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“TIE” vs. “PDV” symmetricon

* “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

— Both require (1) PRC/GPS; (2) Precision HW timestamping; (3) PC + SW

* Measurement equipment:
— TIE: Counters, TIA’s, Test-sets, BITS, SSU, GPS receivers
— PDV: IEEE 1588 probes, NTP probes, network probes

* TIE measurements are still important in a packet world:
— 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 Measurements: Network vs. Equipment

Symmetricom TimeMonitor Analpzer [File=AB1IX1H_PAN]
Phasze deviation in units of time; Fs=984.0 mHz: Fo=2.0480000 MHz; 04/16/96:15:21:37
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PDV Measurements: Network vs. Equipment

Symmetricom TimeM onitor Analpzer
Phasze deviation in units of time; Fz=499.4 mHz. Fo=10.000000 MHz; 2006/08/30 17:07:10
Tahiti Phase; Samples: 49036; UUID: 000055010004 ; Initial phase offset: 134730 uzec

FOO
usec

50.0
usec/div

100
usec

B0 ns

40 ns

ons ——omomteoo—

40 ns |--

=80 ns

0.0 days 4.00 hours/div 1.714 days

1.136

0.000 2.00 hours/div days

days

Symmetricom TimebMonitor Analvzer; 20101 0/04; 22:30:40
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Network PDV Measurement

PTP/NTP Equipment Characterization

GPS

PTP GM/TC/BC
NTP server
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Packet Probe (G.8260 View) Symmetricom

Network PDV Measurement

Network PT —
+wl2(t)
@—> PDV
- ng(t)
R Time or frequency reference
PT Packet timestamper

Packet Equipment Characterization

Packet
Timing Signal
Equipment
Interface :
+<V> T2(l) Packet Timing Signal
. Time Error
Do Ta(t)

R  Time or frequency reference
PT Packet timestamper
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Frequency signal “TIE” vs. “PDV”

* “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

e e S B S

3.005 ps

Ops  1.001ps  1.997 ps

Sync Measurement Software

* “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

GPS GPS

Timestamp A Timestamp B

ORI ol BV Rle |

1233166476.
1233166476.
1233166477.
1233166476.
1233166477.
1233166477.

991204496
980521740
006829496
996147084
022454496
011771820

1233166476.
1233166476.
1233166477.
1233166476.
1233166477.
1233166477.

991389744
980352932
007014512
995977932
022639568
011602932

PDV Measurement
and Analysis Software



Time signal “Physical” vs. “Packet”
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« “1 PPS” (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

Os

1.000 000 001 s

1.999 999 997 s

3.000 000 005 s

» “Packet” (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

ORI ol BV Rle |

Timestamp A

1286231440.
1286231441.
1286231441.
1286231442.
1286231442.
.506929352

1286231443

883338640
506929352
883338640
506929352
883338640

Timestamp B

1286231440.
1286231441.
1286231441.
.506929500

1286231442

1286231442.
.506929516

1286231443

883338796
506929500
883338796

883338796

1 PPS

!

Reference
GPS

Time Interval
Measurement

Software

gy
Y e e

‘.i"“_‘ i
B . PDV
Measurement
Software

GigE



“PDV” Measurement Setup Options Symmetricom

Passive Probe Active Probe
(1) Hub or Ethernet Tap (1) No Hub or Ethernet Tap Needed
(2) |IEEE 1588 Slave (2) No IEEE 1588 Slave Needed
(3) Collection at Both Nodes (3) Collection at Probe Node Only

PDV Measurement
and Analysis Software
o 124
* “PDV

— Ideal 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



PTP and NTP Probes Symmetricon

Either PTP or NTP packets can be used for probing.
 In some circumstances, one or the other might be more suitable.
For example, NTP is useful for probing over the public internet
because of NAT (network address translation) challenges.

