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Clocks

< 3GPP

Q SOppb (Observed in 1ms), + 1.5uS
Q 16ppb (Networklnterface)

Q SOppb (Observed in 1ms), + X US (Absolute)

o xY US (Relative)
< ITU-T SG15 Q13
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Assisted/Partial Timing Support
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G.8273.4: APTS/PTS clocks

Source: Deutsche Telekom , Helmut Imlau, 13.10.2017




> Impact of Oscillator on Clocks

< Servo Model
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< Free Run
o Pull —in Range
< Wander Generation
o MTIE and TDEV requirements

= Qver the operating temperature ranges
< Holdover
0 Temperature & Ageing effects

< lJitter
o Depending on the servo architecture



: Oscillator Types ralkkon

. Wallal or°
-4U LU [e)®)
Oven temperature variation SlIPESAtic
Uncompensated frequency “~~_due to external temperature Network or
“>~._  change AR
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Temperature Stability : 50ppb — 5ppm
(-40°C to +85°C)
Ageing : 10ppb/day

‘ Turnover Point \ -

Compensating voltage OCXO .

Temperature Stability : 50ppt — 50ppb
(-40°C to +85°C)

Ageing : 0.1ppb/day

Frequency / Voltage




. Physical Layer Clocks ralkon

< Node & Equipment Clocks — Traditional

G.812 Type | 3mHz 2ppb 0.2ppb/day OCXO

Type Il 4.6ppm 1mHz 10ppb lppb/day  OCXO

2 G.813 Option 1 4.6ppm 1-10Hz 2000ppb 10ppb/day TCXO
Option 2 4.6ppm 0.1Hz 300ppb 40ppb/day TCXO

< Ethernet Equipment Clocks

G.8262 Option 1 4.6ppm 1-10Hz 2000ppb 10ppb/day TCXO
Option 2 4.6ppm 0.1Hz 300ppb 40ppb/day TCXO

< Enhanced Ethernet Equipment Clocks (TBD)

G.8262.1 Type I?




s Packet Clocks - Frequency ralkkon

< Packet Equipment Clock — Master — Frequency

G.8266 [ITU-TG.812] Typel  NA 3mHz 2ppb 0.2ppb/day OCXO
[ITU-T G.812] Type lll 4.6ppm 1mHz 10ppb lppb/day  OCXO

< Packet Equipment Clock — Frequency

G.8263 PEC-F 4.6ppm 1mHz 10ppb 1ppb OCXO




. Packet Clocks — Time ralkkon

< Full On-Path support Clocks

T-BC Option 1 4.6ppm  1-10Hz(SyncE) 2000ppb 10ppb/day TCXO
2 T-TSC Option 1 4.6ppm  1-10Hz(Synck) 2000ppb 10ppb/day TCXO

< Transparent Clocks

T-TC OCXO

< Assisted & Partial Support Clocks

T-BC-P, T-BC-A ? 4.6ppm  1mHz 10ppb 1ppb OCXO
1 T-TSC-P, T-TSC-A 7 4.6ppm  1mHz 10ppb 1ppb OCXO




» Multitude of network deployment scenarios fa |(On

— m SyncE @ Master Clock @ Slave Clock
) m

G.8263 — Unaware Network ﬁ“»“»“»ﬂ%
NEs don't know about PTP \ | ’ \ ’ \ ] ‘ ‘ | ’ E '
G.8273 — Partially Aware, No SyncE - > G - G
Some NEs aware of PTP ‘ ‘ ‘ L J ‘ ’
6.8273.4  Partially Aware, SyncE @»% %»% %a%

SyncE assisted
6.8273.3 - Transparent Clock Network (]} »% %»b%a%
Networks that supports only TC, and SyncE

6.8273.3 - Transparent ok Newwork. | . (AT G, D > G G
Networks that supports only TC, and no SyncE ‘ ’ ‘ ’ ‘ ' E ’ ‘ '
6.8273.x - Fully Aware, no SyncE .—, ‘-, \ﬁaﬂ—p

All NEs are aware of PTP but not SyncE supported

G.8273.2 - Fully Aware @ 9% %_)% %_)%

All NEs are aware of PTP, and SyncE




Clocks in Transport Networks ralkon

< 5G Front-Haul transport proposal - Reference : China Mobile

End-to-end time accuracy for 5G: +/- 130ns

The +/-100ns of time transport should consider both the time budget of the
front-haul and the back-haul network.

