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5G Sync and

Timing

Network Timing Requirements

5G Transport Network (ITU-T G.8300)
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End-to-End Latency Requirements for Service Type

Service type Latency requirement
eMBB User plane (UE- CU/MEC) 4 ms
Control plane (UE-CN) 10 ms
URLLC User plane (UE-CU/MEC) (1.5 ms~1 ms
Control plane (UE-CN) 10 ms

End-to-End Latency Allocation

S0 user ) . i R m . P
cquipment 5G RRU 5G DU @ 56 CUMEC \'-"_'dl'f—/‘ 5GON
: Wireles Fronthaul Midhaul © Hackhaul
:,.P“"‘:md‘"!, Itun-mhuuﬂ ‘P'“‘““‘kl“. tranamission ,‘P“"““‘kl"". trunsmission ‘p“"'“‘d‘l“!, tranamission ’p""""“‘kl"}..
delay delay delay delay
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5G Fronthaul Sync Architecture

lIs-C1

lIs-C2

lIs-C4
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PTP Network Test

GPS
GMC BC BC eNB CPRI

Time Info BC eNB
BC eNB
BC eNB

CZT PRTC | T Fronthaul
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Synchronization Validation
Synchronization (PTP Application) T T &

1 1
! (UPF, AMF, etc) 1 e
1 EPC 1
1 (MME, SGW, PGW etc) 1

Validate Time Error measurement ("
at various reference points
— Constant and Dynamic Time Error
CTE, dTE (MTIE/TDEV)
Maximum Time Error Max |TE| Timing Error Requirements
) ) L. Category Time Error
Verify TE against limits set by ITU-T rowrrTen gh
standards (ITU-T G.8271.1 A (relative) 6070 ns
(FTS)/GSZ?].Z (PTS/APTS)) B (relative) » 100-200 ns
Verify connectivity to the Grand sisole) e
Master clock o _
Timing Accuracy Categories CPRI/
e eCPRI
u 3GPP Feature LTE NR
Test Eq u I pment MIMO or TX-diversity transmission | Category A+ | Category A+ & |
Intra-band contiguous carrier aggregation Category A BS Type 1: Category B
- MTS_58OO Intra-band non-contiguous carrier aggregation Category 8 = N"i—f(i\g";)‘ji‘?‘f\ A \ j
— TEM Module for MTS S IR T
g;i\y\’gm'nem\‘n\,‘ - S‘;zl{egow =

Supplementary Uplink Not appl

In-band Spectrum Sharing Not ready in 3

Not specified in 3GPP

Not specified in 3GPP
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Synchronization Metrics

» Synchronization essential for 5G cellular service (TDD, Carrier Aggregation)

= 3gpp Time Alignment Error metrics are composed of |TAE|,gjaive @Nd |TAE| peoiute

» Time Error TE is defined as the time differences at a UNI compared to another UNI or PRTC
" ITAEIabsqute = ITEIabsqute + ITEIRU

" | TE|spsoite lIMits are smaller than |TAE|, ot liSted below!

Category ||TAE|absolute||TAE|relative |Application

O-RAN Fronthaul Network

Antenna 5 5 _
MIMO or TX diversity transmissions, at each

A+ 32.5ns 65ns .
— carrier frequency.
Q) ‘PRTC
J~ TUNI S UNI - intra- i i
Q) A 65ns 130ns E-UTRA |I1tra band contiguous carrier
I aggregation

I

I ! |TE|absqule ! ITElabsqute !
I I~ i "
I

I

NR intra & inter-band contiguous carrier

1
L | TE|reiative | B 130ns 260ns aggregation; E-UTRA intra-band non-contiguous
| carrier aggregation
| ITAE|asoue | |TAE|assoue N : : : :
- c 1.5us 3us NR intra & inter-band non-contiguous carrier
| | TAE |reiative I =K K aggregation; TDD use cases
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New C5TEM-R2 - Timing Module Version 2

