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Broa d b a n d  ke p t  soc ie ty & th e  e con om y ru n n in g  in  th e se  h a rd  t im e s… 
• ARGUABLY ITS MOST SIGNIFICANT CONTRIBUTION TO SOCIETY IN ITS SHORT LIFE-SPAN
• To e ve ryon e  w h o  h a s c re a te d  & m a d e  th e  In te rn e t  a va ila b le  to  soc ie ty…. HATS OFF TO YOU!!!

Be proud of the infrastructure we have created;         BUT… We have work to do … 
• The COVID -19 BW Surge has exposed cracks in the system … 
• This should serve as a wake -up call … 
• We have improvements to make to the infrastructure… 
• It’s time to start upgrading the network for the demands of the 2020s

Managing the Coronavirus BW Surge:
How to cope with the Spikes & Long -term Growth

“With all due respect, sir, I believe this will be our finest hour.” 
From the movie: Apollo 13
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DS Ta vg  g row s 20 % to  2.3 Mb p s in  20 20
• Fa ste st  g row in g  MSO (B) a t  3.27 Mb p s

DS  Ta vg  3-yr CAGR eases to ~30%
• MSOs’ 3-yr CAGRs range from ~18% to ~40%

Pre-Pandemic – the calm before the Storm

US Tavg bumps 16% to 164 Kbps in 2020
• Fastest growing MSO (B) hits ~285 Kbps, 

• Double the US Tavg of the other 3 MSOs
• 2020 DS growth close to 2020 US growth

US  Tavg 3-yr CAGR steady at ~21%
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COVID-19  Pa n d e m ic  h it s – th e  Sto rm  Su rg e

What is the impact of COVID-19 on networks?
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Th e  BW Su rg e  Effe c t  on  Ba n d w id th  (US & DS)
Som e  7-Da y Exa m p le s

Sunday Monday Tuesday Wednesday Thursday Friday Saturday

Downstream BW - Typical SG, Last Couple of Weeks in March

Sunday Monday Tuesday Wednesday Thursday Friday Saturday

Upstream BW - Typical SG, Last Couple of Weeks in March

“Sleep Time”
Is Shorter US Mid-day

30-150%

US Busy-Hour
20-50%

“Sleep Time”
Is Shorter

DS Mid-day
26-86% 

DS Busy-Hour
12-25%
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NCTA m e m b e rs: Alt ice USA, Ca b le On e , Cox, 
Ch a rte r, Com ca st , GCI, Me d ia com , Mid co , …
• 9 4% of a ll USA su b s re p re se n te d
• Provid e r b a ckb on e  n e tw orks h a ve  

sig n ifican t  ca p a c ity

Th e  Effe c t  on  Ba n d w id th  – a s se e n  b y NCTA

14%

27%
35%

20%

9%

22%
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Com ca st  Ke y Ta ke a w a ys:
• VoIP & Vid e o  Con fe re n c in g  is u p  210 -28 5%
• Ga m in g  d ow n loa d s a re  u p  20 -35% 

g e n e ra lly, u p  to  8 0 % d u rin g  n e w  re le a se s
• Lin e a r vid e o  con su m p t ion  in cre a se d  +2 

h ou rs p e r d a y p e r h ou se h o ld
• Vid e o  On De m a n d  (VoD) h it t in g  re cord  

h ig h s, u p  50 % YOY
• Xfin ity Mob ile  se e s a  36 % in c re a se  in  

m ob ile  d a ta  u sa g e  ove r Wi-Fi
• Bu t  a  17% d e c lin e  in  LTE Da ta  u sa g e

Th e  Effe c t  on  Ba n d w id th  – a s se e n  b y Com ca st

11%

32%

“We engineer the network to handle spikes 
and shifts in usage, and what we have seen 
so far with COVID-19 is within our capacity.” 
TONY WERNER, President – Technology, Product, 

Xperience
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Th e  Effe c t  on  Ba n d w id th  – a s se e n  in  No . Am e rica n  Me tro-a re a

