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1.1 NR Positioning Enhancements

Please refer to RP-210903 for detailed scope of the WI
R1-2103034
Work Plan for NR Positioning Enhancements Work Item
Intel Corporation, CATT, Ericsson

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.
R1-2102348
Enhancement to mitigate gNB and UE Rx/Tx timing error
Huawei, HiSilicon

R1-2102364
Accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays
BUPT

R1-2102399
Enhancement of timing-based positioning by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays

OPPO

R1-2102526
Discussion on  potential enhancements for RX/TX timing delay mitigating
vivo

R1-2102635
Discussion on accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays


CATT

R1-2102668
Positioning accuracy improvement by mitigating timing delay
ZTE

R1-2102869
Discussion on positioning enhancement by mitigating timing delays
China Telecom

R1-2102886
Discussion on mitigation of gNB/UE Rx/Tx timing errors
CMCC

R1-2103002
Views on mitigating UE and gNB Rx/Tx timing errors
Nokia, Nokia Shanghai Bell

R1-2103005
Discussion on accuracy improvements by mitigating timing delays
InterDigital, Inc.

R1-2103035
Mitigation of UE Rx/Tx and gNB Rx/Tx timing errors
Intel Corporation

R1-2103109
Positioning accuracy enhancements under timing errors
Apple

R1-2103170
Enhancements on Timing Error Mitigations for improved Accuracy
Qualcomm Incorporated

R1-2103243
Accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays
Samsung

R1-2103306
Discussion on mitigating UE Rx/Tx and gNB Rx/Tx timing delays
Sony

R1-2103372
Enhancements for mitigation of Tx/Rx Delays
Lenovo, Motorola Mobility

R1-2103580
Discussion on mitigating UE and gNB Rx/Tx timing delays
NTT DOCOMO, INC.

R1-2103600
Mitigation of RX/TX timing delays for higher accuracy
MediaTek Inc.

R1-2103621
Discussion on accuracy improvement by mitigating UE Rx/Tx and gNB Rx/Tx timing delays
LG Electronics

R1-2103681
On methods for Rx/Tx timing delays mitigation
Fraunhofer IIS, Fraunhofer HHI

R1-2103682
Discussion on mitigation of Tx-Rx timing delays
CEWiT, IITM, IITH 

R1-2103735
Techniques mitigating Rx/Tx timing delays
Ericsson

R1-2103781
FL Summary for accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays Moderator (CATT)
R1-2103875
FL Summary #2 for accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays
Moderator (CATT)
R1-2103992
FL Summary #4 for accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays
Moderator (CATT)
[104b-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 Apr-15, Apr-20 – Ren Da (CATT)
Agreement:
· Support the following for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA

· Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) to the LMF when the UE reports the RSTD measurements to the LMF if the UE has multiple TEGs

· Support a TRP providing the association information of DL PRS resources with Tx TEGs to the LMF if the TRP has multiple TEGs
· Support the LMF to provide the association information of DL PRS resources with Tx TEGs to a UE for UE-based positioning if the TRP has multiple TEGs 
· FFS: the details of the signalling, procedures, and UE capability
· Send an LS to RAN4 to check if there is any issue to support the above enhancements
Agreement:
Support the following for mitigating UE Tx timing errors and/or TRP Rx timing errors for UL TDOA

· Support a TRP to provide the association information of RTOA measurements with TRP Rx TEG(s) to the LMF when the TRP reports the RTOA measurements to the LMF if the TRP has multiple Rx TEGs

· Support a UE to provide under capability the association information of UL SRS resources for positioning with Tx TEGs to the LMF if the UE has multiple Tx TEGs

· FFS: Whether to support a UE to provide the association information of UL SRS resources for MIMO with Tx TEGs to the LMF if the UE has multiple Tx TEGs

· FFS: Whether the association information is sent directly from UE to LMF, or is first provided to gNB and then forwarded to LMF  

· FFS: the details of the Signaling, procedures, and UE capability

Agreement:
For mitigating UE/TRP Tx/Rx timing errors for DL+UL positioning, support one of the following alternatives:

· Alt.1: Support a UE to provide the association information of a UE Rx-Tx time difference measurement with a pair of {Rx TEG, Tx TEG} to LMF, where the Rx TEG is used to receive the DL PRS and the Tx TEG is used to transmit the UL Positioning SRS;
· Alt.2: Support a UE to provide the association information of a UE Rx-Tx time difference measurement with a UE RxTx TEG to LMF according to the one of the 2 following options: 

· Option 1: the UE RxTx TEG is associated with one or more {DL PRS resource, UL Positioning SRS resource} pairs

· FFS:  whether UE provides the association information of DL PRS resources to UE Rx TEG to LMF for UE RxTx measurements specifically

· Option 2: the UE RxTx TEG is associated with one or more {Rx TEG, Tx TEG} pairs where the Rx TEG is used to receive the DL PRS and the Tx TEG is used to transmit the UL Positioning SRS.

· For both alterntives, the UE may provide the association information of SRS resources for positioning to UE Tx TEG to LMF 

· FFS: Whether the association information is sent directly from UE to LMF, or is first provided to gNB and then forwarded to LMF

· FFS: the details of the signalling, procedures, and UE capability

Agreement:
· For mitigating UE/TRP Tx/Rx timing errors for DL+UL positioning, support one of the following alternatives:

· Alt.1: Support a gNB to provide the association information of a gNB Rx-Tx time difference measurement with a pair of {Rx TEG, Tx TEG} to LMF 
· Alt. 2: Support a gNB to provide the association information of a gNB Rx-Tx time difference measurement with a TRP RxTx TEG to LMF, if the TRP has multiple RxTx TEGs, according to the one of the 2 following options: 

· Option 1: the TRP RxTx TEG is associated with one or more {DL PRS resource, UL Positioning SRS resource} pairs

· FFS:  whether gNB provides the association information of UL Positioning SRS resources to TRP Rx TEG to LMF, if the TRP has multiple Rx TEGs, for gNB RxTx measurements specifically

· Option 2: the TRP RxTx TEG is associated with one or more {Rx TEG, Tx TEG} pairs where the Rx TEG is used to receive the UL Positioning SRS and the Tx TEG is used to transmit the DL PRS.

· For both alternatives, the gNB may provide the association information of DL PRS resources to TRP Tx TEG to LMF if the TRP has multiple Tx TEGs.

· FFS: the details of the signalling, procedures

R1-2104053
[DRAFT] LS on UE/TRP Tx/Rx Timing Errors
CATT
Final LS endorsed in R1-2104111
1.1.2 Accuracy improvements for UL-AoA positioning solutions
R1-2102400
Enhancements for UL AoA Positioning
OPPO

R1-2102527
Discussion on potential enhancements for UL-AoA method
vivo

R1-2102636
Discussion on accuracy improvements for UL-AoA positioning solutions
CATT

R1-2102669
Accuracy improvement for UL-AoA positioning solutions
ZTE

R1-2102784
Accuracy Improvement of UL-AoA Positioning 
FUTUREWEI

R1-2102887
Discussion on UL-AoA enhancements
CMCC

R1-2103003
Views on enhancing UL AoA
Nokia, Nokia Shanghai Bell

R1-2103006
Discussion on UL-AoA positioning solutions
InterDigital, Inc.

R1-2103036
Enhancements of UL-AoA positioning solution
Intel Corporation

R1-2103110
Accuracy enhancements for UL-AoA positioning technique
Apple

R1-2103171
Potential Enhancements on UL-AOA positioning
Qualcomm Incorporated

R1-2103244
Accuracy improvements for UL-AoA positioning solutions
Samsung

R1-2103307
Discussion on accuracy improvements for UL-AoA positioning method
Sony

R1-2103400
Enhancement for UL AoA positioning
Huawei, HiSilicon

R1-2103581
Discussion on UL-AoA positioning enhancements
NTT DOCOMO, INC.

