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9.5.1 Sidelink positioning
From agenda 5
R1-2210821
LS on RAN dependency for Ranging/Sidelink Positioning
SA2, xiaomi

Relevant company tdocs:
R1-2210960
Draft reply LS on RAN dependency for Ranging/Sidelink Positioning
vivo

R1-2211135
Discussion on RAN dependency for Ranging/Sidelink Positioning
CATT

R1-2211136
Draft reply LS on RAN dependency for Ranging/Sidelink Positioning
CATT

R1-2211378
Draft Reply LS on RAN dependency for Ranging/Sidelink Positioning
Intel Corporation

R1-2211448
Discussion on the LS on RAN dependency for Ranging/Sidelink Positioning
OPPO

R1-2211495
Draft Reply LS on RAN dependency for Ranging and Sidelink Positioning
ZTE

R1-2211544
Reply LS on RAN dependency for Ranging/Sidelink Positioning
Spreadtrum Communications

R1-2212077
Draft Reply to SA2 LS on RAN dependency for Ranging/Sidelink Positioning
Qualcomm Incorporated

R1-2212278
Discussion on Reply LS on RAN dependency for Ranging/Sidelink Positioning
Xiaomi Technology

R1-2212478
Discussion on RAN dependency for Ranging/SL positioning
Huawei, HiSilicon

To be handled in agenda item 9.5. RAN1 response needed. To be moderated by Zhao (xiaomi).

R1-2212750
Moderator summary 1 on discussion of SA2 LS in R1-2210821 on RAN dependency for Ranging/Sidelink Positioning
Moderator (Xiaomi)
Agreement
RAN1 provides the following feedback on issue 6 with a copy of the 3 RAN1 agreements below: 

“RAN1 has agreed to introduce UE autonomous SL-PRS resource allocation (e.g. similar to legacy Mode 2 solution), which can be used in out-of-coverage area. The details are still under discussion in RAN1.”, and include the following RAN1 existing agreements into the reply LS.
	Agreement

With regards to the SL-PRS resource allocation, study the following two schemes:

· Scheme 1: Network-centric operation SL-PRS resource allocation (e.g. similar to a legacy Mode 1 solution)

· The network (e.g. gNB, LMF, gNB & LMF) allocates resources for SL-PRS 

· Scheme 2: UE autonomous SL-PRS resource allocation (e.g. similar to legacy Mode 2 solution)

· At least one of the UE(s) participating in the sidelink positioning operation allocates resources for SL-PRS

· Applicable regardless of the network coverage 

· FFS: potential mechanisms, if needed, for SL-PRS resource coordination across a number of transmitting UEs (e.g. IUC-like solutions). 

· Note: Other Schemes are not precluded to be studied

· FFS how to handle resource allocation of SL-Positioning measurement report

Agreement
Regarding SL-PRS resource allocation, both Scheme 1 and Scheme 2 should be introduced for supporting SL positioning/ranging:

· Scheme 1: Network-centric operation SL-PRS resource allocation (e.g. similar to a legacy Mode 1 solution)
· The network (e.g. gNB, LMF, gNB & LMF) allocates resources for SL-PRS. 
· Scheme 2: UE autonomous SL-PRS resource allocation (e.g. similar to legacy Mode 2 solution)
· At least one of the UE(s) participating in the sidelink positioning operation allocates resources for SL-PRS
Agreement
Regarding Scheme 2 SL-PRS resource allocation, study at least the following aspects:

· Resource selection mechanism for SL-PRS
· Inter-UE coordination
· Aspects for congestion control mechanisms for SL-PRS



R1-2212781
Moderator summary 2 on discussion of SA2 LS in R1-2210821 on RAN dependency for Ranging/Sidelink Positioning
Moderator (Xiaomi)
Agreement
RAN1 provides the following feedback on issue 3: 

“RAN1 assumes that any distinction between Assistant UE and anchor UE is transparent to RAN1. The anchor UE selection/reselection have not been discussed in RAN1. Whether/how physical layer measurement results will be used for determination of using assistant UE and the assistant UE selection/reselection will not be discussed in RAN1.”
R1-2212782
[draft] Reply LS on RAN dependency for Ranging/Sidelink Positioning
Moderator (Xiaomi)
R1-2212926
Reply LS on RAN dependency for Ranging/Sidelink Positioning
RAN1, xiaomi
Agreement
The draft LS in R1-2212782 is endorsed.
Final LS reply to SA2 on RAN dependency for Ranging/Sidelink Positioning is agreed in R1-2212926.
From agenda 5
R1-2210824
LS Out on Positioning Reference Units
SA2, CATT

Relevant company tdocs:
R1-2210959
Draft reply LS on positioning reference unit
vivo

R1-2211137
Discussion on Positioning Reference Units
CATT

R1-2211138
Draft reply LS on Positioning Reference Units
CATT

R1-2211332
[Draft] Reply LS on Positioning Reference Units
xiaomi

R1-2211438
Discussion on LS Out on Positioning Reference Units
OPPO

R1-2211496
Draft Reply LS on Positioning Reference Units
ZTE

R1-2211858
Draft Reply LS on Positioning Reference Units
Intel Corporation

R1-2212016
Draft reply LS on Positioning Reference Units
Samsung

R1-2212475
Discussion on positioning reference unit
Huawei, HiSilicon

R1-2212499
draft reply LS on Positioning Reference Units
Ericsson

To be handled in agenda item 9.5. RAN1 response needed. To be moderated by Ren (CATT).
R1-2212713
Summary of discussion of reply LS on Positioning Reference Units
Moderator (CATT)

R1-2212714
Draft Reply LS on Positioning Reference Units
Moderator (CATT)

R1-2212715
Reply LS on Positioning Reference Units
RAN1, CATT

Agreement
Regarding SA2’s conclusion on PRU, suggest providing the following modification: 

· “Based on that information, the PRU could be selected by an LMF to obtain measurements of RAN nodes, or to transmit the reference signals for positioning on Uu and possibly PC5, to help improve location accuracy for all UEs and/or to assist the positioning of specific other UEs”.

Agreement
Regarding SA2’s first question, suggest providing the following response:

· RAN1 suggests SA2 check with RAN2 or RAN3 for the answer.
Agreement
Regarding SA2’s second question, RAN1 responds as follows:

· From RAN1's perspective, a UE (which could be a PRU) that supports SL positioning can be allowed to support the positioning reference signal transmission capability and signal measurement capability on PC5, if the capability is introduced in R18.
Agreement
The draft LS response in R1-2212714 is endorsed with the following revisions:
· Regarding SA2’s second question, RAN1 would responds as follows
· RAN1 kindly respectfully requests SA2
Agreement
Final LS response to SA2 on Positioning Reference Units is agreed in R1-2212715.
R1-2212950
Summary of offline discussion on bandwidth requirements on SL positioning
Moderator (Intel Corporation)
Agreement
Capture the following as part of the Conclusions section of TR 38.859:

· Evaluation results reported as part of the study indicate that, depending on sources, use-cases, scenarios, assumptions, and positioning methods used, the identified target requirements can be satisfied with different values of SL-PRS bandwidth choices. 

· For FR1 spectrum:

· For certain sources and combinations of use-cases, scenarios, assumptions, and positioning methods, some target requirements can be satisfied with SL-PRS bandwidths of 20 MHz or 40 MHz.

· For certain sources and other combinations of use-cases, scenarios, assumptions, and positioning methods, some target requirements require SL-PRS bandwidth of 100 MHz or may not be satisfied even with SL-PRS bandwidth of 100 MHz. 

· For FR2 spectrum, based on submitted results from up to two sources:

· For certain sources and combinations of use-cases, scenarios, assumptions, and positioning methods, some target requirements can be satisfied with SL-PRS bandwidth of 200 MHz.

· For certain sources and combinations of use-cases, scenarios, assumptions, and positioning methods, some of the target requirements may not be satisfied even with SL-PRS bandwidth of 400 MHz.

· From RAN1’s perspective, it is recommended that SL-PRS bandwidths of up to 100 MHz are supported by the specifications in FR1 spectrum.

Note: The above recommendations are based on the evaluations in licensed and ITS spectra. 
9.5.1.1 Evaluation of SL positioning

Including evaluation methodology and performance evaluation results
R1-2210831
Evaluation of SL positioning
Nokia, Nokia Shanghai Bell

R1-2210900
Finalizing SL positioning evaluation
Huawei, HiSilicon

R1-2211011
Evaluation of sidelink positioning performance
vivo

R1-2211202
Further performance evaluation for SL positioning
CATT, GOHIGH

R1-2211267
Discussion on evaluation of SL positioning
LG Electronics

R1-2211301
Evaluation of latency requirements for sidelink positioning
TOYOTA Info Technology Center

R1-2211368
Discussion on evaluation of sidelink positioning
xiaomi

R1-2211404
Evaluationns of SL positioning
Intel Corporation

R1-2211446
Evaluation results for SL positioning
OPPO

R1-2211500
Discussion on evaluation of SL positioning
ZTE, CMCC

R1-2211615
Evaluation of SL positioning
Sony

R1-2211720
Evaluation results for SL positioning
InterDigital, Inc.

R1-2211739
SL Positioning Evaluation and Performance
Lenovo

R1-2212049
Discussion on Evaluation for SL Positioning
Samsung

R1-2212121
Sidelink Positioning Evaluation Assumptions and Results
Qualcomm Incorporated

R1-2212379
"Evaluation of SL positioning
"
Fraunhofer IIS, Fraunhofer HHI

R1-2212427
Evaluation results and observations on V2X and IIoT use case for sidelink positioning
CEWiT

R1-2212512
Evaluation of NR SL positioning and ranging
Ericsson
R1-2211506
Summary #1 for SL positioning evaluation
Moderator (ZTE)
Observation:

Update the observation for V2X use case in highway scenario as follows

For V2X use case in highway scenario, 14 sources ([Huawei 2], [vivo 3], [OPPO 4], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [LG 10], [Samsung 12], [Fraunhofer 13], [Qualcomm 14], [Intel 15], [CEWiT 16], [Ericsson 17]) provide simulation results for FR1, and 2 sources ([LG 10], [CEWiT 16]) provide simulation results for FR2. 

· For absolute horizontal accuracy, the results were provided by 14 sources. 12 out of 14 sources show that, the target requirement set A can be achieved, and 9 out of 13 sources show that the target requirement set B cannot be achievable even by 100MHz.

· The requirement 1.5m@90% (Set A)

· is achieved with 20MHz bandwidth in contributions from 2 sources ([Huawei 2], [ZTE,CMCC 7]),
· where Joint Uu/SL positioning is used in contributions from ([Huawei 2], [ZTE,CMCC 7])

· and is achieved with at least 40MHz bandwidth in contributions from 4 sources ([Huawei 2], [CATT,GOHIGH 5], [LG 10], [Samsung 12]), 

· where SL-only positioning is used in contribution from ([Huawei 2])

· and is achieved with at least 100MHz bandwidth in contributions from 7 sources ([vivo 3], [OPPO 4], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [Fraunhofer 13], [CEWiT 16]),

· where SL-only positioning is used in contribution from ([ZTE,CMCC 7])

· where SL-TDOA technique is used in contributions from ([Lenovo 9], [CEWiT 16])
· and is NOT achieved with 100MHz bandwidth in contributions from 3 sources ([Lenovo 9], [Qualcomm 14], [Intel 15])

· where two anchors SL AoA technique is used in contribution from ([Lenovo 9])
·  and is achieved with 200MHz bandwidth in FR2 in contribution from 1 source ([CEWiT 16])

· The requirement 0.5m@90% (Set B) 

· is achieved with at least100MHz in contributions from 5 sources ([Huawei 2], [CATT,GOHIGH 5], [ZTE,CMCC 7], [Samsung 12], [Fraunhofer 13]),

· where Joint Uu/SL positioning is used in contribution from ([ZTE,CMCC 7])

· and is NOT achieved with100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 9 sources ([vivo 3], [OPPO 4], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [Qualcomm 14], [Intel 15], [CEWiT 16], [Ericsson 17]),

· where SL-only positioning is used in contribution from ([ZTE,CMCC 7])

· and is NOT achieved with 200MHz bandwidth in FR2 in contribution from 1 source ([CEWiT 16])

·  and is achieved with 400MHz bandwidth in FR2 in contribution from 1 source ([LG 10])

· For absolute vertical accuracy, the results were provided by 1 source out of 14 sources.

· The requirement 3m@90% (Set A)

· is achieved with at least 100MHz bandwidth by using Joint Uu/SL positioning in contribution from 1 source ([ZTE,CMCC 7])

· and is NOT achieved with 100MHz bandwidth by using SL-only positioning in contribution from 1 source ([ZTE,CMCC 7])

· The requirement 2m@90% (Set B)

· is achieved with 100MHz bandwidth by using Joint Uu/SL positioning in contribution from 1 source ([ZTE,CMCC 7])

· and is NOT achieved with 100MHz bandwidth by using SL-only positioning in contribution from 1 source ([ZTE,CMCC 7])

· For relative horizontal accuracy, the results were provided by 7 sources out of 14 sources. The performance of relative horizontal accuracy is worse than that of distance accuracy of ranging mainly due to additional angle estimation error. 5 out of 7 sources show Set A can be achieved with at least 100MHz especially for the cases with smaller X values or RSU assist, and 5 out of 7 sources show that Set A cannot be met with 100MHz PRS bandwidth especially for the cases with larger X values or without RSU assist. All 7 sources show Set B cannot be met even by 100MHz in the case without RSU-UE positioning. 

· The requirement 1.5m@90% (Set A) 

· is achieved with 20MHz bandwidth in contribution from 1 source ([Lenovo 9])

· X = 25m in contribution from ([Lenovo 9]) where RSU deployment is used for performing relative positioning

· is achieved with at least 40MHz bandwidth in contributions from 2 sources ([Huawei 2], [CATT,GOHIGH 5])

· X = 20m in contribution from ([CATT,GOHIGH 5])

· X = 50m in contribution from ([Huawei 2]) where RSU deployment is additionally used for performing relative positioning

· and is achieved with at least 100MHz bandwidth in contributions from 5 sources ([Huawei 2], [CATT,GOHIGH 5], [ZTE,CMCC 7], [Lenovo 9], [CEWiT 16])

· X = 25m in contribution from ([CATT,GOHIGH 5])

· X = 50m in contribution from ([ZTE,CMCC 7])

· X = 25m, 50m and 100m in contribution from ([Lenovo 9]) where RSU deployment is used for performing relative positioning

· X = 150m in contribution from ([Huawei 2]), where RSU deployment is additionally used for performing relative positioning

· X = 200m in contribution from ([CEWiT 16])

· and is NOT achieved with 100MHz bandwidth in contributions from 5 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7])

· X = 100m and 150m in contribution from ([CATT,GOHIGH 5])

· X = 25m, 50m, and 100m in contribution from ([vivo 3])

· X = 50m, 100m and 150m in contribution from ([Sony 6])

· X = 50m and 150m in contribution from ([Huawei 2]) 

· X = 150m and 300m in contribution from ([ZTE,CMCC 7])

· The requirement 0.5m@90% (Set B) 

· is achieved with at least 100MHz bandwidth in contributions from 2 sources ([Huawei 2], [Lenovo 9])

· X = 50m in contribution from ([Huawei 2]) where RSU deployment is additionally used for performing relative positioning

· X = 25m in contribution from ([Lenovo 9]) where RSU deployment is used for performing relative positioning

· is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 7 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [CEWiT 16])

· For distance accuracy of ranging, the results were provided by 12 out of 14 sources. 7 of 12 sources show that the target requirement set A can be achievable by 100MHz, and 7 of 12 sources show that the target requirement set B cannot be achieved with 100MHz bandwidth.