GPS GPS

| IF‘n:ube - PTP

1588 Grandmaster
F 1300813107.495103764 1300813107.495103788 POV
R 1300813107.510904500 1300813107.510904528 MaEsLamanT
F 1300813107.620103764 1300813107.620103788 i —
R 1300813107.635904520 1300813107.635904528
F 1300813107.745103764 1300813107.745103788

GP3 GP3

NTP

NTF Frobe

POV
Pafeet BeELINEITHE Y]
Spfwarn

,D1335140,190A968D, D1335140, 190AA710,D1335140, 190AD026, D1335140, 190ADBF2
,D1335140, 1DOA9EBO, D1335140, 1DOAATS5,D1335140, 1D0AD004, D1335140, 1DOADBCF
,D1335140,210A9EB0, D1335140,210AA710,D1335140,210AD026,D1335140, 210ADBAD
,D1335140, 250A9EB0, D1335140, 250AA710,D1335140, 250ACFBF, D1335140, 250ADB46
,D1335140, 290A9EB0, D1335140,290AA710,D1335140,290AD026,D1335140, 290ADBAD

Zzzz2



“TIE” an d “PDV” Symmetricomr

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

GPS
1588 Probe
GPS ‘
1588
Granaster oPS
. & DV gu =
Measurement — Elor ‘
Software iTl

IP Sync Measurement
Network Software
Emulator
) Live Network; 2009/03/04; 17:06:25
1.5ms
X il Live
. il rin
iH“ ‘\ H}! } nmn ,M ] ,“,‘ | T | I NetWOI'k
0.0 s
TimeMonitor Analyzer; Network Emulator; 2009/07/21; 23:33:10
1.5ms |
e S i Ll | Network
uklbi TR A0 1 Y T Y B A HdIEmulator
NN | il i 1 ] -
0.0s| b
0.0 2.0 hours/div 1.03

days days
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“TIE” Analysis vs. “PDV” Analysis Symmetricom
TIE : (G.810) PDV_ (G.8260)

Analysis Analysis

* Phase (TIE) * Phase (PDV)

* Frequency accuracy » Histogram/PDF*,CDF** statistics

« Dynamic frequency * Dynamic statistics

* MTIE * MATIE/MAFE

 TDEV * TDEV/minTDEV/bandTDEV

* Two-way metrics: minTDISP etc.

» The importance of raw TIE/PDV:

» Basis for frequency/statistical/MTIE/TDEV analysis
= Timeline (degraded performance during times of high traffic?)
= Measurement verification (jumps? offsets?)

* PDF= probability density function

** CDF = cumulative distribution function
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Stability Metrics Symmetricom

* Traditional Clock Metrics
— ADEV, TDEV, MTIE

— Traditionally applied to oscillators, synchronization interfaces

— Also applied to lab packet equipment measurements GM, BC

* Frequency Transport Packet Metrics

— minTDEV, MAFE, MATIE
— Applied to one-way packet delay data \
Packet
* Time Transport Packet Metrics Networks

— minOffset, minTDISP
— Applied to two-way packet delay data

— Assesses link asymmetry
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Analysis from Phase: Frequency Symmetricom

—) _807.1014 Frequency Accuracy

e o :d_¢ slope/linear: frequency offset

e e e o dt curvature/quadratic: frequency drift

Point-by-point

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm Lhile= | 1)

Least square fit fractional frequency ol ffset ws. time: N=100; 1718507 19:44:26
S5U holdover 4 days
1.3E-11

B B r1.2E-11

Segmented LSF

ricom Ti itor A il _holdover.pan]
Fractional frequen cy offset: Owerlap phase averaging: A—=200: N=11056: Fs=32.26 mHz: Fo=2.048 MHz: 1/1¢
SSU holdover 4 days
1.3E-11
1.0E12 |[------ . . . .
N Sliding Window Averaging
0.0
1.0E-12




Analysis from Phase: MTIE/TDEV Symmetricom

x; A
N-n+1| n+j-1 n+j-1 ime
MTIE(S) = max | max(x;) — min(x;) | **
=L =) = .
MTIE is a peak detector <—s<n1>f04{
MTIE detects frequency offset
+ ‘o
IIII+IIIIII+IIIIIIIII+I_’T

n n n

O-X(T) :TDEV(T) = \/%<|:%zxi+2n _Z%ZXi+n+%inj| >

i=1 i=1 i=1

TDEV is a highly averaged “rms” type of calculation
TDEV shows white, flicker, random walk noise processes
TDEV does not show frequency offset

MTIE and TDEV analysis allows comparison to ATIS, Telcordia, ETSI, & ITU-T requirements
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Stability metrics for PDV Symmetricom

Packet Selection Processes

1) Pre-processed: packet selection step prior to calculation

=  Example: TDEV(PDVmin) where PDVmin is a new sequence based on
minimum searches on the original PDV sequence

2) Integrated: packet selection integrated into calculation
= Example: minTDEV(PDV)

Packet Selection Methods

—  Minimum: X (i) = min|x; [for (i <= j <=i+n-1)

