< JDSU

TestPoint 10Gbps

Applications

« Facilitates both 10 Gbps line and
client testing

« Tests Ethernet and Fibre Channel
transport

o Provides 8.5-11.3 Gbps traffic blasting

Compliance

o CSA Certificate of Compliance to
CAN / CSA C22.2 No. 60950-1 (2003)
and ANSI/ UL 60950-1 (2003) with
CSA Mark for Canada and USA

« CSA CB Certificate of Compliance
to EN60950-1,IEC 60950-1, and
National Deviations with CE Marking
o Class 1 Laser Product in compliance
with EN 60825, IEC 60825, and FDA /
CDRH requirements

WEBSITE: www.jdsu.com/test

COMMUNICATIONS TEST & MEASUREMENT SOLUTIONS

Highlights Automatic testing with minimum script development time

o Tests all 10G related rates with one module - 10 GigE
LAN and WAN, 8G and 10G Fibre Channel

o Comprehensively supports OTN-related rates - ODU2,
0TU2, 11.049G, 11.095G, 11.270G, and 11.317G

o Supports EFEC (ITU-T G.975.1 1.4)

o Maps GFP-F directly into OTU2 and SONET / SDH
(STS-192¢ / VC-4-64c)

o Maps 10GigE LAN with preambles into OTU2 using
GFP-F into extended payload (ITU-T G.Sup.43 7.3)

o Runs framed and unframed PRBS at all supported rates

o Captures MAC traffic and line codes (64B / 66B for
10 GigE and10GFC, 8B / 10B for 8GFC)

 Edits and plays back 64B / 66B 10 GigE PCS codes

o Generates up to 4096 unique traffic streams in ExStreams
mode (MAC / stacked VLAN, MPLS, IPv4, IPv6)

The TestPoint 10Gbps Module supports a comprehensive set of line rates and protocols
in the 10 Gbps range. Its applications include the testing of 10 Gigabit Ethernet (LAN
/ WAN) and SONET / SDH. Also offered are licensed options for 8 & 10 Gigabit Fibre
Channel (8/10GFC), several Generic Framing Procedure (GFP) flavours, and Cisco high
level data link control (HDLC)

A factory installed hardware option provides forward error correction (FEC) and
Enhanced FEC (EFEC) support at the following rates: ODU2 (10.037 Gbps), OTU2
(10.709 Gbps), OTU1e (11.049 Gbps) , OTU2e (11.095 Gbps) , OTU1f (11.270 Gbps),
and OTU2f (11.317 Gbps). The test interface uses a 10 Gigabit small form-factor plug-
gable (XFP) socket which supports optical and electrical connectivity options.

The 10Gbps module can be inserted into multiple scalable chassis options, including
the highly compact TS-10 configuration. Additional highlights of the 10 Gbps module
include a strong focus on lower-layer testing and an RFC 2544 test suite for 10 GigE and 8
/ 10GFC.

Note: The TestPoint 10Gbps is available as a module for multi-slot systems (TestPoint
TS-30 and TS-170) or in a static, self-contained configuration (TestPoint TS-10). The
term module is used in this document.



TESTPOINT 10GBPS

2

INTERFACE SPECIFICATIONS LOGGING

Optical XFP Even.t !og :

Optical connector LC LC LC Log injections

Wavelength 850 nm 1310 nm 1550 nm

ggxze:lrce):;?ut power (Rx -4to-1.1 dBm-6to-1dBm -1to+2dBm CONNECTIVITY

Optical overload (min) -1 dBm 0.5 dBm 2 dBm Transparent monitor: Transparently monitors signal and retransmits

Sensitivity (min) -11.1dBm  -11dBm -13.5dBm unaltered (all supported line rates)

Differential Electrical XFP Intrusive monitor: Can inject layer 1 errors and pass traffic unaltered

Connector Note (OTN related rates, SONET / SDH)

Impedance single-ended 50 th Logical loopback: Used to switch MAC and IP addresses to loop traffic

Cable length 14 inches back (10 GigE LAN)

Type SMA

Transmitter Intrusive Monitor

Minifr\um 5if‘9||e'en(ée‘iamp|lifitu‘ie ;gg mx el EtTol] Terminal A— — , Fe— Logical Loopback
aximum single-ended amplitude m evel set to low _ | ] ———— | . E

560 mV Level set to | Y j = Etexs iy T B '
high

Receiver

Sensitivity with PRBS23 @BER10'"? 100 mV Optimized RX

(single-ended peak-to-peak) equalizer APPLICATIONS

Clock Output

Output level LVPECL, AC coupled

Connector SMA/50 Ohm

Management Ports

10/100Base-T LAN (Ethernet) via RJ45

Operator port via RJ12 into RS-232 serial
cable

LAN management port Supports simple network time
protocol (SNTP) configurable

for static IP address or DHCP

OPTICAL

Receive power measurement
Transmit laser on / off
XFP information display

Electrical

Receive equalization setting
Transmit level high/low

LINE RATES

Reports PPM offset on receive interface
8.500 G (8GFCQ)

9.953 Gbps (10Gige WAN and OC-192 / STM-64 BERT)

10.037 Gbps (ODU2)

10.3125 Gbps (10 GigE LAN)

10.51875 Gbps (10GFC)

10.709 Gbps (OTU2)

11.049 Gbps (OTU1e, 10 GigE LAN with FEC, no fixed stuff bytes)
11.095 Gbps (OTU2e, 10 GigE LAN with FEC, with fixed stuff bytes)
11.270 Gbps (OTU1f, 10GFC with FEC, no fixed stuff bytes)

11.317 Gbps (OTU2f, 10GFC with FEC, with fixed stuff bytes)

CLOCKING

Internal (+ 4.6 ppm accuracy)
Recovered from line
External via group controller (TS-30/ 170)

Clock rate variations
+ 30 ppm: 10 Gige WAN, SONET / SDH, OTU2
+ 110 ppm: 10 GigE LAN, 8 / 10GFC, 11.X G rates

Clock output

Description of the applications:

10GigE
10 GigE LAN: 10 GigE directly on the line
10 GigE WAN: 10 GigE into SONET / SDH

SONET/SDH
0C-192 / STM-64 (channelized down to STS-1/VC-3)

DIGITALWRAPPER & FEC

ODU2: OTU2 frame structure without FEC

OTU2: Client can be PRBS, 10 GigE WAN, SONET / SDH BERT or GFP
11.049G FEC: PRBS or 10 GigE LAN client, frame structure without fixed
stuff bytes