· The requirement 1.5m@90% (Set A) 

· is achieved with 20MHz bandwidth in contributions from 5 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [ZTE,CMCC 7], [LG 10])

· X = 50m and 150 in contribution from ([Huawei 2])

· X = 100m and 150m in contribution from ([CATT,GOHIGH 5])

· X = 25m, 50m, and 100m in contribution from ([vivo 3])

· X = 50m, 100m, 150m, 200m and 300m in contribution from ([ZTE,CMCC 7])

· X = 80m and 160m in contribution from ([LG 10])

· and is achieved with at least 40MHz bandwidth in contribution from 2 sources ([CATT,GOHIGH 5], [Sony 6])

· X = 20m and 25m in contribution from ([CATT,GOHIGH 5])

· X = 50m in contribution from ([Sony 6])

· and is achieved with at least 100MHz bandwidth in contributions from 7 sources ([OPPO 4], [Sony 6], [Lenovo 9], [Qualcomm 14], [Intel 15], [CEWiT 16], [Ericsson 17])

· X = 50m, 100m and 150m in contribution from ([OPPO 4])

· X = 50m in contribution from ([Sony 6])

· X = 100 m in contribution from ([Lenovo 9])

· X = 50m and 100m in contribution from ([Intel 15])

· X = 200 m in contributions from ([Qualcomm 14], [CEWiT 16])

· The requirement 0.5m@90% (Set B) 

· is achieved with at least 40MHz in contributions from 2 sources ([Huawei 2], [vivo 3])

· X = 50m in contribution from ([Huawei 2])

· X = 25m, 50m, and 100m in contribution from ([vivo 3])

· and is achieved with at least 100MHz in contributions from 4 sources ([Sony 6], [Huawei 2], [CATT,GOHIGH 5], [ZTE,CMCC 7])

· X = 150m in contribution from ([Huawei 2])

· X = 25m, 100m and 150m in contribution from ([CATT,GOHIGH 5])

· X = 50m in contribution from ([Sony 6])

· X = 50m, 100m, 150m, 200m and 300m in contribution from ([ZTE,CMCC 7]

· and is NOT achieved with 100MHz bandwidth in contributions from 7 sources ([OPPO 4], [Sony 6], [Lenovo 9], [LG 10], [Qualcomm 14], [Intel 15], [CEWiT 16])

· X = 50m, 100m and 150m in contribution from ([OPPO 4])

· X = 100m and 150m in contribution from ([Sony 6])

· X = 100 m in contribution from ([Lenovo 9])

· X = 80m and 160m in contribution from ([LG 10])

· X = 50m and 100m in contribution from ([Intel 15])

· X = 200 m in contributions from ([Qualcomm 14], [CEWiT 16])

· and is achieved with at least 200MHz in FR2 in contribution from 1 source ([CEWiT 16])

· X = 200 m in contribution from ([CEWiT 16])

· For angle accuracy of ranging, the results were provided by 6 sources out of 14 sources. All 6 sources show that both the target requirement set A and set B can be achieved by 20MHz or 40MHz. 

· The requirement 15°@90% (Set A) 

· is achieved with 20MHz bandwidth in contributions from 6 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [Lenovo 9]),

· X = 50m and 150m in contribution from ([Huawei 2]), where RSU deployment is additionally used for X=150m for performing ranging

· X = 25m, 50m, and 100m in contribution from ([vivo 3]) 

· X = 20m, 100m and 150m in contribution from ([CATT,GOHIGH 5])

· X = 50m, 100m and 150m in contribution from ([Sony 6])

· The requirement 8°@90% (Set B) 

· is achieved with 20MHz in contributions from 4 sources ([Huawei 2], [Sony 6], [ZTE,CMCC 7], [Lenovo 9]),

· X = 50m and 150m in contribution from ([Huawei 2]), where RSU deployment is additionally used for X=150m for performing ranging

· X = 50m, 100m and 150m in contribution from ([Sony 6])

· and is achieved with at least 40MHz in contributions from 2 sources ([vivo 3], [CATT,GOHIGH 5])

· X = 50m, and 100m in contribution from ([vivo 3])

· X = 20m, 100m and 150m in contribution from ([CATT,GOHIGH 5])
· Note: for each SL PRS bandwidth, the above observations are based on the best performance from each source.

· Note: for the relative positioning accuracy or distance accuracy of ranging, X is the maximum distance between UEs for performing relative positioning or ranging.

· Note: Super resolution is used by sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [LG 10], [Intel 15], [CEWiT 16]),  and is not used by sources ([OPPO 4], [LG 10], [Fraunhofer 13], [Qualcomm 14], [Samsung 12])

Observation: 

For Public safety use case, 3 sources ([Huawei 2], [ZTE,CMCC 7], [Qualcomm 14]) provide simulation results for FR1.

· For absolute horizontal positioning accuracy, the results were provided by 3 sources. 

· The requirement 1m@90%

· is achieved with at least 100MHz in contribution from 1 source ([ZTE,CMCC 7])

· is NOT achieved with at least 40MHz in contribution from 1 source ([Qualcomm 14])

· and is NOT achieved with 100MHz in contribution from 1 source ([Huawei 2])

· For Relative horizontal accuracy, the results were provided by 1 out of 3 sources.

· The requirement 1m@90%

· is achieved with at least 100MHz in contribution from 1 source ([Huawei 2])

· X = 20m in contribution from ([Huawei 2])

· For distance accuracy of ranging, the results were provided by 3 sources.

· The requirement 1m@90%   

· is achieved with at least 40MHz in contribution from 1 source ([Huawei 2])

· X = 20m in contribution from ([Huawei 2])

· is achieved with at least 100MHz in contribution from 1 source ([ZTE,CMCC 7])

· X = 50m and 100m in contribution from ([ZTE,CMCC 7])

· is NOT achieved with at least 40MHz in contribution from 1 source ([Qualcomm 14])

· For angle accuracy of ranging, the results were provided by 2 out of 3 sources.

· the requirement 15°@90% (Set A) 

· is achieved with at least 10MHz in contribution from 1 source ([Huawei 2])

· X = 20m in contribution from ([Huawei 2])

· is achieved with 20MHz in contribution from 1 source ([Qualcomm 14])

· The requirement 8°@90% (Set B) 

· is achieved with at least 20MHz in contribution from 1 source ([Huawei 2])

· X = 20m in contribution from ([Huawei 2])

· is NOT achieved with 40MHz in contribution from 1 source ([Qualcomm 14])
· Note: for each SL PRS bandwidth, the above observations are based on the best performance from each source.

· Note: for the relative positioning accuracy or distance accuracy of ranging, X is the maximum distance between UEs for performing relative positioning or ranging.

· Note: Super resolution is used by sources ([Huawei 2], [ZTE,CMCC 7]), and is not used by source ([Qualcomm 14])
Observation 

For absolute positioning, 5 sources ([Huawei 2], [ZTE,CMCC 7], [Qualcomm 14], [CEWiT 16], [Ericsson 17]) provide simulation results for Joint Uu-SL absolute positioning. 

· For V2X use case, 4 sources ([Huawei 2], [ZTE,CMCC 7], [CEWiT 16], [Ericsson 17]) show performance improvement of Joint Uu-SL absolute positioning compared to SL-only positioning

· For V2X use case, 2 sources ([CEWiT 16], [Ericsson 17]) show performance improvement of Joint Uu-SL absolute positioning compared to Uu-only positioning

· For IIOT use case, 3 sources ([Huawei 2], [ZTE,CMCC 7], [CEWiT 16],) show performance improvement of Joint Uu-SL absolute positioning compared to SL-only positioning

· For IIOT use case, 3 sources ([Qualcomm 14], [ZTE,CMCC 7], [CEWiT 16],) show performance improvement of Joint Uu-SL absolute positioning compared to Uu-only positioning

· For Public safety, 1 source ([ZTE,CMCC 7]) show performance improvement of Joint Uu-SL absolute positioning compared to SL-only or Uu-only positioning.
· For commercial use case, 1 source ([ZTE,CMCC 7]) show performance improvement of Joint Uu-SL absolute positioning compared to SL-only positioning.

· For commercial use case, 2 sources ([ZTE,CMCC 7], [Qualcomm 14]) show performance improvement of Joint Uu-SL absolute positioning compared to Uu-only positioning.

Observation

Update the observation for SL absolute positioning methods as follows

The performance analysis for Rel-18 SL positioning shows that different SL positioning methods can be used to determine absolute position of a target UE:  

· Simulation results based SL-TDOA were provided in contributions from 12 sources ([Nokia 1], [OPPO 4], [CATT, GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [LG 10], [InterDigital 11], [Samsung 12], [Fraunhofer 13], [Intel 15], [CEWiT 16])

· Simulation results based on SL-RTT (multi-RTT) were provided in contributions from 6 sources ([Huawei 2], [vivo 3], [LG 10], [InterDigital 11], [Qualcomm 14], [Samsung 12])

· Simulation results based on two anchors SL-AOA were provided in contribution from 1 source ([Lenovo 9])

Observation 
Update the observation for relative positioning/ranging methods as follows

The performance analysis for Rel-18 SL positioning shows that, SL positioning methods can be used for relative positioning/ ranging between UEs. For relative positioning/ranging positioning accuracy,

· Simulation results based SL-RTT and/or AOA were provided in contributions from 12 sources ([Huawei 2], [vivo 3], [OPPO 4], [CATT, GOHIGH 5], [Sony 6], [ZTE, CMCC 7], [Xiaomi 8], [Lenovo 9], [LG 10], [Qualcomm 14], [Intel 15], [Ericsson 17])

· Results based SL-TDOA were provided in contribution from 1 source ([CEWiT 16])

Observation
Update the observation for relative positioning/ranging with different X values as follows:

Simulation results in contributions from 9 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [xiaomi 8], [Lenovo, 9] [LG 10], [Intel 15]) show that relative horizontal accuracy and/or distance accuracy of ranging performance improves with X value decreasing, where X is the maximum distance between two UEs for performing relative positioning or ranging.   

· In some simulation cases, a target requirement may be achieved in condition of a smaller X value but not be achieved in condition of a larger X value for a certain SL PRS bandwidth. 

· In some simulation cases, a target requirement may be achieved in condition of a smaller X value and a smaller SL PRS bandwidth, but can be achieved in condition of a larger X value and a larger SL PRS bandwidth.
Observation
Update the observation for V2X use case in Urban grid scenario as follows

For V2X use case in Urban grid scenario, 11 sources ([Huawei 2], [vivo 3], [OPPO, 4], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [xiaomi 8], [Lenovo 9], [Qualcomm 14], [Intel 15], [CEWiT 16]) provide simulation results for FR1, and 1 source ([CEWiT 16]) provide simulation results for FR2. 

· For absolute horizontal accuracy, the results were provided by 9 out of 11 sources. 7 out of 9 sources show that target requirements set A cannot be achieved with 100MHz, and 9 sources show that target requirements set B cannot be achieved with 100MHz.

· The requirement 1.5m@90% (Set A) 

· is achieved with at least100MHz by using Joint Uu/SL positioning in contribution from 3 sources ([ZTE,CMCC 7], [Qualcomm 14], [CEWiT 16])
· where LOS-only links are used in contribution from ([CEWiT 16])
· and is NOT achieved with 100MHz bandwidth in contributions from 7 sources ([Huawei 2], [vivo 3], [OPPO, 4], [CATT,GOHIGH 5], [ZTE,CMCC 7], [Lenovo 9], [Intel 15])

· where SL-only positioning is used in contribution from ([ZTE,CMCC 7])

· where two achors SL AOA positioning is used in contribution from ([Lenovo 9])

· The requirement 0.5m@90% (Set B) 

· is achieved with at least 100MHz by using Joint Uu/SL positioning in contribution from 1 source ([ZTE,CMCC 7]),

· and is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 9 sources ([Huawei 2], [vivo 3], [OPPO 4], [CATT,GOHIGH 5], [ZTE,CMCC 7], [Lenovo 9], [Qualcomm 14], [Intel 15], [CEWiT 16])

· where SL-only positioning is used in contribution from ([ZTE,CMCC 7])
· where LOS-only links are used in contribution from ([CEWiT 16])
· For Relative horizontal accuracy, the results were provided by 6 out of 11 sources. The performance of relative horizontal accuracy is worse than that of distance accuracy of ranging mainly due to additional angle estimation error. All 6 sources show that the target requirement set B is not achieved even by 100MHz. 5 out of 6 sources show that the target requirement Set A can be achieved by 100MHz especially for the cases with smaller X values.

· The requirement 1.5m@90% (Set A) 

· is achieved with 20MHz bandwidth in contributions from 2 sources ([Lenovo 9], [CEWiT 16])

· X = 25m and 50m in contribution from ([Lenovo 9]) where RSU deployment is used for performing relative positioning

· X = 250m and LOS-only links are used in contribution from ([CEWiT 16])

· contribution from 1 sourceand is achieved with at least100MHz bandwidth in contributions from 4 sources ([Huawei 2], [CATT,GOHIGH 5], [Sony 6], [Lenovo 9])

· X = 10m in contribution from ([CATT,GOHIGH 5])

· X = 10m in contribution from ([Sony 6])

· X = 10m and 50m in contribution from ([Huawei 2]) 

· X = 25m, 50m and 100m in contribution from ([Lenovo 9])

· and is NOT achieved with 100MHz bandwidth in contributions from 3 sources ([vivo 3], [CATT,GOHIGH 5], [Sony 6])

· X = 25m in contribution from ([CATT,GOHIGH 5])

· X = 50m in contribution from ([Sony 6])

· X = 10m, 25m, and 50m in contribution from ([vivo 3])

· The requirement 0.5m@90% (Set B) 

· is achieved with at least100MHz bandwidth in contribution from 1 source ([Lenovo 9])

· X = 25m in contribution from ([Lenovo 9]) where RSU deployment is used for performing relative positioning

· is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 6 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6], [Lenovo 9], [CEWiT 16])

· X = 10m, 30m and 50m in contribution from ([Sony 6])

· X = 50m and 100m in contribution from ([Lenovo 9]) where RSU deployment is used for performing relative positioning

· X = 250m and LOS-only links are used in contribution from ([CEWiT 16])

· For distance accuracy of ranging, the results were provided by 11 sources. 6 out of 11 sources show that the target requirement Set A can be achieved by 20MHz or 40MHz. 7 out of 11 sources show that the target requirement Set B cannot be achieved by 100MHz.

· The requirement 1.5m@90% (Set A) 

· is achieved with at least 20MHz in contributions from 4 sources ([vivo 3], [CATT,GOHIGH 5], [Lenovo 9], [CEWiT 16])

· X = 25m in contribution from ([vivo 3]) 

· X = 25m in contribution from ([CATT,GOHIGH 5])

· X = 100m in contribution from ([Lenovo 9])

· X = 250m in contribution from ([CEWiT 16]) where RSU deployment is additionally used for performing distance ranging and LOS-only links are used
· and is achieved with at least 40MHz in contributions from 2 sources ([ZTE,CMCC 7], [xiaomi 8])

· X = 20m and 30m in contribution from ([ZTE,CMCC 7])

· X = 20m, 50m and 100m in contribution from ([xiaomi 8])

· and is achieved with at least 100MHz in contributions from 4 sources ([Huawei 2], [OPPO 4], [Sony 6], [Qualcomm 14])

· X = 10 and 50m in contribution from ([Huawei 2])

· X = 50m, 100m and 150m in contribution from ([OPPO 4])

· X = 10m and 30m in contribution from ([Sony 6])

· X = 30m in contribution from [Qualcomm 14])

· and is NOT achieved with 100MHz bandwidth in contributions from 3 sources ([vivo 3], [ZTE,CMCC 7], [Intel 15])

· X = 50m and 100m in contribution from ([vivo 3])

· X = 50m, 80m and 100m in contribution from ([ZTE,CMCC 7])

· X = 50m, 100m in contribution from ([Intel 15])

· and is achieved with at least 200MHz in FR2 in contribution from 1 source ([CEWiT 16])
· where LOS-only links are used in contribution from (CEWiT 16)
· The requirement 0.5m@90% (Set B) 

· is achieved with at least 20MHz in contribution from 1 source ([CEWiT 16])

· X = 250m and LOS-only links are used in contribution from ([CEWiT 16])

· contribution from 1 sourceand is achieved with at least 100MHz in contributions from 4 sources ([Huawei 2], [CATT,GOHIGH 5], [Sony 6], [xiaomi 8])

· X = 10m and 50m in contribution from ([Huawei 2])

· X = 10m and 25m in contribution from ([CATT,GOHIGH 5])

· X = 10m in contribution from ([Sony 6])

· X = 20m, 50m, 100m in contribution from ([xiaomi 8]) 

· and is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 7 sources ([vivo 3], [OPPO, 4], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [Qualcomm 14], [Intel 15])

· X = 30m and 50m in contribution from ([Sony 6])

· X = 30m in contribution from [Qualcomm 14])

· and is NOT achieved with at least 200MHz in FR2 in contribution from 1 source ([CEWiT 16])
· where LOS-only links are used in contribution from ([CEWiT 16])
· For angle accuracy of ranging, the results were provided by 6 out of 11 sources. 5 out of 6 sources show that the target requirement Set A can be achieved with 20MHz or 40MHz, and 4 out 6 sources show that the target requirement Set B cannot be achieved with 100MHz. 

