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Abstract - Time is the unstated base of all digital transactions, but until recently was not legally
recognised in India. Indian Standard Time (IST) has been in use since 1906 and till now, various banks,
telecom networks, stock exchanges, and government systems used to sync their internal clocks to various
sources, some of which are beyond the country's control. IST is the single time reference for all legal,
administrative, commercial, and digital applications, formalised through the Legal Metrology Indian
Standard Time Rules, 2026, under the “One Nation One Time” initiative, which is precisely synchronised
and maintained by CSIR-NPL. This review article looks at the scientific underpinning of the initiative, its
dissemination structure, and the regulatory framework, based on official notifications, laboratory
publications, and policy commentary. It describes at the micro level the need for synchronisation at the
nanosecond level for financial markets, telecom sector, power grids and cybersecurity, and it discusses
the impact of the initiative on digital sovereignty, economic growth, and citizens daily lives. The article
also outlines current gaps such as compliance requirements for smaller institutions, interoperability with
international timekeeping systems and the lack of public awareness. The results indicate that legally
traceable time is a new type of national digital infrastructure, which is important for the current and future
generations.

Keywords: Indian Standard Time, Time synchronisation, Digital sovereignty, Legal metrology, Atomic
clocks, Precision timing, digital economy, Critical infrastructure.

1. INTRODUCTION

As few resources are used as much and as little noticed as accurate time. Clocks need to be in sync with
each other for every digital payment to go through, every telephone call to get connected, every train to
leave and every record to be made in a government register. Even a few seconds difference in those
clocks can have a cascading effect on financial markets, communication networks, electricity grids, and
courts of law. Thus, it is surprising that for over a hundred years time in India was essentially a convention
and not legal.

In 1906, India adopted Indian Standard Time (IST) which is five and a half hours ahead of Coordinated
Universal Time (UTC). The reference has been through profound changes in the country such as
independence, industrialisation and most recently one of the fastest digital revolutions the world has ever
seen. During all this time, however, there was no law making it mandatory for any institution to
synchronize its systems to IST and there was no law that gave a definition of an authoritative source of IST.
In practice, organisations used what was convenient to them as a timing source. Some used satellite
navigation constellations run by foreign governments, others used internet time servers abroad, and
others did not have a lot of oversight over the internal clocks. The consequence was a discreet breakup.
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Two systems that were processing the same transaction might disagree about the time of the
transaction, and the most critical of infrastructure relied on signals which it did not own or control for
something as basic as the time of day.
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Fig -1: One Nation, One Time IST for India

The ‘One Nation, One Time' initiative is meant to fill this gap. The initiative, which was announced by the
Department of Consumer Affairs in January 2025 through draft rules put up for public consultation and
came into force through the Legal Metrology Indian Standard Time Rules, 2026, notified on 27 August 2026,
makes IST, as generated and maintained by CSIR-National Physical Laboratory in collaboration with
Indian Space Research Organisation, the only approved time reference for legal, administrative,
commercial and official purposes throughout the country. Organisations have been given a grace period
of one hundred and eighty (180) days to ensure that their systems are in line with this, otherwise any other
time reference unless specifically authorised will not be accepted.

This article provides a review about the initiative from an information awareness perspective for general
readers, the policymaker, the student, and the future researcher. It starts with the basics of what a
timestamp is, how an atomic clock works, and why it can be important for a farmer to get a digital
payment or for a stock exchange to execute millions of trades to the nearest millionth of a second. It then
explores the technological and legal apparatus that will enable the precise time to reach from a national
laboratory to the far corners of a big and diverse nation and evaluates the importance of the project for
national security, economic honesty, and everyday life. Lastly, it explores the questions yet to be
answered, as an honest telling of any public programme must not only celebrate its promise but also its
unfinished edges. The main thesis is simple India is making time public infrastructure, and it's a good
thing that people know that.
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2. UNDERSTANDING THE INITIATIVE ONE REFERENCE, NOT A NEW TIME ZONE

One of the most common misconceptions about "One Nation, One Time" is a good place to start. It is not
the launch of a new time zone, nor does it change the well-known practice of Indians of having a five and
a half hour time difference with UTC for more than 125 years. Clocks wall and wrist and mobile phones will
show at the same time once the rules are in effect as they did prior to the rules. The legal and technical
nature of time itself is something less visible, but much more significant what changes. Indian law, prior to
the new rules, provided for a very precise regulation of weights and measures.
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Fig -2: One Reference Not a New Time Zone

The legal metrology, which deals with the governance of measurements used in trade and
administration, verified the balance of a shopkeeper, a petrol dispenser at a petrol filling station and a
water meter in a domestic household. Strangely enough, this discipline did not include time. The time
recorded on a bank record, a court filing or a telecommunications log is arguably the most common
measurement in a digital economy, but no rules mandated that the time be traceable to an authoritative
source. Traceability in measurement science is the property of a measurement whereby it can be related
to a recognised national or international standard, through an unbroken chain of comparisons, all of
which are supported by documentation. Weight might be traceable, but a timestamp would not be
traceable as there was no legal chain to trace.

The Legal Metrology Indian Standard Time Rules, 2026 fill this gap. They declare CSIR-National Physical
Laboratory (NPL), the national measurement institute of the country, as the sole source of IST as realised
by them for all legal, administrative, commercial, and official activities. All organisations whose operations
rely on time, such as Government Departments, Financial Institutions, Telecommunication Companies,
etc,, need to synchronize their systems to an authorized source of IST and must be able to prove it, with
records. Use of alternative references is not allowed unless specifically authorised, which is intended to
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cover the very special cases, such as in scientific research or international co-ordination, without
violating the general principle.

The goal is unification to a degree of accuracy which is not normally discernible by human experience.
The hour and minute have always been the same for citizens. They've never had the same millisecond
and microsecond until now and in the digital systems that are increasingly becoming the arbiters of
economic and civic fairness, security, and trust, it's at exactly those scales that fairness, security and trust
are determined. The goal of the initiative is to make any point in time recorded in any system in India
have the same meaning and be able to demonstrate it.