—  Percentile: XLct_mean(i)=%ij;X}+i

— Band: Xband_mean(l) = %]Zbe;x}ﬂ

—  Cluster: (_KZf)W((”K”)TP)'ﬂ”") L[t for [w(nK +i)-a(n)|<5
x(N7,) = = ¢(n"):{ 0 otherwise

> 90,



Packet Selection Windows

e Windows

— Non-overlapping windows
(next window starts at prior
window stop)

— Skip-overlapping windows
(windows overlap but starting
points skip over N samples)

— Overlapping windows
(windows slide sample by
sample)

,/_—_-"‘\,
Symmetricomr
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 Packet Selection Approaches (e.g. selecting fastest packets)

— Select X% fastest packets (e.g. 2%)

— Select N fastest packets (e.g. 10 fastest packets in a window)

— Select all packets faster than Y (e.g. all packets faster than 150us)



G.8260 Appendix | Metrics

Packet
| Time Error
/ Sequence

Selected-Packet
P Time Error
/ Sequence

-
Estimated
achievable

performance

Estimated achievable
performance

G.8260(10) Fl.4

/ /
4 |
/7
X(t) Packet X'(t) Stability
—_— >
Entire PDV Selection Selected subset Metric
population with common
delay properties
Entire PDV Stability metric
population with pgcket
selection
Packet Selected-Packet Filtered-Packet
, Time Error Time Error Time Error
// Sequence Sequence // Sequence
/ / /
x(t) Packet xX'(t) Bandwidth y(t) Stability
—_—> » >
Selection Filtering Metric

FPC, FPR, FPP: Floor Packet Count/Rate/Percentage

,/_—_-‘"\,
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Figure 1.3 — Pre-processed
packet selection

Figure |.4 — Integrated packet
selection

Metrics including pre-filtering

PDV metrics studying
minimum floor delay packet
population



Packet Delay Sequence

/_9.
Symmetriconr

0.0000,
0.0155,
0.0312,
0.0467,
0.0623,

R,00162;
F,00167;
R,00163;
F,00168;
R,00164;
F,00169;
R,00165;
F,00170;
R,00166;
F,00171;

1223305830
1223305830
1223305830
1223305830

1223305830.
1223305830.
1223305830.
1223305830.
1223305830.
1223305830.

/orward

#Start: 2009/10/06 15:10:30

2.473E-3
2.330E-3
2.273E-3
2.258E-3
2.322E-3

.478035356;
.488078908;
.492882604;
.503473436;
508647148;
519029300;
524413852;
534542972;
540181132;
550229692;

1223305830.
1223305830.
1223305830.
1223305830.
1223305830.
1223305830.
1223305830.
1223305830.
1223305830.
1223305830.

Packet Delay Sequence

474701511
490552012
489969511
505803244
505821031
521302172
521446071
536801164
537115991
552551628

Reve r\

#Start: 2009/10/06 15:10:30

Packet
Timestamps

0.0000, 3.334E-3
0.0153, 2.913E-3
0.0311, 2.826E-3
0.0467, 2.968E-3
0.0624, 3.065E-3



Packet Delay Distribution

Spmmetricom T imebd onitor o [0 ASEe_pdw ot

Phase dewiation imn uanits of times Fs—500_0 m Fo—10_ l:ll:ll:ll:ll:ll:l MH=- 20067060009 l:l1 11 -6
L 1588 PDW Phase: Samples: Z28561: UUID: BOOOSS01 0016 - Bmitial phase offset: 12 S5S420 usec
E=Talnl

e

Fo_0O
s e ol

,/_—_-"‘\,
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Packet
Delay
Sequence

Minimum: 1.904297 usec Mean: 96.71927 usec
Maximum: 275.2441 usec Standard Deviation: 97.34 usec
Peak to Peak: 273.3 usec Population: 28561 Percentage: 100.%

50pct 37.65 us; 90pct 245.5 us; 95pct 261.9 us; 99pct 272.3 us; 99.9pct: 274 5 us

PDF

Statistics

CDF



Tracked Packet Delay Statistics

", icom T 4 onil A 1l i 2007_09_19--09_39.cap]
hase dewiation in units of time: Fs—'IB 66 Hz: Fo=10.000000 MH=: 2007/09/19 07:45-00
XL 1588 PDV Phase: Samples: 50185:; Start: B114: Threshold: 27.0000 us: UUID: 00ADG9012F09; Initial phase offset: 24.1950 usec

