3GPP TSG-RAN WG2 Meeting #105			R2-1901078
Athens, Greece, February 25th – March 01st 2019

Agenda item:	11.8.2
Title:	TP for Additional GNSS enhancements: completion of SSR 
Source:	Mitsubishi Electric Corporation, ESA, u-blox AG, Ericsson
Document for:	Discussion, Decision


1. Introduction
During Rel-15 WI on UE Positioning Enhancements the GNSS support has been reviewed: RTK, N-RTK and PPP techniques, applicable to all GNSS systems have been added to LPP [1]. Because the support of PPP-RTK was not complete in RTCM SC104 v3.3 and in the absence of viable alternative at that time, the final agreement in RAN2 concluded that 3GPP should continue work on high precision positioning using PPP-RTK beyond Release 15, perhaps targeting Release 16 onwards [2]. Future phase (of SSR) aims to support: carrier phase bias and precise atmospheric models (ionospheric and tropospheric).

Besides native NR positioning methods and prioritization of regulatory use cases, the study item on NR Positioning will address positioning solutions suitable for commercial services too i.e., RAT-independent and various hybrid positioning schemes [3]. In this context, now that the QZSS CLAS service is published [4] in a public ICD and the service is operational, there is the basis for adopting the same messaging and protocol in 3GPP to complete the PPP-RTK work that had been started in the High Accuracy GNSS Work Item for LTE Release 15.

The objective of this paper is to discuss the solution and present the impacts on RAN2 protocols.  

2. Discussion
2.1. Motivation for support of SSR/PPP-RTK

Conventional RTK is only applicable for short baselines (between reference receiver and mobile) typically up to 20km, therefore, the required communication data rate is huge for a wide-area service. To overcome the drawback of conventional RTK, Network RTK (N-RTK) methods such as FKP or MAC were introduced. Although the effectiveness is improved using “network” corrections, it is still not optimum for supporting a service covering large geographical areas. 
A new concept to mitigate the major GNSS errors has been introduced recently, namely the State-Space Representation (SSR), and with it, two new GNSS positioning techniques: PPP and PPP-RTK. SSR differs from the traditional OSR method, which lumps errors together for a specific geographic location, by creating a state vector for the following error components:
· Satellite orbit errors
· Satellite clock errors
· Satellite signal biases, code and carrier phase biases
· Tropospheric delay errors
· Ionospheric delay errors
· Signal quality and integrity parameters

By combining precise satellite positions with a dual-frequency GNSS receiver (to remove first order effects of the ionosphere), PPP is able to provide position solutions at the centimetre to decimetre level, which is beneficial to many applications. PPP does not require observations from nearby Reference Stations, but it has a long convergence time (up to 30 minutes) before high accuracy is achieved. The work “precise” is also used to distinguish it from conventional point positioning techniques that only use code or phase-smoothed code as the principal observable for position determination.

Precise-Point-Positioning (PPP) provides correction data only for global corrections including satellite orbit and clock corrections and satellite signal bias, whereas PPP-RTK compensates global and local corrections: atmospheric corrections including ionosphere and tropospheric delay are also provided. By applying local corrections, the convergence time (time required for ambiguity resolution) is significantly improved, typically less than 10-30sec after receiving the correction data. 
Figure 1 shows the source of range errors and the type of correction methods such as RTK, PPP, and PPP-RTK. Conventional RTK represented in OSR defines the phase and code range corrections including the global and local corrections, and they are independently defined for each reference station. Correction data represented in SSR consists of slow and fast corrections. The fast corrections include the satellite clock correction with a typical update interval of 5s. The slow corrections include the satellite orbit correction and the satellite signal bias, and the atmospheric corrections, having a typical update interval of 30s. By using different update rates for correction components, the data requirement is significantly reduced in PPP and PPP-RTK.  
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Figure 1: Source of range errors and the type of correction
To demonstrate the effectiveness of PPP-RTK, the required data rate for a typical nationwide high accuracy correction service with convergence time less than one minute is shown in Figure 2. The dominant parameters are shown in Figure 2, on the right. In this example, the code and phase corrections for 14 satellites with 3 signals are broadcast throughout the service area of 400,000 km2. The update interval of the fast and slow corrections are 5 and 30 seconds respectively, the baseline length for RTK, N-RTK, and PPP-RTK is selected as 20km, 40km, and 50km. There are two major formats for RTK, RTCM 2.3 [5] and RTCM 3 MSM [6]. The conventional RTK represented in RTCM 2.3 needs 951 kbps, it can be reduced to 547kbps for RTCM 3 MSM. Network RTK defined in RTCM 3 [4] can improve further the effectiveness: it consumes 59kbps. The required data rate of PPP-RTK is about 1.1kbps, it only consumes 0.1% of that of conventional RTK.
	item
	Value

