1.1 NR Positioning Enhancements

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

Incoming LS(s) related to this work/study item under agenda item 5: R1-2108696, R1-2108697, R1-2108706, R1-2108707, R1-2108711, R1-2108718, R1-2108698.

[106bis-e-R17-RRC-NR-ePos] Email discussion on Rel-17 RRC parameters for positioning enhancement – Ren Da (CATT)
· 1st check point: October 14
· Final check point: October 19
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.
[106bis-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 October 14 and 19 – Ren Da (CATT)
R1-2108730
Remaining issues of mitigating Rx/Tx timing error
Huawei, HiSilicon

R1-2108878
Positioning accuracy improvement by mitigating timing delay
ZTE

R1-2108975
Discussion on potential enhancements for RX/TX timing delay mitigating
vivo

R1-2109051
Enhancement of timing-based positioning by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays
OPPO

R1-2109224
Further discussion on mitigating UE and gNB Rx/Tx timing errors
CATT

R1-2109283
Discussion on mitigation of gNB/UE Rx/Tx timing errors
CMCC

R1-2109363
Views on mitigating UE and gNB Rx/Tx timing errors
Nokia, Nokia Shanghai Bell

R1-2109490
Discussion on accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays
Samsung

R1-2109611
Mitigation of UE and gNB RX/TX Timing Errors
Intel Corporation

R1-2109679
Discussion on mitigating UE and gNB Rx/Tx timing delays
NTT DOCOMO, INC.

R1-2109790
Discussion on mitigating Rx/Tx timing delays
Sony

R1-2110035
Positioning accuracy enhancements under timing errors
Apple

R1-2110088
Discussion on accuracy improvement by mitigating UE Rx/Tx and gNB Rx/Tx timing delays
LG Electronics

R1-2110133
Discussion on accuracy improvements by mitigating timing delays
InterDigital, Inc.

R1-2110187
Remaining Issues for Timing Error Mitigation for improved Accuracy
Qualcomm Incorporated

R1-2110254
Mitigation of RX/TX timing delays for higher accuracy
MediaTek Inc.

R1-2110298
Considerations for mitigation of Tx/Rx Delays
Lenovo, Motorola Mobility

R1-2110349
Techniques mitigating Rx/Tx timing delays
Ericsson
R1-2110391
R1-2110392
Working assumption:
· 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.

· FFS: Mitigation of UE Tx timing errors when Multi-RTT, UL-TDOA and/or DL-TDOA are used.

Agreement:
Make the following modification on the previous agreement made in RAN#106e:
· 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
· 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)
· FFS: details of the signalling, procedures
· The timestamps of the multiple RTOA measurements in the same measurement report can be the same or different. 
1.1.2 Accuracy improvements for UL-AoA positioning solutions
[106bis-e-NR-ePos-02] Email discussion/approval on accuracy improvements for UL-AoA positioning solutions, with checkpoints for agreements on October 14 and 19 – Alexey (Intel)
R1-2108731
Remaining issues of UL AoA enhancements
Huawei, HiSilicon

R1-2108879
Accuracy improvement for UL-AoA positioning solutions
ZTE

R1-2108976
Discussion on potential enhancements for UL-AoA method
vivo

R1-2109052
Enhancements for UL AoA Positioning
OPPO

R1-2109225
Further discussion on enhancements for UL-AoA positioning method
CATT

R1-2109364
Views on enhancing UL AoA
Nokia, Nokia Shanghai Bell

R1-2109491
Discussion on accuracy improvements for UL-AoA positioning solutions
Samsung

R1-2109612
Remaining Aspects of NR Positioning UL-AoA Enhancements
Intel Corporation

R1-2109680
Discussion on UL-AoA positioning enhancements
NTT DOCOMO, INC.

R1-2109791
Considerations on enhancements for UL-AoA
Sony

R1-2109863
TRP Rx-ARP information reporting
Fraunhofer IIS, Fraunhofer HHI

R1-2110036
Positioning Accuracy enhancements for UL-AoA
Apple

R1-2110089
Discussion on accuracy improvement for UL-AoA positioning
LG Electronics

R1-2110134
Enhancements for UL-AoA positioning solutions
InterDigital, Inc.

