1.1 NR Positioning Enhancements

Please refer to RP-210903 for detailed scope of the WI
[105-e-NR-ePos-LS-01] Email discussion/approval for the reply LS to R1-2102306 till 5/25 (Alex, Qualcomm)
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.
R1-2104277
Enhancement to mitigate gNB and UE Rx/Tx timing error
Huawei, HiSilicon

R1-2104359
Discussion on  potential enhancements for RX/TX timing delay mitigating
vivo

R1-2104520
Discussion on accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays


CATT

R1-2104590
Positioning accuracy improvement by mitigating timing delay
ZTE

R1-2104611
Discussion on mitigation of gNB/UE Rx/Tx timing errors
CMCC

R1-2104671
Enhancements on Timing Error Mitigations for improved Accuracy
Qualcomm Incorporated

R1-2104739
Enhancement of timing-based positioning by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays

OPPO

R1-2104871
Discussion on accuracy improvements by mitigating timing delays
InterDigital, Inc.

R1-2104905
Mitigation of UE/gNB TX/RX Timing Errors
Intel Corporation

R1-2104961
Mitigation of UE/gNB TX/RX Timing Errors
Intel Corporation

Withdrawn

R1-2105018
Mitigation of UE/gNB TX/RX Timing Errors
Intel Corporation

Withdrawn

R1-2105105
Positioning accuracy enhancements under timing errors
Apple

R1-2105168
Discussion on mitigating UE Rx/Tx and gNB Rx/Tx timing delays
Sony

R1-2105310
Discussion on accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays


Samsung

R1-2105482
Discussion on accuracy improvement by mitigating UE Rx/Tx and gNB Rx/Tx timing delays
LG Electronics

R1-2105512
Views on mitigating UE and gNB Rx/Tx timing errors
Nokia, Nokia Shanghai Bell

R1-2105699
Discussion on mitigating UE and gNB Rx/Tx timing delays
NTT DOCOMO, INC.

R1-2105759
Mitigation of RX/TX timing delays for higher accuracy
MediaTek Inc.

R1-2105856
On methods for Rx/Tx timing delays mitigation
Fraunhofer IIS, Fraunhofer HHI

R1-2105859
Enhancements for mitigation of Tx/Rx Delays
Lenovo, Motorola Mobility

R1-2105908
Techniques mitigating Rx/Tx timing delays
Ericsson

R1-2105967
FL Summary for accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays Moderator (CATT)
R1-2106091 
FL Summary #2 for accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays
Moderator (CATT)
[105-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 May 25, May 27 – Ren Da (CATT)
Agreement:
· For mitigating UE Tx timing errors for UL TDOA, support  one of the following options:

· Option 1: 

· Subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE has multiple Tx TEGs. 

· FFS: Support LMF to forward the association information provided by the UE to the serving and neighboring gNBs

· Option 2: 

· Subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE has multiple Tx TEGs. 

· Support the serving gNB to forward the association information provided by the UE to the LMF

· FFS: Support LMF to forward the association information from the serving gNB for the UE to the neighboring gNBs

· FFS: UE should be able to report capability information related to Tx TEGs to LMF via LPP signaling
· Support gNB to report the associated SRS resource ID/resource set ID of the RTOA measurement to LMF

Proposal:
· For mitigating UE Tx/Rx timing errors for DL+UL positioning, subject to UE’s capability a UE should support providing the association information of a UE Rx-Tx time difference measurement with one UE RxTx TEG ID to LMF. The UE RxTx TEG ID can be associated with one or more Rx TEG IDs and Tx TEG ID pairs, where the Rx TEG is associated with the DL PRS corresponding to the Rx time of the measurement and the Tx TEG ID is associated with the UL SRS corresponding to the Tx time of the measurement.
· FFS: Whether the Rx TEG, Tx TEG, or both Rx and Tx TEGs need to be reported
· FFS: How to resolve potential mismatch between UE and gNB Rx-Tx time difference measurements (e.g., UE provides the UE Rx-Tx measurements associated with a Tx TEG with SRS1, while gNB provides the gNB Rx-Tx measurements with a Rx TEG associated with SRS2). 
· Note: This does not imply any modification to the definition of the UE/gNB Rx-Tx time difference measurement
· FFS: potential impact on the definition of the UE/gNB Rx-Tx time difference measurement
Proposal:
· For mitigating UE Tx/Rx timing errors for DL+UL positioning, subject to UE capability, support UE to provide the association information of UE Tx TEG for the UL timing of UE Rx-Tx time difference, where the UE Tx TEG associated with the UL positioning SRS resource transmission. OR
· For mitigating UE Tx/Rx timing errors for DL+UL positioning, subject to UE capability, support UE to provide the association information of UE Tx TEG of UL Positioning SRS resource associated with the UE Rx-Tx time difference measurement to LMF.

