LMUs

1.1.1.1.2 UL only based Positioning

Including positioning techniques, gNB measurements/reports, reference signals and performance evaluations, etc.

R1-1900037
Uplink based solutions for NR positioning
Huawei, HiSilicon

R1-1900150
Views on NR uplink positioning techniques
vivo

R1-1900311
NR RAT-dependent UL Positioning
CATT

R1-1900513
Analysis of Techniques for NR UL Positioning
Intel Corporation

R1-1900583
UL only based Positioning
Samsung

Withdrawn

R1-1900630
Discussion on UL only based Positioning
LG Electronics

R1-1900915
RAT-dependent UL-only NR positioning techniques
Qualcomm Incorporated

R1-1901023
Potential Positioning Techniques - UL based solutions
Nokia, Nokia Shanghai Bell

R1-1901091
UL only based Positioning
Samsung

R1-1901183
Aspects of UL-based NR positioning techniques
Fraunhofer IIS

R1-1901196
UL Positioning Solutions
Ericsson

R1-1901342
Summary for NR-Positioning AI - 7.2.10.1.2 UL only based positioning
Intel Corporation

R1-1901389
Summary of Contributions and Initial Outcome of Offline Discussion for NR-Positioning AI - 7.2.10.1.2 UL only based positioning
Intel Corporation

Agreement:
· NR UL SRS is used as a starting point for design and analysis of UL PRS

· Further study if and which enhancements are needed

· FFS: NR UL PRS relationship with UL BWP and component carrier
Agreement:
FFS: At least the following aspects for NR UL PRS design 

· Use of UL beam sweeping at FR2 
· Beam sweeping includes possibility of quasi-omni transmission

· Use of UL beam alignment at FR2 through DL reception and beam correspondence

· UL Power control aspects

· UL timing advance aspects

Agreement:
The following measurements for NR UL PRS at serving and neighbor gNBs should be supported:

· UL RTOA measurements

· UL Angle Of Arrival (AOA) measurements (including Azimuth and Zenith Angles)

· UL RSRP (reference signal received power) measurements

· gNB RX-TX time difference measurements

1.1.1.1.3 Combination of DL & UL based Positioning

Including positioning techniques, UE/gNB measurements/reports, reference signals and performance evaluations, etc.

R1-1900038
Downlink and uplink solutions for NR positioning
Huawei, HiSilicon

R1-1900151
Views on NR DL & UL positioning techniques
vivo

R1-1900207
On combined DL and UL based positioning technique
MediaTek Inc.

R1-1900312
NR Positioning with the combination of DL/UL Measurements
CATT

R1-1900424
Discussion on angle-based estimation for NR positioning
CMCC

R1-1900514
Analysis of Techniques for NR DL and UL Positioning
Intel Corporation

R1-1900584
Combination of DL & UL based Positioning
Samsung

Withdrawn

R1-1900631
Discussion on Combination of DL & UL based Positioning
LG Electronics

R1-1900638
Views on DL and UL based NR positioning techniques
Mitsubishi Electric Corp

R1-1900916
RAT-dependent DL and UL NR positioning techniques
Qualcomm Incorporated

R1-1901024
Potential Positioning Techniques – DL+UL based solutions
Nokia, Nokia Shanghai Bell

R1-1901092
Combination of DL & UL based Positioning
Samsung

R1-1901184
Discussion on NR-RTT positioning schemes
Fraunhofer IIS

R1-1901197
On the use of RTT for positioning
Ericsson

R1-1901343
Summary on NR Positioning AI – 7.2.10.1.3 DL&UL based Positioning
Intel Corporation

Agreement:
· NR should support timing (UL-TDOA) based UL-only positioning techniques in FR1 and FR2
· UL-TDOA with two or more neighboring gNBs/TRPs for NR UL positioning should be supported
· NR should support UL-AoA based positioning techniques in FR1 and FR2
· UL-AoA with one or more neighboring gNBs/TRPs for NR UL positioning should be supported
· Round-trip time (RTT) with one or more neighboring gNBs/TRPs for NR DL and UL positioning should be supported for FR1 and FR2
Agreement:
The following measurements for NR DL PRS for serving and neighbor gNBs should be supported:
· UE RX-TX time difference measurements
Agreement:
Further study whether it is beneficial to support and if so, how to support, NR based positioning for UEs in RRC-IDLE and/or RRC-INACTIVE states

Note: This involves RAN2 aspects

1.1.1.1.4 System-level Performance Evaluation for RAT-Dependent Positioning Techniques

Targeting chapter 8 of TR 38.855 
R1-1900065
System level evaluations for NR positioning
Huawei, HiSilicon

R1-1900152
Evaluation for RAT-Dependent Positioning Techniques
vivo

R1-1900204
System level performance with explicit link level simulation for downlink OTDOA technique


MediaTek Inc.

