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[bookmark: _Ref131412611]1	Introduction
[bookmark: _Ref178064866]GNSS positioning enhancements have been evolving in LPP since Release 15, including:
· Support for OSR/RTK, Release 15, see WID: LCS_LTE_acc_enh [1]
· Support for SSR, Release 16, see WID: NR_Pos [2]
· Support for GNSS Integrity, Release 17, see WID: NR_pos_enh [3]
· TEI18 enhancements for handling of satellite yaw angle and satellite PCO/PCV [4]
In Release 15 the OSR/RTK assistance data in LPP was inherited from messages already defined in RTCM 10403.3 [5]. However, a subset of the RTCM content was not adopted / not needed at the time. In this contribution we investigate what purpose RTCM had for including these additional messages so that RAN2 can assess whether they are now relevant to the extended functionality supported by LPP. To obtain further input, an LS to RTCM is proposed with direct questions. Moreover, the LS is proposed to include information about the RAN2 agreement on GNSS PCO/PCV residuals.
2	Discussion
In Release 15 a number of OSR/RTK messages from RTCM 10403.3 were mapped to LPP but a subset was excluded. Questions have been raised in RAN2 [6][7] on whether the remaining messages are now relevant, for example to exploit the full SSR and Integrity capabilities of LPP among a modern and expanded ecosystem of devices which can utilise LPP. RTCM also published a newer and extended version recently (version 10403.4) [8].
Given the maintenance focus of Release 19, it is timely and prudent to undertake these checks to support the introduction of high precision GNSS deployments via LPP. We identify several messages from RTCM which appear not represented in LPP and have derived the RTCM information from public online sources [9][10]. Furthermore, 3GPP RAN2 has agreed an SSR enhancement in the form of PCO/PCV residuals [4].
2.1	Coordinate Information and Transformations
Three of the latest RTCM messages supporting coordinate transformations include:
	Msg #
	Message Name & Usage Commentary

	1300
	Service-CRS
The formal name of the Coordinate Reference System (CRS) in use for the data stream (service) and details needed to link it to any coordinate transformation messages, typically static.

	1301
	The 15 Parameter Transformation
A set of time dependent parameters used to perform a Helmert transformation between two named regional or local plate-fixed reference frames.

	1302
	RTCM-CRS
A message used to provide (sets of) links to external databases with information about Coordinate Reference System (CRS).


Table 1. RTCM Coordinate Information and Transformation messages (v3.3/3.4) [5][8]
2.2	Quarter-cycle phase shifts
RTCM contains a 2-bit indicator to determine whether the carrier phases are corrected or not for satellite induced quarter-cycle phase shifts, to aid position fixing. 
· See DF364 Quarter-Cycle Indicator [5][8]
This is present to account for differences between manufacturer implementations of the relationship between in-phase, quadrature phase and combined signal types. Without it there is potential for phase offsets between the GNSS measurements at the UE and the GNSS corrections from the service.
2.3	SSR Provider ID
This is a globally unique number assigned by RTCM.
· See DF414 SSR Provider ID [5][8]
Each corrections provider is responsible for distributing a coherent set of SSR corrections but there is no guarantee each correction provider will be perfectly aligned in their implementation due to e.g. differences in underlying assumptions on geodetic datum or time base. For example, in a 3GPP Network with multiple corrections vendors, if the corrections provider changes, a change in provider ID allows a UE to adjust to account for any change in the underlying corrections assumptions.
2.4	GNSS Integrity
[bookmark: _Hlk163053774]In Release 17 3GPP also specified support for GNSS Integrity (covering OSR/SSR), including assistance data for the Integrity Bounds, Integrity Alerts, Residuals Risks and Correlation Times (TS 38.305, TS 37.355). RAN2 understands that RTCM is specifying support for GNSS integrity in Special Committee 134 (SC-134) and seeks to understand the timeline and status of this work.
2.5	GNSS PCO/PCV Residuals
In Release 18, RAN2 agreed the SSR enhancement in the form of PCO/PCV residuals as an optional addition to phase biases [4]. It would be relevant to inform RTCM about this enhancement and ask if RTCM has identified any additional significant error contributions beyond PCO/PCV residuals and phase biases.
2.6	Proposed LS to RTCM
A proposed LS covering the topics and questions above has been drafted in Appendix A.
RAN2 discuss the proposed LS and agree to send the LS to RTCM.

[bookmark: _Toc109400796][bookmark: _Toc109400797][bookmark: _Toc109400798][bookmark: _Toc109400799][bookmark: _Toc109400800][bookmark: _Toc109400801][bookmark: _Toc109400802][bookmark: _Toc109400803][bookmark: _Toc109400804][bookmark: _Toc109400805][bookmark: _Toc109400806][bookmark: _Toc109400807][bookmark: _Toc109400808][bookmark: _Toc109400809][bookmark: _Toc109400810][bookmark: _Toc109400811][bookmark: _Toc109400812][bookmark: _Toc109400813][bookmark: _Toc109400814][bookmark: _Toc109400815][bookmark: _Toc109400816][bookmark: _Toc109400817][bookmark: _Toc109400818][bookmark: _Ref134612902]3	Conclusion
1. RAN2 discuss the proposed LS and agree to send the LS to RTCM.
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1. Overall Description:
In Release 15, 3GPP specified support for OSR/RTK positioning in the LTE Positioning Protocol (LPP, TS 37.355) and based this work on a subset of the RTCM messages contained in RTCM 10403.3. In subsequent releases 3GPP added support for SSR (Release 16), Integrity (Release 17) and some minor SSR enhancements (PCO/PCV residuals) (Release 18).
RAN2 understands that the latest published version of RTCM is 10403.4 and that there are further internal activities underway to specify SSR and Integrity capabilities in upcoming RTCM releases.
In view of the above, RAN2 has identified several messages from RTCM v3.3 and 3.4 which were not adopted during the initial migration to LPP, specifically:
· Coordination Information and Transformations (1300, 1301, 1302)
· Quarter-Cycle Phase Shifts (DF364)
· SSR Provider ID (DF414)
RAN2 therefore wishes to ask the following questions to SC-104:
· Question 1: What was RTCM’s purpose for including the identified messages, i.e. what purpose do they serve in relation to implementing OSR and SSR positioning using RTCM?
· Question 2: Is RTCM aware of any other error residuals (e.g. in addition to PCO/PCV) or other messages in its published standards which are not included in LPP today but should be given consideration for inclusion by RAN2?
· Question 3: What is the status and timeline of the RTCM SSR standardization activities? 
RAN2 also wishes to understand the status of RTCM Integrity activities in SC-134.
· Question 4: What is the status and timeline of the RTCM Integrity standard?
· Question 5: Will the RTCM Integrity standard fully accommodate both OSR & SSR methods?
2. Actions:
ACTION: 	RAN2 kindly requests that:
· RTCM notes the existing work undertaken by 3GPP to specify GNSS positioning (OSR/SSR) and Integrity support in LPP. 
· RTCM notes RAN2 has recently standardized the handling of PCO/PCV residuals as an optional refinement on top of phase biases.
· RTCM responds to the five questions with a view to assisting alignment and interoperability between the 3GPP and RTCM positioning and integrity standards.
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4. Date of Next TSG-RAN WG2 Meetings:
TSG RAN WG4 Meeting #125-bis	15 April – 19 April 2024	TBD, China
TSG RAN WG2 Meeting #126	20 May – 24 May 2024	Fukuoka, Japan
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