1.1 NR Positioning Enhancements
Please refer to RP-202900 for detailed scope of the WI

1.1.1 Accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays

Including DL, UL and DL+UL positioning methods, and UE-based and UE-assisted positioning solutions.
R1-2100445
Discussion on methods for RX/TX timing delay mitigating
vivo

R1-2101468
Enhancements on Timing Error Mitigations for improved Accuracy
Qualcomm Incorporated

R1-2100128
Enhancement of timing-based positioning by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays

OPPO

R1-2100195
Enhancement to mitigate gNB and UE Rx/Tx timing error
Huawei, HiSilicon

R1-2100293
Positioning accuracy improvement by mitigating timing delay
ZTE

R1-2100308
Disussion on accuracy improvements of NR positioning enhancements
CAICT

R1-2100385
Discussion on accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays


CATT

R1-2100548
Initial views on mitigating UE and gNB Rx/Tx timing errors
Nokia, Nokia Shanghai Bell

R1-2100657
Mitigation of UE and gNB Tx/Rx timing errors
Intel Corporation

R1-2100697
Positioning enhancement by UE Assistance
TCL Communication Ltd.

R1-2100708
Discussion on accuracy improvement by mitigating UE Rx/Tx and gNB Rx/Tx timing delays
LG Electronics

R1-2100752
Techniques to improve accuracy in the presence of UE Rx/Tx and/or gNB Rx/Tx timing delays


InterDigital, Inc.

R1-2101046
Discussion on gNB/UE Rx/Tx timing delay mitigation solutions
CMCC

R1-2101131
On methods for Rx/Tx timing delays mitigation
Fraunhofer IIS, Fraunhofer HHI

R1-2101140
The mitigation of  RX/TX timing delays for higher accuracy
MediaTek Inc.

R1-2101210
Discussion on accuracy improvements on timing based positioning solutions
Samsung

R1-2101387
Positioning accuracy enhancements under UE and/or gNB Tx/Rx timing errors
Apple

R1-2101527
NR positioning enhancements by mitigating timing delays
China Telecom

R1-2101754
Techniques mitigating UE Rx/Tx timing delays
Ericsson

[104-e-NR-ePos-01] Email discussion/approval on accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays with checkpoints for agreements on Jan-28, Feb-02, Feb-05 – Ren Da (CATT)
R1-2101764
FL Summary for accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays
Moderator (CATT)

R1-2101951
FL Summary #2 for accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays
Moderator (CATT)

Agreement:
· Study specification impact for enabling a reference device with known location to support the following functionalities:

· Measure DL PRS and report associated measurements (e.g., RSTD, Rx-Tx time difference, RSRP) to the LMF;

· Transmit SRS and enable TRPs to measure and report measurements (e.g., RTOA, Rx-Tx time difference, AOA) associated with the reference device to the LMF;

· FFS: The details of the signalling, the measurements, the parameters related to the Rx and Tx timing delays;

· FFS: The report of device location coordinate information to the LMF if the LMF does not have the information

· FFS: The device with the known location being a UE and/or a gNB
· FFS: Precision to which location of reference device is known
· Note: RAN1 assumes using these enhancements for the purpose of network synchronization is NOT within the scope of the WI

Proposal:
The following definitions of Tx/Rx timing error groups are used for the purpose of discussion:
· UE Tx ‘timing error group’ (UE Tx TEG): A UE Tx TEG is associated with the transmission of one or more UL SRS resources for positioning purposes, which have the same Tx timing errors within a certain margin.

· TRP Tx ‘timing error group’ (TRP Tx TEG): A TRP Tx TEG is associated with the transmission of one or more DL PRS resources, which have the same Tx timing errors within a certain margin.

· UE Rx ‘timing error group’ (UE Rx TEG): A UE Rx TEG is associated with one or more DL measurements, which have the same Rx timing errors within a certain margin.

· TRP Rx ‘timing error group’ (TRP Rx TEG): A TRP Rx TEG is associated with one or more UL measurements, which have the same Rx timing errors within a margin.

Note:  The use of the above definitions of UE/TRP Tx/Rx TEGs does not necessarily mean they will be introduced in Rel-17.