	Number of GNSS
	3

	Number of satellites
	14

	Number of signals
	3

	Service area
	400,000 [km2]

	Baseline (PPP-RTK)
	50 [km]

	Baseline (Network-RTK)
	40 [km]

	Baseline (RTK)
	20 [km]

	Update interval
	5 [sec]
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Figure 2: Required data rate for each type of correction and parameters for nation-wide RTK service

Observation 1: The required data rate of PPP-RTK only consumes 0.1% of the conventional RTK, the throughput is significantly improved. 

2.2. Existing operational PPP-RTK services
CLAS is a PPP-RTK service for Japanese territory utilizing L6 signal of Quasi-Zenith satellites to broadcast corrections [7]. QZSS operational service in four satellite constellations begun from November 1, 2018, CLAS PPP-RTK correction service has been provided more than three months continuously.

The GNSS range measurements collected from more than 300 reference stations in the Japan CORS network, GNSS Earth Observation Network (GEONET), are decomposed in the ground segment of CLAS into the individual SSR states: satellite orbit, clock, bias, and atmospheric corrections. The latter are represented as functional terms (defined for ionosphere and represented as Compact SSR STEC corrections) and residual terms (defined for troposphere are represented as the Compact SSR Gridded correction). In CLAS, 231 grid points are defined as shown in Figure 3. The baseline length between grid points is 60km. An optimal set of satellites is selected, and the correction data is formatted in Compact SSR format [4]. The correction data is uploaded to the QZSS satellite, and broadcast on the L6D signal of QZSS satellites. 

The system level specification, such as service area, supported GNSS and signals, as well as the performance specification, such as positioning accuracy and convergence time, are shown in Figure 3, on the left side. The detailed specification is documented in PS-QZSS [7]. CLAS is operational for GPS, QZSS, and Galileo, but the service ICD defines support for all constellations including Beidou and GLONASS [4].  
[image: ]                                            
	Item
	Specification

	GNSS: Signal
	GPS: L1CA,L2P,L2C,L5
QZS: L1CA,L2C,L5
Galileo: E1b, E5a

	Service Area
	Japan with territorial waters 
(800,000 km2)

	Positioning Accuracy
(static mode)
	Horizontal 6cm (95%)
Vertical 12cm (95%)

	Positioning Accuracy
(kinematic mode)
	Horizontal 12cm (95%)
Vertical 24cm (95%)

	Time to First Ambiguity Fix
(including time to receive corrections)
	60[s] (95%)


Figure 3. Characteristics of CLAS operational service [7] and the location of grids for CLAS

2.3. Improved positioning accuracy
Performance monitoring is continuously conducted by the service provider. The positioning performance of 72 reference stations located in the service area is continuously evaluated. For the evaluation, the newest version of CLASLIB [8] is used in post-processing mode. The performance is evaluated in two positioning modes: static mode, and kinematic mode. Figure 4 shows the positioning accuracy for the first three months of operational service (November 2018, December 2018 and January 2019). The results show positioning accuracy of around 2.2cm (horizontal) and 4.8cm (vertical) in static mode, around 6cm (horizontal) and 12cm (vertical) in the kinematic mode. The convergence time (TTFF) is also shown in Fig. 8. The convergence time is around 40sec (95%) including the time to receive the correction data (30sec).
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Figure 4:  QZSS CLAS positioning accuracy (95%) expressed in [cm] for static mode (left) and kinematic mode (middle). QZSS CLAS TTFF (95%) expressed in seconds.

