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1 Executive Summary

Mr. xyzin name of Customer has asked Excentis to write anAcceptance Test Plan for validation of

a DOCSIS 3.Table Modem with E-MTA, eRouter and W4Fi. This to assure the DOCSIS 3.1 CPE rall
out. In the past Excentis has already written a validation test plan for the EuroDOCSIS 3.0 CPE,
which served as alimited basis for equivalent tests in this test plan.

Testing offers a certain level of insurance on how the products behave and can relate to customer
impact. This is not a full guarantee as the amount of cases and scenarios is immensely. Current
tests are targeted to address the most critical operational is sues.

Compared to the previous EuroDOCSIS 3.0 modem test plan the choice was made to:
1 Split up the test plan for three separate phases:

0 CMProduct Selection to compare selected products in a few HWvalidation tests

o CM SW Radiness operational testing (1 vendor)

o CM Batch PHY testingto verify if HW and calibration is within specification limits
and to know the offsets (power) for this CM type (1 vendor)

T Write down the tests in more detail and align them with the expectations and plant
situations.

1 Immediately align the DOCSIS 3.1 CMTS test plan with this CM test plan. This way it is
possible to execute CM and CMTS testing at the same time in a more time ancdcost-
efficient way.

To define the full scope of this ATP, a first set of requirements was agreed upon withCustomer. All
requirements were then grouped into the three different testing phases as described above. Based
on this requirement list, a set of tests were defined and described in different test plans.

Current test plan covers the DOCSIS 3.0perational SW Readiness and is written to verify the final
software readiness of a cable modem for the current and future Customer network/topology and
configuration. This test set is intended to run each time on a new major software release of the
modem vendor.

The first part of this document describes the set of requirements and in the following sections the
corresponding tests are defined.
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2 General Guidelines

For some tests, the exact interaction with the CMTS/CCAP can play an important role. These tests
are foreseen to be executed on theCustomer XXXXCMTS/CCAP with a configuration provided by
Customer. For some other tests the actual CMTS is not important at all, and Excentis reserves the

right to execute those tests on a non-Customer CMTS if this offers practical advantages. This
certainly when the Customer CMTS/CCAP would put a limit to the tests but are useful to test for

future configuration and features.

Wi-Fi is turned off during all tests, unless specified otherwise.
Modem is expected to be delivered with correctsoftware and factory defaults.
For voice it is expected that the EMTA works according to the PC1.5 specification.

The scope of the tests in this document is limited to the cable modem (EJ Q>) d”" " qgbt *"vp&
Any issues discovered with theCustomer CMTS in the course of the modem testing will be reported
to Customer, but investigating them is outside the scope of the testing described in this document.

All tests will be executed on one unit with exception of the two General Testsand the Stability Test
which will be executed on all available units with a maximum of sevenunits.

Please note that when issues are discovered thatpoint towards the CMTS instead of the modem,
they will be reported to Customer but it is outside the scope of this test to investigate or solve them.

For quite some tests it will be the first time that these will be executed on/{iiPCMTS Because

of that, it might happen, while executing the tests, that some modifications to the test or
configuration might be useful. Any of these modifications will be updated into this test plan and
Customer will be notified.
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3 DOCSIS 3.1 CPE Requirements

The requirements are listed:
1 Using the previously defined test plan for modems

1 Adding requirements for DOCSIS 3.1 after discussion withCustomer

General Requirements

REQ Tag Requirement Description Remark
[Testcase]

REQGen01 The devices MAC addresses areonsistent with CM label, box label and real
MAC address seen by the CMTS

Test: MAC Address consistency

REQ Gen-02 The devices all have the correct firmware, software and bootloader

Test: Version

REQGen03 The devices support the ED3.0 and D3.MIBs and can be contacted
(read/write) by SNMP with access restrictions

Test: OSS

The device must support configuration file enabled traffic rate limiting as per |Using Customer
DOCSIS 3.1 specification. RF configuration

REQGen04 Test: Stability test

The device must function stably over a long time period. Stability test
Test: Stability test with
REQGen05 ) OFDM/(OFDMA

SCG QAM/3.0 Requirements

REQ Tag Requirement Description Remark
[Testcase]
REQ30-01 The device is backwards compatible with current Customer RF network and | Stability test
EuroDOCSIS 3.0 deployment. Combine with

-16|20| 24 | 32 x SEQAM downstream Annex A CMTS testing
-4]6|8x SGQAM upstream 6.4 MHz

Test: Stability test

REQ 30-02 The device has sufficient resources to provide future data forwarding Extensive
services. Forwarding capabilities and latency/round-trip time under different | throughput
circumstances must be known. This in ED3.0 (32x8) mode. testing on final

e.g. Routed mode, DSLite, IPv4, IPv6, filters and dassifiers, UDP (different | product
packet sizes, up, down and bidirectional) and TCP (different amount of
sessions, down, up and bidirectional)

Test: UDP Throughput and LatencyDetermination & TCP Throughput and
Round-Trip Time Determination 3.0

REQ30-03 The device must enter and leave upstream and downstream partial service
mode fluently. This for the downstream and upstream SC-QAMs.

Test: Partial Service 3.0
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REQ Tag Requirement Description Remark
[Testcase]
REQ 30- 04 With only SGQAMdownstream channels in the spectrum, the time it takes

until data can be forwarded will be determined.

Test: Modem Boot Process 3.0

OFDM(A)/3.1 Requirements

REQ Tag Requirement Description Remark
[Testcase]
REQ31-01 The device must enter and leaveupstream and downstream partial service

mode fluently. This for the combination SGQAMs and OFDM(A) channels.
Test: Partial Service 3.1

REQ31- 02 The device has sufficient resources to provide future data forwarding There might be
services. Forwarding capabilities and latency/round-trip time under different | CMTS
circumstances must be known. This in ED3.1 (32x0 + 2x2) mode. limitations
e.g. Routed mode, DSLite, IPv4, IPv6, filters and classifiers, UDP (different | Only OFDM
packet sizes, up, down and bidirectional) and TCP (differat amount of possible too

sessions, down, up and bidirectional)

Test: UDP Throughput and LatencyDetermination & TCP Throughput and
Round-Trip Time Determination 3.1

Upstream
REQ Tag Requirement Description Remark
[Testcase]
REQ31-US-01 | The device must be able to use mixed modulation OFDMA channels. There might be
Test: Mixed Modulation Upstream CMTS

limitations

REQ31-US-02 | The device must support OFDMA upstream profile promotion anddemotion. | There might be

