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1 Executive summary 

Ofcom has commissioned Analysys Mason Limited
1
 to carry out a study into technological 

developments in the broadband service capability of hybrid fibre-coaxial (HFC) networks, better 

known as „cable networks‟. The report‟s aim is to provide an overview of cable network 

technology and specifically consider how these technologies will meet the likely future increased 

demand for bandwidth, including the impact of the introduction of technology based on the new 

„Data Over Cable Service Interface Specification‟ 3.1 (DOCSIS 3.1). 

Cable networks generally perform well in broadband speed tests compared to DSL-based 

networks, reaching speeds close to those advertised, unlike DSL services (which are heavily 

dependent on line length).
2
 

Cable operators are generally able to offer speeds in excess of the maximum possible for VDSL2-based 

FTTC services; networks in some countries offer peak speeds in excess of 300Mbit/s. This gives cable 

operators a strong advantage in terms of their marketing of HFC data services. However, this advantage 

will be reduced if competing networks deploy FTTH, or if other features become more important to 

users, such as higher sustained bandwidth, lower packet loss, lower jitter and so on. 

Cable operators have a number of options for meeting the forecast rapid growth in demand for data 

on their HFC network, including opportunities based on their current DOCSIS 3.0 implementation, 

and the possibilities available following the introduction of DOCSIS 3.1. The options available to 

operators can be classified under three headings:  

 Incorporating technology improvements – improving transmission compression techniques 

(for data and video) at the physical and application layers, and incorporating new network 

equipment 

 Spectrum usage improvements – such as the redistribution of spectrum from TV to data services, 

or the addition of further radio frequency (RF) spectrum on operators‟ coaxial networks 

 Network architecture improvements – including the redesign of networks to reduce the 

amount of shared bandwidth in a catchment area, and moving to more-distributed service 

processing architectures. 

The introduction of DOCSIS 3.1-based technology will act as a strong enabler of multiple options 

within the second and third of these categories. However, we note that various options (especially 

in the short term) do not require DOCSIS 3.1 implementation, as shown in Figure 1.1. The figure 

also shows the likelihood of each upgrade occurring in the short, medium and long term, although 

the implementation timetable for many of the options will depend on the particular characteristics 

of individual networks. 

                                                      
1
  Together with our associate for this study, Malcolm Taylor from EuroCableCertification Bvba, an expert on past and 

2
  Source: UK fixed-line broadband performance, May 2013, Ofcom, 2013. 
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Figure 1.1: Summary of upgrade options available to HFC operators [Source: Analysys Mason, 2014] 

 

Each of these upgrade options has a related network gain in terms of peak headline speed and/or 

downstream sustained bandwidth,
3
 with the improvement gained varying according to the specific 

implementation and other upgrades undertaken. A summary of these two factors is shown below in 

Figure 1.2. 

 

 

 

                                                      
3
  That is, the bandwidth per user if all users use the service at the same time, typically 250kbit/s per user in today’s 
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Figure 1.2: Summary of network benefits associated with selected upgrade options [Source: Analysys Mason, 

2014] 

Upgrade option Headline speed provision Sustained bandwidth 

provision
4
 

DOCSIS 3.0 downstream 

channel bonding (up to 24 or 32 

channels)  

Up to 1Gbit/s or 1.2Gbit/s per 

fibre node, leading to headline 

speeds in the region of 500Mbit/s 

Up to 5Mbit/s or 6Mbit/s per 

end user 

OFDM
5
 192MHz downstream 

channel plus 24 channels of 

DOCSIS 3.0 

Up to 2.6Gbit/s per fibre node, 

leading to headline speeds in 

excess of 1Gbit/s 

Up to 11Mbit/s per end user 

Five OFDM 192MHz 

downstream channels with 

D-CMTS
6
 (if spectrum available) 

Close to 10Gbit/s per fibre node, 

leading to headline speeds in the 

region of 5Gbit/s 

Up to 40Mbit/s per end user 

DOCSIS 3.0 upstream channel 

bonding (to 6 channels) 

Close to 190Mbit/s per fibre 

node, providing potential for 

headline speeds in the region of 

50Mbit/s 

Unaffected (assuming 

channels already existed) 

OFDM 96MHz upstream channel Up to 0.8Gbit/s per fibre node, 

providing potential for headline 

speeds in the region of 200Mbit/s 

Unaffected (assuming 

channels already existed) 

Node splitting (i.e. reducing the 

number of households per node 

by two) 

Mostly unaffected
7
  Doubles the sustainable 

bandwidth to households on 

the node that has been split 

 

Cable operators have a number of options for increasing capacity in their broadband network. 

They vary from those that can be implemented today, to those that require DOCSIS 3.1 products to 

become available and/or involve significant network investment. There is no single roadmap for 

evolving to the full capability of DOCSIS 3.1. Each upgrade option can be considered as part of a 

broad set of tools that can be applied at different stages, taking into account the current status of 

the particular cable network and its network capacity upgrade objectives. 

The upgrade path chosen by a particular operator will depend on local market conditions. 

Considerations include current network set-up, customer demand for increased speeds and 

sustained bandwidth, and the operator‟s availability of funds and appetite for capital investment. 

Each operator‟s particular priorities will govern which activities it undertakes, and in what order. 

Operators with a large number of „households per node‟ may focus on network-related upgrades, 

whereas those with legacy analogue signals may focus on spectrum-related improvements. 

 

                                                      
4
  Based on 50% penetration of end users within a fibre node serving area. 

5
  Orthogonal frequency division multiplexing. 

6
  Distributed cable modem termination system. 

7
  Excluding statistical multiplexing effects. 



Future capability of cable networks for superfast broadband  |  4 

Ref: 39065-174-B .  

In general, our understanding is that cable operators are now shifting from a strong emphasis on 

overall peak speed (as has been the case over the last five years or so) to an increased focus on 

data transmission efficiency, to meet the expectations of significant future traffic growth (i.e. 

maximising the amount of data that can be transmitted to consumers on each node). 

Given this focus, and the multiple methods of increasing data capacity, we believe DOCSIS 3.0 

will remain a dominant presence for the next five years, before the additional encoding efficiency 

available from DOCSIS 3.1 (combined with natural equipment replacement cycles) allows 

operators to switch technologies for minimal further investment. 

Acknowledgements 
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2 Introduction 

Ofcom has an ongoing programme of work to conduct research and monitor industry and 

technology developments within the sectors it regulates. As part of this programme, Ofcom 

commissioned Analysys Mason to conduct a study into cable television technology, specifically 

focusing on the role it plays in providing broadband services. 

Broadband services provided over cable networks play an important role in providing superfast 

(>30Mbit/s) and increasingly ultra-fast (>100Mbit/s) broadband services in the UK and throughout 

the world. This study examines the network features that allow such services to be offered today, 

including any technology limitations, and discusses the potential for cable-network-based 

technology to evolve to meet future service needs. 

This study provides an overview of the history and typical architectural features of cable networks. 

We then provide an analysis of the DOCSIS specifications, examining the capability of the 

DOCSIS 3.0 specification that is widely implemented today and the potential capabilities of the 

new DOCSIS 3.1 specification. We have the issues that will need to be addressed in upgrading the 

networks to provide increased capacity and performance. 

The remainder of this document is laid out as follows: 

 Section 3 examines the origins and development of cable networks 

 Section 4 describes the key elements and architecture of cable networks 

 Section 5 focuses on the capabilities of current HFC systems, including DOCSIS 3.0 

implementation 

 Section 6 examines the features of DOCSIS 3.1, and associated implementation issues 

 Section 7 describes network operators‟ options for upgrading their network, including the 

introduction of DOCSIS 3.1 

 Section 8 provides examples of the types of broadband product currently offered by cable 

operators around the world. 

In addition, there are two annexes: 

 Annex A provides a list of abbreviations used in this report 

 Annex B provides more detail on certain aspects of the DOCSIS 3.1 specification. 
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3 Cable network origins and development 

3.1 History of cable networks and their move into broadband provision 

The history of modern cable networks began in 1948, in Pennsylvania, USA, when John Walson 

created a wired TV distribution network. This first amplified coaxial network was intended to be a 

simple method of distributing TV channels from a single tall shared antenna to a collection of 

customers in Mahanoy City (a small town in the Appalachian mountains).
8
 

 

Figure 3.1: Illustration 

of first cable networks 

[Source: Analysys 

Mason, 2014] 

 

Other cable-TV networks quickly grew throughout the USA and Europe in the 1950s. The initial 

European networks often simply distributed existing public service broadcasting (PSB) channels, 

supplying households which were unable to receive equivalent wireless TV broadcasts.  

