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1. Introduction <

2. TDM Measurement and Analysis

3. Packet Measurement and Analysis

Extra slides for reference:
Appendix 1: TDM Measurement Examples

Appendix 2: Packet Measurement Examples
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TDM and Packet Measurements Symmetricom

» Some kind of phase detector, phase measurement
device, or timestamper is needed for both TDM and
Packet timing measurements

= TDM phase measurement: “TIE”
(phase deviation)

= Packet phase measurement: “PDV”
(packet delay sequence)



“TIE” vs. “PDV” Symmetrlco}n‘f*'

» “TIE" vs "PDV”

= Traditional TDM synchronization measurements: signal edges are
timestamped producing a sequence of samples

» Packet timing measurements: packet departure/arrival times are sampled
and packet delay sequences are formed

» Phase measurements (TIE) can be made using:
* Frequency/time interval counters
= Time interval analyzers
= Dedicated test-sets
» BITS/SSU clocks with built-in measurement capability
= GPS receivers with built-in measurement capability
» Packet phase measurements (PDV) can be made using:
» |EEE 1588 grandmaster/probes
= NTP servers/probes
» Specialized network probes



TIE Measurement Example ——

Configurations Symmetricomr

Five Example Measurement Equipment Configurations

T1,E1, or 10MHz RS-232 or GPIB — T1,E1, or 10MHz RS-232

Cesium/GPS Counter/TTIA E Cesium/GPS BITS/SSU o
1 | |

T1 or E1 Live T1 or E1 Live
Traffic Traffic

i

Cesium/GPS Testset |:|@ GPS ;j
esium T1LET or 10MHz estsel RS.232 or GPIB ﬁ RS-232 or TCP/IP —
T1 or E1 Live T1 or E1 Live
Traffic Traffic
PRS ref/GPS Probe |:|@
5
T1 or E1 Live

Traffic



TIE Measurements:

Equipment Comparisons

Phase measurements made simultaneously on two different kinds of equipment
Each plot has two traces

<

. Ti v
Phase deviation in units of time: Fs=1.000 Hz: Fo=10.000000 MHz: 06/18/03: 13:50:32

1: Dscillator Testset: Samples: 91924
2: Sync Measurement Module: Samples: 11468

16.0
nsec

4.00
nsec/div

-28.0
nsec

5

2.00 hours/div

- Ti
Phase deviation in units of time’; Fs=100.0 mHz; Fo=2.0480000 MHz; 07/01/03; 14:18:27

1: Time Interval Counter; Samples: 153597

1

nsec

20,0
nsec/div

-80.0
nsec

2: GPS Receiver Built-In S5pan Measurement; Samples: 256000
20

0.000 N 17.78
days 2.00 days/div days

I3 ki

Ti Iy
Phase deviation in units of time: Fs=998.6 mHz: Fo=1.544000 MHz: 02/11/05; 20:08:23
1: Time Interval Counter
2: BITS/55U built-in measuremen

nsec

50.0

nsec/div

-100
nsec

8.00 hours/div

Symmetricom TimeMonitor Analyzer
Phase deviation in urits of time; Fe=993.9 mHz: Fo=1.0000000 Hz; 02/21/08; 17:41:08

1: HP531324; Test 16: XL 1588 Slave: Cs reference: Oz oscllator. Samples: 22218; Gate: 15: Ref ch2: 4.000 kHz: TI/Time Data Only: T1 152 Cisco 3560 switch: 02/21/06; 17:41:06

2 HliPhase; Samples: 21768; Sample Interval: 1; Input Impedance: 100k Dhm; Comms: RS-232; Status: UNLOCKED PTF PRI, Oscilator: 0CXD; ML [EEE1588 Oz Slave vs XLi Grandmaster via Cisco 3560

2.00

usec

200
rsec/div

-2.00
uset

i 1.00 minutesAdiv 10.00
minutes minutes



Packet Measurement Example —

Configurations Symmetrico

Example Measurement Equipment Configurations
Need (1) PRC TOD reference (2) Precision Packet TimeStamping (3) Analysis SW

GPS GPS
IEEE-1588 Source (Grandmaster) IEEE-1588 Destination
I E E E w/ HW packet timestamping w/ HW packet timestamping
T e—
1 588 (Timestamps outgoing/ l:r (Timestamps packets from
incoming packets) o all sources)
e
Analysis SW
Analysis SW
ops L ops
é é
N T P NTP Server NTP Client/Probe
w/ HW packet timestamping w/ HW packet timestamping
(Peerstats/Rawstats)

Collector (w/ Database)

Q O E I Probe
P ro bes /Nﬁl Network §
Probe

\

S




PDV Measurements:

Equipment Comparisons

Packet measurements made simultaneously on
two different kinds of equipment

5 i TimeManitor Analy
Phase Deviation Histogram; Fe=500.0 mHz: Fo=10.00 MHz; 2006/06/02 23:17-57
Tahiti Phase; Samples: 127865; UUID: 000055010016; Initial phase offset: 168_872 usec

IEEE
1588

- r—
0.0000 Bins= 2048 Measurements= 127965 720.00
sec usec

5 TimeMonitor A

Phase Deviation Histogram_ F£-999.7 mHz; Fo=10.00 MHz; 2006/06/02 23:18:14
Rawstats Transmit Delay: Samples: 266900: Glitch threshold: 1.00000 ms: Remote IP: 192.168.5.250; Local IP: 192.168.5.3

NTP

Bins= 2048 Measurements= 256900 720.00

g i TimeMonitor Analy
Phase Deviation Histogram; Fs=500.0 mHz; Fo=10.00 MHz: 2006/06/09 01:11:06
Tahiti Phase: Samples: 28561: UUID: 000055010016: Initial phase offset: 12 5420 usec

100

-
El

1o =

Bins= 2048 Measurements= 28561 300.00

5, i TimeMonitor Anal
Phase Deviation Histogram; Fs-997 9 mHz; Fo=10.00 MHz: 2006/06/09 01:12:20
Rawstats Transmit Delay. Samples: 563948; Glitch thieshold: 1.00000 ms. Remote IP- 192.168.5.250; Local IP: 192.168.5.3
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TIE” vs. “PDV Symmetricon

» “TIE” (Single Point Measurement)

» Measurements are made at a single point — a single piece of equipment in a
single location - a phase detector with reference - is needed

» “‘PDV” (Dual Point Measurement)

» Measurements are constructed from packets time-stamped at two points — in
general two pieces of equipment, each with a reference, at two different
locations — are needed
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“PDV” Measurement Setup Options  symmetricom

» “PDV”

» |deal setup -two packet timestampers with GPS reference so absolute
latency can be measured as well as PDV over small to large areas

» Alternative setup (lab) — frequency (or GPS) locked single shelf with two
packet timestampers

» Alternative setup (field) — frequency locked packet timestampers — PDV but
not latency can be measured



“TIE” in a Packet World Symmetricom

» Are “TIE” Measurements still important? Yes!

» Needed for the characterization of packet servo slaves such as IEEE 1588
slave devices

» There are still oscillators and synchronization interfaces to characterize

» “TIE” measurement/analysis background important to the understanding of
“PDV” measurement/analysis

= Many of the tools can be applied to either “TIE” or “PDV” data such as TDEV
or spectral analysis

= But there are new tools and new approaches to be applied to “PDV” with
some of the traditional “TIE” tools less effective for “PDV” analysis



“TIE” and “PDV” Symmetrlco}n"*

In most packet network measurement setups, both “TIE” and “PDV”
are measured at the same time

GPS
10 MHz
‘ N
PDV Measurement
Software Waveform
PDV Measurement Generator
Software 100BaseT 100BaseT @
1PPS \ 2.048 MHz
1 PPS Measurement
Software —
@ 1588 Slave e .
% Switch GE Switch
2.048 Mbit

Analysis Software

E1 Reference

Network

Sync
Measurment
Testset
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Measurement & Analysis: Outline  symmetricom

1. Introduction

2. TDM Measurement and Analysis <

3. Packet Measurement and Analysis
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Making TIE Measurements with a Counter Symmetrlco}nﬁf-

» Jitter & Wander Measurement Setup
= Computer
= Software
» Off-the-shelf counter (or counters)

E1 Reference
Software

Counter
CH-1
El CH-2 GPIB or RS-232 or TCP/IP

PC




Symmetricomr

Using a reference signal at the same frequency (or sub-
multiple) of the signal of interest, a counter can be used to
measure phase (TIE) directly.

Software can take care of data clock recovery (no data
clock recovery hardware required), phase rollover, and
any other processing required to convert the counter
measurements to phase.

Thus an inexpensive counter can be used to measure
phase on signals such as traffic bearing E1s directly.

Any signal rate

. T1/DS1 (1.544 M) . 1PPS

. E1(2.048 M) . 10 MHz

. DS2 (6.312 M) . STS-1/0C-1 electrical (51.84 M)
. DS3 (44.76 M) . 140 Mb/s Tributary (139.264 M)

« 64 kbit - STS-3/STM-1/0OC-3 electrical(155.52 M)



Synchronization Measurements w/  _—

Phase Digitizing: 3 step process Symmetricom

1. Timestamps

S e S S o--1-------- ¢--}-- Threshold
2. Phase =
Phase Deviation
or TIE
3. Analysis MTIE, TDEV.

- Allan Variance,
-= Frequency, PPSD,
: etc.




Phase Digitizing using a Reference ——

Signal at the Same Frequency Symmetrlco?n“

A time interval counter is used to time threshold crossings

of a signal very precisely. This process is unaffected by
amplitude modulation.