· FFS: Whether this report can be together with the UE Rx-Tx time difference measurement report.

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

1.1.2 Accuracy improvements for UL-AoA positioning solutions
R1-2104278
Enhancement for UL AoA positioning
Huawei, HiSilicon

R1-2104360
Discussion on potential enhancements for UL-AoA method
vivo

R1-2104521
Discussion on accuracy improvements for UL-AoA positioning solutions
CATT

R1-2104591
Accuracy improvement for UL-AoA positioning solutions
ZTE

R1-2104612
Discussion on UL-AoA enhancements
CMCC

R1-2104672
Potential Enhancements on UL-AOA positioning
Qualcomm Incorporated

R1-2104740
Enhancements for UL AoA Positioning
OPPO

R1-2104872
Discussion on enhancements for UL-AoA positioning solutions
InterDigital, Inc.

R1-2104906
NR Positioning UL-AoA Enhancements
Intel Corporation

R1-2104962
NR Positioning UL-AoA Enhancements
Intel Corporation

Withdrawn

R1-2105019
NR Positioning UL-AoA Enhancements
Intel Corporation

Withdrawn

R1-2105106
Positioning Accuracy enhancements for UL-AoA
Apple

R1-2105169
Discussion on accuracy improvements for UL-AoA positioning method
Sony

R1-2105311
Discussion on accuracy improvements for UL-AoA positioning solutions
Samsung

R1-2105483
Discussion on accuracy improvement for UL-AoA positioning
LG Electronics

R1-2105513
Views on enhancing UL AoA
Nokia, Nokia Shanghai Bell

R1-2105658
Discussion on UL AoA positioning enhancements
PML

R1-2105700
Discussion on UL-AoA positioning enhancements
NTT DOCOMO, INC.

R1-2105857
UL-AoA positioning enhancements
Fraunhofer IIS, Fraunhofer HHI

R1-2105909
Enhancements of UL-AoA positioning solutions
Ericsson

R1-2106021
Feature Lead Summary #0 for E-mail Discussion [105-e-NR-ePos-02]
Moderator (Intel Corporation)
R1-2106022
Feature Lead Summary#1 for E-mail Discussion [105-e-NR-ePos-02]
Moderator (Intel Corporation)
[105-e-NR-ePos-02] Email discussion/approval on accuracy improvements for UL-AoA positioning solutions and with lower priority any issues related to the Others section, with checkpoints for agreements on May 24, May 27 – Alexey (Intel)
Agreement:
Both GCS and LCS are supported for UL AoA/ZoA assistance information indication.

Note: Existing signaling can be used for obtaining LCS to GCS translation information
Agreement:
Granularity of 0.1 degrees is applied for the expected AoA (φAOA), expected ZoA (θZOA ) and the corresponding uncertainty values
Agreement:
LMF to gNB signaling of UL AoA/ZoA assistance information (expected value and uncertainty range) is supported for UL-TDOA and Multi-RTT positioning methods
Agreement:
Send an LS to RAN3 (potentially also to RAN2 at least as cc) capturing RAN1 agreements on UL AOA/ZOA assistance information (expected value and uncertainty range) and request them to define signaling
Agreement:
NR supports gNB reporting of the first arrival path UL-AOA/ZOA measurement per SRS for positioning resource and SRS for MIMO resource
· Note: The use of SRS for MIMO resource is transparent to the UE
Proposal:
LMF indicates maximum number of UL-AOAs values (pair of AOA & ZOA values) for the first arrival path corresponding to the same timestamp 
· The maximum number is selected from the set {1, 2, X1, X2}
· FFS: X1 >=4, X2 > 8
1.1.3 Accuracy improvements for DL-AoD positioning solutions

Including UE-based and network-based (including UE-assisted) positioning solutions
R1-2104228
Accuracy improvements for DL-AoD positioning solutions 
BUPT

R1-2104279
Enhancement for DL AoD positioning
Huawei, HiSilicon

R1-2104361
Discussion on potential enhancements for DL-AoD method
vivo

R1-2104522
Discussion on accuracy improvements for DL-AoD positioning solutions
CATT

R1-2104592
Accuracy improvements for DL-AoD positioning solutions
ZTE

R1-2104613
Discussion on DL-AoD enhancements
CMCC

R1-2104673
Potential Enhancements on DL-AoD positioning
Qualcomm Incorporated

R1-2104741
Enhancements for DL-AoD positioning
OPPO

R1-2104842
Discussion on enhancements for DL-AoD positioning
CAICT

R1-2104844
Carrier Phase Based Downlink Angle of Departure Measurement 
DanKook University

Late submission

R1-2104873
Discussion on enhancements for DL-AoD positioning solutions
InterDigital, Inc.