In the late 1980s and early 1990s the world saw the beginning of the internet
9
 and the first signs of 

mass take-up of long-distance data transmission. Consumer demand soon developed for a rapid 

data transmission medium to replace the slow dial-up
10

 public switched telephone network (PSTN) 

of the time. Given that cable TV had an existing coaxial network which already addressed a large 

number of subscribers, the addition of data services onto the cable networks was a logical step.  

                                                      
8
 
 

Although earlier TV distribution systems existed, this system was arguably the first to use amplified coaxial cable to 

supply a TV broadcast to multiple paying households. 

9
  The standardisation of the first internet transmission protocols (TCP/IP) in 1981 is generally considered as the 

beginning of the internet (although it was the later development of hypertext by Tim Berners-Lee, leading to the 
launch of the World Wide Web in 1991, which dramatically increased the fledgling internet’s usefulness, and led to 
the start of consumer demand for internet services within homes). 

10
  Prior to digital subscriber line (DSL) broadband services over PSTN. 
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The first high-speed, asymmetrical cable modems were developed by Hybrid Networks in 1990, 

and initially used the PSTN for the upstream transmission. Several other proprietary systems were 

developed
11

 and deployed throughout North America. During the 1990s the majority of cable-TV 

networks were redeveloped to become bi-directional, allowing the upstream path to also run over 

the cable network. TV and data services shared the same access network, but used different 

equipment as shown in Figure 3.2 (the terms shown in the diagram are described in Section 4.3.1). 

Figure 3.2: Illustration of cable network’s (historical) separation of TV and data services [Source: Analysys 

Mason, 2014] 

 

In 1995, the first unified cable standard, known as Multimedia Cable Network System (MCNS), 

was developed by engineers from Tele-Communications Inc., Time Warner Cable, Comcast Cable 

and Cox Communications, based on the newly released MicroUnity programmable microchips. 

MCNS was then further developed into Data Over Cable Service Interface Specification 

(DOCSIS) by CableLabs, a US-based R&D arm of the cable industry. 

The first cable-TV service in the UK was operated by Rediffusion Vision,
12

 relaying PSB channels 

to the South-East UK. However, following changes in UK regulation in 1984,
13

 a large number of 

new cable-TV services were launched, offering channels beyond the initial PSB services. By 1991, 

these commercial cable networks were further licensed to offer telephony alongside their TV 

services. Over the following ten years the majority of these smaller UK operators, created when 

cable franchises were offered to the market, were consolidated into two main UK cable companies, 

NTL and Telewest. 

                                                      
11

  By companies such as LANcity and Com21 (both now owned by ARRIS), plus Zenith and Motorola. 

12
  Rediffusion had also been responsible for the UK’s first radio cable networks, from as early as 1927, under the 

name Broadcast Relay Service Ltd. 

13
  The Cable and Broadcasting Act 1984 created the Cable Authority (the UK regulatory body), liberalised the UK’s 

cable-TV industry, and enabled non-PSB channels to be transmitted over cable for the first time in the UK. 
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In 2006, NTL and Telewest also decided to merge. The resulting company (NTL Telewest) soon 

rebranded as Virgin Media following NTL Telewest‟s acquisition of Virgin Mobile in 2007. Other 

than Virgin Media, the only other independent cable company in the UK today is WightFibre 

(following Virgin Media‟s acquisition of Small World Cable in February 2014). 

3.2 The development of DOCSIS and EuroDOCSIS 

The first DOCSIS specification (DOCSIS 1.0) was finalised by CableLabs in March 1997. Two 

years later, Cisco Systems received „qualification‟ from CableLabs for its first cable modem 

termination systems (CMTS), and Toshiba and Thomson Consumer Electronics received 

„certification‟ for the first DOCSIS-compliant cable modems.
14

  

Alongside the development of DOCSIS in the USA, a slightly adjusted European version was 

developed called EuroDOCSIS.
15

 This modified specification allowed for differences in standard 

TV broadcast channel width between the USA and Europe. In Europe, 8MHz (and 7MHz) width 

channels were used for compatibility with PAL (and SECAM respectively) analogue TV 

specifications. This was in contrast to the narrower 6MHz DOCSIS channels used in North 

America, to conform to the NTSC standard. 

The EuroDOCSIS specification is included as an Annex within each of the main DOCSIS Physical 

Layer Specification (PHY) documents. While certification/qualification testing of the US standard 

is undertaken by CableLabs, EuroDOCSIS products are tested by Excentis (based in Belgium) on 

behalf of Cable Europe,
16

 although there is a strong degree of co-operation between the European 

and US cable associations. 

Following the development of (Euro)DOCSIS 1.0, several versions of the standard were released, 

each designed to be backwards compatible: 

 DOCSIS 1.1 was released in April 1999, adding enhanced quality of service and security 

capabilities to the DOCSIS 1.0 specification. 

 In 2001, DOCSIS 2.0 was released, providing enhanced upstream transmission speeds through 

the use of more-advanced modulation techniques. With DOCSIS 2.0, each 8MHz 

EuroDOCSIS channel was able to transmit at speeds of around 38Mbit/s using a 64 quadrature 

amplitude modulation (64-QAM) scheme, rising to 51Mbit/s using 256-QAM.
17

 

                                                      
14

  Note: CPE is tested for ‘certification’, while CMTS equipment is tested for ‘qualification’. 

15
  European cable operators originally intended to have their own European standard, EuroModem, but finally settled 

on the modified EuroDOCSIS standard instead. 

16
  Cable Europe is a not-for-profit professional membership organisation, whose members include operators and 

national cable associations within the European Union. 

17
  Quadrature amplitude modulation (QAM) is a modulation scheme used to transport digital information over an 

analogue network. QAM works by varying the amplitude of a sine and cosine carrier at the same frequency to 
different degrees, allowing the encoding of a various number of ‘bits’; for example, 64-QAM can be encoded through 
the use of 5 bits. 
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 DOCSIS 3.0, the currently used standard, was released in August 2006. This standard 

increased both upstream and downstream speeds by allowing channel bonding (see 

Section 5.3.2), as well as including support for IPv6. DOCSIS 3.0 (or EuroDOCSIS 3.0) is the 

standard used by the majority of cable systems today, as discussed in detail in Section 5 later. 

Given a standard bonded group of four channels, EuroDOCSIS 3.0 allows transfers of up to 

200Mbit/s at 256-QAM.  

 In October 2013, the newest standard, DOCSIS 3.1, was finalised, adding OFDM and 

improved error correction characteristics, along with multiple other improvements (as 

discussed in Section 6.4 later). Commercial deployment of DOCSIS 3.1 is likely to begin in 

2016. EuroDOCSIS 3.1 will maintain support for legacy EuroDOCSIS 3.0 QAM modulation 

and will support 8MHz channelisation in the frequency plan, although there are no new 

features that need to be specifically defined for EuroDOCSIS in the 3.1 specification. 

It should be noted that although there is a rigorous process in place for certification/qualification of 

equipment with DOCSIS and EuroDOCSIS standards, the equipment deployed by individual 

operators is frequently customised to their own individual specifications. Divergence from the 

DOCSIS specifications is largely driven by the business and operational requirements of 

individual cable operators. It is also believed to be partly due to the complexity of the 

specifications, as well as the fact that large-scale cable networks only rarely have geographical 

overlap with other cable networks. However, even though systems may not fully comply with 

DOCSIS standards, this does not often reduce their effectiveness when deployed in the field. 
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4 Cable network elements and architecture 

4.1 Introduction 

This section introduces a variety of concepts associated with cable networks, covering the terminology 

and principles required to understand a modern hybrid fibre-coaxial (HFC) network. We introduce the 

key items associated with TV and data transmission (Section 4.2) and provide details of network 

elements (Section 4.3) and architecture (Section 4.4) used in cable networks across Europe. 

4.2 Transmission elements  

In the radio frequency (RF) part of a cable network, multiple signals (or „carriers‟) are transmitted 

to the end user via frequency-division multiplexing (FDM) across multiple discrete 8MHz-wide 

spectrum bands
18

 known as channels. Each channel contains a single signal which is modulated
19

 

through a specific QAM scheme.  