Test: Upstream Profile Promotion 6 Probing & Test SID CMTS
limitations

The device must have active queue management support
REQ31-US-03 | Test: AQM

Downstream
REQ Tag Requirement Description Remark
[Testcase]
REQ31-DS-01 | The device must be able to receive mixed modulation OFDM channels. There might be
Test: OFDM Operation CMTS

limitations

REQ31-DS-02 | The device must be able to receive OFDM channels with exclusion bands (eg| There might be
avoiding LTE). CMTS
Test: OFDMOperation limitations

REQ31-DS-03 | The device must support and report Partial Channel Mode
Test: OFDM Partial Channel Mode
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REQ Tag Requirement Description Remark
[Testcase]

REQ31-DS-04 | With both SGQAM and OFDM downstream channels in the spectrum, the
modem must first lock and initialize using an OFDM downstream channel.
This within 60 seconds. The time it takes until data can be forwarded will also

be determined.

Test: Modem Boot Process 3.1

REQ31-DS-05 | The device must support OFDM downstream profile promotion anddemotion. | There might be
Test: Downstream Profile Promotion - OPT CMTS
limitations
E-MTA
REQ Tag Requirement Description Remark
[Testcase]
REQMTA01 Voice Quality
REQMTA02 Long duration call
REQMTA-03 Caller ID
REQMTA04 Call progress tones
REQMTA-05 Attenuation
E-Router
REQ Tag Requirement Description Remark
[Testcase]
REQeR-01 Configuration interface check
Test: Verify available configurations in the web interface
REQeR-02 Bridged/Routed/Dual Stack mode IPv4 & IPv6
Test: Basic provisioning and traffic tests
REQeR-03 Basic TR-069 support
Test: Configuration of the eRouter using TR069
REQeR-04 DNS support
Test: DNS functionality in IPv4 and IPv6
REQeR-05 Prefix delegation
REQeR-06 DS Lite Not for now
Wi-Fi
REQ Tag Requirement Description Remark
[Testcase]
REQWiFi-01 Configuration interface check
REQ WiFi-02 Security verification
REQ WIiFi-03 Wi-Fi performance 6 Single client (coverage)
REQWiFi-04 Wi-Fi performance 6 Airtime fairness (multiple clients)
© 20xx Excentis Strictly Confidential to Customer page 8/85
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REQ Tag Requirement Description Remark
[Testcase]

REQ WiFi-05 Wi-Fi performance 6 Neighboring APs

REQ WiFi-06 Wi-Fi LTE interference verification New REQ Dec
2018, test not
defined yet

REQWIiFi07 Wi-Fi band steering New REQ Dec
2018, test not
defined yet

L2VPN
REQ Tag Requirement Description Remark
[Testcase]

REQL2VPNO1 | L2VPN TOS classification

REQL2VPN-02 | L2VPN DUT filtering

REQL2VPN-03 | L2VPN forwarding
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4 Unboxing Tests

These tests will be executed on all available units with a maximum ofsevenunits.

4.1 MACAddress Consistency

Test description

To be sure of correct packaging and labeling, he consistency between all available MAC addresses
will be verified.

When available this will be the MAC address on the cable modemcase, on the cable modem unit
and fetching the cable modem MIB.

Expected results

All MAC addresses are consistent
Reported results

1 PASS/FAIL
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4.2 Firmware/ Software Version, Bootloader
Test description

To be sure of correctly installed firmware and software, the firmware version and software version
will be retrieved from all cable modem MIBs. This will be compared with the information received
from Customer regarding the expected firmware and software.

In case the cable modem has a bootloader mentioned in the System Descriptor MIB-object
(sysDescr.0), the information will be verified for consistency.

Expected results

All fetched versions are consistent and as expected.
Reported results
1 PASS/FAIL

1 Table providing overview of CM MAC and system descriptors:

CM MAC ' CM sysDescr.0 MIB
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5 EuroDOCSIS 3.0validation Tests

Channel Configurations

Exact CMTSconfiguration is provided by Customer. In case no exact config can be provided the
following config will be applied but can be adapted depending on the CMTS capabilities.

SG QAM Downstream Configurations

Channel Number of Modulation Center Frequencies Channel Power CM Diplex
Config Channels Config
1 32 256-QAM 266-> 386 + 410> 522MHz 0 dBmV 108-862 MHz

3.0 SCQAM Downstream Configurations

SG QAM Upstream Configurations

Channel Number of Channel Modulation Center Frequencies Channel CM Diplex
Config Channels | Bandwidth Power Config
1 6 6.4 MHz 64-QAM 20, 28, 36, 44, 52, 60 MHz 50 dBmV 5-65 MHz

3.0 SCQAM Upstream Configurations

5.1 TCP Subscription SpeedsED3.0

Test description

This test determines whether the current or near -future TCP maximum subscription speed rates
can be offered in a stable way. It will also be verified whether theRound-trip Time is within limits.

The node topology will only consist out of ED3.068C QAMSs.

Test conditions

The CMTS configuration will be provided byCustomer, as well as the cable modem configuration
file. The current or near -future maximum subscription speed rate downstream and upstream needs
to be provided to set for rate limiting.

Following scenarios will be tested:
9 TCP- downstream - IPv4- two sessions - 2 Eth ports (1 session per port)
TCP- downstream - IPv4- 10 sessions- 2 Eth ports
TCP- upstream - IPv4- single session
TCP- upstream - IPv4- 10 sessions- 2 Eth ports
TCP- downstream - IPv66 10 sessions - 2 Eth ports
TCP- upstream - IPv6- 10 sessions - 2 Eth ports

= =4 -4 -4 -—a -

TCPO6 downstream and upstream 6 IPv4 0 4 sessionseach - 2 Eth ports

The expected best receive window size and receive window scale is determined for maximum
throughput, based on the bandwidth-delay product. Configure SACK with CUBIC as loss detection
and congestion avoidance algorithm.

All cases are tested with the modem in routed mode. The cable modem configuration file to be used
will be provided by Customer.
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For a D3.1 CM, AQM is by default enabled and usually this haan effect on the throughput and
Round-Trip Time (RTT). This because AQM is reducing the RTT by dropping a packet when needed.
This behaviour will be verified when looking at the ByteBlower TCP result graphs during the tested
scenarios. Periodically retransmissions (triggered by packet loss) are expected dueto AQM. This
must keep the RTT under control while trying to maintain maximum throughput. To compare, one
TCP test is done while disabling AQ.

