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Introduction
This is to provide text proposal of TR 38.859 for Expanded and Improved NR Positioning from RAN2 based on the previous agreement reached in RAN2#119-e, #119bis-e and #120. 
Text Proposal
/****Start of the changes****/
[bookmark: _Toc112369668][bookmark: _Toc117437882]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[bookmark: _Hlk111057624][1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TR 38.857: "Study on NR positioning enhancements".
[3]	3GPP TR 38.845: "Study on scenarios and requirements of in-coverage, partial coverage, and out-of-coverage NR positioning use cases".
[4]	3GPP TS 22.261: "Service requirements for the 5G system".
[5]	3GPP TR 22.855: "Study on ranging-based services".
[6]	3GPP TS 22.104: "Service requirements for cyber-physical control applications in vertical domains".
[7]	RP-213588: "New SID on Study on expanded and improved NR positioning".
[8]	3GPP TR 37.885: "Study on evaluation methodology of new Vehicle-to-Everything (V2X) use cases for LTE and NR".
[9]	3GPP TR 36.885: "Study on LTE-based V2X Services".
[10]	3GPP TR 36.843: "Study on LTE Device to Device Proximity Services".
[11]	3GPP TR 38.901: "Study on channel model for frequencies from 0.5 to 100 GHz".
[12]	3GPP TR 38.855: "Study on NR positioning support".
[13]	3GPP TR 38.840: "Study on User Equipment (UE) power saving in NR".
[14]	3GPP TR 38.802: "Study on New Radio Access Technology - Physical Layer Aspects".
[15]	3GPP TR 38.830: "Study on NR coverage enhancements".
[1x]	3GPP TR 23.700-86: "Study on Architecture Enhancement to support Ranging based services and sidelink positioning".
Definitions of terms, symbols and abbreviations
[bookmark: _Toc117437883]Terms
For the purposes of the present document, the terms given in TR 21.905 [6] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [6].
/**unchanged Skipped**/
SLPP: Protocol for Sidelink positioning procedures between UEs.

/**unchanged Skipped**/
[bookmark: _Toc117437894]5	Sidelink Positioning
/**unchanged Skipped**/
5.2.2	Potential Architecture and Signalling Procedures for Sidelink Positioning
5.2.2.x	Potential Architecture for SL Positioning
Sidelink positioning in-coverage, partial coverage and out-of-coverage scenarios may be supported. In partial coverage scenarios, either of UEs including target UE and one or multiple anchor UEs may be OOC, but with at least one UE being in coverage. 
The architecture and signaling procedures are studied to support below operation scenarios:
-	Operation Scenario 1: PC5-only-based positioning.
-	Operation Scenario 2: Combination of Uu- and PC5-based positioning.
NOTE:	How to enable the procedures/signaling for supporting SL positioning in partial coverage will be further discussed in normative work.
RAN2 follow SA2 on the architecture, including the possibility of a UE as a location server.  RAT-independent SL positioning is not considered in this release. RAN2 waits for SA2 on the triggering of the positioning procedures from upper layers. 
5.2.2.y	Sidelink Positioning Protocol(SLPP) 
With regards to the sidelink positioning procedures between UEs, SLPP is introduced to support at least the following functionalities:
-	SL Positioning Capability Transfer
-	SL Positioning Assistance Data exchange
-	SL Location Information Transfer
-	Error handling
-	Abort
The cast type for SLPP signalling is studied, including unicast, groupcast and broadcast.
Unicast/one-to-one operation is assumed as baseline for exchange of SLPP signaling between UEs. Unicast SLPP session-based operation is supported. At least “centralized” operation is supported, i.e., operation where one UE performs range and/or position calculations based on measurement/location information relating to itself and/or other UEs. It is feasible to send at least the following positioning signaling for groupcast/broadcast (in addition to unicast) from RAN2’s perspective:
· SL positioning capability
· SL positioning assistance data
Location information is not excluded and can be further considered in normative work.
RAN2 will further discuss in normative work:
-	The security issues (e.g., requirements for ciphering and/or integrity) on specific information of SL positioning capability and assistance data in groupcast/broadcast. 
-	The use cases for applying groupcast/broadcast.
Both session-based and session-less operation for sidelink positioning signalling are studied.
Sidelink positioning supports a session-based concept in SLPP, in which signalling messages within a session can be associated with one another by the involved UEs. The relationship to upper-layer designs from SA2 can be discussed during normative work.
FFS if there is also session-less operation and what aspects of session-based operation would not be included.
At least in the case that positioning methods are supported that do not require a mutual exchange of SLPP messages associated with one another among UEs, SLPP session-less operation can be supported. FFS if session-less operation can be operated with security.
If it is determined to support group positioning, it is feasible to perform at least ranging with the estimate calculation at multiple UEs.
SLPP is a separate ASN.1 module from LPP (this does not necessarily imply whether it is included in 37.355).
For the transport layer of SLPP, RAN2 agrees to down select between PDCP and PC5-U.