R1-2104907
NR Positioning DL-AoD Enhancements
Intel Corporation

R1-2104963
NR Positioning DL-AoD Enhancements
Intel Corporation

Withdrawn

R1-2105020
NR Positioning DL-AoD Enhancements
Intel Corporation

Withdrawn

R1-2105107
Positioning Accuracy enhancements for DL-AoD
Apple

R1-2105170
Discussion on accuracy improvements for DL-AoD positioning method
Sony

R1-2105312
Discussion on accuracy improvements for DL-AoD positioning solutions
Samsung

R1-2105484
Discussion on accuracy improvement for DL-AoD positioning
LG Electronics

R1-2105514
Views on enhancing DL AoD
Nokia, Nokia Shanghai Bell

R1-2105563
Accuracy improvements for DL-AoD positioning solutions
Xiaomi

R1-2105701
Discussion on DL-AoD positioning enhancements
NTT DOCOMO, INC.

R1-2105858
DL-AoD positioning enhancements
Fraunhofer IIS, Fraunhofer HHI

R1-2105860
DL-AoD Positioning Enhancements
Lenovo, Motorola Mobility

R1-2105910
Enhancements of DL-AoD positioning solutions
Ericsson

R1-2106079
FL summary #1 for AI 8.5.3 Accuracy improvements for DL-AoD positioning solutions
Moderator (Ericsson)
R1-2106144
FL summary #2 for AI 8.5.3 Accuracy improvements for DL-AoD positioning solutions
Moderator (Ericsson)
[105-e-NR-ePos-03] Email discussion/approval on accuracy improvements for DL-AoD positioning solutions with checkpoints for agreements on May 25, May 27 – Florent (Ericsson)
Agreement:
For both UE-based and UE-assisted DL-AOD, the UE can be requested subject to UE capability to measure and report (for UE-assisted) the PRS RSRP of the first path

· FFS: Details of measurement and reporting of PRS RSRP of the first path

Agreement:
For UE-assisted DL-AOD positioning method, select one or more of the following to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting:

· Option 1: the LMF explicitly identify adjacent beams in the assistance data (AD)
· Option 2: the LMF send the beam information in the AD with an order of priority of PRS resources.  

· Option 3: the LMF includes boresight direction information for each PRS resource in the assistance data. 

· Option 4: the LMF send the beam information in the AD with indicated subset of PRS resources.
· FFS: Detailed signaling and procedure

· FFS: How to define adjacent beams  

1.1.4 Latency improvements for both DL and DL+UL positioning methods
R1-2104280
Positioning latency enhancements
Huawei, HiSilicon

R1-2104362
Discussion on latency enhancement for NR positioning
vivo

R1-2104523
Discussion on latency improvements for both DL and DL+UL positioning methods
CATT

R1-2104593
Discussion on latency reduction for NR positioning
ZTE

R1-2104614
Discussion on latency improvement for positioning
CMCC

R1-2104674
Enhancements for Latency Improvements for Positioning
Qualcomm Incorporated

R1-2104742
Enhancements on Latency Reduction in NR Positioning
OPPO

R1-2104874
Discussion on latency improvements for DL and DL+UL positioning methods
InterDigital, Inc.

R1-2104908
NR Positioning Latency Reduction
Intel Corporation

R1-2104964
NR Positioning Latency Reduction
Intel Corporation

Withdrawn

R1-2105021
NR Positioning Latency Reduction
Intel Corporation

Withdrawn

R1-2105108
Views on Rel-17 positioning latency reduction
Apple

R1-2105171
Considerations on Latency Improvements for DL and DL+UL positioning methods
Sony

R1-2105313
Discussion on latency improvements for both DL and DL+UL positioning methods
Samsung

R1-2105485
Discussion on latency improvements for NR positioning
LG Electronics

R1-2105515
Views on PHY Latency Reductions
Nokia, Nokia Shanghai Bell

R1-2105564
Latency improvements for both DL and DL+UL positioning method
Xiaomi

R1-2105760
Aspects for physical latency improvement
MediaTek Inc.