Each measurement is taken over a period of5 minutes.

Expected results

Reaching the subscription speed over the whole test duration

Reported results

Whether service was met and where things went wrong. The test is defined as a trigger to action;
root cause analysis is not part of the scope. Average aggregated speeds are reported and in case of
any anomalies also the TCP flow graph showing speed over the.
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5.2 Partial Service ED3.0

Test description

This test verifies if the CM behaves correctly regarding partial service in a pure EuroDOCSIS3.0
environment. One or more RF channels will be disturbed by adding sufficient noise to make the
channel(s) unusable for the CM. Eventually the channel connection will be restored so the modem
can start using it again. The test scenarios are limited to the most likely occurrences of partial

service. The CMTS configuration and modem configuration file will be provided byCustomer.
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6 Mix EuroDOCSIS 3.0 & DOCSIS 3.1 Validation Tests

Channel Configurations

Exact CMTS configuration is provided byCustomer. In case no exact config can be provided the
following config will be applied but can be adapted depending on theCMTS capabilities.

SG QAM Downstream Configurations

Channel Number of Modulation Center Frequencies Channel Power CM Diplex
Config Channels Config
1 32 256-QAM 266-> 386 + 410> 522MHz 0 dBmV 2581218 MHz
3.0&3.1 SEQAM DownstreanConfigurations
OFDM Downstream Configurations
Channel Start Frequency Stop Frequency Modulation Subcarrier PLC CM Diplex
Config Active Spectrum Active Spectrum Spacing Frequency Config
1 606.975 MHz 796.975 MHz 1024 QAM 50 kHz 700 MHz 2581218 MHz
900.975 MHz 994.975 MHz 512-QAM 920 MHz
The following parameters are fixed for all OFDM channels:
- Cyclic Prefix: 2.5 ps
- Roll-Off Period: 1.25 ps
- Pilot Scale Factor: 48
- Taper Region: 1 MHz
- NCP modulation: 16-QAM
- Time Interleave Depth: 8
- Power: 0 dBmVper 6 MHz
PLC frequency is the center frequency of the first subcarrier of the 6 MHz PLC region.
3.0&3.1 OFDM Downstream Configurations
SG QAM Upstream Configurations
Channel Number of Channel Modulation Center Frequencies Channel CM Diplex
Config Channels Bandwidth Power Config
1 8 6.4 MHz 64-QAM 20, 28, 36, 44, 52, 60, 68, 76 MHz | 50 dBmV 5-204 MHz
3.0&3.1 SEQAM Upstream Configurations
OFDMA Upstream Configurations
Channel Start Frequency Stop Frequency Modulation Subcarrier Channel Power CM Diplex
Config Spacing (per 1.6 MHz) Config
1 108.975 MHz 203.975 MHz 256-QAM 50 kHz 44 dBmV 5-204 MHz
- The following parameters are fixed for all OFDMA channels:
- Cyclic Prefix: 2.5 ps
- Roll-Off Period: 1.25 us
- Pilot-Pattern: 2 (1-14)
- Number of Symbols per Frame: 16 (6 36)
3.0&3.1 OFDMA Upstream Configurations
© 20xx Excentis Strictly Confidential to Customer page 19/85
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6.1 IP Filters and SNMP Restricted Access

Test description

This test verifies the correct implementation of legacy IP filters or the more preferred Upstream
Drop Classifiers (UDC) by the modem. Whichever is used b€ustomer will be tested. The restriction
of SNMP access (howCustomer does it) will be verified as well. The CMTS configuration will be
provided by Customer. A Customer-provided modem configuration file can be used as a basis for
this test.
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Expected results:

9 Filtering (IP filter or UDC) works as expected
1 Access works as specified in the CM config file
Reported results:

1 PASS/FAIL
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6.2 MIB Support

Test description: This test verifies the modem has implemented the relevant 3.0 and 3.1 PH¥Yrelated
MIBs. It also verifies if the legacy spectrum analysisand the 3.1 downstream MER PNM functionality
is implemented. This test will not verify the accuracy of all the PHY-related MIBs, but will verify if
the software supports them. The modem configuration file and CMTS configuration will be provided
by Customer.

Test steps:

a. Bring the modem online on the test point configuration with the defined configuration
file.

b. Verify the following MIB tables are populated:
1. Legacy MIBs:

docslfDownstreamChannelTable
docslfUpstreamChannelTable
docslfSignalQualityTable
docslf3SaCmStatusTable
docslf3aCmStatusUsTable
docslf3SignalQualityExtTable

2. 3.1 MiBs:

docslf31RxChStatusTable
docslf31CmDsOfdmChanTable
docslf31CmDsOfdmProfileStatsTable
docslf31CmDsOfdmChannelPowerTable
docslf31CmStatusOfdmaUsTable
docslf31CmUsOfdmaChanTable
docslf31CmUsOfdmaProfileStatsTable
docslf31CmUsOfdmaMinislotCfgState Table
docslf31CmSystemCfgState
docslf31CmUsScQamChanTable

c. Verify the  spectrum analysis is implemented by  enabling the
docslf3CmSpectrumAnalysisCtriCmdEnable MIB and confirm the
docsIf3CmSpectrumAnalysisMeasTable is populated.

d. Verify the OFDM downstream MER per subcarrier can be retrieved using the PNM tools:

1) Set the docsPnmBulkDestlpAddr and docsPnmBulkDestlpAddrType MIBs to your
TFTP server IP.

2) Configure the docsPnmCmbDsOfdmRxMerFileName and start the measurement by
enabling the docsPnmCmDsOfdmRxMerFileEnable MIB.

3) Confirm the modem uploaded the MER per-subcarrier file to your TFTP server.

Expected results:

1 Alllisted (mandatory) (Euro)DOCSIS MIBs are populated

Reported results:

1 PASS/FAIL
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6.3 Stability Test

Test description:

This test verifies the operation, stability and interoperability of the CPE device in a simulated reat
life setup. The CPE device and its services should operate in a stable and uninterrupted manner for
four days. During this test time, we make sure the CPE devices remain online and handle periodic
network events (like DHCP renewals, BPI+ key exchanges and load balancing) well. Data service is
tested by looking at packet loss, data rates and TCP connection failures. Voice service is tested by
looking at voice connection failures and dropped calls.