23.9 L L
0000 n 5013
usec minutes 5.00 minutes. Adiv minutes
i Ti il [f' 2007_09_19--09__ 33 aaaaaa 1]
Phase dewviation in units 6 Hz: Fo=10.000000 MH=. 2007103113 07:45:00
Phase Mean: Overlap: Tau 1 l] A 1 E? N 50019:
245
usec
30.0
nsec/div
24
usec - 500 minutes/di i
S TimeM onitor Anal [file=| pdv -2007_09_19--09_ 39 stddew. pan

i pan)
Phase deviation in units of time; Fs=16_66 Hz: Fo=10.000000 MHz; 2007/09./19; 07:45:00
Phase Standard Deviation: Overlap: Tau=10s: A=167: N=50019:

260

nsec
i e ""." """""
200 | a0 Toc o loi Wbl W
nsecrdiv [T Ry e e b
..............
,,,,,,,,,,,,,,, R || e A R RREE | | &
40.0
nsec 0_000 5.00 minutes/div e

,/_—_-"‘\,
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Raw packet delay appears
relatively static over time

Mean vs. time shows cyclical
ramping more clearly

Standard deviation vs. time shows
a quick ramp up to a flat peak
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minTDEV, bandTDEV, MATIE, MAFE

TDEV o, (r) = TDEV () = J<{Zx —2%ixi+n+%ixi} >

mMinTDEV o, ., (r)=minTDEV (7) = \/%<[xmm (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) = \/%<[Xl,)and_mean (I + Zn)_ 2X()and_ mean (I + n)+ Xt,)and_mean (I )]2> Xk”a”d_mea” (I) - %Z X3+i

j=a
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

n+k-1
MATIE MATIE(nrO); . krrgla>2< 11 Z(Xi+n — Xi# , n=1,2, .., integer part (N/2)
<k<N-2n+l1 N —
MAFE MAFE(nz,) = MATIE(NZ)
N7y n+k-1 ) ] wheren =1, 2, .., integer part (N/2) and where
Jskgrlxlal)z(nﬂ é(xmi” (I * n)_ Ximin (I )ﬁ Xirin (') = minlxj Jfor(i <=j<=i+n _1)

minMAFE min MAFE (nz, ) =

nz,

References: (1) ITU-T G.8260 Definitions and terminology for synchronization in packet networks, Appendix |, Feb. 2012
(2) ATIS-0900003.2010 Technical Report: Metrics Characterizing Packet-Based Network Synchronization, Oct. 2010.




TDEV & minTDEV with Traffic

100

usec =

10

usec EX

usec [-

100

nsec =

10

nsec =

nsec [

100
psec

,/_—_-"‘\,
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50%

30%
20%
10%
5%
- 0%

10.00
sec

100.0
sec

1.000
ksec

Lower levels of noise with the application of a MINIMUM selection algorithm

minTDEV at various traffic levels on a switch (0% to 50%) converge

[File=multilayer_switch_40percent5SBGE0_txt]

Symmetricom TimeMonitor Analyzer
minTDEY: Ho. Awg=1; Fo=10.00 MH=z. 2006709519 1528230

100 ¢

_____

________

T 374

_____

______

—————————
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Packet Time Transport Symmetricom

“PDV” measurement setup for time transport

— Ideal 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

GP3 GPS

1588 Grandmaster

M Eesuing mang
Sciwarn

1588 Master 1588 Probe

Measuremen:
Soiteara

MNetwork
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Metrics: Time Transport

Forward Packet Delay Sequence
#Start: 2010/03/06 17:15:30

Reverse Packet Delay Sequence
#Start: 2010/03/06 17:15:30

0.0000, 1.47E-6 0.0000, 1.11E-6
0.1000, 1.54E-6 0.1000, 1.09E-6
0.2000, 1.23E-6 0.2000, 1.12E-6
0.3000, 1.40E-6 0.3000, 1.13E-6
0.4000, 1.47E-6 0.4000, 1.22E-6
0.5000, 1.51E-6 0.5000, 1.05E-6
#Start: 2010/03/06 17:15:30
0.0000, 1.47E-6, 1.11E-6
0.1000, 1.54E-6, 1.09E-6
0.2000, 1.23E-6, 1.12E-6 Two-way
03000, 14OE-6, 1.13E-6 Data Set
0.4000, 1.47E-6, 1.22E-6
0.5000, 11.51E-6, 1.05E-6
Time(s) f(us) r(us) f(us) r'(us)
0.0 1.47 1.11
Constructing f.’andr' 8:; 12;1 igg 123109 Minimum search
fromf and r with a 3- 0.3 140 1.13 Sequence
sample time window 04 147 122 1.40 1.05
0.5 1.51 1.05