In September 2018, a kinematic test with QZSS CLAS was conducted on a highway near Tsukuba, Japan, with vehicle driving at a speed of 80km/h. The corrections have been broadcasted by a QZSS satellite using the L6 signal. Figure 4 shows the path and the conditions of the field test. The positioning accuracy of the real-time solution displays variations of only several cm from the reference trajectory (Figure 5)
[image: ]
Figure 5:  The path and view condition of field test. 
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Figure 6:  Positioning accuracy of the kinematic field test (95%) [cm]

Observation 2: Operational PPP-RTK services based on SSR concept can already achieve cm-level accuracy in real-time operation. 

2.4. Proposed solution for adding PPP-RTK support in LPP: QZSS CLAS specifications

Recently State Space Modelling (also known as SSR = State Space Representation) techniques have emerged, promising to be the future method of choice for supplying corrections, but the techniques are not yet fully standardised by RTCM. Nevertheless, the QZSS CLAS interface specifications [4] provides a full set of SSR messages including phase bias and atmospheric corrections. They form part of the augmentation services provided by QZSS and are transmitted in the L6 band. The 11 message types are defined in Compact SSR as shown in Table 1. 

Table 1: Compact SSR Messages [4]
	Group Name
	Sub-Group Name
	Corresponding IE in LPP

	Common Correction
	Compact SSR Mask
	YES

	
	Compact SSR GNSS Orbit Correction
	YES

	
	Compact SSR GNSS Clock Correction
	YES

	
	Compact SSR GNSS Combined Orbit/Clock Correction
	NO. NOT NEEDED, the GNSS-SSR-Orbit and GNSS-SSR-Clock can be combined in the same LPP message. LPP is flexible by design.

	
	Compact SSR GNSS Satellite Code Bias
	YES

	
	Compact SSR GNSS Satellite Phase Bias
	NO

	
	Compact SSR GNSS Satellite Code and Phase Bias
	NO. NOT NEEDED once Phase Biases are included in LPP.

	
	Compact SSR GNSS URA
	NO

	Local Correction
	Compact SSR STEC correction
	NO

	
	Compact SSR Gridded Correction
	NO

	Service Information
	Compact SSR Service Information
	NO. NOT NEEDED.




Various solutions for GNSS enhancements are summarized below (but not limited to):
· Enhanced atmospheric models. The CLAS gridded model will be extended defining a global set of grid squares, or at least sets of grid squares covering all geographic areas of interest. Each local broadcast stream (from local NB) will carry atmospheric corrections only for the neighbourhood grid squares of interest to the NB and UEs served by it.
· Vertical Total Electronic Content (Ionosphere)
· Slant Total Electronic Content (Ionosphere)
· Tropospheric models
· Carrier phase biases
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Figure 6:  Implementation of the solution - translate QZSS CLAS message types and data fields to ASN.1 and add the corresponding information elements to the LPP.

Observation 3: Additional enhancements to SSR support can be defined based on the corresponding messages now available in QZSS CLAS Interface Specifications [4]. 

Proposal 1:  GNSS SSR Phase II (PPP-RTK) shall be completed based on QZSS CLAS Interface Specifications. This work shall be part of the objectives of a potential Work Item on NR Positioning in Rel-16.

2.5. Impact on 3GPP Specifications
PPP-RTK should leverage the existing LCS architecture defined in TS 23.271 [9], with no impacts to the high-level system architecture specifications. PPP-RTK should also re-use the interfaces and procedures in TS 38.305 [10] Stage 2 functional specification of User Equipment (UE) positioning in NG-RAN with the addition of identification of PPP-RTK as a positioning method.
RAN2#104 meetings it has been agreed that LPP is reused to support the new positioning methods that are discussed in the scope of this SI. The PPP-RTK positioning method should leverage the existing procedures and messages as described in TS 36.355 [11]. The required protocol changes to enable support of PPP-RTK in [11] can be summarized as shown in the Table below. This Table also give some indication on the possible work load for RAN2 if PPP-RTK positioning is added to the specifications using the QZSS CLAS ICD option.

Table 2: PPP-RTK NR specification impacts
	Impacted Specifications
	Impacted Sections
	Proposed change

	TS 36.355
	2. References
	Addition of QZSS CLAS specifications for PPP-RTK supporting information.

