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Presentation Outline Symmetriconr

* Introduction
— Packet probe
— Metrics

e Characterizing PTP Equipment
— (1) Grandmaster clock (traditional metrics)

— (2) Transparent clock (packet metrics)

— (3) Boundary clock #1 “Good” (time and frequency packet metrics)
— (4) Boundary clock #2 “Marginal”

— (5) Boundary clock #3 “Unstable”

* Characterizing NTP Equipment
— (1) NTP server

* Conclusions
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Network PDV Measurement

PTP/NTP Equipment Characterization
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Packet Probe (G.8260 View) Symmetricom

Network PDV Measurement
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Metrics

* Traditional Clock Metrics
— ADEV, TDEV, MTIE

— Traditionally applied to oscillators, synchronization interfaces

* Frequency Transport Packet Metrics

— minTDEV, MAFE, MATIE
— Applied to one-way packet delay data

* Time Transport Packet Metrics
— minOffset, minTDISP
— Applied to two-way packet delay data

— Assesses link asymmetry
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Grandmaster Clock

Grandmaster Measurement Setup
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Grandmaster Clock Symmetricom'

Symmetricom TimeMonitor Analyzer: 2010/10/04; 22:30:40
80 ns H H H H H H H

40 ns
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probe measurement
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Symmetricom TimeMonitor Analyzer, 2010/10/04; 22:30.40
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ltered Probe Measurement
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Transparent Clock
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Transparent Clock Measurement Setup

FE

Measurement
Software

Transparent
Clock

Cesium
Clock



Transparent Clock

Forward Measured Delay and Correction Field Match

1.75 ms

1.50 ms
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0.0
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1.25 ms
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Symmetricom TimeMonitor Analyzer; 2011/04/07; 20:55:09
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Transparent Clock
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Reverse Measured Delay and Correction Field Match
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Transparent Clock Symmetricom

]
Symmetricom TimeMonitor Analyzer, 2011/04/07; 20:55:09
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Boundary Clock Measurement Setup
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Boundary Clock Symmetrico

Boundary Clock Measurement: 3 Approaches
(1) Packet probe; (2) BC 1PPS; (3) Connected slave 1PPS

Symmetricom TimeMonitor Analyzer [File=probel1-BC-2011_04_14--14_54 _tpk]

Phase dewiation in units of time: Fzs=4 006 Hz: Fo=10.000000 MH=: 2011/04/514; 21:55:17

1 [blue): BC probe: 2 [red): Test: 4767;: BC 1 PP5: 3 [(magenta): Test: 4AF768;: Slave 1 PPS
55.0 7 7 7 7 7 7 7 7
usec

5.00
usecsdiv

0.00 : : :
zec Eo[llﬂg 200 hoursSdiv ;llEh?'g
Symmetricom TimeMonitor Analpzer [file=phase3_ pnm]

Phasze deviation in units of time: Fs=4 006 Hz: Fo=10.000000 MH=z: 20011/04/14; 21:55:17

1 [blue]: BC probe: 2 [red): Test: 4767: BC 1 PPS5: 3 [magenta): Test: 4768: Slave 1 PPS
51.8 ; v ; ; ; ; v ; ;
usec

1.48
uzec/div

usec hours 11.3 minutes/div ;‘Eiﬁg



Boundary Clock #1 Symmetricon

Boundary Clock Input/Output Probe Measurements

Symmetricom TlmeMonilot Analyzer 2011;‘04/11 07:30; 2011104/10 11:18; 2011/04/08-09 12; 2011/04/09-09 24
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Input % unloaded
network
80 ps Single
: unloaded
e L e . S oo S switeh
.......... : ..........!.... : : .......!..... :. : .........?....... : sssssss
0 ps : : f : : - : f : <« Direct
: . : : : : : : : wire
0.0 hours 1.00 hours/div 10.00 hours
800 ns " - r - r ' ; T
400 ns
Boundary
Clock Ons[#
Output
-400 ns
-800 ns
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Boundary Clock #1
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8 Node Network w/ Trafflc Input PDV Histogram
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Most of the PDV
data is at the floor

Boundary Clock Output Probe/lPPS I\/Ieasurements

Syrrmet ricom TimeMonitor Anatyzer; 2011/04/08-19:12; 2011/04/09-09:24
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5 network
S 2
< with
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0.0 hours 2.00 hours/div 1.000 days



Boundary Clock #1 Symmetricon

100
urec |

1™ BC minTDEV & MAFE
Transfer Characteristics
AR !;’am 7 = !:22"' e e TR 35 e Symmetricom TimeMonitor Analyzer: 2011/04/09; 09:24
Boundary Clock
: BC output is e
Two-way Metric e origin:
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Boundary Clock #2 Symmetricom

Probe shows 240ns BC timestamp quantization

Symmetricom TimeM onitor Analyzer
Phaze deviation in units of time; Fs=40.34 Hz: Fo=10.000000 MHz; 197001705 19:52:04
TP5000 Fwd PDY Phasze; Samples: 2822; BC direct cable connected