5.2.2.z	Singaling between UE and LMF
The potential impact to LPP for the support of sidelink positioning procedures between UE and LMF is studied.  Protocol between UE and LMF for hybrid PC5+Uu positioning and PC5-only positioning in-coverage will be down-selected from the following options during normative work.
-	Extension of LPP, whereby new signaling shall be defined to support hybrid Uu and PC5 based positioning, i.e. extend the existing LPP to support sidelink based positioning between UE and LMF
-	Enhancement of LPP whereby SLPP/RSPP signaling can be transported within LPP transparently, i.e. use the newly defined SLPP/RSPP to support sidelink based positioning and use the existing LPP to support Uu based positioning; and the SLPP/RSPP is carried as a container in LPP
-	Use of SLPP/RSPP between the UE and the LMF
The details of functionalities of LMF for supporting SL positioning will be discussed in normative work.

/**unchanged Skipped**/
[bookmark: _Toc117437898]5.4	Potential specification impact for Sidelink Positioning 
RAN2 studied that there is potential specification impact for Sidelink Positioning including: 
· Introduce a new protocol for sidelink positioning procedures between UEs, FFS where it is specified.
· The new protocol is a separate ASN.1 module from LPP (this does not necessarily imply whether it is included in 37.355).
-	Singaling between LMF and UE will be down-selected during normative work.
6	Positioning Enhancements for Improved Integrity, accuracy, and power efficiency
/**unchanged Skipped**/
[bookmark: _Toc117437904]6.1	Integrity for RAT-Dependent Positioning Techniques
6.1.1	Identification of error sources
6.1.2	Methodologies, procedures and signalling for determination of positioning integrity
6.1.2.x	Integrity Principle of Operation
Reuse the concepts and principles developed for RAT-Independent GNSS positioning integrity for RAT-Dependent positioning integrity.
Both UE-based and LMF-based integrity for RAT-dependent cases are studied and supported in integrity for RAT-dependent positioning.
Use DNU flag for RAT-dependent integrity, with the meaning that the concerned assistance data cannot be used for integrity calculation but may be usable for positioning.  Signalling details and relation to error sources can be determined in normative work.  FFS which positioning methods are affected based on the progress in RAN1.
6.1.2.y	Signalling for UE-Based positioning integrity
R17 UE-based integrity mode signaling can be used as baseline at least with the following aspects:
UE sends capability info to LMF on integrity for UE-based mode using LPP capability transfer procedure.
-    LMF sends the assistance data for integrity calculation to UE. LMF provides, in assistance data, the information of error sources (e.g., originated from RAN node) to UE for integrity in UE-based mode.
-    LMF sends integrity requirement e.g., TIR to UE in LPP request location information message for integrity of UE-based mode.
-    UE sends integrity result to LMF using LPP location information Transfer message.
6.1.2.z	Signalling for LMF-Based positioning integrity
RAN2 studied LMF-based positioning integrity mode [2], and have identified the following impacts to signaling :
-	UE sends capability info to LMF for LMF-based positioning integrity mode using LPP capability transfer procedure
-	LMF sends the request of results related to integrity for integrity error sources to UE for integrity of LMF-based mode
-	LMF sends the request of results related to integrity for integrity error sources to RAN for integrity of LMF-based mode  
-	RAN sends results related to integrity to LMF using NRPPa message 
NOTE: For UL positioning only case, if any UE originated error source is identified, LMF won’t request UE to provide the UE originated error sources and UE won’t provide them.
NOTE: The signalling to transmit integrity KPI and integrity results is discussed during normative work.
NOTE: whether UE sends results related to integrity to LMF using LPP message or not is discussed during normative work.
6.1.3	Summary of Evaluation Results for Integrity for RAT-Dependent Positioning Techniques
6.1.4	Potential Specification Impact for Integrity for RAT-Dependent Positioning Techniques
Signalling design of both UE based and LMF based integrity can be supported.