11.095G FEC: PRBS or 10 GigE LAN client, frame structure with fixed
stuff bytes

11.270G FEC: PRBS or 10GFC client, frame structure without fixed stuff
bytes

1 *.31 7G FEC: PRBS or 10GFC LAN client, frame structure with fixed stuff
bytes

FIBRE CHANNEL

8G and 10G

Point-to-point

GFP-F

All GFP-F modes feature a LAN client

GFP-F directly in OPU2

GFP-F in OC-192/STM-64 (STS-192c / VC-4-64c)

GFP-F in OC-192/STM-64 STM-64 wrapped in OTU2
GFP-F into ODU2 extended payload (ITU-T G.Sup43 7.3)

GFP-T
GFP-T wth 8GFC client directly in OPU2

cHDLC
Cisco HDLC in OC-192 / STM-64 (STS-192c / VC-4-64c); or in OC-192 /
STM-64 wrapped in OTU2

UNFRAMED
PRBS and user pattern on all supported line rates

10 GigE
Description covers 10 GigE LAN and WAN

TRAFFICSETTINGS

Four modes: Single stream, multiple streams (physical ports), multiple
streams (logical ports ExStreams), PCS play from buffer

TestPoint allows for full bi-directional traffic testing
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SINGLE STREAM
Used for BERT testing at PCS, MAC, single /
stacked VLAN, and IPv4 layers

Lazer Chack Faceplate L0
T @@ Rxlos@l Loop O clock out []
ot () Irternal (5)
Backplane {7
o Poswer (<8im) 2 Tx Freq Oizet DO
FRx Freq Ofizet DO
Transport Connection
Teat Type | Framed - Terminal (3}
Protocols 10068 LaN w | Tranaparent Montor ()
Hominal Line Rate [10.312 Gbps [
Logiesl Locpback ()
Lotpback
Traffic Generator
TYP® | Single Stwam -
s
Protocal Enables
Tx fix
MAC mac [
LLesnap [ wemmee
v 7] P )

Send mode: Continuous / burst of frames
Protocol support: MAC/ single / stacked VLAN
/ LLC/SNAP / IPv4

User can set header values. For destination /
source MAC addresses and VLAN IDs, support
of single / incrementing value over a range
Frame size: Range of 19 to 65,535 bytes. Size
can be: fixed / incrementing / decrementing /
random / user sequence (up to 8)
Transmission rate: Specified as bandwidth
(%,Mbps , frame/s) or number of inter frame
gap (IFG) bytes (fixed / random / sequence up
to 8; range 8 to 16,777,215 bytes)

Frame payload: PRBS 15, 23, or 31 / 16-byte
sequence / pattern invert

MULTIPLE STREAMS
Used for traffic simulation and multi-protocol
support
1d | Enabla| Frame | Faame| VLAN | Dustinstion Source BWE | BA%
Cangm | Gourd| VD | Addren naew | Touet | vt
1 oy z T S0 300 A 00 70T 0 THOKK 80 U0
z ¥ 310 10 700090041 02020001 | 240000 22.2880
a @ an L A )AL T TR0 0 e
4 ¥ 1300 1 4040 40 40 4040 30 00000 0094

Total Terget BV % [77.0000  Totnd Actunt BV % [74 1945 Totnl FPS sy

Frame Transmission
Serwd Mode [ Cantinuaus

Al Str s
Tratfic Mode [orm %~ |
Audor oo B [

=] oustsae| . _J

Maximum number of streams: 128 for physi-
cal ports / 4096 for logical ports (ExStreams)
Number of logical ports (ExStreams): User
setting to 1, 2,4, 8, 16 or 32. Per transmit port,
up to 4096/[# of logical ports] streams can be
defined. Each receive port can detect up to
4096 streams

Send mode: Continuous / burst of frames
Protocol support: MAC/ single / stacked
VLAN / MPLS / IPv4 / IPv6 / TCP (logical port) /
UDP (logical port). User can set header values
per stream

Frame size: Range of 27 to 9,600 bytes. Size
can be: Fixed / random within a stream
Transmission rate: BW % / IFG size in bytes /
frames/s

Auto-scale BW: Scales bandwidth when total
exceeds 100%

Frame payload: Fill byte / random / custom
(user defined byte-by-byte)

Stream signature: Used for receive auto-
detection

PCSPLAY FROMBUFFER

Used to edit PCS blocks, inject detailed errors,
and create custom low-level patterns

Send mode: Continuous / buffer burst
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Protocol support: Raw blocks / PCS / MAC

PCS editing: Load from PCS capture file (auto-
delineates MAC frames) / manual from scratch
Auto-validation: Sync header bits / PCS block
type value / SOF and EOF mismatch / MAC
CRC/ control codes

Auto-correction: MAC CRC

File type: Binary / ASCII

CONTROL PLANE

Pause frames: Single / continuous with inter-
val. Pause timer

Receiver throttles

ARP:

ARP request sent for each unique destination
IP address; Timeout, Retry Period and Count
support

ARP Reply sent on port MAC address match
Gateway and Subnet Mask Settings

PING

Send mode: Continuous / packet count
Transmission period: 1,000 to 4,294,967,295
ms

Protocol support: IPv4 with no VLAN / single /
stacked VLAN

Data size: 0 to 9,554 bytes

Replies: Issued on port IP address match

ERRORINJECTIONS

PCS sublayer: LOS / Remote Fault / Local Fault
/ error control character / user-defined 64B /
66B block (single, rates) / sync header error
(single, HI BER, loss of sync) / 64B / 66B block
type error (single, rates)

SINGLE STREAM
MAC: CRC single, error rate

MULTIPLE STREAMS

Applies to physical ports and logical ports
(ExStreams) modes Applied to a specific
stream

MAC: CRC count / sequence number error
(lost, out of order, duplicate) count

ERROR MONITORING

PCS sublayer: LOS / PCS synchronization / HI
BER / Remote Fault / Local Fault / invalid 64B /
66B blocks / sync header errors / error control
characters / Rx_E state

PMA
Optcal LOS

pes
Sme @ L )
HEeR O v Biock Ratio [0 0000E00
Remols Fout 2 Eree CortroiChaes [ @
Local Feutt ) gx_;ma-w—n
swerestrEros[ 0
Mac
E S T owheess [ 100
B Framesis [ Zraties
Frames Too Long [ Jatbers [
Frames Undersized (1] Fragments a
Irwarge Length Errs o CRC Brrors a
ShtFG D CRCEnRatio [ 00000600
Shoet Presmbies 0 Fromes Errored | [
Lirg Prosesbins | 0 Frameloss| a
Pes
checkmmEmers[ 0
[ Court Fabo Cuwre  Cir ot
sme B Errors o [[oo0o0eno [ 0 [ooo0en0
e ot [ (1370010478 Byeas [T tiBo70ses

