8.5 NR Positioning Enhancements

Please refer to RP-210903 for detailed scope of the WI.

[107-e-R17-RRC-NR-ePos] Email discussion on Rel-17 RRC parameters for positioning enhancement – Ren Da (CATT)
· Email discussion to start on November 15

8.5.1 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.
[107-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 November 15 and 19 – Ren Da (CATT)
R1-2110850
Remaining issues of mitigating Rx/Tx timing error
Huawei, HiSilicon

R1-2110956
Positioning accuracy improvement by mitigating timing delay
ZTE

R1-2111013
Remaining issues on  potential enhancements for RX/TX timing delay mitigating
vivo

R1-2111256
Remaining issues on mitigating UE and gNB Rx/Tx timing errors
CATT

R1-2111289
Enhancement of timing-based positioning by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays
OPPO

R1-2111364
Views on mitigating UE and gNB Rx/Tx timing errors
Nokia, Nokia Shanghai Bell

R1-2111397
Remaining issues on mitigating Rx/Tx timing delays
Sony

R1-2111495
Remaining Details of UE/gNB RX/TX Timing Errors Mitigation
Intel Corporation

R1-2111609
Discussion on mitigation of gNB/UE Rx/Tx timing errors
CMCC

R1-2111738
Discussion on accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays
Samsung

R1-2111797
Discussion on accuracy improvements by mitigating timing delays
InterDigital, Inc.

R1-2111874
Positioning accuracy enhancements under timing errors
Apple

R1-2111973
Discussion on accuracy improvement by mitigating UE Rx/Tx and gNB Rx/Tx timing delays
LG Electronics

R1-2112071
Mitigation of RX/TX timing delays for higher accuracy
MediaTek Inc.

R1-2112108
Discussion on mitigating UE and gNB Rx/Tx timing delays
NTT DOCOMO, INC.

R1-2112217
Remaining Issues on Timing Error Mitigations for improved Accuracy
Qualcomm Incorporated

R1-2112323
Considerations for mitigation of Tx/Rx Delays
Lenovo, Motorola Mobility

R1-2112339
Techniques mitigating Rx/Tx timing delays
Ericsson
R1-2112510
FL Summary for accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays
Moderator (CATT)

Agreement
Confirm and modify the working assumption with the following modifications:

· For mitigating UE Tx timing errors for UL TDOA, subject to UE’s capability, support the serving gNB to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE supports multiple UE Tx TEGs for UL TDOA.

· The serving gNB should forward the association information provided by the UE to the LMF.
· FFS: whether to support the serving gNB to forward the association information to the neighboring gNBs

· UE should report its capability of supporting multiple UE Tx TEGs for UL TDOA to serving gNB.
· For mitigating UE Tx timing errors for Multi-RTT, subject to UE’s capability, support the LMF to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE supports multiple Tx TEGs for Multi-RTT.

· FFS: whether to support the LMF to forward the association information to the serving and neighboring gNBs
· UE should report its capability of supporting multiple UE Tx TEGs for Multi-RTT directly to the LMF.
· Note: For mitigating UE Tx timing errors when both UL-TDOA and Multi-RTT, or UL-TDOA and DL-TDOA are used, the UE should provide the association information of UL SRS resources for positioning with Tx TEGs, subject to UE capability (in the bullets above):  

· to the serving gNB if a request to provide the association information is received from the gNB 

· to the LMF if a request to provide the association information is received from the LMF. 

· FFS: Mitigation of UE Tx timing errors when Multi-RTT, UL-TDOA and/or DL-TDOA are used.
R1-2112511
FL Summary #2 for accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays
Moderator (CATT)

R1-2112512
FL Summary #3 for accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays
Moderator (CATT)

R1-2112513
FL Summary #4 for accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays
Moderator (CATT)
Agreement
Make the following modification on the previous agreement made in RAN#106bis-e:

· Subject to UE capability, support the LMF to request a UE to optionally measure the same DL PRS resource of a TRP with N different UE Rx TEGs and report the corresponding multiple RSTD measurements.

· N=[2, 3, 4, 6, 8] (FFS: other values), where the maximum value of N depends on UE capability, and applies to all DL PRS positioning frequency layers

· Note: If N is not explicitly included in the request, it is up to UE to determine the number of different UE Rx TEGs to measure the same DL PRS resource within its capability

· The TRP can be either a “RSTD” reference TRP or a neighbour TRP

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

· The timestamps of the multiple RSTD measurements in the same measurement report can be the same or different.