Ref __;__. ____________ F-- ----------- ;——- ----------- F-----Threshold

Signal - -; - -

-; --- |: -- Threshold
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Timestamps: 1 MHz signal Symmetricom:
Perfect
mathematical () s 1 us 2 us 3 us
reference

(constant carrier)

Real
signal 0 us 1.001 us  1.997 us  3.005 us
measurement
ddev (time)/TIE 0 nsec - 1 nsec + 3 nsec - 5 nsec
¢dev (degrees)  0° -0.36° + 1.08° - 1.8°

ddev (UT) 0 UI - 0.001 UI +0.003UI -0.005UI
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Phase Modulation Signal Model

Symmetricom

v(t) = a(z‘) : sin(¢(z‘))
#t)=w, t+0(t)

t;))=w, t;+0(t;)=n;-2x

Phase deviation or
TIE =l9(tl-)=ni-27r—a)o-tl—=a)0-(ni-To—tl-)

Reference /

frequency
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Phase vs. Time Symmetricom:

Phase deviation (TIE) is the difference between these
two curves

#(t)

2
et Wt

Ny2x

Ny27

Ny27 /

n2xr
i

tl t2 t 3 t4 t s t
n lTﬂ n ZTO n aTﬂ l'l4Tﬂ n .STD
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Data Signal Phase vs. Time Symmetricorm

Clock

1 2 3 4 5 b 7
Data

1 3 4 b 7

|

|
G

F2n 7 115=?
6-2n 7

4-2n — n3=4

3-2n / No=3
1-2x% m=1




Interpretation of Measurement L —

Results Symmetricomr

» For synchronization measurements, the
measurement analysis used primarily is:
» Phase (TIE)
* Frequency (fractional frequency offset

= Frequency accuracy All are derived
= MTIE from phase
= TDEV

» MTIE and TDEV analysis shows comparison to
ATIS/ANSI, Telcordia/Bellcore, ETSI, & ITU-T
requirements



Symmetricomr

1. Analysis: Frequency/MTIE/TDEV etc. derived from phase

2. Check: Verify measurement is properly made

= Sudden (point-to-point) large movements of phase are suspect.
For example, if MTIE fails the mask, it could be a measurement
problem. Phase will help to investigate this.

= Large frequency offset is easily seen: Is the reference OK? Is the
equipment set to use the external reference?

3. Timeline: The processed measurements don't show what
happened over time. Is the measurement worse during
peak traffic times? s the measurement worse in the
middle of the night during maintenance activities?

» Typical reports: 80% - 90% of the plots are phase plots



Symmetricomr

Signal (no filter)

Jitter (low-pass filter)
1.52 Ul peak-to-peak (E1)

Wander (high-pass filter)
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Analysis from Phase: Frequency Symmetricom

» Recall the relationship between frequency and

hase: d
P 0):_¢

dt

» Important point: Frequency is the slope in the
phase plot

<«—— Frequency
offset present

No offset: ideal
| H H H | H | | | | . .

66.0 . . . . . . . . . . .

= i phase plot (flat)
Fo = 10.000000000000 MHz Pace = 33750140 N = 25600 -

Ymin=-62.68408894539 msec  Ymax=0.000000000000 sec  Ymax-Ymin=52.68408894539 msec

- L
- o
-
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Symmetricomr

» Dynamic frequency: FDEV/FFOFF

* |nstantaneous frequency plotted over time

* Fractional frequency offset is a normalized version of
frequency deviation

= | imited resolution as measurement interval decreases

» Frequency accuracy
= Derived from longer term measurement
* Phase slope calculation (least-square-fit)
= Example: PRS 1 part in 10" requirement

» To sum up: a tradeoff exists between precision of
frequency result and pinpointing when it occurred
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Approaches to Frequency Calculation  symmetricom

1.5E-9

Point-by-point

Point-by-point w/ low-pass filter

SR e . 15E
oy ——— Segmented LSF



Frequency Offset and Drift

/A

Symmetricomr

o Original oscillator phase
i . ms

S measurement (0.7ppm
e . frequency offset)

25 Frequency offset removed
R (quadratic shape shows linear

AN I — frequency drift of 0.2 ppb/day)

soons  Frequency drift removed (shows
p-p

. residual phase movement)




Analysis from Phase: _—

Phase Power Spectral Density Symmetricomr

10 kHz
component




/A

Analysis from Phase: Allan Variance Symmetrlco}nﬂ*

t (usec)

Phase dev (nsec)
o

-5

Allan Variance 1s a measurement of frequency stability used for
characterizing oscillators.

Difference in slope = AW = W2 -W1 => AVAR = 3 ((AW,))?
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Symmetricom

D T S

Rk e E e e B
L - L __d__

AL _L_

b B e E L e

Glitch: 100.0 nsec: Ref chl: TI/Time Data Only; TI1 1-32:

N U U

Gate: 30 s:

]
>
<
)
3]
c
Lo
1 o
©
>
c
Lo
<

33.33 mHz; *6/19/2000 11:09:59 AM=: *8/3/2000 7-07:14 PM~;

30.00
sec

1.0E-11
1.0E-14

2 M

©

= 1

(a St

= 28 FBF

O pik:: DRI NN R A R M S R N O S
r ~h T TS TS T T T T rCC T Tt TS Tt T T~ 1~ =1~~~ r~-~-=-=1
e = I N S [T
-B |||||||||| m. |||||||
(7)) _

>

(4+]

c

<

Root Allan variance; No. Avg
Sigma
sub yp
of Tau

HP 53132A; Test 28:

ksec
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Analysis from Phase: MTIE Symmetricom

x, A N—n+1][ n+j-1 n+j-1
b MTIE(S) = max | max(X;) — min(X;)
=1 | i i)
[t T=-(N-1¢g -
x €)
"‘_S(n1)r,a|
1ppj
t-ig
S L L L D
o 1 2 !

N f f

i irn-1 N
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Frequency Accuracy and Stability  symmetricom

Quartz, Rubidium, and Cesium

Quartz: Frequency ofiset=6.4E-08; Frequency Drift=2_3E-11/day; 02{27/98; 16:54:58
Rubidium; Frequency offset=1.7E-11; Frequency Drift=2_0E-12{day; 05/05/02; 19:22:26
Cesium; Frequency offset=6.6E-13; Frequency Drift=3.3E-18/day; 11/12/99; 07:02:04

5.7
msec

--------------- R S e B e e .
: : : : : : : : : usec

Phase
Deviation

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

60
_________ nsec

______________________________________________________________________________________________________________________________________________________________________

-------------------------------------------------------------------------------------------------------------------------------------------------------

__________________________

0.0

1.000

0.000 .
days 2.00 hours/div days
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Symmetricomr

» Both MTIE and TDEV are measures of wander
over ranges of values from very short-term wander
to long-term wander

» MTIE is a peak detector: shows largest phase
swings for various observation time windows

» TDEV is a highly averaged, “rms” type of
calculation showing values over a range of
iIntegration times
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MTIE: shows a step in phase Symmetricom

Phase steps
upwards 15

usec about 8
hours into the
measurement

usec/div

Phase

hhhhhhhhhhhhhhhhhh

MTIE flattens
after a certain
tau value
(moving from
left to right)

MTIE
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MTIE: shows a frequency offset Symmetricom

A frequency
offset is seen
as a constant
slope in phase

Phase

MTIE constantly
increases with
increasing
observation time

MTIE




TDEV: shows a phase modulation —

consistent throughout measurement Symmetriconr

Phase shows
large swings in
the short term
but is flat in the

long term

Phase .

TDEV is
elevated for
shorter term

wander (left) but
relatively
reduced for
| - longer term
o f’fj‘i BEEH IR H IR s...i EEEEEEE::? (rlght)

TDEV
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Stability and Accuracy Symmetrico

Fractional Frequency Offset vs. Time

— — — =, () [AVAAAA MY A
Time Time Time Time
Stable but Not stable and Accurate but Stable and
not accurate not accurate not stable accurate

Adapted from Tutorial on Quartz Crystal Resonators and Oscillators by John R. Vig

The Allan Variance family of analysis metrics is concerned with
the characterization of stability

Diagram from “Time Domain Representation of Oscillator
Performance”, Marc A. Weiss, Ph.D. NIST



Symmetriconr

» Systematics
* Frequency offset
* Frequency drift
= Environmentals (temperature, humidity, pressure, etc.)

» When systematics are removed, what remains is
noise (stochastic processes). Five major noise
types

WPM (white phase modulation)
* FPM (flicker phase modulation)
= RWPM = WFM (random walk PM = white FM)
= FFM (flicker frequency modulation)
» RWFM (random walk frequency modulation)



ADEV to MDEV to TDEV y y

Symmetriconr

O R

White Fhase

_.-"' FIlCKEr
Fhiase B
r-_r-' W e Flichkoer
Froguoroe §TDEdLIBrcys

Fandorns ¥uralbs
Freqguamncy

ADEV

R A

Whiite Phase

J-"' Flicker

Fhase

LT | R e Flac b e
Froguocmce: Freogusenmncyr

Faamnodorny ¥Wralk
Freqguenmncyr

MDEV

TVAR

Random
WWalk
Frequency

White Phase
Flicker
Flicker Frequency

TDEV Phase White

Freqquency

Tt -0.5

time
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Measurement & Analysis: Outline  symmetricom

1. Introduction

2. TDM Measurement and Analysis

3. Packet Measurement and Analysis <



Packet Network Measurement L —
Setup

Sym metricomr

» Measurement equipment with precision IEEE-1588 or NTP
hardware time-stamping

» GPS time-of-day reference in each unit
» Required for sub-microsecond end-to-end analysis
» Log-files of the time-stamp data is post-processed

» Network configurations
= Basic: crossover cable, hub, switch
= Baseline: switch, router, multi-hop with no traffic
» Traffic: load based upon G.8261 “data” profile
= Production Network with Live Traffic
= Company LAN and Public Internet



Packet Measurement Example —

Configurations Symmetrico

Example Measurement Equipment Configurations

- Need (1) PRC TOD reference (2) Precision Packet TimeStamping (3) Analysis SW

- Probes may be “active” (require master/probe) or “passive” (require master/slave/probe)
- Passive probes also require Ethernet taps or hubs to “see” packets

GES GPS
IEEE-1588 Source (Grandmaster) Network IEEE-1588 Destination
w/ HW packet timestamping w/ HW packet timestamping
(Timestamps outgoing/ (Timestamps packets from
incoming packets) all sources)
i
Analysis SW
GPS Gés
NTP Server Network NTP Client/Probe
w/ HW packet timestamping w/ HW packet timestamping
(Peerstats/Rawstats)
|

Analysis SW



Packet Measurement Example ——

Configurations Symmetricomr

Alternate Measurement Equipment Configuration for Lab

GPS or Cesium
N

!