R1-2105861
Positioning Latency Reduction Enhancements
Lenovo, Motorola Mobility

R1-2105911
Latency improvements for both DL and DL+UL positioning methods
Ericsson

R1-2105989
FL summary #1 of 8.5.4 latency improvements for DL and DL+UL methods
Moderator (Huawei)
R1-2105990
FL summary #2 of 8.5.4 latency improvements for DL and DL+UL methods
Moderator (Huawei)
[105-e-NR-ePos-04] Email discussion/approval on latency improvements for both DL and DL+UL positioning methods with checkpoints for agreements on May 24, May 27 – Su (Huawei)
Proposal:
Single-sample PRS processing subject to UE capability is supported from RAN1 perspective.
· Send an LS to RAN4 informing that
· Single-sample measurements corresponding to measurements performed within a single instance of the DL PRS resource set on a PRS resource are beneficial for reduction of measurement latency from RAN1 point of view.
· RAN4 is requested to check the feasibility of measurements performed within a single instance of the DL PRS resource set and identify the impact on requirements/side condition.
· RAN1 to further study the following aspects

· Details of UE capability

· Signaling details, e.g., to indicate whether measurement is based on one or more samples
· Whether the PRS sample processing time is defined and the relation with (N, T).

Proposal:
· PRS measurement without MGs subject to UE capability is supported in Rel-17.

· The following aspects are FFS

· PRS processing prioritization window

· Mechanism to trigger UE DL PRS measurements and report 

· Bandwidth/numerology relationship and potential switching from(to) active DL BWP to(from) DL PRS bandwidth 

· UE/gNB assumptions on processing of DL PRS and other DL physical channels / signals

· Potential restrictions on gNB behavior

· UE DL PRS processing capabilities

· Impact on deployment scenarios, including
· Single gNB with multiple TRPs
· Serving gNB and multiple neighbor gNBs

Agreement:
M-sample (1<=M<4) PRS processing corresponding to measurements performed within M instances of the DL PRS resource set on a PRS resource, subject to UE capability, is beneficial from a RAN1 perspective for latency reduction.
· One sample corresponds to one instance
· Send an LS to RAN4 informing that
· M-sample (1<=M<4) measurements corresponding to measurements performed within M (1<=M<4) instances of the DL PRS resource set on a PRS resource are beneficial for reduction of measurement latency from RAN1 point of view.
· RAN4 is requested to check the feasibility of measurements performed within M (1<=M<4) instances of the DL PRS resource set and identify the impact on requirements/side condition.
· RAN1 to further study at least the following aspects for allowing M-sample (1<=M<4) PRS processing

· Details of UE capability

· Signaling details, e.g., to indicate whether measurement is based on one or more samples

· Whether the PRS sample processing time is defined and the relation with (N, T).
· Note: This may have RAN4 dependency

Proposal:
· Further study the following options to support PRS measurement without MGs for latency reduction in Rel-17

· Option 1: The PRS is from the serving cell and inside the active DL BWP [with the same numerology]

· Option 2: The PRS can be from the serving cell and non-serving cell, and is inside the active DL BWP [with the same numerology]

· Option 3: The PRS may extend outside or be completely outside the active DL BWP [or with the different numerology]

· Note: RAN1 strives not to increase the PRS measurement time compared with Rel-16 MG-based measurement

· The following aspects are FFS
· PRS processing prioritization window

· Mechanism to trigger UE DL PRS measurements and report 

· UE/gNB assumptions on processing of DL PRS and other DL physical channels / signals

· UE DL PRS processing capabilities
· Note: Companies are encouraged to compare the latency benefits of introducing MG-less PRS measurements over MG-based PRS measurements
1.1.5 Potential enhancements of information reporting from UE and gNB for multipath/NLOS mitigation
R1-2104198
NLOS Mitigation Enhancements
FUTUREWEI

R1-2104281
Enhancements to support multi-path and NLOS mitigation
Huawei, HiSilicon

R1-2104363
Discussion on potential enhancements for multipath/NLOS mitigation
vivo

R1-2104524
Discussion on potential enhancements of information reporting from UE and gNB for multipath/NLOS mitigation
CATT

R1-2104594
Enhancements on NLOS mitigation for NR positioning
ZTE

R1-2104675
Multipath Reporting in NR Positioning
Qualcomm Incorporated

R1-2104743
Discussion on multipath/NLOS mitigation for NR positioning
OPPO

R1-2104856
Potential enhancements of information reporting from UE for multipath/NLOS mitigation
China Telecom

R1-2104875
Discussion on multipath/NLOS mitigation for positioning
InterDigital, Inc.