Service types 

In general, a specific channel will be dedicated to one particular service type. Typical services 

delivered by modern cable networks include: 

Analogue TV / FM 

radio 

Traditionally, and as is still the case in some European countries, analogue 

TV carriers were transmitted along the cable infrastructure in an equivalent 

manner to how analogue terrestrial broadcasts were received via aerial. This 

allowed older analogue TV sets to receive, and interpret, the signals without 

any need for additional equipment. In a similar fashion, analogue FM radio 

services were delivered using the 87–108MHz frequency band. 

Digital TV / radio 

(based on digital 

video broadcasting 

– cable (DVB-C) 

standard) 

Modern digital cable TV/radio services are „multiplexed‟; that is, multiple 

programme channels are compressed and combined onto a single carrier. 

This requires TV sets to have further equipment to decode and interpret the 

multiplex (MUX) signal, often referred to as a cable set-top box (STB). The 

current MUX standard on cable networks is DVB-C (encoded as either 

MPEG–2 or MPEG-4, equivalent to the terrestrial TV standards DVB-T and 

DVB-T2). MPEG-4 provides a more bandwidth-efficient delivery 

mechanism, but needs to be supported by all STB types deployed in the 

network before MPEG-2 delivery can be retired.  

                                                      
18

  In Europe the majority of data and digital channels are 8MHz in width, though analogue PAL/SECAM trans-missions 

are of 7/8MHz respectively. In North America channels are 6MHz in width, as detailed in Section 3.2. 

19
  Modulation is the process of varying a periodic carrier signal’s properties (such as amplitude of frequency) in order 

to encode a data message onto the signal. The equipment that performs the modulation of a carrier signal is 
referred to as a ‘modulator’. 
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Data (based on 

EuroDOCSIS 

standards) 

As explained in Section 3.2 above, DOCSIS carrier standards were 

developed to allow data transfers on the existing cable TV network. For 

downstream transfer the data is multiplexed onto standard DVB-C carriers, 

while the upstream carriers are modified to have smaller channel widths 

(6.4MHz) and reduced throughput to account for increased noise ingress. 

Out-of-band (OOB) 

control information 

The final use for a carrier is to transmit control signals to user equipment, to 

provide information on items such as programme guides, channel tuning 

information, and user restrictions for pay-TV channels. These control 

signals are sent „out of band‟, i.e. within a dedicated channel that is 

separated from the voice or data channels.  

Transmission types 

Given the origin of cable networks as a TV delivery medium, and their more recent transition to a 

data delivery medium, there are two key transmission types for cable‟s carriers – broadcast and 

narrowcast transmission: 

Broadcast 

transmission 

A broadcast transmission is a single stream that is intended for multiple 

users, equivalent to a terrestrial TV signal that is transmitted from a single 

generic
20

 tower to a large number of households. As such, a service 

transmitted via broadcast is encoded once, distributed homogenously across 

all parts of the access network, and received (and decoded) by all end users. 

This is frequently the way in which live TV channels are transmitted. 

Narrowcast 

transmission 

A narrowcast transmission is a single stream that is intended for a single 

user, equivalent to a personal mobile phone call transmitted from a single 

specific
21

 tower to a single handset. As such, each service transmitted via 

narrowcast is encoded individually for one user, only distributed to a 

specific part of the access network, and only decoded by the intended user 

of the service. This is frequently the way in which data or video-on-demand 

(VoD) services are transmitted. 

For broadcast transmission the capacity received per user is independent of the number of end 

users, while with narrowcast the transmission capacity is shared among all users utilising the same 

stream, as shown in Figure 4.1 below. Because the narrowcast capacity per user is increased by 

maximising the number of independent streams, narrowcast signals are generally combined with 

broadcast signals at the latest possible stage in the transmission chain, in order to reduce the 

catchment area size of the narrowcast signal. 

                                                      
20

  Generic in the sense that a large number of towers within a region will be broadcasting the same signal. 

21
  Specific in the sense that only the tower associated with the location of the handset will broadcast the signal. 
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Figure 4.1: Capacity relationship between narrowcast and broadcast service distribution [Source: Analysys 

Mason, 2014] 

 

Modern trends towards increased use of VoD services and data transmission over cable networks 

have led to a significant rise in the importance of narrowcast services. This has increased the 

capacity constraint that operators face, leading to a need to ensure efficient usage of the available 

spectrum. The impact of these capacity issues and the details of how operators are maximising 

their ability to deliver broadband services are discussed in Section 7. 

Legacy cable networks

a

Broadcast

Legacy telecoms networks

x+y+z

Narrowcast

Current telecoms and cable 

networks

a+x+y+z

Mix of broadcast and 

narrowcast

a a a x y z a+x a+y a+z

C
o

a
x

ia
l

Service:



Future capability of cable networks for superfast broadband  |  13 

Ref: 39065-174-B .  

4.3 Description of key cable network elements 

Figure 4.2: Simplified network diagram for a hybrid fibre-coaxial (HFC) plant and network [Source: Analysys 

Mason, 2014] 

 

Hybrid fibre-

coaxial (HFC) 

network 

A cable network is referred to as HFC if it contains both fibre-optic and 

coaxial cable „plant‟. The term „plant‟ refers to all cabling involved in the 

core and access parts of a cable network. 

Core network The core network is the central part of the HFC network, involved in the 

aggregation and processing of cable TV and data. It includes fibre backbone 

rings,
22

 the master head end and the local head end. 

Access network The access network is the dispersed part of the HFC network, involved in 

the distribution of cable signals to end users. It frequently covers significant 

distances and includes fibre feeder and coaxial distribution elements. 

Master head end  The master head end is the cable operator‟s main network site/facility where 

TV and data content is aggregated and processed ready for distribution over 

the cable network via a local head end. The master head end frequently also 

includes the HFC network operations centre (NOC), which controls the 

operational aspects of the network. 

Local head end 

(hub) 

A local head end is a smaller facility where specific local content (such as 

local advertising) can be added to content distributed from the master head 

end. The local head end is frequently the point at which narrowcast and 

broadcast transmissions are combined.  
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4.3.1 Description of access network elements 

Figure 4.3: Key elements of access network and home network [Source: Analysys Mason, 2014] 
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Network interface 
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various service channels (data/TV) and direct them to the relevant CPE. 
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coaxial cable, ensuring a minimal drop in signal level on the main cable. 
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outgoing connections and a larger portion directed to the main outgoing 

connection. The secondary outputs from the tap are frequently drop cables, 

which are used to enter individual homes and connect to the NIU or directly 

to a coaxial faceplate. 

RF splitter An RF splitter is similar to a cable tap, i.e. a bi-directional passive device 

which splits a single cable into multiple cable paths. However, unlike a 

cable tap an RF splitter aims to direct similar signal strengths to each of the 

output cables. 

Line / trunk RF 

amplifier 

A line, or trunk, amplifier is a bi-directional active component that amplifies 

an RF signal to overcome cable signal attenuation and passive „tapping‟ 

losses. These amplifiers can be powered either by external power supplies, 

or via a specific power supply carried along the trunk cable. 

Optical node An optical node acts as the converter between cable and fibre infrastructure. 

There are generally four optical fibres entering the node (two upstream 

fibres and two downstream fibres, with the second fibre being provided for 

redundancy in both cases), and one coaxial cable leaving the node.  

As this is the highest point of coaxial signal aggregation / divergence, the 

number of households served by a single optical node affects the capacity of 

any services transmitted over narrowcast (such as the internet), as detailed in 

Section 4.2. 

Diplex filter 

(diplexer) 

Various types of active equipment, such as amplifiers and optical nodes, use 

low-pass filters (removing all frequencies above a defined cut-off point) or 

high-pass filters (removing all frequencies below a defined cut-off point) to 

ensure that they only receive and process the relevant part of the RF signal 

(i.e. upstream or downstream). When a pair of high- and low-pass filters are 

included in the same equipment, they are known collectively as a diplex 

filter (or diplexer). 
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4.3.2 Description of local head-end (hub) network elements 

Figure 4.4: Key elements of local head end / hub [Source: Analysys Mason, 2014]  

 

Optical node As explained above for access network elements (Section 4.3.1). 

Fibre feeder A fibre feeder cable crosses the boundary between the local head end and 

the access network, with DOCSIS specifications allowing a maximum 

distance of 160km between CMTS and CM. Where necessary optical 

repeaters (or amplifiers) will be installed approximately every 20km, as for 

typical fibre-optic systems. The fibre feeder typically uses amplitude 

modulation to transmit the radio frequencies over the optical fibre and its 

characteristics match that required for delivery of required bandwidth. 

