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W h y D i s t r i bu ted  Ac c e s s  Ar c h i t e c t u r e s?

Unprecedented Broadband Demand Growth
• Driving explosive node count growth

Traditional Node Splits Can’t Keep Up
• Cost, hub power/cooling/rack space constraints

DOCSIS 3.1 Has Arrived!
• 4096QAM+ possible, but SNR still matters

5G Wireless and FDX DOCSIS Are Coming
• Great Wires Make Great Wireless
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Old Tricks For Bandwidth Expansion No Longer Work

W h y D i s t r i bu ted  Ac c e s s  Ar c h i t e c t u r e s?

More Carriers

Split Nodes

More Bits/Hz
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T h e  S o l u t i o n :  D i s t r i b u te d  Ac c e s s  Ar c h i t e c t ur es

Centralized Access Architecture (Legacy) Remote PHY

Remote MACPHY Remote CCAP

• Largest vendor base
• Smallest hub space/power/cooling gains
• Keeps most complex portions centralized

• Small but growing vendor base
• Maximum hub space/power/cooling gains
• Most self-contained

• Evolution path for many R-PHY NEMs
• Moderate space gains, less timing concerns
• Natural path as CCAP virtualization proceeds

• How things have always been done
• Not scalable as node split rates expand rapidly
• Will remain majority of nodes worldwide for many years



© 2018 SCTE•ISBE and NCTA. All rights reserved.   |   scte.org • isbe.org 6

Many Other Benefits

W h y D i s t r i bu ted  Ac c e s s  Ar c h i t e c t u r e s?

Deeper Ethernet Enables Flexibility
• Split off FTTH as needed
• Simplify 5G backhaul, Biz Svc

More Robust Network
• Less fidgety optical link
• Higher optical link SNR/greater distances

Enabler For The Future
• Simplifies FDX, enables fiber-deep
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Today’s Hub:
• Return RF Feed For Upstream Tools
• Downstream Sweep RF Injection Point

DAA Impact:
• No Return RF In Hub
• No Downstream RF Injection Point
• Can’t Use Existing Headend HW

Hub

CCAP

CCAP

Central Access Architecture

R-PHY/MAC-PHY

DS SWEEP

10G 
Ethernet

Analog 
Fiber

XPERTrak / 
RCI Agent

TAGGER

TAGGER

US SWEEP

US Sweep

PathTrak

PathTrak

DS SWEEP

New Approaches are Needed for Ingress Suppression, 
Sweep and Leakage  Detection!

T h e  F l i p  S i d e :   D AA C h a l l en ge s
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Other Challenges:

T h e  F l i p  S i d e :   D AA C h a l l en ge s

More/Deeper Fiber, Ethernet
• No longer just for specialists
• Lots more folks need tools/training

Plant Proliferation/Complexity
• Mix of architectures, vendors
• Process standardization challenging

Exponential Node Count Growth
• Too many nodes, too little time
• Must focus on nodes with most critical 

issues first

New Interface Created:

Redistribution Creates New Interface
• New testing needed
• Organizational demarks disrupted
• Confusion, finger pointing likely
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P T P U s e  i n  R e m o t e  P H Y

PTP Master
Network

RPD 1

RPD 2
vCMTS

1. PTP Master - source of truth 
for timing

Subscriber 1

Subscriber 2

3. Each RPD communicates 
timing information to modems 
via DTP

2. vCMTS and all RPD devices 
receive their timing 
information from PTP master

4. Modems use timing 
information for upstream 
communications – 1 ms
alignment required by spec
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R i s k s  o f  N o t  Te s t i ng  P T P i n  D AA
D o w n s t ream  C o n g e s t i o n  C a u s e s  U p s t rea m B E R

PTP Master
Network

RPD 1

RPD 2
vCMTS

1. Network congestion in 
downstream delays PTP 
traffic to RPD 2

2. RPD 2 clock is delayed 
relative to RPD1

Subscriber 1

Subscriber 2

3. Subscriber 2 modem’s 
time is delayed relative to 
Subscriber 1 upstream 
collision

4. VCMTS reports upstream 
BER – but it’s not from the plant!

Challenges: PTP Timing
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R i s k s  o f  N o t  Te s t i ng  P T P i n  D AA
D o w n s t ream  C o n g e s t i o n  C a u s e s  U p s t rea m B E R