MAC sublayer: Frames too long (>jumbo) /
Jabbers / undersized / fragments / CRC errors
/ in-range length errors (802.3 frames) / short
IFGs (adjustable threshold)

IPv4: Checksum errors

STATISTICS

MAC: Bandwidth (%, Mbps , frames/s) / frame
count / octet count / unicast frames / mul-
ticast frames / broadcast frames / [single /
stacked VLAN tagged frames] / number of
pause frames / ARP frames / MPLS tagged
frames / frame length bins (including jumbo)
/ CRC counts (total and length bins) / short
preamble count / long preamble count
MPLS: Frame count

IPv4: Packet count / ICMP packets

IPv6: Packet count / ICMP packets

Per stream statistics: Valid frames / valid bytes
/ frame rate (fps) / BW in % / BW in Mbps /
MAC CRC error count / frames lost (count,
ratio) / frames duplicated / frames out of
order

GaTo ”
82| | sao[ 91 semo[ 13

In logical ports multiple streams (ExStreams), a
linked error summary is provided
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LATENCY AND SEQUENCING

In single stream mode

Sequencing: Frame loss / out-of-order / dupli-
cates. Can inject errors on transmit
Timestamping: Latency (min, max, avg over
test period and 0.5 s window; bit forwarding /
store and forward) / packet jitter

MAC

Triggers: Manual / CRC error / undersized
frame / frame too long / in-range length error

a4 372 ABFFFFFFFFFF 20222220202 BOABOZ14 B100021)
O0T0NT.A 1347 ACFFFFFFFFFF 222232222227 BOABOZ24 BILODOZH

14070082 1122 1D FF FF FF TF FF BIASR3Y B1O002E

oo

Tsis) | Len | Destrdd Sic Adde SYLAN LA
1 -
2 Lo M350 POFFFFFFFFFF 2222222222322 BEAB01F4 BIOODO2O1
e e e TR T T
4

MSNWILDH ;I mw I . _I T {1407000.1 1620 1E FF FF FF FF FF 81000231
vl ) Trigger point: Start / middle /end
Filters: MAC filters / pattern filter
= s [T Display: Trigger point / timestamp / MAC
e I = = layer decode
Fraemes Lost 0 Size: 400,000 frames / 32.4 Mbytes / full frame
SromsLotner oo or slicing (first 64 bytes)
; F"""::m —: File type: Binary (snoop compatible with
S — Wireshark)
fikateocy RFC2544
Current (=) Since Test Start (ps)
Average Latency o1 04 i . — T Manconng
Minimuen Latercy 00 00 Vo Barceidh 06 100 Feary Test Conlg
Meaimien Latercy 06 06 e — Fioed Step N Rt |
Aversge Jeter o1 01 Fsrber of Trinks T sepsmecsn[ 10
Maoimum Jtter os o0s ~Lateney
| Wﬂuﬂuﬂi Al Framas (Dwick) = Latency Mods
One-way latency measurements available '“::::T:_’: "" s::,m’i
across module in a chassis; requires group Bancwith| 100 Use Trroughpud Resuts 7
controller Frame Los Rate
Reration Duration (2)) s
FILTERS S —
MAC: 8 MAC / VLAN filters with accept / dis- Mrber of Trils 3
card operation T G
Pattern filter: Up to 6 bytes with offset from [ 2 ger
start of frame Lot N Mgl
swp sao (%[ 10
CAPTURES :
. Test [ a1 (i succemion) -| am |
Two modes: 64B / 66B PCS, and MAC level e
PCS smslde e[ 0 Famesze[ 0

Triggers: Manual / PCS sync loss / invalid 64B
/ 66B block / sync header error / Remote Fault
/ Local Fault / control code match / block
type field match / data pattern match (up to
8 bytes)

[ sockFomat  [5yme Hiock Payload
%001 |aograzearssenanar] 01| 00 | we | aa | ss | 03| o0 [ 00| 00 [=
%02 [onarazansssncnar 01| oo | oo | [ oo oo | | 0| s
s 01| 0o | o | te| 19| 4| au| 00 05
Rnd o1 L T4 O e o4 o5 - ar
R o Eal ar L3 3 Bt o 38 52
w08 |oaraeumng 0| o | 2| o[ 74wl s
a7 o] 0| @ | 6| 8| a6 5

Trigger point: Start / middle / end

Display: Trigger point / 64B / 66B blocks as in
Figure 49-7 IEEE 802.3ae-2005

Size: 3,355,400 64B / 66B blocks

File type: Binary / ASCII

Provides throughput, latency, frame loss, and
back-to-back measurements in single stream
mode. Up to 10 frame sizes Supports function
to run all tests in succession. Logs results to file
and generates graphics

TESTREPORT
Contains 10 GigE settings, errors, and statistics

OPTICALTEST PATTERNS

Square wave: Programmable between 4 and
11 bits

Pseudo-random (AnAiBnBi- LF, AnAiBnBi-
zero, AnAiAnAi-zero, BnBiBnBi-LF) Transmit
and receive with PCS sync header and block
error counts

PRBS31: Transmit and receive with bit error
injection and bit error count

SONET / SDH

CHANNELIZATION

OC-192: STS-192c / STS-48¢ / STS-12¢ / STS-3c¢
/STS-1

STM-64: VC-4-64c / VC-4-16c / VC-4-4c / VC-4
/VC-3 (AU-3)

ALARMS
Errors & Status
s @ 5P U
LoF @ PP @
ooF RO
AL W ERDIP Pavioad ()
ROLL 3 EROLP Server )
ERDLP Comectiviy )
wear 3
Conrt. Rt Curerd  Cur Rt
B 5 FrEn 4 [00000e00
B2 10 | 72416811 2 |1 6255610
L] 12 [azene 6 [o0o00eca
FERL 0 | 0.D000EDD 0 | 0.0000E00
RE-P 0 | 0.000000 0 | 0.0000600
[ Court Fatio Currerl_  Cur Rt
Sl el [ [ [ oong
ByteCoud| 1048714672 Bytesh| 18720445

LOS /LOF / OOF / [AIS-L / MS-AIS] / [RDI-L /
MS-RDI] / [LOP-P / AU-LOP] / [AIS-P / AU-AIS] /
[ERDI-P / HP-ERDI] / [UNEQ-P / HP-UNEQ]