/**unchanged Skipped**/
6.4	Low Power High Accuracy Positioning
/**unchanged Skipped**/
[bookmark: _Toc117437916]6.4.1	Target use cases and requirements for Low Power High Accuracy Positioning
[bookmark: OLE_LINK1]Use case 6 defined in TS 22.104 [6] is the single representative use case for the study of LPHAP. 
For LPHAP, the main objective of the evaluations from the perspective of lower layers is on UE power consumption.
At least relative power unit is adopted as the performance metric to evaluate the power consumption of the Rel-17 RRC_INACTIVE state positioning and potential enhancements.
A reference device (e.g., a mobile phone) with reference traffic type, reference battery capability, and reference battery life is defined for the purpose of identification of the performance gap that achieved by the Rel-17 RRC_INACTIVE state positioning baseline and the target battery life of LPHAP use case 6.
For the service type, at least the ‘Low Power Periodic and Triggered 5GC-MT-LR Procedures’ in TS 23.273 is supported.

6.4.x	Potential Enhancements for Low Power High Accuracy Positioning
6.4.x.y Physical Layer Aspects
/**unchanged Skipped**/
6.4.x.z Higher Layer Aspects
The potential enhancements for Low Power High Accuracy Positioning in higher layer aspect are studied as below:
a.	Enhancements on SRS configuration
Higher layer studied the following candidate enhancements on SRS configuration.
-	Validity area mechanism
SRS positioning validity area for UL positioning in RRC_INACTIVE can avoid reconfiguration of SRS configuration upon cell reselection and is recommended for normative work from RAN2’s perspective if feasible from RAN1’s perspective.
The solution should not require the gNB to monitor multiple SRS configuration simultaneously for a UE.
-	SRS configuration request
SRS configuration request can be discussed during normative work from RAN2 perspective. Scenarios requiring SRS configuration request include:
· 	Scenario1: During the UL positioning procedure, when the SRS configuration turns invalid, e.g., when the UE moves out of the SRS positioning validity area.
· 	Scenario2: At the initiation of UL positioning procedure when an event is detected.
Detailed solution for the SRS update, e.g., with RRC message, UL MAC, or NG-AP message can be discussed in the WI phase.
-	Pre-configure multiple SRS
Pre-configuration of multiple SRS configurations (e.g., for multiple SRS positioning validity areas) is feasible from RAN2 perspective and can be discussed in normative work. 
The pre-configuration of multiple SRS configurations can be delivered to the UE either by dedicated signalling or SI broadcast.
Editor’s NOTE: The concerns on interference issues with SRS configurations across multiple cells and about the validity of SRS parameters, such as interference, timing alignment, spatial relation, and which SRS parameters can be valid across multiple cells, need to wait for RAN1’s response.
b.	Enhance DL-PRS configuration
Alignment between DRX and PRS is beneficial from power saving point of view for LPHAP and is recommended to normative work. Two directions of solutions for DRX/PRS alignments are considered: 
-     PRS alignment with fixed DRX
-     DRX alignment with fixed PRS
Solutions for the PRS/DRX alignment, e.g., LMF-based/UE-based solution, is to be discussed.
Impacts to different RRC states (RRC_INACTIVE and RRC_IDLE) is to be discussed.
c.	Exposure of LPHAP information to the gNB and/or LMF
Exposure of LPHAP information to the gNB and/or LMF (e.g., as a UE capability) can be discussed in normative work if any enhancement for LPHAP is agreed, taking into account any guidance from SA2.
d.	Positioning in RRC_IDLE state
-    DL positioning in RRC_IDLE is recommended to normative work from R2’s perspective if power saving benefits are confirmed by R1.
Measurement is performed in RRC_IDLE while measurement report is sent in RRC_CONNECTED.
Feasibility of measurement report in msg5 should be evaluated with SA2/3 involved.
Whether the CN can handle the measurement reports from the UE in RRC_CONNECTED, while the positioning measurement was performed in RRC_IDLE, can be evaluated in the WI phase with SA2 involved.
-     Leave the evaluation of whether UL positioning in RRC_IDLE is feasible to R1.
e.	Paging relaxation
Paging relaxation by skipping paging reception in RRC_INACTIVE for LPHAP is beneficial from power saving point of view and feasible from R2’s perspective. Skipping paging reception in RRC_INACTIVE is recommended for normative work from R2’s perspective for achieving LPHAP requirements, if feasible and beneficial from RAN1 perspective. 
The power saving gain can be further evaluated in R1. Impacts of skipping paging for UE in RRC_INACTIVE to the core network could be evaluated with SA2 involved in the WI phase.