We automatically gather relevant data from the CMTS, CPE provisioning system and traffic
generator during the test. We report anomalies and use the gathered data to do an initial
investigation. This analysis drills down to a specific network component, but a full root cause
analysis is outside the test scope.

Test conditions:

T The CMTS configuration will be provided byCustomer, as well as the cable modem
configuration file (based on the currently used configuration file, with perhaps extra
filters/classifiers, for future -proofness)and the E-DVA configuration

 Half of the units will be offered a TCP traffic load, the other half of the units a UDP traffic
load.

1 Monitoring software will run during the test to provide additional information in case
issues are discovered. If issues are discovered that point towards the CMTS instead of the
modem, they will be reported but will be outside the scope of this test to investigate or
solve them.

1 The exact node topology andcchannel configurations (SG QAM and OFDM/OFDMA) depend
on the expected field CMTS/CCAP configuration at the time of the rollout of the modem
under test. Each time this test needs to be executed, the exact CMTS/CCAP configuration
needs to be provided.

1 As long as the D3.1 DUT will also be deployed in a pure ED3.0 configuration (without
OFDM(A)) it is recommended to test both the pure ED3.0 situation ad the situation of
ED3.0 combined with D3.1. This could be done using two Mac Domaitypes (pure 3.0 and
mix 3.0/3.1)and 7 modems (eg.resp 3 and 4per Mac Domaintype). One Mac Domaintype
would have only ED3.0 channels andhe other would have both SGCQAMs and OFDM(A)
channels. Once no ED3.0only nodes exist all Mac Domains can be configured for mix
ED30 and D3.1 or D3.1only.

1 The CM andE-DVAconfig files to be used are provided, routed or bridged mode needs to
be explicitly set in the config file.

1 When available reference modems will be added to the setup for reasons of comparison
in case any issues might show up.

1 Measurements are executed with an Excentis ByteBlower. The traffic load runs through
each of the 7 DUTs over a period of 4 days.

1 The load is defined by:
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A UDP traffic over 4 DUT units + extra reference CMs,
with 2 flows per CM:

I Upstream 512B at 2000 pps
1 Downstream 1024B at 5000 pps

A TCP traffic over 3 DUT units: loops ofone-hour TCP sessions with
random TCP-interval start times between 0 and 120 seconds. These flows
run upstream and downstream and are limited in rate by the Service Flow
definition in the provided CM configuration file or rate limited within the
TCP session (® Mbps down and 10Mbps up).

A 1.5 hour multicast sessions are periodically set up to sevenmodems
(8.5Mbps). The 15 sessions with different source address are spread over
the seven modems where one modem does not receive more than three
multicast sessions at the same time. Modems on the same mac domain
share one multicast stream. Additionally a 1 kbps multicast flow with a
duration of 24 hours is periodically sent to all seven modems.

1 Set voice calls up betweenall modems. These calls will be renewed approximately every
five minutes, to have voice traffic during the entire test. Two modems are UDP loadedand
two TCP loaded.The EDVAs have a SIP stack.

The CM diplexer will be selected according to the test scenario.

During the whole test duration, detailed monitoring on the CM/CMTS MIBs is performed.
Items that are monitored:

O O 0O oo oo

(0]

Expected results

Modem flaps

Partial Service / Partial Channel Mode
FEC statistics (CCR, CER on all profiles)
docsDevEvText

Signal Quality

Power Levels

Ranging status

Voice packet loss

 Stable behaviour of the modems

o All modems use all channels, no partial service occurred.

o0 No modems flapped

9 Stable uninterrupted services:

o Not a single TCP session has a timeout and the total number of sessions is as
expected (total time divided by session time including random gap).

o0 The DUT rate limits the TCP sessions (downstream and upstream) in case this is
specified in the modem config files and the TCP speed is stable over time.

o0 No significant (>1%)JDP traffic loss is expected.

0 The multicast sessions are successfully joined and forwarded.
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o No voice set up events are expected.

Reported results

1 Modem stability: all impacting events will be listed

1 Service stability: service drops and degradations will be listed (UDP traffic loss over time,
failed TCP sessions, unstable TCP speeds, voice packet logs

1 In case of anomalies in the results above, the gathered SNMP data (of monitoring the
@JQP "~“ka @Jo6op& tfili b ~k”~ivwba+ Qefp ~k~i
component
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6.4 TCP Subscription SpeedsED3.0 & D3.1

Test description

Customer should comply with the data services it offers to customers.

This service rate compliance test determines whether the current or near -future TCP maximum
subscription speed rates can be offered in a stable way. Both IPv4 and IPv6 service is covered. In all
these cases TCP throughput similar to a speed test is measured, but over a period of 5minutes. It
will also be verified whether the Round-trip Time is within limits.

This test is changed compared to previous throughput tests in that way that for software validation
the idea is to verify whether current and near-future subscription rates can be offered. Unlimited
throughput tests are intended for hardware tests.

The node topology will only consist out of ED3.0 SEQAMs and D3.1 OFDM(A) channels.

Test conditions

The CMTS configuration will be provided byCustomer, as well as the cable modem configuration
file. The current or near -future maximum subscription speed rate downstream and upstream needs
to be provided to set for rate limiting.

Following scenarios will be tested:

9 TCP- downstream - IPv4- two sessions 6<X¥th ports (1 session per port)
9 TCP- downstream - IPv4- 10 sessions- <X> Eth ports

9 TCP- upstream - IPv4- single session - <X> Eth ports

9 TCP- upstream - IPv4- 10 sessions- <X> Eth ports

9 TCP- downstream - IPv606 10 sessions - <X> Eth ports

9 TCP- upstream - IPv6- 10 sessions - <X> Eth ports

i TCP6 downstream and upstream 6 IPv46 4 sessionseach - <X> Eth ports

<X> Eth ports: depending on how many Eth ports the modem has, what the subscription rate
is and what is agreed with Customer.

The expected best receive window size and receive window scale is determined for maximum
throughput, based on the bandwidth-delay product. Configure SACK with CUBIC as loss detection
and congestion avoidance algorithm.

All cases are tested with the modem in routed mode. The cable modem configuration file to be used
will be provided by Customer (based on the currently used configuration file).

Fora D3.1 CM, AQM is by default enabled and usually this has effect on the throughput anBound-
Trip Time (RTT) This because AQM is reducing the RTT by dropping a packet when needed. This
behaviour will be verified when looking at the ByteBlower TCP result graphs during the tested
scenarios. Periodically retransmissions (triggered by packet loss) are expected dueto AQM. This
must keep the RTT under control while trying to maintain maximum throughput. To compare, one
TCP test is done while disabling AQM.