R1-2104909
Mitigation of NLOS Problem for NR Positioning
Intel Corporation

R1-2104965
Mitigation of NLOS Problem for NR Positioning
Intel Corporation

Withdrawn

R1-2105022
Mitigation of NLOS Problem for NR Positioning
Intel Corporation

Withdrawn

R1-2105109
Views on potential enhancements for NLOS mitigation in Rel-17 positioning
Apple

R1-2105172
Discussion on enhanced reporting from UE and gNB for Multipath/NLOS mitigation
Sony

R1-2105314
Discussion on potential enhancements of information reporting from UE and gNB for multipath/NLOS mitigation
Samsung

R1-2105486
Discussion on multipath/NLOS mitigation for positioning
LG Electronics

R1-2105516
Views on LoS/NLoS Identification and Mitigation
Nokia, Nokia Shanghai Bell

R1-2105565
Potential enhancements for multipath/NLOS mitigation
Xiaomi

R1-2105702
Discussion on multipath/NLOS mitigation for NR positioning
NTT DOCOMO, INC.

R1-2105862
Accuracy enhancements based on NLOS/Multipath Information Reporting
Lenovo, Motorola Mobility

R1-2105865
Potential positioning enhancements for multipath/NLOS mitigation
Fraunhofer IIS, Fraunhofer HHI

R1-2105912
Potential enhancements of information reporting from UE and gNB for multipath/NLOS mitigation

Ericsson

R1-2106043
Feature Lead Summary #1 for Potential multipath/NLOS mitigation
Moderator (Nokia)
R1-2106087
Feature Lead Summary #2 for Potential multipath/NLOS mitigation
Moderator (Nokia)
[105-e-NR-ePos-05] Email discussion/approval on potential enhancements of information reporting from UE and gNB for multipath/NLOS mitigation with checkpoints for agreements on May 25, May 27 – Ryan (Nokia)
Agreement:
· Study reporting of LoS/NLoS indicators for DL, UL, and DL+UL positioning measurements taken at both UE and TRP at least for UE assisted positioning. 
· Study the following options (or combinations of the following options) for LoS/NLoS indicators

· Option 1: Binary (i.e., hard) value indicators
· Option 2: Soft value indicators (i.e., [0,1]). 

· FFS: Format and criteria for determination 
· FFS: additional information or options

· FFS: LoS/NLoS indicators for UE-based positioning
Agreement:
· Study multipath reporting enhancements for DL, UL, and DL+UL positioning to enable LoS/NLoS/multipath identification and mitigation at the LMF for UE-assisted positioning. 

· FFS: Details of the enhancements.

Agreement:
For multipath reporting enhancements, study reporting from TRP to LMF, angle, timing, phase (of additional paths) and power for the additional N paths (value of N is part of the study).
· Note: Companies are not obligated to provide inputs for all parameters in their study
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
R1-2104364
Discussion on inactive state positioning and on-demand PRS
vivo

R1-2104525
Discussion on on-demand transmission and reception of DL PRS and positioning solutions for UEs in RRC_ INACTIVE state
CATT

R1-2104595
Discussion on items led by RAN2 for NR positioning
ZTE

R1-2104615
Discussion on NW/UE efficiency enhancements
CMCC

R1-2104676
Enhancements Related to On Demand PRS And Positioning in RRC Inactive State
Qualcomm Incorporated

R1-2104744
Discussion on positioning for UE in RRC_INACTIVE and on-demand PRS
OPPO

R1-2104876
Discussion on on-demand PRS and INACTIVE mode positioning
InterDigital, Inc.

R1-2104880
Carrier/Subcarrier Phase Based Enhancement for 5G NR Positioning
DanKook University

Late submission

R1-2104910
Support of On-demand DL PRS and NR Positioning for UEs in RRC-INACTIVE state
Intel Corporation

R1-2104966
Support of On-demand DL PRS and NR Positioning for UEs in RRC-INACTIVE state
Intel Corporation

Withdrawn

R1-2105023
Support of On-demand DL PRS and NR Positioning for UEs in RRC-INACTIVE state
Intel Corporation

Withdrawn

R1-2105315
Discussion on positioning in inactive state
Samsung

R1-2105487
Discussion on other enhancements for positioning
LG Electronics

R1-2105517
Additional views on Inactive Mode Positioning and on-demand PRS
Nokia, Nokia Shanghai Bell

R1-2105534
Discussion on UL and DL+UL positioning in INACTIVE state
Huawei, HiSilicon

R1-2105566
On-demand PRS and positioning for in-active state UE
Xiaomi

R1-2105892
Potential physical layer impact to the RAN2-led topics
MediaTek Inc.

R1-2105913
On-demand transmission and reception of DL PRS for DL and DL+UL positioning
Ericsson

Proposal:
SRS for positioning transmission is supported by UEs in RRC_INACTIVE state for UL and DL+UL positioning