IEEE-1588 Shelf

Module #1 Module #2

[e]

—

Analysis SW
Lab
\—\_vai/J




Source File:

SEQ:
SEQ:
SEQ:
SEQ:
SEQ:
SEQ:
SEQ:
SEQ:
SEQ:

01195 UUID:
23238 UUID:
23906 UUID:
23239 UUID:
23907 UUID:
01196 UUID:
23908 UUID:
23240 UUID:
01197 UUID:

Symmetricomr

00A069012FB9 UTC: DATE 2006:124:01:48:56 NSEC 0650092776
000055010016 UTC: DATE 2006:124:01:48:56 NSEC 0772791251
000055010017 UTC: DATE 2006:124:01:48:56 NSEC 0942353061
000055010016 UTC: DATE 2006:124:01:48:57 NSEC 0742766301
000055010017 UTC: DATE 2006:124:01:48:58 NSEC 0122405371
00A069012FB9 UTC: DATE 2006:124:01:48:58 NSEC 0649898076
000055010017 UTC: DATE 2006:124:01:48:59 NSEC 0512342921
000055010016 UTC: DATE 2006:124:01:49:00 NSEC 0372820611
00A069012FB9O UTC: DATE 2006:124:01:49:00 NSEC 0649723496

Destination File:

SEQ:
SEQ:
SEQ:
SEQ:
SEQ:
SEQ:
SEQ:
SEQ:
SEQ:
SEQ:

01195 UUID:
23238 UUID:
23906 UUID:
23239 UUID:
23907 UUID:
01196 UUID:
23908 UUID:
23240 UUID:
01197 UUID:
23909 UUID:

00A069012FB9 UTC: DATE 2006:124:01:48:56 NSEC 0650356493
000055010016 UTC: DATE 2006:124:01:48:56 NSEC 0772511963
000055010017 UTC: DATE 2006:124:01:48:56 NSEC 0942073173
000055010016 UTC: DATE 2006:124:01:48:57 NSEC 0742522643
000055010017 UTC: DATE 2006:124:01:48:58 NSEC 0122085883
00A069012FB9 UTC: DATE 2006:124:01:48:58 NSEC 0650169943
000055010017 UTC: DATE 2006:124:01:48:59 NSEC 0512088553
000055010016 UTC: DATE 2006:124:01:49:00 NSEC 0372557873
00A069012FB9O UTC: DATE 2006:124:01:49:00 NSEC 0649977513
000055010017 UTC: DATE 2006:124:01:49:01 NSEC 0712120953



Symmetricomr

53670 65597.542 69.25.96.14 192.168.5.26 3339425597.531763871 3339425597.538087700 3339425597.538856700 3339425597.541986235
53670 65598.621 69.25.96.14 192.168.5.26 3339425598.531791267 3339425598.534250000 3339425598.618500000 3339425598.620880216
53670 65599.535 192.168.5.198 192.168.5.26 3339425599.531832760 3339425598.532465024 3339425598.533733347 3339425599.534835067
53670 65599.542 69.25.96.14 192.168.5.26 3339425599.531982140 3339425599.538061600 3339425599.538876600 3339425599.541980469
53670 65600.535 192.168.5.130 192.168.5.26 3339425600.531867351 3339425599.532509826 3339425599.533609608 3339425600.534661374
53670 65600.621 69.25.96.11 192.168.5.26 3339425600.532010593 3339425600.534500000 3339425600.618500000 3339425600.620820180
53670 65601.535 192.168.5.169 192.168.5.26 3339425601.531921841 3339425600.532630898 3339425600.533767482 3339425601.534763148
53670 65601.536 192.168.5.198 192.168.5.26 3339425601.532086846 3339425600.532638899 3339425600.533906688 3339425601.535494074
53670 65601.538 69.25.96.14 192.168.5.26 3339425601.532133066 3339425601.534439900 3339425601.535208200 3339425601.538359975
53670 65602.535 192.168.5.130 192.168.5.26 3339425602.531952310 3339425601.532583429 3339425601.533683744 3339425602.534760834
53670 65602.621 69.25.96.11 192.168.5.26 3339425602.5320874 16 3339425602.534750000 3339425602.618500000 3339425602.620799283
53670 65603.535 192.168.5.169 192.168.5.26 3339425603.532041932 3339425602.532687434 3339425602.533824018 3339425603.534817907
53670 65603.536 192.168.5.198 192.168.5.26 3339425603.532191440 3339425602.532740770 3339425602.534009092 3339425603.535520617
53670 65603.538 69.25.96.14 192.168.5.26 3339425603.532238421 3339425603.534553000 3339425603.535296200 3339425603.538452633
53670 65604.535 192.168.5.130 192.168.5.26 3339425604.532113521 3339425603.532756237 3339425603.533856552 3339425604.534939837
53670 65604.621 69.25.96.11 192.168.5.26 3339425604.532264448 3339425604.534750000 3339425604.618500000 3339425604.620777000
53670 65605.535 192.168.5.169 192.168.5.26 3339425605.532243575 3339425604.532901844 3339425604.534038427 3339425605.535154785
53670 65605.536 192.168.5.198 192.168.5.26 3339425605.532383388 3339425604.532955713 3339425604.534222968 3339425605.535882222
53670 65605.539 69.25.96.14 192.168.5.26 3339425605.532451524 3339425605.534802900 3339425605.535569800 3339425605.538810443
53670 65606.535 192.168.5.130 192.168.5.26 3339425606.532160571 3339425605.532799972 3339425605.533900287 3339425606.534984607
53670 65606.641 69.25.96.11 192.168.5.26 3339425606.532307531 3339425606.540500000 3339425606.638500000 3339425606.640780864
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Lab Network Configurations Symmetrico

Example Lab Network Configurations
GPS

;

GPS 1588 Packet
Timestamper

Various Network
Configurations

1588 Grandmaster 1588 Slave

Network Configurations:
Crossover
Hub
Enterprise Switch A
Enterprise Switch B
Enterprise Switch C
Enterprise Switch D
Multilayer Switch E
Wirespeed router M
Router X
Router Y
Multi-Hop: SWA/RtX/SwB
Multi-Hop: SWA/RtM/SwB
Multi-Hop: SWA/RtX/RtX/SwB
Multi-Hop: SWA/RtX/RtY/SwB

Traffic Generator
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Symmetricomr

» For traditional synchronization measurements, the
measurement analysis used primarily is:
» Phase (TIE)
* Frequency (fractional frequency offset)

* Frequency accuracy All are derived
= MTIE from phase
= TDEV

» MTIE and TDEV analysis shows comparison to
ANSI, Telcordia/Bellcore, ETSI, & ITU-T
requirements
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Symmetricomr

» For packet synchronization measurements, some
of the measurement analysis used is:
* Phase (PDV)

= Histogram/PDF* & Statistics } Derived from PDV

* Running Statistics phase

= TDEV/minTDEV/bandTDEV

» minTDEV is under study at the ITU-T Q13/SG15
and has references in the latest G.8261 draft

* PDF = probability density function



Symmetricomr

When graphing packet delay phase it is often best not to connect the dots

Symmetricom TimeMonitor Analyzer [File=xli_1588_ pdv_tah]
Phase dewviation in units of ime Fs=500.0 mH=z: Fo=10.000000 MH=: 200670609 0O1:11:06
=Li 1588 PDYV Phase: Samples: 28561 UUID: 000055010016 Initial phase offset: 125420 usec

200
usec

Measurement
points
connected

0.0
usecSdiv

o_oo0
ses E;,'T,'L" 1.00 hours/div

15 87
hours

Symmetricom TimeM onitor Analpzer [(Ffile=xli_ 1588 pdw_tah)
Phase dewviation in units of time: Fs==500.0 mHz: Fo=10_000000 MH=z: 200670609 01:11:06
=Li 1588 PD% Phase: Samples: 28561 UUID: 000055010016 Initial phase offset: 12 5420 usec

200
usec

20.0
usecSdiv

Measurement
points as
discrete dots
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Symmetricomr

*Phase (Packet Delay vs. Time) e MTIE

— Basis for all calculations
*MTIE (Maximum Time Interval Error) 0

— Typically one dimensional for packet seq
delay data 1984

*TDEV (Time Deviation) 12.d

[ . L] 1 -
— Useful indicator of network traffic load 1500 jwo 2
Phase TDEV
S tri TimeMonitor Anal Symmetricom TimeMonitor A_nal_vzet
200 - - - - - - - - - - - lgeul: :
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10
uze
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1
nze
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0.000 minutes/div 2.000 .
msec  hours 10.0 minutes/d hours Crossover Hub Switch Router




Performance Metrics
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Symmetrico

«Standard Deviation (PDV)
*‘Mean (Latency)
*Maximum Peak Deviation (PDV)

Symmetricom TimeMonitor Analyzer
PD¥ Software Router; Mean: 277 6874 usec: Standard Deviation: 20.64 usec

129

Crossover cable:
Mean: 287.2818 nsec
Peak to Peak: 10.01 nsec
Standard Deviation: 4.450 nsec

Hub:
Mean: 659.7955 nsec
Peak to Peak: 60.01 nsec
Standard Deviation: 12.13 nsec

Switch:
Mean: 16.75112 usec
Peak to Peak: 310.0 nsec
Standard Deviation: 70.10 nsec

Router:
Mean: 277.6874 psec
Peak to Peak: 212.5 pysec
Standard Deviation: 20.64 usec

—— =y

Switch no traffic:
Mean: 16.75112 usec
Peak to Peak: 310.0 nsec
Standard Deviation: 70.10 nsec

10% BW Utilization:
Mean: 17.93500 usec
Peak to Peak: 121.4 usec
Standard Deviation: 11.53 usec

25% BW Utilization:
Mean: 19.62525 usec
Peak to Peak: 122.6 usec
Standard Deviation: 17.61 usec

50% BW Utilization:
Mean: 47.99551 usec
Peak to Peak: 122.8 usec
Standard Deviation: 50.90 usec



s i TimeM 1 (file—destination-2007_09_19--09_39_cap)
Phase dewviation in units of time. Fs=1666 Hz. Fo=10.000000 MH=. 2007709519 074500
XLi 1588 PDV Phase: Samples: 50185: Start: 5114; Threshold: 27.0000 us: UUID: DDADE9012F09; Initial phase offset: 24.1950 usec

o Raw packet delay appears
relatively static over time

Phase deviation in units of ime: Fs=16.66 Hz: Fo—10.000000 MH=z: 2007/09/19; 07:45:00
Phase Mean: Overlap: Tau=10s: A=167: N=50019:

245
usec

Mean vs. time shows cyclical
ramping more clearly

30.0
nsec/div

241
usec s 5.00 minutes/div

Symmetricom TimeMonitor Analyzer  [file—pdv-2007_09_19--09_39_stddev_pan]
Phase dewviation in units of time; Fs=1666 Hz. Fo=10.000000 MHz: 2007/09/19; 07:-45-00
Phase Standard Deviation: Owerlap: Tau—10s: A=167: N=50019;

Standard deviation vs. time shows
a quick ramp up to a flat peak

40.0 - -
nsec 5.00 minutes/div
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Not All Devices are Equal Symmetricom

SW|tch vs. Multilayer switch vs. Router vs. Two Routers

Semmetricom TimekMonitor ASnaly=-er
PD% Switch: HMean: 24 41855 usec: Standard Dewviation: 52.85% nsec

. Statistics |

Switch:
Mean: 24.41855 usec
Peak to Peak: 334.8 nsec
Standard Deviation: 52.85 nsec

Multilayer Switch:
Mean: 27.02728 usec
Peak to Peak: 576.0 nsec
Standard Deviation: 76.19 nsec

= S50 = IFOS0O

i a e
F'Dv Software Router: kMean: 2?7 6874 usec: Standard Dewviation: 2064 usec

Router:
Mean: 277.6874 usec
Peak to Peak: 212.5 usec
Standard Deviation: 20.64 usec

Two Routers:
Mean: 477.6874 usec
Peak to Peak 369.7 pusec
Standard Deviation: 43.18 msec




Multilayer Switch with Traffic

./Am

Symmetriconr

5

T
Phase Deviation Histogram: Fs5-499.2 mHz: Fo=10.00 MHz: 2006/09/21 13:00:56

Tahiti Phase. Samples: 47414; UUID: 000055010016; Initial phase offset: 26 8800 usec

20.000 Bins= 100

Histogram; F-
amples: 25317

Measuremen! ts= 47414

5-1.020 Hz, > Fo=10.00 MHz; 2006/10/07; 00:02:04
UID: 00A069012FBA; Initial phase offset: 26.6570 usec

220.00
usec

20.000
usec

5 Ti

Phase Deviation Hlslugram Fs =1. 020 Hz: Fo= ID l]l] MHz
les: 166251 : D0ADEI

Tahiti Phase: Samples:

10

20.000 Bins= 500
usec

Measurements= 166256

Phase Deviation Histogram: Fs=1.019 Hz: Fo=10.00 MHz: 2006/09/30: 03:01:16

Tahiti Phase: Samples: 605163: UUID: 00ADBI012FBA:

ial phase offset: 26.477 usec

2001
usec

usec

5%

10%

20%

50%

Measurements= 253177

Measurements= 166256

Zooms

No traffic:
Mean: 26.9586 usec
Peak to Peak: 620.4 nsec
Standard Deviation: 73.20 nsec

5% BW Utilization:
Mean: 26.9462 usec
Peak to Peak: 1.209 psec
Standard Deviation: 79.12 nsec

10% BW Utilization:
Mean: 28.9450 psec
Peak to Peak: 34.77 usec
Standard Deviation: 7.008 usec

20% BW Utilization:
Mean: 31.2810 psec
Peak to Peak: 40.41 psec
Standard Deviation: 9.426 pusec

30% BW Utilization:
Mean: 33.6201 psec
Peak to Peak: 41.70 psec
Standard Deviation: 10.88 pusec

50% BW Utilization (2 Traffic Sources):
Mean: 80.8216 usec
Peak to Peak: 206.6 usec
Standard Deviation: 47.06 psec
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TDEV with Selection Algorithm: —

minTDEV Symmetricomr

Lower levels of noise with the application of a MINIMUM selection algorithm
TDEV at various traffic levels on a switch (0% to 50%) converge

Symmetncom TimeMonitor Analyzer [File=multilayer_switch_40percent5SBB0_txt)
minTDEY: No. Avg=1; Fo=10.00 MHz; 2006/509/19; 15:28:30

No load 5%
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Definition of bandTDEV Symmetricon

TDEV o,(r) =TDEV (1) = |1 {% " x.+2n_zijxi+n+%jxi}

minTDEV Oy mn(7) =minTDEV (7) = \/%<[xmin (i+2n)-2x,, (i+n)+x,, (I)]2> X (i) = min|x; [for(i <= j<=i+n-1)

b
bandTDEV O-x_band (T) = bandTDEV (T) = \/%<[Xt,)and _mean (I + 2n)_ 2Xt,)and _mean (I + n)+ Xt’)and _mean (I )]2> Xl,)and _mean (I) = #Z X3+i

j=a

To define bandTDEYV, it is first necessary to represent the sorted phase data. Let “x”” represent this sorted phase sequence
from minimum to maximum over the range i < j <i+n-1. Next it is necessary to represent the indices which are themselves
set based on the selection of two percentile levels. Let “a” and “b” represent indices for the two selected percentile levels.

[{Peei) " ” [{Peel)

The averaging is then applied to the “x”” variable indexed by “a” and “b”. The number of averaged points “m” is related to “a
and “b”: m=b-a+1.

1. TDEV is bandTDEV(0.0 to 1.0)
2. minTDEV is bandTDEV(0.0 to 0.0)
3. percentileTDEV is bandTDEV(0.0 to B) with B between 0.0 and 1.0



Symmetricomr

Phase (Packet Delay Sequence)

Symmetricom TimeM onitor Analyzer

Phase deviation in units of ime; Fs=1.000 Hz; Fo=10.000000 MHz; 200810 7; 01:30:27

TP5000 Fwd PDY Phase; Samples: 7001; Start: 16000; Stop: 23000; Initial phase offset: 60.3480 usec
MasztertUUID: O0BDAEFFFFO03276; MasterlP: 192.168.1.11; ProbeUUID: ODBDAEFFFFO13261; ProbelP: 192.168.2. 31

96.0
usec

330
usec/div

583 minutes/div
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Phase Scatter Plot (Packet Delay Sequence)

30:27

23000; Initial phase offset
ProbeUUID: D0BOAEFFFFO13261

10.000000 MHz; 2008/10A17; 01:

Fo=

1.000 Hz;

Fs=

Symmetricom TimeMonitor Analyzer
TP5000 Fwd PDY Phase: Samples: 7001; Start

Phasze deviation in units of time;

192168.2. 31

ProbelP:

603480 usec

16000; Stop

MasterlP: 192.168.1.11

MasterUUID: D0BODAEFFFFO0327Y6
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Example bandTDEV Calculation  symmetricom

TDEV

minTDEV

bandTDEYV (0.4 to 0.6)
Symmetricom TimeM onitor Analyzer

TDEY: Ho. Avg=1; Fo=10.00 MHz; Fz=1.000 Hz; 2008/10A17; 01:20:27

100 —— . ——— .
Lk =L El iiebubeolebubeliube Jubububepul sfeebal iubal shuu Jubuule Jo fu inbuiufubububupuiol apeliubuialnpupube Jubee ol u Suf shul/ud Sefepefefeiuiapubatjupupupeion: Sefelial Sube Supuluel seliols bul ihububububufepupe fute
l r r r L B r=====r=-- ': """ ':"'r'r """""""" Lt i Ehal it el e H I T°7
-----------------------------------------------------------------------------------------------------------------
B L L L-J e | [ P - T S R Iy i P I . -4
I O A 0 O A O ) Dt A N S A 0 IS
:
By minTDEV
:
10 :
USEC [ -]
1
usec
1["] 1 1 1 1 1 [ | 1 1 1 1 1 [ |
nsec 1.000 10.00 100.0

zec zec ec



Effects of Different Approaches to ——

Traffic Generation on PDV Symmetrico

Many aspects of traffic generation, from the choice of equipment to the way the equipment
is configured, can have a great impact on packet delay variation and by extension on the
performance of devices timing from the packet flows, such as IEEE 1588 slaves.

Network Setup

Analysis . IEEE 1588
SwW —) Master/Probe

Q@:q
e

Traffic Generator




Symmetricomr

Total BW | BW Port 1/2 Frame Size | Burst Length | Interburst Gap
1 40% 20% / 20% Different 200000 Same
2 40% 20% / 20% Same 200000 Same
3 40% 20% / 20% Same 50000 Same
4 40% 20% / 20% Same 50000 Different
5 40% 21% / 19% Same 50000 Different

Symmetricom TimeMonitor Analyzer [File=probe-2008_09_04--12_54 txt)

Phase deviation in units of time; Fz=64.00 Hz; Fo=10.000000 MHz; 2008/09/04 17:13:03

Phase; Samplez: 115190

H_?BSEIEIUUID: O0BDAEFFFFO13183; MasterlP: 192.168.1.31; ProbeUUID: D0BOAEFFFFO13172; ProbelP: 192.168.1.81
uzec

[l

9.00
usec/div

!