· The requirement 15°@90% (Set A) 

· is achieved with at least 20MHz in contribution from 4 sources ([Huawei 2], [Sony 6], [xiaomi 8], [Lenovo 9])

· X = 10 and 50m in contribution from ([Huawei 2])

· X = 10m, 30m and 50m in contribution from ([Sony 6])

· Optional antenna configuration is used and X = 20m in contribution from ([xiaomi 8])

· X = 50m and 100m in contribution from ([Lenovo 9])

· and is achieved with at least 40MHz in contribution from 2 sources ([CATT,GOHIGH 5], [xiaomi 8])

· X = 10m and 25m in contribution from ([CATT,GOHIGH 5])

· Optional antenna configuration is used and X = 50m or 100m  in contribution from ([xiaomi 8])

· and is NOT achieved with 100MHz bandwidth in contributions from 2 sources ([vivo 3], [xiaomi 8])

· The requirement 8°@90% (Set B) 

· is achieved with 20MHz in contribution from 1 source ([Lenovo 9])

· X = 50m and 100m in contribution from ([Lenovo 9])

· and is achieved with at least 40MHz in contribution from 1 source ([Huawei 2])

· X = 10m and BS is additionally used for performing ranging in contribution from ([Huawei 2])

· and is achieved with at least 100MHz in contribution from 3 sources ([Huawei 2], [Sony 6], [xiaomi 8])

· X = 10m and 50m in contribution from ([Huawei 2])

· X = 10m and 30m in contribution from ([Sony 6])

· Optional antenna configuration is used and X = 20m in contribution from ([xiaomi 8])

· and is NOT achieved with 100MHz bandwidth in contributions from 4 sources ([vivo 3], [CATT,GOHIGH 5], [Sony 6], [xiaomi 8])

· X = 50m in contribution from ([Sony 6])

· Note: for each SL PRS bandwidth, the above observations are based on the best performance from each source.

· Note: for the relative positioning accuracy or distance accuracy of ranging, X is the maximum distance between UEs for performing relative positioning or ranging.

· Note: Super resolution is used by sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [xiaomi 8], [Lenovo 9], [Intel 15], [CEWiT 16]), and is not used by sources ([OPPO 4], [Qualcomm 14])

Observation

SL absolute positioning performance may be degraded due to uncertainty in the anchor UEs’ location coordinates and synchronization error (for SL-TDOA) between anchor UEs.

R1-2211507
Summary #2 for SL positioning evaluation
Moderator (ZTE)

Observation 

For IIOT use case in InF-SH scenario, 9 sources ([Nokia 1], [Huawei 2], [vivo 3], [OPPO 4], [CATT,GOHIGH 5], [ZTE,CMCC 7], [InterDigital 11], [Intel 15], [CEWiT 16]) provide simulation results for FR1, and 1 source ([CEWiT 16]) provides simulation results for FR2.
· For absolute horizontal poisoning accuracy, the results were provided by 8 out of 9 sources. 5 out of 8 sources show that the target requirements set A can be achieved with at least 100MHz, and 5 out of 8 sources show that the target requirements set B cannot be achieved with 100MHz.
· The requirement 1m@90% (Set A)  

· is achieved with 20MHz in contributions from 1 source ([Huawei 2])
· where Joint Uu/SL positioning is used in contribution from ([Huawei 2])
· is achieved with 40MHz in contributions from 2 sources ([Huawei 2], [vivo 3])
· where SL-only positioning is used in contribution from ([Huawei 2])
· is achieved with at least 100MHz in contributions from 5 sources ([Nokia 1], [OPPO 4], [ZTE,CMCC 7], [InterDigital 11], [CEWiT 16])
· where LOS-only links are used in contribution from ([CEWiT 16])
· and is not achieved with 100MHz bandwidth in contribution from 1 source ([Intel 15]).

· The requirement 0.2m@90% (Set B) 

· is achieved with at least 40MHz in contribution from 1 source ([Huawei 2])
· where Joint Uu/SL positioning is used in contribution from ([Huawei 2])
· and is achieved with at least 100MHz in contribution from 2 sources ([Huawei 2], [vivo 3])
· where SL-only positioning is used in contribution from ([Huawei 2])
· and is NOT achieved with 100MHz bandwidth in contributions from 6 sources ([Nokia 1], [OPPO 4], [ZTE,CMCC 7], [InterDigital 11], ([Intel 15]), [CEWiT 16])
· and is achieved with at least 200MHzbandwidth in FR2 in contribution from 1 source ([CEWiT 16])
· where LOS-only links are used in contribution from ([CEWiT 16])
· For absolute vertical accuracy, the results were provided by 1 out of 9 sources.
· The requirement 1m@90% (Set A) 

· is NOT achieved with 100MHz bandwidth in contribution from 1 source ([InterDigital 11])
· The requirement 0.2m@90% (Set B) 

· is NOT achieved with 100MHz bandwidth in contribution from 1 source ([InterDigital 11])
· For Relative horizontal accuracy, the results were provided by 3 out of 9 sources. The performance of relative horizontal accuracy is worse than that of distance accuracy of ranging mainly due to additional angle estimation error. All 3 sources show Set A can be met with 40MHz or 100MHz PRS bandwidth. All 3 sources show Set B cannot be met even by 100MHz.
· The requirement 1m@90% (Set A) 
· is achieved with at least 40MHz in contributions from 2 sources ([vivo 3], [CATT,GOHIGH 5])
· X = 10m in contributions from ([vivo 3], [CATT,GOHIGH 5])
· is achieved with at least 100MHz in contribution from 1 source ([Huawei 2])
· X = 10m in contribution from ([Huawei 2])
· The requirement 0.2m@90%(Set B)  
· is NOT achieved with 100MHz bandwidth in contributions from 3 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5])
· For distance accuracy of ranging, the results were provided by 5 out of 9 sources. 4 of 5 sources show that the target requirement set A can be achievable by 100MHz, and 3 of 5 sources show that the target requirement set B cannot be achieved with 100MHz bandwidth.
· The requirement 1m@90% (Set A)  

· is achieved with at least 20MHz in contribution from 1 source ([vivo 3])
· X = 10m in contribution from ([vivo 3])
· is achieved with at least 40MHz in contribution from 1 source ([CATT,GOHIGH 5])
· X = 10m in contribution from ([CATT,GOHIGH 5])
· is achieved with at least 100MHz in contribution from 2 sources ([OPPO 4], [ZTE,CMCC 7])
· X = 50m, 100m and 150m in contribution from ([OPPO 4])
· X = 10m, 20m, 30m and 50m in contribution from ([ZTE,CMCC 7])
· is NOT achieved with at least 100MHz in contribution from 1 source ([Intel 15])
· X = 10m, and 50m in contribution from ([Intel 15])
· The requirement 0.2m@90% (Set B)

·  is achieved with at least 100MHz in contribution from 2 sources ([vivo 3], [CATT,GOHIGH 5])
· X = 10m in contributions from ([vivo 3], [CATT,GOHIGH 5])
· and is NOT achieved with 100MHz bandwidth in contributions from 3 sources ([OPPO 4], [ZTE,CMCC 7], [Intel 15])
· For angle accuracy of ranging, the results were provided by 2 out of 9 sources.  
· The requirement 15°@90%(Set A)

· is achieved with at least 20MHz in contribution from 1 source ([vivo 3])
· X = 10m in contribution from ([vivo 3])
· is achieved with at least 40MHz in contribution from 1 source ([CATT,GOHIGH 5])
· X = 10m in contribution from ([CATT,GOHIGH 5])
· The requirement 8°@90% (Set B)

· is achieved with at least 20MHz in contribution from 1 source ([vivo 3])
· X = 10m in contribution from ([vivo 3])
· is achieved with at least 40MHz in contribution from 1 source ([CATT,GOHIGH 5])
· X = 10m in contribution from ([CATT,GOHIGH 5])
· Note: for each SL PRS bandwidth, the above observations are based on the best performance from each source.

· Note: for the relative positioning accuracy or distance accuracy of ranging, X is the maximum distance between UEs for performing relative positioning or ranging.

· Note: Super resolution is used by sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [ZTE,CMCC 7], [Intel 15], [CEWiT 16]), and is not used by sources ([Nokia 1], [OPPO 4])

Observation

For IIOT use case in InF-DH scenario, 7 sources ([Nokia 1], [Huawei 2], [vivo 3], [ZTE,CMCC 7], [InterDigital 11], [Qualcomm 14], [CEWiT 16]) provide simulation results for FR1, and 1 source ([CEWiT 16]) provides simulation results for FR2.
· For absolute horizontal poisoning accuracy, the results were provided by 7 sources. 5 out of 7 sources show that the target requirements set A can be achieved with 100MHz, and 5 out of 7 sources show that the target requirements set B cannot be achieved with 100MHz.
· The requirement 1m@90% (Set A) 

· is achieved with 20MHz in contribution from 1 source ([Huawei 2])
· where Joint Uu/SL positioning is used in contribution from ([Huawei 2])
· is achieved with 40MHz in contribution from 2 sources ([Huawei 2], [vivo 3])
· where SL-only positioning is used in contribution from ([Huawei 2]
· and is achieved with at least100MHz in contribution from 3 sources ([ZTE,CMCC 7], [Qualcomm 14], [CEWiT 16])
· where LOS-only links are used in contribution from ([CEWiT 16])
· and is NOT achieved with 100MHz bandwidth in FR1 in contribution from 2 sources ([Nokia 1], [InterDigital 11])
· The requirement 0.2m@90% (Set B)  

· is achieved with at least 100MHz in contribution from 2 sources ([Huawei 2], [vivo 3]) 

· is NOT achieved with 100MHz bandwidth in FR1 in contributions from 6 sources ([Nokia 1], [ZTE,CMCC 7], [InterDigital 11], [Qualcomm 14], [CEWiT 16])
· is achieved with at least 200MHz bandwidth in FR2 in contribution from 1 source ([CEWiT 16])
· where LOS-only links are used in contribution from ([CEWiT 16])
· For absolute vertical accuracy, the results were provided by 1 out of 7 sources.
· The requirement 1m@90% (Set A) 

· is NOT achieved with 100MHz bandwidth in contribution from 1 source ([InterDigital 11])
· The requirement 0.2m@90% (Set B) 

· is NOT achieved with 100MHz bandwidth in contribution from 1 source ([InterDigital 11])
· For Relative horizontal accuracy, the results were provided by 2 out of 7 sources.
· The requirement 1m@90% (Set A)

· is achieved with at least 40MHz in contribution from 1 source ([vivo 3])
· X = 10m in contribution from ([vivo 3])
· is achieved with at least 100MHz in contribution from 1 source ([Huawei 2]) 

· X = 10m in contribution from ([Huawei 2])
· The requirement 0.2m@90%(Set B) in InF-DH 

· is NOT achieved with 100MHz bandwidth in contribution from 2 sources ([Huawei 2], [vivo 3])
· For distance accuracy of ranging, the results were provided by 2 out of 7 sources.
· The requirement 1m@90% (Set A)  

· is achieved with at least 20MHz in contribution from 1 source ([vivo 3])
· X = 10m in contribution from ([vivo 3])
· is achieved with at least 100MHz in contribution from 1 source ([ZTE,CMCC 7])
· X = 10m in contribution from ([ZTE,CMCC 7])
· and is NOT achieved with at least 100MHz in contribution from 1 source ([ZTE,CMCC 7])
· X = 20m, 30m, and 50m in contribution from ([ZTE,CMCC 7])
· The requirement 0.2m@90% (Set B)

·  is achieved with at least 100MHz in contribution from 1 source ([vivo 3])
· X = 10m in contribution from ([vivo 3])
· and is NOT achieved with 100MHz bandwidth in contribution from 1 source ([ZTE,CMCC 7])
· For angle accuracy of ranging, the results were provided by 1 out of 7 sources.
· The requirement 15°@90% (Set A)

· is achieved with at least 20MHz in contribution from 1 source ([vivo 3])
· X = 10m in contribution from ([vivo 3])
· The requirement 8°@90% (Set B) 

· is achieved with at least 40MHz in contribution from 1 source ([vivo 3])
· X = 10m in contribution from ([vivo 3])
· Note: for each SL PRS bandwidth, the above observations are based on the best performance from each source.

· Note: for the relative positioning accuracy or distance accuracy of ranging, X is the maximum distance between UEs for performing relative positioning or ranging.

· Note: Super resolution is used by sources ([Huawei 2], [vivo 3], [ZTE,CMCC 7], [CEWiT 16]), and is not used by sources ([Nokia 1], [Qualcomm 14])

Observation 

For Commercial use case, 5 sources ([Huawei 2], [ZTE,CMCC 7], [xiaomi 8], [Qualcomm 14], [Intel 15]) provide simulation results for FR1 

· For absolute horizontal positioning accuracy, the results were provided by 3 out of 5 sources. 
· The requirement 1m@90%

· is achieved with 40MHz in contribution from 1 source ([Huawei 2])
· and is achieved with at least 100MHz in contribution from 2 sources ([ZTE,CMCC 7], [Qualcomm 14])
· For Relative horizontal accuracy, the results were provided by 1 out of 5 sources.

· The requirement 1m@90%

· is achieved with 40MHz bandwidth in contribution from 1 source ([Huawei 2]), where achor UE deployment is additionally used for performing distance ranging
· is achieved with 100MHz bandwidth in contribution from 1 source ([Huawei 2])
· X = 10m in contribution from ([Huawei 2])
· For distance accuracy of ranging, the results were provided by 4 out of 5 sources. All 4 sources show that the target requirement set can be achievable by 100MHz especially for the cases with smaller X values.
· The requirement 1m@90%   

· is achieved with at least 20MHz in contribution from 1 source ([xiaomi 8])
· X = 10m in contribution from ([xiaomi 8])
· is achieved with at least 40MHz in contribution from 2 sources ([Huawei 2], [xiaomi 8])
· X = 20m and 50m in contribution from ([xiaomi 8])
· X = 10m in contribution from  ([Huawei 2]) where achor UE deployment is additionally used for performing ranging
· is achieved with at least 100MHz in contribution from 3 sources ([Huawei 2], [ZTE,CMCC 7], [Intel 15])
· X = 10m in contributions from ([Huawei 2], [ZTE,CMCC 7], [Intel 15])
· is NOT achieved with at least 100MHz in contribution from 2 sources ([ZTE,CMCC 7], [Intel 15])
· X = 20m,50m, and 100m in contribution from ([ZTE,CMCC 7])
· X = 25m and 50m in contributions from ([Intel 15])
· For angle accuracy of ranging, the results were provided by 1 out of 5 sources.
· The requirement 15°@90% (Set A) 

· is achieved with at least 20MHz in contribution from 1 source ([Huawei 2])
· X = 10m in contribution from ([Huawei 2])
· The requirement 8°@90% (Set B) 

· is achieved with at least 40MHz in contribution from 1 source ([Huawei 2])
· X = 10m in contribution from ([Huawei 2])
· Note: for each SL PRS bandwidth, the above observations are based on the best performance from each source.

· Note: for the relative positioning accuracy or distance accuracy of ranging, X is the maximum distance between UEs for performing relative positioning or ranging.
· Note: Super resolution is used by sources ([Huawei 2], [ZTE,CMCC 7], [xiaomi 8], [Intel 15]), and is not used by source ([Qualcomm 14])

9.5.1.2 Potential solutions for SL positioning
R1-2210832
Potential solutions for SL positioning
Nokia, Nokia Shanghai Bell

R1-2210837
Potential solutions for sidelink positioning
FUTUREWEI

R1-2210901
Remaining issues for SL positioning solutions
Huawei, HiSilicon

R1-2211012
Discussion on potential solutions for sidelink positioning
vivo

R1-2211203
Further discussion on potential solutions for SL positioning
CATT, GOHIGH

R1-2211238
Discussion on potential solutions for SL positioning
Spreadtrum Communications

R1-2211268
Discussion on potential solutions for SL positioning
LG Electronics

R1-2211302
Discussion on potential solutions for sidelink positioning
TOYOTA Info Technology Center

R1-2211369
Discussion on sidelink positioning solutions
xiaomi

R1-2211405
Potential solutions for SL positioning
Intel Corporation

R1-2211447
Discussion on potential solutions for SL positioning
OPPO

R1-2211501
Discussion on potential solutions for SL positioning
ZTE

R1-2211530
Discussion on potential solutions for sidelink positioning
China Telecom

R1-2211616
Discussion on potential solutions for SL positioning
Sony

R1-2211685
Discussion on potential solutions for SL positioning
CMCC

R1-2211723
Potential solutions for SL positioning
InterDigital, Inc.

R1-2211740
Potential SL Positioning Solutions
Lenovo

R1-2211818
On Potential solutions for SL positioning
Apple

R1-2211949
Discussion on potential solutions for SL positioning
DENSO CORPORATION

R1-2211988
Discussion on potential solutions for SL positioning
NTT DOCOMO, INC.

R1-2212050
Discussion on Potential Solutions for SL Positioning
Samsung

R1-2212122
Potential Solutions for Sidelink Positioning
Qualcomm Incorporated

R1-2212178
Views on potential solutions for SL positioning
Sharp

R1-2212192
The potential solutions for sidelink positioning
MediaTek Inc.