	TS 36.355
	3.2 Abbreviations
	CLAS – Centimeter Level Augmentation Service
PPP-RTK – Precise Point Positioning – Real-Time Kinematic

	TS 36.355
	6.3 Message Body IEs
	Addition of PPP-RTK IEs for RequestCapabilities, ProvideCapabilities, RequestAssistanceData, Provide AssistanceData, RequestLocationInformation, and ProvideLocationInformation

	TS 36.355
	6.5 Positioning Method IEs
	Additional IEs specific to PPP-RTK positioning technologies

	TS 38.305
	2. References
	Addition of QZSS CLAS specifications for PPP-RTK supporting information.

	TS 38.305
	3.2 Abbreviations
	CLAS – Centimeter Level Augmentation Service
PPP-RTK – Precise Point Positioning – Real-Time Kinematic

	TS 38.305
	8.	Positioning methods and Supporting Procedures
	Information to be transferred to/from the UE and E-SMLC, re-use of existing Capability transfer procedure, assistance data transfer procedure, and location information transfer procedure.


NOTE 1:	RAN1 specs are not impacted 
NOTE 2: Specification impacts apply to PPP-RTK and they are limited. For PPP-RTK, existing PPP capabilities, assistance data, and location information transfer may be reused, or extended if needed. PPP-RTK is a superset of GNSS assistance data based on SSR concept.
For GNSS PPP-RTK positioning the assistance data transferred from LMF to UE may include Carrier Phase Bias, Ionosphere and Tropospheric Model in addition to the already supported Orbit corrections, Clock errors, and Code Bias. The information transferred from the UE to the LMF usually consists of capability information and location measurements or coordinates. 

Observation 4:
-          RAN1 specs are not impacted
-	No new messages and procedures are required to complete the support of SSR, and thus enable PPP-RTK positioning in NR control plane architecture. Existing messages would need extensions to support the new positioning method.  
-	Among the three positioning modes (UE-based, UE-assisted, Standalone), UE-based positioning has the biggest impact to Stage 3 specifications.

Proposal 2	Add the text proposal in Appendix A to the TR 38.855.
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4. Conclusion 
Having presented an update on the state-of-the-art for PPP-RTK we have the following observation:
Observation 1: 	The required data rate of PPP-RTK only consumes 0.1% of the conventional RTK, the throughput is significantly improved. 

Observation 2: 	Operational PPP-RTK services based on SSR concept can already achieve cm-level accuracy in real-time operation. 

Observation 3: 	Additional enhancements to SSR support can be defined based on the corresponding messages now available in QZSS CLAS Interface Specifications [4]. 

Observation 4:
-          RAN1 specs are not impacted
-	No new messages and procedures are required to complete the support of SSR, and thus enable PPP-RTK positioning in NR control plane architecture. Existing messages would need extensions to support the new positioning method.  
-	Among the three positioning modes (UE-based, UE-assisted, Standalone), UE-based positioning has the biggest impact to Stage 3 specifications.
We have the following proposals:

Proposal 1	 GNSS SSR Phase II (PPP-RTK) shall be completed based on QZSS CLAS Interface Specifications. This work shall be part of the objectives of a potential Work Item on NR Positioning in Rel-16.
Proposal 2	Add the text proposal in Appendix A to the TR 38.855.
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A. 	Text Proposal to the TR 38.855
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[bookmark: _Toc525556713]3	Definitions and Abbreviations
[bookmark: _Toc525556714]3.1	Definitions
For the purposes of the present document, the terms and definitions given in TR 21.905 [2] 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 [2].
Definition format (Normal)
<defined term>: <definition>.
example: text used to clarify abstract rules by applying them literally.