90.0 . . . . :
0.000 . . 30.00
usec minutes 2.00 minutes/div minutes
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Appendix 1 Symmetrlco}nﬁ-ﬁ'

TDM Network
Measurement Examples



Sync Measurement #1:

Network Element Cascading

—  —Z
Symmetricomr

Sync degradation with cascading: PSTN-MSC-BSC-DXX

GSM Mobile Telephone Operator

PSTN ¢—>1%>

MSC ch

X: measurement points

BSC e —x—»

DXX

BTS




Sync Measurement #1: S

Network Element Cascading Symmetricomr

Sync degradation with cascading: PSTN-MSC-BSC-DXX
21 nsec to 48 nsec to 124 nsec to 682 nsec peak-to-peak TIE

Symmetricom TimeMonitor Analyzer

Phase deviation in units of time: Fs=1.021 Hz. Fo=2.0480000 MHz: 04/16/96; 15:21:37
1: PSTN input to MSC;  2: Output from MSC;  3: Qutput from BSC

100
nsec

3—

10.0
nsec/diy

6.00 minutes/div 1.016
hours



Sync Measurement #1: —

Network Element Cascading Symmetricomr

Sync degradation with cascading: PSTN-MSC-BSC-DXX
21 nsec to 48 nsec to 124 nsec to 682 nsec peak-to-peak TIE

Symmetricom TimeMonitor Analyzer
Phase deviation in units of time; Fs=1.021 Hz. Fo=2.0480000 MHz: 04/16/96; 15:21:37
1: PSTN input to MSC; 2: Qutput from MSC; 3: Output from BSC  4: Output from DXX

640
nsec

80.0
nsecidiv

23—

-160

0.000 .
nsec 6.00 minutes/div 1.016
hours hours




Sync Measurement #1: S

Network Element Cascading Symmetricomr

Sync degradation with cascading: PSTN-MSC-BSC-DXX
MTIE

Symmetricom TimeMonitor Analyzer
MTIE: Fo=2.048 MHz: Fs=1.021 Hz: 04/16/96: 156:21:37
1: PSTN input to MSC; 2: Output from MSC. 3. Output from BSC 4 Output from DXX

1

Observation Window (Tau)



Sync Measurement #1: S

Network Element Cascading Symmetricomr

Sync degradation with cascading: PSTN-MSC-BSC-DXX
TDEV

Symmetricom TimeMonitor Analyzer
TDEVY: No. Avg=1: Fo=2.048 MHz: Fs=1.021 Hz: 04/16/96; 16:21:37
1: PSTN input to MSC;  2: Qutput from MSC:  3: Output from BSC: 4: Output from DXCX

100
nsec

TDEY

G811

100

Tau



Sync Measurement #2: —

SDH/SONET vs. PDH Transport Symmetricom

MSC PSTN timing: PDH vs. SDH transport

PDH transport 1y
PRC I x_:' MSC1
2

SDH transport

X: measurement points



Sync Measurement #2:

/‘A

SDH/SONET vs. PDH Transport Symmetricomr

PDH vs. SDH transport

Symmetricom TimeMonitor Analyzer

Phase deviation in units of time; Fs=115.6 Hz; Fo=2.0480000 MHz; 08/22/01. 13:08:18
1: Local switch via PDH transport. 08/22/01; 13:08:18
2. Local switch via SDH transport. 08/22/01. 13:08:18

5.00
usec

SDH— |, |

1.00
usec/div

PDH /

-6.00 : : :
usec 0.000 30.0 sec/div 6.200
minutes

minutes




Sync Measurement #2: S

SDH/SONET vs. PDH Transport Symmetricomr

PDH vs. SDH transport

Symmetricom TimeMonitor Analyzer

MTIE: Fo=2.048 MHz: Fs=115.6 Hz; 08/22/01: 13:08:18
1: Local switch via PDH transport: 08/22/01:13:08:18
2: Local switch via SDH transport: 08/22/01: 13:08:18

10
usec

MTIE

SDH

G.823 PDH
—.—

G.823 SEC
— B

G.823 SSU

8.651 Observation Window (Tau) 372.0
msec sec



Sync Measurement #2: D

SDH/SONET vs. PDH Transport Symmetricom

PDH vs. SDH transport

Symmetricom TimeMonitor Analyzer

TDEV: No. Avg=1; Fo=2.048 MHz; 08/22/01. 13:08:18

1: Local switch via PDH transport; 08/22{01:13:08:18
2. Local switch via SDH transport; 08/22/01:13:08:18

1
usec

TDEV

G.823 PDH
—.—

G.823 SEC

PDH 823 55U

124.0
msec sec

psec 8.651 Tau



Sync Measurement #2: 2

SDH/SONET vs. PDH Transport Symmetricomr

SONET pointer justifications on DS1

Symmetricom TimeMonitor Analyzer
Phase deviation in units of time. Fs=167.3 Hz: Fo=1.5440000 MHz; 02/19/98:20.57:50
DS1 transported in SONET VT payload with pointer justifications. Ymax-Ymin=2.542628863011 usec

14.0
usec

2.00
usec/div

-8.00

usec 0.000 10.0 secidiv 1196
5ec 5ec




Sync Measurement #2: —

SDH/SONET vs. PDH Transport Symmetriconr

SONET pointer justifications on DS1
o Zoom into 8Ul phase movement
Symmetricom TimeMonitor Analyzer

Phase shift in unit intervals: Fs=167.3 Hz: Fo=1.5440000 MHz: 02/19/98:20:67:60
DS1 transported in SONET VT payload with pointer justifications; MRK1to2> Dtime=1.662 sec. DPhase=8.001 Ul; 5.182 us

7.00
Ul

1.00
Ul/Div

-3.00

500 msecidiv



Sync Measurement #2: —

SDH/SONET vs. PDH Transport Symmetricomr

SONET pointer justifications on DS1
SONET vs. PDH transport MTIE comparison

Symmetricom TimeMonitor Analyzer
MTIE: Fo=1.544 MHz. Fs=1.481 Hz: 10/13/97; 14:40:33
1: PDH transport. 10/13/97.14:40:33; 2. SONET transport; 02/19/98; 20:57:50

100
usec

MTIE

ANSI| DS1
—E—

nsec Observation Window (Tau)



Sync Measurement #2: —

SDH/SONET vs. PDH Transport Symmetricomr

SONET pointer justifications on DS1
SONET vs. PDH transport TDEV comparison
Symmetricom TimeMonitor Analyzer

TDEVY: No. Avg=1; Fo=1.544 MHz; 10/13/97. 14:40:33
1: PDH transport; 2: SONET transport

10
usec

TDEV

ANSI DS1
—E—

Tau



Sync Measurement #3: —

GSM BTS: GPS vs. PSTN timing Symmetricom

Frequency jump from PSTN at GSM base station
BTS
Symmetricom TimeMonitor Analyzer

[ d
Least square fit fractional frequency offset vs. time: N=100: 02/08/00: 23:567:35 Wlthout
1: PSTHN input to GSM base station; 2: GSM base station output.  3: GSM base station output wf GPS sync.

1.2E-9 /
0.0

4.0E-10

idiv

-2.8E-9

0.000 1.00 hoursjdiv 13.82
hours hours



Sync Measurement #4: —

NE Reference Switching Symmetrico

Reference switching
Phase deviation ringing and overall phase shift of 2.4 usec

Symmetricom TimeMonitor Analyzer
Phase deviation in units of time; Fs=499.9 Hz: Fo=2.0480000 MHz: 08-10-1994
SDH switching from line to external 2 MHz. Ymax-Ymin=4.0568982028710 usec

4.00
usec

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

500
nsec/div

.........................................................................................................................................................................................

_______________________________________________________________________________________________________________________________________________________________________________________

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.0

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-1.00

0.000 6001
usec 5.00 sec/div
5ec 5ec




Sync Measurement #4: 2

NE Reference Switching Symmetricom

Reference switching
Frequency movement +/- 1 Hz

Symmetricom TimeMonitor Analyzer
Frequency deviation from Fo. Fs=499.9 Hz: Fo=2.048 MHz: 08-10-1994
SDH switching from line to external 2 MHz; Ymax-Ymin=2.005233108997 Hz

1.20
Hz

200
mHz/div

-1.00

0.000 60.01
Hz 5.00 secldiv
5eC 5eC




Sync Measurement #5: —

Oscillator Frequency Jump Symmetrico

Oscillator frequency jump: effect on holdover

Symmetricom TimeMonitor Analyzer
Frequency deviation from Fo: Fs=11.38 mHz: Fo=10.00 MHz: *3/21/97 1:43:35 PM™ *4/25/97 9:50:08 AM™;
Quartz oscillator: Samples: 342b9. Gate: 10 s. FreqfTime Data Only:

140
mHz

200
mHz/div

-60.0
mHz

0.000 . 34.84
days 3.00 days/div days



Sync Measurement #5: e §

Oscillator Frequency Jump Symmetrico

Oscillator frequency jump: effect on holdover
> 150 pysec rather than 1 to 10 pysec

Symmetricom TimeMonitor Analyzer
Holdover vs_time: N=200: Start/Learn/Holdover(h): 0.000.48.00.24.00: *3/21}97 1:43:35 PM*; *4)25/97 9:50:08 AM™;
Quartz oscillator; Samples: 34269: Gate: 10 s; FreqfTime Data Only:

180
usec

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

300
usecidiv

NN AN U Y

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-150 . . . . . 1 . . . . .
0.000 34.84
usec 3.00 days/div
days days




Sync Measurement #6: —

Microwave Link Down Symmetricomr

Microwave link down: 200 psec over 5 minutes

Symmetricom TimeMonitor Analyzer
Phase deviation in units of time: Fs=5.457 Hz: Fo=2.0480000 MHz: *3/3/2002 5:52:53 PM*; *3/4/2002 3:58:07 AM™:
Sync while microwave link down during maintenance

220
usec

20.0 : ' : : : ‘ : ! ! : :
usecidv | T E— T4 B— SN T SUS S— ]

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
_________________________________________________________________________________________________________________________________________________________________________________________
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.0

-20.0

7.3b60 .
usec 1.00 minutesdiv 1.550
hours hours




Sync Measurement #6: 2

Microwave Link Down Symmetricomr

Microwave link down: Frequency offset reaches 1 ppm

Symmetricom TimeMonitor Analyzer
Least square fit fractional frequency offset vs. time; N=b000; "3/3/2002 5:52:63 PM*; *3/4/2002 3:568:07 AM™;
Sync while microwave link down during maintenance

9.0E-7

..........................................................................................................................................................................................
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

.........................................................................................................................................................................................

1.0E-7 : : : : : : : : : :
N e T e . —

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

...........................................................................................................................................................................................