R1-2212195
Discussion on sidelink positioning
ASUSTeK

R1-2212337
Potential solutions for sidelink positioning in NR
ITL

R1-2212371
Discussion on potential solutions for SL positioning
NEC

R1-2212378
Potential solutions for SL positioning 
Fraunhofer IIS, Fraunhofer HHI

R1-2212428
Discussion on enhancements for sidelink based positioning
CEWiT

R1-2212513
On potential solutions for SL positioning
Ericsson

R1-2212661
Moderator Summary #1 on potential solutions for SL positioning
Moderator (Qualcomm)

Agreement
SL-AoD is included as a potential candidate positioning method, and

· SL-AoD should be deprioritized over the remaining methods that have been recommended to be introduced. 

Agreement
With regards to the SL Positioning resource allocation, support

· Alt. 2: either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-)configured for SL-PRS.

· Note: this does not imply that the design is the same for both types of resources pools

· Note: shared resources pool(s) should be supported with backward compatibility

R1-2212758
Moderator Summary #2 on potential solutions for SL positioning
Moderator (Qualcomm)

Agreement
From RAN1 perspective, at least the following 2 operation scenarios are recommended for normative work:
· Operation Scenario 1: PC5-only-based positioning.

· Operation Scenario 2: Combination of Uu- and PC5-based positioning.
Agreement
For Scheme 2, with regards to Resource allocation mechanism for SL-PRS, pick one or both of the following options:

· Option 1: A sensing based resource allocation should be introduced 

· Option 2: A random resource selection should be introduced

· In either option 1 or 2, the legacy designs for UE autonomous resource allocation should be used as a starting point. Study if/what enhancements may be needed. 

Agreement
With regards to the RTT-type solutions using SL, both single-sided and double-sided RTT methods should be introduced

· Strive to minimize the changes needed on top of the specification support for single-sided RTT, if any, for the introduction of double-sided RTT.

· Note: a UE should be able to support single-sided RTT without having to support double-sided RTT

Agreement
Capture the following TP into the TR 38.859 as a conclusion:

For the solutions for sidelink positioning,

· The following 2 operation scenarios are recommended for normative work
· Operation Scenario 1: PC5-only-based positioning.

· Operation Scenario 2: Combination of Uu- and PC5-based positioning.

· RTT-type solution(s) using SL, SL-AoA and SL-TDOA are recommended for normative work.
· both single-sided and double-sided RTT methods, striving to minimize the changes needed on top of the specification support for single-sided RTT, if any, for the introduction of double-sided RTT

· A new sidelink reference signal (SL-PRS) is recommended for normative work. 

· Such a reference signal should use a Comb frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS should be used as a starting point.

· SCI can be used for reserving/indicating one or more SL-PRS resources

· Both a resource allocation Scheme 1 and Scheme 2 is recommended for normative work, where Scheme 1 corresponds to a network-centric operation SL-PRS resource allocation and Scheme 2 corresponds to UE autonomous SL-PRS resource allocation.

· With regards to the SL-PRS transmission, both dedicated resource pool and shared resource pool with Rel-16/Rel-17/Rel-18 SL communication are recommended for normative work.

· For SL Positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.

· Unicast, Groupcast (not including many to one) and Broadcast of SL-PRS transmission are recommended for normative work.

Agreement
A dedicated SL-PRS resource pool is (pre-)configured in the only SL BWP of a carrier.
R1-2212900
Moderator Summary #3 on potential solutions for SL positioning
Moderator (Qualcomm)

Agreement
With regards to the power control for SL-PRS at least Open Loop PC should be introduced.
Agreement
For SL-TDOA, DL-TDOA-like operation and UL-TDOA-like operation should be introduced.

· A UE is not required to support both DL-TDOA-like operation and UL-TDOA-like operation
Agreement
With regards to the Positioning methods supported using SL-PRS measurements 

· at least the following measurements should be introduced:
· SL-PRS based Rx-Tx measurement

· SL-PRS based RSTD measurement

· SL-PRS based RSRP measurement

· SL-PRS based RSRPP measurement

· SL-PRS based RTOA measurement

· SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement

R1-2212938
Moderator Summary #4 on potential solutions for SL positioning
Moderator (Qualcomm)

Agreement

Update the agreed TP into the conclusion section of the TR 38.859 as follows:

For the solutions for sidelink positioning,

· The following 2 operation scenarios are recommended for normative work

· Operation Scenario 1: PC5-only-based positioning.

· Operation Scenario 2: Combination of Uu- and PC5-based positioning.

· RTT-type solution(s) using SL, SL-AoA and SL-TDOA are recommended for normative work.

· both single-sided and double-sided RTT methods, striving to minimize the changes needed on top of the specification support for single-sided RTT, if any, for the introduction of double-sided RTT

· For SL-TDOA, DL-TDOA-like operation and UL-TDOA-like operation is recommended for normative work.
· For the support of the above methods the following measurements are recommended for normative work:
· SL-PRS based Rx-Tx measurement

· SL-PRS based RSTD measurement

· SL-PRS based RSRP measurement

· SL-PRS based RSRPP measurement

· SL-PRS based RTOA measurement

· SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement

· A new sidelink reference signal (SL-PRS) is recommended for normative work. 

· Such a reference signal should use a Comb frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS should be used as a starting point.

· SCI can be used for reserving/indicating one or more SL-PRS resources

· With regards to the power control for SL-PRS at least Open Loop PC is recommended for normative work.

· Both a resource allocation Scheme 1 and Scheme 2 is recommended for normative work, where Scheme 1 corresponds to a network-centric operation SL-PRS resource allocation and Scheme 2 corresponds to UE autonomous SL-PRS resource allocation.

· For resource allocation mechanism for SL-PRS in Scheme 2, a sensing based resource allocation, or a random resource selection, or both, should be introduced, where the legacy designs for UE autonomous resource allocation are used as a starting point.

· With regards to the SL-PRS transmission, both dedicated resource pool and shared resource pool with Rel-16/Rel-17/Rel-18 SL communication are recommended for normative work.

· For SL Positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.

· Unicast, Groupcast (not including many to one) and Broadcast of SL-PRS transmission are recommended for normative work.

9.5.2 Improved positioning accuracy, integrity, and power efficiency 

9.5.2.1 Solutions for integrity of RAT dependent positioning techniques
R1-2210902
Remaining issues for RAT-dependent integrity
Huawei, HiSilicon

R1-2211013
Discussion on solutions for integrity of RAT-dependent positioning
vivo

R1-2211204
Further discussion on solutions for integrity of RAT dependent positioning techniques
CATT

R1-2211311
Views on solutions for integrity of RAT-dependent positioning techniques
Nokia, Nokia Shanghai Bell

R1-2211434
Discussions on Integrity for NR Positioning
OPPO

R1-2211502
Discussion on integrity of RAT dependent positioning
ZTE

R1-2211617
On Error Sources for Integrity of NR Positioning
Sony

R1-2211686
Discussion on integrity for RAT-dependent positioning
CMCC

R1-2211713
Discussions on Integrity for NR RAT-dependent Positioning
BUPT

R1-2211726
Discussion on integrity for RAT dependent positioning techniques
InterDigital, Inc.

R1-2211742
Integrity aspects for RAT-dependent positioning
Lenovo

R1-2211989
Discussion on solutions for integrity of RAT dependent positioning techniques
NTT DOCOMO, INC.

R1-2212051
Discussion on Integrity of RAT Dependent Positioning
Samsung

R1-2212123
Integrity for RAT dependent positioning
Qualcomm Incorporated

R1-2212179
Views on solutions for integrity of RAT dependent positioning techniques
Sharp

R1-2212514
Error Sources characterization for integrity of RAT dependent positioning techniques
Ericsson

R1-2212551
FL summary #1 on integrity of RAT dependent positioning techniques
Moderator (InterDigital)
R1-2212722
FL summary #2 on integrity of RAT dependent positioning techniques
Moderator (InterDigital)

Agreement

Capture the following in TR 38.859 in Clause “6.1.3 Summary of Evaluation Results for Integrity for RAT-Dependent Positioning Techniques”

· The distribution of timing measurement error has been studied with evaluations in the following sources : [R1-2208454, Huawei, HiSilicon], [R1-2208649, vivo], [R1-2208735, Nokia Nokia Shanghai Bell], [R1-2209214, R1-2211502, ZTE], [R1-2209488, InterDigital],[R1-2209737, R1-2212051, Samsung], [R1-2210176, Ericsson]. 

· The distribution of angle measurement error has been studied with evaluations in the following sources : [R1-2208454, R1-2210902, Huawei, HiSilicon], [R1-2208649, vivo], [R1-2209214, R1-2211502, ZTE], [R1-2210176, Ericsson].

Agreement
For LMF-based positioning integrity mode, for UL-TDOA, inter-TRP synchronization error can be caused in part by errors in SFN initialization time.

Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
Conclusion

· RAN1 could not reach consensus on whether beam information (NR-TRP-BeamAntennaInfo) and boresight direction of DL PRS (NR-DL-PRS-BeamInfo) are error sources or not for DL-AoD for UE-based positioning integrity mode.
· Note: Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

Agreement
Capture the following in TR 38.859 in Clause “Annex B.2: Evaluation Results for Integrity for RAT-Dependent Positioning Techniques”.
B.2.1 Results from source [Huawei, HiSilicon]

B.2.1.1 Description of evaluation scenarios

Details related to evaluation scenarios can be found in [1, 17, Huawei, HiSlilicon].

B.2.1.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [17, Huawei, HiSlilicon].

Details of the evaluation results related to the distribution of angle measurement error can be found in [1, 17, Huawei, HiSlilicon].

B.2.2 Results from source [vivo]

B.2.2.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [20, vivo].

B.2.2.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [20, vivo].

Details of the evaluation results related to the distribution of angle measurement error can be found in [20, vivo].

B.2.3 Results from source [Nokia, Nokia Shanghai Bell]

B.2.3.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [21, Nokia, Nokia Shanghai Bell].

B.2.3.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [21, Nokia, Nokia Shanghai Bell].

B.2.4 Results from source [ZTE]

B.2.4.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [6, 26, ZTE].

B.2.4.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [6, 26, ZTE].

Details of the evaluation results related to the distribution of angle measurement error can be found in [6, 26, ZTE]

B.2.5 Results from source [InterDigital]

B.2.5.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [30, InterDigital].

B.2.5.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [30, InterDigital].

B.2.6 Results from source [Samsung]

B.2.6.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [13, 31, Samsung].

B.2.6.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [13, 31, Samsung].

B.2.7 Results from source [Ericsson]

B.2.7.1 Description of evaluation scenarios
Details related to evaluation scenarios can be found in [35, Ericsson].

B.2.7.2 Evaluation results related to the distribution of measurement error
Details of the evaluation results related to the distribution of timing measurement error can be found in [35, Ericsson].

Details of the evaluation results related to the distribution of angle measurement error can be found in [35, Ericsson].

Agreement
At least DL-PRS RSRPP of the first path or RSRP is an error source for DL-AoD for LMF-based positioning integrity mode.

· Note: RAN1 did not determine the model of the error source

· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

Agreement
· Inter-TRP synchronization error is an error source for UE-assisted DL-TDOA for LMF-based positioning integrity mode
· FFS: Specification impact 
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

Agreement
For LMF-based positioning integrity mode, for DL-TDOA, inter-TRP synchronization error can be caused in part by errors in SFN initialization time.

· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

R1-2212793
FL summary #3 on integrity of RAT dependent positioning techniques
Moderator (InterDigital)
Agreement
· For LMF-based positioning integrity mode, for DL-TDOA, DL-AoD, UL-TDOA, UL-AoA and multi-RTT, the following distributions are identified as candidates for modeling the distribution of TRP location (e.g., Geographical Coordinates in TS 38.455) error
· Uniform distribution

· Normal distribution

· Note: it is up to RAN2 how to use the identified distributions

Agreement
· For LMF-based positioning integrity mode, for UL-AoA, the following distributions are identified as candidates for modeling the distribution of ARP location (e.g., ARPLocationInformation in TS 38.455) error
· Uniform distribution

· Normal distribution

· Note: it is up to RAN2 how to use the identified distributions

R1-2212933
FL summary #4 on integrity of RAT dependent positioning techniques
Moderator (InterDigital)
9.5.2.2 Improved accuracy based on NR carrier phase measurement
R1-2210903
Remaining issues for carrier phase positioning
Huawei, HiSilicon

R1-2211014
Discussion on carrier phase measurement enhancements
vivo

R1-2211100
High precision positioning of dual frequency carrier phase
BUPT

R1-2211205
Further discussion on improved accuracy based on NR carrier phase measurement
CATT

R1-2211259
Experiment and Simulation Result on Carrier Phase Based Positioning
Locaila

R1-2211312
Views on improved accuracy based on NR carrier phase measurement
Nokia, Nokia Shanghai Bell

R1-2211370
Improved accuracy based on NR carrier phase measurement
xiaomi

R1-2211406
Improved positioning accuracy with NR carrier phase measurements
Intel Corporation

R1-2211435
Discussions on Carrier Phase Measurement for NR Positioning
OPPO

R1-2211503
Discussion on carrier phase measurement based positioning
ZTE

R1-2211687
Discussion on carrier phase positioning
CMCC

R1-2211728
Discussion on positioning based on NR carrier phase measurement
InterDigital, Inc.

R1-2211743
On NR carrier phase measurements
Lenovo

R1-2211924
Discussion on OFDM based carrier phase measurement in NR
LG Electronics

R1-2211990
Discussion on improved accuracy based on NR carrier phase measurement
NTT DOCOMO, INC.

R1-2212052
Discussion on NR Carrier Phase Measurement
Samsung

R1-2212124
Phase Measurements in NR Positioning
Qualcomm Incorporated

R1-2212193
The potential solutions for carrier phase measurement
MediaTek Inc.

R1-2212359
Discussion on NR carrier phase positioning
NEC

R1-2212380
NR carrier phase measurements for positioning
Fraunhofer IIS, Fraunhofer HHI

R1-2212415
Views on NR carrier phase measurement for positioning accuracy enhancement
IIT Kanpur, CEWiT

R1-2212515
Improved accuracy based on NR carrier phase measurement
Ericsson

R1-2212545
FL Summary #1 for improved accuracy based on NR carrier phase measurements
Moderator (CATT)

Agreement

Capture the following TP into TR 38.859 as a conclusion (Section 6.3.3)
Regarding the reference signals for NR carrier phase positioning:

· Existing DL PRS and UL SRS for positioning purpose are recommended as the reference signals to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning if NR CPP is introduced.

· Note: The use of SRS MIMO for NR carrier phase positioning is transparent for UE

Agreement

Capture the following TP into TR 38.859 as a conclusion.

Regarding the physical layer measurements for NR carrier phase positioning:

· New measurements are recommended to be introduced for supporting UE-based and UE-assisted NR carrier phase positioning, if NR CPP is introduced. The new measurements include, at least, the following:

· For DL carrier phase positioning, the following candidate measurements are identified (potential down-selection may be considered during normative work).

· the difference between the carrier phase measured from the DL PRS signal(s) of the target TRP and the carrier phase measured from the DL PRS signal(s) of the reference TRP;

· the carrier phase measured from the DL PRS signal(s) of a TRP.

· For UL carrier phase positioning, the carrier phases measured from the UL SRS for positioning purpose is identified as the UL carrier phase measurements.

· Note: this proposal does not imply which carrier phase measurements are mapped to which positioning technique

Agreement
Capture the following TP into TR 38.859 as a conclusion:

· Multipath mitigation methods for the carrier phase positioning are recommended to be introduced during normative work, if NR CPP is introduced. The candidate solutions may include, but are not limited to, the following:

· Reporting of the carrier phase of the first path

· At least reporting of the carrier phase of the first path, and optionally, the additional paths.

· The use of LOS/NLOS indication for the carrier phase measurements.

· Note: Rel-17 LOS/NLOS indicator can be considered as a starting point.

· Reporting of other channel information together with carrier phase measurements, such as existing RSRP/RSRPP.

Agreement
Capture the following TP into TR 38.859 as a conclusion:

· At least the double differential technique with PRU is feasible for UE-based, and network-based NR carrier phase positioning, if NR CPP is introduced, at least, for eliminating the impact of the initial phases of the transmitter and the receiver.

· Note 1: How to efficiently enable the use of the PRU for supporting NR double differential carrier phase positioning needs further discussion during the normative work.