ERRORS
Single / rates for LOF / [AIS-L / MS-AIS] / [RDI-L

/ MS-RDI] / [REI-L / MS-REI] / [REI-P / HP-REI] /
B1/B2/B3

Duration (in ms) for LOF / [AIS-L / MS-AIS] /
[RDI-L / MS-RDI]

OVERHEADS

Pointer adjustments: Increment / decrement
(single, rates) / NDF count / pointer values /
SS bits

Trace messages: JO/J1; 1, 16 or 64 bytes
Decoded bytes: K1 /K2/S1/C2

Byte diagram: User editable overhead fields
(includes B1,B2, B3 xor masks) in two alternat-
ing overhead banks. Interleaving and injec-
tion counts in frames / continuous injection
support
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PERFORMANCE MONITORING
(G.828/G.829)

Available except for 10 Gige WAN

For section / Regenerator section (near-end)
and line / multiplex section (near-end; far-
end): ES, ESR, SES, SESR, BBE, BBER, UAS

For path (near-end; far-end): ES, ESR, SES,
SESR, BBE, BBER, SEP, SEPI, UAS, Verdict
Threshold configuration

DIGITAL WRAPPER AND FEC

P
P
ses 0 sese| Doonenn
eee[ 5 sem[ e
ws[T 0
‘Line GA29
Hear Ercd [ Ened ]
S 2 Esk[2mee03 S o sk nooooeoo |
S 0 SESR| 0OOOOEMD | | SES 0 SEsh| 00000600 |
BeE[ mosre0 ERER[sarssens | BEE 0 EEER| 0000000 |
uas [ ws[T 8
| Hesr End [ FarEnd |
s 0 Esq| oooooeoo =3 5 EsR[p7718E00
S5 0 SesA|ooooeno | SES 2 sesR[zezeiEne
BEE 0 BBER| 0.0000E00 BBE B3 mmmf
= 0 o[ ooowen | = o seoi[ Dooooend |
ws[T 8 ws[T 8
veedat [ pASS verdd [ FAL
TRAFFIC

10 GigE client (10 Gige WAN) / PRBS 15, 23 or
31/ 4-byte sequence / GFP-F / cHDLC

For both GFEC and EFEC 1.4

EFEC s as per ITU-T G.975.1 |.4

Description covers ODU2, OTU2,11.049G FEC,
11.095G FEC, 11.270G FEC and 11.317G FEC.
GFEC and EFEC does not apply to ODU2

ALARMS
oy
P s EP5 Ratio | 0,0000600 Correctaie Bts] 0
v 3 m[ o P e
x g B8 Ratio | 0.0000€00 | Uncorrectable Subrows: 0
Ll |
vE §
[SOAE
OO
AS LOK OO BIAE BOY Ll BFE Ratio. B8 BE Rntio
T4 @ 3 8 a8 a 0 | 0.0000E00 0] 0.0000E00
g aeaaa i 0 L1000
T™ B @ @ @ a 0 { 0.0000E00 0 0.0000E00
i aaaa 0| 0.0000€00 0| 0.0000E00
v aadaaa 0| 00000600 0| 0.0000£00
T™E @ @ @ @aa 0 [ G0000e0d 0| 0000600
M Ea a8 ] 0 | 0.0000E00 0 0.0000E00

LOS / OOF / LOF / OOM / LOM / OTU-AIS
(PN-11) / OTU-IAE / OTU-BDI / OTU-BIAE /
ODU-AIS (PM / TCM1-6) / ODU-LCK (PM /
TCM1-6) / ODU-OCI (PM / TCM1-6) / ODU-BDI
(PM /TCM1-6) / ODU-BIAE(TCM1-6)

ERRORS
Single and rates for OTU-BIP8 / OTU-BEI /
ODU-BIP8 (PM / TCM1-6) / ODU-BEI (PM /
TCM1-6)

OVERHEADS

Multi-frame structure: OTU-TTI/ ODU-TTI (PM
/TCM1-6) / FTFL / PSI

Justification events: Sync (line-client locked) /
async (range + 70 ppm). Reporting of justifica-
tion event ratio and line-client ppm offset
Byte diagram: User editable overhead fields /
MFAS invert

Injection count in frames / continuous injec-
tion

Overhead PRBS: 3 independent PRBS 15
engines for GCCO-2 / RES (OTU, ODU, OPV) /
TCM1-6 / TCM ACT / EXP

Error suppression: to optionally suppress
incoming errors / alarms: FEC / TCM1-6 errors
/PM errors / client errors

3 fornreezezs 7A  DOF101  DOGO D000 000000

Triggers: Manual / OOF / LOF / OOM / LOM

/ OTU-IAE / OTU-BDI / OTU-BIAE / OTU-BIP8

/ OTU-BEI / ODU-AIS (PM / TCM1-6) / ODU-
LCK (PM / TCM1-6) / ODU-OCI (PM / TCM1-6)

/ ODU-BDI (PM / TCM1-6) / ODU-BIP8 (PM /
TCM1-6) / ODU-BEI (PM / TCM1-6) / ODU-BIAE
(TCM1-6) / positive justification / negative
justification / overhead PRBS bit error / pat-
tern match (equal, not equal) with bit-mask
Pattern match fields: FAS / MFAS / GCCO0-2 /
OTU RES /SM TTI/ ODU RES1-3 / (TCM / ACT) /
FTFL/ EXP / (APS / PCC) / TCM1-6 TTI/PM TTI
/ OPU RES1-3

Trigger point: Start / middle / end

Display: Trigger point / Hex values for all over-
head fields

Size: Overhead of 256 frames

File type: ASCII (csv)

CLIENTS

OTU2: PRBS 9, 15, 23, or 31 / 4-byte sequence
/ pattern invert / 10 GigE WAN / (SONET / SDH
BERT) / GFP-F / GFP-T

ODU2: PRBS 9, 15, 23, or 31 / 4-byte sequence
/ pattern invert / (SONET / SDH)

11.049 G/ 11.095G: 10 GigE LAN
11.270G/11.317 G: 10GFC

GFEC(G.709) and EFEC1.4(G.975.1)
Settings: GFEC / EFEC / all-zeroes FEC select-
able. Enable / disable error correction

Injection: Single and rates. Control of errored
sub-row (including all) / errored bytes per
sub-row / errored bits per byte / skipped rows
between errors. Up to 16 symbol errors
Detection: Number of correctable byte errors
/ number of correctable bit errors / bit error
ratio / number of uncorrectable sub-rows
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8G FIBRE CHANNEL