RBLZ DU Cu
o Backhaul
+ A A -—i ﬁ Network
o ...,..:m _i_ T i ‘w:;«- |<_ Fronthaul I —r{d— Fronthaul II —447 Backhual *’l
i i +10ns +20ns +70ns
A B positioning Service)
4 Time server (grandmaster): +/-20ns ‘\ ,l
( Lowe r N o d e E rro r 10ns for holdover or not needed |‘
: Tlm: er:;:r o;the transport network: +/-100ns, 20hops Transport network: +/-100ns
Each node: +/-5ns
0 Potential new frame structure & Basestaton: - 10ns

0 Location Based Services, eMBMS
0 CA, CoMP & elCIC
< Higher Clock Performance
0 Application requirements
0 Implementation scenarios
< Oscillator focus
0 Medium stability
2 Medium Holdover

< ldeal candidate is a 1ppb temperature stable, <0.2ppb/day ageing device




> Clocks in Mobile Networks

< Base Station — Traditional _ -
0 Frequency Sync from Backhaul /

0 GNSS m

0 Oscillator holdover

< 5G Base station
o Multiple options é:c
0 GNSS Assisted PTP

o SynckE T-om a Ethemet §

< Oscillator focus

| Backhaul | Fronthaul | | Fronthaul Il |

0 Medium stability | . . |

T-GM: Telecom Grand Master, CU: (Centralised) Cloud Unit, DU: Distribution Unit, AU: Access Unit

CPRI

20 Medium Holdover

< ldeal candidate is a 1ppb temperature stable, 0.2ppb/day ageing device




v Clocks in Edge/Mini Grand Masters ralkkon

< Emergence of Edge/Mini Grand Masters
0 Clocks with medium term holdover

PRTC/GM

PRTC/GM

Core Network Access/Backhaul Network ;‘
‘. eEEC CIockl’

< Oscillator focus
0 Medium stability
20 Medium Holdover

< ldeal candidate is a 1ppb temperature stable, 0.2ppb/day ageing
device



1 Qverall Performance ralkon

Stratum 3E Clock Stratum 3E+ Clock

< Temperature Stability < 10ppb < 1ppb

< Ageing < 1ppb/day < 0.2ppb/day

< Frequency Slope < 1ppb/Deg C < 0.1ppb/ Deg C

< Size < 25x22, 14x9 < 24x22

< Power < 0.75W - 1.5wW < 0.75W - 1.5wW

< Overall Stability < 4.6ppm < 2ppm

< Phase Holdover < 1.5uS/~1 hour < 1.5uS/~8hours




= Advancement in oscillators ralkkon

< Compensation Techniques

0 Temperature
ROX252254 ADEV

0 Ageing 1E10

—all contribution ——ageing removed ——ageing & temp removed

0 Power supply variation
0 Hysteresis Management

< Rule of thumb

1.E-11 -

“The secret of high performing
compensated oscillator is a
good oscillator”

Overlapping ADEV o (t)

T(s)

1 . E- 1 2 T T T 1
10 100 1,000 10,000 100,000
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MTIE for G.8263

tratum 3E, Technology A

D

btratum 3E, Technology B
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= One Oscillator — Many Clocks ralkkon

< Physical Layer Clocks < Packet Clocks - F < Packet Clocks — Time < Base Station Clocks

o G.812 0 G.8263 0 G.8273.2
= Type |l 1 G.8266 = T-BC (A/B/C) a 50ppb
= Type lll - G.812 Type | " T-TSC(A/B/C) 0 £ 1.5pS
o G.813 = G.812 Type lll o G.8273.3 5 Holdover
= Option 1 0 G.8273.4 = % 1.5pS for 8-12 hours
= Option 2 = T-BC-P
o G.8262 = T-TSC-P
= Option1 = T-BC-A

= Option 2 = T-TSC-A
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