· Note 2: the required PRU density also needs further discussion

· Note 3: other methods for eliminating the impact of the initial phases of the transmitter and the receiver are not precluded

R1-2212546
FL Summary #2 for improved accuracy based on NR carrier phase measurements
Moderator (CATT)

Agreement
Capture the following observation in TR 38.859 (Section 6.3.2):

The accuracy of NR carrier phase positioning is evaluated under different scenarios (e.g., InF-SH, InF-DH) defined in TS 38.901 without considering the error sources listed in Annex X.Y.Z (e.g., timing/ frequency errors, antenna PCO and ARP position errors). The evaluation results can be seen as the reference for studying the impacts of the error sources listed in Annex X.Y.Z. 9 out of 11 sources ([Huawei/R1-2210903][vivo/R12211014][ CATT/R1-2211205][ Nokia/R1-2211312][ZTE/R1-2212520][LGE/ R1- 2211924][ Qualcomm/R1-2212124][Samsung, R1-2212550][Ericsson, R1-2212515]) show that the centimeter-level positioning accuracy can be achieved by the use of carrier phase measurements at least when other error sources are not considered. 2 out of 11 sources ([Intel/R1-2211406][OPPO/R1-2211435[9]) show that the centimeter-level positioning accuracy can be achieved by the use of ideal resolution of integer ambiguity:
· Source [Huawei, R1-2210903] shows (additional results are available in Annex B.4.X[Huawei])

· For InF-SH scenario:

· (no differential) UL-CPP (Cases 1): <1.0cm @50% and <1.0cm @80%.

· SD UL-CPP (Case 5): <1.0cm @50% and <1.0cm @80%.

· DD DL-CPP (Case 9): <1.0cm @50% and <1.0cm @80%.

· For InF-DH scenario

· (no differential) UL-CPP (Cases 2): <1.0cm @50% and <1.0cm @80%.

· SD UL-CPP (Case 6): <1.0cm @50% and 0.974m @80%.

· DD DL-CPP (Case 10): <1.0cm @50% and 1.014m @80%.

· Source [vivo, R1-2211014] shows (additional results are available in Annex B.4.X[vivo])

· For InF-SH scenario:

· SD DL-CPP (Case 102): <1.0cm@50% and <1.0cm @80%

· For InF-DH scenario

· SD DL-CPP (Case 202): <1.0cm@50% and 0.33m @80%

· Source [CATT, R1-2211205] shows:

· For InF-SH scenario:

· SD DL-CPP (Cases 2): <1.0cm @50% and <1.0cm @80%.

· DD DL-CPP (Cases 3): <1.0cm @50% and <1.0cm @80%.

· DD DL-CPP (two subcarrier frequencies in one PFL) (Case 4): <1.0cm @50% and <1.0cm @80%.

· DD DL-CPP (two carrier frequencies, two PFLs) (Case 5): <1.0cm @50% and <1.0cm @80%.

· For InF-DH scenario

· SD DL-CPP (Cases 7): 0.6cm @50% and 3.0cm @80%.

· DD DL-CPP (Cases 8): 4.6cm @50% and 14.8cm @80%.

· DD DL-CPP (two carrier frequencies, two PFLs) (Case 9): 1.0cm @50% and 2.7cm @80%.

· Source [Nokia, R1-2211312] shows:

· For InF-SH scenario:

· DD DL-CPP (Cases 1): <1cm @50% and <1cm @80%.

· Source [Intel, R1-2211406] shows:

· For InF-SH scenario:

· SD DL-CPP (Cases 1): <1cm @50% and <1cm @80% (with ideal resolution of integer ambiguity)
· Source [OPPO, R1-2211435] shows:

· For InF-SH scenario:

· SD DL-CPP (Cases 1): <1cm @50% and <1cm @80% (with ideal resolution of integer ambiguity)
· Source [ZTE, R1-2212520] shows:

· For InF-SH scenario:

· DL-CPP (multiple subcarriers within one PFL)(Case 4-1-1): 0.11m @ 50% and 0.51m @80%

· DL-CPP (Case 4-1-2): 0.3cm @ 50% and  0.21m @ 80%

· For InF-DH scenario:

· DL-CPP (Case 4-2-1):0.33m @50% and 0.66m @ 80%.

· Source [LGE, R1- 2211924] shows:

· For InF-SH scenario (100MHz and 50MHz Bandwidth):

· SD DL-CPP (horizontal): <1cm @50% and <1cm @80%
· SD DL-CPP (vertical): <1cm @50% and <1cm @80%
· Source [Qualcomm, R1-2212124] shows:

· For InF-SH scenario (400MHz, FR2)

· SD DL-CPP(Case 1): 0.002cm @50% and <0.005cm @80%
· Source [Samsung, R1-2212550] shows:

· For InF-SH scenario (10MHz, @3GHz)

· Round-trip carrier phase with slope: < 1cm @ 50% and <1 cm @ 80%

· For InF-SH scenario (100MHz, @3.5GHz)

· Time domain and perfect phase : < 1cm @ 50% and <1 cm @ 80%

· Time domain and estimated phase : < 1cm @ 50% and ~1 cm @ 80%

· Source [Ericsson, R1-2212515] shows:

· For InF-SH scenario

· DD UL-CPP: <1cm @50% and 2cm @80%

· Note 1: Unless indicated otherwise, the results shown above are for horizontal positioning accuracy with a single carrier of bandwidth of 100MHz in FR1.

· Note 2: Evaluation results above are mainly used as examples. Additional results and more details of the evaluation assumptions may be provided by the sources in Annex B.4-X[Huawei, vivo, CATT, Nokia, Intel, OPPO,ZTE, LGE, Qualcomm, Samsung, Ericsson]).

· Note 3: The evaluation results for legacy positioning approach may also be available in each of the sources, or in TR 38.857.

Agreement
Adopt the following TP modification for TR 38.859 (Section 6.3.2):

==== START of TP for TR 38.859 ====

6.3.2 Summary of Evaluations for NR Carrier Phase Positioning

<Unrelated part omitted>

The impact of the initial phases of the transmitter and the receiver on NR carrier phase positioning (CPP) is evaluated in the study item. The evaluation results from the sources (e.g., [73], [74], [75], [76], [Nokia/R1-2211312]) show that if the impact of the initial phases of the transmitter and the receiver are not mitigated, it is impossible to support centimeter-level positioning accuracy.

The effectiveness of using double differential technique with PRU to eliminate the impact of the initial phases of the transmitter and the receiver on NR carrier phase positioning are evaluated in the study item. The evaluation results from the sources ([73], [CATT/R1-2211205], [ZTE/R1-2212520], [77], [Nokia/R1-2211312])) show that the initial phases of the transmitter and the receiver can be removed effectively by the double differential technique with the use of PRU:

· Source [73] shows the positioning accuracy of <1cm (80%) for InF-SH and < 1cm (50%) for InF-DH can be reached when the PRU is located within a distance of 5m from the target UE.

· Source [CATT/R1-2211205] shows the positioning accuracy of <1cm (80%) for InF-SH and 4.6cm (50%) for InF-DH can be reached under the condition that the PRU is located a fixed location in LOS of the TRP.

· Source [77] shows that the accuracy of <1cm (50%) when the PRU is located within 1m of the target UE. However, the effectiveness reduces when the PRU is located away from the target UE because the channel conditions of the PRU is different from the target UE.

· Source [Nokia/R1-2211312] shows the positioning accuracy of < 1cm (80%) for InF-SH can be reached under the condition that the PRU is located a fixed location as shown in [Nokia/R1-2211312].
· Source [ZTE/R1-2212520] shows the positioning accuracy of < 1cm (50%) for InF-SH can be reached under the condition that the integer ambiguity range N is limited to ±1.
· Source [IIT Kanpur, R1-2212519] shows the distance accuracy degrades from 0.5cm @ 50% and 5.2cm @80% to 3.3cm @50% and 4.8cm @ 80% by the initial phase offset for InF-DH scenario.
· Note 1: in the above results, all other error sources (except initial phase error) were not modelled.
· Note 2: Unless indicated otherwise, the results shown above are for horizontal positioning accuracy with a single carrier of bandwidth of 100MHz in FR1.

· Note 3. Evaluation results above are mainly used as examples. Additional results and more details of the evaluation assumptions may be provided by the sources in Annex B.4-X[Huawei, vivo, CATT, Nokia, ZTE, IIT Kanpur].
==== END of TP ====

Agreement
Adopt the following TP modification for TR 38.859 (Section 6.3.2):

==== START of TP for TR 38.859 ====

6.3.2 Summary of Evaluations for NR Carrier Phase Positioning

<Unrelated part omitted>

The impact of the residual CFO at the transmitter and the receiver for NR carrier phase positioning was evaluated during the study item.

· The evaluation results from the sources ([73], [76]) show that the impact of residual CFO on carrier phase positioning is negligible.

· The evaluation results from the source ([75]) show that the impact of the residual CFO on the performance of carrier phase positioning can be mitigated with the use of the double differential technique with a PRU that is located at a fixed location in LOS of the TRP.
· The evaluation results from the source [vivo/R1-2211014] show that the impact of residual CFO on carrier phase measurement is negligible. However carrier phase positioning accuracy degrades significantly with residual CFO with SD DL-CPP:
· With UE residual CFO 30Hz and TRP residual CFO 10Hz, the accuracy drops from 0.0044m to 0.2m @80% and from 0.0014m to 0.0017m@50% in InF-SH.

· With UE residual CFO 100Hz and TRP residual CFO 10Hz, the accuracy drops from 0.0044m to 0.27m @80% and from 0.0014m to 0.0024m@50% in InF-SH.
· The evaluation results from the source [LGE, R1- 2211924] show that carrier phase positioning accuracy degrades slightly with residual CFO with DD DL-CPP:
· With maximum residual CFO 30Hz between UE and TRP, the accuracy drops from 0.0010m to 0.0018m @50% and from 0.0046m to 0.0208m @80% in InF-SH.

· With maximum residual CFO 100Hz between UE and TRP, the accuracy drops from 0.0010m to 0.0027m @50% and from 0.0046m to 0.0440m @80% in InF-SH.
· The evaluation results from the source [Qualcomm, R1-2212124] show the impact of Doppler in FR1 at 3kmph is small enough that it has negligible impact on the carrier phase positioning accuracy with DD DL-CPP, in the simulated scenario under the agreed modelling for residual CFO.
· Note 1: Unless indicated otherwise, the results shown above are for horizontal positioning accuracy with a single carrier of bandwidth of 100MHz in FR1.
· Note 2. Evaluation results above are mainly used as examples. Additional results and more details of the evaluation assumptions may be provided by the sources in Annex B.4-X [Huawei, vivo, CATT, ZTE, LGE, Qualcomm].
==== END of TP ====

Agreement
Capture the following observation in TR 38.859:

The impact of the ARP errors on NR carrier phase positioning is evaluated. 9 out of 9 sources ([Huawei, R1-2210903][vivo, R1-2211014][ CATT, R1-2211205][ ZTE, R1-2212520][ LGE, R1- 2211924][ Qualcomm, R1-2212124][ Ericsson, R1- R1-2212515] [Samsung R1-2212550]) show that the ARP errors may have significant impact on NR carrier phase positioning accuracy. 3 out of 8 sources ([Huawei, R1-2210903][ CATT, R1-2211205][ZTE, R1-2212520]) show the impact of gNB ARP position errors on multi-frequency carrier phase positioning is much smaller than the impact on single-frequency carrier phase positioning.
· Source [Huawei, R1-2210903] shows:
· When double differential is not used:

· For InF-SH scenario with 1cm ARP error:

· UL-CPP (Case 23): 1.3368m @50% and 2.121m @80%
· For InF-DH scenario with 1cm ARP error:

· UL-CPP (Case 24): 1.2329m @ 50% and 1.9317m @80%
· When double differential is used:

· For InF-SH scenario with 1cm ARP error:

· (PRU 5m) DD UL-CPP (Case 27): <1cm @ 50% and 0.57269m @80%
· (PRU 2m) DD UL-CPP (Case31): <1cm @ 50% and <1cm @80%
· For InF-DH scenario with 1cm ARP error:

· (PRU 5m) DD UL-CPP (Case 28): 0.75118m @ 50% and 1.3217m @80%
· (PRU 2m) DD UL-CPP (Case 32): 0.56419m@ 50% and 1.1915m @80%
· When multi-frequency carrier phase positioning is used:

· For InF-SH scenario with 1cm ARP error and random initial phase:

· (PRU 5m) DD UL-CPP (Case 47): 1.252cm @ 50% and 2.765cm @80%

· For InF-SH scenario with 5cm ARP error and random initial phase:

· (PRU 5m) DD UL-CPP (Case 48): 5.986cm @ 50% and 0.11879m @80%

· Source [vivo, R1-2211014] shows:

· For InF-SH scenario with 1cm ARP error:

· SD DL-CPP: 0.09m @50% and 0.20m @80%.

· For InF-SH scenario with 5cm ARP error:

· SD DL-CPP: 0.18m @50%and 0.28m @80%

· Source [CATT, R1-2211205] shows:
· For InF-SH scenario with 1cm ARP error:

· DD DL-CPP (Cases 11): <1.0cm @50% and 11.2cm @80%.

· DD DL-CPP (two subcarrier frequencies within one PFL) (Case 12): <1.0cm @50% and 1.79 cm @80%.

· DD DL-CPP (two carrier frequencies) (Case 13): <1.0cm @50% and 1.3cm @80%.

· For InF-SH scenario with 5cm ARP error:

· DD DL-CPP (two carrier frequencies, two PFLs) (Case 15): 3.3cm @50% and 5.6cm @80%.

· For InF-DH scenario with 1cm ARP error:

· DD DL-CPP (two carrier frequencies, two PFLs) (Case 17): 1.5cm @50% and 3.3cm @80%.
· Source [ZTE, R1-2212520] shows:

· For InF-SH scenario with 1cm ARP error:

· DL-CPP (single carrier, case 3-2-1): 0.24m@50% and 0.44m@80%.

· DL-CPP (multiple subcarriers within one PFL, case 3-2-4): 0.12m @50% and 0.25m@80%

· For InF-SH scenario with 5cm ARP error:

· DL-CPP (single carrier, case 3-2-3): 0.28m@50% and 0.44m@80%

· DL-CPP (multiple subcarriers within one PFL, case 3-2-6): 0.15m@50% and 0.30m@80%

· Source [LGE, R1- 2211924] shows:

· For InF-SH scenario with 1cm ARP error:

· DD DL-CPP (single carrier): 0.188m (50%), 0.386m (80%)

· Source [Qualcomm, R1-2212124] shows:

· For InF-SH scenario with 1cm ARP error

· DD DL-CPP(Case 6, FR2): 3.487cm (50%) and 7.907cm (80%) (PRU-UE range R = 1m, more results with other values of R are available in Annex B.4-X-Qualcomm)

· DD DL-CPP(Case 14, FR1): 0.05m (50%) and 0.18m  (80%)

· Source [Ericsson, R1- R1-2212515] shows:

· For InF-SH scenario with 1cm ARP error (average PRU-UE distance = 1m)

· DD DL-CPP: 1.5cm (50%) and 3.0cm (80%)

· For InF-SH scenario with 5cm ARP error (average PRU-UE distance = 1m)

· DD DL-CPP: 10cm (50%) and 0.44m (80%)

· Source [Samsung R1-2212550] shows:
· For InF-SH scenario with 2cm ARP error and random initial phase

· DL-CPP (single carrier, case 08): 1.06m @50% and 1.54m @80%

· Note 1: Unless indicated otherwise, the results shown above are for horizontal positioning accuracy with a single carrier of bandwidth of 100MHz in FR1.

· Note 2. Evaluation results above are mainly used as examples. Additional results and more details of the evaluation assumptions may be provided by the sources in Annex B.4-X [Huawei, vivo, CATT, ZTE, LGE, Qualcomm, Ericsson].

· Note 3: The evaluation of multi-frequency carriers is based on the agreed assumption in Annex A.4 without requiring a UE to simultaneously measure more than one DL PFL.

Agreement
Capture the following observation in TR 38.859:

The impact of the UE/TRP phase center offset (PCO) errors on NR carrier phase positioning is evaluated in the study item. 2 out of 4 sources ([Huawei, R1-2210903][vivo, R1-2211014]) when UE/TRP antenna PCO model of Example 2 is used, the impact of the PCO errors can be significant. 2 out of 4 sources ([CATT, R1-2211205][Qualcomm, R1-2212124]) shows when UE/TRP antenna PCO model of Example1 is used, the impact of the PCO errors can be negligiable.
· Source [Huawei, R1-2210903] shows: 

· For InF-SH scenario with a=3:

· SD DL-CPP (Case 37): 0.8469m @50% and 1.3922m @80%.

· DD DL-CPP (Case 41): < 1cm @50% and <1cm @80%.

· For InF-DH scenario with a=3:

· SD DL-CPP (Case 38): 0.9192m @50% and 1.4393m @80%.

