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What is necessary for machines to make decisions autonomously ?\/\GM F
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Use cases of space-time synchronization ))(GM F
<

/ i_@‘_.a ond flo)

BEIIRT LD
(ZIBPR(X, Y, 2)1C
fazF R,

o< YEN,
100mA IZBE%
b

b > F L DR TEBOREREMA
THET, BRFE

B & ZRIDIBIED - ICRELEHNA X —7 7 —

N - EESARTE (REA7OY ) \ _ o
. WAEERT S (R & BE) } CERLICY ZAX =AY 7Y RAT L

(LY TR EefEREDM L)



o DBBRIGAIRM 7 —FT I Fv
N

Y—& - 7x07—AH

(U —=KICiKk7F. BERZEZEE, E—EFEER)

s

SRR R
S8 R TVB AL B THETS &1

ot

R

- ZZZZEMEEL [IRY 7]
(NERFRFET L ~NIL)

- BiEIsOy oESEBIERHE
(BETHRLCTHA])

- BEfE - WXEXEI/ OV I DERK
(UTPILZALTHLTHA)

Master Clock %@
| | L | |
A T
(Tl rrtri1rtrtrrrr
ISISISISIRISISICISISICISISISIC)




BREESD 35027 (%)

m R Fi5ETF v 7°(CLIFS)

Chip Level Integrated Frequency Standard
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Atomic clock
chip”CLIFS”

Cluster clock
system

-
-
-
-
-
-
-
|-

[— ]
//' -
‘ﬂ‘
()
s -
) e
%} """
-
_____ 4
v, ——— |

YGMF
o

POC:
104 OCSACZ D
LW AT LA

]
%&. ‘\ﬂ\n_ More than one order

B of magnitude
=
Clocks by clustering of the clocks w
| | | |
10813 b ome T 2s 5s | 20s 50s ' 3min "33 min 11 6h 14h
T 100ms 1s 10s 2 min 17 min 3h 1 day

THTIT7OHEBEREAREDEDAL TR
L=>avil&->T, BOATRELRZ7AY
V4R TAITLTY XLEZRBFK

12



Cluster clock network
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5. Emerging technology trends & enablers

5.7 Technologies to natively support real-time service/communications

Two technology components are considered to achieve real-time communications
with extremely low latency. The first one is accurate time and frequency information
shared in the terrestrial network. When network nodes are equipped with compact
atomic clocks, their high holdover performance can dramatically reduce
synchronization iterations. The high frequency accuracy obtained from the atomic
clocks also reduces the frequency offset between transmitter and receiver, leading to
the low bit error ratio particularly in high carrier frequency. The collection of the time
differences among node clocks facilitates the estimation of more stable and robust
time using the maximum likelihood method, and the result can be delivered back to
each node for their self-corrections. Wireless space-time synchronization, where
clocks are synchronized at pico-second level together with the determination of
positions, is another method on which low latency communication protocol can be
built with a capability of autonomous and distributed operations. Such synchronized
network supports the schedule management in edge processing in mobile backhauls.
The common time and frequency can be traceable to the standard time or frequency by
linking one node to the precision time/frequency source.

6. Technologies to enhance the radio interface

6.6 Technologies to support ultra-high accuracy positioning

As the synchronization technology matures better toward 2030, it is conceivable that
wireless space-time synchronization in future IMT to be available by around 2030,
enabling Location Based Services to fully equipped with higher precision
localization capability.

Ourview is incorporated in section 5.7 and 6.6
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3GPP SA1 Use case for 6G ‘/(GMF©
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N
é)efinition: Space-Time Synchronization )I\GWI

* A state where the internal clocks of devices are synchronized
* And the positions of devices are mutually recognized within a local area (spatial synchronization)

Cluster clock
system

Atomic clock
chip”CLIFS”

~Be

[ Atomic Clock Chip (CLIFS) ]

CLIFS: Chip-Level Integrated Frequency
StandardA compact, low-cost atomic clock
enabling various devices to maintain accurate
time far beyond traditional capabilities

[ Wireless Two-Way Interferometry (Wi-Wi) ]

.
P :" Data server
N CIQ - A method to easily measure time and location
N apmp 4 A using terrestrial radio waves without relying
| \ on GNSS
V4
Cloud 8 m
(@ 111 J—
= Cluster Clock System
A technigue to virtually generate a stable,
- ) drift-free time signal by calculating a weighted
(( )) - ! ® average of physically separate clocks
PPtas . i , J Enhances resilience through distributed time
’ _ prag VL sources and mesh-based wireless
N m—— ~Z s factory L
\ T ——— Lo ¢ synchronization networks
© clocks PNt O
L, o ﬂ Deploy inexpensive, accurate clocks widely, and interconnect them to
& Wi-Wi collectively maintain a virtual common time.

