1.1 Study on NR Positioning Enhancements
Please refer to RP-202094 for detailed scope of the SI
R1-2008762
Update of TR 38.857
Ericsson

R1-2009418
Update of TR 38.857
Ericsson
TR draft in R1-2009418 endorsed with the following modifications:
· Remove all instances of “can be investigated in Rel-17”

· Add agreement on DL PRS aggregation into Section 7

R1-2009430
Study on NR Positioning Enhancements, v0.1.0
Ericsson

R1-2009431
Update of TR 38.857, v0.1.0
Ericsson

R1-2009431 is endorsed as v0.1.1
1.1.1 Additional scenarios for evaluation

R1-2007575
Scenarios and evaluation assumption for IIoT positioning
Huawei, HiSilicon

R1-2007664
Discussion on additional scenarios for NR positioning evaluation
vivo

R1-2007753
Remaining issues on evaluation assumptions
ZTE

R1-2007858
Remaining issues on additional scenarios for evaluation of NR Positioning Enhancements
CATT

R1-2007907
Remaining Issues on Evaluation Assumptions
FUTUREWEI

R1-2007944
NR positioning scenarios
Intel Corporation

R1-2008014
Remaining issues on target performance requirement of IIoT use case
CMCC

R1-2008224
Discussion on Additional Scenarios for Evaluation of NR Positioning
OPPO

R1-2008299
Additional scenarios for evaluation of NR positioning
Nokia, Nokia Shanghai Bell

R1-2008363
Considerations on Additional Scenarios for Evaluation
Sony

R1-2008415
Discussions on additional scenarios for evaluation for NR positioning
LG Electronics

R1-2008488
Discussion on evaluation assumptions for latency
InterDigital, Inc.

R1-2008617
Considerations on Additional Scenarios for Evaluation
Qualcomm Incorporated

R1-2008763
Remaining details on additional scenarios for evaluation
Ericsson

[103-e-NR-ePos-01] Email discussion/approval on additional scenarios for evaluation and TR updates until 11/4; address any remaining aspects by 11/12 – Florent (Ericsson)
Additional checkpoint where agreements can be declared: 11/9
R1-2009343
FL summary for additional scenarios for evaluation
Moderator (Ericsson)
R1-2009364
Output#1 of [103-e-NR-ePos-01] Email discussion on additional scenarios for evaluation
Moderator (Ericsson)
R1-2009503
Output #2 of [103-e-NR-ePos-01] Email discussion on additional scenarios for evaluation
Moderator (Ericsson)
Conclusion:

When reporting network efficiency, the methodology is left up to each company and details should be provided.
Conclusion:

For SRS bandwidth stitching and PRS bandwidth stitching, when modelling the effect of phase offset between two PFLs (for 2 CCs in the UL), a uniformly distributed phase offset is applied to the 2nd PFL (2nd CC in the UL) with respect to the 1st PFL (1st CC in the UL).

· If phase offset modeled, companies to provide how the phase offset is modeled in their evaluations.
1.1.2 Evaluation of achievable positioning accuracy and latency
R1-2007576
Evaluation results for Rel-16 positioning and Rel-17 enhancement
Huawei, HiSilicon

R1-2007665
Evaluation of NR positioning performance
vivo

R1-2007720
Evaluation of achievable positioning accuracy
BUPT

R1-2007754
Evaluation of achievable accuracy and latency
ZTE

R1-2007859
Discussion of evaluation of NR positioning performance
CATT

R1-2007908
NLOS Identification and Mitigation
FUTUREWEI

R1-2007945
NR positioning evaluation
Intel Corporation

R1-2007997
NR Positioning Latency Evaluations
Lenovo, Motorola Mobility

R1-2008225
Evaluation of NR positioning in IIOT scenario
OPPO

R1-2008300
Results on evaluation of achievable positioning accuracy and latency
Nokia, Nokia Shanghai Bell

R1-2008364
Discussion on Performance evaluation of Rel-17 positioning
Sony

R1-2008416
Discussions on evaluation of achievable positioning accuracy and latency for NR positioning
LG Electronics

R1-2008489
Evaluation of achievable positioning latency
InterDigital, Inc.