3. THE SCIENCE OF A SECOND HOW ATOMIC CLOCKS DEFINE NATIONAL TIME
To understand the initiative, it is important to understand how modern time is made. The second, the
basic unit of time, is no longer based on the rotation of the earth, which is slightly irregular, but on the
behaviour of atoms. The international definition of the second since 1967 is the time interval of
9,192,631,770 periods of the radiation corresponding to a certain energy transition in the caesium-133
atom. Since all atoms of caesium behave like this, a clock based on this principle, known as an atomic
clock, is extremely constant it loses or gains no more than a second in millions of years.
THE SCIENCE OF A SECOND: 0 NPLI, NEW DELHI: INDIA'S TIMEKEEPING HUB
HOW ATOMIC CLOCKS DEFINE NATIONAL TIME <

o ATOMIC CLOCKS: THE PHYSICS OF A SECOND

CAESIUM-133 ATOMIC CLOCK . HYDROGEN MASER
p Cesium-133 Energy s
State Transition =

CSIR-NATIONAL
PHYSICAL
LABORATORY
(NPLI), NEW DELHI

Excited State o
§pyy e

Mictowave ! @ d
Ratiation

919263170 Ha

Cesium Clock:

Excellent long-term

stability CAESIUM ATOMIC CLOCKS (Primary Standards) HVDROGEN MﬂSERS
,y‘ Hydrogen Maser:
T | Excelent shorttem

stabilty

Lnng term Stabi \ny (Low Drift) \eml Shbd 'y (Low Noise)

Cavit
et Together:
"r\/\/\/\/\/\/\ﬁ/\/v\‘/v\/\/\ﬁ‘/\/\f\/\/v\[i :‘;&m::lt& COMHINAYION AI.MR“'HM

9,192,631,770 periods of microwave radiation (Weighted OptimalBiend) REALTIME MONITORING

O -2
comespond to exactly 1 second.
. = o @ S
1SECOND = 9,192,631,770 PERIODS UTC(N PLI) o iod
J ot
India's Primary Time Scale

@ FROM NPLITO UTC: THE GLOBAL TIME FRAMEWORK e FROM NPLI TO THE NATION: TIME DISTRIBUTION TO KEY SECTORS ;

National Metroogy Instittes (NMis)
contribute to UTC via the BIPM.

°
Cesium-133 Atom

Ground Sate

65,

Unified Time Dissemination Network
f( TO MUMBAI: BANKING & fINANCE +28m Connecting Every Corner of India
ime sncotanty) 7

— Fiber Link —».‘/\/\/\/\/\/'\/\/\—-) 1 Transaction

@ NPLI indis) X
@ NIST (Us)

© PIB (Gemany)

@ NPLUK)

© NICT (Japan)

© v e NS

7# m ASSAM: TELECOM NETWORK ) 560
3 2y y (e wotany) Network §
W e,
i India Time Offest — Fiber / Micromave Link ~/\/\)/ A/ NAS\ /\ /\-> Call Records,
+5hours x SG/6G Servies
30 minctes

é",’a (o TAMIL NADU: POWER GRD ) Fri
[ ue ] Py A (Bl 3 “on
— Fiber/ Satelite Link ~v —> 3 0
(Corote s Tne) —>| - UTC(NPLI) (D 1sTwrc+s30) _ et s i R | i
\ ) Indian Standard Time g =

Note: Time uncertaintyicresses withdistnce,path efects,and eqiprment.
o=

S X §
> ) o39 One Nation,
Kechi One Time.

Accurae,Relable. Unifed.

o ONE NATION, ONE TIME
|
|
|

——

Fig -3: How Atomic Clocks Define National Time

India’'s National Timescale is maintained by the CSIR-National Physical Laboratory, New Delhi. It runs a
group of caesium atomic clocks in conjunction with the hydrogen masers, which are devices that emit an
extremely stable frequency signal over a short period of time, based on the natural oscillations of the
hydrogen atom. The two technologies complement each other, with hydrogen masers giving outstanding
stability over a short period, and caesium over a long period, based on the very definition of the second.
The laboratory then can combine and continuously compare their outputs to produce a timescale, called
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UTC(NPLI), the Indian national realisation of Coordinated Universal Time (UTC). Indian Standard Time is
just this timescale 5 hours and 30 minutes ahead.

A national timescale is judged by its ability to follow international UTC, the calculation of which is based
on the contributions of timing laboratories from all over the world by the International Bureau of Weights
and Measures. The uncertainty of UTC(NPLI) is about +2.8 nanoseconds with respect to the international
UTC. A nanosecond is a millionth of a millionth of a second and during that time light itself would only
travel about thirty centimeters. That is, the time produced in the national laboratory is, for all intents and
purposes, the best time anywhere on the globe. But creating such time is only half the battle and the
relatively easy part of that.

An atomic clock in a laboratory is of no use to anyone unless it can convey its time, with little degradation,
to the systems that require it, such as the server of a bank in Mumbai, the switching equipment of a
mobile network in Assam, the control room of an electricity grid in Tamil Nadu. Precision is lost in transit
due to delay in every metre of cable, every network router, and every kilometer of atmosphere between
the laboratory and the user. It is the truly new aspect of “One Nation, One Time” the building of a national
machinery for this dissemination to which this article now turns.

4. WHY NANOSECONDS MATTER

4.1 The Micro-Level Case for Synchronised Time

A reader might well wonder why anyone outside of a physics lab should be interested in billionths of a
second. The solution is in the makeup of a digital transaction. A digital note of the time at which the event
occurred, as measured by the clock on the machine recording it, is attached to every action in a
computer system, such as payment instruction, a stock trade, a telephone call, or a database entry.