· DD DL-CPP (Cases 42): 0.4896m @50% and 1.2148m @80%

· Source [vivo, R1-2211014] shows:

· For InF-SH scenario with SD DL-CPP:

· PCO model (a=1, w=[-2, +2], dPhi= [0, 5]):  <1cm  @50%  and 0.06m @80%

· PCO model (a=3, w=[-5, +5], dPhi= [0, 5]): <1cm  @50% and 0.06m @80%

· PCO model (a=3, w=[-5, +5], dPhi= [0, 20]): 0.046m @50% and 0.19m @80%

· Source [CATT, R1-2211205] shows:

· For InF-SH scenario:

· DD DL-CPP (Cases 20/21): < 1cm @50% and <1cm @80%.

· For InF-DH scenario:

· DD DL-CPP (Cases 22/23): <=1.3cm @50% and <=2.8cm @80%

· Source [Qualcomm, R1-2212124] shows:

· For InF-SH scenario:

· DD DL-CPP (Cases 4, FR2): 

· PCO model (a=0, w=5:  0.014cm @50% and 0.063cm @80%

· PCO model (a=1, w=5: 0.015cm @50% and 0.076cm @80%

· PCO model (a=3, w=5: 0.014cm @50% and 0.270cm @80%

· DD DL-CPP (Cases 12, FR2): 

· PCO model (a=1, X=5: 0.04m @50% and 0.08m @80%

· PCO model (a=3, X=5: 0.04m @50% and 0.08m @80%

· Note 1: Unless indicated otherwise, the results shown above are for horizontal positioning accuracy with a single carrier of bandwidth of 100MHz in FR1.

· Note 2. Evaluation results above are mainly used as examples. Additional results and more details of the evaluation assumptions may be provided by the sources in Annex B.4-X [Huawei, vivo, CATT, Qualcomm]

Agreement
Adopt the following TP modification for TR 38.859

==== START of TP for TR 38.859 ====

Annex A.3: Evaluation Methodology for NR Carrier Phase Positioning

<Unrelated part omitted>

Table A.3-1: Assumptions for evaluation of NR carrier phase positioning

	Assumptions
	Value

	Scenarios
	· Baseline: InF-SH, InF-DH

· Optional: Indoor Open Office, Umi, Highway scenarios

· Other evaluation scenarios are not precluded

· Existing Rel-17 DL/UL reference signals for the Uu interface are to be used for the Highway scenario.

	Frequency errors – Note 1
	Ideal
	Practical

	Initial residual CFO 

(is the same for one measurement instances [or multiple phase measurement instances])
	0 (UE/TRP)
	Uniform distribution within:

· [-30, +30] Hz (FR1, UE), [-100, +100] Hz (FR1, UE), 

· [-120, +120] Hz (FR2, UE), [-400, +400] Hz (FR2, UE),

· [-10, +10] Hz (for each TRP, FR1),

· [-40, +40] Hz (for each TRP, FR2).



	Oscillator-drift 

(is the same for one or multiple phase measurement instances for positioning fix)
	0 (UE/TRP)
	Uniform distribution within:

· [-0.1, 0.1] ppm (UE) 
· [-0.02, +0.02] ppm (each TRP) within measurement duration

	Antenna reference point (ARP) location error of a TRP
	No ARP error
	A zero-mean, truncated Gaussian distribution with zero mean and standard deviation of T=[1, 5] cm truncated to 2T in each of (x, y, z) direction

	Initial phase of a transmitter 
	Modelled as a random variable uniformly distributed within [0, 2pi]

· The initial phase of a transmitter applies to all subcarriers of the same carrier frequency associated with the transmitter The initial phases of a transmitter for different carriers can be assumed to be independent of each other.

	Initial phase of a receiver
	Modelled as a random variable uniformly distributed within [0, 2pi]

· The initial phase of a receiver applies to all subcarriers of the same carrier frequency associated with the receiver
· The initial phases of a receiver for different carriers can be assumed to be independent of each other.

	UE/TRP antenna phase center offset (PCO)
	dPCO =  a * dPhi + w

where


· a is the scale factor, a=[0, 1, 3]

· FFS: other values

· dPhi is the direction difference (in degrees):

· Example 1, dPhi is the difference between the true and the calculated (or measured) directions between a transmitter (UE/TRP) and a receiver (TRP/UE).
· Example 2: dPhi is the direction difference between one UE to two TRPs, or between one TRP to two UEs.
· Note: Example 1 may be more suitable for modelling the PCO of a uncalibrated antenna; while Example 2 may be more suitable for modelling the residual PCO of a calibrated antenna (see [R1-2208206]).
· w is 0 or a random variable uniformly distributed within [-2, +2], or [-5, +5], or [-X, +X] degrees.
· value of X is left up to companies

· Note: the above model is valid only when absolute value of dPhi < Y degrees

·  value of Y is left up to companies

	Time instances for carrier phase measurements
	UE position can be calculated by the use of the carrier phase measurements obtained at the M sequential time instances, where 

· Baseline: 

· M=1

· Optional : 

· M=4

· Other values of M 

· Companies should report their assumptions on UE mobility (e.g., speed)

	Note 1: The Doppler frequency can be determined based on the UE speed in the evaluation assumption.


==== END of TP for TR 38.859 ====

Agreement
Capture the following TP into TR 38.859 as an evaluation observation (for Section 6.3.2):

The potential benefits of using the carrier phases of multiple carriers or multiple subcarriers are evaluated in the study item. 
· The evaluation results from the sources (e.g., [Huawei/R1-2210903][CATT/R1-2211205][ZTE/ R1-2212520]) show that the use of the carrier phases of multiple carriers or multiple subcarriers together with double differential technique are beneficial for improving the accuracy of double differential carrier phase positioning. 
· The evaluation results from the source [IIT Kanpur/R1-2212519] shows the use of multiple subcarrier technique is beneficial over single carrier. 
· The evaluation from the sources [Qualcomm/R1-2212124]) show that combining carrier phase measurements from multiple groups of subcarriers is inferior to coherent processing of all subcarriers to obtain a single more accurate carrier phase measurements. 
· One source ([vivo /R1-2211014]) show there is no benefit with the use of the carrier phases of multiple carriers for carrier phase positioning when single differential carrier phase positioning is used. 
· The evaluation results from the source [Samsung/R1-2212250] show that the use of the carrier phases of multiple subcarriers together with round trip carrier phase technique is beneficial for improving the accuracy of carrier phase positioning.

· Source [Huawei, R1-2210903] shows: 

· When single-frequency carrier phases are used:

· For InF-SH scenario with 5cm ARP error and random initial phase:

· (PRU within 5m) DD UL-CPP (Case 45): 0.73594m @ 50% and 1.3812m @80%
· When multi-frequency carrier phases are used:

· For InF-SH scenario with 5cm ARP error and random initial phase:

· (PRU within 5m) DD UL-CPP (Case 48): 5.986cm @ 50% and 0.11879m @80%

· Source [vivo/R1-2211014] shows:

· When multi-frequency carrier phases are used:

· For InF-SH scenario without other errors, 

· SD DL-CPP horizontal accuracy (Cases 703): < 1cm @50% and <1cm @80%. 

· For InF-SH scenario with ARP error

· SD DL-CPP horizontal accuracy (Cases 703): < 1cm @50% and 0.18m @80%

· For InF-SH scenario with initial phase error

· SD DL-CPP horizontal accuracy (Cases 704): < 0.18m @50% and 0.34m @80%

· For InF-SH scenario with PCO

· SD DL-CPP horizontal accuracy (Cases 705): < 0.18m @50% and 0.13m @80%

· Source [CATT, R1-2211205[4]) shows:

· For InF-SH scenario with other errors (ARP error, random initial phase, CFO/ Oscillator-drift)

· DD DL-CPP horizontal accuracy (Cases 27/28): < 1cm @50% and <=2cm @80%.

· For InF-DH scenario:

· DD DL-CPP horizontal accuracy (Cases 29): 1.6cm @50% and 3.5cm @80%

· Source [ZTE/R1-2212520]) shows

· When multiple subcarriers with in one PFL are used:

· For InF-SH scenario with other errors (initial phase on both TRP and UE sides)

· DL-CPP accuracy (Case 1-2-9, N is limited to +1): 0.12 m@50% and 0.25m @80%

· Source [Qualcomm, R1-2212124) shows:

· For InF-SH scenario:

· DD DL-CPP horizontal accuracy (Case 8, FR2): 0.05526m @50% and 1.42119m @80%.

· Source [IIT Kanpur, R1-2212519[20]) shows:

· For InF-DH scenario:

· Distance accuracy (Case 3): 0.44cm @50% and 0.55cm @80%

· Source [Samsung, R1-2212550] shows:

· For InF-SH scenario (10MHz, @3GHz)

· With multiple sub-carriers and round-trip carrier phase: < 1cm @ 50% and <1 cm @ 80%

· Note 1: Unless indicated otherwise, the results shown above are for horizontal positioning accuracy with a single carrier of bandwidth of 100MHz in FR1.

· Note 2. Evaluation results above are mainly used as examples. Additional results and more details of the evaluation assumptions may be provided by the sources in Annex B.4-X [Huawei, vivo, CATT, ZTE, Qualcomm, IIT Kanpur].

Agreement
Capture the following for TR 38.859 as observation (Section 6.3.2):

The positioning accuracy of Phase-Difference-based AoD positioning has been evaluated.

Source [Qualcomm R1-2212124] shows that a positioning accuracy of 1m (80%) for InF-SH with 20 MHz, is achievable.
Agreement
Adopt the following TP modification for TR 38.859 (Section 6.3.2):

==== START of TP (for TR 38.859) ====

6.3.2 Summary of Evaluations for NR Carrier Phase Positioning

The methodology for the evaluation of NR carrier phase positioning can be found in Annex A.3. 
Different evaluation assumptions may be used for the evaluation cases by different sources. Different algorithms and methods may also be used for estimating the carrier phases and determining UE’s location based on the carrier phases. Thus, for the observations of evaluation results presented in this section, it is important to consider the details of the evaluation assumptions as well as the algorithms and methods provided by each source in the references (e.g., in Annex B.4).

==== END of TP ====

Agreement
Capture the following TP into TR 38.859 in section 6.3.1.

· The potential solutions of integer ambiguity resolution for NR carrier phase positioning were investigated in the study item, which include the following: 

· Reporting of the carrier phases of more than one frequency from UE/TRP to LMF;
· Note: frequency refers to frequency of carrier or frequency of subcarrier(s)
· Reporting of the determined integer ambiguity and/or the search range of the integer ambiguity from UE/TRP to LMF;

· Reporting of the carrier phase measurements together with the legacy positioning measurements from UE/TRP to LMF;

· Reporting of the new measurements from UE /TRP to LMF, e.g., based on carrier phase differentials across multiple subcarriers within a carrier;
· Note: carrier phase differentials across multiple subcarriers within a carrier can be equivalent to time of arrival
· LMF configure the integer ambiguity range between the TRP and target UE (for UE-based NR CPP).

R1-2212547
FL Summary #3 for improved accuracy based on NR carrier phase measurements
Moderator (CATT)

Agreement
Adopt the following TP for TR 38.859 (Section 6.3.2):

The effectiveness of using round-trip carrier phase technique to mitigate the impact of the initial phases of the transmitter and the receiver on NR carrier phase positioning is evaluated by source [Samsung/R1-2212859] for InF-SH, which shows the horizontal positioning accuracy of:

· 0.5cm @80% with continuous sub-carrier allocation in 10 MHz BW (i.e. with enhanced PRS),

· 1cm @80% with Comb-4 sub-carrier allocation in 10 MHz BW and no sub-carrier offset change between symbols (i.e. with enhanced PRS), and

· 1.5cm @80% with Comb-4 sub-carrier allocation in 10 MHz BW and with sub-carrier offset change between symbols (i.e. with existing PRS).

Note: The evaluation results assumed phase coherency between the transmit path and the receive path of each device
R1-2212937 
FL Summary #4 for improved accuracy based on NR carrier phase measurements
Moderator (CATT)
Agreement
Capture the following TP in the Conclusion of TR 38.859.

Based on the study, it is concluded that it is feasible to use existing DL PRS and SRS signals to obtain the carrier phase measurements for achieving a horizontal accuracy of up to a few centimeters at least at 50% under certain conditions, including the PRU(s) being located in LOS with TRP(s), and the locations of the PRU(s) and TRPs known with centimeter-level accuracy, in the agreed evaluation assumptions.
9.5.2.3 LPHAP (Low Power High Accuracy Positioning)

Including discussions on requirements, evaluations, and potential enhancements.
R1-2210904
Remaining issues for LPHAP
Huawei, HiSilicon

R1-2211015
Discussion on Low Power High Accuracy Positioning
vivo

R1-2211055
Discussions and evaluation of LPHAP enhancements
FUTUREWEI

R1-2211206
Further discussion on Low Power High Accuracy Positioning
CATT

R1-2211239
Discussion on evaluation and solutions for LPHAP
Spreadtrum Communications

R1-2211313
Views on LPHAP
Nokia, Nokia Shanghai Bell

R1-2211371
Discussion on Low Power High Accuracy Positioning
xiaomi

R1-2211407
On Low Power High Accuracy Positioning
Intel Corporation

R1-2211436
Disucssion on Low Power High Accuracy Positioning
OPPO

R1-2211504
Discussion on low power high accuracy positioning
ZTE

R1-2211618
Views on Low Power High Accuracy Positioning
Sony

R1-2211688
Discussion on low power high accuracy positioning
CMCC

R1-2211730
Discussions on Low Power High Accuracy Positioning (LPHAP) techniques
InterDigital, Inc.

R1-2211744
LPHAP considerations
Lenovo

R1-2211925
Discussion on LPHAP in idle/inactive state
LG Electronics

R1-2211991
Discussion on Low Power High Accuracy Positioning
NTT DOCOMO, INC.

R1-2212053
Discussion on LPHAP
Samsung

R1-2212125
Requirements, Evaluations, Potential Enhancements for Low Power High Accuracy Positioning
Qualcomm Incorporated

R1-2212516
Evaluations for Low Power High Accuracy Positioning
Ericsson
R1-2212690
Summary #1 for low power high accuracy positioning
Moderator (CMCC)
Observation

Capture the following as an observation in TR 38.859 Section 6.4.3:

· Evaluation results of extending DRX cycle are provided by 13 sources ([2/HW,Hisilicon], [3/vivo], [4/CATT], [6/Spreadtrum], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE], [12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]) out of 19 sources, the following is observed:

· Results with extended DRX cycle beyond 10.24s provide power saving gains with respect to that with the baseline DRX cycle of 1.28s, and is beneficial towards meeting the battery life requirement as extended DRX cycle beyond 10.24s allows a UE to remain in a deeper sleep state for a longer duration.
· From the evaluations,
· Power saving gains achieved with extended DRX cycle with respect to baseline DRX cycle 1.28s are provided by 2 sources ([3/vivo], [13/CMCC]):
· In [3/vivo], 87%~90% power saving gains are achieved with DRX cycle of 30.72s with respect to that with the baseline DRX cycle of 1.28s;
· In [13/CMCC], 35.05%~53.70% power saving gains are achieved with DRX cycle of 10.24s with respect to that with the baseline DRX cycle of 1.28s, and 37.56%~57.53% power saving gains are achieved with DRX cycle of 20.48s with respect to that with the baseline DRX cycle of 1.28s;
· Results on battery life of extended DRX cycle together with ultra-deep sleep state are provided by 13 sources ([2/HW,Hisilicon], [3/vivo], [4/CATT], [6/Spreadtrum], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE], [12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]), and the target requirement of 6~12 months is achieved by 12 sources in some cases.
Observation

Capture the following as an observation in TR 38.859 Section 6.4.3:

· Evaluation results of UE (re)entering RRC_CONNECTED state to obtain SRS (re)configuration for UL/DL+UL positioning are provided by 7 sources ([2/HW,Hisilicon], [3/vivo], [4/Futurewei], [9/Intel], [11/ZTE], [13/CMCC], [19/Qualcomm], [20/Ericsson]) out of 19 sources, the following is observed:

· UE (re)entering RRC_CONNECTED state to obtain SRS (re)configuration increases power consumption, and results without SRS (re)configuration procedure provide power saving gains with respect to that with (re)entering RRC_CONNECTED state to obtain SRS (re)configuration.

· From the evaluations,

· In [2/HW,Hisilicon], 65.2790% of total power is consumed by SRS (re)configuration for UL positioning; UE (re)entering RRC_CONNECTED state to obtain SRS (re)configuration increases the power consumption by 3 times;

· In [3/vivo], UE (re)entering RRC_CONNECTED state to obtain SRS (re)configuration every 10.24s/20.48s/40.96s increases the power consumption by 8.71%/4.47%/2.23% with DRX cycle of 1.28s and by 13.38%/6.69%/3.34% with DRX cycle of 10.24s;

· In [4/Futurewei], 23.81%~52.62% of total power is consumed by SRS (re)configuration for UL positioning, and 21.65%~26.54% of total power is consumed by SRS (re)configuration for DL+UL positioning;

· In [11/ZTE], 11.6%~34.4% of total power is consumed by SRS (re)configuration for UL positioning with ultra-deep sleep state option 1 with additional transition energy 10000, and 46.2%~77.5% of total power is consumed by SRS (re)configuration for UL positioning with ultra-deep sleep state option 2;

· In [13/CMCC], 11.28%~52.41% of total power is consumed by SRS (re)configuration for UL positioning; Without SRS (re)configuration procedure, 55.07%/20.38%/11.85% power saving gains are achieved for DRX cycle of 1.28s/10.24s/20.48s.