R1-2110188
Potential Enhancements on UL-AOA positioning
Qualcomm Incorporated

R1-2110345
Discussion on enhancements for UL AoA positioning
CEWiT

R1-2110350
Enhancements of UL-AoA positioning solutions
Ericsson
R1-2110453
R1-2110454

Agreement:
Association of UL-AOA positioning measurements with gNB ARP is supported in Rel.17.
Agreement:
· For the first arrival path measurements on SRS for positioning resource, 

· gNB can report to LMF the following set of measurements {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA}

· gNB can report to LMF the following set of measurements {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one-gNB Rx-Tx time difference}

· FFS additional option: gNB can report to LMF the following set of measurements {multiple SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA, one-gNB Rx-Tx time difference}

· All gNB measurements above are associated with SRS resource ID and timestamp, which are also reported to LMF

· For the first arrival path measurements on SRS for MIMO resource,

· gNB can report to LMF the following set of measurements {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA} 

· FFS: gNB can report to LMF the following set of measurements {multiple SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA} 

· All gNB measurements above are associated with SRS resource ID and timestamp, which are also reported to LMF
· Note: The operation of SRS for MIMO is transparent to the UE
1.1.3 Accuracy improvements for DL-AoD positioning solutions

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

[106bis-e-NR-ePos-03] Email discussion/approval on accuracy improvements for DL-AoD positioning solutions with checkpoints for agreements on October 14 and 19 – Florent (Ericsson)
R1-2108732
Remaining issues of DL AoD enhancements
Huawei, HiSilicon

R1-2108880
Accuracy improvement for DL-AoD positioning solutions
ZTE

R1-2108977
Discussion on potential enhancements for DL-AoD method
vivo

R1-2109053
Enhancements for DL-AoD positioning
OPPO

R1-2109226
Further discussion on enhancements for DL-AoD positioning method
CATT

R1-2109284
Discussion on DL-AoD enhancements
CMCC

R1-2109346
Discussion on enhancements for DL-AoD positioning
CAICT

R1-2109365
Views on enhancing DL AoD
Nokia, Nokia Shanghai Bell

R1-2109413
Accuracy improvements for DL-AoD positioning solutions
Xiaomi

R1-2109492
Discussion on accuracy improvements for DL-AoD positioning solutions
Samsung

R1-2109613
Solutions for NR Positioning DL-AoD Enhancements
Intel Corporation

R1-2109681
Discussion on DL-AoD positioning enhancements
NTT DOCOMO, INC.

R1-2109792
Considerations on enhancements for DL-AoD
Sony

R1-2109864
DL-AoD positioning enhancements
Fraunhofer IIS, Fraunhofer HHI 

R1-2110037
Positioning Accuracy enhancements for DL-AoD
Apple

R1-2110090
Discussion on accuracy improvement for DL-AoD positioning
LG Electronics

R1-2110148
Enhancements for DL-AoD positioning solutions
InterDigital, Inc.

R1-2110189
Remaining Issues on Potential Enhancements for DL-AoD positioning
Qualcomm Incorporated

R1-2110256
Accuracy enhancement for DL-AOD technique
MediaTek Inc.

R1-2110299
Discussion on DL-AoD Positioning Enhancements
Lenovo, Motorola Mobility

R1-2110343
Discussion on enhancements for DL-AoD positioning
CEWiT

R1-2110351
Enhancements of DL-AoD positioning solutions
Ericsson
R1-2110460
R1-2110500
Proposal:
The measured path PRS RSRP corresponds to the power of the channel impulse response of the channel corresponding to the received PRS, at a certain path delay, [divided by the number of elements] over which the DL PRS is received.
· FFS: Whether the path RSRP measurement is normalized with PRS RSRP. 
· Note: UE may choose to use a time window to compute path DL PRS RSRP by UE implementation
· Send LS to RAN4 to check the details of the definition
· FFS: The LMF may provide a time window around the delay D to compute path DL PRS RSRP 
Proposal:
The measured path PRS RSRP for path delay D is defined as the power of the received PRS signal configured for the measurement at delay D of the channel response.   

· FFS: Whether the path RSRP measurement is normalized with PRS RSRP. 

· Note: UE may choose to use a time window to compute path DL PRS RSRP by UE implementation

· Note: This does not imply that delay D have to be reported in DL-AoD positioning

· Send LS to RAN4 to check the details of the definition
1.1.4 Latency improvements for both DL and DL+UL positioning methods
[106bis-e-NR-ePos-04] Email discussion/approval on latency improvements for both DL and DL+UL positioning methods with checkpoints for agreements on October 14 and 19 – Su (Huawei)
R1-2108733
Enhancements to positioning latency improvements
Huawei, HiSilicon

R1-2108881
Discussion on latency reduction for NR positioning
ZTE

R1-2108978
Discussion on latency enhancement for NR positioning
vivo

R1-2109054
Enhancements on Latency Reduction in NR Positioning
OPPO

R1-2109227
Further discussion on latency reduction for NR positioning
CATT

R1-2109255
Discussion on latency improvement for positioning methods
China Telecom

R1-2109285
Discussion on latency improvement for positioning
CMCC

R1-2109366
Views on PHY Latency Reductions
Nokia, Nokia Shanghai Bell

R1-2109414
Latency improvements for both DL and DL+UL positioning method
Xiaomi

R1-2109493
Discussion on latency improvements for both DL and DL+UL positioning methods
Samsung

R1-2109614
Solutions for NR Positioning Latency Reduction
Intel Corporation

R1-2109682
Discussion on latency improvements for both DL and DL+UL positioning methods
NTT DOCOMO, INC.

