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1. [bookmark: _jahrt9gw6gbw]Introduction 
A new Work Item on "NR Positioning Support" was agreed at RAN#83 [1] and one of its objectives is to: 

Define extensions of LPP protocol to support GNSS SSR (PPP-RTK support) based on the “Compact SSR” definitions specified for QZSS. 

LPP Release 15 [2] defines support for RTK and Network-RTK GNSS Assistance Data using Observation Space Representation (OSR) and basic Precise Point Positioning (PPP) Assistance Data using State Space Representation (SSR). The OSR technique sends high rate (typically 1 Hz) point-to-point data (code and carrier phase measurements) to a target device, which requires knowledge of the device location at the server and a continuous UE-server connection [3]. SSR is a bandwidth efficient broadcast alternative to OSR, enabling GNSS error components to be individually modelled and broadcast to all UEs over a large area. Only a subset of SSR messages are currently defined in LPP, namely Orbit, Clock and Code Bias corrections [2]. This subset allows for basic PPP techniques however, the capability to implement PPP-RTK cannot be realized without first extending the SSR state vector.

The QZSS CLAS Interface Specification [4] defines a set of Compact SSR messages for the PPP-RTK service (CLAS) which is broadcast across Japan. At RAN#105-Bis [5, 6], a subset of the CLAS messages (Satellite Phase Bias, STEC and Gridded Correction) were proposed as PPP-RTK extensions to LPP. A further extension was proposed using the IE OMA-LPPe-ValidityArea [7] to define regular grids for applying the Compact SSR corrections at a global scale.

The objective of this paper is to discuss the global compatibility and Key Performance Indicators (KPIs) for the proposed SSR messages.

2. Discussion
2.1 Motivation for support of SSR/PPP-RTK
The motivation for SSR adoption into LPP has been analysed in previous 3GPP contributions:
· SSR is true broadcast, enabling service coverage and UE scalability [8, 9].
· SSR provides significant bandwidth optimization (approximately 0.1% of traditional RTK) [9, 10].
· 3GPP standardization of SSR is proceeding faster than RTCM standardization [10, 11].
· SSR accuracies can be scaled for different applications [9].
· SSR corrections provide absolute position, overcoming the coverage and handoff limitations of relative OSR [9].

The QZSS CLAS Performance Standard [12] identifies a horizontal kinematic accuracy of ≤12cm (95% confidence interval) and ≤60 seconds Time to First Fix (TTFF) across the Japanese territory. This performance is subject to operating assumptions on satellite count, satellite health, multipath, service area (Japan) and elevation mask etc. The performance is consistent with highway testing undertaken at speeds of 80km/h in Tsukuba, Japan in September 2018 [10]. It’s also consistent with the 3GPP Study on positioning use cases [13] examining a range of existing and new positioning technologies (e.g. NR-enabled) for which positioning accuracy between 0.1m (or better) and 0.5m will be required. These emerging market KPIs for High Accuracy GNSS (HA-GNSS) [13] are a key motivation for supporting the PPP-RTK positioning technique, necessitating SSR extensions to cover the full range of GNSS error components.

Observation 1:	PPP-RTK can be used to support HA-GNSS positioning use cases [13], through the extension of the SSR message set in LPP.

[bookmark: _y4s9au7a44nn]2.2 Considerations on the proposed Compact SSR messages
The GNSS assistance data already defined in LPP [2] include the following RTCM v3.3 [11] SSR messages:

· SSR Orbit Corrections;
· SSR Clock Corrections;
· SSR Code Bias.

The assistance data required for PPP-RTK and subsequently proposed as extensions to LPP at RAN#105-Bis [5] using the Compact SSR messages defined in CLAS, include:

· Satellite carrier phase bias (Compact SSR GNSS Satellite Phase Bias, MT4073,5);
· Ionospheric delay parameters (Compact SSR STEC Correction, MT4073,8);
· Tropospheric delay parameters (Compact SSR Gridded Correction, MT4073,9).

The following observations are made in response.

2.2.1 SSR Orbit, Clock and Code Bias (LPP Release 15)

· The existing SSR Orbit and Clock messages derived from RTCM v3.3 [11] in LPP Release 15 [2] contain first and second order derivatives to the along, cross and radial deltas to the broadcast ephemeris. This enables these messages to have a longer period of validity, allowing a more efficient use of bandwidth by sending these messages less frequently. The higher order derivatives are not defined in the CLAS Compact SSR GNSS Orbit Correction message, meaning the existing LPP definitions are preferred and do not require amendment.
· The existing LPP SSR Code Bias also contains sufficient information without requiring amendment.
· It is noted that the CLAS Compact SSR representations of Orbit and Clock are more bandwidth efficient in the case where the higher order derivatives are unused.