ERROR MONITORING

PCS —
8GFC point-to-point mode is described here Sme & ] g
Irrvalld Bliock Rtio | 0.0000600
TRAFFICSETTINGS FunnigDkpartyErocs [0
FRunning Disparty Errors Ratia | 0.0000600
 Frame Transmission | R =
s‘3“’]"kl’l'elL‘omtiﬂutaus LI F'WMI ge =l Link Indiskzation
Active 34 Lirk P Court | 0
“FC Paramet g lsrosmecant [ 0
s LF2 @) Primtroe Secpence ProocotErees [ 0
Buffer to Buffer Credis [ 1% current [ o et i i
'7 Frames Creerstzed o B 100,00
R_RDY Enable D o
Framas Mesigrad | 0 BWFramesiz| 301340
FC-2 o
R_cn- _m CRCBvuul—n
DD (000044 |
C5_CTLP 0x00 &
50| o002z eed Cort _ Ra  Cavel  CuRato
o e T e
Byte Count [ §3635965600 Byteais [ EES19648
F_CTL 0x390000
sea o] o0 . .
DFCTL 0 PCS sublayer: LOS / synchronization / running
sea o[ ow0o00 disparity errors / invalid 8B / 10B Code groups
£en]  ooon / short IFGs (adjustable threshold)
e FC-1: Frames oversized (>2148 bytes) / frames
e undersized (<36 bytes) / frames misaligned

Send mode: Continuous / burst of frames
Frame size: Range of 12 to 4,104 bytes (mul-
tiple of 4, includes SOF & EOF). Size can be:
Fixed / incrementing / decrementing / ran-
dom / user sequence (up to 8)

Transmission rate: Specified as bandwidth (%,
Mbps , frames/s) / number of inter frame gap
(IFG) bytes (fixed / random / sequence up to
8; range 8 to 65,535 bytes)

FC-2 framing: User can set 24-byte header
values

Class support: Class 3

Flow control: Manual buffer-to-buffer credit
setting; range 1 to 4,095. Sending of R_RDY
may be enabled / disabled

Frame payload: PRBS 15, 23 or 31/ 16-byte
sequence / pattern invert

LINKINITIALIZATION

Settings: Enable / disable. LF1/ LF2 state force
Reporting: Active state indicator / LF1 report /
LF2 report / Primitive sequence protocol error
count/ loss of sync count / link failure count

ERRORINJECTIONS

PCS sublayer: LOS / running disparity error
(single, rates) / [8B / 10B coding error (single,
rates)] / random bit corruption (single, rates)
FC-1: Misaligned frames (non-multiple of 4
bytes size)

FC-2: CRC (single, rates)

(non-multiple of 4 bytes)
FC-2: CRC errors

STATISTICS

FC-1: Bandwidth (%,Mbps , frames/s) / frame
count / octet count/number of R_RDY

LATENCY AND SEQUENCING

Sequencing: Frame loss / out-of-order / dupli-
cates. Can inject errors on transmit
Timestamping: Latency (min, max, avg over
test period and 0.5 s window) / packet jitter.
One-way latency measurements available
across all modules in a chassis; requires group
controller

CAPTURES

Raw Data | Code Grou bames
2237 [ I 152 227 o3

2341_P01011100 GHEO1IDT 1001100101 1010001001 233 D40 Das3 D18
245 PROVIOIGY 1001100001 HO0110I010 1103001101 DIB4 D257 0388 D114
243 _[pH00011101 1000110100 D110110001 0111100011 DTG4 ©170 D107 P03
2251 _pH010001a1 1010110001 1101001100 1001130101 D312 6317 D113 po
2257 E P41 P00 Dos pez

Captures 8B/ 10B codes
Triggers : Manual / sync loss / invalid 8B / 10B
code group / running disparity error / code
group pattern match (up to 6 bytes)

Trigger point: Start / middle / end

Display: Trigger point / 8B / 10B code group
and decode (D / K codes and hex)

Size: 8,250,000 code groups

File type: Binary / ASCII

RFC2544

Functionality as described under 10 Gigk
TEST REPORT

Contains settings, errors, and statistics

OPTICALTESTPATTERNS
Transmits JSPAT, JTSPAT with receive BER
measurement

10G FIBRE CHANNEL

10GFC point-to-point mode is described here
TRAFFICSETTINGS

| Frame Transmission

‘ Send Mode | continuous = Frmtu.n‘.l 16 _||

“FC P =

Class Of Service 3 7
Butfer to Butfer Credis [
R_FDY Enable [V

128 Cu'l'er!l a

—
R_CTL 0200
oo oo0004a
csene[ oo
so| oxo00z2
Type | 000
Fen | oxasoooo
SEQID 0x00
oF_CTL | 000
seaont|  ooooo
ox [ owom

Rx o[ w000
Parameter 000000000

Send mode: Continuous / burst of frames
Frame size: Range of 12 to 4,104 bytes (mul-
tiple of 4, includes SOF & EOF). Size can be:
Fixed / incrementing / decrementing / ran-
dom / user sequence (up to 8)

Transmission rate: Specified as bandwidth (%,
Mbps , frames/s) / number of inter frame gap
(IFG) Bytes (fixed / random / sequence up to
8; range 8 to 65,535 bytes)

FC-2 framing: User can set 24-byte header
values

Class support: Class 3

Flow control: Manual buffer-to-buffer credit
setting; range 1 to 4,095. Sending of R_RDY
may be enabled / disabled

Frame payload: PRBS 15, 23 or 31/ 16-byte
sequence / pattern invert

LINKINITIALIZATION

Settings: Enable / Disable. LF1/ LF2 state
force

Reporting: Active sate indicator / LF1/LF2/
primitive sequence protocol error count/ loss
of sync count / link failure count

ERRORINJECTIONS

PCS sublayer: LOS / Remote Fault / Local Fault
/ error control character / user-defined 64B /
66B block (single, rates) / sync header error
(single, HI BER, loss of sync) / 64B / 66B block
type error (single, rates)

FC-1: Misaligned frames (non-multiple of 4
bytes size)

FC-2: CRC (single, rates)
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%

ERROR MONITORING
Syne Frreald Blocks ]
HEER O Irvvald Block Rato | 0L0000E00
Remole Foul Exror Control Chars a
LocsiFolt ) FO_E State Ertered a
Syne Hesder Errors a
Short FG. ]
Lirk ndisization
Acthr () Lirk Fad Court |
LF1 3 Loas of Sync Count |
L2 Primiive Sequence Protocol Brrors | o
FCA
Frames Oversized [ B 100,00
Frames Undsrsaed (] B Mblsds | 10200107
Froenss Wsaignad 0 BWFramesls S8T00
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tﬂt[ﬂml Q
UKE!FNI 00000800
i ot Corl __Aab el Grde
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PCS sublayer: LOS / PCS synchronization / HI
BER / Remote Fault / Local Fault / invalid 64B /
66B blocks / sync header errors / error control
characters / RX_E state / short IFGs (adjust-
able threshold)