Metrics: Time Transport Symmetricom

Packet Time Transport Metrics

Normalized roundtrip: r(n) = 6) [F(n)+ R(n)]

Normalized offset: 17,(n) = 6) [F(n)-R(n)]
minRoundtrip: r'(n’) = G)-[F’(n’) +R'(n)]
minOffset: 7, () = Gj'[':'(n') -R'(n)]

MIiNnTDISP (minimum time dispersion): minOffset {y} plotted
against minRoundtrip {x} as a scatter plot

minOffset statistics: minOffset statistic such as mean, standard
deviation, or 95 percentile plotted as a function of time window tau
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Metrics: Time Transport Symmetricom

minOffset Statistics
(Two-way minimum offset statistics vs. 1)

Symmetricom TimeMonitor Analyzer
Time stats plot in units of time; 2008/09/04; 16:55:05
minOffset mean [blue); minOffset stddev (red); minOffset 95% [magenta)

50.0
Two-way MAFE
et (MAFE of minOffset)
Symmetricom TimeMonitor Analyzer [file=probe-2008_09_04--12_54d.tpk]
MAFE; Fo=10.00 MHz; Fs=100.6 mHz; 2008/09/04; 16:55:05
1.0E-5
5.00 Forward

e e MAFE

1.0E-7

1.0E-8

1.0E-9

1.0E-10



Case Studies: Networks Symmetricom

Asymmetry in Wireless Backhaul

(Ethernet wireless backhaul asymmetry and IEEE 1588 slave
1PPS under these asymmetrical network conditions)

Symmetricom TimeMonitor Analyzer; Ethernet Wireless Backhaul; 2009/04/28; 11:37:01

-2.0US (gt
| Min
Y TDISP

-6.0 s

1588
Slave
- 1PPS
[ VS.GPS

-1.0 ys

0.0 hours 22.7 hours
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Networks

Case Studies

packetZTIE
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Sync measurement

1588 slave performance:
1 PPB offset measured

HH R = =
A -

Al Tt
A -

COTE

2.048 MHz: F==499.8 mH=z; 2009/09/04; 17:08:49

Symmetricom TimeMontor Analyzer

G.823 1PPB mask

MTIE: Fo

RO

k920

R

100.0
secC

10.00

sec

nsec



Case Studies: Networks Symmetricom

Metro Ethernet Network National Ethernet Network

262 us -
. :“| Forward 1 ps/
s/ i -
i PDV floor  dv¥
: Reverse
257 s 5 Reverse 2 s/ e : : : == DV i
10 PDV floor iy [Tl e e e e oor
div | | [ R 4 53 ms
0.0 hours 30 minutes/div 4.0 hours 0.0 days 4.0 hours/div 1.63 days
)S&mmellil:nn: TimeM l;ll'lill:l[l @na!yzzga Sm:[;:l;;gﬂ;%gﬂﬂ_ﬂ}_ﬂﬁ--l 3_46.twy) fgrmsrgt;ltlli:'o::o{i:lri'euMn?lr;il:[l l?'::!_VZZ:]?:]9;u%ﬁ?gn{gl_);é?ggﬂ_ﬂii_%ﬂ 8_35.twy)
Tw:-'\::l"::lml:i'nc"l!l;rils:?“:l:m:"Ell,I’mmet; Sampie::- 1222442 Tau=999.999 ms: A=16: N=76402- Tﬁog#ay minTDizp; National Ethernet: Samplés: 2234610; Tau=1.00632 s: A=16: N=139663
e I : wee | t i i & 1 i 1 1
oo L
3.00 oo L
usectdiv | __ ) nsec/div : .
minTDISP oo i minTDISP
270 H H H H H H H H 4.20 '
usec Eg;':u 3.00 usec/div 532&“ usec ;?gg 900 nsec/div 4.542

Forward and reverse packet delay sequences with
zooms into the respective floors and minTDISP
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Case Studies: Networks Symmetricom

Public Internet w/ Cable Modem Access (NTP probe)