[bookmark: _Toc117437924]7	Conclusions
7.w Sidelink Positioning
Sidelink positioning is recommended for normative work, including:
-    Sidelink positioning in-coverage, partial coverage and out-of-coverage scenarios may be supported.  
-    How to enable the procedures/signaling for supporting SL positioning in in-coverage, partial coverage and out-of-coverage scenarios will be further discussed in normative work.
-    Protocols between UE and UE
-    RAN2 will enable the support of SL-PRS configuration in normative work based on the progress in RAN1.
-    RAN2 will design protocol and procedures for SL positioning between UEs (SLPP) in normative work.
-   Protocols between LMF and UE
-    RAN2 will discuss the details of functionalities of LMF for supporting SL positioning in normative work.
-    RAN2 will discuss the protocol details to support sidelink positioning procedures between UE and LMF in normative work.

7.x Integrity for RAT-Dependent Positioning Techniques
Both UE-based and LMF-based integrity for RAT-Dependent Positioning Techniques are recommended for normative work.

7.y Low Power High Accuracy Positioning
LPHAP is recommended for normative work, including:
-    Enhancements on SRS configuration
-    SRS positioning validity area for UL positioning in RRC_INACTIVE is recommended for normative work from R2’s perspective if feasible from R1’s perspective.
-    SRS configuration request can be discussed during normative work from RAN2 perspective.
-    Pre-configuration of multiple SRS configurations (e.g., for multiple SRS positioning validity areas) is feasible from RAN2 perspective and can be discussed in normative work.
-    Alignment between DRX and PRS is recommended to normative work.
-    DL positioning in RRC_IDLE is recommended to normative work from R2’s perspective if power saving benefits are confirmed by R1.
-    Skipping paging reception in RRC_INACTIVE is recommended for normative work from R2’s perspective for achieving LPHAP requirements, if feasible and beneficial from RAN1 perspective. 

7.z RedCap Positioning
The potential specification impact for the RedCap positioning are studied in higher layer, and agreed that the decision on RedCap positioning recommendation is left to RAN1. No recommendation is needed from RAN2.


1. References
[1] RP-213588, Revised SID on Study on expanded and improved NR positioning, Intel, December 2021.
[2] R1-2204805, Study on expanded and improved NR positioning, Intel, CATT, Ericsson, RAN1 #109-e, May 2022.
[3] R2-2210804, Report from session on positioning and sidelink relay, RAN2 #119bis-e, Oct 2022.
[4] R2-2213148, Summary of [AT120][418][POS] TP to TR 38.859 (CATT).




7/8