• US SG in the Green – dropped from ~98% to ~91%
• US SG in the Red – quadrupled from ~0.25% to 1%

• Immediate attention required
• US SG in the – quadrupled from 1.5% to 6%

• Need attention in 6-12 months or less

• DS SG in the Green – dropped from ~90% to ~80%
• DS SG in the Red – tripled from 1% to 3%

• Immediate attention required
• SG in the – almost doubled from 11% to 18%

• Need attention in 6-12 months or less
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We will focus more on 
Upstream, because the MSO 
Upstream is more Capacity-

constrained… It becomes the
Achilles Heel of Cable…

• 20-42 MHz US
- ~87 Mbps w ATDMA

• 20-65 MHz US
- ~175 Mbps w ATDMA

Work @ Home Remote Learning

Video StreamingGaming

Telemedicine Video Conferencing, 
Social Networking

Th e  Ca u se  o f th e  Su rg e  – th e  Usu a l Su sp e c ts
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QoE Im p a c ts o f th e  Su rg e  – th e  Good , th e  Ba d  & th e  Ug ly

a Year’s worth of traffic 
growth in 1-2 weeks!

The Ugly

DS US
26-86% 30-150%

30-150% 14-50%

Day

Rush 
Hour

High Usage: 8am to 2am
Sleep time: Only 4-6h

Negative QoE effects:
• Packet delays for gamers 

from higher latencies & 
buffer-bloat

• Video tiling in streaming & 
video conferencing from 
packet delays & drops

• File Download & Upload 
times increased (a little bit)

Subscribers are hitting their data 
caps much more rapidly 

• for MSOs with data caps

The Bad

QoE Bad QoE effects have been relatively minimal to date
• (unless Service Groups are over-subscribed)

In general, the DOCSIS networks are holding up to this 
sudden, stressful packet load… Why? Several reasons:
• Network Capacity planning added plenty of Head-room 

- e.g. 1.2*Tmax Headroom to absorb SLA bursts 
• Despite heavily congested US causing delays & drops:

- CMTS Scheduling algorithms are AI Engines, excellent 
at adapting to congestion, with fair BW distribution

- Most internet applications are elastic and forgiving… 
TCP & ABR recover from thruput reductions & pkt loss

- Subs are more tolerant about small lapses when they 
are more worried about the virus et. al.

The Good
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USA in it ia lly sa w  ~9 % d rop  in  Me a n  
Dow n loa d  Sp e e d , b u t  b y Ma y 
re cove re d  to  ~1% d ow n  sin ce  Ma rch  2 
• Le ss th a n  th e  d rop  se e n  d u rin g  th e  

Holid a y w e e k o f De c  23-29
• La te n c ie s a re  re la t ive ly u n ch a n g e d  

from  p re viou s 12-w e e k ra n g e

QoE Im p a c ts o f th e  Su rg e  – BW Im p a c ts a s se e n  b y Ookla  Sp e e d  Te sts

What is causing this small drop?

Dec ‘19 May ‘20

Dec ‘19 Apr ‘20

h t tp s://w w w .sp e e d te st .n e t /in sig h ts/b log /t ra ckin g -
covid -19 -im p a c t -g lob a l-in te rn e t -p e rfo rm a n ce /

https://www.speedtest.net/insights/blog/tracking-covid-19-impact-global-internet-performance/
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Ha n d lin g  Con g e st ion  – DOCSIS to  th e  Re scu e

Available US CapacityUS BW USE BEFORE THE SURGE
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Be a u ty o f Sta t -Mu xin g  Tra ffic  & In te llig e n t  US Sch e d u lin g  Du rin g  COVID-19  BW Su rg e :
• Gre a t  CMTS sch e d u le rs w ill th ro t t le  d ow n  th e se  h ig h  b u rsts (d e la yin g  p a cke ts a n d  p e rh a p s 

d rop p in g  p a cke ts w h e n  n e e d e d )… b u t  p re d om in a n t ly w ith in  h ig h e st -BW st re a m s u sin g  a  la rg e  
% of th e ir Tm a x va lu e
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Re p a irin g  Le a ks d u rin g  th e  Sto rm  – Qu ick Fixe s to  g a in  a  fe w  w e e ks