800 . . .
1 1 1
nsec : ! !
""" Ll Bl Eeliaieitintls Bl T Bl el Tl il el el sl ik nlilitiliniall el it ittt
I I I
1 1
---------------------------------------------------------------------------------------
I I
1 1
L Lt
1 1
1 1
1 1
_HIH “mih L L B Bl = = = = = = —— R —— ===t il
g0.0 ' :
nsecdiv | _____ R . decees decees e R e e . Cee e Lo Lot R
1 1 1 1 1 1 1 1 1 1 1 1 1
I
""" T""'T'"'"I"'"'I"""l""":"""'"'""'"'I"""l'""'r""'r""'T""'
I
............................. e
---------------------------------------------------------------------------------------
0.00 . .
- 0.000 . 69.94
seC sec 500 zec/divy sen

The approach of measuring a BC 1PPS or frequency
signal is preferred in this case
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Boundary Clock #2
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Boundary Clock #3 Symmetricom

Large Movement in the Output with Direct Cable Input

Symmetncom TimeMonitor Analyzer
Phaze deviation in units of time; Fsz=249.9 mHz: Fo=1.0000000 Hz; =4/28/2011 7:59:48 AM=; *6/3/2011 1:24:46 PM=;
HP 53132A; Test: 4809;: BC: 1PPS5: Samples: 732138

100
<10 ns p-p
20.0 at the input
usec/div 00
>160us p-p
at the output
100 : : : .
usec gﬂiﬂ 4.00 days/div 32}233
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NTP Server

—
Symmetricomr

NTP Server Measurement Setup
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NTP Server Symmetricom

Checking NTP Server Timestamp Quantization

Symmetricom TimeMonitor Analyzer
Phaze deviation in unitz of time: Fs=64.00 Hz: Fo=10.000000 MH=z: 2011/10525 18:02:-52
TP5000 HNTP Fwd PDY Phase: Samples: 20865; Start: 2; Initial phase offset: -7 . 91624 nsec: Ethl to Eth2 lo
400 ; v ; ; ; ; ; ; ; v
nsec H H H

_______________________________________________________________________________________

_______________________________________________________________________________________

| G iioi oo i | 5 minute measurement
A DS NS B SO DU shows 4ns quantization

5 (GIgE fiber)
nsec  TO00 A%,

Symmetricom TimeMonitor Analpzer
Phase dewiation in units of time: Fs=64.00 Hz: Fo=10.000000 MH=z; 2011/10/s25 18:02:52
TPS5000 HTP Fwd PDY Phase: Samples: 20865; Start: 2: Initial phase offset: -F. 91624 nsec: Ethl to Eth2 lo
4 00 ; ; ; ; ; ; ; ; v
nzec

————————————————————————————————————————————————————————————————————————————————————————

________________________________________________________________________________________

too o Zoom shows individual
' | | ' ' | | ' measurement samples

_________E ——————— IE—-ﬁ——ﬁ-—b—i:——-i——.———J:-—i—-l—-l——i—l-—i————:‘————h———i ——————— l-l:- ————— -ﬁ—_i___.____
400 H H H H H H H H H
nsec 2470 121 msec/div 2.490

minutes minutes
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NTP Server Symmetricom

GigE Copper vs. Fiber

Symmetricom TimeMonitor Analpzer
Phaze deviation in unitz of time: Fz=2. 000 Hz: Fo=10.000000 MH=z: 2011/10/25 18:57-28
Two-wWay Fwd/RBev PDV Phasze: Samples: 168; TPSk#1 HTP server TPSk#3 NTP probe copper;. ServerlP: 10

48.0 : : . : :
A AR LS R e R b SR L
R N R T
oo [T B T N . o .| GIgE copper 20 to 30 ns p-p
: : : {00
- e T YA i w ah r Bk Tl ek o i A - - -k -
niec 0.000 10.0 sec/div 83.50

Symmetricom TimeMonitor Analpzer
Phaze deviation in unitz of time: Fz=2.000 Hz: Fo=10.000000 MH=z: 20111025 19:03:25
Two-wWay Fwd/Rev PDY Phasze: Samples: 175 TP3k#1 NTP server TP3k#3 NTP probe fiber; ServerlP: 101

250 : ; :

nsec ! | : H : :

R oo GIGE fiDET 4 1S P-p
nsec/div : : : : : : : : 0.0

;.2353'3 0.000 10.0 sectdiv 87.00

FEC FEC
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NTP Server Symmetricom

NTP server: Holdover 2.5 days

Symmetricom TimeMonitor Analyzer [file=probe3-20011_10_26--10_30_txt)
Phasze deviation in unitz of time; Fz=1.000 Hz: Fo=10.000000 MHz: 201110426 17-30:26
1 [blue): Time Phase; Samples: 225298; Stop: 225298; NTP server 4 days; 2001110426, 17-30:26; 5 [cyan]

120
nsec

30.0

nsec/div 1§ |

-180
nsec

1 1 1 1 1 1 1 1 1 1
"""" e L e e e e
1 1 1 1 1 1 1 1 1 1

0.000 6.00 hours/div 2.608

Cyan: Unfiltered packet signal
Blue: Filtered packet signal (running average)
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Summa ry Symmetrlcuhm'

* PTP and NTP probes are useful both for (1) studying
network PDV and for (2) studying packet equipment

* Packet equipment performance varies considerably (BC#1,
BC#2, BC#3)

* Traditional metrics can be applied to packet data

— Grandmaster clock and NTP server characterization

* Packet metrics are important for:

— (1) Network PDV
—(2) Characterizing GM,TC,BC,NTP equipment

* Analogous to traditional metrics:
— (1) Network synchronization interface analysis

— (2) Oscillator and synchronization equipment characterization
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