R1-2109793
Considerations on latency improvements for NR positioning
Sony

R1-2110038
Views on Rel-17 positioning latency reduction
Apple

R1-2110091
Discussion on latency improvements for NR positioning
LG Electronics

R1-2110149
Latency improvements for both DL and DL+UL positioning methods
InterDigital, Inc.

R1-2110190
Remaining issues on Latency Improvements for Positioning
Qualcomm Incorporated

R1-2110257
Physical latency improvement aspects
MediaTek Inc.

R1-2110300
Enhancements for Positioning Latency Reduction
Lenovo, Motorola Mobility

R1-2110352
Latency improvements for both DL and DL+UL positioning methods
Ericsson
R1-2110445
R1-2110446

Agreement:
Support the following options (in the agreement made in RAN1#106-e) for a new mechanism of MG activation request for the purpose of positioning.
· Option 2: by UE (via UCI or UL MAC CE)
· Select only one of UCI and UL MAC CE in RAN1#106bis-e

· Option 1: by LMF (via an NRPPa message)
· Note: This is transparent to the UE
Proposal:
Support the following option (from the agreement made in RAN1#106-e) for a new MG activation procedure to be performed by the gNB.
· Option 2: DL MAC CE
Conclusion:

Potential enhancements to latency reduction with respect to MG sharing with other RRM procedures is up to RAN4 to decide.
1.1.5 Potential enhancements of information reporting from UE and gNB for multipath/NLOS mitigation
[106bis-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 October 14 and 19 – Ryan (Nokia)
R1-2108734
Remaining issues of NLOS mitigation and multi-path reporting
Huawei, HiSilicon

R1-2108807
NLOS Mitigation Enhancements
FUTUREWEI

R1-2108882
Enhancements on NLOS and Multi-path mitigation for NR positioning
ZTE

R1-2108979
Discussion on potential enhancements for multipath/NLOS mitigation
vivo

R1-2109055
Discussion on multipath/NLOS mitigation for NR positioning
OPPO

R1-2109228
Further discussion on information reporting from UE and gNB for multipath/NLOS mitigation
CATT

R1-2109367
Views on LoS/NLoS Identification and Mitigation
Nokia, Nokia Shanghai Bell

R1-2109415
Potential enhancements for multipath/NLOS mitigation
Xiaomi

R1-2109494
Discussion on potential enhancements of information reporting from UE and gNB for multipath/NLOS mitigation
Samsung

R1-2109615
Solutions for Mitigation of NLOS Problem for NR Positioning
Intel Corporation

R1-2109683
Discussion on multipath/NLOS mitigation for NR positioning
NTT DOCOMO, INC.

R1-2109794
Considerations on multipath/NLOS mitigation for NR positioning
Sony

R1-2109866
Potential positioning enhancements for multipath/NLOS mitigation
Fraunhofer IIS, Fraunhofer HHI 

R1-2110039
Views on potential enhancements for NLOS mitigation in Rel-17 positioning
Apple

R1-2110092
Discussion on multipath/NLOS mitigation for positioning
LG Electronics

R1-2110150
Discussion on multipath/NLOS mitigation for positioning
InterDigital, Inc.

R1-2110191
Remaining Issues on Multipath Reporting in NR Positioning
Qualcomm Incorporated

R1-2110301
Remaining issues for NLOS/Multipath Information Reporting
Lenovo, Motorola Mobility

R1-2110344
Discussion on enhancements of multipath/NLOS reporting from UE and gNB 
CEWiT

R1-2110353
Potential enhancements of information reporting from UE and gNB for multipath/NLOS mitigation
Ericsson

R1-2110435
R1-2110436
Agreement:
For hybrid positioning methods where UL TDOA and multi-RTT are used in addition to UL AoA, support reporting of up to M=8 UL-AoA values per additional path 
Proposal:
Support reporting the path RSRP for additional paths as part of the DL, DL+UL, and UL multipath reporting enhancements. 
· FFS: Path PRS-RSRP definition 
· FFS: Relative or absolute power 
Working assumption:
Supported LoS/NLoS indicator values are [0, 0.1, …, 0.9, 1] (in steps of 0.1) with the values corresponding to the likelihood of LoS