R1-2103622
Discussion on accuracy improvement for UL-AoA positioning
LG Electronics

R1-2103683
UL-AoA positioning enhancements
Fraunhofer IIS, Fraunhofer HHI

R1-2103684
Discussion on potential enhancements for UL AoA positioning
CEWiT, IITM, IITH 

R1-2103736
Enhancements of UL-AoA positioning solutions
Ericsson

R1-2103794
Feature Lead Summary #0 for Enhancements of UL-AOA Positioning
Moderator (Intel)
R1-2103862
Feature Lead Summary #1 for Enhancements of UL-AOA Positioning
Moderator (Intel)
R1-2103863
Feature Lead Summary #2 for Enhancements of UL-AOA Positioning
Moderator (Intel)
[104b-e-NR-ePos-02] Email discussion/approval on accuracy improvements for UL-AoA positioning solutions with checkpoints for agreements on Apr-15, Apr-20 – Alexey (Intel)
Agreement:
· The following option is supported to enhance signaling of UL-AOA measurement report in case of a linear array

· 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

· UL-AOA signalling details for support of Option 2 are left up to RAN WG3

Agreement:
· Uncertainty range for expected UL AoA/ZoA is defined as follows 

· Expected azimuth angle of arrival as (φAOA - ΔφAOA/2, φAOA + ΔφAOA/2)
· φAOA - expected azimuth angle of arrival, ΔφAOA – uncertainty range for expected azimuth angle of arrival

· Expected zenith angle of arrival as (θAOA - ΔθAOA/2, θAOA + ΔθAOA/2)

· θAOA - expected zenith angle of arrival, ΔθAOA – uncertainty range for expected zenith angle of arrival

· Select one of the following coordinate system alternatives for signaling UL AoA/ZoA assistance information

· Alt.1: Only GCS is supported for AoA/ZoA assistance information indication

· Alt.2: Both GCS and LCS are supported for AoA/ZoA assistance information indication

· FFS: Additional signaling for AoA/ZoA assistance information (expected value and uncertainty range) 
Agreement:
Reporting to LMF of M > 1 UL-AOA (AoA/ZoA) measurement values associated with the first arrival path and corresponding to the same timestamp is supported.
1.1.3 Accuracy improvements for DL-AoD positioning solutions

Including UE-based and network-based (including UE-assisted) positioning solutions
R1-2102401
Enhancements for DL-AoD positioning
OPPO

R1-2102528
Discussion on potential enhancements for DL-AoD method
vivo

R1-2102574
Discussion on enhancements for DL-AoD positioning
CAICT

R1-2102637
Discussion on accuracy improvements for DL-AoD positioning solutions
CATT

R1-2102670
Accuracy improvements for DL-AoD positioning solutions
ZTE

R1-2102785
Accuracy Improvement of DL-AoD Positioning 
FUTUREWEI

R1-2102870
Disscussion on accuracy improvements for DL-AoD positioning method
China Telecom

R1-2102888
Discussion on DL-AoD enhancements
CMCC

R1-2102987
Accuracy improvements for DL-AoD positioning solutions
Xiaomi

R1-2103004
Views on enhancing DL AoD
Nokia, Nokia Shanghai Bell

R1-2103007
Discussion on DL-AoD positioning solutions
InterDigital, Inc.

R1-2103037
Enhancements of DL-AoD positioning solution
Intel Corporation

R1-2103111
Accuracy enhancements for DL-AoD positioning technique
Apple

R1-2103172
Potential Enhancements on DL-AoD positioning
Qualcomm Incorporated

R1-2103245
Accuracy improvements for DL-AoD positioning solutions
Samsung

R1-2103308
Discussion on accuracy improvements for DL-AoD positioning method
Sony

R1-2103373
DL-AoD Positioning Enhancements
Lenovo, Motorola Mobility

R1-2103401
Enhancement for DL AoD positioning
Huawei, HiSilicon

R1-2103582
Discussion on DL-AoD positioning enhancements
NTT DOCOMO, INC.