Common Functions

Miniature Rubidium Atomic Clock
Coax Cable Delay auto measurement
1 PPS Wander Analysis
1GE/10GE/25GE IEEE 1588-2008 (v2) (PTP)
= Master & Slave Operation
= Time/Phase and Frequency Profile Support (G.8265.1, G.8275.1, G.8275.2)
SyncE Support
SyncE and IEEE 1588-2008 (v2) (PTP) Wander Analysis

C5TEM-R2 New v2 Functions
. Multi-band satellite receiver
G.703 RJ-45 connector for 1PPS and Time of Day

GNSS 1 PPS pulse accuracy to +/- 5 ns (1-sigma)
BITS/SETS Clock input

< W< <
SESEEEREEE
SE26 7 e IS 236 27 161 17 34

19
G0 G12 G22 G23 G24 G25 G29 G31 G3:
<4 »

" Force | [ swr | [ NP |
Holdover survey Connect

Best in class: Rubidium clock for holdover

RJ-45 G.703 connector
VIAVI javisoluti i
[ / viavisolutions.com © 2021 VIAVI Solutions Inc. 8
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GNSS Antenna Test

Recommended:

@D Summary
[ GNSS
Status

Satellites Use:

Location
Latitude: 39.1662
Longitud: -77.2960
Altitude (m) 74

Satellites

37 30 36 30 37 0 0 17 41 13

Restart

Log.

Dual est

View
I S =SBAS

G GGGGGGGG G GNSSID
4 7 8 9 16 18 21 26 27 30 Satellite ID

D

Reports Tools Vi Help

Datacom ‘@System
Internal GNSS LIS 1 BERT Term —
» Running

5d 2h:36m

est F4ber0pncs

* At least 4 satellites usable

e C/No>35dB-Hz
* Mean 3D Accuracy < 5,000 mm

Device

With

Clock

b5800-933043:0 - TightVNC Viewer b5800-933043:0 - TightVNC Viewer
HED N S| Homat| Qe @e|l AEHED NI &) g A | a @e|

GNSS

Number of Satellites Used
Number of Satellites

satellites Us Timing Mode Status
ellites U
® GPS Ti Time In Survey

®

GNSS SW Version

ESTaTon GNSS HW Version
Latitude: 39.1662
Longitude: -77.2959
Altitude (v 91

Locked
3D

0

Survey
15m:30s

EXT CORE 3.01 (111141)
00080000

Latitude (deg)
Longitude (deg)
Altitude (m)

39.1661713
-77.2959280
90.5510000

Mean C/No (dB-Hz)
Survey

Mean 3D Accuracy (mm)
Current PDOP

Mean PDOP
Mean UNo (dB-Hz)

Dual Test
View

¢ 1 B8 | & )

V1AV

viavisolutions.com
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GNSS Antenna Cabling Delay Measurement
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2nd-pUT
. Cable used by Grand Master
. Unconfirmed cable delay characteristics

= =]
GM
1st- Known Good
. Calibrated delay information known
about antenna and cables
» Test confirms Antenna Cabling Delay Overview
* Frequency Delta (in ns) between Known Good and * No need to perform a TDR on fiber or coaxial cable
DUT indicates optimal cable delay for GM » Delay includes any fiber to coax conversions

» Delay includes GNSS splitters and repeaters (if any)
» Delay includes surge arrestor delays (if any)
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G.8275.1 C-RAN Hub Aggregation

ans
wus®
ans®
ans®
us®
--------
e
aunt
un®
ann®
aunt

C-RAN Hub =|—
m,

FTN Mux

é
<. &)

@ FTN Gateway | 10/25 GE

G.8275.1 *\
PTP & SyncE . - —

Master Clock

DU/RU
G.8275.1 CU/DU/RU
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« Extremely low time
* Highest RF overlap &

* Greatest risk of timing

error needed
radio overlay

related interference

*  Most important measurements

+  Max |TE]
- CTE
« Sync PDV

* Test at C-RAN Hub
* Router interfaces
«  XWDM ports
* Fiber demarc
* Master clock
» Test at tower/pole/rooftop
«  XWDM ports
* Fiber demarc

© 2022 VIAVI Solutions Inc. 11
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5G Sync and Timing

Air Interface: Time Error Requirements

5G Time Error Requirements (ITU G.8271 Class 4):
- UTRA-TDD, LTE-TDD (small cell), NR TDD, WiMAX-TDD (some configurations).
- Synchronous dual connectivity (for up to 9 km propagation difference between eNBs/gNBs in FR1).