FC-1 frames oversized (>2148 bytes) / frames
undersized (<36 bytes) / frames misaligned
(non-multiple of 4 bytes)

FC-2: CRC errors

STATISTICS
FC-1: Bandwidth (%, Mbps , frames/s) / frame
count / octet count / number of R_RDY

LATENCY AND SEQUENCING

Sequencing: Frame loss / out-of-order / dupli-
cates. Can inject errors on transmit
Timestamping: Latency (min, max, avg over
test period and 0.5 s window) / packet jitter.
One-way latency measurements available
across all modules in a chassis; requires group
controller

CAPTURES

Captures 64B / 66B codes

Triggers: Manual / PCS sync loss / invalid 64B
/ 66B block / sync header error / Remote Fault
/ Local Fault / control code pattern match /
block type field match / block pattern match
(up to 8 bytes)

Trigger point: Start / middle / end

Display: Trigger point / 64B / 66B blocks as in
figure 49-7 IEEE 802.3-2005

Size: 3,355,400 64B / 66B blocks

File type: Binary / ASCII

RFC2544

Functionality as described under 10 GigE
TEST REPORT

Contains FC settings, errors, and statistics

OPTICALTEST PATTERNS

Square wave: Programmable between 4 and
11 bits

Pseudo-random: AnAiBnBi- LF, AnAiBnBi-
Zero, AnAiAnAi-zero, BnBiBnBi-LF : Transmit
and receive with PCS Sync header and block
error counts

PRBS31: Transmit and receive with bit error
injection and bit error count

GFP-F

There are three possible mappings for GFP-F:
as direct OTU2 client ; in OC-192 / STM-64
(STS-192¢ / VC-4 64c¢); or in OC-192 / STM-64
wrapped in OTU2

TRAFFICSETTINGS

Frame Transmission
SondMode [Cosousws v ] Framecowt [ 1

GFP Frame

Haader
Cone:
Scrambie 7 PLII 1000 Calcuntn 7
Payload
Soramtle 7 oo s ¥
Ewl Ot Extension Header 7 mg] )
IP!I 0 9""' D
From L
Mode | Fandem = | Length 1024 My B0
Rep 1 hax 1536,

Send mode: Continuous / burst of frames
Header settings: PLI (auto-calculate on / off) /
PTI/EXI/ UPI/ pFCS (on / off) / linear exten-
sion header (on / off) / channel ID / spare
cHEC error correction on / off on receive
Protocol support: MAC/ single / stacked
VLAN. User can set header values

Scrambler: Core header scrambler (enable /
disable); payload header scramble(enable /
disable)

Frame size: Range of 33 to 65,535 bytes (GFP
frame). Size can be: Fixed / incrementing /
decrementing / random

Transmission rate: Specified as bandwidth
(Mbps ) / number of GFP Idle frames (fixed /
random; range 0 to 65, 535 bytes)

Frame payload: PRBS 15, 23, or 31 / 4-byte
sequence / pattern invert

ERRORINJECTIONS

GFP: Loss of client signal (LCS) / loss of client
character synchronization (LCCS) / short GPF
frame / pFCS (single, rates) / Idle GFP frame
(single, 16-bit x or mask) / core header (single,
rates; 16-bit x or mask) / type header (single,
rates; 16-bit x or mask) / Extension header
(single, rates; 16-bit x or mask)

MAC: CRC (single, rates)

ERROR MONITORING

GEP Frame
Sy ( Beiwbtsre [ 2355439 BeFramesis| 207530 B[ 883008
FD
ws[T o ‘Shorl GFF Frames [}
wes[ s Undstired C5F Court| 0
Count Ftio Urdefired PT) Fiekds [
pres[ 1 [ 1o4eaE08  Undefined EXI Fiias [l
Total Errored Frames 1
Sge
Counl Foatia Court R
CHEC o | 00000e00 0 | ooo00en0
wec[T 0 [ nooen 0 [ ooocena
- —] 0 [ aooweon

GFP: Loss of frame delineation (LFD) / LCS
count / LCCS count / short GFP frames / unde-
fined fields (client signal Fail, PTI, EXI) / pFCS
errors / single-bit cHEC errors / multi-bit cHEC
errors / single-bit tHEC errors / multi-Bit tHEC
errors / single-bit eHEC errors / multi-Bit eHEC
errors

MAC: Frames too long (>jumbo) / Jabbers

/ undersized / Fragments / CRC errors / in-
range length errors (802.3 frames)

STATISTICS

GFP: Bandwidth (Mbps , % frames/s) / frame
count / octet count / management frame
count / GFP Idle frame count

MAC: Frame count / octet count / unicast
frames / multicast frames / broadcast frames
/ single / stacked VLAN tagged frames / frame
length Bins (including jumbo) / CRC counts
(total and lengths bins)

FILTERS

MAC: 8 MAC / VLAN filters with accept / dis-
card operation

Pattern filter: Up to 6 bytes with offset from
start of GFP frame

CAPTURES
GFF ComHeader|  GFF Paplad Header |
15 | e P | oEC |PRfE[LPI EC | Ext [eHEC|  Des
12 s e GZED MAE! (11 D1 2062 DOGO DOOO FEFFFF-
13 o o 0I60 BOGE 11 D1 2063 0O00 DOOD FEFFFF
14 pima e 0IB0 SOFS 11 DY 2083 DOOA DOOO FEFFFF
[ 7em CI0E 40D 11 D1 2063 D000 DOOO FEFFFF

Triggers: Manual / LFD / single-bit cHEC error
/ multi-bit cHEC error / tHEC error / eHEC error
/ pFCS error / management frame / large GFP
frame (with threshold) / MAC CRC error
Trigger point: Start / middle / end

Filters: Exclude Idle frame (on / off)

Display: Trigger point / Timestamp / GFP and
MAC layer decode

Size: 700,000 frames / 32.4 Mbytes / full frame
or slicing (first 64 bytes)

File type: Binary (Snoop) / ASCII
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GFP-F with Preambles (G.Sup43 7.3)

Maps 10GigE LAN with preambles into extend-
ed ODU2 payload as per ITU-T G.Sup43 7.3