Add additional DOCSIS channels – if spectrum available
• Add OFDM to DS roll-off (e.g. above top of 750/870 MHz plant)

- OFDM bit-loading could enable extra 100-200MHz of ‘Bonus’ 
bandwidth, potentially 1 Gbps

• Add OFDMA below 15MHz, and in diplexer roll-off (e.g. 42-45)
- Run US with lower QAM bit-loading as needed
- OFDMA: below 20 MHz; &/or into roll-off (42/65MHz)
- SC-QAM : below 20 MHz &/or into roll-off (42/65MHz)
- perhaps using Int. US Agility to auto-adjust QAM levels

Reduce Tmax on only Top Tier Service Flows or increase lower Tier’s 
Tmax Service Flows 
• Enable “Power-Boost”
More Complex CMTS changes: 
• Enable Tmin; adjust SF priorities; tweak scheduler parms

Simple CMTS Related Changes

• Enable TCP ACK Suppression on all modems

• Enable Buffer Control TLVs and D3.1 AQM to suppress buffer-bloat

CM Changes

• Encourage Subscribers to Upgrade to higher Service Tier

• Improve Wi-Fi – router location

• Enable ISCA (Integrated Service Class Agility) 
- Dynamically reduce Tmax for specific “bad actors”

In-Home Changes

• Cleaned up plants might enable improvements:
- US SC-QAM channels from 32- to 64-QAM
- US OFDMA channels from 256 to 512-QAM or 1024-QAM
- DS OFDM channels from 1024- to 4096-QAM

• For SC-QAM channels, optimize FEC settings
- Up to 13% improvement over default
- Use Intelligent Channel Optimizer (ICO) tool

• For OFDMA channels, optimize bit-loading settings in 
Modulation Profiles using PMA tools (while still 
maintaining adequate PER)
- Use Intelligent Channel Optimizer (ICO) tool

Plant Clean-up Recommendations
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Cle a n in g  u p  a fte r th e  Sto rm  – Ne a r-te rm  6 -12+ m on th  St ra te g ie s

• Add additional DOCSIS channels – using new spectrum from:
• Reduced Legacy Video QAMs
• 1218/85 MHz plant upgrade
• Service Group segmentation in hubs and in nodes

• Turn on or increase OFDM/OFDMA channels
• Add additional CCAP ports to segment Service Groups (SG)

CMTS Related Changes

• Migrate all Top Tier subs to D3.1 CMs  

• Add more D3.1 CMs to better utilize the available OFDMA spectrum 

• Better use of higher spectral efficiencies

• Upgrade to new Wi-Fi 6 router!! 

CM and In-Home Changes

Reduce Legacy Video QAM Spectrum:
• Switched Digital Video (SDV )
• Use Better Compression
• Both reduce Legacy Broadcast QAM usage to increase 

DOCSIS OFDM + SC-QAMs spectrum

Legacy Video

• Perform Service Group Segmentation to create smaller  SGs 
• De-combine nodes in Headend (i.e. 1:1 CCAP port to node)
• Enable 2nd Digital Return – i.e. 1x1 to 1x2; or 2x2 to 2x4
• Segment  existing nodes (e.g. 1x1 to 2x2 to 4x4)

• Upgrade severely congested sites to 1218/85 MHz

• Migrate long fiber runs to R-PHY/R-MACPHY

RF Plant Upgrades



© 2020 SCTE•ISBE, Cab le Lab s & NCTA. All rig h ts re se rve d .   |   sc te .o rg • isb e .org 16

Pre p a rin g  fo r th e  n e xt  Sto rm  – Ne tw ork Ca p a c ity P la n n in g

THE “2014” CommScope/ARRIS Basic TRAFFIC ENGINEERING 
FORMULA (BASED ON Tmax_max):