R1-2008618
Evaluation of achievable Positioning Accuracy & Latency
Qualcomm Incorporated

R1-2008709
Evaluation of positioning enhancements
Fraunhofer IIS, Fraunhofer HHI

R1-2008720
Positioning evaluation results on potential enhancements for additional use cases
CEWiT

R1-2008764
Evaluation of achievable positioning accuracy and latency
Ericsson

[103-e-NR-ePos-02] Email discussion/approval on achievable positioning accuracy and latency including observations/conclusions based on evaluation results until 11/3; address any remaining aspects by 11/11 – Alexey (Intel)
Additional checkpoint where agreements can be declared: 11/9
R1-2009345
Feature lead summary for evaluation of NR Positioning enhancements - AI 8.5.2

Moderator (Intel Corporation)
R1-2009375
Summary #1 of RAN WG1 E-mail Discussion [103e-NR-ePos-02] - AI 8.5.2
Moderator (Intel Corporation)
R1-2009376
Summary #2 of RAN WG1 E-mail Discussion [103e-NR-ePos-02]- AI 8.5.2
Moderator (Intel Corporation)
R1-2009406
Summary #3 of RAN WG1 E-mail Discussion [103e-NR-ePos-02]- AI 8.5.2
Moderator (Intel Corporation)
R1-2009407
Summary #4 of RAN WG1 E-mail Discussion [103e-NR-ePos-02] - AI 8.5.2
Moderator (Intel Corporation)
Agreement:
Capture the following observations (On horizontal positioning accuracy in InF-SH) in the TR (editorial modifications and addition of references for the sources can be added when incorporating into the TR):
Observation 1: For the case without modeling synchronization and gNB/UE TX/RX timing errors in the InF-SH scenario.
Observation 1: Based on the results provided by a majority of sources, sub-meter level @ 90% of horizontal positioning accuracy is achieved by Rel.16 solutions.
Observation 1: Results were provided by [12] out of [17] sources for FR1 and by [9] sources out of [17] for FR2

Observation 1: For NR positioning evaluations in FR1 band, the following is observed with respect to horizontal positioning accuracy:

Observation 1: Accuracy of ≤ 0.2m @ 90% is achieved in contributions from [3] sources  and is not achieved in contributions from [9] sources

Observation 1: Accuracy of ≤ 0.5m @ 90% is achieved in contributions from [7] sources and is not achieved in contributions from [5] sources

Observation 1: For NR positioning evaluations in FR2 band, the following is observed with respect to horizontal positioning accuracy:

Observation 1: Accuracy of ≤ 0.2m @ 90% is achieved in contributions from [6] sources and is not achieved in contributions from [3] sources

Observation 1: Accuracy of ≤ 0.5m @ 90% is achieved in contributions from [8] sources and is not achieved in contributions from [1] sources

Agreement:
Capture the following observations on horizontal positioning accuracy in InF-DH (Editorial modifications and updates to references to be made when capturing in the TR):
Observation 1: For the case without modeling synchronization and gNB/UE TX/RX timing errors in the baseline InF-DH scenario.

Observation 1: Based on the results provided by a majority of sources, sub-meter level @ 90% of horizontal positioning accuracy is not achieved by Rel.16 based solutions.

Observation 1: Results were provided by [13] sources (Huawei R1-2007576, BUPT R1-2007720, ZTE R1-2007754, CATT R1-2007859, FUTUREWEI R1-2007908, OPPO R1-2008225, Nokia R1- 2008300, Sony R1-2008364, CEWiT R1-2008720, Ericsson R1-2008764, QC R1-2008618, vivo R1-2007665, Intel R1-2007945) out of [17] for FR1 and by [9] sources (Huawei R1-2007576, BUPT R1-2007720, ZTE R1-2007754, CATT R1-2007859, Sony R1-2008364, Ericsson R1-2008764, QC R1-2008618, vivo R1-2007665, Intel R1-2007945) out of [17] for FR2

Observation 1: For NR positioning evaluations in FR1 band, the following is observed with respect to horizontal positioning accuracy:

Observation 1: Accuracy of ≤ 0.2m @ 90% is achieved in contribution from [1] source (CATT R1-2007859) and is not achieved in contributions from [12] sources (Huawei R1-2007576, BUPT R1-2007720, ZTE R1-2007754, FUTUREWEI R1-2007908, OPPO R1-2008225, Nokia R1- 2008300, Sony R1-2008364, CEWiT R1-2008720, Ericsson R1-2008764, QC R1-2008618, vivo R1-2007665, Intel R1-2007945)

Observation 1: Accuracy of ≤ 0.5m @ 90% is achieved in contributions from [4] sources (BUPT R1-2007720, CATT R1-2007859, QC R1-2009361, vivo R1-2007665) and is not achieved in contributions from [9] sources (Huawei R1-2007576, ZTE R1-2007754, FUTUREWEI R1-2007908, OPPO R1-2008225, Nokia R1- 2008300, Sony R1-2008364, CEWiT R1-2008720, Ericsson R1-2008764, Intel R1-2007945)