Why Nanoseconds Matter: The Micro-Level Case for Synchronized Time

DIGITAL FINANCIAL TRANSACTIONS AUTOMATED STOCK TRADING
create record di Microsecond order determines trade outcome; clock drift enables manipulation
Bank A System Bank B Sy em > + 1,000ns ; i PIPTI "
Al B:2ys (14s) diference Synchmn(lpz;: I:::g) Platfcrm.sdwﬁ‘ sogr‘r": & Miioasoud
T 10:15:30.123456789 | ([ 10:15:30.123457789 | ,-3% between systems e precision preserves
\Eshiopet. )" fair market order
T F 1 Banking i
- —— : - Same events
S N i appear in J | . .
sl . Clock drft can let
£ Time Source A (S = 3 malicious actors
- E (6PS) (6°s) < s — front-run orders
reconciliation
Order 1 Order 2 Buy executes first
Payment Payment Accourt Account uy
Actual Event Order ntated (Dsaes) ® Debited Cedned ;":lss‘gf""‘g""“’" Order Timeline (us) By 1000 Sell 1,000 A s + Regulatory
(Universal Time) "
= H (ur)  transactions Time compRance
10.15:30.173455000 10:15:30.123456000 10:1630.123457000 10:15:30.123456000 09:30:15.123450 09:30:15.123455 09:30:15.123460 09:30:15.123465 requires
’ hronized time
With 5 ps Clock Drift at Exchange B Con 5 ps drift ¥ el
, @ @ - . s Clock Drft at Exchange B _ 7 :
Bank B's View (1 ps ahead) T Initisted B Debited : Recehved Cmaud 1,000 ns. Order2 | ( Order 1 x okl ot Kkl
i i | (1ps) Sel 1,000 | |_Buy 1.000 i (price falls)
Time. 10:15:30.123455000 10:15:30.173456000 10:15:30.123457000 10:1530.123456000  (UTC) 1
ELECTRICITY GRID 5G TELECOMMUNICATIONS CYBERSECURITY
Synchronized measurements ensure grid stability Symmnlzed time enables efficient time slicing Accurate timestamps are essential for attack investigation
Time Source
o 6PS tu re Network - Tie li t
Time Syne (s accuracy) 70 O L {_ o T TR
share the same Firewall Web Server Database Auth Server
time slices [Feziomes]  [wazionmws) wzuews]| 1]
« Misalignment E [l
cases b
= interference s L '
and dropped ™y - adt ]
Time Slice Structure (1 ms Fr: ame) calls S‘rﬂm wonized Logs - anAm Desynchronized Logs - Confusing Timeline
+ - - AESERED - DEAEEK Tow@T)  Some fent TEMRTO  Sowr Gt
Grid Frequency Why Timing Matters oA e, 2 o 220N Frowst BodedP 20101105 WIS Feowat Boded P 0201135
60,000 Kz synchr . e
it + + Phasor algrvment rom al sensors RIS Weosever  Falodlogn MU WebSever  FaedLogh
S sineglill | oo Cl s e e s i o oo Lo SN oo o WO
« Prevents cascading faures » False alanms or misted everts i ——1 MR1RIMMS Doubme  LognAtiengt 2210502 Dstsbue  Login Attomgt
4 - Tl [ ® cers [0]1]2]3 g sTe[7]s g‘ UDICABS WebServer  Malcous Poplosd Bocked | MZ2I0TNON WebSever  Matcios Polosd Socked
G k |
€
ot ——h cac (o] 2 s[5 ¢[7]s]s} / Clear sequence - Roat cause identified X Events outof rder - Investigation impired
KEY TAKEAWAY: From financial markets to power grids, telecom, and i and mi ns = nanosecond (10°s) | )
synchronization underpins accuracy, faimess, reliability, and security in our digital world. s = microsecond (10°'s) J @ e Acaacy) @ Srsom Palablty. 9] @, Peliess & Sacusity

Fig -4: The Micro Level Case for Synchronized Time
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Timestamps give machines a way to determine the sequence of events, what was the first event, what
was the next, and what caused what. If the clocks of two machines are not in sync, their timestamps will
tell a conflicting story, with the repercussions being anything from inconvenient to dangerous. Let's take a
simple digital payment for example. The sender bank makes the record of the instruction at a certain
time, the receiver bank makes the record of the credit at a different time. But if the receiving system's
clock is ahead of the sending system's clock, the records might show that money has been received
before it was sent, which is impossible, and which makes it harder for the institution to reconcile, a
process in which institutions check to see if their records match. This multiplied by the billions of digital
transactions that India processes each month makes for a constant source of friction, dispute, and audit
cost by the small clock disagreements. The risks are high in the financial markets.

Today, trades are done in microseconds millionths of a second and are automated. The order of orders
will determine the order of which orders will be filled at what price and if a participant's clock is faster or
misaligned then they will have an unfair advantage or be able to evade detection when market
manipulation is investigated. Regulators around the world have determined that, for markets to be fair, all
the clocks used by the various players need to be synchronised within a certain tolerance to a common
clock reference, and that the clocks need to be traceable to enable the timestamps to be used as
evidence. The same requirements hold true for the physical world. Electricity is supplied by an electricity
grid which is an alternating current system, meaning that the voltage oscillates fifty times per second,
and thousands of electricity generating stations and substations need to keep these oscillations in sync;
microsecond-level synchronisation is required for monitoring devices throughout the electricity grid to
detect instability before it escalates to a blackout. In 5G mobile telecommunication networks, the radio
spectrum is split up into very small chunks of time and for the signals from adjacent transmission towers
to not clash, the time must be synchronized within about a microsecond or calls will fall. In cybersecurity,
investigators can determine the order of events during an attack by syncing the event logs from
numerous servers if the servers were set to different times the order of the attack would be impossible to
prove.

This micro level lesson is therefore a general lesson. The ability to be precise with time isn't a luxury
afforded by specialists, it's the unseen ingredient in markets, infrastructure, and digital records that
makes them fair. A country which does not have the ability to ensure the consent of its clocks cannot
make sure the consent of any of these.

5. CARRYING TIME ACROSS A NATION REGIONAL LABORATORIES AND NETWORK PROTOCOLS

To distribute laboratory grade time over a land mass as large as the Indian nation, a layered architecture
has been built and that is the initiative. The national timescale is at the top. Below, five Regional Reference
Standard Laboratories in Ahmedabad, Bengaluru, Bhubaneswar, Faridabad, and Guwahati have been
provided with their own atomic clocks and maintain their own secondary timescales which are
continuously compared and traceable to the national standard.

There are two purposes to this regional layer. It physically moves the source of authoritative time closer to
users around the country, thus minimizing the distance over which precision must be maintained, and it
offers redundancy if one of the facilities were to be disrupted, the other facilities would continue to hold
the national timing fabric together.
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Fig -5: Carrying Time Across National

The time from these laboratories is disseminated to end users primarily in two ways that use the internet.
The first, called the Network Time Protocol, or NTP for short, is an old protocol whereby a computer
regularly queries a time server for the current time, and then adjusts its clock based on the amount of
time the question and answer took to travel. NTP is very powerful and easy to use and usually
synchronises clocks to within a few milliseconds thousandths of a second over public networks, which is
plenty for most applications like office computers, e-commerce systems and general administration.