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-1.0E-7

7.350 1.00 minutes/div 7.550
hours hours



Sync Measurement #6: S

Microwave Link Down Symmetricomr

Microwave link down: MTIE network limits exceeded by a large margin

Symmetricom TimeMonitor Analyzer
MTIE: Fo=2.048 MHz: Fs=5.457 Hz: *3/3/2002 5:52:63 PM*; *3/4/2002 3:58:07 AM™;
Sync while microwave link down during maintenance

msec

MTIE

G.823 PDH
—.—

G.823 SEC
N E—

G.823 SSU

Observation Window (Tau)



Sync Measurement #6: S

Microwave Link Down Symmetricomr

Microwave link down: TDEV network limits exceeded by a large margin

Symmetricom TimeMonitor Analyzer
TDEV: No. Avg=1; Fo=2.048 MHz: *3/3/2002 5:52:563 PM*; *3/4/2002 3:58:07 AM™;

Sync while microwave link down during maintenance

100
usec

TDEV

G.823 PDH
—.—

G.823 SEC
N T—

G.823 SSU

1 : oo : oo : oo : oo : oo
nsec 183.3 Tau 12.10
ksec



Sync Measurement #7:

/Ax

Symmetriconr

DSL Synchronization

ATM switch # 1

DS3 out
DS3 in
X—| DS1in
X—| Elin
8 kHz sync out —%——
/
E1 out DS1 out
HP 5071A o Symmetricom o
Cesium Frequency TS 2700
Standard CDMA PRS

x

ATM switch #2

DS3 out

DS3 in
DSl in
Elin

8 kHz sync out

x

DSLAM

DS3 in

8 kHz sync out —X—

X = measurement point



Sync Measurement #7: —

DSL Synchronization Symmetricom

ATM switch internal oscillator
Frequency drifting between —1.2 and 12 parts in 108 over one hour
Average frequency offset: 6.0 parts in 108

Symmetricom TimeMonitor Analyzer
Fractional frequency offset; Fs=5.000 Hz: Fo=8.000 kHz; 11/10/99: 14:39:16
ATM switch internal clock

1.3E-7

1.0E-8
Jdiv

-2.0E-8

0'_000 500 minutes/div 69'00
minutes minutes



Sync Measurement #7: —

DSL Synchronization Symmetriconr

DSLAM internal oscillator

Frequency drifting between -3 and —4 parts in 10 over 1 hour
Average frequency offset: -3.4 parts in 106

Symmetricom TimeMonitor Analyzer

Fractional frequency offset: Fs=250.0 mHz: Fo=8.000 kHz: 11/10/99: 14:39:16
DSLAM internal clock

-2 97E-6

Frequency
offset 1s 2
, | | | . . . orders of
9oEg [T """""""" L """""""" """"" --------------- --------------- --------------- magnitude
R P S LA L S N SN S L T __— worse than
fffffffffffff W e | the ATM
switch
internal
oscillator

---------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------------------------------------------

-3.96E-6

0.000

i 5.00 minutes/div 59.97
minutes

minutes



Sync Measurement #7: —

DSL Synchronization Symmetricom

ATM switch phase-locked loop affected by daytime temperature swings from air
conditioning system (LT =20 degrees F)

Symmetricom TimeMonitor Analyzer
Phase deviation in units of time; Fs=999.0 mHz: Fo=10.000000 MHz: 11/11/99: 17:35:29
1: CDMA PRS Receiver. 2: Primary ATM switch locked to CDMA PRS receiver. 3: Secondary ATM switch {locked to primary ATM):

3.60
usec

ATM
Switch #1 ]

--------------------------------------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------

600
nsecfdiv

ATM 1W/Z ¥/ W U S —"-
Switch #2 e A O B

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-3.00

usec 0.000 2 .00 hours/div o0




Sync Measurement #7: e §

DSL Synchronization Symmetrico

DSLAM w/ External Sync

Does not really synchronize to external signal: 2.5 parts in 102 frequency offset!!

Symmetricom TimeMonitor Analyzer
Phase deviation in units of time; Fs=1.000 Hz: Fo=8.0000000 kHz; 1110/99; 17:44:52
DSLAM switch locked to ATM switch (with ATM switch locked to cesium clock); Fo offset = 2 529E-8

700
usec

100
usec/div

-700
usec 0.000

hours

15.00
1.00 hours/div
hours



Sync Measurement #7: S

DSL Synchronization Symmetricomr

ATM vs. ATM AT vs. DSLAM

Symmetricom TimeMonitor Analyzer

MTIE: 1: ATM switch locked to PRS with constant temperature
2. ATM switch locked to PRS with temperature fluctuations due to improperly functioning air conditioning system
3: DSLAM switch locked to ATM switch {with ATM switch locked to PRS)

10
usec

MTIE

ANSI DS1
—e—

ANS| PRS

nsec 422.3 Observation Window (Tau)
msec ksec



Sync Measurement #8: —

IP Synchronization Symmetricomr

Modem over IP fails without synchronization

| e— ]
]

—— O =
Gateway

Computer

GPS Reciever
PRS

— ==
. Gateway
X = measurement point

GPS Reciever ———
PRS Mo = T X

Network Access Server




Sync Measurement #8: e §

IP Synchronization Symmetrico

IP network access server internal oscillator
175 ppm: much worse than stratum 4 requirement of 32 ppm

Symmetricom TimeMonitor Analyzer
Phase deviation in units of time; Fs=10.04 Hz; Fo=1.5440000 MHz: 04/10/00. 12:40:54
NAS free-run; Fo offset = 2706 Hz: 1.752E-4; Fo reference = 1 5440000000000 MHz

240
msec

40.0
msecidiv

-240
msec

0.000 42 49
) 4 00 minutes/div .
minutes minutes



Symmetricomr

IP network access server locked to external PRS reference

Symmetricom TimeMonitor Analyzer

Phase deviation in units of time.: Fs=5.089 Hz: Fo=1.5440000 MHz: 04/12}00; 19:02:00
HP E1725 Time Interval Analyzer

Voip1 locked to GPS: Ymax-Ymin=1.154499045697 usec

600
nsec

100
nsec/div

600 ' ' '
nsec 0.000 1.00 hours/div il
hours

hours




Sync Measurement #8: e §

IP Synchronization Symmetrico

IP network access server locked to external PRS reference
Zoom into first 30 seconds: wander pattern observed

Symmetricom TimeMonitor Analyzer

Phase deviation in units of time: Fs=5.089 Hz. Fo=1.5440000 MHz: 04/12/00; 19:02:00
HP E1725 Time Interval Analyzer

Voip1 locked to GPS. Ymax-Ymin=1.154499045697 usec

600
nsec

100
nsec/div

-600

0.000 3000
nsec 3.00 secidiv
sec s5ec




Sync Measurement #9: e ]

HDSL: Unsuitable for Sync Transport Symmetrico

HDSL DS1: 15 ysec phase steps every 30 minutes

Symmetricom TimeMonitor Analyzer
Phase deviation in units of time; Fs=49.66 Hz: Fo=1.5440000 MHz; *4/1}2002 4:40:20 PM™*; *4/1/2002 6:06:15 PM™;

HDSL at 9000 feet

6.00
usec

2.00
usec/divy

-12.0

0.000 1.432
usec 10.0 minutes/div
hours hours




Sync Measurement #9: S

HDSL: Unsuitable for Sync Transport Symmetricomr

HDSL DS1: ANSI T1.101 DS1 MTIE requirement exceeded by a large margin

Symmetricom TimeMonitor Analyzer
MTIE; Fo=1.544 MHz; Fs=49.66 Hz; *4/1/2002 4:40:20 PM*; *4/1/2002 6:06:15 PM™;
HDSL at 9000 feet

100
usec

MTIE

ANSI| DS1
—e_
ANSI| PRS
S o B

10 IR
nsec 20.14

Observation Window (Tau)



Sync Measurement #9:
HDSL: Unsuitable for Sync Transport Symmetrico

//\ <

HDSL DS1: ANSI T1.101 DS1 TDEV requirement exceeded by a large margin

Symmetricom TimeMonitor Analyzer

TDEV; No. Avg=1; Fo=1.544 MHz; *4/1/2002 4:40:20 PM*; *4/1/2002 6:06:15 PM™;
HDSL at 9000 feet

10
usec

TDEV

ANSI DS1
S

Tau 1.718
msec

ksec



Sync Measurement #10: 2

GPS: Effect of SA Being Turned Off Symmetricom

Effect of turning off SA on GPS receivers

Symmetricom TimeMonitor Analyzer
Phase deviation in units of time; Fs=200.0 mHz: Fo=1.0000000 Hz: 09/05/98; 21:46:54
1: 58503 GPS:; 09/05/1998: 21:46:64: *** SA present *™*.  2: 58503 GPS. 05/06/2000: 05:34:28. ™* SA turned off *** SA

100
nsec

200
nsec/div

-120
nsec

0.000 2.00 hours{div 1.006
days days



Sync Measurement #10: S

GPS: Effect of SA Being Turned Off Symmetricom

Effect of turning off SA on GPS receivers: MTIE

Symmetricom TimeMonitor Analyzer
MTIE; Fo=1.000 Hz. Fs=200.0 mHz; 09/05/98; 21:46:54
1: 58503 GPS; 09/05/1998; 21:46:64; ™" SA present ™™, 2: b8503 GPS. 05/06/2000; 05:34:28; ™** SA turned off ***

10
usec

MTIE

ANSI PRS

Observation Window {Tau) i6_94
sec



Sync Measurement #10:

2

GPS: Effect of SA Being Turned Off Symmetrico

Effect of turning off SA on GPS receivers: TDEV

Symmetricom TimeMonitor Analyzer
TDEY: No. Avg=1: Fo=1.000 Hz; Fs=200.0 mHz: 09/05/98: 21:46:54
1: 58603 GPS; 09/05/1998; 21:46:564; *** SA present ™*;  2: 58503 GPS; 05/06/2000; 05:34:28. *** SA turned off ***

100
nsec

TDEV

SA
N
. ——— turned
G811 i i : , , ee——
— = : : : R . : I . Off

10

psec 5.000 Tau 20.00

sec ksec




Sync Measurement #11: 2

GPS vs. Cesium: Measuring Cesium Offset Symmetrico

Measuring cesium clock offset with GPS: -2.7 parts in 103
24 hour measurement: cesium can be used to measure GPS
45 day measurement: GPS can be used to measure cesium

Symmetricom TimeMonitor Analyzer
Phase deviation in units of time; Fs=33.33 mHz: Fo=1.0000000 Hz: *6/19/2000 11:09:69 AM™. *8{3/2000 7:07:14 PM™;
HP 53132A time interval counter: GPS receiver measured vs. cesium clock 45 days

700
nsec

100
nsecfdiv

-600
nsec

0.000 ] 456 33
days 5.00 days/div days



Sync Measurement #11: 2

GPS vs. Cesium Symmetricomr

Symmetricom TimeMonitor Analyzer
Phase deviation in units of time; Fs=33.83 mHz. Fo=1.0000000 Hz; 06/24/00; 10:38:59
1: GPS timing receiver. 06/24/2000:10:38:59. 2: Cesium clock: 11/10/1999: 07:43:42

1.30
usec

___________________________________________________________________________________________________________________________________________________________________________________________
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

........................................................................................................................................................................................