· Evaluation results on battery life assuming no SRS (re)configuration together with ultra-deep sleep state are provided by 11 sources ([2/HW,Hisilicon], [3/vivo], [6/Spreadtrum], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]) out of 19 sources, and the target requirement of 6~12 months is achieved by all 11 sources.

Observation

Capture the following observation in TR 38.859 Section 6.4.3:

· Summary table of results of overall enhancements (Table 8 in Section 3.2.1).

· Evaluation results on the battery life of overall enhancements including at least one or combinations of DRX cycle beyond 10.24s, ultra-deep sleep state, minimized gaps between PRS/SRS/paging/reporting/synchronization, and no SRS (re)configuration procedure, are provided by 13 sources ([2/HW,Hisilicon], [3/vivo], [4/CATT], [6/Spreadtrum], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE],[12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]) out of 19 sources.

· For the evaluation with ultra-deep sleep state option 1 with additional transition energy 10000, results are provided by 13 sources ([2/HW,Hisilicon], [3/vivo], [4/CATT], [6/Spreadtrum], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE],[12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]) out of 19 sources, and the following is observed:
· For the baseline LPHAP Type A device with battery capacity C2 of 800mAh, the target requirement of 6~12 months is achieved by 1 source ([20/Ericsson]) with baseline implementation factor K = 1, and is achieved by 8 sources ([3/vivo], [4/CATT], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE], [13/CMCC], [19/Qualcomm]) with optional implementation factor K;

· For the optional LPHAP Type B device with battery capacity C2 of 4500mAh, the target requirement of 6~12 months is achieved by 8 sources ([3/vivo], [4/CATT], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE], [13/CMCC], [19/Qualcomm]) with baseline implementation factor K = 1, and is achieved by 6 sources ([3/vivo], [6/Spreadtrum], [7/Nokia,NSB], [11/ZTE], [13/CMCC], [19/Qualcomm]) with optional implementation factor K;

· For the evaluation with ultra-deep sleep state option 1 with additional transition energy 5000, results are provided by 4 sources ([3/vivo], [9/Intel], [11/ZTE], [13/CMCC]) out of 19 sources, and the following is observed:
· For the baseline LPHAP Type A device with battery capacity C2 of 800mAh, the target requirement of 6~12 months is achieved by 2 sources ([3/vivo], [9/Intel]) with baseline implementation factor K = 1, and is achieved by 4 sources ([3/vivo], [9/Intel], [11/ZTE], [13/CMCC]) with optional implementation factor K;

· For the optional LPHAP Type B device with battery capacity C2 of 4500mAh, the target requirement of 6~12 months is achieved by 3 sources ([3/vivo], [11/ZTE], [13/CMCC]) with baseline implementation factor K = 1, and is achieved by 3 sources ([3/vivo], [11/ZTE], [13/CMCC]) with optional implementation factor K;

· For ultra-deep sleep state option 2 (including TDMed with ultra-deep sleep option 1 for power cycles in which paging reception is required), results are provided by 4 sources ([2/HW,Hisilicon], [8/xiaomi], [11/ZTE], [13/CMCC]) out of 19 sources, and the following is observed:
· For the baseline LPHAP Type A device with battery capacity C2 of 800mAh, the target requirement of 6~12 months is achieved by 4 sources ([2/HW,Hisilicon], [8/xiaomi], [11/ZTE], [13/CMCC]) with baseline implementation factor K = 1, and is achieved by 2 sources ([11/ZTE], [13/CMCC]) with optional implementation factor K;

· For the optional LPHAP Type B device with battery capacity C2 of 4500mAh, the target requirement of 6~12 months is achieved by 1 source ([13/CMCC]) with baseline implementation factor K = 1, and is achieved by 1 source ([13/CMCC]) with optional implementation factor K;

Agreement
Updated the previous observation in TR 38.859 Section 6.4.3 (editorial modifications references for the sources can be made when incorporating into the TR):

· For the evaluation on the battery life of the baseline LPHAP Type A device with battery capacity C2 of 800mAh:
· Based on the results provided by all sources, the target requirement of 6~12 months is not achieved by the existing Rel-17 positioning for UEs in RRC_INACTIVE state with baseline implementation factor K = 1 and baseline evaluation assumptions.

· Based on the results provided by all sources, the target requirement of 6~12 months is not achieved by the existing Rel-17 positioning for UEs in RRC_INACTIVE state with optional implementation factor K or optional evaluation assumptions.

· For UE-assisted DL positioning, results are provided by 14 sources ([34], [36],  [3/vivo],  [7/Nokia, NSB], [40],  [12/Sony], [43],  [8/xiaomi], [45], [48], [50], [52], [53], [9/Intel]) out of 20 sources, and the following are observed:

· The target requirement of 6 months is achieved by 0 source, and is not achieved by 14 sources ([34],[36], [3/vivo], [7/Nokia, NSB],[40],  [12/Sony],[43], [8/xiaomi],[45],[48],[50],[52],[53], [9/Intel]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, CG-SDT for measurement reporting, and implementation factor K = 4.

· The target requirement of 12 months is achieved by 0 source, and is not achieved by 14 sources ([34],[36], [3/vivo],, [7/Nokia, NSB],[40], [12/Sony],[43], [8/xiaomi],[45],[48],[50],[52],[53], [9/Intel]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, CG-SDT for measurement reporting, and implementation factor K = 4.

· For UE-based DL positioning, results are provided by 11 sources ([34], [36], [3/vivo], [7/Nokia, NSB], [40], [43], [8/xiaomi], [45], [50], [52],[9/Intel]) out of 20 sources, and the following are observed:

· The target requirement of 6 months is achieved by 0 source, and is not achieved by 11 sources ([34],[36], [3/vivo], [7/Nokia, NSB],[40],[43], [8/xiaomi],[45],[50],[52],[9/Intel]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, and implementation factor K = 4.

· The target requirement of 12 months is achieved by 0 source, and is not achieved by 11 sources ([34],[36], [3/vivo], [7/Nokia. NSB],[40],[43], [8/xiaomi],[45],[50],[52],[9/Intel]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, and implementation factor K = 4.

· For UL positioning, results are provided by 13 sources ([34], [36], [3/vivo], [7/Nokia, NSB], [40], [43], [8/xiaomi], [45], [48], [50], [52], [53], [9/Intel]) out of 20 sources, and the following are observed:

· The target requirement of 6 months is achieved by 0 source, and is not achieved by 13 sources ([34], [36], [3/vivo], [7/Nokia, NSB], [40], [43], [8/xiaomi], [45], [48], [50], [52], [53], [9/Intel]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, and implementation factor K = 4.

· The target requirement of 12 months is achieved by 0 source, and is not achieved by 13 sources ([34], [36], [3/vivo], [7/Nokia, NSB], [40], [43], [8/xiaomi], [45], [48], [50], [52], [53], [9/Intel]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, and implementation factor K = 4.

· For DL+UL positioning, results are provided by 1 source ([52]) out of 20 sources, and the following are observed:

· The target requirement of 6 months is achieved by 0 source, and is not achieved by 1 source ([52]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, CG-SDT for measurement reporting, and implementation factor K = 4.

· The target requirement of 12 months is achieved by 0 source, and is not achieved by 1 source ([52]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, CG-SDT for measurement reporting, and implementation factor K = 4.

· For the evaluation on the battery life of the optional LPHAP Type B device with battery capacity C2 of 4500mAh:
· Based on the results provided by all sources, the target requirement of 6~12 months is not achieved by the existing Rel-17 positioning for UEs in RRC_INACTIVE state with the baseline implementation factor K=1 and baseline evaluation assumptions.

· For UE-assisted DL positioning, results are provided by 9 sources ([36], [3/vivo], [7/Nokia, NSB], [12/Sony], [43], [45], [50], [52], [8/xiaomi]) out of 20 sources, and the following are observed:

· The target requirement of 6 months is achieved by 5 sources ([36], ,[45],[52], [8/xiaomi], [10/Sony]) with the implementation factor K = 4 and by 4 sources ([43],[50], [3/vivo], [7/Nokia, NSB]) with the implementation factor K >= 2, and is not achieved by 5 sources with the implementation factor K < 4 ([36] ,[42],[45],[52], [8/xiaomi]) and by 4 sources ([43],[50], [3/vivo], [7/Nokia, NSB]) with the implementation factor K < 2.

· The target requirement of 12 months is achieved by 5 sources ([43],[50],[52], [3/vivo], [7/Nokia. NSB]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, CG-SDT for reporting and implementation factor K = 4, and is not achieved by 9 sources ([36], [3/vivo], [7/Nokia, NSB], [10/Sony],[43],[45],[50],[52], [8/xiaomi]) with the implementation factor K < 4.

· For UE-based DL positioning, results are provided by 8 sources ([36], [3/vivo], [7/Nokia, NSB], [43], [45], [50], [52], [8/xiaomi]) out of 20 sources, and the following are observed:

· The target requirement of 6 months is achieved by 4 sources ([36], [45],[52], [8/xiaomi]) with the implementation factor K = 4 and by 4 sources ([43],[50], [3/vivo], [7/Nokia, NSB]) with the implementation factor K >= 2 , and is not achieved by 4 sources with the implementation factor K < 4 ([36], [45],[52], [8/xiaomi]) and by 4 sources ([43],[50], [3/vivo], [7/Nokia, NSB]) with the implementation factor K < 2;

· The target requirement of 12 months is achieved by 5 sources ([43],[50],[52], [3/vivo], [7/Nokia, NSB]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, and implementation factor K = 4, and is not achieved by 8 sources ([36], [3/vivo], [7/Nokia, NSB], [43], [45], [50], [52], [8/xiaomi]) with the implementation factor K < 4.

· For UL positioning, results are provided by 8 sources ([36], [3/vivo], [7/Nokia, NSB], [43], [45], [50], [52], [8/xiaomi]) out of 20 sources, and the following are observed:

· The target requirement of 6 months is achieved by 4 sources ([36], ,[45],[52], [8/xiaomi]) with the implementation factor K = 4 and by 4 sources ([43],[50],[3/vivo], [7/Nokia, NSB]) with the implementation factor K >= 2, and is not achieved by 4 sources ([36]  ,[45],[52], [8/xiaomi]) with the implementation factor K < 4 and by 4 sources ([43],[50],[3/vivo],[7/Nokia, NSB]) with the implementation factor K < 2;

· The target requirement of 12 months is achieved by 5 sources ([43],[50],[52],[3/vivo],[7/Nokia, NSB]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, and implementation factor K = 4, and is not achieved by 8 sources ([36], [3/vivo], [7/Nokia, NSB], [43], [45], [50], [52], [8/xiaomi]) with the implementation factor K < 4.

· For DL+UL positioning, results are provided by 1 source ([52]) out of 20 sources, and the following are observed:

· The target requirement of 6 months is achieved by 1 source ([52]) with implementation factor K = 4, and is not achieved by 1 source ([52]) with implementation factor K < 4;

· The target requirement of 12 months is achieved by 1 source ([52]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, CG-SDT for measurement reporting, and implementation factor K = 4, and is not achieved by 1 source ([52]) with implementation factor K < 4.

· Note: The implementation factor K is a factor related to the reference device in the model to convert the relative power unit to the battery life. Four values are introduced for K with K = 1 as the baseline and K = 0.5, 2, 4 as optional values. The model is captured in the Annex A.4.

· Note: Without otherwise noted, “high SINR” in the observation refers to the evaluation case that no intra-/inter-frequency RRM and single SSB for synchronization purpose is considered.

Conclusion
The conclusion from RAN1#110bis-e on the benefit of extending paging DRX cycle will be captured in the TR.
From agenda 5
R1-2210804
LS on SRS in multiple cells
RAN2, Huawei

Relevant company tdocs:
R1-2210961
Draft reply LS on SRS on multiple cells
vivo

R1-2211439
Discussion on LS Out on SRS in multiple cells
OPPO

R1-2211494
Draft Reply LS on SRS in multiple cells
ZTE

R1-2211655
Discussion on SRS in multiple cells
CMCC

R1-2212473
Discussion on SRS in multiple cells
Huawei, HiSilicon

R1-2212474
Draft reply LS on SRS in multiple cells
Huawei

R1-2212498
draft reply LS on SRS in multiple cells
Ericsson

To be handled in agenda item 9.5. RAN1 response needed. To be moderated by Su (Huawei).

R1-2212726
Summary #1 of SRS in multiple cells
Moderator (Huawei)
R1-2212727
Draft Reply LS on SRS in multiple cells
Moderator (Huawei)

R1-2212728
Reply LS on SRS in multiple cells
RAN1, Huawei
Agreement
Reply to RAN2 with regards to the feasibility of SRS in multiple cells as the following

· SRS positioning configuration for LPHAP across multiple cells is feasible from RAN1’s perspective after checking the potential issues of interference, timing alignment (depending on uplink synchronization conditions), spatial relation, and power control, with or without potential enhancements depending on deployment conditions.
Agreement

The draft LS in R1-2212727 is endorsed.
Final LS reply to RAN2 on SRS in multiple cells is agreed in R1-2212728.

From agenda 5
R1-2210825
LS on LPHAP information delivery to RAN
SA2, Huawei

Relevant company tdocs:
R1-2210958
Draft reply LS on LPHAP information delivery to RAN
vivo

R1-2211139
Discussion on LPHAP information delivery to RAN
CATT

R1-2211140
Draft reply LS on LPHAP information delivery to RAN
CATT

R1-2211497
Draft Reply LS on LPHAP information delivery
ZTE

R1-2212476
Discussion on LPHAP information delivery to RAN
Huawei, HiSilicon

R1-2212477
Draft reply LS on LPHAP information delivery to RAN
Huawei

R1-2212500
draft Reply LS on LPHAP information delivery to RAN
Ericsson

To be handled in agenda item 9.5. RAN1 response needed. To be moderated by Su (Huawei).

R1-2212723
Summary #1 of LPHAP information delivery to RAN
Moderator (Huawei)
R1-2212724
Draft Reply LS on LPHAP information delivery to RAN
Moderator (Huawei)

R1-2212725
Reply LS on LPHAP information delivery to RAN
RAN1, Huawei
Agreement
Reply to SA2 with regards to LPHAP information delivery to RAN as the following.

· RAN1 currently has not identified the need from the physical layer perspective for SA2 to consider LPHAP information delivery to RAN before the positioning procedure is triggered.
Agreement

The draft LS in R1-2212724 is endorsed.
Final LS reply to SA2 on LPHAP information delivery to RAN is agreed in R1-2212725.

R1-2212691
Summary #2 for low power high accuracy positioning
Moderator (CMCC)
Observation

Capture the following as an observation in TR 38.859 Section 6.4.3:
· Evaluation results of minimized gaps between PRS/SRS/paging/reporting/synchronization are provided by 10 ([2/HW,Hisilicon], [3/vivo], [6/Spreadtrum], [8/xiaomi], [11/ZTE], [12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]) sources out of 19 sources, the following is observed:

· Minimizing gaps between PRS/SRS/paging/reporting/synchronization reduces power consumption, and results with minimized gaps between PRS/SRS/paging/reporting/synchronization provide power saving gains with respect to that without minimized gaps. 

· From the evaluations, 

· Comparative results with and without optimization of minimized gaps between PRS/SRS/paging/reporting/synchronization are provided by 3 sources ([12/Sony], [13/CMCC], [20/Ericsson]):

· In [12/Sony], 8%~35% and 12.7%~44.5% power saving gains are achieved for DRX cycle 1.28s and 13.2% and 34% power saving gains for DRX cycle 10.24 sec, with minimized gaps between PRS/SRS/paging/reporting/synchronization with sleep states in TR 38.840 and ultra-deep sleep state option 1 with additional transition energy 10000;

· In [13/CMCC], 5.48%~15.59%, 1.05%~3.60%, and 0.54%~1.96% power saving gains are achieved with minimized gaps between PRS/SRS/paging/reporting/synchronization for DRX cycle 1.28s, 10.24s, and 20.48s with sleep states in TR 38.840; 17.14%~33.33% power saving gains are achieved with minimized gaps between PRS/SRS/paging/reporting/synchronization for DRX cycle of 20.48s with ultra-deep sleep option 1.