· Note: All RSTD measurements are relative to a single reference timing

· Support the LMF to request a TRP to optionally measure the same SRS resource of a UE with M different TRP Rx TEGs and report the corresponding multiple RTOA measurements.

· M = [2, 3, 4, 6, 8] (FFS: other values)  applies to all configured SRS resources for positioning
· Note: If M is not explicitly included in the request, it is up to TRP to determine the number of different TRP Rx TEGs to measure the same SRS resources for positioning
· FFS: details of the signalling, procedures

· The timestamps of the multiple RTOA measurements in the same measurement report can be the same or different. 

8.5.2 Accuracy improvements for UL-AoA positioning solutions
/This one is to use NWM – please use RAN1-107-e-NWM-NR-ePos-02 as the document name
[107-e-NR-ePos-02] Email discussion/approval on accuracy improvements for UL-AoA positioning solutions, with checkpoints for agreements on November 15 and 19 – Alexey (Intel)
R1-2110851
Remaining issues of UL AoA enhancements
Huawei, HiSilicon

R1-2110957
Remaining issues on UL-AOA positioning solutions
ZTE

R1-2111014
Remaining issues on potential enhancements for UL-AoA method
vivo

R1-2111257
Remaining issues on enhancements for UL-AoA positioning method
CATT

R1-2111290
Enhancements for UL AoA Positioning
OPPO

R1-2111365
Views on enhancing UL AoA
Nokia, Nokia Shanghai Bell

R1-2111398
Remaining aspects of UL-AoA enhancements
Sony

R1-2111496
Remaining Details of NR Positioning UL-AoA Enhancements
Intel Corporation

R1-2111739
Discussion on accuracy improvements for UL-AoA positioning solutions
Samsung

R1-2111798
Enhancements for UL-AoA positioning solutions
InterDigital, Inc.

R1-2111875
Positioning Accuracy enhancements for UL-AoA
Apple

R1-2111974
Discussion on accuracy improvement for UL-AoA positioning
LG Electronics

R1-2112109
Discussion on UL-AoA positioning enhancements
NTT DOCOMO, INC.

R1-2112218
Remaining Issues on Potential Enhancements on UL-AOA positioning
Qualcomm Incorporated

R1-2112340
Enhancements of UL-AoA positioning solutions
Ericsson

R1-2112566
Feature Lead Summary#1 for E-mail Discussion [107-e-NR-ePos-02]
Moderator (Intel Corporation)

R1-2112567
Feature Lead Summary#2 for E-mail Discussion [107-e-NR-ePos-02]
Moderator (Intel Corporation)

R1-2112568
Feature Lead Summary#3 for E-mail Discussion [107-e-NR-ePos-02]
Moderator (Intel Corporation)

Agreement
· ARP location is associated with UL measurements for NR Positioning (UL AOA, UL-RTOA, UL SRS-RSRP, UL SRS-RSRPP and gNB Rx-Tx time difference measurements)

· Use of ARP ID for potential overhead reduction in NRPPa signaling is up to RAN3

· Send LS to RAN3 to enable relevant signaling in RAN3 specification

R1-211xxxx
[DRAFT] LS on ARP location association with UL measurements
Moderator (Intel)
Agreement
Definition for UL SRS-RSRPP:

Definition
· UL SRS reference signal received path power (UL SRS-RSRPP) is defined as the power of the received UL SRS signal configured for the measurement at the i-th path delay of the channel response, where UL SRS-RSRPP for 1st path delay is the power corresponding to the first detected path.

· Working assumption: For frequency range 1, the reference point for the UL SRS-RSRPP shall be the antenna connector of the gNB. For frequency range 2, UL SRS-RSRPP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 
· FFS: For frequency range 1 and 2, if receiver diversity is in use by the gNB, the reported UL SRS-RSRPP value shall not be lower than the corresponding UL SRS-RSRPP of any of the individual receiver branches

· FFS: Note: First and additional paths RSRP, when provided in the same report, use the same RX branch(es) selected for the first arrival path and for the UL SRS-RSRP if the UL SRS-RSRP is reported
· FFS: whether/how to capture the note in the specifications

Send LS to RAN4
8.5.3 Accuracy improvements for DL-AoD positioning solutions

Including UE-based and network-based (including UE-assisted) positioning solutions.