The second technique is the Precision Time Protocol (PTP) which is useful in applications where
milliseconds are too coarse. By getting the network equipment itself to measure the delays, PTP can
achieve microsecond accuracy, and better in well-engineered networks. The switches and routers in the
path keep track of the number of seconds each timing message spent in transit, so that the receiving
device can subtract the transit delay from its calculation to a much greater degree of precision than NTP
allows. PTP is the backbone of time distribution for financial trading systems, telecommunication
networks, and power utilities exactly the areas targeted by the new rules as time critical.

The role of the regional laboratory network can best be appreciated with the notion of traceability that
was introduced above. Within the new framework an organisation is no longer required to have accurate
time, but rather time that is accurate and can be traced back to the national standard by means of a
documented chain. A bank that synced to a regional laboratory's server, which is constantly compared to
the national timescale, has just such a chain. Each time the bank creates a time stamp, it is given a
pedigree, making it a legal document. Thus, the dissemination of architecture is also an architecture of
trust, in the sense of the extension of the authority of a unique ensemble of atomic clocks to millions of
devices in the country.

6. TIME FROM THE SKY AND THROUGH GLASS SATELLITE SIGNALS AND FIBRE-OPTIC PRECISION
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There are two additional channels that complete the dissemination architecture, and both reflect a
conscious strategy of self-reliance. The first one is in space. India has its own regional satellite navigation
constellation, NaviC (Navigation with Indian Constellation) built by Indian Space Research Organisation.
As with any satellite navigation system, NaviC is basically a constellation of flying atomic clocks each
satellite sends a very precise signal containing the time and the receiver on the ground uses the signals
of several satellites to determine the time and the position. Since the time in NavIC satellites is traceable
to national timescale, any receiver equipped with it can get IST with nanosecond level accuracy directly
from the sky, without relying on any network cable and importantly without relying on any foreign
government's constellation.

India’s Time Dissemination Architecture: Precision from Sky and Glass
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Fig -6: India Time Dissemination Architecture

The second channel is made of glass. Even satellite reception is vulnerable and has atmospheric
uncertainties and even for the most demanding users, the initiative has decided to adopt fibre-optic time
transfer based on a technique developed at the European Organization for Nuclear Research (CERN) and
called White Rabbit. This is a very simple concept. A timing signal sent down an optical fibre has a delay
which is proportional to the length of the fibre and its conditions. White Rabbit-type systems transmit
signals in both directions over the same fibre, constantly measure the round trip time, and calculate and
cancel the one way delay with a very fine precision. The outcome is the sub-nanosecond level of
synchronisation between distant clocks better than one billionth of a second over conventional
telecommunications fibre.

The advancement of India on this frontier has been, not in aspiration. A demonstration network for
dissemination of IST with this fibre-optic technology was commissioned at the Regional Reference
Standard Laboratory in Bengaluru in July 2026 and secure transfer of national time was demonstrated
over a long-distance fibre link from Bengaluru to a major national stock exchange facility in Chennai with
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the help of the securities market regulator and a public sector telecommunications provider. It was a
conscious decision to start with a stock exchange as the first showcase financial markets have the most
stringent need for provably fair, ultra-precise time, and the economic benefit of the technology is clearer
and immediate there. The four channels internet protocols for the many, satellite broadcast for the
mobile, the remote, and fibre-optic transfer for the most exacting are a graduated national utility. The
timing infrastructure provides IST at various levels of precision to various needs, with a common national
source, and all traceable to the same ensemble of atomic clocks, just like the electricity grid provides
electricity at different voltages to different consumers, with a common source of electricity and all
traceable to the same electricity generator.

7. THE LEGAL ARCHITECTURE INSIDE THE INDIAN STANDARD TIME RULES, 2026

Technology is not enough to synchronize a country's clocks there needs to be an obligation as well. The
Legal Metrology Indian Standard Time Rules, 2026, notified on 27 August 2026, under the Legal Metrology
Act, provide that obligation and their design pays dividends when read carefully.

THE LEGAL ARCHITECTURE INSIDE THE INDIAN STANDARD TIME RULES, 2026
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The rules have a far-reaching command. The Indian Standard Time shall be the only time system in the
country to be used for legal, administrative, commercial, and official work. All time mentioned in official
documents, contracts etc. shall be indicated in IST. Time-dependent systems including government
departments and organisations and capital markets, banking, telecommunications, power, transport etc,,
which rely on the operation of time, should synchronise with an approved and traceable source of IST. The
use of any other time reference for regulated purposes is not allowed unless there are specific reasons,
which are mentioned in the carve-out, such as scientific research or in coordination with international
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systems, while maintaining the integrity of the general mandate. Just as important as the rules are the
requirements they impose in addition to the synchronisation itself proof.

Regulated entities are required to keep auditable documentation to show that the systems were indeed
aligned to an authorised source and the extent of the alignment. This requirement makes good
timekeeping an issue of record and makes it inspectable like the weighing scales in the markets or the
dispensing meters at fuel stations have been inspected by the legal metrology officers for a long time.
The enforcement machinery is, therefore, not new but is simply extended a known and proven
administrative machinery gets a new measurand.

The rules also mandate that clocks kept at the important public places like railway stations, airports,
government offices etc. indicate IST as per traceable source so that the time displayed in public places is
the same as the time recognised by the law. The rules allow for a hundred and eighty day transition
period from notification as compliance is clearly a process that needs investment and adjustment.

Organisations should be expected to review their current timing arrangements, obtain, or set up
synchronisation with authorised sources and create the record keeping that the rules would expect to be
in place during this time. Some of the operational aspects, such as the actual numerical accuracy limits
for each class of user and the circumstances in which the timing sources will be considered as authorised
have been left for future specification by the Director of Legal Metrology, which is a sensible delegation
because of the diversity of the sectors concerned, although one which the compliance community awaits
with the necessary level of attention. The total design of the law is as old as the standardisation of
measurement commerce and governance need common reference points, and common reference
points need law. These rules are an attempt to do for the second what the nineteenth century did for the
kilogram and the metre, namely, to bring it into trade.