Each measurement is taken over a period of 5 minutes.

Expected results

Reaching the subscription speed over the whole test duration
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Reported results

Whether service was met and where things went wrong. The test is defined as a trigger to action;
root cause analysis is not part of the scope. Arerage aggregated speedsare reported and in case of
any anomalies also the TCP flow graph showing speed over time

Example:

Test TCP Throughput | Expected TCP RTT Avg
Mbit/s Throughput [Mbit/s ms

Downstream - IPv4- 2 sessions- 2 Eth ports

Downstream - IPv4- 10 sessions- 2 Eth ports

Downstream - IPv66 10 sessions- 2 Eth ports

Downstream & upstream 6 IPv4 6 4 sessions
each - 2 Eth ports

Upstream - IPv4- 1 session

Upstream - IPv4- 10 sessions- 2 Eth ports

Upstream - IPv6- 10 sessions- 2 Eth ports

Measuring TCP throughput with only a few TCP sessions usuallydoes not deliver the maximum
rate, therefore the test is also executed using 10 TCP sessions.

The maximum RTT needs to be below 1 s, so no severe service impact is expecte@he average RTT
is typically between 20 and 50 ms.Also note here that AQM is enabled for the modem (as this is by
default the case).
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6.5 Partial Service ED3.0 & D3.1

Test description

This test verifies if the CM behaves correctly regarding partial service in a mixedEuroDOCSIS3.0
and DOCSIS 3.1 environment. One or more RF channels will be disturbed by adding sufficient noise
to make the channel(s) unusable for the CM. Eventually the channel connection will be restored so
the modem can start using it again. The test scenarios are limited to the most likely occurrences of
partial service.

General Test Conditions

Partial Service Concept

For downstream partial service, the CMTS can be informed about a channel loss or recovery
through:

T CM-STATUS messages from the CM

Event type 16 Secondary channel MDDtimeout
Event type 26 QAM/FEC lock failure

Event type 46 Secondary channel MDD recovery
Event type 56 QAM/FEC lock recovery

Event type 166 DS OFDM prdfile failure

Event type 176 Primary Downstream Change
Event type 206 NCP profile failure

Event type 216 PLC failure

Event type 226 NCP profile recovery

Event type 236 PLC recovery

Event type 246 OFDM profile recovery

O O 0O O0OO0OO0OO0OO0oOOoOOoOOo

For upstream partial service, the CMTS can learn about a channel loss or recovery through:

1 CM-STATUS messages by the modem
0 Eventtype 66 T4 timeout
0 Eventtype 76 T3 retries exceeded
o Eventtype 86 Successful ranging after T3 retries exceeded
o Event type 256 OFDMA Profile failure

1 The failure or success of ranging
1 Achange in codeword error rate (FEC CER)

Test triggers

Defining when exactly a channel will be lost is difficult as the loss of a channel is related to the FEC
error rate and/or MER, which is a vendor specific defined value which is not necessarily
configurable. To verify MER triggers, ingress noise interference can be used, to verify FEC based
triggers, impulse noise can be used. Ingress noise can be simulated by adding QAM signal(s) within
the whole channel. Drive the MER just below the MER lower limit corresponding to the modulation
targeted to lose (lowest profile). The power level of this interfering signal needs to be controllable
by changing the power level of the signal or by using a controllable attenuator. Impulse noise can
be generated using a signal generator. Drive the FEC CCR/CER just above the liftncorresponding
to the profile targeted to lose (lowest one). The power level and time duration of this interfering
signal is controllable using the signal generator. When introducing noise, it needs to be verified that
other channels are not impacted. This can be done by validating the SNR and CER on all channels
(using the relevant MIBs).

Result Verification
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During the test, ByteBlower traffic will be sent downstream at about nearly the maximal throughput
to see the traffic forwarding behavior during partial service states. From these results it can be
verified that the throughput in each test phase corresponds to the available channel capacity.

For each channel recovery, the time it takes until a channel is usable again is recorded (maximum
waiting time 15 minutes).

Partial service mode can be detected using:

1 CMTS CLI: command showing lost channels and/or with CMTS debug/event logs showing
CM-STATUS messages
T CM & CMTS MIBs: docsIf3SCmtsCmUsStatusRangingStatus, docslfDownChannelPower,

docslf3SignalQualityExtRXMER, docslf3CmStatusUsRangingStatus,
docslf31CmtsCmUsOfdmaChannelStatusTable, docslf31CmtsCmDsOfdmChannelStatusTable and
docslf31CmStatusOfdmaUsTable
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6.6 Active Queue Management
Test description

With AQMthe modem shapes upstream traffic in such a way that high-speed TCP data rates are
improved. However, bad implementations or configurations can easily cause severe negative impact
on the end-user throughput. By comparing AQM-disabled and AQMenabled data rates, we see the

optimization (if any) AQM brings and whether the optimization is needed to meet the data services
offered by Customer.

This test verifies that the device has active queue management (AQM) supportDOCSIS 3.1
introduces Active Queue Management algorithm that manages queuing latency in an upstream
service flow by predicting the queuing latency of each packet that arrives at the service flow buffer
and using the predicted latency as an input to a control law that determines whether to enqueue

the packet or drop the packet.

Test conditions

The interplay between AQM and TCP is a complex affair and depends heavily on the type of TCP
traffic. In this test the effect of enabling AQM on variety of reatlife traffic patterns is observed. When
enabled, AQM is configured according to the Customer configuration. We expect AQM with the
Customer settings to keep the TCP roundtrip time in check and improve the general throughput.

The overall performance gain is shown by enabling AQMand any remarkable results (e.g. for a
specific traffic pattern) are reported.

Test steps
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1. Transmit TCP upstream traffic over both service flows (using the TCP source port as
differentiator) during 2 minutes. Store the ByteBlower report for further examination.

Get the modem online, with the following modem configuration file upstream service flows:
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AQM must be enablal by default by the CM.The upstream service flows have different latency
targets and corresponding classifiers to verify the difference between both settings.

2. Transmit TCP upstream traffic over each service flow (using the TCP source port as
differentiator) for 2 minutes. In case different TCP settings result in a different behavior a few
realistic settings will be compared.