Proposal:
The following definitions of Tx/Rx timing errors are used for the purpose of discussion:
· Tx timing error: From signal transmission perspective, there will be a time delay from time when the digital signal is generated at baseband to the time when the RF signal is transmitted from the Tx antenna. For supporting positioning, the UE/TRP normally needs to implement the internal calibration/compensation of the relative Tx time delay between different RF chains in the same UE/TRP when it transmits the DL PRS/UL SRS signals. The compensation may also possibly consider the offset of the Tx antenna phase center to the antenna center. However, the calibration may not be perfect. The remaing, uncalibrated Tx time delay is called as Tx timing error. 

· Rx timing error: From signal reception perspective, there will be a time delays from time when the RF signal arrives the Rx antenna to the time when the signal is digitized and time-stamped at baseband. For supporting positioning, the UE/TRP normally needs to implement internal calibration/compensation of the relative Rx time delay between different RF chains in the same UE/TRP before it reports the measurements that are obtained from the DL PRS/UL SRS signals. The compensation may also possibly consider the offset of the Rx antenna phase center to the antenna center. However, the calibration may not be perfect. The remaing uncalibrated Rx time delay is called as Rx timing error. 

1.1.2 Accuracy improvements for UL-AoA positioning solutions
R1-2100237
Enhancement for UL AoA positioning
Huawei, HiSilicon

R1-2100863
Discussion on accuracy improvements for UL-AoA positioning method
Sony

R1-2100129
Enhancements for UL AoA Positioning
OPPO

R1-2100294
Accuracy improvement for UL-AoA positioning solutions
ZTE

R1-2100386
Discussion on accuracy improvements for UL-AoA positioning solutions
CATT

R1-2100446
Discussion on potential enhancements for UL-AoA method
vivo

R1-2100488
Discussion on improving the accuracy of UL AoA positioning solutions
FUTUREWEI

R1-2100497
Accuracy improvements for UL-AoA positioning solutions
BUPT

R1-2100549
Initial views on enhancing UL AoA
Nokia, Nokia Shanghai Bell

R1-2100658
NR positioning enhancements for UL-AoA method
Intel Corporation

R1-2100659
NR positioning enhancements for DL-AoD method
Intel Corporation

R1-2100709
Discussion on accuracy improvement for UL-AoA positioning
LG Electronics

R1-2100753
Discussions on techniques to improve accuracy for UL-AoA positioning solutions
InterDigital, Inc.

R1-2101047
Discussion on UL-AoA enhancement
CMCC

R1-2101132
UL-AoA positioning enhancements
Fraunhofer IIS, Fraunhofer HHI

R1-2101211
Discussion on accuracy improvements for UL-AoA positioning solutions
Samsung

R1-2101388
Accuracy enhancements for DL-AoD positioning technique
Apple

R1-2101469
Potential Enhancements on UL-AOA positioning
Qualcomm Incorporated

R1-2101617
Discussion on UL-AoA positioning enhancements
NTT DOCOMO, INC.

R1-2101755
Enhancements of UL-AoA positioning solutions
Ericsson

[104-e-NR-ePos-02] Email discussion/approval on accuracy improvements for UL-AoA positioning solutions with checkpoints for agreements on Jan-28, Feb-02, Feb-05 – Alexey (Intel)
R1-2101860
Feature Lead Summary #2 for NR Positioning UL-AoA Enhancements
Moderator (Intel Corporation)

R1-210xxxx

Agreement:
NR supports at least the following additional assistance signaling from LMF to gNB/TRP to facilitate UL measurements of UL-AOA
· Indication of expected AoA/ZoA value and uncertainty (of the expected AoA/ZoA value) range(s)

· FFS: Details of procedure for providing the assistance

· FFS: Reference angle of expected AoA/ZoA

Agreement:
· Further study which option is used to potentially enhance signaling of UL-AOA measurement report in case of a linear array antenna
· Option 1: gNB reports UL-AOA measurement which is a function of the actual azimuth and zenith angles of arrival in a given coordinate system
· Option 2: The z-axis of LCS is defined along the linear array axis. gNB reports only the ZoA relative to z-axis in the LCS, and the LCS-to-GCS translation function is used to set up the specific z-axis direction