-> Enhances resilience through decentralization of time sources
Flexibly build synchronization networks based on wireless communication. 1 8




Core technology

®

Atomic Clock Chip (CLIFS)
Chip Level Integrated Frequency Standard

* Aims to enhance mobile communication by
integrating into portable modules

* NICT has completed principle demonstrations
using MEMS over the past 5 years

+ Proposes a concrete roadmap toward mass
production in collaboration with private industry
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(*1) MEMS:Micro Electro Mechanical Systems
« devices that integrate miniaturized electrical and
mechanical components on a single chip)

Wireless two-Way Interferometry

(Wi-Wi)

A technology that exchanges radio waves
bidirectionally and derives the clock time offset,
phase difference, and propagation delay from
the differences between transmission and
reception times observed at both ends.

Wi-Wi module

Specs:Time synchronization precision: 35 ns
Timing jitter: 16 ps

Max number of sync modules: 15

Carrier frequency: 920 MHz (IEEE 802.15.4)
Range: 500 m (ver.2), 5 km (ver.3)

under ideal conditions
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®

Cluster clock system

Clock comparison against adjacent devices
allows sharing of a local reference time as an
average of distributed clocks

Targeting autonomous, robust, and flexible
cluster time operation

Can easily access synchronization
infrastructure for calibration




Action Plan \,(GMF©

* Regular Meetings
Two types: internal XGMF project meetin%s and combined meetings with other
communities such as data centers, clock business, and components manufacturers

®

+ Collaboration Planning
Cohorglillwate with active researchers to define concrete collaborative activities and
schedules

* International Exchange
Engage with international 6G developers and projects in clock, positioning, and sensing
to identify the needs relevant to Space-time synchronization

« Standards Monitoring
Track and share international standardization developments (e.g., ITU-R WP5D, 3GPP)

« External Communication
Collaborate with domestic and international industry consortia and study groups to
create and publish technical documents
Disseminate outcomes at academic conferences, international events, and exhibitions
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Space-Time Synchronization ‘/(GMF©

* When you hear the word . .
“synchronization”, Having one follow to another is not all

do you wonder what is master methods of synchronization.
and what is slave?

Then, what is the synchronization in general?
Time can be synchronized, but how can we synchronize space?

22
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Essence of synchronization:

Sharing common coordinate axis

Time synchronization

@
T

B Clock A and B have its own axis of time, respectively.
If the two axes are identical, A and B is synchronized.

Space synchronization

] ] ] ] ] L .
1 1 1 1 1 . — X
B

A and B have its own axis of space, respectively.
If the two axes are same, A and B is spatially synchronized

* The communication under space-time synchronization equips mutual recognition of
time and position in simple digital data, enabling efficient M2M communications

* GNSS system is a sample of space-time synchronization using global axes.

« But we can realize it by defining local axes of space and time.

23



. Space synchronization Y GMF

®

When time synchronization is achieved, distance can be measured by
the propagation time of radio wave (unless there are multipath).

This is a sort of space-time synchronization, where the
dimensionis 1. We can define 1D coordinated axis

which connects the two. B
4m

XA

As long as anyone is on the axis, he/she knows where they A
are by communicating with A & B. == p—
) R e

WBISEHR

A ZZ S 2T

In 3D space, 4 anchor points allow us to build a
spatial axes of 3D.
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バックホール回線

通信回線



多点測位システム

















































原子時計搭載ノード





















原子時計搭載

GNSSアンカー
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Requirement to achieve time synchronization

Conventional (or legacy) way: Leader-follower structure

But some drawbacks...
* The leaderis the single point of failure.
* The erroris piled up as down to lower layers.

* Delay between nodes are often not considered, leading to errors.

Our proposal for the accuracy and resiliency:
Distributed synchronization structure
Reference for the synchronization can be
either one (easily switchable) or virtual one as a mean of all clocks.
But three things are necessary for the latter.

1) Good pendulum )
2) capability to measure clock differences,

but does not need to be all time
3) Reliable and resilient clock reference,

but which does not need to be real-time signal
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