8. TIME AND SOVEREIGNTY REDUCING DEPENDENCE ON FOREIGN SIGNALS

None of the reasons behind the initiative is mentioned as often as sovereignty by the architects. Digital
sovereignty is the concept of a country's capacity to run its vital digital infrastructure without foreign
control or interference, and time is one aspect of that that has long been overlooked by the public.

The dependence on question is readily given in words. The most convenient source of precise time
around the world has been the military owned and operated satellite constellation known as the Global
Positioning System (GPS), for decades. In the past, mobile network base stations, banking servers, and
grid monitoring equipment among countless devices in India have used these satellites for time or
internet servers overseas. This works fine in quiet times. It is a plant that shows its weakness when it is
stressed. Satellite signals are weak and can be drowned out by a stronger local signal jammed or false
signals can be sent that look just like the true one spoofed and slowly trick receivers into false time or
position. In recent years, incidents of jamming and spoofing have been reported increasingly, in aviation
and shipping, among others, in various parts of the world. Furthermore, any foreign system can be
degraded or denied service in a particular area by its operator in times of conflict. In this regard, India has
a telling national experience. In the Kargil conflict of 1999, the availability of accurate signals from foreign
satellite navigation was not as desired and this had a tangible impact on the decision to develop the
NavIC constellation.
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The timing initiative takes this lesson of navigation and applies it to the timing of the lesson. When banks,
telecom networks and power grids are all ticking quietly to a foreign beat, an enemy who jams that beat
can, with no shots fired, foul transaction records, wreak havoc on mobile networks and overload the
power grid. With the help of anchor of national time in domestic atomic clocks, distribution of time via
domestic satellites and domestic fibre, and ensuring that critical sectors use these traceable domestic
sources, India ensures that its temporal infrastructure stays intact in the event of jamming, spoofing, or
withdrawal of foreign signals. It is important to reiterate that this stance is defensive and cooperative, and
not isolationist.

TIME AND SOVEREIGNTY: Reducing Dependence on Foreign Timing Signals
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Fig -8: Reducing Dependence on Foreign Timing Signals

The national timescale is kept harmonized with the international UTC by the well-established system of
laboratory comparisons, which is followed internationally, and India continues to keep time with the world
even though it no longer relies on any one foreign system to keep time within its own boundaries. The
principle here is that sovereignty equals resilience, not isolation, and it is a principle that applies to any
utility, from food to energy, but is the least obvious in the case of water.

9. GUARDING THE FINANCIAL HEARTBEAT MARKETS, PAYMENTS, AND THE INTEGRITY OF
SEQUENCE

No industry better exemplifies the economic impact of precision time than finance after all, finance is all
about sequence. Questions of first bid, first order, whether a payment was made before a default, and so
on determine gains, losses, and liability, and are questions that can only be answered by clocks.

Today's securities markets are so fast that they are beyond the human eye. Orders are sent, altered, and
cancelled in microseconds by automated trading systems, and exchanges matching engines of orders
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receive torrents of such orders all the time. In such a situation, the trustworthiness of the market is
inextricably linked with the accuracy of its timestamps. Allowing participants clocks to wander or, worse,
not being able to check the times against a common clock makes the order of events that every
surveillance investigation is based on up for grabs. It is similarly difficult to establish that manipulative
practices are taking place that exploit the small window of time. Regulators in key jurisdictions have thus
required synchronisation of the clocks of the trading participants to a common clock with close
tolerances. India’s initiative provides just that infrastructure a legally recognized national reference,
provided to market infrastructure at sub-microsecond and even sub-nanosecond precision, and
traceable to create admissible, auditable evidence for every timestamp. The first of its kind trial of fibre-
optic time transfer at a stock exchange facility, which involved the securities regulator, is an early and
targeted beneficiary.

The retail payment system is the same at the national level. India’s single digital payment system enables
billions of transactions to pass through the system every month between hundreds of banks and service
providers. Timestamps are created with every transaction and reconciliation, in which institutions check
to see if their records agree with each other, relies on the timestamps matching. Common, traceable time
minimizes the chances for reconciliation errors, makes it quicker to resolve disputed or stuck payments,
and bolsters the evidentiary value of records in the event of an alleged fraud.

PRECISION TIME: THE FOUNDATION OF TRUST IN FINANCIAL MARKETS & PAYMENT SYSTEMS

Precise synchronization to sub-microsecond accuracy safeguards markets, payments, and digital trust
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Fig -9: The Foundation of Trust In Financial Markets & Payments Systems

This means quicker redress for the customer, reduced operating costs for institutions and cleaner trails
for investigators. There's also a lesser known advantage of deterrence. Ambiguity, such as ambiguity as
to when something occurs, is often used in financial fraud. Backdated instructions, false logs, and
disputed cut-off times are all a part of the shadows of unverifiable clocks. A regulated regime where all
regulated timestamps can be traced back to a national atomic standard, reduces those shadows. The
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economic worth of that integrity is not easily measurable, but the trend is clear markets and payment
systems that are able to demonstrate their own integrity are more likely to be joined, and that is what
financial deepening in a growing economy is all about.

10. ONE CLOCK FOR EVIDENCE CYBERSECURITY, FORENSICS, AND THE LAW

In addition to finance, unified time serves a function that has an impact on the justice system itself, it
makes digital events provable. Today, whether it's a cyber-attack, financial crime or administrative battle,
investigations are all about reconstruction. Investigators collect logs automatic diaries of servers, network
devices and applications and try to reconstruct one continuous story from thousands or millions of
events. Time is the key element in that story. When all the devices have accurate and synchronised time,
the logs dovetail together like the witness statements of people in sync; when the devices have different
time, the story falls apart and so, often, does the case.

The best example is cybersecurity. A complex intrusion usually goes through several systems, with initial
compromise on one server, lateral movement to other servers, privilege escalation, and finally, exfiltration
of data. To detect the attack, to understand its extent and to attribute it all, events from various machines
must be placed in the correct order. Inconsistent clocks have always been a recurring challenge in
incident response, and analysts have long testified that they are one of the most challenging issues to
overcome, as they are required to make estimates for offsets between systems and doubt is cast where
certainty is required.