3. Verify the difference in average speed andRound-Trip Times between:

a. AQM enabled and disabled
b. The two TCP flows (different service flow) in case AQM is enabled

Channel configurations

SeeChannel Configuration but with reduced physical capacity to limit the needed speeds.

Expected results

It is expected to have a positive effect of AQM andhat the defined latency targets are met when
AQM is enabled.The packet loss in the TCP flow is expected to be random when AQM is dropping
packets to get the latency target.

Anomalies or service degradations are shown, but a root cause analysis of the AQM algorithm is not
part of the scope.

Reported results

1 ByteBlower results displaying the effect of AQM
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6.7 Modem Boot Process
Test description

This test determines the time the CM needs to get operational after a power reboot and to forward
data. In this test it will also be verified that the CM does lock first on an OFDM channel in a mixed
(OFDM/SCQAM) downstream configuration.

Test conditions

The CMTS configuration and the modem configuration file will be provided byCustomer.

Test steps

1. Bring the modem online on a CMTS config with no OFDM channels. This is to bable to verify
the modem locks first on OFDM channels in a mixed environment.

Shut the modem down.

Connect the modem to the correct CMTS configuration (which includes at least one OFDM
downstream channel).

Start a timer and power the CM.

5. Verify it sends the bonded initial ranging request with the OFDM downstream as downstream
channel. The CMTS CLI can be used for this.

6. Record the time until data can be forwarded by the modem. This must be less than three
minutes.

7. Keep on sending data for at least another three minutes to make sure the forwarding of data remains up and no
extra internal resets take place.

Expected results:

The total boot time must be less than three minutes.
Reported results:
1 PASS/FAIL

1 Boot time until traffic forwarding
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7 DOCSIS 3.1Validation Tests

Channel Configurations

Exact CMTS configuration is provided byCustomer. In case no exact config can be provided the
following config will be applied but can be adapted depending on the CMTS capabilities.

OFDM Downstream Configurations

Channel Start Frequency Stop Frequency Default Subcarrier PLC CM Diplex
Config Active Spectrum Active Spectrum Modulation Spacing Frequency Config
1 606.975 MHz 796.975 MHz 1024-QAM 50 kHz 700 MHz 258-1218 MHz
900.975 MHz 994.975 MHz 512-QAM 920 MHz

- Tape
- NCP
- Time

r Region: 1 MHz
modulation: 16-QAM
Interleave Depth: 8

- Power: 0 dBmV per 6 MHz
PLC frequency is the centerfrequency of the first subcarrier of the 6 MHz PLC region.

The following parameters are fixed for all OFDM channels:
- Cyclic Prefix: 2.5 ps

- Roll-Off Period: 1.25 ps
- Pilot Scale Factor: 48

Tablel: TG 31-02 OFDM Downstream Configurations

Downstream Modulation Configurations
Channel Start Frequency Stop Frequency Modulation Start Frequency Stop Frequency Modulation
Config Modulation 1 Modulation 1 1 Modulation 2 Modulation 2 2
1 606.975 MHz 700.975 MHz 2048 QAM 790.975 MHz 796.975 MHz 256-QAM
906.975 MHz 930.975 MHz 256-QAM 950.975 MHz 951.975 MHz Exclusion
Table2: TG31-02 OFDM Downstream Modulations
OFDMA Upstream Configurations
Channel Start Frequency Stop Frequency Modulation Subcarrier Channel Power CM Diplex
Config Spacing (per 1.6 MHz) Config
1 108.975 MHz 203.975 MHz 256-QAM 50kHz 44 dBmV 5-204 MHz
- The following parameters are fixed for all OFDMA channels:
- Cyclic Prefix: 2.5 ps
- Roll-Off Period: 1.25 us
- Pilot-Pattern: 2 (1-14)
- Number of Symbols per Frame: 16 (6 36)
Table3: TG31-02 OFDMAJpstream Configurations
Upstream Modulation Configurations
Channel Start Frequency Stop Frequency Modulation Start Frequency Stop Frequency Modulation
Config Modulation 1 Modulation 1 1 Modulation 2 Modulation 2 2
1 116.975 MHz 126.975 MHz 128-QAM 146.975 MHz 156.975 MHz Zero-Valued
Table4: TG 31-02 OFDMA Upstream Modulations
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7.1 OFDM Profile Management

Test description

This test verifies the OFDM downstream profile promotion and demotion functionality on the CM,
together with the partial channel reporting. An OFDM channel will be disturbed so that some of the
assigned profiles within an OFDM channel become unusable by the CM. The CM must report this
event (loss of profile) to the CMTS, and based on this the CMTSan switch to a lower profile. The
CM must be able to forward data on these profiles and continue forwarding after a profile switch.
Afterwards the channel is restored to normal connection again. The test scenarios are limited to
the most likely occurrences of partial channel mode. The modem configuration file and CMTS
configuration will be provided by Customer.

General Test Conditions

Profile Management Concept

In general the CMTS is informed about a hecessary OFDM downstream profile change using:

1 CM-STATUS messages from the CM
0 Eventtype 16- DS OFDM profile failure
o Eventtype 24- DS OFDM profile recovery
1 OPT FEC/MER statistics on a profile to test (initiated by CMTS, measured by CM)

Test triggers

Defining when exactly a profile will be lost is difficult as the loss of a profile is related to the FEC
error rate and/or MER, which is a CM vendor specific defined value which is not necessarily
configurable. To verify MER triggers, ingress noise interference can be used; to verify FEC based
triggers, impulse noise can be used. Ingress noise can be simulated by adding QAM signal(s) within
the whole channel. Drive the MER just below the MER lower limit corresponding to the profile
targeted to lose. The power level of this interfering signal needs to be controllable by changing the
power level of the signal or by using a controllable attenuator. Impulse noise can be generated
using a signal generator. Drive the FEC CCR/CER just above the limit correspondingo the profile
targeted to lose. The power level and time duration of this interfering signal is controllable using
the signal generator. When introducing noise, it needs to be verified that other channels are not
impacted. This can be done by validating he SNR (docslf3SignalQualityExtRXMER MIB) and
Codeword Error Rate (docslf31CmDsOfdmProfileStatsUncorrectableCodewords/
docsIf31CmDsOfdmProfileStatsTotalCodewords on the highest profile) on all channels using the
relevant CM MIBs.

Result Verification

During the test, ByteBlower traffic will be sent downstream at about nearly the maximal throughput
to see the traffic forwarding behavior during partial channel states. From these results it can be
verified that the throughput in each test phase corresponds to the available profile capacity.