However, fibre feeder signal losses can help to limit the encoding level 

supported by a particular path and can lead to its replacement with a digital 
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An optical receiver may also include low-pass RF filters (as in the head 

end), to ensure that only the relevant upstream signal frequencies (5–

65MHz) are transmitted to the CMTS for processing. 

Edge quadrature 

amplitude 

modulation 

(Edge QAM / 

EQAM) 

Traditionally, each cable network modulator was designed for a specific service 

(i.e. digital TV or VoD), which was to be encoded onto a specified spectrum 

channel. However, modern networks may have to provide additional flexibility 

for channel service allocation (specifically in relation to „switched digital 

video‟, as discussed in Section 7.3.4 later), which has led to the development of 

more flexible modulators, known as Edge QAMs (EQAMs). 

EQAMs are capable of modulating both VoD and broadcast services, with the 

latest versions („Universal EQAMs‟) also able to modulate IP-related services 

(including data and voice) through voice over IP (VoIP), all within a single box. 

DVB-C multiplexer A DVB-C multiplexer encodes and combines multiple digital TV/radio 

channels into a single transmission. This MUX is modulated onto a single 

carrier, within one RF channel. The MUX is decoded and split into multiple 

programme channels (i.e. TV stations) again by an STB receiver at a 

subscriber‟s household. 

Cable modem 

termination system 

(CMTS) 

A cable modem termination system (CMTS) is used to provide data services 

(including VoIP) using DOCSIS over a cable network. Various types of 

CMTS exist, including integrated (I-CMTS), as shown in Figure 4.4 above, 

modular (M-CMTS), or distributed (D-CMTS): 

 I-CMTS includes all the components necessary for DOCSIS data 

transmission, including built-in QAM functionality; that is, an I-CMTS 

is able to directly modulate RF channels. 

 M-CMTS has functionality split into various sub „modules‟ (such as 

DOCSIS media access control, DOCSIS timing servers, Edge QAM 

modulators, etc.), which are often situated in different locations and 

connected by Ethernet.  

 D-CMTS is a small-scale, low-power CMTS suitable for serving <500 

subscribers. It is generally deployed extremely close to the final users, 

such as in outdoor cabinets, on pole mountings, or in the basement of 

large multi-dwelling units (MDUs). A D-CMTS can be an extension of 

the N+0 architecture (as discussed in Section 7.3.1 later). 

The CMTS can also be used to perform various traffic management/data 

scheduling tasks, including prioritisation of certain subscriber plans or quality-

of-service (QoS) provision for specific applications (i.e. VoIP or IPTV).  
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Converged cable 

access platform 

(CCAP) 

A converged cable access platform (CCAP) is a piece of equipment that 

integrates the functionality of a Universal EQAM and a CMTS, intended to 

save both rack space and reduce energy consumption. The CCAP represents 

a significant step towards service convergence for cable operators, and 

provides the first steps towards an all-IP platform. 

4.3.3 Description of master head-end network elements 

Figure 4.5: Key elements of master head end [Source: Analysys Mason, 2014] 

 

Network router / 
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Internet/PSTN 

gateway 

An internet (or PSTN
23

) gateway is an extended-functionality router that 

serves as the access point for a cable network to communicate with the 

internet (or PSTN network). An internet gateway can also often incorporate 

the functionality of a firewall or proxy server. 

Digital rights 

management 

(DRM) server 

A DRM server is used to track the content rights of content stored on the cable 

network. It can also add implicit or explicit watermarks to content, to enable 

pirated content to be traced. The DRM server can also control user access to 

certain content streams, and so acts to enforce appropriate pay-TV channel 

access (replacing, or working alongside, smartcard systems within an STB). 

Video-on-demand 

(VoD) server 

A VoD server inputs specific TV data streams when requested by an individual 

user, including films or specific TV programmes. These services are routed to 

the EQAM addressing the user who requested the VoD session, after which the 

VoD services are narrowcast over the access network. 

Receiver 

transcoder 

The content received by the head end is collected in multiple formats, such 

as from terrestrial feeds (DVB-T) or satellite feeds (DVB-S), and with 

varying types of existing encoding and compression which may need 

adjusting. A receiver transcoder acts to convert these various types of 

content into a single unified type (e.g. MPEG-2, AVC), allowing it to be 

stored (e.g. on the VoD servers) or multiplexed into a DVB-C stream.  

DVB-MUX As explained above for local head-end network elements (Section 4.3.2). 

4.4 Cable access network architecture 

There are two main topologies for cable access network architecture – „tree and branch‟ (for 

example as found in the UK) and „star‟ (for example as found in the Netherlands), though some 

networks use a mixture of the two topologies. The choice of architecture is often dictated by the 

underlying network geography and the distribution of housing within the region (i.e. whether 

households are evenly spread or clustered in particular areas). This leads to particular network 

architectures often having similar characteristics, as detailed in Figure 4.6. 

Figure 4.6: Examples of parameters for different cable network architectures [Source: Analysys Mason, 

ReDeSign, 2008] 

 Tree and branch  Hybrid Star 

% of networks in Europe 50% 30% 20% 

Branches per optical node 2–4 2–3 3–6 

Cascade length (no. of amplifiers) 4–15  4–6  2–3  

Households passed per optical node 250–1500 500–2000 500–700 
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  The PSTN is the international circuit-switched network connecting all fixed and mobile telephones.  
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Tree-and-branch topology 

With a tree-and-branch topology, as shown in Figure 4.7, the feeder cable is an effective way of 

covering large distances of evenly spaced houses (as found along suburban roads), with amplifiers 

required at periodic distances. This layout also generally requires less trenching to deploy than a 

star layout, thus reducing plant deployment costs. 

Under this topology it can be more difficult to implement split nodes or replace coaxial with fibre 

(as discussed in Section 7.3.1), as there are fewer logical points of (roughly even) division. In 

addition, subscribers at either end of a branch may experience highly differential signal powers, 

and so signal strength issues may be more common. 

 

Figure 4.7: Tree-and-

branch network 

topology [Source: 

Analysys Mason, 2014]  

Star topology 

With a star topology, as shown in Figure 4.8, the feeder cable is more effective at covering non-

homogenous clustered household layouts, as found in either more rural or extremely dense urban 

geographies. This topology requires fewer amplifiers within a single cascade than found under the 

tree-and-branch topology, thus improving the maximum potential distance between an optical 

node and the households it serves. As this topology has multiple natural splits it is significantly 

easier to implement node splitting, as discussed in Section 7.3.1 later. 

 

Figure 4.8: Star network 

topology [Source: 

Analysys Mason, 2014]  
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5 HFC network implementation, including DOCSIS 3.0 

specification 

5.1 Introduction 

This section discusses the performance considerations associated with the use of HFC networks for 

broadband (Section 5.2). It then considers how current networks operate under DOCSIS 3.0 and 

the methods used to ensure optimum performance for subscribers, including channel bonding, 

statistical multiplexing and traffic management (Section 5.3). We also discuss some of the 

limitations of the DOCSIS 3.0 specification (Section 5.4) and the implications for current 

broadband performance under DOCSIS 3.0 (Section 5.5). 

5.2 HFC performance considerations 

There are many factors which affect the overall consumer experience of a particular broadband 

delivery network. However, the two main issues are the peak (headline) speed and the sustained 

bandwidth: 

 Having a high peak speed can allow consumers to quickly download/upload files, for 

immediate consumption – and is especially important when a consumer has to wait for the 

download to finish before consuming. An example is downloading media using a home 

network for later consumption on the move, such as from a cloud storage service to an offline 

media player (e.g. a SkyGo movie onto a tablet, or a new iTunes album onto an iPod), prior to 

leaving a consumer‟s household.  

 Having a high busy-hour sustainable speed allows subscribers to have more „solid‟ 

connections and to achieve good performance from their connections regardless of the time of 

day. This is driven by a large sustained (network) bandwidth, i.e. the average bandwidth 

required during the busy hour to support a single subscriber. A large sustained bandwidth is 

important both for services which have high QoS requirements (such as streaming of media or 

video conferencing), and for services which require the distribution of large amounts of data 

over an extended period (such as downloading a computer game or peer-to-peer networking). 

 Further to this, specific effects such as latency, jitter and lost packets all affect the general 

user experience. In some cases (gaming, for example), these effects may represent important 

differentiators between broadband delivery networks. 