TRAFFICSETTINGS

Send mode: Continuous / burst of frames
Header settings: PTI / UPI

Protocol support: MAC / single / stacked
VLAN. User can set header values
Scrambler: Core header scrambler (enable /
disable); payload header scramble(enable /
disable)

Frame size: Range of 35 to 10,240 bytes (GFP
frame). Size can be: Fixed / incrementing /
decrementing / random

Transmission rate: Specified as bandwidth
(Mbps, fps)

Frame payload: PRBS 15, 23, or 31/ 16-byte
sequence / pattern invert

ERRORINJECTIONS

GFP: Loss of client signal (LCS) / loss of client
character synchronization (LCCS) / Core head-
er (single; 16-bit XOR mask) / Type header
(single; 16-bit XOR mask)

PCS: Ordered Set continuous (Remote Fault,
Local Fault, User)

MAC: CRC (single, rates)

Payload: Bit Errors (single, rates)

GFP

Les _|

Lees _|
Core Header _| cHEC
Type Header _| HHEC

PCS

Ordered Set _||Remote Fault | Value [1x000002 | Auto upi
MAC Error Inject
CRC
Payload
Bit E!TD[SJ Byte Cuunlljl
ERROR MONITORING

GFP: Loss of frame delineation (LFD) / LCS
count / LCCS count / undefined fields CSF
count / pFCS errors / single-bit cHEC errors /
multi-bit cHEC errors

PCS: Remote Fault, Local Fault

MAC: Frames too long (>jumbo) / Jabbers

/ Undersized / Fragments / CRC errors /
In-range length errors (802.3 frames)

STATISTICS

PCS: Bandwidth (Mbps, %, frames/s)

GFP: Data frame count / GFP Idle frame count
MAC: Frame count / octet count / unicast
frames / multicast frames / broadcast frames
/ single / stacked VLAN tagged frames / frame
length bins (including jumbo) / CRC counts
(total and lengths bins)

Payload: Byte count

FILTERS
MAC: 8 MAC / VLAN filters with accept / dis-
card operation

CAPTURES

Two modes: 64B / 66B PCS, and MAC level
PCS

Triggers: Manual / Remote Fault / Local Fault /
control code match / block type field match /
data pattern match (up to 8 bytes)

Trigger point: Start / middle / end

Display: Trigger point / 64B / 66B blocks as in
Figure 49-7 IEEE 802.3ae-2005

Size: 3,355,400 64B / 66B blocks

File type: Binary / ASCII

MAC

Triggers: Manual / CRC error / undersized
frame / frame too long / in-range length error
Trigger point: Start / middle / end

Filters: MAC filters / pattern filter

Display: Trigger point / timestamp / MAC
layer decode

Size: 400,000 frames / 32.4 Mbytes / full frame
or slicing (first 64 bytes)

File type: Binary (snoop compatible with
Wireshark)

GFP-T with 8GFC Client
Mapped into OPU2

Full OTU2 wrapper as described under Digital
Wrapper and FEC
Full 8GFC client as described under 8GFC

TRAFFICSETTINGS
Header settings: PLI (auto-calculate on / off) /
PTI/EXI/ UPI/ pFCS (on/ off) / linear exten-
sion header (on / off) / channel ID / spare
cHEC error correction on / off on receive
Scrambler: Core header scrambler (enable /
disable); payload header scramble(enable /
disable)
Superblocks per Frame: Range of 1to 512
Transmission rate: Specified as bandwidth
(Mbps ) / number of GFP Fixed Idle frames;
range 0 to 65,535 bytes
Client Rate Adaptation: adjust client rate in

+ppm

ERRORINJECTIONS

GFP: Loss of client signal (LCS) / loss of client
character synchronization (LCCS) / short GPF
frame / pFCS / PLI (single, 15-bit x or mask)
/Idle GFP frame (single, 16-bit x or mask) /
core header (single, rates; 16-bit x or mask) /
type header (single, rates; 16-bit x or mask) /
Extension header (single; 16-bit x or mask)
Superblock: CRC (single, rates, burst; 16-bit x
or mask) / Flag Bit Error (single, rates; 8-bit x
or mask)

ERROR MONITORING

GFP: Loss of frame delineation (LFD) / LCS
count / LCCS count / short GFP frames / unde-
fined fields (client signal Fail, PTI, EXI) / pFCS
errors / total errored frames / single-bit cHEC
errors / multi-bit cHEC errors / single-bit tHEC
errors / multi-Bit tHEC errors / single-bit eHEC
errors / multi-Bit eHEC errors

Superblock: CRC correctable, uncorrectable /
10B_ERR

STATISTICS

GFP: Bandwidth (Mbps , %, frames/s) / frame
count / octet count / management frame
count / GFP Idle frame count

Superblock: superblocks per frame / total
superblocks / 65B_PAD / 65B_PAD/s

Pattern Filter: pattern matched frames

FILTERS

Pattern filter: Up to 6 bytes with mask and
offset from start of GFP frame
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CAPTURES

Triggers: Manual / LFD / single-bit cHEC error
/ multi-bit cHEC error / tHEC error / eHEC error
/ pFCS error / management frame / large GFP
frame (with threshold) / Superblock CRC cor-
rectable, uncorrectable / Ctrl Code Match /
Data Pattern Match (8 bytes)

Trigger point: Start / middle / end

Filters: Exclude Idle frame (on / off)

Display: Trigger point / Timestamp / GFP and
MAC layer decode

Size: 700,000 frames / 32.4 Mbytes / full frame
or slicing (first 64 bytes)

File type: Binary (Snoop) / ASCII

cHDLC

Service Disruption Time

cHDLC is Cisco-HDLC. Two possible mappings:
in OC-192 / STM-64 (STS-192c / VC-4-64c¢); or in
0C-192 / STM-64 wrapped in OTU2

TRAFFICSETTINGS
Two modes: Single stream / multiple streams

SINGLE STREAM

Used for BERT testing

Send mode: Continuous / burst of frames
Protocol support: IPv4 (can also support MAC
/ single / stacked VLAN directly in HDLC). User
can set header values including address /
control / protocol

Frame size: Range of 9 to 65,535 bytes. Size
can be: fixed / incrementing

FCS Size: CRC-32

Transmission rate: Specified as number of
flags (fixed) between 1 and 65,535

Frame payload: PRBS 15, 23 or 31/ 16-byte
sequence / pattern invert

MULTIPLE STREAMS

Used for traffic simulation and multi-protocol
support

G dne oM Stream Sigratise [
14 | Enable | Frame Fiame MPLE Source Dashingtian Payload
Langth Count Lab#l L8 P Filly
1 14 o 0. 424925 40424433 00
2 | = i s sarse | ooo
3 ¥ | e 10 Paseiziie  jwwsa | ooo
" 1= T ot 4 :‘ﬂ 21.18.1490 [93.99.13.198 I a0