Observation 1: For NR positioning evaluations in FR2 band, the following is observed with respect to horizontal positioning accuracy:
Observation 1: Accuracy of ≤ 0.2m @ 90% is achieved in contributions from [3] sources (BUPT R1-2007720, QC R1-2008618, vivo R1-2007665) and is not achieved in contributions from [6] sources (Huawei R1-2007576, ZTE R1-2007754, CATT R1-2007859, Sony R1-2008364, Ericsson R1-2008764, Intel R1-2007945)

Observation 1: Accuracy of ≤ 0.5m @ 90% is achieved in contributions from [3] sources (BUPT R1-2007720, QC R1-2008618, vivo R1-2007665) and is not achieved in contributions from [6] sources (Huawei R1-2007576, ZTE R1-2007754, CATT R1-2007859, Sony R1-2008364, Ericsson R1-2008764, Intel R1-2007945)
Agreement:
Capture the following observations on vertical positioning accuracy in InF-SH (Editorial modifications and updates to references to be made when capturing in the TR):
Observation 1: For the case without modeling synchronization and gNB/UE TX/RX timing errors in the InF-SH scenario.

Observation 1: Results were provided by [4] sources (ZTE R1-2007754, CATT R1-2007859, vivo R1-2007665, Intel R1-2007945) out of [17] for FR1 and by [4] sources (ZTE R1-2007754, CATT R1-2007859, QC R1-2008618, Intel R1-2007945) out of [17] for FR2 band

Observation 1: For NR positioning evaluations in FR1 band, the following is observed with respect to vertical positioning accuracy:

Observation 1: Accuracy of ≤ 1m @ 90% is achieved in contribution from [2] sources (ZTE R1-2007754, vivo R1-2007665) and is not achieved from [2] sources (CATT R1-2007859, Intel R1-2007945)

Observation 1: For NR positioning evaluations in FR2 band, the following is observed with respect to vertical positioning accuracy:

Observation 1: Accuracy of ≤ 1m @ 90% is achieved in contribution from [4] sources (ZTE R1-2007754, CATT R1-2007859, QC R1-2008618, Intel R1-2009390) [and is not achieved by [0] sources] 

Agreement:
Capture the following observations on vertical positioning accuracy in InF-DH (Editorial modifications and updates to references to be made when capturing in the TR):
Observation 1: For the case without modeling synchronization and gNB/UE TX/RX timing errors in the InF-DH scenario (including evaluations with variable gNB/UE heights).

Observation 1: Results were provided by [5] sources (ZTE R1-2007754, CATT R1-2007859, vivo R1-2007665, Intel R1-2007945, Huawei R1-2007576) out of [17] for FR1 and by [4] sources (ZTE R1-2007754, CATT R1-2007859, Intel R1-2007945, Huawei R1-2007576) out of [17] for FR2 band

Observation 1: For NR positioning evaluations in FR1 band, the following is observed with respect to vertical positioning accuracy:

Observation 1: Accuracy of ≤ 1m @ 90% is achieved in contribution from [2] sources (CATT R1-2007859, vivo R1-2007665) and is not achieved from [3] sources (ZTE R1-2007754, Intel R1-2007945, Huawei R1-2007576)

Observation 1: For NR positioning evaluations in FR2 band, the following is observed with respect to vertical positioning accuracy:

Observation 1: Accuracy of ≤ 1m @ 90% is achieved in contribution from [1] source (Huawei R1-2007576) and is not achieved from [3] sources (ZTE R1-2007754, CATT R1-2007859, Intel R1-2007945)

Proposal:
Capture the observations on impact of gNB/UE TX/RX timing errors, X and Y (Editorial modifications and updates to references to be made when capturing in the TR):
· Evaluation results of gNB/UE TX/RX timing errors are provided by [7] sources (Huawei, ZTE, Qualcomm, Intel, CATT, Ericsson, vivo) out of [17] sources)
· The values of X and Y within certain limit X < X0 ns and Y < Y0 ns allow to approach NR positioning accuracy demanded by IIoT use cases, otherwise if X > X0 or Y > Y0 the effect gNB/UE TX/RX timing errors need to be mitigated to achieve precise accuracy of positioning demanded by IIoT use cases.

