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Unleashing Upstream

The Time Has Come !

Upstream

) Speed Low Split has served us well
s H ( o ﬂ 35 Vs We've consumed most of it
) e DOCSIS 3.1 ODFMA helps
Soi o e s New clean spectrum helps MORE

The usual balancing act

{ \, 1Gbps « Capacity vs Time
Hesc DA B “Symmetrical .
. Gig” e Speedvs Time

 Make the most of a plant touch
5 Gbps DOCSIS 4.0 as North Star

Symmetrical

High
split
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Let Me Count Thy Years “32 CABLE-TEC EXPO.
Buy (Enough) Time
_ Comparison of Capacity Solutions Based on 25% Growth
Keep ahead of demand (CAGR) w margin 0.0%

Just imagine if a global pandemic forced
everyone onlinel ...oh, wait

[Node split + Mid-Split] is a sweet spot for
capacity lifespan for most of the network

High growth areas still most effectively
managed with deep fiber solutions -

Spectrum added to serve Capacity also = w1
enables new Speeds

s pde Segmentation Mode Segmentation & Midspht Mant Upgrade Deep Fiber N+D
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Introducing DOCSIS 3.1 OFDMA

~2X the Spectrum, 3-4x the Capacity

Mid Split, 4 SC-QAMSs with 1 OFDMA 39.4 to 85 Approx 450 Mbps
1
10 20 30 40 Frequency?fMHz) 60 70 80 90 100
—501 ——5C2 sC3 5c4 ———OFDMAL

Reset Split Mid Quiet Time off Update Rate 0.25s

16.4 MHz QAM64 (271) 22.8 MHz QAM64 (271) 29.2 MHz QAM64 (266) 35.6 MHz QAM64 (266) 39.4 - 85.0 MHz

Us10:1/0/3.0 Us10:1/0/2.0 Us10:1/0/1.0 Us10:1/0/0.0 0a10:1/0/0

«  4x 64-QAM DOCSIS 3.0 =. o~ T - - * Single 45 MHz D3.1
e All Comcast D3.0 —_ OFDMA Channel
Gateways are Low-Split  All Comcast D3.1
Only Gateways are Mid-
Split capable

(switchable) diplex)

10MHz 15MHz 20MHz 25MHz 30MHz 35MHz 40MHz 45MHz S50MHz 55MHz 60MHz 65MHz 70MHz 75MHz 80 MHz 85MHz

Max Signal Max Noise Burst Noise Noise Avg Noise Min 1.0sago Captures: 11032 CPS: 25.

Markers Heatmap  off Half-Life



Changing the Split: Problem Statement
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Not Made for Each Other

Standard Split: 5-42 MHz

Iamog

MoCA

Frequency

mMid-Split: 5-85 MHz

MaCh

Carrier-to-
Adjacent

13Mma
weansdn

_n
T
e
[=
T
F
r

Conditions Ripe for RF Challenges
Channel i  Low DS Rx + High US Tx (correlated)

lntertferenc ) High Split: 5-204 MHz . I_eaky splitters

e Ratio tlle :

(CACIR) |IB o * Short coaxial runs
") * Poor terminations



Sweetest of Spots!

Split - the Difference

Yippee!
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Yikes'!
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Running the CACIR Numbers "

Very Small - But Not Negligible

Percentage of Set-Top Boxes = CACIR (dB)
Self STB CACIR

Set-Top Box CACIR (dB)



Automated and Seamless Spectrum Activation

Discover Any To-Do’s Upfront

Eligible accounts identified
XG* STB MAC
XB6 or XB7 or higher MAC

Remote Automated
in-Home Assessment Test
(iHAT)

DOCSIS 3.1
OUDP Probe

p—

Full Diagnosis:

* DOCSIS is Blocked? Yes / No
*  XG video is at Risk? Yes / No
OR No QAM Video Service

Partial Diagnosis:

* DOCSIS is Blocked? Yes / No

* Cannot determine XG Video
(no XG STB —legacy only STBs
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Two Essential Assessment are™]

Automated with iHAT {belnw}_|

Tremuiticn Bard or
CIDHASASRT FR N
' ﬁ
g u il
2" TR
£ » Upstream | :|I | Downstream
- if
?. o\
1 !I\. 1:. -:: 1:: :: -;_
Frequency [MIHI)
Undesired Root Splitter ——

or Drop |
Amplifier

upstream paths

Video CPE 1 Video CPE 2 Video CPE 3



iHAT’s Engine: Built-in DOCSIS OUDP Feature " A 2 ABLE-TEC EXPO
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Probe Home Readiness and Score the Result

Y (il

16.4 MHz QAMB4 (251) 22.8 MHz QAM64 (251) 29.2 MHz QAMB4 (251) 35.6 MHz QAM64 (251) 39.4 - 85.0 MHz
Us64:2/0/0.0 Us64:2/0/1.0 Us64:2/0/2.0 Us64:2/0/3.0 0a64:2/0/0
SNR 42.1dB SNR 42 4dB SNR 426dB SNR 424 dB SNR 44 dB
Total 41203 Total 57214 Total 43989 Total 56003 21142
Corrected 0% Corrected 0% Cormrected 0% Corrected 0% 0.41%

Reset Split Mid Quiet Time off Update Rate 0.25s

Failed 0% Failed 0% Failed 0% Failed 0% 0%

10

T T
"testiapable

“testStatus
4X SC_QAM 2L Feil - Video interference was abowe threshold for at least one set tap box’