Observation 2:	The subset of SSR messages already supported in LPP are appropriate for use with PPP-RTK.

2.2.2 CLAS Compact SSR GNSS Satellite Phase Bias

· The satellite phase bias is represented as a bias value and a discontinuity counter. This is adequate for a ‘float’ solution, however in order to fix carrier phase ambiguities as integers, this requires an assumption that the phase biases are integer capable. 
· In addition, it is possible that the phase biases of various signal combinations may be integer capable, even if taken individually the phase biases are not integer capable. For example, having the ability to transmit satellite phase biases that support fixing ‘widelane’ ambiguities (such as L1-L2 or L1-L5) may increase fix availability.
· A solution to this would be adding a per satellite field that would indicate which combinations of signal carrier phase ambiguities were fixable as integers, such as the example in Table 1.

	Integer Quality Indicator
	Description
	Fixable Combinations[footnoteRef:1] [1:  Fixable combinations are given as an example here only but should ultimately be specified explicitly for all GNSS systems.] 


	0
	Non-integer
	None

	1
	Uncombined Integer
	L1, L2, L5 ...

	2
	Widelane Integer
	L1-L2, L1-L5 ...

	≥ 3
	Reserved
	


Table 1: Example of an Integer Quality Indicator field

Observation 3:	The proposed CLAS Compact SSR Phase Bias messages do not specify whether the satellite phase biases are integer capable. The ability to use integer capable biases would allow for higher performance positioning modes.

Proposal 1:	Add a per-satellite field to indicate which combinations of the satellite phase biases support integer fixing.

2.2.3 CLAS Compact SSR STEC Correction

· The Slant Total Electron Content (STEC) Correction Message uses a variable order polynomial transmitted on a per satellite basis to determine the coarse ionosphere delay along with a six-bit quality indicator, which acts like a coarse variance. The quality indicator is on a log scale between 0 and > 33.6664 TECU, with increased resolution closer to 0. A Correction Type enum is passed which indicates the order of the polynomial and the bandwidth is increased or decreased accordingly. Correction Type 0 sends down one coefficient, Correction Type 1 sends down three coefficients, Correction Type 2 sends down four coefficients, and Correction Type 3 is reserved. Additional Correction Types may also be needed in the future.
· The CLAS ICD section 5.5.4.1 also indicates that the algorithm used to compute the ionosphere delay is the same for GPS, QZSS (Block IIQ and Block IIG), Galileo, GLONASS (CDMA). It is not clear how the algorithm will work for Beidou (BDS) and GLONASS (FDMA).

Observation 4:	The CLAS specification does not define how the Compact SSR STEC correction will be applied to BDS and GLONASS (FDMA).

Observation 5:	Multi-GNSS support is necessary for global compatibility and optimal performance in HA-GNSS use cases such as availability in urban environments.

Proposal 2:	The LPP extensions should fully support multi-GNSS including GPS, SBAS, QZSS, GLONASS, Galileo and BDS.

2.2.4 CLAS Compact SSR Gridded Correction

· CLAS defines a Compact SSR Gridded Correction message which contains STEC residuals and Troposphere delays at a series of grid points. A single Troposphere Delay Quality Indicator is provided, but appears to apply to the entire grid, not per point. A Range flag in the header can change the ionosphere residual range from ± 2.52 TECU to ± 1310.68 TECU. The grid points are separated into distinct “Network IDs” and hardcoded for Japan.
· At RAN#105-Bis [5], a generalized grid message was proposed that can be used anywhere on Earth. This message defines the NW corner of a rectangle, the number of rows/columns, and the size of the rows/columns. The decision on who will define these grids and if there are any limits on the size of the rows/columns is FFS. It appears the resolution of the grid can be scaled up and down depending on the accuracy required and ionosphere stability, etc. The proposal also includes an ability to send Run-Length Encoding (RLE) information to describe which regions are valid and encoded, and which are missing from the stream.

Observation 6:	The CLAS Compact SSR Gridded Correction is currently defined across Japan only.

Observation 7:	The location and size of the proposed IE OMA-LPPe-ValidityArea grids are FFS, including lower and upper constraints and the ability to adjust the grid resolutions at different locations.

2.2.5 CLAS Compact SSR Mask

· The Compact SSR Mask is defined in the CLAS specification, but was not proposed at RAN#105-Bis [5].
· The Compact SSR Mask message is used to indicate valid and invalid satellites on a per constellation basis. This method of representing satellite/signal/cell masks has been used successfully with other RTCM MSM messages and seems to be a reliable and compact way of transmitting this information. The main complexity for CLAS is splitting this information into a separate message that acts as global state for the CLAS system. This means decoding and use of other CLAS messages cannot be commenced until after receipt of a SSR Mask message, and that an ‘SSR IOD (Issue of Data)’ field has been introduced to synchronise the data across messages.
· It is unclear if the absence of the Compact SSR Mask is intended to require providers to send corrections for every single satellite and signal combination (requiring greater bandwidth and message complexity), or if an ‘invalid’ field will also be specified to encode ‘invalid’ values (e.g. for satellites that are not being sent corrections from the network).