Symmetricom Tin'n_elh'lor_lil:or Aanalyzer File=probe-2011_03_ _31--21_37F_t

rkl
Phase deviation in units of time: Fs=63.99 Hz: Fo=10.000000 MH=: 2011!04!01 04:-38:04
Two-WwWap Fwd/Rew PD%W Phasze: Samples: 1733514; Public TPS0DO HTF =erwver
180 0 0 0 0 0 0 0 0

200

.00
sec

Eb[ll‘[r'g 300 minutesAdiv

Downstream maintains 8.7 msec minimum
Upstream minimum steps from 4.9 msec to 6.4 msec for 35 minutes

Public Internet w/ ADSL Modem Access (NTP probe)

Syvmmetricom TimeM onitor Aonaly=zer hle=probe-Z011_04_ 29--07_10e_t

rk]
Phase dewiation in units of time: F==15.99 Hz: Fo=10_000000 MHz=: 2l]11.|l"l]5.|l"l]2 oo:-31:593
Two-wapy FwdssARew PD% Phase: Samples: A73617: TPS0O0O0O HTF server
180 v v

msec

20,0 |
msecsdivw

o_

e Eiﬂﬂg 1.00 hoursSdivw a2 324

Downstream typically 9.0 msec minimum

Upstream typically 6.7 msec minimum, steps to 70 msec for 1 hour
Not shown: delays as much as several seconds



Case Studies: Grandmaster Clock Symmetricom

Grandmaster Measurement Setup

GPS
A 2.048
1 PPS g GigE o MHZ il 1 PPS
8 i TR0 G g L e b
1588 Maste 1588 Probe 25 4P )
Cesium
G g, g,CIOCk
" Ti Int I PDV
Counter Mlergzu?eemr\é?]t Measurement
Software Software




Case Studies: Grandmaster Clock Symmetricom

Symmetricom TimaeManitor Analvzer; 201010004 22:30:40

80 ns

Ons

Raw unfiltered
probe measurement

40 ns -

-80 ns
0.0 days 4.00 hours/div 1.714 days
Symmetricom TimehlMonitor Anabyzar, 20100(10/04; 22:30:40
80 ns . : : T .

40 ns

Overlay of filtered
probe and 1PPS
measurement

Ons

-40ns f--

80 ns H H H H : H H H i
0.0 days 4,00 hours/div 1.714 days




Symmetriconr

ltered Probe Measurement

- 30040

22

dto F

e

Grandmaster Clock

Traditional Metrics Appl
Symmetricom TimeMonitor Analyzer, 201010004

Case Studies

9 9
) )
O Q)
2% 8 x
0 o 2
Ll
= O o O
Ex el
=0 o
-
L
5

R R TS O

R

B T

-

it CEEY T

hasrpasgsams
BaiL e go..

s b T S ¥

m

35
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Case Studies: Boundary Clocks Symmetricom

Boundary Clock Measurement Setup

Time Interval
Measurement
Software

o P9 .EL(\V 2‘35 =r g

1588 Maste — ! )
1 “@ IgE Bl etemas aan .

o TR (]
1588 Probe #1 PDV
Measurement
\ Software

, S ’
Cesium 1PPS PDV
C|0Ck Measurement
Software
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Case Studies: Boundary Clocks

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]
Fs=4.006 Hz: Fo=10.000000 MH=z; 2011/04/14: 21:55:17

Phase dewiation in units of time:
1 [blue): BC probe: 2 [red): Test: 4767;: BC 1 PP5: 3 [(magenta): Test: 4AF768;: Slave 1 PPS
55.0 v v v v v v v
usec H H H
5. 00
usecsdiv
0.00 :
zec Eo[llﬂg 200 hoursSdiv ;llEh?'g

Symmetricom TimeMonitor Analpzer [file=phase3_ pnm]
Fs=4_ 006 Hz: Fo=10.000000 MHz; 2011/04/14; 21:55:17

Phasze deviation in units of time;

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

1.48
uzec/div

15 62
hours

11.32 minutes/div



Case Studies: Boundary Clocks

,/———.___\\

Symmetricomr

Three boundary clocks from three vendors

rico onitor S,
Phase dewiation in units of time:
HP S321 228 [
1_00
usec
200

neecsdiv

al:]
nsec

File=04749_
Fs—a98_ 9

==

dat)

Fo=1_0000000 H=:- —4

FZ001

B-2A-IF AT —ALTO0SZ0T0

D-ZA-SA AT

Spymmetricom TimekMonitor SAnalpzer

Phase dewiation in units of time -
HP 5321 325 -

2Z4_10

=

-4 _ 0
usecSdiw

Test:

4874

2_00 houwurs diw

Fe==499 9 mH=": Fo=10_000000 HMH=: 1051952011
BC. 8 node TC14

T_0O00
dawys

M onitor

S

20.0
usecSdiv

-100
usec

L1 L:

units of time:
a8

BC:

Fs=249_9
1PPS:

mH=z:
Samples:

FEZ2198

Fo=1_0000000 Hz: 472852011

A_00 hoursSdiw

F:59: 48 AMM=

z =BA3F2011

1:-24:46 PM=:

4 00 dapsSdivw

BC Vendor #1

5528 AT =1 05247201

BC Vendor #2

BC Vendor #3
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Symmetricomr

-40

24

09

2011/04/09;

-

Boundary Clocks

A mH=z

Fs=498

-

Loaded 8-node network

1.000 Hz

Fo

-

Case Studies

Symmetrnicom TimeMonitor Analyzer

MTIE

102us @24h
32us @24h
6UsS @24h

1.

mirr FmraTaT TjInana T T pmare
MAFFTE MM " |RARSS " AMArT
b4 F F 4+ dHFIH A4 - - |[HH FI4 - - HHIH FF
wlLL

L JWiLnd d o UL L _guLe
1

Iec

L lllh e de o

== =====FTTTF-

i e e T e L L ey e e B

1!]-!]!]

e

- puaLy
- ULy
- ULy
T
“TpmAarec
- puwiaL
e

rer|m ==

r=a-ra~rrr
1
r=a-rAa-rrrl;

r=a=rn"A

mmmm e =k =A==k A=k m e md == A=t F b mm e e A= m == k= A

I i B e A B B e e M R Rt B B I A e
1

—_—memembk m s e d ol dakb bl s el e d ol D

1-!]!]!]

BC #2

+ 44

miTIT r - nma “r-pmArr
mml 1 [ 111 | SCTAmMArec
miTiT A r - nmn “r-pmArr
4 + ~F=-HHIHFF

1 1

Lol

mini
=T mrina
1
1

STt TTrT

]
Juing

100.0
secC

weid
B IIE
- JwiLia
wea .

—d-—d =k F+Ff === —d == -l= = F -I-
1
L

mie mirrun1
mITIA =Tmraa- -
miea

F - —cd A d=FF+Ff e d == — = = F =I-

10.00
sec

nsec



Case Studies: Four GPS Receivers Symmetricon

Measurement Setup

1PPS

. 1PPS
GPS receivers

share the same

antenna 1PPS
&-GP #4 s

GPIB

Agilent 53132A Time F=p/
Interval Counters

5071A Cesium Clock

Symmetricom TimeMonitor
Software



Case Studies: Four GPS Receivers Symmetricom

Symmetricom TimeMonitor Analyzer
Phasze deviation in unitz of time: Fs=200.0 mHz: Fo=1.0000000 Hz: 2010/09/17: 14:54:52

Raw GPS vs.
cesium 1PPS

30.0
nzec/div

;ISEC 0.000 2.00 days/div ng,ga

Symmetricom TimeMonitor Analyzer
Phase deviation in unmitz of time; Fs=200.0 mHz: Fo=1.0000000 Hz; 2010/09/17: 14:54:52

80.0
nsec

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

| Jm;m

_______________

[ - GPS measurements
~uﬂ1‘|hu| Ui AP with cesium offset

10,0
nsec/div

TR 0.0

\ removed

-60.0

nsec g-a'}gﬂ 2 00 days/div 1 gi’ssa
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Characterizing PRTC Accuracy Symmetricom

A stable and accurate time reference is required. A cesium
clock alone will not suffice.

* Possible candidates for such a reference:
—National metrology lab reference

—Carefully calibrated “golden” reference GPS receiver

* We need to understand both the accuracy and the stability
characteristics of such a reference.

* We need to consider that both the reference and the PRTC
under test may deliver different performance under
conditions of constant temperature and varying temperature.



“Golden” Reference GPS Receiver Stability Symmetricom

Measurement Setup

TimeMonitor
Measurement

Note:  Measurements conducted at constant room temperature.