· The exact values of X0 and Y0 and their feasibility need to be further discussed.
Proposal:
Capture the following in the TR (further updates to the results can be made):

· Evaluation results of gNB/UE TX/RX timing errors are provided by [7] sources (Huawei, ZTE, Qualcomm, Intel, CATT, Ericsson, vivo) out of [17] sources)
· Summary of results is provided in tables 1-3 in Section 2.1.2.2 of R1-2009407 

Agreement:
Capture the following in the TR:

Observation 1: Evaluation results for LOS/NLOS identification, outlier rejection, NLOS mitigation based on triangle inequality algorithms in indoor factory scenarios were provided by [12] sources (OPPO, Futurewei, vivo, Intel, Qualcomm, ZTE, Huawei, CeWiT, Nokia, Sony, Fraunhofer, Ericsson) out of [17] sources

Observation 1: NR positioning utilizing LOS/NLOS identification, outlier rejection, NLOS mitigation based on triangle inequality algorithms improve performance of positioning accuracy with respect to solutions that do not apply these techniques

Observation 1: From the evaluations,
Observation 1: [9] sources (Futurewei, Intel, ZTE, Huawei, CeWiT, Nokia, Sony, Fraunhofer, Ericsson) evaluated LOS/NLOS identification with additional specification changes relative to Rel.16 solutions
Observation 1: [2] sources (vivo, Qualcomm) evaluated outlier rejection algorithm (implementation-based algorithm that can be applied for Rel.16 solutions without specification changes)

Observation 1: [1] source (OPPO) evaluated NLOS mitigation using triangle-based inequality algorithm (implementation-based algorithm that can be applied for Rel.16 solutions without specification changes)

Observation 1: Comparative analysis of LOS/NLOS identification with specification changes vs implementation based methods (outlier rejection algorithms) was done by 6 sources (Intel, Huawei, vivo, Qualcomm, ZTE, Oppo)

Observation 1: Three sources (Intel, Huawei, ZTE) observe that NR positioning based on LOS/NLOS identification outperforms NR positioning utilizing outlier rejection

Observation 1: Three sources (vivo, Qualcomm, Oppo) observe that NR positioning utilizing outlier rejection outperforms NR positioning utilizing LOS/NLOS identification

[103-e-NR-ePos-04] Email discussion/approval on collection of simulation results until 11/6 – Ren Da(CATT)/Alexey (Intel)/Florent (Ericsson)
1.1.3 Potential positioning enhancements

Including positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.).
R1-2007552
Positioning Enhancements
FUTUREWEI

R1-2007577
Positioning enhancement in Rel-17
Huawei, HiSilicon

R1-2007666
Discussion on potential positioning enhancements
vivo

R1-2007721
Potential positioning enhancements
BUPT

R1-2007755
Discussion on potential NR positioning enhancements
ZTE

R1-2007860
Discussion of NR positioning enhancements
CATT

R1-2007886
Potential positioning enhancements
TCL Communication Ltd.

R1-2007946
NR positioning enhancements
Intel Corporation

R1-2007998
Potential NR Positioning Enhancements
Lenovo, Motorola Mobility

R1-2008015
Discussion on potential positioning enhancements
CMCC

R1-2008083
Potential positioning enhancements
Xiaomi

R1-2008168
Potential positioning enhancements
Samsung

R1-2008226
Discussions on NR Positioning Enhancements
OPPO

R1-2008301
Views on potential positioning enhancements
Nokia, Nokia Shanghai Bell

R1-2008365
Considerations on potential positioning enhancements
Sony

R1-2008417
Discussions on potential enhancements for NR positioning
LG Electronics

R1-2008491
Discussion on potential positioning enhancements
InterDigital, Inc.

R1-2008519
Views on positioning enhancement for Rel-17
MediaTek Inc.

R1-2008550
Discussion on potential techniques for NR Positioning Enhancements
NTT DOCOMO, INC.

R1-2008619
Potential Positioning Enhancements for NR Rel-17 Positioning
Qualcomm Incorporated

R1-2008710
Potential positioning enhancements
Fraunhofer IIS

R1-2008718
Discussion on positioning enhancements for Release 17
CEWiT

R1-2008765
Potential positioning enhancements
Ericsson

[103-e-NR-ePos-03] Email discussion/approval on potential positioning enhancements until 11/02; address any remaining aspects by 11/10 – Ren Da (CATT)
Additional checkpoint where agreements can be declared: 11/5
R1-2009314
FL Summary for Potential Positioning Enhancements

Moderator (CATT)
R1-2009366
FL Summary #2 for Potential Positioning Enhancements
Moderator (CATT)
R1-2009395
FL Summary #3 for Potential Positioning Enhancements
Moderator (CATT)
R1-2009396
FL Summary #4 for Potential Positioning Enhancements
Moderator (CATT)
Agreement:
· NR positioning for UEs in RRC_INACTIVE state is recommended for normative work, including
· DL, UL and DL+UL positioning methods 
· UE-based and UE-assisted positioning solutions
· Support of UE positioning measurements for UEs in RRC_inactive state
· Options that can be considered include DL-PRS or DL-PRS and SSB