Observation 8:	The Compact SSR Mask is not currently defined in the LPP proposal for PPP-RTK, potentially leading to bandwidth inefficiencies and decoding complexity. 

Observation 9:	Handling of satellites without valid corrections needs to be clarified.


[bookmark: _ukont72b1pfg]2.3 Additional considerations on Compact SSR for LPP
2.3.1 CLAS Compact SSR URA

· The Compact SSR URA (User Range Accuracy) has also been discussed at RAN#105-Bis [5] as a potential addition to LPP from the CLAS specification. The URA message provides variance information about the correction for each Signal in Space (SIS). It’s unclear if this variance/quality indicator is inclusive of the atmospheric correction (which has a separate quality indicator) or exclusive and only applicable to the orbit, clock and bias corrections. 
· As an aid to integer ambiguity resolution, it would be more robust to transmit variance information on a per correction (SSR) basis, especially for clock and ionosphere terms, rather than adopting the URA message as an overall (essentially OSR) quality indicator. Variance messages could be evaluated as a further extension to LPP.

Observation 10:	Adding variance messages which are defined on a per correction basis would enable greater resolution than a combined URA estimate.


2.3.2 QZSS Time

· CLAS messages use QZSS system time as the reference time. While this is currently synchronized with GPS time, it would be simpler to specify the LPP messages be referenced to GPS time across all messages (and constellations) for global compatibility.

Proposal 3:	Reference LPP SSR messages to GPS time to simplify the global compatibility of SSR.


2.3.3 Key Performance Indicators (KPIs)

· The CLAS Performance Specification [12] and related testing (refer to section 2.1 above) concentrate on KPIs for Position accuracy, Time to First Fix (TTFF), Update Rates, Service Area and Availability, which are a subset of the KPIs defined in the 3GPP Study on positioning use cases for HA-GNSS [13]. 
· There is little definition and testing available for application-specific (i.e. ‘case-by-case’) KPIs such as Integrity, particularly outside of the CLAS coverage region. Further to the automotive testing undertaken in Japan (section 2.1 above), emerging market requirements for automotive and mobility are now been examined case-by-case, globally, including high priority road applications across Europe [14], as an example.
· Satisfying the emerging market KPIs for HA-GNSS will require further extensions to LPP.

Observation 11: Further extensions to SSR are required to satisfy all KPIs [13] for positioning use cases.


3. Conclusion 
Having presented an update on the global compatibility and existing and future KPIs for the Compact SSR messages proposed for LPP, the following observations are made:
Observation 1:	PPP-RTK can be used to support HA-GNSS positioning use cases [13], through the extension of the SSR message set in LPP.

Observation 2:	The subset of SSR messages already supported in LPP are appropriate for use with PPP-RTK.

Observation 3:	The proposed CLAS Compact SSR Phase Bias messages do not specify whether the satellite phase biases are integer capable. The ability to use integer capable biases would allow for higher performance positioning modes.

Observation 4:	The CLAS specification does not define how the Compact SSR STEC correction will be applied to BDS and GLONASS (FDMA).

Observation 5:	Multi-GNSS support is necessary for global compatibility and optimal performance in HA-GNSS use cases such as availability in urban environments.

Observation 6:	The CLAS Compact SSR Gridded Correction is currently defined across Japan only.

Observation 7:	The location and size of the proposed IE OMA-LPPe-ValidityArea grids are FFS, including lower and upper constraints and the ability to adjust the grid resolutions at different locations.

Observation 8:	The Compact SSR Mask is not currently defined in the LPP proposal for PPP-RTK, potentially leading to bandwidth inefficiencies and decoding complexity.

Observation 9:	Handling of satellites without valid corrections needs to be clarified.


Observation 10:	Adding variance messages which are defined on a per correction basis would enable greater resolution than a combined URA estimate.

Observation 11: Further extensions to SSR are required to satisfy all KPIs [13] for positioning use cases.

The following proposals have been made:

Proposal 1:	Add a per-satellite field to indicate which combinations of the satellite phase biases support integer fixing.

Proposal 2:	The LPP extensions should fully support multi-GNSS including GPS, SBAS, QZSS, GLONASS, Galileo and BDS.

Proposal 3:	Reference LPP SSR messages to GPS time to simplify the global compatibility of SSR.
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