PTP Master
Network

RPD 1

RPD 2
vCMTS

1. PTP Master 
sends current time: 
08:00.000
(T1 Sync Message)

2. RPD 1 and 2 receive the 
message & ask master for 
round trip delay
(T2 and T3 delay_request)

Subscriber 1

Subscriber 2

3. Master tells each 
RPD their round 
trip delay: 
(T4 delay_response)

- 10 ms for RPD 1
- 13 ms for RPD2 

4. RPD’s divide round trip 
delay by 2 to figure out what 
time it is
- RPD 1 “It’s 08:00.000”
- RPD 2 “It’s 07:59.9985”

Assume: 
- No congestion 5 ms upstream and downstream latency to RPD 1 and 2
- Downstream congestion to RPD 2 adds 3 ms latency – 8 ms total

RPD spec requires time 
alignment of 1 ms for proper 
operation

Why is RPD 2’s time delayed?
• Master sent sync message at 08:00.000
• RPD 2 got the message at 08:00.008
• RPD 2 didn’t know the 13 ms round trip delay was 8 ms

down and 5 ms up
• Set clock to 07:59.9985 - compensated 6.5 ms instead of 

8 ms
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D AA Tr a n s i t i o n  I m p a c ts  Al m o s t  Al l  As p e c t s  o f  M a i n t &  Te s t

Fiber Monitoring

Metro/Ethernet

HFC Monitoring/QoE

Fiber Instruments/Accessories

HFC Instruments

HFC Sweep
Plant Leakage

XPERTrak
Server

RPD 1

RPD 2

RPD 3

RPD 4

RPD n

Cable 
Plant

Cable 
Plant

Cable 
Plant

Cable 
Plant

Cable 
Plant

Datacenter Cable Plant

RPD – Remote 
PHY Device

XPERTrak
RCI

10G Optical Router

CCAP

Control 
PlaneRPD Control 

Commands

HeadendHeadend

RCI - R-PHY/CCAP 
Interface
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Today’s Hub:
• Return RF Feed For Upstream Tools
• Downstream Sweep RF Injection Point

DAA Impact:
• No Return RF In Hub
• No Downstream RF Injection Point
• Can’t Use Existing Headend HW

Solution: Integrate DAA Data for Ingress/Sweep

Hub

CCAP

CCAP

Central Access Architecture

R-PHY/MAC-PHY

DS SWEEP

10G 
Ethernet

Analog 
Fiber

XPERTrak / 
RCI Agent

TAGGER

TAGGER

US SWEEP

US Sweep

PathTrak

PathTrak

DS SWEEP

Vi r t u a l i z a t i o n  E n a b l e s  C o n t i n ua t i o n  o f  Te s t  C a p a b i l i t i es

US Sweep

PathTrak
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Return Sweep/Ingress Example: Common Process & Meter for Legacy/DAA

Vi r t u a l i z a t i o n  E n a b l e s  C o n t i n ua t i o n  o f  Te s t  C a p a b i l i t i es

Leverage RPD as Return Sweep/Ingress Receiver, Fwd Telemetry Transmitter

• Fast, real-time response
• Displayed on field meter

• Uses existing field meters

• Standards-based solution
• Supports most NEM’s

• No specialized HW in Hub/HE
• Scalable/virtualized solution

XPERTrak
Server

RPD 1

RPD 2

RPD 3

RPD 4

RPD n

Cable 
Plant

Cable 
Plant

Cable 
Plant

Cable 
Plant

Cable 
Plant

Datacenter Cable Plant

RPD – Remote 
PHY Device

XPERTrak
RCI

10G Optical Router

CCAP

Control 
PlaneRPD Control 

Commands

HeadendHeadend

RCI - R-PHY/CCAP 
Interface
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R e m o t e  P h y R o l l o u t  a n d  Te s t i ng  P r o c e ss  C o n s i de r a t i on s

Headend/Hub 
Construction

Network Equipment 
Installation 
• Ethernet & Transport 

Test
• MPO & AOC test
• GPS Antenna Test
Shelf RPD Verification
• Characterize RF
• DOCSIS Service Test
• Video Test
• Voice Test