[107-e-NR-ePos-03] Email discussion/approval on accuracy improvements for DL-AoD positioning solutions with checkpoints for agreements on November 15 and 19 – Florent (Ericsson)
R1-2110852
Remaining issues of DL AoD enhancements
Huawei, HiSilicon

R1-2110958
Accuracy improvement for DL-AoD positioning solutions
ZTE

R1-2111015
Remaining issues on potential enhancements for DL-AoD method
vivo

R1-2111258
Remaining issues on enhancements for DL-AoD positioning method
CATT

R1-2111291
Enhancements for DL-AoD positioning
OPPO

R1-2111366
Views on enhancing DL AoD
Nokia, Nokia Shanghai Bell

R1-2111399
Remaining aspects of DL-AoD enhancements
Sony

R1-2111497
Remaining Details of DL-AoD Enhancements for NR Positioning
Intel Corporation

R1-2111574
Accuracy improvements for DL-AoD positioning solutions
Xiaomi

R1-2111610
Discussion on DL-AoD enhancements
CMCC

R1-2111654
Discussion on enhancements for DL-AoD positioning
CAICT

R1-2111740
Discussion on accuracy improvements for DL-AoD positioning solutions
Samsung

R1-2111799
Enhancements for DL-AoD positioning solutions
InterDigital, Inc.

R1-2111876
Positioning Accuracy enhancements for DL-AoD
Apple

R1-2111975
Discussion on accuracy improvement for DL-AoD positioning
LG Electronics

R1-2112072
Accuracy enhancement for DL-AOD technique
MediaTek Inc.

R1-2112110
Discussion on DL-AoD positioning enhancements
NTT DOCOMO, INC.

R1-2112219
Remaining Issues on Potential Enhancements for DL-AoD positioning
Qualcomm Incorporated

R1-2112324
Remaining issues on DL-AoD Positioning Enhancements
Lenovo, Motorola Mobility

R1-2112341
Enhancements of DL-AoD positioning solutions
Ericsson

R1-2112367
DL-AoD positioning enhancements
Fraunhofer IIS, Fraunhofer HHI
Conclusion
The current definition of measured path DL PRS RSRP for ith path delay is sufficient and will not be discussed further in AI 8.5.3 

· Note: discussion in other agenda items, if necessary, is not precluded.

R1-2112641
FL summary #1 for AI 8.5.3 Accuracy improvements for DL-AoD positioning solutions
Moderator (Ericsson)

R1-2112642
FL summary #2 for AI 8.5.3 Accuracy improvements for DL-AoD positioning solutions
Moderator (Ericsson)

R1-2112643
FL summary #3 for AI 8.5.3 Accuracy improvements for DL-AoD positioning solutions
Moderator (Ericsson)

Agreement
From the RAN1 perspective, for the TRP beam/antenna information to be optionally provided by the LMF to the UE for UE-based DL-AoD:

· The LMF provides the quantized version of the relative Power between PRS resources per angle per TRP.

· The relative power is defined with respect to the peak power in each angle

· For each angle, at least two PRS resources are reported.

· Note: the peak power per angle is not provided

· Note: up to RAN3 to decide how the TRP beam information is provided to the LMF for both UE-assisted and UE-based
· Send an LS to RAN2/RAN3 to decide on the signaling details

8.5.4 Latency improvements for both DL and DL+UL positioning methods
[107-e-NR-ePos-04] Email discussion/approval on latency improvements for both DL and DL+UL positioning methods with checkpoints for agreements on November 15 and 19 – Su (Huawei)
R1-2110853
Enhancements to positioning latency improvements
Huawei, HiSilicon

R1-2110959
Discussion on latency reduction for NR positioning
ZTE

R1-2111016
Remaining issues on latency enhancement for NR positioning
vivo

R1-2111259
Remaining issues on latency reduction for NR positioning
CATT

R1-2111292
Enhancements on Latency Reduction in NR Positioning
OPPO

R1-2111367
Views on PHY Latency Reductions
Nokia, Nokia Shanghai Bell

R1-2111400
Remaining issues on latency improvements for NR positioning
Sony

R1-2111435
Discussion on latency improvement for positioning
China Telecom

R1-2111498
Remaining Open Aspects of NR Positioning Latency Reduction
Intel Corporation

R1-2111575
Latency improvements for both DL and DL+UL positioning method
Xiaomi

R1-2111611
Discussion on latency improvement for positioning
CMCC

R1-2111741
Discussion on latency improvements for both DL and DL+UL positioning methods
Samsung

R1-2111800
Latency improvements for both DL and DL+UL positioning methods
InterDigital, Inc.

R1-2111877
Views on Rel-17 positioning latency reduction
Apple

R1-2111976
Discussion on latency improvements for NR positioning
LG Electronics

R1-2112073
Physical latency improvement aspects
MediaTek Inc.

R1-2112111
Discussion on latency improvements for both DL and DL+UL positioning methods
NTT DOCOMO, INC.