- New radio (NR) intra-band non-contiguous and inter-
band carrier aggregation, with or without multiple input
multiple output (MIMO) or transmit (TX) diversity.

Directional
Antenna

GPS Antenna
(PRTC reference)

»

OneAdvisor 800

5G Freq / Time / Power

External

500,00

400,00

300,00

200,00

0,00

£1.51 Hz / 21.852 pph

- il TRl TR M Tfﬂmr MJ’ it 'LM“W i MWW W

558 Freg
GSCN
Sync Raster/SCS Offset

on
0dB
|Offset  On 0,00 dB

Center Freq
Channel
Standard 5G NR - Band Global

Scale Uniit; Hz.

+1.5us
against
PRTC

50

0 Count.

491.59 ns Distance 0
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5G Sync and Timing

Air Interface: Cell Phase Synchronization Requirements

Cell Phase Synchronization Accuracy (3GPP 38.133)
- 7.4.1 Definition: Cell phase synchronization accuracy for TDD is defined as the maximum absolute deviation in frame start

timing between any pair of cells on the same frequency that have overlapping coverage areas.
- 7.4.2 Minimum requirements: The cell phase synchronization accuracy measured at BS antenna connectors shall be better

than 3 ps.

5G (TDD) Frame
p/p[p[Fuluip/p[p/p[p[p[p[Fuluip/p[p[p]

[o[p[p[Flulbip[p[p[p[p/p/p[F/uluip/p[D[D

= i* Interference »ii*

Cell Phase Sync < 3us

<+—— GPS Antenna

Omni-directional (PRTC reference)

Antenna

|E| Downlink Slot
[E] Flexible Slot

Uplink Slot

g5  5G-NRSignal Analyzer

Sync Analysis

Sync Analysis

OneAdvisor 800
5G Cell Phase Sync
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Confidential Information

omofmion it city
Manual 0 da Manual Ma 8 A L oL
External Offset  ©n  0.00dB ver Offset Ma P Aut -
Scale Unit: ys
450
3.00
150
: I
3.00 =
50 =
100 102 104 0 204
PCI M
-
a1 S RSRP SyncError  TimeError INR SR
M
Primary 090 B6.90 dBm 000.00 ps 141 s 7.55 dBm 7.35 dBm =
2nd 100 -87.55 dBm ® s ps 0.24 M3 7.35 dBm 7.55  dBm A
3rd 102 9538 dBm ® 09 ps 050 ps 718 dBm 738 dBm o]
4th 104 -97.85 dBm & 157 ps 298 s 685 dBm 658 dBm
sth 202 9732 dBm ® 27 ps 130 ps 532 dBm 487 dBm
&th 204 [ ] 226 ps 422 dBm 404 dBm 2]
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5G Sync and Timing

Air Interface: Cell Phase Synchronization Requirements

Cell Phase Synchronization Accuracy (3GPP 38.133)

- 7.4.1 Definition: Cell phase synchronization accuracy for TDD is defined as the maximum absolute deviation in frame start

timing between any pair of cells on the same frequency that have overlapping coverage areas.
- 7.4.2 Minimum requirements: The cell phase synchronization accuracy measured at BS antenna connectors shall be better

than 3 ps.

5G (TDD) Frame
p[p[p[F[ufuip]o[po[p[p[p[p[F[u[uip]p[o[D] [B] Downlink Slot

[E] Flexible Slot

Uplink Slot

[o[p[p[Flulbip[p[p[p[p/p/p[F/uluip/p[D[D

= i* Interference »ii*

Cell Phase Sync < 3us

<+—— GPS Antenna

Omni-directional = (PRTC reference)

Antenna

5G NR_Sync Route Mz

#32 5G NRSignal Analyzer | Sync Route Map

OneAdvisor 800
5G Cell Phase Sync
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VIAVI test solution for 5G Sync

5G Core

MTS-5800 ONA-800

| ] [ ]
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