The XRA31 can be used to verify DOCSIS protocol messages.

For each profile recovery, the time it takes until a profile is usable again is recorded (maximum
waiting time 15 minutes).

Profile switching and partial channel mode can be detected using:

M CMTS CLI: commands showing lost profiles and/or with CMTS debug/event logs showing CMBTATUS messages
 CM & CMTS MIBs: docslf31CmtsCmDsOfdmProfileStatusTable, docslf31CmDsOfdmProfileStatsTable and
docslf31CmtsCmDsOfdmChannelNumPartialChanincidents
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Reported results
T PASS/FAIL

1 In case of anomalies, ByteBlower graphs showing the traffic forwarding behavior during
partial channel states or CM/CMTS logs or MIB values.

1 Any remarks on unexpected behaviour seen
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7.2 OFDM/OFDMAMixed Modulation and Exclusions

Test description

This test verifies the modem comes online with different OFDM downstream and OFDMA upstream
configurations. Using different modulations and exclusions in both down- and upstream.

Test conditions

Following scenario will be tested:

1. Bring the modem online with the downstream and upstream configuration of the provided
channel configuration.

2. Transmit 1500 bytespackets for 15 minutes in the downstream and verify there is no packet
loss.

3.  Transmit 1500 bytes packets for 15 minutesin the upstream and verify there is no packet
loss.

Expected results

No packet loss is expected.
Reported results

1 PASS/FAIL
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7.3 OFDMAProfile Management

Test description

This test verifies that the modem correctly reacts on probing and/or testing SID to promote or

demote the assigned OFDMA profiles.A CMTS has the option of using an upstream probe to take
an upstream RxMER measurement. Or a CMTS might wish to gather information on FEC
performance for a particular profile, and for this purpose the testing SID can be used. It can be

CMTS SW specific how profile promotion and demotion is implemented, hence information
regarding this is needed from the CMTS vendor. The specific test can then be adapted accordigito

the specific CMTS mechanism.

General Test Conditions

Profile Management Concept
In general the CMTS can trigger a profile demotion (downgrade) based on:

1 FEC statistics on the profile in use (measured by CMTS).

1 MER per subcarrier from data transmission or probing (initiated by CMTS, transmission by
CM and measured by CMTS).

1 Using testing SID (initiated by CMTS, transmission by CM and measured by CMTS). Useful
in case CM sends no data and an upto-date status is preferred.

In general the CMTS can trigger a profile promotion (upgrade) based on:

1 FEC statistics on the current profile using live data (measured by CMTS).

1 MER per subcarrier from data transmission on current profile or probing (initiated by CMTS,
transmission by CM and measured by CMTS).

T Rpfkd ~ gqbpqgfkd PFAuU | k geb molcfib qgql mlqgbk
by CM and measured by CMTS).

It is expected that combinations of these will provide the best result.
Test triggers

Defining when exactly a profile will be lost is difficult as the loss of a profile is related to the FEC
error rate and/or MER, which is a CMTS vendor specific defined value which is not necessarily
configurable or has some limitations. To verify MER triggers, ingress noise interference can be
used; to verify FEC based triggers, impulse noise can be usedingress noise can be simulated by
adding completely filled upstream QAM signal(s) within the whole channel (eg. using a CM, a QAM
modulator or a signal generator). Drive the MER just below the MER limit corresponding to the
profile targeted to lose. The power level of this interfering signal needs to be controllable by
changing the power level of the signal or by using a controllable attenuator. Impulse noise can be
generated using a signal generator. Drive the FEC CCR/CER just above the limit corresponding to
the profile targeted to lose. The power level and time duration of this interfering signal is
controllable using the signal generator.

Result Verification

During the test, ByteBlower traffic will be sent upstream at about nearly the maximal throughput
to see the traffic forwarding behavior during impaired profile states. From these results it can be
verified that the throughput in each test phase corresponds to the available profile capacity.

The XRA31 can be used to verify DOCSIS protocol messages.
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Profile switching can be detected using:

1 CMTS CLI: command showing lost profiles and/or with CMTS debug/event logs showing CM
STATUS, DBC and Registration messages

T CM & CMTS MIBs: docslf31CmtsCmUsOfdmaProfileStatusTable,
docslf31CmUsOfdmaProfileStatsTable, docslf31CmtsCmRegStatusUsProfilelucList
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Reported results

1 CER effect on tested tilt configs

1 Power reporting accuracy

© 20xx Excentis Strictly Confidential to Customer page 53/85



ESCCENTIS Customer DOCSIS 3.1 CPRTP

Operational SWReadiness

8 E-MTA CPE Tests

All E-MTATests are executed on one unit, except for the Voice Quality test (four units).

8.1 Voice Quality

Test description

Using the same operational parameters as used byCustomer (codec and packetization time), this
test measures the MOS/PESQ scores, the oneway delay and the jitter on the analogue voice level
in a NCS softswitch-based lab environment.

Test conditions

The test setup is the same one as described in the(Euro)DOCSIS Stability Test

The Voice Quality Test (VQT) will be performed using Spirent Abacus equipment. The measurements
are done at the analogue signal level, and are hence true endto-end tests. The call duration is five
minutes and the test runs for 1 hour (about 8 calls). The calls are between DUTs of the same type.

To have a reference the quality is first measured without any traffic for the duration of two calls.
Afterwards the quality is measured with traffic. Like in the Stability Test, two modems are UDP
loaded and two TCP loaded.

Background information on the measurements and their meaning:

PESQ Valuethis is the result of a PESQ analysis of the phone call. PESQ (Perceptual

Evaluation of Speech Quality) is an advanced measurement algorithm designed to objectively

determine speech quality. Speech quality (or voice quality) is expressed on the MOS scale

%I bk Lmfkflk P Il ob&+ Qeb JLP p " ~ib fp abcfkba ~

gmllou . @_"au >iqgelrde qeb _bpg JLP p° lob fp 2)
4.5. The reason for this is that 4.5 happens to be the highesscore a panel of listeners would
obmlog+ Pfk> b ~ MBPN s?irb I c 1 fp "l ksbkqgfl k?"ii

the measurements that the average PESQ value is at least 4. The PESQ score is calculated
for the incoming voice stream on a channel (or endpoint), and thus depends on the sending
MTA, the transmission path from the sending to the receiving MTA, and the reeiving MTA.