R1-2112220
Remaining issues on Latency Improvements for Positioning
Qualcomm Incorporated

R1-2112325
Remaining issues on Positioning Latency Reduction
Lenovo, Motorola Mobility

R1-2112342
Latency improvements for both DL and DL+UL positioning methods
Ericsson

R1-2112411
Draft LS on lower Rx beam sweeping factor for latency improvement
Moderator (Huawei)

R1-2112457
Summary #1 of [107-e-NR-ePos-04] latency improvements
Moderator (Huawei)

Agreement
Preconfiguration of MG(s) in RRC is supported from RAN1 perspective.

· Each MG in the preconfiguration is associated with an ID
· The information in the UL MAC CE for MG activation request by the UE can be one ID associated with the preconfiguration of the MG
· Send an LS to RAN2 and RAN3

R1-2112458
Summary #2 of [107-e-NR-ePos-04] latency improvements
Moderator (Huawei)

R1-2112459
Summary #3 of [107-e-NR-ePos-04] latency improvements
Moderator (Huawei)
8.5.5 Potential enhancements of information reporting from UE and gNB for multipath/NLOS mitigation
[107-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 November 15 and 19 – Ryan (Nokia)
R1-2110854
Remaining issues of NLOS mitigation and multi-path reporting
Huawei, HiSilicon

R1-2110860
Enhancements on NLoS mitigation for NR positioning
PML

R1-2110960
Enhancements on NLOS and Multi-path mitigation for NR positioning
ZTE

R1-2111017
Remaining issues on potential enhancements for multipath/NLOS mitigation
vivo

R1-2111260
Remaining issues on information reporting from UE and gNB for multipath/NLOS mitigation
CATT

R1-2111293
Discussion on multipath/NLOS mitigation for NR positioning
OPPO

R1-2111368
Views on LoS/NLoS Identification and Mitigation
Nokia, Nokia Shanghai Bell

R1-2111401
Remaining issues on multipath/NLOS mitigation for NR positioning
Sony

R1-2111499
Remaining Details of NLOS Mitigation Solutions for NR Positioning
Intel Corporation

R1-2111576
Potential enhancements for multipath/NLOS mitigation
Xiaomi

R1-2111742
Discussion on potential enhancements of information reporting from UE and gNB for multipath/NLOS mitigation
Samsung

R1-2111801
Discussion on multipath/NLOS mitigation for positioning
InterDigital, Inc.

R1-2111878
Views on potential enhancements for NLOS mitigation in Rel-17 positioning
Apple

R1-2111977
Discussion on multipath/NLOS mitigation for positioning
LG Electronics

R1-2112112
Discussion on multipath/NLOS mitigation for NR positioning
NTT DOCOMO, INC.

R1-2112221
Remaining Issues on Multipath Reporting in NR Positioning
Qualcomm Incorporated

R1-2112326
Remaining issues on NLOS/Multipath Reporting
Lenovo, Motorola Mobility

R1-2112343
Potential enhancements of information reporting from UE and gNB for multipath/NLOS mitigation
Ericsson

R1-2112368
Potential positioning enhancements for multipath/NLOS mitigation
Fraunhofer IIS, Fraunhofer HHI

R1-2112492
Feature Lead Summary #1 for Potential multipath/NLOS mitigation
Moderator (Nokia)
Agreement
· For enhanced multipath reporting support N=8 for the value of maximum number of additional paths.

· Define a UE capability for the UE to report its supported value of maximum number of additional paths (no larger than 8)
Agreement
· Support the LMF to request DL PRS-RSRPP together with timing measurement as part of DL-TDOA and multi-RTT reporting enhancements
· Note: This applies to the first path and also to additional paths. 
· Support the LMF to request UL SRS-RSRPP together with timing measurement as part of UL-TDOA and multi-RTT reporting enhancements
· Note: This applies to the first path and also to additional paths. 
Conclusion
Do not support LoS/NloS indicators for additional paths.

R1-2112493
Feature Lead Summary #2 for Potential multipath/NLOS mitigation 
Moderator (Nokia)
R1-2112494
Feature Lead Summary #3 for Potential multipath/NLOS mitigation 
Moderator (Nokia)
R1-2112495
Feature Lead Summary #4 for Potential multipath/NLOS mitigation 
Moderator (Nokia)

8.5.6 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.