[bookmark: _Toc525556715]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [2] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [2].
CID	Cell ID
CLAS	Centimetre Level Augmented Service
ECID	Enhanced Cell ID
FKP	Flächenkorrekturparameter (Engl: Area Correction Parameters)
GLONASS	GLObal'naya NAvigatsionnaya Sputnikovaya Sistema (Engl.: Global Navigation Satellite System)
GNSS	Global Navigation Satellite System
LCS	LoCation Services
LPP	LTE Positioning Protocol
MAC	Master Auxiliary Concept
OTDOA	Observed Time Of Arrival
PPP	Precise Point Positioning
PPP-RTK            Precise Point Positioning – Real Time Kinematic
QZSS	Quasi-Zenith Satellite System
RTK	Real-Time Kinematic
SSR	State Space Representation
TBS	Terrestrial Beacon System
TTFF	Time To First Fix
UTDOA	Uplink Time Of Arrival
WLAN	Wireless Local Area Network

<End of changed section>
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9.2	Procedure and protocol aspects

9.2.x	Support of SSR assistance data for GNSS PPP-RTK service
9.2.x.1	Introduction
In Release 15 the GNSS support in E-UTRA has been revised during the UE Positioning Accuracy Enhancements for LTE WI [x1]. High-accuracy GNSS techniques, such as RTK, were added to E-UTRA and NG-RAN in Release 15 as defined in TS 36.305 [x2] and TS 38.305 [x3]. Nevertheless, the high-accuracy GNSS support for NG-RAN and E-UTRA in Release 15 does not include support of SSR assistance data for the PPP-RTK method. Currently only SSR assistance data for PPP positioning services are supported in E-UTRA and NG-RAN.
NOTE:	GNSS assistance data is best distributed in broadcast mode. Broadcast of location assistance data is not supported in NG-RAN in Release 15. However support for broadcast of location assistance data was added in Release 15 for E-UTRA as described in TS 36.305 [x2].
At RAN2#101-bis it has been agreed that 3GPP should consider additional support of high accuracy positioning using SSR assistance data (PPP-RTK) beyond Release 15, perhaps targeting Release 16 onwards. A future phase may aim to support the missing SSR assistance data elements: carrier phase bias and precise atmospheric models (ionospheric and tropospheric) [x4]. 
Missing SSR location assistance data can be defined as assistance data elements defined in TS 36.355 [x5]  
-	GNSS-SSR-PhaseBias
-	GNSS-SSR-URA
-	GNSS-SSR-TropoElement
-	GNSS-SSR-STEC
9.2.x.2	NG-RAN UE Positioning Architecture impacts
Much like any of the GNSS techniques already supported in NG-RAN, SSR assistance data enhancements for PPP-RTK service should leverage the existing LCS architecture defined in TS 23.271 [x6], with no impacts to the high-level system architecture specifications. SSR enhancements should also re-use the interfaces and procedures in TS 38.305 [x3] Stage 2 functional specification of User Equipment (UE) positioning in NG-RAN with the addition of identification of PPP-RTK as a positioning method.
9.2.x.3	NG-RAN UE Positioning procedures and protocol impacts
At the RAN2#104 meeting it was agreed that LPP would be reused to support the new positioning methods that are discussed in the scope of this SI. The SSR assistance data for PPP-RTK positioning method should leverage the existing procedures and messages as described in TS 36.355 [x5]. Specification changes required to support PPP-RTK in LPP consist primarily of new information elements in TS 36.355:
-   UE capabilities transfer, e.g. UE Capabilities indicate support of new SSR assistance data.
-   Assistance Data specific to PPP-RTK service.
-   identify which technology was used in UE position fix, e.g. Provide Location Information indicates that it was calculated using SSR assistance data. 
The required protocol changes to [x5] are summarized as shown in the Table below. This Table also gives some indication on the possible work load for RAN2 to add the SSR assistance data for PPP-RTK service to the specifications using the QZSS CLAS ICD option [x7].
Table 9.2.x.3-1: PPP-RTK service NR specification impacts
	Impacted Specifications
	Impacted Sections
	Proposed change

	TS 36.355
	2. References
	Addition of QZSS CLAS specifications for SSR supporting information.

	TS 36.355
	3.2 Abbreviations
	CLAS – Centimeter Level Augmentation Service
PPP-RTK – Precise Point Positioning – Real-Time Kinematic

	TS 36.355
	6.3 Message Body IEs
	Addition of GNSS SSR IEs for PPP-RTK service for RequestCapabilities, ProvideCapabilities, RequestAssistanceData, Provide AssistanceData, RequestLocationInformation, and ProvideLocationInformation

	TS 36.355
	6.5 Positioning Method IEs
	Additional IEs specific to SSR positioning technologies

	TS 38.305
	2. References
	Addition of QZSS CLAS specifications for PPP-RTK supporting information.