One-Way Delay the delay with which the called party receives the speech signal from the
caller (expressed in milliseconds with a resolution of 1 ms). Previous measurements showed
typical one-way delays around 90 mswhile <150 ms is acceptable.

Jitter : the difference between two successive measurements of theOne- WayDelay value
(expressed in milliseconds with a resolution of 1 ms). The jitter in lab environment is typically
below 5 ms. Jitter that exceeds 30ms will lower call quality and >40mswill cause severe
deterioration in call quality. Detrimental effects are at 100 ms of jitter.
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Expected results

1 AveragePESQ > 4.0 with a deviationof 02 @ q | i i nr”~ifqgvu ” kxpectgde bob
whether traffic load is present or not .

T No call set-up problems.

1 The one-way delay and jitter valuesshould be very similar with and without traffic and no value
should be problematic.

Reported results

1 Average PESQ values, onavay delays and jitterswith and without traffic.

Units Avg no Avg traffic
traffic

PESQ (MOS)

Oneway delay (ms)

Jitter (ms)
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8.2 Long duration call

Test description
This test verifies that a call remains active over a period of 6 hours.

Test conditions

1. Acallis set up between 2DUTE-MTAs.
2. The call is left open.
3. After 6h it is verified if the voice path is still established and the E-MTAs are still stable.

Configurations
Same setup as in theVoice Quality test

Expected results

The voice path is still established after 6 hours.
Reported results
1 PASS/FAIL
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8.3 Caller ID

Test description

In this short basic functionality test it is verified on the analog line if the E-MTAs are correctly
generating the Calling Party Number and the Calling Party Name (FSK type of Caller ID).

The alerting signal can be different depending on country, here it will be tested for the Netherlands.

Test conditions

Configuration file provided by Customer might explicitly set the Caller ID mode.

Expected results:

1 The EMTA correctly generates the Calling Party Number and the Calling Party Name and
call timestamp .

Reported results:
T PASS/FAIL
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8.4 Call Progress Tones
Test description

In this test it is verified on the analog line if cadence and frequency of dial tone, busy tone, reorder
tone, ringback tone and ringing tone are generated according the Dutch specifications. For
customer voice experience it is important that the tones are at the right power level and cadence.

Test conditions

Country specific tone settings can be hardcoded in the EMTA, or configured using a vendor specific
MIB in the CM or MTA configuration file, or by explicitly defining the tone parameters in the MTA
configuration file. In this case the MIB with OID 1.3.6.14.1.4115.10.1.14.0 is set to Integer 9
(Netherlands) in the MTA configuration file.

To measure a tone power level, the analog endpoint of the MTA was connected to the European
reference impedance described in the ETSI TS 101 9098v010301p specification

Expected results

The measured and MIB value for tone frequency, cadence and power level for each of théive tones
need to be within the specified rangesi{i iy

Reported results

For each of the five tones the following table will be reported:

The Netherlands | MIB value MIEEEUTEE Result
Value

Frequency

Cadence

Power level
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8.5 Attenuation
Test description

For customer voice experience it is important that the right levels are in place. If not according to
the specifications, voice could be too silent, too powerful or distorted.

Test conditions

To enable full signal handling capacity, the nominal relative levels (at 1020 Hz) at the CM/MTA must
be:

1 Input relative level: -4 dBr £ 2dB (analog to digital)
9 Output relative level: -11 dBr £ 2dB (digital to analog)

The relative level is assumed to be 0 dBr on the digital side of the analogue/digital conversion point
in the local network.

The EMTA must have thejiliill impedance (this is not verified here).

Configurations

MTA
R dB
Digital A T
_____________ >

path D 1
—_—
Lo dBr |
Li dBr |

Expected results

The value of the input relative level must be 4 dB (measured from RTP to analogin).
The value of the output relative level must be-11 dB (measured from RTP to analogout).
Reported results

1 PASS/FAIL
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9 E-Router Tests

All E-Router Tests are executed on one unit.

Since the DUT MUST use DHCPvV6 to obtain its address, the CMTS will be configured to send out
Router Advertisements with M flag set to 1.

9.1 Configuration Interface Check
Test description

This test checks if the expected configuration and feedback of the e Router are available in the DUT
web GUI. This according to what is provided byCustomer.

Test conditions

The logins might need to be configured in the config file provided by Customer with certain access
rights. It is up to Customer to provide all necessarily information regarding the right access to the
web GUI.

Expected results

Relevant screenshots will show the available configuration. It is verified whether this covers
everything that Customer wants to have available.

Reported results
1 PASS/FAIL
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9.2 Basic Provisioning, Prefix Delegation and Traffic
Test description

It is verified whether the DUT supports all e-Router modes and Prefix Delegation.
Tested provisioning modes:

1 Bridged mode

1 [IPv4 Only mode

1 IPv6 Only mode

9 Dual Stack mode (or Dual Ip Protocol Enabled mode)

For each mode it is verified that the connected CPEs get a correct IP address and that bidirectional
UDP data can be forwarded.

It is also verified that the e-Router correctly delegates an IPv6 address from the given IPv6 prefix
pool.

Test conditions

1 Since it is expected thatthe DUT has a buildin firewall, which is usually by default enabled,
and there is a NAT for IPv4, it is important for traffic tests to first send the upstream packets,
followed by the downstream packets.

1 It needs to be defined byCustomer what the prefix size is used for Prefix Delegation.
1 The UDP traffic rate is 100 pps with a growing size flow.
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Following modes (configfiles) will be used:

a. Bridged mode
(TLV 202 with eRouter Initialization Mode Encoding TLV 1 = 0 (Bridged mode)

1. CPE4_1 performs DHCPv4
Verify that the obtained IP address is IPv4 andin the private range and bidirectional
UDP data traffic to NET4port is possible.

2. CPEG6_1 performs DHCPv6
Verify that the obtained IP address is IPv6 and within the delegated prefix and

bidirectional UDP data traffic to NET6port is possible.

3. CPEG6_2 performs SLAAC
Verify that the obtained SLAAC address is within the delegated subnet and
bidirectional UDP data traffic to NET6port is possible.

b. 1Pv4 Only mode
(TLV 202 with eRouter Initialization Mode Encoding TLV 1 =1 (IPv4 Only mode)

1. CPE4_1 performs DHCPv4
Verify that the obtained IP address is IPv4 and in the private range and bidirectional
UDP data traffic to NET4port is possible.

© 20xx Excentis Strictly Confidential to Customer page 62/85





































