· Other options are not precluded from the study
Proposal:
· For a given SRS resource for positioning, the report of UL-AOA (AoA/ZoA) measurements is supported for

· Alt.1: the first arrival path

· Alt 2: the first arrival path and N≥0 additional paths

· Multiple M≥1 UL-AOA values can be reported per each path for a given SRS resource for positioning

· FFS: Further reporting details

1.1.3 Accuracy improvements for DL-AoD positioning solutions

Including UE-based and network-based (including UE-assisted) positioning solutions
R1-2100130
Enhancements for DL-AoD positioning
OPPO

R1-2100550
Initial views on enhancing DL AoD
Nokia, Nokia Shanghai Bell

R1-2100238
Enhancement for DL AoD positioning
Huawei, HiSilicon

R1-2100295
Accuracy improvements for DL-AoD positioning solutions
ZTE

R1-2100387
Discussion on accuracy improvements for DL-AoD positioning solutions
CATT

R1-2100447
Discussion on potential enhancements for DL-AoD method
vivo

R1-2100489
Discussion on improving the accuracy of DL AoD positioning solutions
FUTUREWEI

R1-2100710
Discussion on accuracy improvement for DL-AoD positioning
LG Electronics

R1-2100750
Accuracy improvements for DL-AoD positioning solutions
InterDigital, Inc.

R1-2100864
Discussion on accuracy improvements for DL-AoD positioning method
Sony

R1-2101048
Discussion on DL-AoD enhancement
CMCC

R1-2101121
Accuracy improvements for DL-AoD positioning solutions
Xiaomi

R1-2101133
DL-AoD positioning enhancements
Fraunhofer IIS, Fraunhofer HHI

R1-2101141
Accuracy enhancement for DL-AOD technique
MediaTek Inc.

R1-2101212
Accuracy improvements for DL-AoD positioning solutions
Samsung

R1-2101389
Accuracy enhancements for UL-AoA positioning technique
Apple

R1-2101470
Potential Enhancements on DL-AoD positioning
Qualcomm Incorporated

R1-2101501
Potential DL-AoD Positioning Enhancements
Lenovo, Motorola Mobility

R1-2101618
Discussion on DL-AoD positioning enhancements
NTT DOCOMO, INC.

R1-2101756
Enhancements of DL-AoD positioning solutions
Ericsson

[104-e-NR-ePos-03] Email discussion/approval on accuracy improvements for DL-AoD positioning solutions with checkpoints for agreements on Jan-28, Feb-02, Feb-05 – Florent (Ericsson)
R1-2101920
FL summary for AI 8.5.3 Accuracy improvements for DL-AoD positioning solutions
Proposal:
For both UE-B and UE-A DL-AOD support enhancements that enable the UE to measure and report (for UE-A) information related to the first arriving path 
· Option 1: Information corresponds to PRS-RSRP of the first arriving path

· Option 2: Information corresponds to Amplitude of the first arriving path

· Option 3: Information corresponds to the angle of the first arriving path

· Option 4: Information corresponds to the path arrival time

· FFS: reporting of additional path to the first path.

· FFS: Measurement definition details
· FFS: additional assistance data to support these enhancements

1.1.4 Others

R1-2100131
Discussion on NR Positioning Enhancements
OPPO

R1-2100296
Other accuracy enhancements for NR positioning
ZTE

R1-2100388
Potential techniques for Rel-17 positioning enhancements
CATT

R1-2100448
Discussion on idle and inactive states positioning
vivo

R1-2100551
Additional views on positioning enhancements
Nokia, Nokia Shanghai Bell

R1-2100711
Discussion on latency and efficiency enhancement for NR positioning
LG Electronics

R1-2100751
Discussions on LOS/NLOS detection
InterDigital, Inc.

R1-2101142
Solving the synchronization error by the combination of measurements for DL-TDOA and UL-TDOA

MediaTek Inc.

R1-2101213
Discussion on differential beamforming for positioning enhancement
Samsung

R1-2101252
Considerations on other enhancements for positioning accuracy
Huawei, HiSilicon

R1-2101499
Other asprects of positioning enhancements
Qualcomm Incorporated

Withdrawn

R1-2101757
PRS with Cyclic shifts
Ericsson