Overall, HFC technology allows operators to offer greater peak speeds than those available from 

DSL-based operators. The achievable peak speeds are sometimes higher than the peak advertised 

speed on cable, as demonstrated in Figure 5.1 for the UK.  
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Figure 5.1: Peak and busy-hour actual speeds for 

quickest BT and Virgin Media packages [Source: 

Ofcom, 2013]
24

 

 Figure 5.2: Distribution of busy-hour actual speed as 

a proportion of peak actual speed for selected BT 

and Virgin Media packages [Source: Ofcom, 2013] 

 

 

 

 

Because cable uses shared bandwidth on the access network, it tends to suffer from a much larger drop 

between peak speeds and sustained bandwidth due to network congestion than VDSL/FTTC does. This 

can be seen by considering the actual achievable speeds of cable during the busy hour (when the largest 

numbers of users are likely to be using the network at once), as shown in Figure 5.2 for the UK. This 

effect is even more significant when comparing similar packages (i.e. Virgin Media‟s „up to‟ 60Mbit/s 

with BT‟s „up to‟ 76Mbit/s); the proportion of Ofcom testers who receive more than 80% of their 

maximum speed at peak times was 79% for Virgin Media, but 95% for BT. However, this needs to be 

considered in the context of Virgin Media being able to provide peak speeds that are closer to or 

actually exceed the advertised speed. 

Latency is the amount of time a single packet of data takes to travel to a third-party server and 

back, with lower latency (i.e. less time to respond) being better. Latency is often regarded as a 

measure of how „responsive‟ a consumer‟s internet connection is, with a low-latency connection 

improving the performance of low-data, real-time-response services (like basic web browsing). As 

shown in Figure 5.3, Virgin Media‟s network generally has low latency, but the level of latency 

varies more between peak time and the average than is seen with BT.  

The variability in latency of a connection over time is referred to as jitter, with low-jitter 

connections typically more stable, and better for prolonged tasks such as online gaming. To some 

extent a lower jitter level can lead to a lesser sensitivity to high latencies, as users and applications 

are able to adapt to higher latency (i.e. by buffering or just anticipating the delay as in gaming 

services), as long as the latency stays at a similar level over time. As shown in Figure 5.3 

(indicated by the size of the bubble), Virgin Media has higher jitter than is seen for BT. This may 
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  Source: UK fixed-line broadband performance, May 2013, Ofcom, 2013. 
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be due to specific factors associated with cable access networks, which are a shared medium, but it 

could equally well be caused by other network factors. 

Packet loss is the proportion of data packets that are lost in transmission over a connection, where 

high packet loss can lead to delays (as packets need to be resent) and issues with real-time services 

such as VoIP. As shown in Figure 5.3 (indicated by the size of the bubbles), Virgin Media has 

higher packet loss than is seen for BT, though this appears to decrease during peak times. 

However, we note that these latency levels are significantly better than targets set in countries 

where levels are regulated; for example, Singapore requires networks to have a local latency below 

50ms, although actual network performance could be better than this. In addition, although not 

regulated, the Singapore regulator offers consumer guidance on the acceptable level of packet loss, 

stating that for general internet browsing the effects of packet loss may not be noticeable below 

5%, whereas for real-time applications such as online gaming or voice/video calls, a much lower 

level of packet loss may cause consumer issues. The ITU Y.1541 recommendations suggest that a 

packet loss level of below 0.1% and an end-to-end jitter of under 50ms should meet the needs of 

most QoS-sensitive applications.
25

 

Figure 5.3: Average 24-hour vs. peak-hour latency, packet loss and jitter for selected BT and Virgin Media 

packages [Source: Ofcom, 2013] 

 

These results for the UK are in line with our understanding of the situation in other markets, and 

confirm our belief that HFC operators are now shifting from a strong emphasis on overall peak 

speed (as has been the case over the last five years or so) to an increased focus on data 

transmission efficiency and data stream reliability. 
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  Source: Internet protocol aspects – Quality of service and network performance, ITU-T, 2011; see 

http://www.itu.int/rec/T-REC-Y.1541-201112-I 

0.0%

0.1%

0.2%

0.3%

0.4%

0.5%

10 12 14 16 18 20 22 24

P
ro

p
o

rt
io

n
 o

f 
 l
o

s
t 
p

a
c
k
e

ts

Latency (ms)

BT 'up to' 76Mbit/s Virgin Media 'up to' 120Mbit/s Virgin Media 'up to' 60Mbit/s

Solid bubble 

represents average 

connection between 

20:00–22:00

Shaded bubble 

represents average 

connection over 

whole day

Size of bubble 

represents amount 

of jitter (ms)

Jitter of 5.5ms

Jitter of 0.3ms

BT ‘up to’ 76Mbit/s Virgin Media ‘up to’ 120Mbit/s Virgin Media ‘up to’ 60Mbit/s



Future capability of cable networks for superfast broadband  |  24 

Ref: 39065-174-B .  

5.3 Delivery of broadband services using DOCSIS 3.0 

Current HFC networks use a number of operational methods to ensure both competitive peak 

speeds as well as „fair‟ distribution of the available bandwidth, both of which improve the network 

performance experienced by a user. These methods include spectrum allocation, channel bonding, 

traffic management, package differentiation and statistical multiplexing, which are discussed in 

turn below.  

5.3.1 Spectrum usage in DOCSIS 3.0 

As noted in Section 4.2 earlier, DOCSIS data services operate as narrowcast services, across a defined 

number of RF channels. This fixed bandwidth is shared among a group of subscribers who are all 

connected to a single optical node. When the network becomes congested, the average sustained 

bandwidth per subscriber is reduced. This is unlike the dedicated access bandwidth provided with DSL 

technologies, where congestion occurs in the core and backhaul parts of the network. 

Therefore, one of the key aspects of a modern HFC network implementation is the total amount of 

RF spectrum used, and the proportion of this spectrum which is allocated to each of the services 

that is offered. 

In both European and North American cable systems, the RF spectrum plan is split into an 

upstream band operating at low frequencies and a (significantly wider) downstream band operating 

at higher frequencies, as shown in Figure 5.4. 

Figure 5.4: Comparison of typical band plans for European and North American cable systems [Source: 

Analysys Mason, 2014]
 26
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  It should be noted that an upper upstream boundary of only 30MHz is extremely rare, with all DOCSIS 3.0 modems 

required to support at least up to 42MHz. 
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Given the customisation of various systems, the exact overall frequencies used by individual operators 

vary from one service to another, with the DOCSIS specifications stating that “the upper edge is 

implementation dependent but is typically in the range of 300 to 862 MHz”. Modern European systems 

typically operate with an uplink band of 5–65MHz, and a downlink band of 87.5–862MHz.  

However, DOCSIS 3.0 data services operate over a smaller frequency range (5–65MHz and 108–

862MHz), as shown for EuroDOCSIS in Figure 5.5. Under EuroDOCSIS 3.0, this frequency band 

is split into 8MHz „single carrier QAM‟ (SC-QAM) channels, where these can be grouped as 

discussed in Section 5.3.2. 

Figure 5.5: Typical spectrum usage plan under EuroDOCSIS 3.0 [Source: Analysys Mason, 2014]
 2728

  

 

Analogue broadcast is a particularly inefficient use of spectrum as one 8MHz channel is required 

for each channel. However, many countries (though not the UK) still retain analogue services. This 

can be either due to obligations on the operator to continue providing these services or because 

there is a need to provide services to legacy analogue customer devices that remain in the network. 

IPTV and VoD spectrum can be used to deliver similar on-demand content, but whereas IPTV 

services are delivered within IP packets, VoD content is delivered directly using DVB-C or 

DVB-C2 encoding (in the same way as digital broadcast channels). 

In practice, the total spectrum bandwidth is shared among multiple services, with data services 

generally receiving between 8 and 24 channels at present. As such, reallocation of spectrum is one 

of the key methods used to ensure optimum performance for subscribers. However, while it is 

theoretically possible for services to be allocated spectrum in proportion to the level of demand 

from consumers, there are many other factors that operators need to consider, such as the need to 

maintain analogue TV broadcast. 
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  In practice uplink spectrum below 20MHz can suffer from significant signal noise, so is often avoided. 

