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1	Discussion
The NR positioning study item [1] has addressed positioning solutions for both regulatory and commercial services. The outcome of the study is documented in the technical report 38.855 [2].
In this contribution, we discuss additional enhancements to GNSS support in NR based on QZSS CLAS Interface Specifications [3].
During the UE Positioning Accuracy Enhancements for LTE Rel-15 WI the GNSS support in LPP has been revised and consisted in the introduction of high-accuracy GNSS methods [4]. Because the support of PPP-RTK was not complete in RTCM SC104 v3.3 [5], the final agreement in RAN2 concluded that 3GPP should continue working on high precision positioning using PPP-RTK beyond Release 15, perhaps targeting Release 16 onwards [6].
2	Considerations on GNSS
2.1. Enhancements of GNSS: PPP-RTK
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. The former PPP compensates only for the global corrections (satellite orbit, clock corrections and satellite signal bias), while the latter compensates global and local corrections: atmospheric corrections including the ionosphere and tropospheric delay are also provided. 
As illustrated in Figure 1, 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, from around 30 minutes to typically less than 10-30sec after receiving the correction data.
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Figure 1: Source of range errors and the type of correction
Observation 1: Current LPP protocol supports only RTK and PPP methods [7].
2.1.1	Advantages of PPP-RTK
CLAS is a PPP-RTK service today operational over Japanese territory utilizing L6 signal of Quasi-Zenith satellites to broadcast corrections. QZSS operational service in four satellite constellations begun from November 1, 2018 and has been provided more than three months continuously. The CLAS specifications are published in an open format [3].
State Space methods are true broadcast since the same corrections can be broadcast, received and applied across a large geographical region. State Space Representation techniques have been developed allowing RTK corrections that are valid over large geographic areas to be broadcast to all receivers within the geographical area. PPP-RTK assistance data, and GNSS assistance data in general, are best distributed in broadcast mode. Support for broadcast of location assistance data based on SIBs via RRC protocol was added in Release 15 for E-UTRA as described in TS 36.305 [7]. A solution to support broadcast location assistance data in NG RAN is proposed in [9].
Analysis related to reduced bandwidth and improved positioning accuracy and fast TTFF (Time To First Fix) are shown in [10].
Observation 2: Broadcast of GNSS Assistance data as System Information messages was added in Release 15 for E-UTRA.
2.1.2	Proposed solution for adding PPP-RTK support in LPP and its impact on 3GPP specifications
The RTCM v3.3 standard [5] includes messaging to support basic PPP (clock and orbit corrections) for all current satellite constellations. In order to achieve full SSR support 3GPP could adopt (and adapt) the additional proposed messages supporting phase bias and atmospheric corrections. These new messages, although proposed to RTCM, have not been agreed by RTCM for inclusion in future specifications. The new messages are internal to RTCM and have not been released publicly. However the QZSS CLAS interface specifications [3] 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 [3]
	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.






From the above analysis, we make 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 the NR Positioning WI for Rel-16.
Proposal 2		Broadcast of GNSS positioning assistance data as System Information messages shall be part of the objectives of the NR Positioning WID for Rel-16.
Conclusion
We have the following proposals and observation:
Observation 1: 	Current LPP protocol supports only RTK and PPP methods [10].
[bookmark: _GoBack]Observation 2: 	Broadcast of GNSS Assistance data as System Information messages was added in Release 15 for E-UTRA. NR Rel-15 does not support this feature yet.
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 the NR Positioning WI for Rel-16.
Proposal 2		Broadcast of GNSS positioning assistance data as System Information messages shall be part of the objectives of the NR Positioning WID for Rel-16.
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