· Support of gNB positioning measurements for UEs in RRC_inactive state
· The details of how to enable the UE positioning in RRC_ INACTIVE state can be further discussed during normative work. These details may include, but are not limited to the following aspects:

· UL reference signals (e.g., SRS for positioning, PRACH preambles) for UL measurements

· Signalling and procedures for support the assistance data delivery, DL-PRS configuration, UL reference signals for positioning resource configuration, measurement reporting), which may be developed based on the enhancements of existing signalling and procedures (e.g., existing 2-step and/or 4-step PRACH procedures, paging procedure, small data transmission). 

Proposal:
UE positioning measurements for DL positioning for UEs in RRC_IDLE state can be considered for normative work from RAN1’s perspective, including

· Options for measurements that can be considered include DL-PRS only, DL-PRS and SSB, and SSB-only
Proposal:
The following sources (Futurewei, Huawei, vivo, CATT, TCL, Lenovo, CMCC, Xiaomi, OPPO, Nokia, Sony, InterDigital, LGE, Qualcomm, CEWiT, Fraunhofer, Intel) have provided investigations on the semi-persistent, a-periodic, and on-demand transmission and reception of DL PRS for both DL and Multi-RTT positioning methods of UE-based and UE-assisted positioning solutions, especially the benefits of reducing the positioning latency and network efficiency. In general, all these companies consider it is beneficial to support on-demand DL PRS in general. More specifically, we have:

· The following sources (Futurewei, CATT, vivo, OPPO, Nokia, Fraunhofer) consider it is beneficial to support the on-demand DL PRS for UE-assisted and UE-based positioning

· The following sources ((Futurewei, CATT, vivo, TCL, Lenovo, OPPO, Sony, InterDigital, Fraunhofer) consider it is beneficial to support the on-demand DL PRS for DL positioning and Multi-RTT;

· The following sources (Futurewei, vivo, Lenovo, Xiaomi, CEWiT) consider it is beneficial to support the on-demand DL PRS transmissions triggered by the UE;

· The following sources (vivo, CATT, Lenovo, Xiaomi, Fraunhofer, CEWiT) consider it is beneficial to support the periodic, semi-persistent, and aperiodic on-demand DL PRS triggered by the network;

· The following sources (vivo, Xiaomi, Sony, CEWiT) consider it is beneficial to configure semi-persistent on-demand DL PRS with MAC CE or DCI.
· The following sources (Huawei/HiSilicon) consider it is beneficial to support the 5GC semi-persistent, and 5GC aperiodic on-demand DL PRS triggered by LMF, where

· 5GC semi-persistent on-demand PRS triggered by LMF refers to PRS with fixed periodicity/offset whose transmission can only be switched on/off by gNB as requested by LMF
· 5GC aperiodic on-demand PRS triggered by network refers to PRS without fixed periodicity/offset whose transmission can be almost any time by gNB as requested by LMF
Agreement:
Capture the following in the TR:

From a physical layer perspective, on-demand transmission and reception of DL PRS, which includes at least the following is recommended
· UE-initiated request of on-demand DL PRS transmission
· LMF (network)-initiated request of on-demand DL PRS transmission
· Above enhancements are recommended for both DL and DL+UL positioning methods and both UE-based and UE-assisted positioning solutions.

Agreement:
Capture the following in the TR:

Simultaneous transmission by the gNB and reception by the UE of intra-band one or more contiguous carriers in one or more contiguous PFLs can be studied further and if needed, specified during normative work

· From both gNB and UE perspective, the applicability and feasibility of this enhancement for different scenarios, configurations, bands and RF architectures, can be further studied 
1.1.4 Others

R1-2007667
Discussion on new techniques for NR positioning
vivo

R1-2007756
Channel state estimation based on prior channel information
ZTE

R1-2007861
Discussion of NLOS channel modelling and network time synchronization for NR positioning


CATT

R1-2007910
Polarization-based LOS Detection
FUTUREWEI

R1-2008169
Uplink Transmission Based Relative Positioning
Samsung

R1-2008227
Analysis of NR Positioning Requirements
OPPO

R1-2008302
Additional considerations for positioning enhancements
Nokia, Nokia Shanghai Bell

R1-2008321
Evaluations on additional channel model features
Huawei, HiSilicon

R1-2008492
Discussion on positioning failure and mobility modeling
InterDigital, Inc.

R1-2008766
PRS with cyclic shifts
Ericsson