28
  This can be in the range of 300MHz to 862MHz, with modern data systems tending to use higher boundaries. 
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5.3.2 Channel bonding 

DOCSIS 3.0 supports the bonding of multiple discrete channels into larger „pipes‟ (referred to as 

bonded groups) to improve both the peak speed available per user as well as the effective capacity 

per user (by increasing overall efficiency). Current CMs usually support bonded groups of up to 8 

channels, though modems supporting 16 and 24 channel groups do exist.
29

  

In practice, channel bonding works through information packets within DOCSIS 3.0 containing 

sequence number information, allowing data streams to be split up and distributed over multiple 

channels and then „reorganised‟ at the receiving end. 

By bonding multiple channels together operators can offer higher headline speeds, based on the 

larger available data-stream bandwidth (i.e. the sum of the bandwidths for the bonded channels). 

While there is technically no limit to the number of channels that can be bonded (save for the 

number of available upstream/downstream channels), in practice the size of a bonded group is 

limited by both available equipment (CMTS/CM) and backwards compatibility issues, as 

discussed in Section 7.3.2 later. 

Efficiency gains are due to reduced channel overheads (i.e. control traffic) and increased statistical 

multiplexing benefits from load balancing. Combining subscribers into fewer larger pipes makes 

dynamic load balancing significantly easier, with congestion more likely to average out, and so 

improves the average channel utilisation. 

5.3.3 Statistical multiplexing and contention ratios 

Given that not all users connected to a single optical node are likely to require bandwidth at the 

same time, it is possible to provide each individual user with a headline speed greater than their 

share of the total data-stream bandwidth. The increase in headline speed is achieved through 

statistical multiplexing.  

Under statistical multiplexing the network determines the probability of one user requiring 

significant bandwidth at any point in time and allocates them a greater share of the total 

transmission time (with low-volume, or non-present users receiving less). This reallocation is 

determined using each subscriber‟s peak data rate and the amount of time during which they 

actually transmit/receive data. The ratio of the sum of subscribers‟ „up to‟ bandwidths to the total 

allocated cable bandwidth is referred to as the contention ratio (or overbooking factor).  

Under statistical multiplexing the higher the number of users for a given bandwidth, the greater the 

achievable contention ratio can be. This is important when evaluating the choice between having 

many users spread across multiple discrete DOCSIS channels, or having all users served by a 

single combined DOCSIS stream (across multiple bonded channels). Similarly, if a node is split to 

reduce the number of subscribers, the potential contention ratio will decrease.  

                                                      
29

  We note, however, that a significant proportion of deployed CMs are only DOCSIS 1.0/2.0 compatible, or only 

support channel bonding of up to four channels. 
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5.3.4 Traffic scheduling 

Traffic scheduling is a key function played by the CMTS and CM in ensuring that consumers 

achieve good sustained bandwidths.
30

 Traffic scheduling capabilities are used to manage the 

network with the aim of providing a better service to all customers. Traffic scheduling focuses on 

two key principles: service prioritisation and user prioritisation. 

Under service prioritisation, the network gives higher priority to certain „quality-sensitive‟ 

services (frequently real time) than to less sensitive services (frequently non-real time). The non-

priority services are considered „best efforts‟, so are delayed until the network has become 

sufficiently uncongested to deal with them. This helps the network to meet QoS requirements for 

services such as VoIP or streamed video, but will have a slight effect on the speed of non-real-time 

services such as file transfers. 

Under user prioritisation, the network will classify particular users and limit the amount/speed of 

data that they can upload or download. 

5.3.5 Differentiation of customer retail packages 

Retail package differentiation is a specific instance of traffic/connection management undertaken 

within the DOCSIS framework. Each subscriber is allocated a portion of the total capacity (usually set 

just above the intended final speed to allow for IP overheads), based upon the type of retail package to 

which they have subscribed. Each subscriber is then allocated part of the total capacity (when 

congested), or their upper capacity limited (in the case of no congestion), to meet the speeds advertised 

on the broadband package they have purchased. This enables operators to price discriminate across 

various speed packages, allowing users to purchase higher or lower peak speeds as required.  

The maximum headline speed that can be offered is limited by the maximum bandwidth of a single 

data stream (i.e. group of channels) that a user is able to use, where the data stream bandwidth can 

be increased through the addition of further channel bonding (as detailed below). 

Aside from connection management, when a consumer upgrades to a higher retail package they 

may also require new CPE or a new CM to ensure compatibility with DOCSIS and channel 

bonding requirements, in order to receive the higher-speed package. 

5.4 Limitations of DOCSIS 3.0 specification 

In this section we discuss a number of limitations of the DOCSIS 3.0 specification, associated with 

the modulation scheme, frequency issues, LTE interference, latency, jitter and lost packets. 

                                                      
30

  In contrast, traffic management and traffic shaping for the purposes of network management during periods of 

network congestion are typically implemented through systems located outside the CMTS. 
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Modulation scheme limitation 

Within DOCSIS 3.0, downstream channels cannot be modulated at a higher level than 256-QAM, 

despite this only requiring a minimum signal-to-noise (SNR) operating level of 30dB, and so the 

speeds are limited to those detailed in Section 5.5.1 below. As shown in Figure 5.6, the current 

SNR seen in practice is generally significantly higher than the 256-QAM operating minimum, so a 

higher modulation scheme could theoretically be supported if included in the DOCSIS 3.0 

specification. However, this issue is addressed in the DOCSIS 3.1 specification.  

Figure 5.6: Comcast network signal quality received at consumer CMs [Source: ARRIS, Comcast, 2013] 

 

Due to the frequencies used for the upstream link, the upstream path suffers from greater noise 

from sources such as narrowband shortwave signals, burst noise and impulse noise; for this reason 

the modulation schemes that can be used are limited to lower-order schemes such as 64-QAM. 

However, recent papers suggest that higher-order modulation schemes may also be possible on 

upstream channels (given typical SNRs experienced on the upstream at the CMTS), were they to 

be included in the DOCSIS specifications.
31

 

Frequency limitations 

As noted in Section 5.3.1, the upper frequency operational boundary for data usage is 862MHz. In 

practice this means that an operator‟s network implementations are at best designed with this as a 

maximum frequency (though in some cases networks will have been designed using a lower 

operating range, depending on how they were originally implemented). 

This means that some equipment (especially in the access network) may not be designed/certified 

for use at higher frequencies, and so may require replacement when an operator wishes to expand 

the spectrum used in the network. This also means that networks have been designed with 
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  Source: Examining the Future Evolution of the Access Network, ARRIS, 2013; see 

http://www.arrisi.com/dig_lib/white_papers/_docs/NCTA13-Examining_the_Future_Access_Network.pdf  
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particular frequency attenuation characteristics in mind; when higher frequencies are used
32

 this 

may lead to issues of over-attenuation, and so require reduced spacing between amplifiers (i.e. 

more amplifiers in the „last mile‟). 

LTE interference limitations 

Other devices which operate at similar frequencies to a cable network in the wireless domain can 

cause interference with cable systems at any point of reduced shielding, such as at an STB and/or 

CPE. Following the release of the 800MHz band in Europe due to analogue terrestrial TV switch-

off, this „digital dividend‟ spectrum has been auctioned for LTE use across the majority of 

European countries. As such, one potential source of interference with cable networks operating at 

up to 862MHz is LTE signal ingress into the systems from nearby handsets or base stations 

operating in the 800MHz band. This problem is likely to increase as the number of LTE 

subscribers continue to grow.  

Following Ofcom‟s auction of the 800MHz band
33

 for 4G, mobile network operators (MNOs) in the 

UK are now able to operate LTE at these frequencies, and roll-out of LTE services is underway in the 

majority of large cities. Prior to the auction Ofcom ran a study which demonstrated that cable network 

CMs and STBs suffer significant interference from an LTE device situated 1m away
34

 (though this test 

was undertaken at a lower frequency of 547MHz). Further similar studies undertaken by BNetzA and 

the regulator in the Netherlands also show similar interference results.
35

 

While for DTT interference a monetary fund was set up by the MNOs to facilitate the installation 

of filters,
36

 no such scheme is in place for cable operators. The reason for this difference is that 

cable operators do not own a licence to operate in the 800MHz frequency band and therefore have 

no right to legal interference protection, and so it is deemed that no compensation should be paid 

for interference caused by wireless spectrum licence holders.
35

 

Latency, jitter and lost packets 

Both the downstream and upstream paths of a cable system are shared media, meaning that packets 

sent to and from end devices at the same time have to compete with each other to be sent first. 