Ceslum

100
nsecfdiy

_________________________________________________________________________________________________________________________________________________________________________________________

________________________________________________________________________________________________________________________________________________________________________________________
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

100

-100 = - - - - : - !
nsec 0.000 3.00 days/div 27.05
days days




Sync Measurement #11:
GPS vs. Cesium

/‘AH

Symmetricomr

Intersect point at 12.7 hours
Both meet PRS requirements by a large margin

Symmetricom TimeMonitor Analyzer
MTIE: Fo=1.000 Hz: F5=33.33 mHz: 06/24/00. 10:38:69
1: GPS timing receiver. 06/24f2000: 10:38:59. 2: Cesium clock: 11{10/1999; 07:43:42

20
usec

MTIE

ANSI PRS

Observation Window (Tau)
sec



Symmetriconr

PDV from timestamping at both ends of a network

GPS
)

.

IEEE-1588 Grand

Network

w/ packet timestamping

GPS
Iy

|

IEEE-1588 Grandmaster
w/ packet timestamping

Crossover cable vs. hub vs. switch

S TimeM ly [fil 2h_tah]

Phase deviation in units of llme F3=500.0 mHz; Fo=10.000000 MHz; 01/31/06; 19:10:06

1: Tahiti Phaze; Samples: 3601; UUID: D0AOG90BC1A4; Initial phage offset: 16.7500 usec; 01/31/06; 19:10:06

2: Tahiti Phase; Samples: 3601; UUID: D0AOGI0BC1A4; Initial phase offset: 660.000 nsec: 12/24/05; 15:34:08

3: Tahiti Phase; Samples: 3601; UUID: 00AODGI0BC1A4; Initial phase offset: 290.000 nsec; 01/31/06; 16:10:21
200
nsec

R L
(RS 1L e
|
|

40,0
nsec/div

TRV |
bl H..h i i .lH |
Ik

-200
nsec 0.000

hours

10.0 minutes/div



Symmetricom
___ Phase With traffic Stats

(file=dlink_1D0percent_90m_tah)
Phase deviation in units of time: Fs=500.0 mHz: Fo=10.000000 MHz: 2006/01/31 21:32:39
Tahiti Phase; Samples: 2701; UUID: DDADEI0BC1A4; Initial phase offset: 16.7400 usec

Symmetricom TimeMonitor Analyzer [file=dlink_10percent_90m.tah|

)}
Phase Deviation Histogram; Fs=500.0 mHz; Fo=10.00 MHz; 2006/01/31 21:32:33
ohi Tahiti Phase; Samples: 2701; UUID: 0DADGS0BCTAL; Initial phase offsel: 16.7400 usec
usec ||l ey 793 -
10% |
usec/div h 0 O a ﬁ
100 . - : - 1 .. _
000 - - 7 500 o]
usec hours 10.0 minutes /div hours lgé?;uu Bins= 2048 Measurements= 2701 l:g'-:uu
I : _— Symmetricom TimeMonitor Analyzer  [file=dlink_2Spercent_90m tah]
T bt T e i Y 11 Phase Deviation Histogram; Fs=500.1 mHz: Fo=10.00 MHz; 2006/01/31 23:11:57
Phase deviation in units of time: Fs—500 1 mHz: Fo-10.000000 MHz; 2006/01/31 23:11:57 56 . ; 2
Tahiti Phase: Samples: 2702: UUID: D0AUGI0BC1A4: Initial phase offset: 16.8000 usec Tahiti Phase; Samples: 2702; UUID: 00AOGI0BCTA4, phase offset: 16.8000 usec
140 - - - - - - -
wsec | o
10.0
et 1 «— 25% load —>
100 Goog - : I — : : —5m Ty ;
usec  pouts 10.0 minutes/div Hoad 10.000 Bins= 2048 Measurements- 2702 140.00

Symmetricom TimeMonitor Analyzer
Phasze deviation in units of time;
Tahiti Phase: Sampl

(file=dlink_50percent_30m_tah] Spmmetiicom TimeMonitor Analyzer
F$=500.0 mHz; Fo=10.000000 MHz; 2006/02/02 00:00:47

[file=dlink_50percent_390m_tah)
Phase Deviation Histogram: Fs=500.0 mHz: Fo=10.00 MHz: 2006/02/02 00:00:
les: 2702: UUID: DOAOGIDBC1A4: Initial phase offset: 16.7100 usec Tahiti Phase: Samples: 2702; UUID: D0ADEI0BC1A4: Initial phase offset: 7100 usec
140 - - 0 0 0 751 =
usec L | i
U || e ‘
10.0
| +«— 50% load —
1 . " . 1 1 1 . 1 T T TN —— = T40.00

10,0 . Bins= 2048 Measurements= 2702 .
usec Eb[:ﬂg 10.0 minutes/div E.i?.ﬂ} usec

usec
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Appendix 2 Symmetrlco}nﬁ-ﬁ'

Packet Network
Measurement Examples



Symmetricomr
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Packet delay changes over time periodically due to periodic change

in network loading (30 minute cycles)

10.000000 MHz; 2007/03/06 12:51:21

Fs=1.041 Hz; Fo
XLi 1588 PDY Phaze; Samples: 75738; UUID: 00AD630120A3; Initial phasze offset: 23.4745 mzec

Symmetricom TimeMonitor Analyzer

Phaze deviation in units of time;
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Production Network with DSL L ——

Access Symmetrico

Phase power spectral density (PPSD) analysis clearly shows periodicity

Symmetricom TimeMonitor Analyzer
M=131072;Gaussian window: Avg=1; Noize BW=27.17 uHz;Fs=1.802 Hz;Fo=10.00 MHz; 2007/03/06 12:51:21

*Li 1588 PDY Phase; Samples: 75738; UUID: 00ADG90120A3; Initial phaze offset: 23.4745 mzec

120.00 dB

110.00 dB

100.00 dB

90.00 dB

80.00 dB

f0.00 dB

XTI — /RSIORE VR YHY. N SWR ¢ 0 SO et JETHEN: N




Production Network with DSL —

Access Symmetricomr

Asymmetrical packet delay with DSL

Symmetricom TimeMonitor Analyzer
Phase Dewiation Histogram; Fs=1_.041 Hz; Fo=10.00 MHz: 200703703 11:24:1%
*Li 1588 PDY Phase: Samples: 169029; Start: 88000; Timescale Correction: 33; UUID: 00ADG90120A3; Initial phase: 23.1532 msec

Upstream Packet Delay
Minimum: 22.04297 msec
Peak to Peak: 4.866 msec

100

10

22.000 Bins— 2048 Measurements— 169029 Z7.000
msec msec

Symmetricom TimeMonitor Analyzer
Phase Dewviation Histogram: Fs=996.5 mHz: Fo=10.00 MHz: 2007503702 12:32:20
¥Li 1588 PDV Phase: Samples: 157682; Start: 88000; Timescale Correction: -33; UUID: DODODCO000056; Initial phase: 19.0814 msec

100

Downstream Packet Delay
Minimum: 17.64111 msec
Peak to Peak: 11.64 msec

10

msec msec



Symmetricomr

Short packets vs. long packets

Symmetricom TimeMonitor Analyzer [file=QoSM_large_upstr_ 2007 _03_02.czv]
Phase deviation in units of time; Fz=100.0 mHz; Fo=10.000000 MHz; 2007 /03702; 12:30:50
1 [blue]: QoSmetnc: Maximum Latency; Short packets; 2007/03/02; 12:30:50
2 [red): QoSmetrics Maximum Latency: Long packets; 2007/03/02; 11:47:40
80.0 . .
m3ec

—qm——————

gl [
T T

T Ll

msec/div m : _ . Al bl U

R O O IO R
Y U U RS g &
e e e e e e e e me =y == =

R T

40.0 0.000 22.00

msec hours 2.00 hours/div hours
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Production Network with Live Traffic  symmetrico

Cesium
Clock
| _ 1588 Packet TS - =
Module #1 | Module #2 [ ,| Measurement
| | —\ & Analysis SW
Analysis SW
1588 Y 1588 Tl
Master Slave Counter
I
I
Hub Hub
100BaseT 100BaseT
Switch Switch
100BaseT _
GigE Multilayer | cige
Switch Switch
T1
Router

Multilayer | GigE Dark Fiber (15 km)
| Switch

Multi-Hop Ethernet




/‘AH

Production Network with Live Traffic  ymmetricom

Packet delay changes over time with live traffic in a production network

Symmetricom TimeMonitor Analyzer
Phaze deviation in units of time; Fs=498.7 mHz; Fo=10.000000 MHz; 2006/07/26 23:41:56
Tahiti Phase: Samplesz: 384; UUID: 00005501000A; Initial phase offset: 1.25107 mzec

1.44 : :
msec ! !
'-"'-"1-"'-"'|-"'-"'l'"'-'"'I'"""":"""":' ''''''''''''''''''''''''''''''''''''''''''''''''
: :
' '
1 1
----------------------------------------------------------------------------------------------------------
' '
1 1
: :
______________________________________________________________________________________
: :
: :
: :
______________________________________________________________________________________
: :
20.0 : :
T B A - L . i L T e e m - L e - | FRE i Y
usec/div ' '
: :
__________________________________________ R T S T T A A S T
' ;
1 1 1
qEs======= [ TE======= b T Bl FEss==== b e Sy======= [l i Fr=q====- b B
: : :
; ; i LI
b D r=-====" T-=~=°=°-- e B | I r I | L ) T T O L L A=~ ="=="==="5~~===71
' '
14 h . e E
:
---------------------------------------------------------------------
1.22 : : : : : :
0.000 . . 12.80
msec P 1.00 minutes/div -~
minutes minutes
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Production Network with Live Traffic Symmetrico

In another measurement, minimum packet delay remains constant
but packet delay variation (PDV) changes over time (diurnal)

Symmetricom TimeMonitor Analyzer [file=production_network._txt]

Phasze deviation in unitz of time; Fz:=500.0 mHz: Fo=10.000000 MHz; 2006/08/30 21:07:10