UNIFIED, TRACEABLE TIME: THE FOUNDATION OF TRUSTED DIGITAL EVIDENCE
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Fig -10: The Foundation of Trusted Digital Evidence

This obstacle at the root can be eliminated in a national regime with synchronisation of all regulated
systems to one traceable reference. All log entries from all compliant institutions are written in the same
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language and the forensic timeline starts to build itself with a certainty never achieved. The evidentiary
dimension is carried over into the court rooms and registries. The time of events is a significant aspect of
legal systems when a contract is made, when a document is filed, when a notice is given, when a record
is changed. With the digitisation of governance, such moments are no longer recorded by humans but by
machine times tables. The new rules are a way of giving such timestamps pedigree. The time
measurement is no longer just a number generated by a machine, but a measurement issued under a
legal metrology regime and is of the same nature as a certified weight.

Those who wish to challenge it must meet a national standard and not take advantage of an
unregulated clock. On the other hand, the auditable synchronisation records the rules provide honest
institutions with the means to defend their timestamps affirmatively. The following is a subtlety in society
that needs to be made explicit. There's a time in this world that is trustworthy and not in favour of the
state versus the citizen, or the institution versus the individual, but for whomever is telling the truth. When
the record of the moment is not subject to manipulation, it's a good thing for a citizen who's challenging a
purported transaction, or for a bank that's defending one. In this way, the unification of clocks is a stealthy
reform of evidence and reforms of evidence are reforms of justice.

11. WHAT THE ORDINARY CITIZEN GAINS EVERYDAY LIFE ON TRUSTWORTHY TIME

A citizen can only ask himself what does all this signify for a normal day. The answer is that for the most
part the benefits are not directly placed on the services but are indirect and cumulative and they need to
be illustrated. Begin with money. In a small town, a vegetable vendor receives a digital payment, but due
to network congestion, the payment is not confirmed and the customer leaves without confirmation.

=5

i (GPS/NaviC)

DIGITAL PAYMENTS

Every rupee, every second—trustworthy

TRAVEL SYSTEMS

On-time travel, every time

TRACEABLE TIME
-1 10:30:45.123456 |

DIGITAL RECEIPT !

Paid to: Green Veg Stall ogpur
Amount: £150.00 A k.
TxniD: SATFIC201E 2
Time:  1030:45.123456
Date: 18 May 2025
DISPUTE
RESOLVED 82 ~ = 1 ¢ SIGNALING SYSTEM
e NATIONAL TIME s | — 304523656
b \ REFERENCE (NTR) L B e
ﬂ Traceable Timestamp > Verifiable Record  —> ‘.° Dispute Resolved '\ UTC 10:30:45.123456 e L g Railway X Airports Q Mass Transit
= o @] Accurate - Reliable « Traceable | b
. sp2e 1 Secure - Tamper-evident S5
U ELECTRICITY GRID P S =7 Sl DIGITAL RECORDS
"t Onetime. Many devices. Reliable power. Trust in every record. Protection from fraud.
‘ EMERGENCY RESPONSE —
' Every second counts. Time unites. {JERE10 LAND REGISTRATION
GRID CONTROL CENTER

Record ID: LR202500125 HASHE7AY.-C2D.
L Owner: Ramesh Kumar & Verified
Time: 10:30:45.123456 e

l } = "F"[@‘ [mn‘sm‘ul [Toaeas 12355 |

5 AR ‘

O ® PENSION CERTIFICATE

€ Cerificate ID: PC-55421 HASH: 386E...701A TAMPER-EVIDENT
§ BURA | roicer sushita vevi & Vertiod & SECURE
Time: 10:30:45.123456
- @ Immutable
A / o \ COURT ORDER Ao e & Verifiable
s (8B SN || Com Dsmrcomt e @ Autitready
| hmsilinsed i \\ / Time: 10:30:45.123456 S & Fraud-resistant
Coordinated Response
syncnmmd Fasmmmm Fewer Outages EXshied by Commicn T N DigtalRecord _, ,mm .
Better Reliabiity o - -
reated Auilzd sewe Ledger rom«

@Ammmwm - Seamless Handover — ° Complete Event Log

( TRUSTWORTHY TIME EMPOWERS CITIZENS. BUILDS TRUST. STRENGTHENS SYSTEMS. POWERS A BETTER TOMORROW. ]

Fig -11: Trustworthy Time Empowers Citizens
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The success or otherwise of that payment, and when, will be determined by the timestables of several
systems. If all those systems maintain legally traceable common time, the controversy is settled in a few
moments, and objectively, with the vendor not on the losing end of the argument versus a machine.
Imagine this vignette at scale for the billions of transactions that are made each month in the country,
and unified time becomes the silent guardian of livelihoods, especially for small traders, who cannot
afford to lose payments or to endure prolonged disputes. Consider travel. The railway system is a great
ballet of signalling, ticketing, timetabling, and station work. When the clock in the signalling network, the
clock in the reservation system and the clock on the platform are all derived from the same national
clock, then schedules are the same for all subsystems, safety interlocks make sense based on the same
time, and the passenger's ticket, the departure board and the control room live in the same reality. The
benefits to air travel are the same as those to public transport.

This coherence is directly visible to the citizen thanks to the rules which stipulate that the time must be
displayed in the major public premises in a traceably synchronised manner. An example is electricity. The
stability of the power grid relies on monitoring devices throughout the country making measurements at
the same time, the more synchronised the measurements are, the sooner disturbances can be detected
and the fewer and shorter the interruptions. For the household, it's just supply that doesn't fail as often,
and the nanoseconds are not known. Emergency response, on the other hand, is coordination under
pressure ambulance dispatch, hospital systems, police control rooms and disaster response agencies
logging and responding to one clock, versus agencies with disparate records of the sequence of an
emergency.

Last, consider the citizen's records. Land registration, certificates, court documents, pension records
increasingly these are digital records whose authenticity is based on timestamps. Traceable time makes
it much more difficult to backdate and manipulate such records, and thus it is more difficult to defraud
ordinary people who have been victims of various types of fraud in the past. The citizen doesn't have to
learn anything, nor does he or she have to buy anything, to benefit from any of these gains. Well, in some
way, that's what it's about. The best kind of infrastructure is the kind that doesn't require constant
monitoring, and trustworthy time will soon become a part of that group. When the country's systems say
something happened at a specific time, that time will be believed.