However, Figure 5.3 shows that, in Ofcom tests, Virgin Media‟s latency is similar to BT‟s DSL-

based products, although jitter is significantly higher. This – and the higher number of lost packets 

                                                      
32

  As in the air, higher RF frequencies in cable networks suffer greater free-space path loss than lower frequencies, 

and so lose power more quickly. 

33
  See http://media.ofcom.org.uk/2013/02/20/ofcom-announces-winners-of-the-4g-mobile-auction/  

34
  Source: Field tests investigating the potential interference into Cable TV from LTE deployment in the 800MHz band, 

Cobham Technical Services (on behalf of Ofcom), December 2010. 

35
  Source: Analysis of interference to cable television due to mobile usage in the Digital Dividend, 

Radiocommunications Agency Netherlands, 2010. 

36
  Each party that was awarded spectrum in the 800MHz auction contributed to a fund of GBP180 million, which is 

used to solve DTT interference issues by (generally) providing customers with a free frequency filter for their DTT 
aerial. This scheme is run by ‘@800’, under the industry body Digital Mobile Spectrum Ltd. 

http://media.ofcom.org.uk/2013/02/20/ofcom-announces-winners-of-the-4g-mobile-auction/
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– may be a reflection of the shared media nature of the cable access network, but could equally 

well be due to other network factors. 

5.5 Implications for current broadband performance under DOCSIS 3.0 

5.5.1 Sharing of broadband spectrum among end users 

A cable operator has different options for sharing the broadband spectrum use across its network, 

depending on how it configures its CMTS. Typical scenarios that are deployed include: 

 sharing spectrum across a „service group‟ comprising of a number of fibre nodes (typically up 

to eight) 

 sharing spectrum across subscribers connected to a single fibre node 

 logically splitting each fibre node into sub-groups. This depends on the architecture deployed 

and is more suited to star network configurations (as described in Section 4.4 earlier). 

The choice of approach will depend on the headline speeds and sustainable bandwidth that the 

cable operator wants to be able to offer end users, balanced against customer penetration in 

different parts of the network. If customer penetration levels are high then spectrum is likely to be 

shared on a fibre node basis, but if penetrations are low then larger „service groups‟ will be used. 

This reduces the investment that needs to be made in broadband channel cards at the CMTS, as the 

number of cards required depends on the number of distinct channels that are configured. 

5.5.2 Achievable downstream headline speeds 

As detailed above, the bandwidth of an operator‟s DOCSIS 3.0 downstream channel is dependent upon 

both the modulation scheme employed and the level of channel bonding. The potential available (pre-

overhead) bandwidth for a selection of common channel group sizes is shown in Figure 6.10. 

8MHz channels Spectrum 

(MHz) 

Bandwidth,  

64-QAM 

(Mbit/s) 

Bandwidth, 

256-QAM 

(Mbit/s) 

Figure 5.7: Potential 

bandwidth of 

DOCSIS 3.0 

downstream channels 

[Source: Analysys 

Mason, 2014] 

1 8 42  56  

4 32 167  222  

8 64 334  445  

16 128 667  890  

24 192 1001 1335 

It should be noted that these potential rates do not include signal overheads usage, although the 

proportion of „wasted‟ overhead bandwidth can be decreased as the number of channels bonded 

increases. This means that in practice the potential speed of 1.3Gbit/s for 24 bonded channels at 

256-QAM actually gives a useful rate of approximately 1.2Gbit/s.  

The bandwidth available in the spectrum allocated to broadband services needs to be converted to 

a headline speed offered to a customer. In examples we have seen, the headline speed offered to 
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customers typically equates to between one quarter and one half of the bandwidth available. This 

figure can depend on: 

 Type of service – a higher speed may be offered to business customers that use the network 

during the day. This can happen where the bulk of the customers are residential and so many 

of them do not use the service during the day, meaning the business customers face less 

contention in the network. 

 Positioning of service – operators can decide to either attach greater importance to the value 

of peak speed a customer can achieve or the consistency with which it can achieve its 

maximum speed. If it is the former, it will offer higher-speed packages, but the maximum 

speed may not be achieved at peak times. If it is the latter, then the operator will offer lower-

speed packages, but with a higher likelihood that the speeds can be achieved at peak times. 

As an example, consider an operator that has 16 bonded channels using 256-QAM (an available 

bandwidth of over 800Mbit/s), and offers 500Mbit/s services to businesses that use the network 

predominantly during the day and 200Mbit/s services to residential customers. The operator 

prefers to offer speeds that have a reasonably high likelihood of being achieved at peak times. 

5.5.3 Achievable upstream headline speeds 

DOCSIS 3.0 specifies upstream modulation rates of QPSK, 8-QAM, 16-QAM, 32-QAM and 

64-QAM. In addition, 128-QAM is supported with trellis-coded modulation in S-CDMA, though 

this has an effective spectral efficiency which is similar to 64Mbit/s in practice. The potential 

available (pre-overhead) bandwidth of 64-QAM for common channel group sizes is shown in 

Figure 5.8. 

6.4MHz channels Spectrum (MHz) Bandwidth, 64-QAM 

(Mbit/s) 

Figure 5.8: Potential 

bandwidth of 

DOCSIS 3.0 upstream 

channels [Source: 

Analysys Mason, 2014] 

1 6.4 31  

2 12.8 61  

4 25.6 123  

6 38.4 184 

8 51.2 246  

 

While typical EuroDOCSIS uplink bands range from 5 to 65MHz, in practice the 5 to 25MHz part 

of this spectrum is difficult to use due to noise ingress. In practice, this means that many European 

operators effectively operate a 6-channel uplink band. 

Operators today generally offer upstream speeds that are around 25% to 50% of the total 

achievable speed of a segment. As such, an operator that uses a 6-channel bonded group operating 

at 64-QAM could offer retail speeds of 50Mbit/s following statistical multiplexing. 
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5.5.4 Ability to meet sustained bandwidth requirements 

Another important metric related to speed is the maximum sustained bandwidth that can be 

achieved per user if all users on the same fibre node attempt to use the network in the same way at 

the same time. This equates to the total available bandwidth available on a fibre node segment 

divided by the number of users connected to that fibre node segment. In broadband networks 

today, the typical average peak sustained bandwidth use by end users is 250kbit/s. Analysys 

Mason forecasts that this could rise to 1.2Mbit/s by 2018 (as discussed in Section 7.1 below), 

which means that the value could increase to around 2Mbit/s by 2020. 

Figure 5.9 shows that at 50% penetration of cable broadband service within a 500-premises fibre 

node, the average peak sustained bandwidth that could be supported by 8 256-QAM channels is 

1.7Mbit/s. If 24 channels are considered, this increases to 5Mbit/s and if this is increased to 32 

channels a figure of around 6.6Mbit/s could be achieved. 

Figure 5.9: Peak average sustained bandwidth for different channel bonding scenarios (256-QAM) [Source: 

Analysys Mason, 2014]  

 

These figures show that an 8-channel deployment may not be able to meet the likely bandwidth 

requirements by the end of the decade, but a 24-channel DOCSIS 3.0 deployment has the potential 

to meet peak average sustained bandwidth requirements into the next decade. 
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6 DOCSIS 3.1 specification 

This section discusses the DOCSIS 3.1 specification, which was released in October 2013 to 

support consumer demand for higher-speed cable connections and more-sophisticated applications. 

After a general introduction to the specification (Section 6.1), we consider the following aspects: 

 the reference architecture (Section 6.2) 

 the PHY layer frequency plan (Section 6.3) 

 the Physical (PHY) layer data encoding options (Section 6.4) 

 the MAC and upper layer protocol interface (MULPI) features of DOCSIS 3.1 (Section 6.5) 

 the development roadmap for implementing DOCSIS 3.1 (Section 6.6) 

 backwards compatibility (Section 6.7) 

 the implications that DOCSIS 3.1 has for broadband service bandwidth (Section 6.8) 

 the flexibility of DOCSIS 3.1 in meeting evolving customer service demand (Section 6.9) 

 the next steps beyond DOCSIS 3.1 (Section 6.10). 

More-detailed information on certain aspects of the DOCSIS 3.1 specification is provided in 

Annex B. 

6.1 Introduction 

The specification development process for DOCSIS 3.1 involved work by a large consortium of 

cable industry stakeholders. According to CableLabs the specification was completed 40% faster 

than previous specifications.  

The key improvements to the existing DOCSIS 3.0 specification highlighted by CableLabs are in 

the areas of:  

 Speed – ultimately support for 10Gbit/s downstream and 1Gbit/s upstream services. 