· Results on battery life of assuming minimized gaps between PRS/SRS/paging/reporting/synchronization together with DRX cycle equal to or larger than 10.24s and ultra-deep sleep state are provided by 10 sources ([2/HW,Hisilicon], [3/vivo], [6/Spreadtrum], [8/xiaomi], [9/Intel], [11/ZTE], [12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]), and the target requirement of 6~12 months is achieved by 9 sources.

· Results of paging and/or PEI triggered positioning are further provided by 2 sources ([11/ZTE], [18/Samsung]) based on minimized gaps, which is beneficial to improve battery life as it allows a UE to perform positioning measurement and/or reporting behaviors:

· In [11/ZTE], PEI triggered positioning improves battery life by 0.24~1.64 months, for DRX cycle 10.24s, with multiple ultra-deep sleep state options;

· In [18/Samsung], paging triggered positioning improves battery life by 0.08 (6.02%) ~0.17 (7.98%) months for DL positioning, and by 0.02 (1.71%)~0.05 (1.96%) months for UL positioning; PEI triggered positioning improves battery life by 0.09 (6.77%) ~0.62 (29.11%) months for DL positioning, and by 0.04 (2.90%) ~0.47 (20.61%) months for UL positioning, for DRX cycle 10.24s and 20.48s, and ultra-deep sleep state option 1 with additional transition energy 10000.

· Results on battery life of skipping paging reception are further provided by 1 source ([2/HW, HiSilicon] out of 19 sources, configuring a DRX cycle longer than positioning periodicity (up to 81.92s) or without paging reception can achieve 44.32%~89% power saving gain and is beneficial to improve battery life as it allows a UE to wake up using ultra-deep sleep state option 2 when only performing positioning related operations to achieve the target requirement of LPHAP. When UE wakes up to perform other operations than just positioning related operations, the UE uses ultra-deep sleep state option 1.
· Results of only using TRS-based synchronization in adjacent slot to SRS is are further provided by 1 source ([2/HW,HiSilicon]) under ultra-deep sleep state option 2 without paging reception, which achieves 23.33% power saving gain and further improves battery life with respect to that using SSB-based synchronization for UL positioning.

Observation for TR 38.859 Section 6.4.3:
· Evaluation results of simplified PRS configuration on both battery life and accuracy are provided by 1 source ([11/ZTE]) out of 19 sources, the following is observed:

· In the case of K=1, C2=800, DRX cycle = 10.24s with ultra-deep sleep option 2, 1-symbol PRS can satisfy 6-month battery life but more than 1 symbol PRS cannot.
· The positioning accuracy of 1-symbol PRS and comb size > 12 barely reduces and can meet the accuracy requirement in some cases.
Agreement
· For the conclusion section of the TR: 

· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, the enhancements on SRS for positioning in order to avoid frequent RRC connection for SRS (re)configuration is recommended for normative work. 
· For the potential specification impact section of the TR:

· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, the details of solutions for enhancements on SRS for positioning to avoid frequent RRC connection for SRS (re)configuration can be further discussed during normative work, which may include but are not limited to one or combinations of the following:

· SRS for positioning configurations in multiple cells. 
· Note: Details including issues such as interference, timing advance, spatial relation information, pathloss reference and common SRS parameters across multiple cells can be further discussed during normative work.
· Pre-configuration of one or multiple SRS for positioning configurations.
· SRS for positioning activation/request procedure(s).
R1-2212692
Summary #2 for low power high accuracy positioning
Moderator (CMCC)

Agreement
Extending DRX cycle beyond 10.24s was studied and found beneficial towards meeting the battery life requirement for LPHAP, and is recommended for normative work on Rel-18 positioning enhancements from RAN1’s perspective. 

· Note: no RAN1 specification impact has been identified

Agreement
From RAN1’s perspective, DL PRS measurement for UEs in RRC_IDLE state is recommended for the normative work.

Agreement
For the conclusion section of the TR:

· Enhancements on simplified DL PRS configuration with 1-symbol PRS can be studied further and if needed, specified during normative phase. 

R1-2212928
Summary #4 for low power high accuracy positioning
Moderator (CMCC)
Agreement
For the conclusion section of the TR:
The study of Rel-18 LPHAP focuses on the evaluation of whether the existing Rel-17 positioning techniques for UEs in RRC_INACTIVE state can support the battery life and positioning requirements, and on the analysis of potential enhancements to address any limitations for UEs in RRC_INACTIVE and/or RRC_IDLE states, as outlined in Clause 6.4.
The target use case for LPHAP is studied and confirmed that the use case 6 defined by SA1 as the single representative use case. The performance requirement of LPHAP use case 6 is defined, including horizontal accuracy, positioning interval, and battery life. It is assumed that the target horizontal positioning accuracy requirement on LPHAP of <1m can be achieved by Rel-16/17 positioning techniques with a positioning bandwidth of at least 100MHz. The main objective of the LPHAP evaluations from the perspective of lower layers is on UE power consumption, as outlined in Clause 6.4.1.
The evaluations on the existing Rel-17 positioning techniques for UEs in RRC_INACTIVE state show that the target battery life required by LPHAP use case 6 cannot be satisfied for majority of the evaluation scenarios that are examined. Based on the evaluation, it is concluded that enhancements to meet the target battery life in Rel-18 are necessary.
The following enhancements are recommended for normative work:

· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, the enhancements on SRS for positioning in order to avoid frequent RRC connection for SRS (re)configuration is recommended for normative work.

· Extending DRX cycle beyond 10.24s was studied and found beneficial towards meeting the battery life requirement for LPHAP, and is recommended for normative work on Rel-18 positioning enhancements from physical layer’s perspective.

· From physical layer’s perspective, DL PRS measurement for UEs in RRC_IDLE state is recommended for the normative work.

9.5.3 Positioning for RedCap UEs
Including performance evaluation of existing positioning procedures and measurements with RedCap UEs. The result of the evaluation will be used to assess the necessity of enhancements and, if needed, identify enhancements.
R1-2210905
Remaining issues of RedCap positioning
Huawei, HiSilicon

R1-2210921
Discussion on Positioning for RedCap UEs
Quectel

R1-2211016
Discussion on positioning for RedCap UEs
vivo

R1-2211207
Further discussion on positioning for RedCap UEs
CATT

R1-2211314
Views on Positioning for RedCap UEs
Nokia, Nokia Shanghai Bell

R1-2211408
Enhancements for positioning for RedCap UEs
Intel Corporation

R1-2211437
Discussion on Positioning for RedCap Ues
OPPO

R1-2211505
Discussion on Positioning for RedCap UE
ZTE

R1-2211619
Views on positioning for RedCap UEs
Sony

R1-2211689
Discussion on RedCap positioning
CMCC

R1-2211732
Discussions on positioning for RedCap UEs
InterDigital, Inc.

R1-2211741
Public Safety Personal Protection Equipment (PPE)
FirstNet, AT&T, UK Home Office, Erillisverkot, MINISTERE DE L’INTERIEUR, SyncTechno Inc., Softil, Nkom

R1-2211745
Positioning for RedCap devices
Lenovo

R1-2211819
On Positioning for RedCap UEs
Apple

R1-2211926
Discussion on positioning support for RedCap Ues
LG Electronics

R1-2211992
Discussion on positioning for RedCap UEs
NTT DOCOMO, INC.

R1-2212054
Discussion on Positioning for RedCap UEs
Samsung

R1-2212126
Positioning for Reduced Capabilities UEs
Qualcomm Incorporated

R1-2212180
Views on positioning for RedCap UEs
Sharp

R1-2212197
The potential solutions for RedCap UEs for positioning
MediaTek Inc.

R1-2212368
Discussion on positioning support for RedCap UEs
NEC

R1-2212517
Positioning for RedCap Ues
Ericsson
R1-2212601
Feature lead summary #1 for Positioning for RedCap UEs
Moderator (Ericsson)

Agreement
Update the following observations in the TR
Observation

Regarding the performance for positioning of Redcap UEs using frequency hopping in IIoT scenarios, considering phase offset between hops:

·  In FR1, based on the results provided by the following sources, 

· if the phase offset between hops in Frequency hopping is compensated, for InF SH the positioning requirement for IIOT use cases can be achieved using frequency hopping with partial overlap for the purpose of phase offset compensation,  

· Sources in R1-2208457 show that UL TDOA can meet the requirements

· Sources in R1-2208457, R1-2209217, R1-2211016 show that DL TDOA can meet the requirements

· Sources in R1-2208652, show that the requirement cannot be met, even if the phase is compensated. 

· If the phase offset between hops in Frequency hopping is not compensated

· Sources in R1-2209217 and R1-2211619 show that DL TDOA can meet the requirements if the random phase offset is set to be equal or smaller than 0.52*2π.

· Sources in R1-2211732 show that DL TDOA cannot meet the requirement with the random phase offset distributed from [-π, π].

· If the phase offset is ideally compensated 

· Sources in R1-2208652, show that DL TDOA can meet the requirements

· In FR2, based on the results provided by the following sources,

· R1-2209994 observed that the requirements can be met even if the phase is not compensated

· R1-2209217 observed that PRS frequency hopping can improve positioning performance if the random phase between hops can be adjusted in FR2, InF-SH scenario.

· Note: Sources used different combinations of number of hops, gap size between hops and partial overlap sizes in their evaluations

· Note: Editorial modifications and addition of references for the sources may be added by the rapporteur when capturing the agreement in the TR, including replacing sources by references and providing the number of sources in the main bullet points, and including additional sources and other revisions. 

Observation

Regarding the performance for positioning of Redcap UEs using Rx hopping for reception of the DL PRS or Tx hopping for transmission of the UL SRS in IIoT scenarios, considering time gap between hops:

·  In FR1 for InF SH, based on the results provided by the following sources, 

· For UL-TDOA, source in R1-2210905 shows that the requirement can be met for a gap of 1ms and cannot be met for a gap of 5ms. 

· For DL-TDOA, source in R1-2210905 shows that the requirement can be met for a gap of 1ms and cannot be met for a gap of 5ms. 

· For DL-TDOA, source in R1-2212743 shows that the requirement can be met for a gap of 1ms and cannot be met for a gap of more than 2ms

· For DL-TDOA, source in R1- 2211016 shows that the requirement can be met for a gap of 4ms 

· For DL-TDOA, source in R1- 2212517 shows that the requirement can be met for a gap of 5ms 

Observation
Regarding the performance for positioning of Redcap UEs using Rx hopping for reception of the DL PRS or Tx hopping for transmission of the UL SRS in IIoT or commercial scenarios, considering time gap between hops together with UE speed:

· In FR1, for InF SH based on the results provided by the following sources, 

· For UL-TDOA, source in R1-2210905 shows that the horizontal accuracy requirement can be met for a gap of 140us for UE speed of up to 120km/h 

· For DL-TDOA, source in R1-2211016 shows that the horizontal accuracy requirement can be met for a gap of 2 or 4 ms for UE speed of up to 30km/h, and cannot be met for 60km/h 

· For DL-TDOA, source in R1-2212743 shows that the requirement can be met for a gap of 0.1ms for UE speed of up to 150km/h; the horizontal accuracy requirement can be met for a gap of 0.2ms for UE speed of up to 60km/h; the horizontal accuracy requirement can be met for a gap of 0.5ms for UE speed of up to 30km/h; the horizontal accuracy requirement can be met for a gap of 1ms, 2ms, 5ms for UE speed of up to 3km/h.

· In FR1, for UMi, based on the results provided by the following sources, 

· For multi-RTT, source in R1-2212126 shows that the requirement for commercial scenarios cannot be met, but performance of frequency hopping with 5 hops and 640 usec switching gap degrades only marginally for speeds of 30 or 60 kmh over 3kmh.

Observation
Regarding the performance for positioning of Redcap UEs using Rx hopping for reception of the DL PRS in IIoT scenarios, considering timing error during the frequency hopping:
· In FR1, for InF SH based on the results provided by the following sources, 

· For DL-TDOA, source in R1-2211016 shows the IIOT horizontal accuracy requirement cannot be met if the timing error is 3ns

· For DL-TDOA, source in R1-2212743 shows the IIOT horizontal accuracy requirement can be met if the timing error is 2ns, but cannot be met if the timing error is 3ns

Observation

In FR1, for InF-SH, the performance of carrier phase positioning with RedCap UEs using 20MHz of bandwidth was evaluated without modeling the agreed error sources
· Sources in [R1-2211016] [R1-2211207] show that a redcap UE using CPP can meet the IIOT requirement under ideal conditions and known integer ambiguity.

· Source in [R1-2212743] shows that a redcap UE using CPP cannot meet the IIOT requirements with a fixed search range of integer ambiguity.

· Source in [R1-2211016] shows that with an estimated integer ambiguity, a redcap UE using CPP cannot meet the IIOT requirements

· Source in [R1-2212054] shows that a redcap UE using CPP can meet the IIOT requirements, under some conditions for integer ambiguity resolution.

· Source in [R1-2212517] shows that a redcap UE using CPP can meet the IIOT requirements if frequency hopping enhancements are also used and cannot meet the IIOT requirements without enhancements. 

· Source in [R1-2212126] shows that a redcap UE using phase-difference AoD improves performance over RSRPP-based AoD but cannot meet the IIoT requirements.
R1-2212602
Feature lead summary #2 for Positioning for RedCap UEs
Moderator (Ericsson)

R1-2212603
Feature lead summary #3 for Positioning for RedCap UEs
Moderator (Ericsson)

Agreement
Capture the following in the TR conclusions:

· From RAN1 perspective, for positioning of RedCap UEs, support of PRS frequency hopping and SRS frequency hopping is recommended for normative work.

· During the normative phase, the complexity of the corresponding capabilities for RedCap UEs should be addressed for the introduction of appropriate capabilities for RedCap UEs.
Agreement
The observation for baseline performance for positioning of RedCap UEs for IIOT scenarios is updated as follow:

Observation

Capture the following observations in the TR, regarding the baseline performance for positioning of Redcap UEs for IIOT scenarios:

· Based on the results provided by a majority of X sources, for InF-SH in FR1, the horizontal positioning requirement for IIOT use cases is not achieved by Rel.17 solutions using 5MHz or 20MHz of bandwidth.

· Sources in R1-2208457, R1-2210179 show that UL TDOA cannot meet the requirement

· Sources in R1-2209994, R1-2210179 show that multi-RTT cannot meet the requirement

· Sources in R1-2208803, R1-2208985, R1-2209061, R1-2209108, R1-2209153, R1-2209217, R1-2209491, R1-2209740, R1-2210179, R1-2212054, R1-2211314 show that DL-TDOA cannot meet the requirement

· Source in R1-2208652 shows that the requirement can be met using 20MHz of bandwidth.

· Source in R1-2208652 shows that the requirement cannot be met using 5MHz of bandwidth.

· Source in R1-2211926 shows that UL-AoA cannot meet the requirement 

· Source in R1-2212126 shows that DL-AoD cannot meet the requirement 

· Based on the results provided by a majority of X sources, for InF-SH in FR2, the horizontal positioning requirement for IIOT use cases is achieved by Rel.17 solutions using 100MHz of bandwidth.

· Sources in R1-2209994 show that multi-RTT can meet the requirement

· Sources in R1-2209217 show that DL-TDOA can meet the requirement

· Based on the result provided by the following source, for InF-DH in FR1, the horizontal positioning requirement for IIOT use cases is not achieved by Rel.17 solutions using 20MHz of bandwidth.

· Source in R1-2209108, R1-2211437, R1-2212743 show that the requirements for IIOT use cases cannot be met for InF-DH. 

Agreement
The observation for baseline performance for positioning of RedCap UEs for commercial scenarios is updated as follow:
Observation
· Based on the results provided by R1-2208457 and R1-2211016, for Umi in FR1, the horizontal positioning requirement for commercial use cases is not achieved by Rel.17 solutions using 5MHz or 20MHz of bandwidth and UL-TDOA. 

· Based on the results provided by R1-2209740 and, R1-2211016, R1-2212743 and R1-2212054, for Umi in FR1, the horizontal positioning requirement for commercial use cases is not achieved by Rel.17 solutions using 5MHz or 20MHz of bandwidth and DL-TDOA.

· Based on the results provided by R1-2209994 and R1-2211016, for Umi in FR1, the horizontal positioning requirement for commercial use cases is not achieved by Rel.17 solutions using 20MHz or 5 MHz of bandwidth and multi-RTT.

R1-2212949
Feature lead summary #4 for Positioning for RedCap Ues
Moderator (Ericsson)
Agreement
Capture the following in section 6.5.3 of the TR:

The following has been identified for potential specification impact of NR positioning for RedCap UEs:

· Maximum tolerable phase error, timing gap, and timing error between hops

· Considerations for IIoT, commercial, Public Safety and V2X scenarios, and UE capabilities

· Details on the Tx or Rx hopping pattern(s), including frequency overlapping between hops, if supported.