12. THE ECONOMIC DIVIDEND TIMING AS INFRASTRUCTURE FOR GROWTH

Economists have long noted that some investments, such as roads, ports, electrification,
telecommunication networks, do not pay for themselves directly, but by reducing the costs and risks of all
the activities which rely upon them. Precision timing infrastructure is part of the family, and its economic
impact is best captured by three avenues efficiency, trust and attraction. The efficiency channel is when
small and ubiquitous frictions are removed.

Each time institutions fail to reconcile, each time there is a transaction that needs to be manually
investigated, each time an audit takes longer due to inconsistencies in the logs, labour and capital are
being used to compensate for the disagreeing clocks. While each of these costs is small, when
considered in the context of a digital economy of the size of Indiq, the costs are significant. Common
traceable time strikes them at the source. Some sectors are more complex, with interdependencies; their
savings are likely to be highest, and these savings will ripple out across the economy as lower costs. The
trust channel is more nuanced and more profound.
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Fig -12: The Economic Dividend

The financial deepening process, which involves increasing participation of citizens and firms in formal
finance, requires trust in the integrity of financial records and that conflicts can be settled. Precisely this
confidence is backed up by legally traceable timestamps. Similarly, capital markets that are provably fair
have a lower perceived risk to investors, both domestic and foreign, and perceived risk is a part of the
cost of capital. Nanosecond grade national time is no exaggeration to say that it reduces the cost of
capital for an entire economy by a small amount by making the substrate on which the financial
promises are made more solid. The attraction channel is about India’s competitive edge in the provision
of digital services. The country is home to a booming data centre sector and is home to one of the
biggest FinTech ecosystems in the world. Jurisdictions which provide high-quality time as a public utility
with legal recognition attached have a real locational advantage for operators in these industries who
need high-quality time as an operational input, for log integrity, for distributed database coordination,
and for regulatory compliance.

The availability of a legally recognised timing service as standard national equipment because of a
sovereign in the form of infrastructure in India, is a fact that goes unspoken and quietly reinforces
investment. The government's choice of the financial sector for the first test of the most advanced form of
fibre-optic time transfer is a shrewd move, since this is where the money is to be made first. There's also
an in country industrial aspect.

The development of the timing fabric and the atomic clock facilities, satellite payloads, fibre-optic
synchronisation equipment, calibration, and compliance services foster new skills and businesses in the
country. This expertise can be exported as the world is increasingly seeking resilient timing solutions for
similar vulnerabilities as India’s initiative was born out of. In short, India has opted to produce its own time,
which has become a factor of production.
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13. A GLOBAL PERSPECTIVE HOW OTHER NATIONS GOVERN LEGAL TIME

Although this is an ambitious and comprehensive initiative, India’s effort is part of a global trend of states
that regulate time as infrastructure, and this helps to explain both the conventionality and ambition of
India’'s effort. In most advanced economies, there is a national realisation of UTC at a metrology institute,
namely the national standards laboratory in the USA, the national physical laboratory in the UK, the
federal physical-technical institute in Germany, and the equivalent institutes in China, Japan, and South
Korea. A few of them have also provided a legal definition of time. A single national clock was needed in
the UK for the first time in the nineteenth century when railways introduced the need for synchronisation
similarly, India is in a digital moment.
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Fig -13: The Global Perspective How Other Nations Govern Legal Time

Germany's metrology institute's timescale is legally recognized, and the dissemination of this time is
regulated by the units and time legislation. China has a comprehensive state-run timing infrastructure
that has longwave broadcast and fibre-optic distribution and is based on its national time service centre.
The requirement to traceable synchronise in the financial sector is also an international practice. Markets
legislation in the European Union mandates that business clocks of trading venues and participants be
synchronised to UTC with a certain tolerance, up to one hundred microseconds in case of high frequency
activity, and that there is documented traceability.

Similar clock drift restrictions are put in place by securities regulators in the United States on market
participants. India's securities regulator has, indeed, had a clock-synchronisation norm for exchanges for
some years. In this context, the 2026 rules are not a new form of regulation, they are a form of regulation
that financial markets around the world already recognise, and that which the 2026 rules would seek to
achieve, is a generalisation of that across the whole economy. What is unique about India's approach is
in three aspects.
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First, its few jurisdictions have a single and compulsory national reference to link administrative,
commercial, and legal timestamping, as per a unique metrology law.

Second, its explicit sovereignty rationale the intentional coordination of legal mandate, indigenous
dissemination channels, a domestic satellite constellation and national fibre-optic time transfer, is
something that other states are only just starting to institutionalize, in the face of a rising concern
with satellite-signal interference around the world.

Third, its size no country has ever tried to do legally traceable time in a digital-payments system of
India’s size. There are cautionary lessons to be learned from the comparative record. Jurisdictions
requiring financial clock synchronisation found that the costs of compliance are not evenly
distributed and that guidance, model architectures and a gradual enforcement of the law are
needed to complement the law.

By these measures, India’s 180-day window is short, and the experience of other countries indicates that
the success of the initiative will rely as much on the quality of the support provided to the implementation
of the infrastructure as on the elegance of the infrastructure itself. The future comparative study of the
adaptations of these lessons in India and of India’s experiment in other countries will be a worthy study.

14. PREPARING FOR TOMORROW FUTURE TECHNOLOGIES AND FUTURE GENERATIONS

The best argument for the effort may not be the systems that are currently available, but those of the
future almost every technology under development is thirstier for accurate time than its predecessor.
Telecommunications is an example of the trend. To partition radio spectrum without interference, fifth
generation mobile networks already require microsecond level synchronisation between the transmission
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The sixth generation, which is being researched around the world and is expected to be available in the
next decade, will further reduce these requirements, and add features, such as positioning on a
centimeter scale and networked sensing, which are basically applications of ultra-precise time. If a
country already has laboratory grade timing fabric, they can deploy such networks natively, others can
do so at cost. This is true of the machine populated world that is assembling itself. Most of the value of the
loT the vast array of sensors and devices that are now connected in factories, farms, vehicles, and cities
comes from correlation, that is, from multiple bits of information from many devices being put together to
form a picture of reality.