R1-2103623
Discussion on accuracy improvement for DL-AoD positioning
LG Electronics

R1-2103649
Accuracy enhancement for DL-AOD technique
MediaTek Inc.

R1-2103685
DL-AoD positioning enhancements
Fraunhofer IIS, Fraunhofer HHI

R1-2103686
Discussion on potential enhancements for DL-AoD positioning
CEWiT, IITM, IITH 

R1-2103737
Enhancements of DL-AoD positioning solutions
Ericsson

R1-2103865
FL summary #1 for AI 8.5.3 Accuracy improvements for DL-AoD positioning solutions
Moderator (Ericsson)
R1-2103951
FL summary #2 for AI 8.5.3 Accuracy improvements for DL-AoD positioning solutions
Moderator (Ericsson)
R1-2104047
FL summary #2 for AI 8.5.3 Accuracy improvements for DL-AoD positioning solutions
Moderator (Ericsson)
[104b-e-NR-ePos-03] Email discussion/approval on accuracy improvements for DL-AoD positioning solutions with checkpoints for agreements on Apr-15, Apr-20 – Florent (Ericsson)
Agreement:
Regarding support of angle calculation enhancement for DL-AoD:

· Support gNB providing the beam/antenna information to the LMF.

· The gNB beam/antenna information can be provided to the UE for UE-based DL-AoD

· FFS: the details of contents of the beam/antenna information

· FFS: the details of how to provide the beam/antenna information.

· Note: The antenna information is related to reducing the overhead of beam information
· Send an LS to RAN2/RAN3 regarding the option of angle report from gNB to LMF for UE-A DL-AoD requesting them to consider this option in Rel-17.
Agreement:
Support the following enhancements under UE capability for both UE-B and UE-A DL-AOD positioning method 

· Enhancing the signaling to UE for the purpose of PRS resource(s) measurement and (for UE-A) report 

· FFS: The detailed signaling (e.g, the boresight direction for UE-A DL-AoD, further spatial information of PRS resources, processing prioritization of PRS resources)

· FFS: The following options

· Option 1: Enhancing the reporting to include the measurements of adjacent beams PRS resources that related with each other indicated by the assistance data.    
· Option 2: UE can be requested to measure and report on specific PRS resources  
Agreement:
· For the purpose of both UE-B and UE-A DL-AoD, and with regards to the support of AOD measurements with an expected uncertainty window, study further whether to support at most one of the following options:

· Option 1: Indication of expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) range(s) is signaled by the LMF to the UE
· Single Expected DL-AoD/ZoD and uncertainty (of the expected DL-AoD/ZoD value) range(s) can be provided to the UE for each [TRP]
· Option 2: Indication of expected DL-AoA/ZoA value and uncertainty (of the expected DL-AoA/ZoA value) range(s) is signaled by the LMF to the UE 

· Single Expected DL-AoA/ZoA and uncertainty (of the expected DL-AoA/ZoA value) range(s) can be provided to the UE for each [TRP]
· Option 3: Indication of expected AoD/ZoD or AoA/ZoA value and uncertainty is not introduced.
· FFS: details of signaling
· FFS: Applicability of this agreement to other Positioning methods

R1-2104088
[DRAFT] LS on DL-AoD angle calculation enhancement
Ericsson
Final LS endorsed in R1-2104089
1.1.4 Latency improvements for both DL and DL+UL positioning methods

Void (not be handled during this e-meeting). No contributions please.

1.1.5 Potential enhancements of information reporting from UE and gNB for multipath/NLOS mitigation
Void (not be handled during this e-meeting). No contributions please.

1.1.6 Others
Including aspects for RAN2-led on-demand transmission and reception of DL PRS for DL and DL+UL positioning for UE-based and UE-assisted positioning solutions, and RAN2-led methods/measurements/signalling and procedures to support positioning for UEs in RRC_ INACTIVE state, for UE-based and UE-assisted positioning solutions
Void (not be handled during this e-meeting). No contributions please.

R1-2102802
Carrier Phase Based Positioning for NR 
DanKook University
