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1. Introduction
This document presents an overview of the evolution of NavIC (acronym for NAVigation with Indian Constellation) GNSS system since its inception. It highlights the need to priortise the support for upcoming NavIC capabilities in 3GPP positioning protocols. 
This document intends to aid the discussion pertaining to a new Release19 RAN WID proposal as indicated in [5]. The WID proposes to add the GNSS assistance data support for second generation NavIC L1 GNSS in NR positioning protocol.
2		Discussion
2.1  Introduction to 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 NavIC system 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 (2σ) and timing accuracy better than 50 nanoseconds (2σ) in its service area.

NavIC is a regional constellation and provides its services to Indian mainland and 1500km beyond. (as shown in Figure 1).
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Figure 1. Coverage area of NavIC constellation


Based on various considerations the NavIC constellation is worked out to be a combination of GSO and IGSO satellites.

The first generation NavIC consists of three Geostationary Earth Orbit (GEO) and four Geo Synchronous Orbit (GSO) satellites. The NavIC 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. The NavIC constellation is functional in the coverage region with the satellites, i.e. 1A, 1B, 1C, 1D, 1E, 1F, 1G and 1I in the orbit. All the satellites are visible in service region for 24 hours.
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Figure 2. First-gen NavIC constellation


The NavIC satellite services are used in terrestrial, aerial, and marine transportation, location-based services, personal mobility, resource monitoring, surveying and geodesy, scientific research, time dissemination and synchronization, and safety-of-life alert dissemination.
Standard Position Services (SPS), an open service without encryption and Restricted Service (RS), an authorized service with encryption are the navigation services offered by NavIC. NavIC also disseminates one-way disaster warning messages to users in the Indian region.

The first generation NavIC satellites operate in the L5 and S bands, which is a protected frequency specifically assigned to the Indian system. The second generation NavIC satellites will incorporate L1 band signals additionally to widen the services. These are being developed to cater to the growing requirements of the navigation sector for better positioning, navigation, and timing services.
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Figure 3. Frequency bands of second generation NavIC signals [1]

[bookmark: _Hlk136594189]The NVS-01 satellite, belonging to second generation of NavIC satellites, was launched successfully on May 29, 2023. The inclusion of L1 navigation band improves the positioning, navigation and timing services for civilian users, and also facilitates interoperability with other GNSS services. 
[bookmark: _Hlk136592161]The NavIC Signal-in-Space ICD for SPS in L1 Frequency was released to the public to provide the essential information on the NavIC signal-in-space, to facilitate research & development and aid the commercial use of the NavIC signals for navigation-based applications [1] in August 2023. 

2.2  NavIC A-GNSS support in 3GPP positioning protocols
[bookmark: _Hlk136593953]The A-GNSS support for NavIC L5 band SPS was introduced in Release 16 for LTE. At 3GPP RAN#85 plenary and a new WI LCS_NAVIC  [2] was approved for NavIC L5 A-GNSS support in LPP. The respective WID classified core impacts under Working groups RAN2, RAN3 & performance impact under RAN4 were specified. All respective specification CRs were agreed by RAN#87 plenary.  The LCS_NAVIC feature became part of 3GPP LTE Release 16 in June 2020 [3].
Under WI LCS_NAVIC, the support for NavIC satellite system was added to the A-GNSS specifications by assignment of new ‘GNSS ID’, ‘GNSS Signal ID’, and ‘GNSS Time ID’, together with ASN.1 extensions to existing assistance data elements. NavIC specific New Clock Model, Orbit Model, Almanac Model, UTC model update, Differential corrections and Ionospheric Model have been added to existing assistance data elements. The IE GNSS-GenericAssistData used by the location server to aid data for a specific GNSS has been updated by introducing NavIC satellite system specific Differential corrections & Grid model. Introduction of two new Positioning System Information Block to extend Positioning assistance broadcast with NavIC support.
In March 2021 3GPP RAN#91e plenary meeting  Reliance Jio submitted a discussion paper [4] “Extending NavIC A-GNSS support to NR Rel-17”.  NAVIC L5 A-GNSS support with its RAN2, RAN3 & RAN4 impacts was agreed to be included to NR_pos_enh WI.
[bookmark: _Hlk136594271]With second generation of NavIC satellite services poised to begin it would be important for Indian geography to priortise the NavIC L1 A-GNSS support in Release 19 for both NR and LTE specifications.
A reference WID [7] has been submitted to RAN#101 plenary which covers the detailed scope of the normative work expected towards - Introduction of A-GNSS support for NavIC L1 in NR Release 19. The WID also reflects the wide industry interest and support to this work proposal.

2.3  Device eco-system for NavIC
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 [6]. There are NavIC enabled GNSS chips available from multiple vendors to support this VTD (Vehicle tracking device) requirement. More then 100 VTDs have been certified by assisting agencies for the same.
There exists a rich support for NavIC L5 enabled mobile SOC with leading chipset vendors including MediaTek, Samsung, Qualcomm & Huawei, while off the shelf standalone GNSS chipsets supporting NavIC L5 are available from Telit, Allystar, Quectel, SkyTraQ, Broadcom, U-TraQ and others. 
The NavIC L1 functionality for user segment is under testing with leading chipset manufacturers. Major handset manufacturers are expected to support this constellation for positioning in their devices in near future. The early inclusion of NavIC L1 assistance data support in NR and LTE positioning specifications under Release 19 is vital given the expected use of the given constellation as primary navigation mode in Indian subcontinent geography.


3	Conclusion
Observations:
1. The Release19 workshop did not see much interest in positioning enhancement topics and hence it was not part of the primary list of times marked for this release.
2. Introducing AGNSS support for NavIC L1 SPS service is a RAT-independent topic and can be pursued separately without any direct dependency on potential RAT depending positioning enhancement proposals.
3. As against other positioning proposals which are optional for Release19, NavIC L1 AGNSS support is of particular importance for Indian geopgraphies interest.

Proposal: 
The Introduction of AGNSS support for NavIC SPS L1 service in NR should be considered as an independent work item for Release19.
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