Maximum number of streams: 128

Send mode: Continuous / burst of frames
Protocol support: MPLS / IPv4 / TCP / UDP.
User can set header values per stream (HDLC
address / control / protocol values are global)
Frame size: range of 37 to 9,600 bytes. Size is
fixed within a stream

FCS Size: CRC-32

Transmission Rate: BW% / number of flags in
bytes / frames/s

Auto-scale BW: Scales bandwidth when total
exceeds 100%

Frame payload: Fill byte / random / custom
(user defined byte-by-byte)

Stream signature: Used for receive auto-
detection

CONTROL PLANE

SLARP: Filters out SLARP packets from data
stream

ERRORINJECTIONS

Abort (single) / FCS (single)

ERROR MONITORING

FCS errors / frames too short (threshold) /
address mismatches / control mismatches /
abort errors / invalid control sequences / IPv4
checksum errors (single stream)

STATISTICS

Bandwidth (%, Mbps , frames / s) / frame count

/ octet count / SLARP packet count / IPv4
packet count (single stream)

Measurement: ps resolution

Statistics: Current / Previous / Minimum /
Maximum / Average / Count

Event Logging

Automatic re-triggering

Triggers:

10GE LAN and Fibre Channel: LOS / PRBS Sync
/ PCS Sync

SONET/SDH: LOS / LOF / PRBS Sync / AlS-L/
MS-AIS / AIS-P/AU-AIS / OOF / RDI-L/MS-RDI /
RID-P/AU-RDI/B1/B2/B3

—Disruption Time Measurement

—configuration
Trigger [PCS Sync |
Debounce (rns)l 200.000

reasurement

Current (mz} m
Previous (mz) Im
Minimum (ms) [ 122321
Maximum (ms} Im
Average (ms) m

Disruption Count | &
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ORDERING INFORMATION

TS-30/170

Module

N530-0163 10 Gbps module -XFP Version

N530-0163-PA1  Electrical Production Package 9.9G-10.5G
N530-0163-PA2 Electrical Production Package 8.5G-11.3G

Hardware option
OPT 0160-03 OTN DW & GFEC for 10Gbps module

OPT 0163-04 OTN DW & GFEC / EFEC .4 for 10Gbps
module

Interfaces

OPT0164-11 1310 nm XFP optics for 10Gbps module
OPT 0164-12 1550 nm XFP optics for 10Gbps module

OPT 0164-13 850 nm XFP optics for 10Gbps module

OPT 0164-45 Differential electrical XFP for 10Gbps module

Software options

OPT 0160-05 10G GFP for 10Gbps module

OPT 0160-06 11.27G FEC extended rate for 10Gbps
module

OPT 0160-07 cHDLC for 10Gbps module

OPT 0160-08 11.317G FEC extended rate for 10Gbps
module

OPT 0160-09 10G WAN for 10Gbps module

OPT 0160-10 ExStreams Ethernet Multi-Streaming
for 10Gbps module (4096 streams )

OPT 0160-15 10G FC for 10bps module

OPT 0160-30 ODU2 10.037G digital wrapper for 10Gbps
module

OPT 0160-34 0C-192 / STM-64 channelization for 10Gbps
module (Includes full concatenation)

OPT 0163-41 8GFC for 10Gbps module

OPT 0160-44 GFP-F with preambles in extended OPU2 for
TS-10 10Gbps

OPT 0163-43 GFP-T for 8GFC client for 10Gbps module

Packages

OPT 0160-14 10G LAN / WAN and OC-192¢ / STM-64c
for 10Gbps module

OPT 0160-16 10G LAN and OC-192c / STM-64
for 10 Gbps module

OPT 0160-17 10G LAN / WAN and OC-192c / STM-64c &
10GFC for 10Gbps module

OPT 160-31 11.2709G/11.317G FEC extended rate
for 10 bps module

OPT 0163-42 8G / 10GFC for 10Gbps module

Accessories

OPT 022x-10 Wheeled hard travel case
accepting TS-10 or TS-30 chassis

Test & Measurement Regional Sales

TS-10 10Gbps configuration

N550-0228 TS-10 10 Gbps XFP Version
N550-0228-PB1  Electrical Production Package 9.9G-10.5G
N530-0228-PB2  Electrical Production Package 8.5G-11.3G

Hardware option

OPT 0221-03 OTN DW & GFEC for TS-10 10Gbps
OPT 0228-04 OTN DW & GFEC / EFEC 1.4 for TS-10 10Gbps

Interfaces

OPT 0225-11 1310 nm XFP optics for TS-10 10Gbps
OPT 0225-12 1550 nm XFP optics for TS-10 10Gbps

OPT 0225-13 850 nm XFP optics for TS-10 10Gbps

OPT 0225-45 Differential electrical XFP for TS-10 10Gbps

Software options

OPT 0221-05 10G GFP for TS-10 10Gbps

OPT 0221-06 11.27G FEC extended rate for TS-10 10Gbps
OPT 0221-07 cHDLC for TS-10 10Gbps

OPT 0221-08 11.317G FEC extended rate for TS-10 10Gbps
OPT 0221-09 10G WAN for TS-10 10Gbps

OPT 0221-10 ExStreams Ethernet Multi-Streaming
for TS-10 10Gbps (4096 streams)

OPT 0221-15 10G FC for TS-10 10Gbps

OPT 0221-30 ODUZ2 10.037G digital wrapper for TS-10
10Gbps

OPT 0221-34 0C-192 / STM-64 channelization for TS-10
10Gbps (Includes full concatenation)

OPT 0228-41 8GFC for TS-10 10Gbps

OPT 0221-44 GFP-F with preambles in extended OPU2
for TS-10 10bps

OPT 0228-43 GFP-T for 8GFC client for TS-10 10Gbps

Packages

OPT 0221-14 10G LAN / WAN & OC-192c / STM-64c
for TS-10 10Gbps

OPT 0221-16 10G LAN and OC-192c / STM-64
for TS-10 10Gbps

OPT 0221-17 10G LAN / WAN & OC-192c / STM-64c &
10GFC for TS-10 10Gbps

OPT 0221-31 11.270G/11.317G FEC extended rate
for TS-10 10Gbps

OPT 0228-42 8G / 10GFC for TS-10 10Gbps
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