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Introduction
The objectives of the newly agreed work item [1] is to specify solutions for positioning enhancements in LTE in respect of positioning accuracy, availability, reliability and scalability, for both Normal UEs and BL UEs. 

· GNSS positioning enhancements:
· Specify the signalling and procedure to support RTK GNSS positioning over LPP and LPPa, taking into account both UE and network complexity. [RAN2, RAN3, RAN1]

RTK is a carrier- based technology that makes use of measurements of signal’s carrier phases among a single reference station or interpolated virtual stations to provide real time correction, improving the accuracy up to centimeter level. Precise point positioning (PPP-RTK) is even a more accurate technology that use state space representation (SSR) to consistently derive all individual GNSS errors in real time, improving the accuracy to higher level. In RAN2 #98 meeting, the support of RTK techniques including SSR, VRS (virtual reference station), PPP were discussed and the support of them in Rel.15 were left for further study. In the following contribution, we discuss signaling support required for SSR and PPP-RTK. 
[bookmark: _Ref178064866]Discussion
[bookmark: _Hlk488409638]Conventional GNSS technology is a code-based multi-lateration method with satellites. There are three modes, depending on number of receivers:
· Absolute GNSS:  the basic GNSS mode which uses one single receiver for navigation and positioning. 
· Differential GNSS (DGNSS): requires at least two simultaneously operating stations, making use of the spatial correlation of systematic errors among them to achieve higher accuracy. DGNSS Correction is already supported in 3GPP LPP signaling.
· [bookmark: _GoBack]Precise point positioning (PPP): is a combination of absolute GNSS and differential GNSS. It uses observation data of a single receiver and additionally state information on individual GNSS errors derived from a GNSS network. However, due to long integration or observation time required in code-based method, it is not possible to resolve ambiguities adequately to access the full GNSS carrier phase accuracy levels. The combination of PPP and RTK allows users to resolve ambiguities and achieve the known centimeter-accuracy level. 

1. [bookmark: _Hlk490210953]GNSS Differential Correction is already supported in 3GPP LPP signaling.
1. The combination of PPP and RTK allows users to resolve ambiguities and achieve the known centimeter-accuracy level.
There are different ways to model GNSS errors given the correction information from multiple reference stations. One ideal approach is a complete state space modeling. The representation of state parameters is termed “state space representation (SSR)”.
The standards applying to RTK systems are the same of classical DGNSS systems, i.e. the Radio Technical Commission for Maritime Services (RTCM). RTCM is moving in the direction of supporting PPP. It has introduced SSR and network corrections in the latest edition. However, the current stage support only real-time PPP for dual frequency receiver.

The calculation method in the location server is defined in RTCM version 2.3.  It also introduces carrier phase measurement in the device as accumulated delta range (ADR), however, the resolution is 0.1 meters. 

The latest RTCM standard (referred to as Version 3.x) is much more efficient compared to Version 2.x. Current RTCM 3.3 messages will enable real-time PPP for dual frequency receiver, not yet RTK-PPP. It is in the agenda of RTCM committee that RTK-PPP will be developed [2,3].

1. [bookmark: _Hlk490209502][bookmark: _Hlk489361274]Current RTCM 3.3 messages will enable real-time PPP for dual frequency receiver, but not yet for RTK-PPP. It is in the agenda of RTCM committee that RTK-PPP will be developed. 
Our understanding is that in the current WI, we should provide future proof RTK support platforms that can be easily updated with any progress in the RTCM committee work. While RTK-PPP is still a work in progress in RTCM standardization, we still may provide the support in 3GPP for future use.
Proposal 1     Introduce a future proof RTK support platform that can be easily updated according to RTCM standardization work.
In our paper [4], we have proposed to have positioning assistance data broadcast which contain a Positioning Catalog Information and helps in categorizing the positioning information data in an efficient format. It is possible to easily include PPP and SSR as positioning assistance data scopes both in the catalog and its corresponding SIB.
1. The addition of SSR and PPP RTCM data as positioning assistance data scopes in the Positioning Catalog Information and the corresponding SIB requires minimum effort.
[bookmark: _Hlk490211105]Proposal 2     Support SSR and PPP RTCM data in RTK support of LTE Rel.15.
Conclusion
Here is the list of observations and proposals for this contribution:
1. GNSS Differential Correction is already supported in 3GPP LPP signaling.
1. The combination of PPP and RTK allows users to resolve ambiguities and achieve the known centimeter-accuracy level.
1. Current RTCM 3.3 messages will enable real-time PPP for dual frequency receiver, but not yet for RTK-PPP. It is in the agenda of RTCM committee that RTK-PPP will be developed.
1. The addition of SSR and PPP RTCM data as positioning assistance data scopes in the Positioning Catalog Information and the corresponding SIB requires minimum effort.

Proposal 1     Introduce a future proof RTK support platform that can be easily updated according to RTCM standardization work. 
Proposal 2	Support SSR and PPP RTCM data in RTK support of LTE Rel.15.
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