Fiber Construction

Pull fiber
• Fiber characterization 

(CD/PMD)
Install DWDM muxes
• Fiber Inspection
• DWDM OTDR

RPHY Installation & 
Cutover

RPD install
• Fiber inspection
• SFP+ Optics Test
• Ethernet Test
• PTP Test
RPD Configuration
• Characterize RF
• DOCSIS Service Test
• Sweep

Maintenance

•Leakage
•Ingress Suppression
•PTP Wander Tests
•Video Test
•Service Assurance 

Tests
•Fiber
•HFC
•Ethernet

•All construction and installation 
tests potentially applicable
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Mission Possible!  As Proven by Vodafone New Zealand

T h e  Vo ya g e  o f  a  D AA E a r l y Ad o p t e r :   Vo d a fo ne  N e w  Z e a l an d

Chose DAA to stay ahead of FTTH competition
• Continue Vodafone NZ trajectory of market leadership
• Capacity challenges also drove urgency

Chose R-CCAP to enable D3.1/Gigabit rollout
• Full 3.1 deployment – OFDM/OFDMA
• Allowed heavy reuse of existing fiber & RF monitoring infrastructure

Completed Rollout In 6 Months (257 nodes, 330 R-CCAP units)
• Average 4 nodes per night including validation (~ 1 hour downtime)
• Mix of contractor (Field), new-hires (Headend), and existing staff 
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Implementation Summary

T h e  Vo ya g e  o f  a  D AA E a r l y Ad o p t e r :   Vo d a fo ne  N e w  Z e a l an d
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H o w  Vo d a f o ne  O ve r c am e Typ i c a l  D AA R o l l o u t  C h a l l e ng es

No RF in Hub
• Short Term: Backfeed RF to Hub, augment with PNM
• Medium/Long Term: Virtualization

More/Deeper Fiber, Ethernet
• Minimal change in Fiber architecture via WDM usage

Plant Proliferation/Complexity
• Single vendor today, 100% nodes converted
• Modular instruments, DAA-Ready systems 

Exponential Node Count Growth
• Only moderate node count growth
• QoE-based maintenance tools
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O t h e r  Vo d a f o ne  N ew  Z e a l an d  C h a l l en ges / C on s i de r a t i on s

Large Nodes
• Two D-CMTS’s co-located in node required for large nodes

• Node cabinets modified for thermal reasons

NCP/PLC/Ranging Considerations
• All critical to ODFM/OFDM-A operation
• NCP subcarriers at high-end of spectrum vulnerable to roll-off
• Keep PLC away from known MER dips (harmonics, etc)
• OFDM-A ranging zone defaults to low end – susceptible to ingress
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What Went Well Challenges Faced

L e s s o ns  L e a r n e d

Careful Design & Planning Up Front
• Careful network design
• Detailed process planning/definition

Disciplined Rollout Execution
• Process refined via early pilot runs
• Pre-config/test of all HW pre-deployment

Early Vendor Engagement
• Test/Maintenance planning started in ‘15
• Ensure critical T&M capabilities maintained

Typical “Bleeding Edge” Tech Issues
• Early CCAP/CPE incompatibilities
• Immature FW on both ends

Phased NEM Capability Implementation
• Service provision capabilities prioritized
• Test, NDF/NDR capabilities lagging
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Everyone Wins From DAA Implementation

N e t  R e s u l t :   S a t i s f i e d  C u s t o m e r s !

Vodafone NZ Customers Now Have Choices Up To 1Gb/100Mb Broadband Service
• While maintaining superior Vodafone service levels

Vodafone New Zealand Gains Up To 300% Increased Capacity From HFC Plant
• Mix of 3.0 and 3.1 capacity gain
• Extends HFC life by a decade or more

Vodafone New Zealand Technical Expertise Gained Through Vendor Engagement
• Upside of being early adopter
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What’s Next For DAA & The Evolving HFC?

D i s t r i bu ted  Ac c e s s  Ar c h i t e c t u r e :   P a t h  F o r w a r d

Live Plant Rollouts Continue
• Accelerating in 2019

Full-Duplex DOCSIS
• Further pushes out need for FTTH 

CCAP Moves Upstream & Virtualizes
• Hubs collapse, headends reduced to optical switches
• CCAP virtualizes, moves to datacenters

Coherent Optics Rewrite Rules For Fiber Capacity
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David Hering
Dave.Hering@viavisolutions.com

Thank You!
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Our Sponsors—Supporting Industry Growth

T H AN K  Y O U
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