Correlation assumes that the readings are at the same time. The value is now replaced by safety
Machines that coordinate physical movements must agree on time to coordinate, and the stakes are
high when you have an autonomous system moving people around, making things, or flying drones. All
these dependencies are passed on to Al systems that consume a flow of sensor data and take actions in
the physical world. Smart electricity grids will need to synchronise at the phase level much more
extensively than the current grid, to cope with millions of decentralised solar installations, storage
batteries, and vehicle chargers. In every instance, the key is precision timing the enabling substrate and
countries with sovereign public infrastructure in the form of precision timing can embrace the technology
quickly, securely and on their own terms. The building of the substrate today, in anticipation of universal
need, is like India paying a toll that every digital venture will have to pay in the future on its own.
Generational framing is not a rhetorical device, it's a sincere one.

The systems financial, medical, industrial, civic, and others which are to be relied upon by today's
students for their working lives are being built upon the temporal foundation being laid today. Many will
construct those systems, some will be the people who will maintain and extend the timing fabric itself, in
careers ranging from metrology, space technology, network engineering and regulatory science, all
directly seeded by this initiative. All of them will inherit something more intangible a national culture of the
importance of foresight about invisible infrastructure. The clocks will be replaced many times over, and
once established, the institutional capacity to keep, distribute and legally guarantee time compounds
quietly across generations, like the metric system before it, an inheritance measured not in years but in
trust.

15. THE PRESENT GAP UNRESOLVED QUESTIONS AND THE NEED FOR CONTINUED SCRUTINY

A review that praised without probing would be a disservice to its readers and a few real weaknesses in
the current situation of the initiative call for candour as cautions to policy makers and challenges to
researchers. The first one is the compliance burden. The rules govern a very diverse group of
organisations, ranging from national exchanges that have their own engineering department, to small
cooperative banks, municipal organisations and small businesses with out-of-date information systems
and limited technical expertise. Synchronisation is cheap, documented, auditable and traceable
synchronisation is not as cheap, requires equipment, configuration and record keeping.

It will be interesting to see if the 180-day period is enough time for the smallest entities to get up and run,
and if there will be any supportive measures like shared services, guidance material or graduate
enforcement which will accompany the mandate. A good initial contribution from the research
community would be to have an empirical study of the costs of compliance for different sizes of
institutions. The second gap is with regards to concentration of dependence. By having the nation with
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one time reference, a lot of little fragilities are replaced by one big fragility, a failure or compromise of the
national timescale and its dissemination channels would impact the entire nation.

The design of the architecture is reassuring because of its redundancy and multiple laboratories, satellite,
and fibre channels, but independent assessments of its resilience against deliberate attack, natural
disaster or institutional failure are not yet publicly plentiful and should be. The third gap is international
interoperability. The aviation industry, finance industry and the core internet protocols all operate in UTC
and Indian institutions will have to continue dealing with UTC-denominated timestamps.

The rules’ exemption mechanism presumably allows for this, although commentators have pointed out
that the line between the mandatory use of IST and proper use of UTC remains to be drawn. The
ambiguity at this frontier would have the greatest impact on internationally active firms, and resolution of
the ambiguity would benefit all. The fourth is the lack of specificity. Important operational parameters,
numerical accuracy limits to be complied with by various classes of users and the criteria for the
designation of timing sources as authorized are left to future decisions by the Director of Legal Metrology.

Organisations are planning to comply with a partially defined target until these are published. The fifth is
the gap in geographic and social. Assuring accurate time over networks takes networks for granted areas
of poor network connectivity will benefit from the initiative at a slower rate, and the monitoring of this
difference is important if it is to be truly national. Lastly, there is a lack of awareness and scholarship
public awareness of the initiative is limited and independent academic analysis legal, economic and
technical is still in its infancy. This is the article, in part, to try to help fill that final gap.

16. CONCLUSION

This review has been a journey from the scientific base to the horizon of the society from the viewpoint of
India’s "One Nation, One Time" initiative. The key results can be simply reported. India never had a single
legally guaranteed time, but had a single civil time, which was synchronised at best in an ad hoc manner,
often to sources outside the country's control, with unspoken consequences in fairness, security, and
resilience. The Legal Metrology Indian Standard Time Rules, 2026 addresses this by providing the legal
discipline for time that weights and measures have enjoyed for centuries and a layered technical
architecture with atomic clocks and hydrogen masers at the national laboratory, regional reference
laboratories, internet protocols of graduated precision, indigenous satellite constellation and fibre-optic
transfer of sub-nanosecond quality provides the legal discipline practical reach.

The beneficiaries include the stock exchange, the vegetable vendor, the cyber security investigator, the
railway passenger, and the strategic benefits of sovereignty and trust in the economy benefit the entire
country. The real meaning is that of a change of category. In Indig, time has become a public
infrastructure, a common good to all institutions and citizens, produced to a national standard,
distributed as a utility, and guaranteed by law. History offers some examples of the impact that such
conversions can have. Standardised identity infrastructure revolutionized access to services
standardised payment infrastructure revolutionized commerce and now, standardised time provides the
dimension upon which all of these, and many more, silently rely.

It's infrastructure for infrastructure and its pay-off will be in decades, mostly unnoticed, in disputes that
never happen, in frauds that never work, in networks that just work. The unfinished also must be
emphasized when it comes to candour. The accuracy limits and the authorization criteria are yet to be
specified, the interface with international timekeeping practice is not clearly articulated the compliance
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burden for small institutions deserves sympathetic treatment the robustness of the newly centralised
reference is yet to be assessed and there is still a lack of public awareness and scholarly involvement.
These are not flaws of conception, but rather challenges of maturation, and it's a statement of confidence
in the effort and not a criticism.

The recommendations that follow are commensurate with that early release of the pending
specifications transition support for the smallest regulated entities commission and publish independent
resilience audits clarify international interoperability and invest in education to ensure the next
generation understands the infrastructure they are inheriting. If these measures go hand in hand with the
already existing rules, India will be one of the few countries to have made time, the most common and
least thought about measure, a reliable possession of every citizen. But when the systems of this country
say that a moment has happened, it has happened and it can be proved and it is sovereign and upon it
are built great futures.
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