	TS 38.305
	3.2 Abbreviations
	CLAS – Centimeter Level Augmentation Service
PPP-RTK – Precise Point Positioning – Real-Time Kinematic

	TS 38.305
	8.	Positioning methods and Supporting Procedures
	Information to be transferred to/from the UE and E-SMLC, re-use of existing Capability transfer procedure, assistance data transfer procedure, and location information transfer procedure.
Addition of PPP-RTK service and the needed SSR assistance data.


NOTE 1:	RAN1 specs are not impacted 
NOTE 2: Specification impacts apply to SSR assistance data support and they are limited. For PPP-RTK services based on SSR assistance data, existing PPP capabilities, assistance data, and location information transfer may be reused, or extended if needed. PPP-RTK is a superset of GNSS SSR assistance data.
The information transferred from LMF to the UE usually consists of assistance data, which is useful or essential for the UE to perform location measurements and position calculation. For UE-based PPP-RTK positioning method,  the GNSS SSR assistance data transferred from LMF to UE, summarized in Table 9.2.x.3-2, may include Carrier Phase Bias, Ionosphere and Tropospheric Model in addition to the already supported Orbit corrections, Clock errors, and Code Bias. For UE-assisted mode no assistance data is required, the UE provides only the GNSS measurements to the LMF.
Table 9.2.x.3-2: New Information that may be transferred from the LMF to the UE
	Assistance Data Transfer
	UE-Assisted
	UE-Based
	Standalone/
Autonomous

	PPP-RTK Positioning

	GNSS-SSR-Orbit
(NOTE 1)
	No
	Yes
	No

	GNSS-SSR-Clock
(NOTE 1)
	No
	Yes
	No

	GNSS-SSR-CodeBias
(NOTE 1)
	No
	Yes
	No

	GNSS-SSR-Phase Bias
	No
	Yes
	No

	GNSS-URA
	No
	Yes
	No

	GNSS-SSR-STEC
(NOTE 2)
	No
	Yes
	No

	GNSS-TropoElement
	No
	Yes
	No

	NOTE 1:  GNSS-SSR-Orbit, GNSS-SSR-Clock, GNSS-SSR-CodeBias IEs are already defined in TS 36.355.
NOTE 2: 	STEC refers to Ionosphere corrections.



The information transferred from the UE to the LMF usually consists of capability information and location measurements or coordinates. The information that may be signalled from the UE to the LMF is summarized in Table 9.2.x.3-3 below.
Table 9.2.x.3-3: New Information that may be transferred from the UE to the LMF
	Information
	UE‑assisted
	UE‑based
	Standalone/
Autonomous

	UE Capabilities
	
	
	

	· Support for PPP-RTK Positioning (UE-assisted/UE-Based/Standalone; measurements supported, etc.)
	No
	Yes
	Yes

	UE Location Information
	
	
	

	· Location Source (method(s) used to compute location)
	No
	Yes
	Yes



Key observations can be summarized as follows:
-	No new messages and procedures are required to complete the support of SSR, and thus enable PPP-RTK positioning in NR control plane architecture. Existing messages would need extensions to support the new positioning method.  
-	Among the three positioning modes (UE-based, UE-assisted, Standalone), UE-based positioning has the biggest impact to Stage 3 specifications.
<End of last changed section>
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Figure 5: Positioning accuracv of the kinematic field test (95%) fem]
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Translation of QZSS CLAS
messages to ASN.1

] 1-2 pages max:
- Field test results

- - Benefits of PPP-RTK
] - Explain the solution — translation of QZSS CLAS ICD to ASN.1; QZSS CLAS is already
“ operational and the ICD is backed by the industry (no difference with respect to RTCM).

- Proposal 2 Endorsed the support of QZSS CLAS ICD

- Proposal 3 Add the text proposal in Appendix A to the TR 38.855.
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