R1-1900313
System-level Performance Evaluation for NR Positioning
CATT

R1-1900515
System Level Evaluation of RAT-Dependent NR Positioning Techniques
Intel Corporation

R1-1900585
System-level Performance Evaluation for RAT-Dependent Positioning Techniques
Samsung

Withdrawn

R1-1900632
Discussion on Performance Evaluation for RAT-Dependent Positioning Techniques
LG Electronics

R1-1900917
Evaluation results for RAT-dependent positioning Techniques
Qualcomm Incorporated

R1-1901025
System-level evaluation results for NR positioning
Nokia, Nokia Shanghai Bell

R1-1901093
System-level Performance Evaluation for RAT-Dependent Positioning Techniques
Samsung

R1-1901185
SLS results for NR positioning potential solutions
Fraunhofer IIS

R1-1901198
System-level Performance Evaluation for RAT-Dependent Positioning Techniques
Ericsson

R1-1901360
Summary for 7.2.10.1.4 System-level Performance Evaluation for RAT-Dependent Positioning Techniques
Ericsson
R1-1901416
Offline discussion summary
Ericsson
Agreement:
· The template in Section 3 of R1-1901416 is agreed for inclusion of simulation results in Section 8 of the TR

· Section 8 will also include a summary of the results

· These text proposals for Subsections of TR titled “Results from Company …” should be provided by each company as part of their contribution into RAN1#96

· Any analysis of the results can be included in the contribution but should be separate from the above text proposal

· Note: Rapporteurs to provide any guidance on formatting for the contributions from companies in advance of the contribution deadline

Agreement:
The following parameters should be listed for the set of results provided by each company for each scenario:

	Parameter
	[Source 1 Uma, FR1]
	

	Channel model (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
	
	

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

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

	Additional notes, if any
	 
	


1.1.1.2 Potential Techniques for NR RAT Independent Positioning

Including combination of RAT-independent & RAT-dependent techniques
R1-1900066
Positioning with GNSS
Huawei, HiSilicon

R1-1900153
Views on potential techniques for NR RAT-Independent positioning
vivo

R1-1900236
Performance evaluation for hybrid positioning based on GNSS and NR
ESA

R1-1900237
TP on hybrid positioning for TR 38.855
ESA

R1-1900314
NR Hybrid Positioning Techniques
CATT

R1-1900385
Considerations on Hybrid RAT-dependent and RAT-independent positioning
sony

R1-1900466
Periodical UE Geo-Location and Techniques for NR Positioning
ITRI

R1-1900586
Potential Techniques for NR RAT Independent Positioning
Samsung

Withdrawn

R1-1900633
Discussion on Potential Techniques for NR RAT Independent Positioning
LG Electronics

R1-1900918
RAT Independent and Hybrid Positioning Solutions
Qualcomm Incorporated

R1-1901026
Support for NR RAT independent positioning
Nokia, Nokia Shanghai Bell

R1-1901094
Potential Techniques for NR RAT Independent Positioning
Samsung

R1-1901199
NR RAT Independent and Hybrid Positioning Solutions
Ericsson

R1-1901359
Summary for 7.2.10.2 Potential Techniques for NR RAT Independent Positioning
Ericsson

Conclusion:

Results provided by companies for techniques not addressed by the results in Section 8 of the TR can be included in Section 7.2 of the TR

Note: No common simulation assumptions have been agreed for RAT independent and hybrid positioning methods

1.1.1.3 Others

R1-1900205
On channel modelling for NR positioning
MediaTek Inc.

R1-1900206
Baseline receiver algorithm for RSTD to UE position calculation
MediaTek Inc.

R1-1900315
NLOS Model for supporting NR Positioning
CATT

R1-1900425
Discussion on measurement reporting for network synchronization error compensation scheme


CMCC

R1-1901027
Idle and Inactive mode positioning for NR
Nokia, Nokia Shanghai Bell

R1-1901186
Carrier Phase enhanced potential solution for NR positioning schemes
Fraunhofer IIS

R1-1901200
Co-ordination among UE, gNB and Location Server for PRS Configuration and Feedbacks


Ericsson

R1-1901241
Modified NLOS channel model for positioning
Huawei, HiSilicon

R1-1901242
On reference signal configuration for evaluation
Huawei, HiSilicon

R1-1901263
On single-BS positioning technique
Huawei, HiSilicon