Confidential © Copyright 2012 43
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“Golden” Receiver Stability Performance Symmetricom

Symmetricom TimeMonitor Analpzer
Phase deviation in units of time: Fs—1_000 Hz: Fo—1_0000000 H=z: 201 2/02/703: 15:35:09

33236 ______________________________________________________________________ ____/___,___—..-..{T'___T_’_-___T-_T_—_T_—?_ R | 3
"""""""""" ’_“_—_—’—_—_’/___'_‘_,_,-n—;: aW resuits vs.

e . Cesium clocks

nesecfdiv | T e 1 S S S S S
,,,,,,,,,,,,,,,,,,,, S~ UURNRRNON URRRRRUPS SNNNRRUNS INRRUUN BRSNS Cesium 1 (blue): 3.573E-13
ffffffffffffffffffffffffffffffffffffffff T Cesium 2 (red):  1.579E-13
ENSNURS SURRSRONS HOUONN AP MSMSSDNOS SSNDUDRNS INDHSNOONS Bbies -SRI NN Cesium 3 (violet): -5.428E-13

coo AT ;HL éﬁi,.’.‘ﬂ ﬁah-jf _g&ﬁm m’n'[h Al " 1.mmi ,,g:;bﬁ, ti i
A R *"'*'l""”l" - respective cesium
L A A L '"., fffffff SR L 1‘,.,r‘|,| offsets removed

nnnnnnnn

2.0
0_0o0n 9620
meee dags . 100 days’div a5
Symmetricom TimeM onitor Analyzer
Phase dewiation in units of time: Fs=1.000 Hz: Fo=1_0000000 H=z: 2012502503 15:35:09
8.00
nsec
2. 00 .
A
""""" o section of 10-day
8_00
18.00 20.00
nsec hours 2.00 hours/Sdiv hou




“Golden” Receiver Stability Performance Symmetricom

Symmetrn |com T meM onitor Analyze

Phase de on in units of time; F =1 l]l]l] Hz: Fo=1.0000000 Hz: 2012/02/03: 15:35:09
Re IEPS [ Iel] and GM [gray] measure d agains t cesiu m
30.0
nsec
[11 b
Golden” vs.
6.00 - |
nsecfdiv 0.0 Conventlona
GPS receiver
-30.0 I
nsec ﬂ;_,'j,';“ 1.00 days/div 3;;2"

Symmetricom TimeMonitor Analyzer
Phase deviation in units of time; Fs=1.000 Hz: Fo=1.0000000 Hz: 2012/02/03; 15:35:09
4 [green): Phase: Samples: 831170; HP 53132A; Avg 7475776 9.6 days: 2012502/03; 15:35:09

Three “Golden”
measurements
averaged together

-9.00 .
nsec - s 1.00 days/div
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iver

receiver
rece

Golden”
TDEV performance

1]

MTIE performance

“Golden’

LiLbLdo
LiLLLa-
LiLLido
LiLLLd.
ek

nrrrra-
NEEERm

100.0
ksec

10,00
kzec

M
T
Hibk b=

1.000
kzec

o3
09

35

35
=28c
15:

- 15:
100.0

2012702/03
2012702703

10.00
sec

=1.000 Hz
Fs=1.000 Hz

- Fs

sec

1.000 Hz

“Golden” Receiver Stability Performance

psec 1.000

Fo=1_000 Hz
nsec
100

Fo

Symmetricom TimeMonitor Analyzer

MTIE
Symmetricom TimeMonitor Analyzer

TDEV

10

100.0
ksec

10,00
ksec

1.000
ksec

10,00 100.0
sec

FEC

psec 1.000

FEC
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Summa ry Symmetrlco}h@

* Types of measurements
— Frequency, Time, and Packet Signals
— “TIE” vs. Packet “PDV”
— Network vs. Equipment
— Packet probes: passive vs. active, PTP vs. NTP

* Clock and Packet Analysis
— TIE analysis methods inform approach to PDV analysis
— Stability metrics (1) Preprocessed or (2) Integrated packet selection
— Frequency transport metrics
— Time transport metrics

* Measurement Case Studies

— Networks
* Wireless backhaul: frequency and asymmetry
* Metro/National Ethernet (PTP probe)
* ADSL/Cable modem access (NTP probe)
— Equipment
* |EEE 1588 GM & BC (measurements on physical signal or packet signal)
* PRTC: Four GPS receiver comparison (common antenna and common measurement reference)
* PRTC: “Golden” receiver stability



Thank You

Lee Cosart
Senior Technologist

lcosart@symmetricom.com
Phone: +1-408-428-6950
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Sym metrlcom® San Jose, CA95131-1017

Tel: +1 408-428-7907
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