B o6 8 8eelipd”,

*ger i Pomer” =8, 25388863342
"anlilererrrog £93;

.

| g
b g

5 MHz 10MHz 15MHz 20MHz 25MHz 30MHz 35MHz 40MHz 45MHz 50MHz 55MHz 60MHz 65MHz 70MHz 75MHz 80 MHz 85 MHz

Max Signal Max Noise Burst Noise Noise —— Avg Noise Min 1.3sago Captures: 5808 CPS:25.0
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Construction Complete > Metrics = Solid > Configure CMTS >
Unleash iIHAT - Activate Ready Homes > Disposition Candidates

fOI' RemEdia tian Mid-Split Upstream Spectrum

Launch (MUSL)

“Fail” =
Remediation /

Pro-install In-home iHAT . .
ModefAmps Cutover & Health Checks | Wait Period Complete

validation
Schedule iHAT for Up gl Vind
n New XB6 or iHAT on T
an)) A XB7 SIK install |
F = ' ;’ |ne||g|b|e MS homes Service @ g |’|\|/| i Identify Eligible Accounts for MS Readiness Checlk: Find XB&'s, XBT's, XBS's, M5 COAM |-'
igais order for “Pass”
i3 o rder o . Qsusscrise -~ ) o k.
Tier 1 Network Pass ” " @] Mot velble: w v\, e
Post-Cut i speeds * MSactiationit % 5TB? a1 My onviged N
Cutover Activate MS Completion of XB6/7: ) }'E"-hﬁif«’::ﬁ Videa? o >| Done: | -

Validations vpier_

iHAT Test
Spectrum Verify iHAT Activation / Order Placed in Y ¥idp amos)
a_9 “Pass” MS Mode " Schedule iHAT next g
2o S o] Al = 5y
‘ \. — T | Needtoavesd | v 1
t Determine MS - attc ate? Supren
N

capable homes ‘

Resuts Soorage
BO Systems Access

x
Pass: Identify MS
e T
Masrics

Tier 2 Network (XB6 or XB7)
apaitn
Cutover Fa!l I Complete install v p— [renganaes
iYL Assign for 11} _ _ !
iati L . [oprp— video N\ Drop .
| ir | Remediation Not Service Tier-impacting x Home Remediation [ ooret actue “,431. ol N :.;;% y [ oot
Y . L . . . N e Drep
XIS s (Capacity Relief only) Remediation | Upgrase? Mode Upgrade? | sme swap
~LE= 5 — I N N
- - d o - h ] -
V— | Queue forVideo Queved forDrep |
L Remediation | .ﬂlﬂﬂneﬂ“[eﬂleﬂ[_

Unibalanced Spitter or Deop
AmpNeed ientifies

| Backoffice Interfaces
Cirtoomes AdCmanm. - Saeoi sy
P~

Lidexyz le: Asynchroncus IHAT Triggers
* New NBS, KBT, ¢ KBEGW

* Mewiylratalled NG STB {HSDonly -+ QAM Video]
. Mew
» Tech visitng home cantrigger
* Agentcanuigger

* LIS Tew 015 fox vt shifes > 8




Caring for Post-Activation
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New Awareness and Processes to Tailored to Mid-Split

Monitor of SG
total iHAT test

Care Runs
iHAT

Pass

Failp

Care
schedules TR

—

Escalation to
next level tech
SME

Fail

A 4

Care takes action to
remediate (new ITG,

]

\ 4

iHAT reactivates

_>

failures
A
Periodic Escalation
iHAT run iHAT rollback ticket
records to Low Split
video fail
MS Enabled
Home - On
Customer P demand J
reported iHAT test
s Careinitiates
Pass—» modem Low
Split rollback
Excessive
count of :
individual || Alarm Escalation
video fail on Triggered ticket Ops
RPD

*Confirm homeisn’t in ‘remediation only’ mode before running periodic iHAT check

GW ping, reset) Tech mid-split
Remediate
Back Office systems
updated w/ state &
B diation Periodic iHAT tool v
recommendation run ensues while e iHAT
- in this state passes?,” Yes) automatically
C N 5 (180) reactivates mid-
split spectrum
T No
Ticket initiates | Eng Ops Reme:j'iation
o wspintor ] remetation [ recctivates mic S
o split on Node Suspend HAT
Testing

4
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Concepts Adapt to Future Paths 5 CABLE-TEC EXPO.

High Split DOCSIS 4.0 FDX

Self-Interference Potential Neighbor Interference

—y To Homes

High Split XB7 Legacy STB

4 From Homes

Extra upstream BW and energy brings isolation ) _
across Tap ports into play DOCSIS 4.0 FDX overlaps spectrum, by design, in

_ the downstream and upstream
Same conceptual analysis as MS but probe

measured at adjacent home STB(s) Protocol includes device isolation measurements

o _ _ _ (sounding) of DOCSIS 4.0 and DOCSIS 3.1 devices
DOCSIS 4.0 FDD methodology similar with High Split . .
- Ultra High Split; PoE obviates drop amp concern High-Split” process for DOCSIS 3.0 homes
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New Spectrum, More Capacity, Higher Speeds, No Scars!

 The time has arrived for upstream action

« New spectrum delivers on both network
and HSD products into the future

 Tools and processes developed for non-
disruptive upgrades and operationalization

« Automation for scale is integrated with
construction and back-office tools

 Unprecedented visibility into the home
network for optimization and deployment
of future products and services

« Let's GOOOOOOOOOODODOOOOOOOOOO !
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