· A value of 1 corresponds to LoS and a value of 0 corresponds to NLoS
· Note: A UE does not have to support the 0.1 step size or all the values in the set and can choose to only report from a subset including the subset [0,1]. Whether a UE capability is defined to differentiate between reporting of hard and soft values can be further discussed.
· FFS: Define a capability allowing the UE to indicate whether the UE can support the step size of 0.1 (soft values) or it can only support values in the subset [0, 1] (hard values)
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.

[106bis-e-NR-ePos-06] Email discussion/approval on RAN2-led aspects in the Others section with checkpoints for agreements on October 14 and 19 – Alexey (Intel)
R1-2108883
Discussion on items led by RAN2 for NR positioning
ZTE

R1-2108980
Discussion on inactive state positioning and on-demand PRS
vivo

R1-2109056
Discussion on positioning for UE in RRC_INACTIVE and on-demand PRS
OPPO

R1-2109229
Further discussion on on-demand DL PRS and positioning for UEs in RRC_ INACTIVE state
CATT

R1-2109286
Discussion on RAN2-led items for positioning
CMCC

R1-2109347
Discussion on enhancements of  INACTIVE mode positioning and on-demand PRS
CAICT

R1-2109368
Additional views on Inactive Mode Positioning and on-demand PRS
Nokia, Nokia Shanghai Bell

R1-2109416
On-demand PRS and positioning for UE in RRC_INACTIVE state
Xiaomi

R1-2109495
Discussion on on demand positioning and positioning in inactive state
Samsung

R1-2109616
Support of On-demand DL PRS and NR Positioning in RRC_INACTIVE State
Intel Corporation

R1-2109684
Discussion on positioning for UEs in RRC_INACTIVE state
NTT DOCOMO, INC.

R1-2109744
Discussion on INACTIVE state positioning and on-demand PRS
Huawei, HiSilicon

R1-2109795
Considerations on on-demand PRS and positioning in RRC Inactive Mode
Sony

R1-2109867
Considerations for on-Demand PRS and positioning in RRC_INACTIVE state
Fraunhofer IIS, Fraunhofer HHI  

R1-2110093
Discussion on other enhancements for positioning
LG Electronics

R1-2110151
On-demand PRS and positioning during INACTIVE mode
InterDigital, Inc.

R1-2110192
Remaining issues on enhancements Related to On Demand PRS And Positioning in RRC Inactive State
Qualcomm Incorporated

R1-2110261
Potential physical layer impact to the RAN2-led topics
MediaTek Inc.

R1-2110302
Discussion on On-Demand PRS and RRC_INACTIVE Positioning
Lenovo, Motorola Mobility

R1-2110354
Further details  for on-demand PRS reception and SRS in RRC_INACTIVE
Ericsson
R1-2110457
Agreement:
· Send LS to RAN2 with the outcome of RAN1 discussion on types of SRS for positioning to be supported by UEs in RRC_INACTIVE state

· From RAN1 perspective, support of semi-persistent SRS for positioning by RRC_INACTIVE UEs is feasible
· It is up to RAN2 to confirm support of semi-persistent SRS for positioning by RRC_INACTIVE UEs and determine necessary signalling details
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
Agreement:
For OLPC of SRS for positioning transmission by RRC_INACTIVE UEs,
· Reuse validity criteria for pathloss measurement defined for RRC_CONNECTED UEs in Rel.16 including fallback behavior
1. FFS on UE fallback behavior (i.e. whether to reuse fallback to pathloss measurement by RRC_INACTIVE UE for the cell, from which the SS/PBCH is received to obtain MIB, is not accurate) 

· For spatial relation of SRS for positioning transmission by RRC_INACTIVE UEs,
1. FFS whether to define validity criteria or reuse validity criteria for OLPC pathloss measurement to determine whether spatial relation with configured RS is valid

Agreement:
· The following list of parameters is supported for UE-initiated and LMF initiated on-demand DL PRS request
1. Start/end time of DL PRS transmission

2. DL PRS resource repetition factor

3. Number of DL PRS resource symbols per DL PRS resource 

4. DL-PRS CombSizeN

5. Number of DL PRS frequency layers

6. ON/OFF indicator (for LMF initiated request only)

· FFS values for requested on-demand DL PRS parameters and whether parameters are resource-specific, TRP-specific, or PFL-specific