C >= (Nsub*Tavg) + (K*Tmax_max)

Where:
• C is the required bandwidth capacity for the service group
• Nsub is the total number of subscribers within the service group
• Tavg is the average BW consumed per subscriber during busy-hour
• Tmax_max is the highest Service Tier Tmax offered by the MSO
• K is the QoE constant (larger values of K yield higher QoE levels)… 

Peak Hour Avg Static Traffic Load 
For Well-Behaved, Normal Traffic

Headroom for Good QoE for
Anomalous, High-BW Traffic
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Pre p a rin g  fo r th e  n e xt  Sto rm  – Ne tw ork Ca p a c ity P la n n in g

Before Surge:
Nsub=100
Tavg=2.36 Mbps
Tmax=1000 Mbps

Nsub*Tavg
= 236 Mbps

Headroom
= 1.2*Tmax
= 1200 Mbps
(K=1.2=great)

Ca
p=

14
36

 M
bp

s

During Surge:
Nsub=100
Tavg=2.95 Mbps (+25%)
Tmax=1000 Mbps

Nsub*Tavg
= 295 Mbps

Headroom
= 1.14*Tmax
= 1141 Mbps
(K=1.14=good)

Ca
p=
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36
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bp
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Before Surge:
Nsub=300
Tavg=2.36 Mbps
Tmax=1000 Mbps

Nsub*Tavg
= 708 Mbps

Headroom
= 1.2*Tmax
= 1200 Mbps
(K=1.2=great)

Ca
p=

19
08

 M
bp

s
During Surge:

Nsub=300
Tavg=2.95 Mbps (+25%)
Tmax=1000 Mbps

Nsub*Tavg
= 885 Mbps

Headroom
= 1.02*Tmax
= 1023 Mbps
(K=1.02=good)

Ca
p=

19
08
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Before Surge:
Nsub=250
Tavg=2.36 Mbps
Tmax=1000 Mbps

Nsub*Tavg
= 590 Mbps

Headroom
= 1.2*Tmax
= 1200 Mbps
(K=0.85=fair)

Ca
p=

14
36

 M
bp

s

During Surge:
Nsub=250
Tavg=2.95 Mbps (+25%)
Tmax=1000 Mbps

Nsub*Tavg
= 738 Mbps

Headroom
= 0.55*Tmax
= 551 Mbps
(K=0.70=poor)

Ca
p=

14
36

 M
bp

s

Req’d Capacity   >=  (Nsub*Tavg) + (K*Tmax_max)THE “2014” Basic TRAFFIC 
ENGINEERING FORMULA 
(BASED ON Tmax_max): Peak Hour Avg 

Static Traffic Load 
Headroom for Bursts

for Good QoE

K value:
1.2 for great QoE…
1.0-1.19 for good QoE…
0.8-0.99 for fair QoE

Downstream 3.0 + 3.1 
Traffic Eng
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Bu ild in g  th e  Sto rm -p roof Ne tw ork:
Mid -te rm  Solu t ion s – for 1-3+ Ye a rs o f Ca p a c ity Ne e d s

• Add additional DOCSIS channels 
• Using new spectrum, new SGs

• Increase OFDM/OFDMA channels 
• Reduce SC-QAM over time as 2.0/3.0 modems shrink

• Add additional CCAP ports to segment Service Groups

CMTS Related Changes

• Migrate all Top Tier subs to D3.1 CMs  

• Add even more D3.1 CMs to better utilize the available 
OFDMA spectrum 

• Better use of higher spectral efficiencies

• Upgrade to new Wi-Fi 6E router!! 

CM and In-Home Changes

• Start migrating all Legacy Broadcast QAM subs to IPTV

• With a goal to be mostly IPTV subs in a several years

• For IP Video migration, also consider:

• Multicast ABR, Smart ABR

IP Video Migration

• Push Fiber Deeper (e.g. N+0, N+1)

• Upgrade remaining plants to (at least) 1218/85 MHz

• Migrate more nodes to R-PHY/R-MACPHY as part of long-
term strategy

RF Plant Upgrades
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Bu ild in g  th e  Sto rm -p roof Ne tw ork:
Lon g e r-te rm  So lu t ion s – for 5 -10  Ye a r Horizon

What Does The Distant 
Future Hold?