Phase; Samples: 49037 XL 1588 PDY Phase: Samples: 49036; UUID: 000055010004 Imtal phase offsel:
?["] 1 1 1 1 1 1 1 1 1 1 1

1
1 [ B
e S U AUt SRR R PR U Yy -E U AU SR
: :
F----- 1----- a------ r----- r----- 1----- a------ F----- r----- 1----- am----- r----- r----- 1---
1 1
L _ doooo- oo o oo Lo docooo e oo oo Lo . Ao oo oo [ Looooo doo-
1 1
1 1
1 1
--------------------------------------------------------- B e ek m e e mFmm e ma— ==
1
| - L ! e oo oo |, L | oo |, L D oo |, | |___
50.0 ': K v v b K v v b E v v b
- 1 1 1 1 1 1 1 1 1 1 1 1 1
usecSdiv | _____ doooo- dmeme oo [ Lecoo- P dmee e o [ Leooo- doooo- demcee e o [ [T P
1 1 1 1 1 1 1 1 1 1 1 1 1
1 [ ]
1
_______________________________________________ i__-r_____-|____.__|______l______r_____-|___
__________________________________________________ R SR Rt AU S TR
- -. : ] L
_______________________________________________ ¥
_______
100 : :
0000 . 1.135
uszec days 200 hours/div days

8 AM
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Production Network with Live Traffic  ymmetricom

Tracking packet standard deviation over time shows gradual decrease through
the night and then large increase during business hours

Symmetricom TimeMonitor Analyzer
Phasze deviation in units of time; Fs=499.4 mHz; Fo=10.000000 MHz; 2006/08/30; 17:07:10
Phasze Standard Deviation: Tau=250s; A=125; N=392;

60.0 :

usec :

o R R N I S s S

usectdiv

0.00 5 5 ; : : : L 4 !
0.000 - 1.134

sec dayps 2.00 hourg/div days

8 AM
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Production Network with Live Traffic  symmetrico

IEEE 1588 slave performance can be correlated with PDV variations

Symmetricom TimeMonitor Analyzer
Phasze deviation in units of time; F3z=924.3 mHz: Fo=1.0000000 Hz
HP 53132A; Test: 87; IEEE 1588 Slave

200
nsec

40.0
nsectdiv

p

2.00 howrs/div /

8 AM
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Playback vs. Live

A powerful combination: network PDV capture measurement with
network emulator playback

Symmetricom TimeMonitor Analyzer
Phase dewviation in units of time;

Foo
usec

50.0
usecsdiv

100
usec

Fs=500.0 mHz: Fo=10.000000 MH=z: 2006708530 21:07:10
Phase: Samples: 49037; XLi 1588 PDY Phase: Samples: 49036;: UUID: 00005501 0004 Imtial

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

_____________________________________________________________

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

____________________________________________________________

———————————————————————

_______________________

———————————————————————

_______________________

o000
days

Symmetricom TimeMonitor Analpzer

Phase dewviation in units of time:
2 [red): Phase: 5

FOo
usec

50.0

usecAdiv | Lol ____v_____i_____al___13

100
usec

Fz=505.1 mHz: Fo=10.000000 MH=: 2008/01 /23: 01:38:54
amples: 49531 XLi 1588 PDV Phasze: Samplesz: 49530; Stop: 49530; UUID: 00406901 20H

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

-------------------------------------------------------------

_____________________________________________________________

------------------------------------------------------------

_____________________________________________

________

2.00 hours/div

days

phase offset:

Measurement of
live network

Measurement of
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Playback vs. Live Symmetriconr

Live vs. emulator (overlay zoom)

Symmetricom TimeMonitor Analyzer
Phase deviation in unitz of ime; Fs=500.0 mHz; Fo=10.000000 MHz; 2006/08/30; 21:07:10
1 [blue): Phase; Samples: 49030; XLi 1588 PDY Phasze; Samples: 49036; UUID: 00005501 0004; Initial pha

167
usec
4 41
uzec/div
123 ! ! ! ! ! ! ! ! !
14 44 . 14. 48
Usec hours 159 zec/div hours
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Playback vs. Live

Live vs. emulator: distribution

Symmebtricom TimebMonitor Sanalyp=er
Phase Dewiation Histogram_: Fs=500 0 mH=- Fo=10. 00 MH=- 2006708730 210710
- Samples: 490320 =La 15988 PFD%Y FPhase:. Samples: 49036 UUUWUID: OOO0OS95S0T OO0 -

Irnmitial phase offsek:

100

1o ====S========

Minimum: 132.8125 usec Mean: 140.4341 usec

Maximum: 675.0976 usec
Peak to Peak: 542.3 usec

Standard Deviation: 11.00 usec
Population: 49030 Percentage: 100.%

] Measurement of
S live network

Irvakian

Measurement of
emulator
playback

Symmetricom Timebdoniitor Sanalyp=-er
Fhase Dewiatbion Histogram - Fs==50%_ 1 mH="> Fo=10. 00 MH=>- 200801 23" O1-3F8-S54
FPhase:- Samples- 49531 - =L 1988 PDWY Fhase- Samples- 49530 Stop- 49530 HUID- oOoans9ni1>2>os - -
1
100
10
1
Minimum: 132.8125 usec Mean: 140.4764 usec

Maximum: 675.0976 usec
Peak to Peak: 542.3 usec

Standard Deviation: 10.99 usec
Population: 49532 Percentage: 100.%
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Company LAN San Jose Symmetricom

Packet delay: 335 usec to 5.08 msec

Symmetricom TimeMonitor Analyzer
Phaze deviation in units of time; Fs=8.322 Hz: Fo=10.000000 MHz; 2007/02/03 02-01:05
XLi 1588 PDY Phase; Samples: 4229963; UUID: 00ADG301 2FBA; Initial phaze offset: 343268 usec

5.50
msec

-----------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

L1
usec/div

--------------------------------------------

'
0.00

0.000 ' ' ' ' A ' ' ] ' 5 083
SEC days / / 12/5 hours/div / / / days

Sat 8AM. | Sun 8AM: | Mon 8AM: | Tue 8AM | Wed 8AM: Thu 8AM
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Company LAN San Jose Symmetrico

Mean: 342.8 pysec
: Peak to Peak: 4.75 msec :
. Standard Deviation: 14.03 psec |

Symmetricom TimeMonitor Analyzer
Phaze Dewviation Histogram: Fz=8.322 Hz; Fo=10.00 MHz; 2007/02/03 02:01:0%
XLi 1588 PDY Phaze; Samplesz: 4229968; UUID: 00ADGI01 2FBA; Initial phasze offset: 343 268 uzec

100

10

0.0000 Bins= 2048 Measurements= 4229968 5.5000
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Company LAN San Jose Symmetricon

. Mean: 342.8 usec
Zoom into 300-1300 psec Peak to Peak: 4.75 msec

Standard Deviation: 14.03 psec

Symmetnicom TimeMonitor Analyzer
Phaze Deviation Histogram: Fz=8.327 Hz: Fo=10.00 MHz; 2007/02/03 0Z2-01:05
XLi 1588 PDY Phaze; Samples: 4229968; UUID: 00ADGI0T 2FBA; Initial phasze offset: 343.268 uzec

TH =
100 & --

10 ki=:

1k F=z:
100

10 =t

Bins= 2048 Meazurements= 4229968
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Public Internet San Jose-Austin  symmetrico

GPS

IEEE 1588 Probe /4 \

w/ HW packet timestamping
Analysis SW

IEEE 1588 Slave

o <, T Y o

I ALBERTA | gfegns i MANT IC AN AD A
= . _SASKATCHEWAN : :

" “Charottatown_|

Seatlle _
Vi

T S,

Copyright @ 2003 Microsoft Corp. andfor'its suppliers. All rights reserved.

IEEE 1588 Grandmaster
w/ HW packet timestamping
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Public Internet San Jose-Austin  symmetricom

Packet delay: 29 to 471 msec

Symmetricom TimeMonitor Analyzer
Phase deviation in unitz of time; Fs=16.66 Hz; Fo=10.000000 MHz; 2007701/05 22:14:3%
¥Li 1588 PDY Phase: Samples: 5456456; UUID: 00ADG90120B1; Initial phasze offset: 359679 msec

480
msec

_____________________________________________________________________________________________________________
-------------------------------------------------------------------------------------------------------------

L s A
mzec/div ' ' ! I ' ' I i ' : :

-------------------------------------------------------------------------------------------------------------
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
__________________________________________________________________________________________

...................................................................................

""""""""""""""""""""""""""""""""""""""""""

7!] hours/div / / 3-3153“

Sunday 8 AM Monday 8 AM Tuesday 8 AN

Saturday 8 AN

—

—
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Public Internet San Jose-Austin  symmetrico

Mean: 30.28 msec
Peak to Peak: 442.7 msec
Standard Deviation: 2.54 msec

Symmetricom TimeMonitor Analyzer
Phasze Deviation Histogram: Fz=16.66 Hz: Fo=10.00 MHz; 2007/01/05 22-14:35
XLi 1588 PDY Phaze; Samples: 5456456 UUID: 00ADG90120B1; Initial phaze offset: 35 9679 msec

___________ UL

0.0000 Bins= 2048 Measurements= 5456456 480.00
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Public Internet San Jose-Austin  symmetrico

Mean: 30.28 msec
: Peak to Peak: 442.7 msec :
. Standard Deviation: 2.54 msec

Zoom into 20-80 msec

Symmetricom TimeMonitor Analyzer
Phase Deviation Histogram; Fz=16.66 Hz: Fo=10.00 MHz; 2007/01/05 22-14:35
#Li 1588 PDV Phase; Samples: 5456456, UUID: 00A0690120B1; Imtal phase offset: 35 9679 mzec

1H§
100 £
1I]k
Thop

1["] E:EE

10 =

20.000 Bins= 2048 Measurements= 5456456 80.000



Symmetricomr

» Timing measurements in packet networks

Precision hardware timestamping together with UTC traceable TOD
provides a precision tool for studying even the fastest networks and
network equipment

Unicast capability is critical for the study of production networks and
certain network devices such as DSLAM'’s (upstream multicast
messages not provisionable for security reasons - depends on
vendor)

Use of fast sync rates provides a means of characterizing rapid
temporal packet network and device behavior (transients and
systematics), facilitates selection algorithms both for analysis and
servo design, and allows for quick collection of statistics
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