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1. Introduction
This document intends to aid the discussion pertaining to the changes proposed under R2-1908707. The primary intention of proposed change request is to add the GNSS assistance data support for NavIC (acronym for NAVigation with Indian Constellation) GNSS receiver in LTE positioning protocol.
2		Discussion
2.1  Introduction to IRNSS, NavIC 
The Navigation with Indian Constellation (NavIC)/Indian Regional Navigation Satellite System (IRNSS) is an autonomous navigation system developed by the Indian Space Research Organisation (ISRO). The IRNSS is established with an objective of offering Positioning, Navigation & Timing services to the users in its service area. The system is designed to provide its users with a position accuracy of less than 20m (2ó) in its primary service area.

The IRNSS classifies its service areas broadly in to two regions. The primary service area of IRNSS encompasses the Indian landmass and a region lying within a distance of 1500km from its geo-political boundary and the secondary service area is extends between 300S and 500N Latitudes and 300E to 1300E Longitudes (as shown in Figure 1).

[image: ]
Figure 1. Primary and Secondary coverage area of NavIC constellation [2].

The NavIC/IRNSS consists of three Geostationary Earth Orbit (GEO) and four Geo Synchronous Orbit (GSO) satellites. The NavIC/IRNSS satellites broadcast the signal in L5 band (1164.45–1188.45 MHz) and S band (2483.5–2500 MHz) with a carrier frequency of 1176.45 MHz (F1) and 2492.08 MHz (F2) respectively. Currently, the NavIC/IRNSS constellation is completed as all seven satellites, i.e. 1A, 1B, 1C, 1D, 1E, 1F and 1G are active in the orbit. All the satellites are visible in service region for 24 hours.
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Figure 2. Constellation of IRNSS/NavIC satellites [2]

To aid the ionospheric delay estimation & correction, the NavIC/IRNSS broadcasts eight coefficients (four alpha and four beta ) based on the Klobuchar model. It also broadcasts grid correction information for 90 IGPs (grids over the Indian region) in the L5 band. The broadcast message includes a Grid Ionosphere Vertical Delay (GIVD), Grid Ionosphere Vertical Error Indicator (GIVEI), region ID (90 IGPs are divided into six regions), region masked and Issue of Data Ionosphere (IODI). The users receive 15 IGPs grid correction information depending on region ID, which is used to compute the ionospheric correction at the NavIC receiver module.

2.2  Salient features of NavIC
Following are some of the salient features of NavIC GNSS which make it a preferred option for the Indian subcontinent region & helpful in some other parts of the world.
1. The ionospheric delay vary the most in equatorial regions due to large scale gradient & occurrence of the UHF scintillations of TEC(Total electron content). This makes the conventional Klobuchar model less reliable for the given region [6]. Grid Ionospheric Vertical Error (GIVE) supported by NavIC is a more optimal ionospheric delay correction mode here. It has been realized from the positional error comparison that the performance of the grid-based GIVE model is comparative to the dual-frequency model, i.e. using the single frequency model also we could achieve performance similar to the dual-frequency model[4].

2. Studies have shown marked improvement in GDoP (Geometric dilution of precision) values when IRNSS is used in conjunction with GPS constellation for position fix in primary coverage region of IRNSS[4]. Hence IRNSS can be augmented with GPS to improve position accuracy in the given region.

3. IRNSS signals can also be very useful in augmenting GPS and galileo service in northern Europe. It has been demonstrated that inspite of falling outside the primary and secondary coverage areas IRNSS satellites are visible and useable in North Europe, and potentially in East and South-East Europe [2].

4. NavIC would be best suited for navigation in urban areas in India because NavIC satellites have a higher elevation than both GPS and Galileo satellites. This means NavIC would provide greater accuracy, precision and better resolution. 

5. Other than high elevation, IRNSS is also free from traditional L1 band jammers used for eavesdropping as it uses L5 band (1164.45–1188.45 MHz) for broadcast of NavIC/IRNSS satellites signals. 

6. Due to 24 hour visibility of all the IRNSS/NavIC satellites in its primary service area the acquisition rate for NavIC receivers is much faster then that for other GNSS constellations. 
The pros listed above would make IRNSS/NavIC most preferred satellite navigation system for smart phone navigation in the given geography in short time to come.

2.3  Device eco-system for NavIC
In India MoRTH (Ministry of Road Transport and Highways) has mandated the NavIC support for navigation devices installed on vehicles on or after 1st April 2019 [3]. There are NavIC enabled GNSS chips available from multiple vendors to support this VTD(Vehicle tracking device) requirement. More then 40 VTDs have been certified by assisting agencies for the same.
The first LTE UE with NavIC GNSS support is scheduled to be launched later this year (2019) using GNSS chip from BRCM (BCM47756).

3	Conclusion
The standard LCS (location services) methods in LTE are E-CID, Assisted GNSS (A-GNSS), OTDOA & combination of OTDOA+A-GNSS. LTE A-GNSS is designed to be forward-compatible with future constellations. 
LTE supports two types of A-GNSS: UE-based type, where the UE receives assistance data from the network and calculates its location, and UE-assisted type,where the UE receives assistance data from the network,makes position related measurements(e.g.,satellite pseudoranges), and reports those measurements back to the E-SMLC. The given assistance data enables UE to perform faster positioning fix and reduces battery consumtion of the UE device.
Currently the LTE positioning protocol specifications include the assistance data support for following GNSS constellations GPS, Galileo, GLONASS, BDS & SBAS.
It is vital to include NavIC assistance data support in LTE location services under Rel. 15 given the expected use of the given constellation as primary navigation mode in Indian subcontinent geography.
The CR under R2-1908707 lists down the updates required to enable the same.
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