Bandwidth usage may not snap back to 
its original pre-COVID levels when 
Coronavirus ends… Why?
• Because this novel social experiment 

may foster a new social paradigm 
• Workers & companies may decide to 

explore more work-at-home activities
• Students & schools may decide to explore 

more on-line education activities

1

Bandwidth will obviously continue to 
grow into the 2020’s…     

• E.g. eSports is getting a boost now
2
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Bu ild in g  th e  Sto rm -p roof Ne tw ork:
Lon g e r-te rm  So lu t ion s – for 5 -10  Ye a r Horizon

• Maximize D3.1 OFDM/OFDMA 
capacity 

- D3.1 is your biggest weapon 
in the arsenal, definitely your
biggest bang

- Upgrade to Gen-2 CMTS 
(D3.1 US – OFDMA, more 
video, more SC-QAMs)

• Perform Physical Node-Splits 
(helps with Tavg growth)

Mid-Term Proposals for 
Mid-Term Needs 

(Upstream & Downstream)

• Perform 85MHz Mid-Splits 
(helps with US Tavg & Tmax 
growth)

• Perform 204MHz High-Splits 
(helps with US Tavg & Tmax 
growth, enable 1G US Tier)

• Turn on  1218MHz DS 
(helps with DS Tavg & Tmax 
growth, uses existing taps)

• Push Fiber Deeper   
(helps with US + DS Tavg growth)

Long-Term Proposals for 
Long-Term Needs 

(Upstream & Downstream)

• Add Ultra-High-Splits or FDX
(helps with Tavg & Tmax 
growth in the US)

• Add Extended Spectrum 
DOCSIS (helps with Tavg & 
Tmax growth in the DS)

Longer-Term Proposals for 
Longer-Term Needs 

(DOCSIS 4.0, 10G Initiative)
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Broa d b a n d  ke p t  soc ie ty & th e  e con om y ru n n in g  in  th e se  h a rd  t im e s… 
• ARGUABLY ITS MOST SIGNIFICANT CONTRIBUTION TO SOCIETY IN ITS SHORT LIFE-SPAN

DOCSIS st ill w orkin g  ve ry w e ll, b u t  som e  c ra cks th a t  n e e d  fillin g … th is is a  w a ke -u p  ca ll
• Ma n y Qu ick Fixe s a re  p ossib le  fo r fa st  re lie f
• Ne a r-te rm  so lu t ion s th a t  ca n  d ou b le  o r q u a d ru p le  BW Ca p a c ity

BW w ill n o t  sn a p  b a ck a fte r COVID… it  w ill con t in u e  to  g row  th rou g h  th e  d e ca d e
• BW Ca p a c ity p la n n in g  to  w ith sta n d  th e  fu tu re  BW Su rg e s
• Mid -te rm  Solu t ion s fo r com in g  ye a rs – Fib e r De e p , Nod e -sp lit s, 1218 /8 5  o r 1218 /20 4 MHz u p g ra d e s 
• Lon g e r-te rm  So lu t ion s fo r n e xt  d e ca d e  – Ca b le  10 G, DOCSIS 4.0  (FDX or ESD)

Con c lu sion  – Ma n a g in g  th e  Coron a viru s BW Su rg e :
How  to  cop e  w ith  th e  Sp ike s & Lon g -te rm  Grow th

MSOs & Vendors need to begin working 
now to upgrade the HFC Plant to support 

the future Bandwidth Growth

Networks that have been designed with 
sufficient capacity have been resilient and 

handled the Coronavirus BW surge



John Ulm
Engineering Fellow
CommScope, Inc.
john.ulm@commscope

Thank You!
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