[107-e-NR-ePos-06] Email discussion/approval on RAN2-led aspects in the Others section with checkpoints for agreements on November 15 and 19 – Alexey (Intel)
R1-2110961
Discussion on items led by RAN2 for NR positioning
ZTE

R1-2111018
Remaining issues on inactive state positioning and on-demand PRS
vivo

R1-2111261
Remaining issues on on-demand DL PRS and positioning for UEs in RRC_ INACTIVE state
CATT

R1-2111294
Discussion on positioning for UE in RRC_INACTIVE and on-demand PRS
OPPO

R1-2111369
Additional views on Inactive Mode Positioning and on-demand PRS
Nokia, Nokia Shanghai Bell

R1-2111402
Remaining Aspects of On-demand PRS and positioning in RRC Inactive Mode
Sony

R1-2111500
Remaining Details for On-demand DL PRS Signaling and NR Positioning in RRC_INACTIVE state
Intel Corporation

R1-2111577
On-demand PRS and positioning for UE in RRC_INACTIVE state
Xiaomi

R1-2111596
Positioning in RRC_INACTIVE mode and on-demand PRS request
Quectel

R1-2111612
Discussion on RAN2-led items for positioning
CMCC

R1-2111655
Discussion on enhancements of INACTIVE mode positioning and on-demand PRS
CAICT

R1-2111743
Discussion on on demand positioning and positioning in inactive state
Samsung

R1-2111802
On-demand PRS and positioning during INACTIVE mode
InterDigital, Inc.

R1-2111879
DL-PRS conflict resolution for UE in RRC_INACTIVE
Apple

R1-2111932
Discussion on INACTIVE state positioning and on-demand PRS
Huawei, HiSilicon

R1-2111978
Discussion on other enhancements for positioning
LG Electronics

R1-2112222
Remaining issues on enhancements Related to On Demand PRS And Positioning in RRC Inactive State
Qualcomm Incorporated

R1-2112327
Discussion on On-Demand PRS and RRC_INACTIVE Positioning
Lenovo, Motorola Mobility

R1-2112344
Further details  for on-demand PRS reception and SRS in RRC_INACTIVE
Ericsson

R1-2112369
Considerations for on-demand PRS and positioning in RRC_INACTIVE state
Fraunhofer IIS, Fraunhofer HHI
R1-2112569
Feature Lead Summary#1 for E-mail Discussion [107-e-NR-ePos-06]
Moderator (Intel Corporation)

Agreement
For UE in RRC_INACTIVE state can support DL PRS processing outside and inside of the initial DL BWP:

· For DL PRS processing outside of the initial DL BWP, the SCS, CP type of DL PRS can be the same or different as for the initial DL BWP

· For DL PRS processing inside of the initial DL BWP, the SCS, CP type of DL PRS is the same as for the initial DL BWP.

· Potential impact of retuning time and expected RSTD assistance information on DL PRS reception performance is up to RAN4

· UE capability(ies) will be defined for DL PRS processing in RRC_INACTIVE state

· details are FFS

· Send an LS to RAN4 on agreed by RAN1 UE behavior for reception of DL PRS in RRC INACTIVE state
R1-2112570
Feature Lead Summary#2 for E-mail Discussion [107-e-NR-ePos-06]
Moderator (Intel Corporation)

R1-2112571
Feature Lead Summary#3 for E-mail Discussion [107-e-NR-ePos-06]
Moderator (Intel Corporation)
Agreement
For spatial relation of SRS for positioning by RRC_INACTIVE UEs,

· Validity criteria for pathloss measurement (OLPC) is reused to determine validity of spatial relation for configured RS

· If the UE determines that the UE is not able to meet the above validity criteria for spatial relation then the UE stops transmission of SRS resource for positioning 

· Note: the RS for spatial relation is a periodic or semi-persistent RS

Proposal 3.3-2
· RAN1 assumes that 

· SRS for positioning for UEs in RRC_INACTIVE state is configured using the SRS-PosResourceSet IE

· Select one of the following alternatives for SRS for positioning transmission by RRC_INACTIVE UEs

· Alt.1:

· When SRS for positioning bandwidth, SCS and CP type are different from that of initial UL BWP, [the dedicated UL BWP for] SRS for positioning is configured by RRC using the following parameters applicable for SRS for positioning
· Frequency location and bandwidth

· Subcarrier spacing

· Cyclic prefix

· Alt.2:

· SRS for positioning is transmitted only within initial UL BWP

· This reverts the following agreement made at RAN1#106bis-e

	Agreement:

For RRC_INACTIVE UEs, SRS for positioning bandwidth, SCS and CP type are configured by RRC and can be different from that of initial UL BWP configured by the system information


· Send LS to RAN2 to define signaling for SRS for positioning configuration for RRC_INACTIVE UEs, and to decide how the feature interacts with SDT
Continue discussion based on Alt 1 clarifying:

· How SRS for positioning is used outside an SDT and within an SDT

· Potential UE capability