 Quality of experience – reduction in network latency in the cable access network by 

implementing active queue management (AQM), which is intended to improve responsiveness 

for applications that require low latency, such as online gaming. 

 Higher capacity – more-efficient data encoding algorithms offer the potential to increase the 

data transmission capacity by up to 50% using the same spectrum. The available capacity can 

be extended further by using the additional spectrum defined by the DOCSIS 3.1 specification. 

 Flexible migration strategy – DOCSIS 3.1 equipment is designed to co-exist with older DOCSIS 

versions, enabling DOCSIS 3.1 to be introduced incrementally in line with market demand. 

 Energy efficiency – DOCSIS 3.1 protocols have been implemented to increase the energy 

efficiency of CMs. 
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By working closely with technology suppliers, CableLabs has also attempted to reduce the period 

between release of the specification and the availability of the first products in the marketplace. It 

is expected that DOCSIS 3.1 chipsets will be available by the end of 2014, with the first versions 

of new DOCSIS 3.1-compliant CM products probably available in early 2016. 

Work on the DOCSIS 3.1 specification has focused on developments in the following areas: 

 Frequency planning – the spectrum allocated to upstream and downstream bandwidth is 

increased (see Section 6.3 and Annex B). 

 Data encoding – the introduction of OFDM encoding provides an environment for increasing 

the data rate for a given amount of spectrum (see Section 6.4 and Annex B). 

 Enhanced media access layer and upper layer protocol – DOCSIS 3.1 provides improvements 

above the physical layer covering control of the use of OFDM encoding, enhancements to 

OFDM and SC-QAM channel bonding, QoS implementation, data traffic queue management 

and improved CM energy management (see Section 6.5 and Annex B). 

6.2 Reference architecture 

The DOCSIS 3.1 specification assumes the same reference architecture as is used in DOCSIS 3.0 

(shown in Figure 6.1).  

Figure 6.1: Reference architecture for DOCSIS 3.1 [Source: CableLabs, 2013
37

] 

 

                                                      
37

  Data-Over-Cable Service Interface Specifications, DOCSIS® 3.1, Physical Layer Specification, CM-SP-PHYv3.1-

I02-140320. 
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The DOCSIS 3.1 specification is primarily concerned with defining the physical layer interface 

(PHY) and the media access control (MAC) and upper layer protocols interface (MULPI), as 

shown in Figure 6.2. It also defines the security interface (SEC). 

Figure 6.2: Definitions of DOCSIS specification domains [Source: CableLabs, 2013
38

] 

Term Definition 

Physical layer 

interface (PHY) 

Layer 1 in the Open System Interconnection (OSI) architecture; the layer that 

provides services to transmit bits or groups of bits over a transmission link 

between open systems, and which entails electrical, mechanical and 

handshaking procedures 

Media access control 

(MAC) 

A sublayer of OSI’s data link layer (Layer 2), which manages access to shared 

media such as OSI Layer 1 

MAC and upper layer 

protocol interface 

(MULPI) 

MAC and features from the upper layers of the OSI model that are covered by 

the DOCSIS specification 

 

The PHY, MULPI and SEC define the communications environment between the CMTS (which 

may be in distributed hubs or a head end) and the cable modems at customer premises. As in 

DOCSIS 3.0, the CMTS can be integrated (I-CMTS) or modular (M-CMTS). Distributed systems 

can either use M-CMTS, with just the EQAM located at the optical node, or use micro I-CMTS 

(known as D-CMTS), with all functionality located at the optical node. 

6.3 PHY layer frequency plan 

The DOCSIS 3.1 specification defines normal and extended operating frequency ranges for both 

the upstream and downstream directions. 

6.3.1 Downstream bandwidth 

DOCSIS 3.1 specifies a normal downstream frequency range of between 54 and 1002MHz, which 

is similar to the 50 to 1002MHz range defined in DOCSIS 3.0 (with an upper limit of 862MHz for 

EuroDOCSIS). However, DOCSIS 3.1 also includes extended ranges, with lower downstream 

edges of 108MHz and 258MHz and upper downstream edges of 1218MHz and 1794MHz. The 

larger lower downstream edge values enable the spectrum allocated to upstream bandwidth to be 

increased, while the higher upper downstream edge values significantly widen the spectrum 

available for downstream services. The frequency range edges are summarised in Figure 6.3. 

                                                      
38

  Data-Over-Cable Service Interface Specifications, DOCSIS® 3.1, Physical Layer Specification, CM-SP-PHYv3.1-

I02-140320. 



Future capability of cable networks for superfast broadband  |  36 

Ref: 39065-174-B .  

Figure 6.3: Options for DOCSIS 3.1 downstream frequency range [Source: Analysys Mason, 2014] 

 

The DOCSIS 3.1 downstream channel spacing can be between 24 and 192MHz, which provides 

significantly larger channels than the 8MHz used in EuroDOCSIS 3.0. A minimum of two 

independently configurable channels must be supported by the CM and the CMTS with 

DOCSIS 3.1. 

6.3.2 Upstream bandwidth 

DOCSIS 3.1 specifies a normal upstream frequency range of between 5MHz and either 42 or 

65MHz, as compared to between 5MHz and either 42 or 85MHz for DOCSIS 3.0 (or 65MHz for 

EuroDOCSIS). The 85MHz value now becomes one of the upstream upper-edge options in the 

extended operating range (other options being 117MHz and 204MHz), as shown in Figure 6.4 

below. The higher upper-edge options provide the opportunity to significantly increase the 

upstream speeds supported. Each upstream channel can occupy up to 96MHz, with the CMTS and 

the CM needing to support a minimum of two channels. 

Figure 6.4: Options for DOCSIS 3.1 upstream frequency range [Source: Analysys Mason, 2014] 
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6.3.3 Implementing a change in frequency plan 

The coaxial cable network plant deployed in the cable access network is specific to the frequency 

plan supported by the network. If the frequency plan is to be changed (either to change the split 

between upstream and downstream spectrum or to extend the downstream spectrum to a higher 

frequency), this is likely to require a partial upgrade of the cable plant. For example, expanding the 

downstream spectrum to 1.2GHz and increasing the upstream limit to 204MHz will need an 

upgrade to network amplifiers and most likely an upgrade to the fibre node and the transmission 

network between the head end or hub site and the fibre node.  

6.4 PHY layer data encoding options 

The DOCSIS 3.0 PHY layer is based on SC-QAM operation, and this capability is carried forward 

into DOCSIS 3.1 in order to maintain backwards compatibility with DOCSIS 3.0. Further details 

of the SC-QAM set-up are provided in Section B.1.1. However, DOCSIS 3.1 also introduces 

orthogonal frequency division multiplexing (OFDM) into the PHY layer, which provides the 

potential for more-efficient encoding, and hence higher data speeds. 

6.4.1 OFDM 

OFDM has a number of advantages over a single-carrier approach, including: 

 greater robustness to interference (including specific external sources) – as there is greater 

potential to control the signal at a subcarrier level to avoid interference 

 better operation in low-SNR environments – the introduction of more-advanced encoding 

techniques to enable more-efficient and robust use of the spectrum  

 greater flexibility in spectrum allocation – because OFDM involves smaller incremental 

subcarriers and provides the ability to adjust the overall channel size (see Section B.1.2) it 

provides more flexibility in how the spectrum is used 

 lower cost per bit carried – the higher encoding rates enabled by the use of OFDM and low 

density parity check (LDPC) forward error correction (FEC), rather than the Reed-Solomon 

FEC used in DOCSIS 3.0, will reduce the overall cost per bit carried. 

Further information about OFDM encoding can be found in Section B.1.2.  

6.4.2 Encoding techniques and modulation schemes 

In common with DOCSIS 3.1, the LDPC FEC approach has also been incorporated into the 

DVB-C2
39

 digital cable transmission system standard, which was released in April 2011. DVB-C2 

supports variable coding and modulation across the channel, rather than the constant coding and 

                                                      
39

  ETSI EN 302 769 V1.2.1 (2011-04) – Digital video broadcasting; Frame structure channel coding and modulation for 

a second generation digital transmission system for cable systems (DVB-C2). 
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modulation of the previous implementation. In the DVB-C2 standard this provides support for 

modulation schemes up to 4096-QAM, compared to 256-QAM in DOCSIS 3.0. Figure 6.5 shows 

how DVB-C2 performs significantly better at lower SNRs than its Reed-Solomon-based DVB-C 

predecessor (on which DOCSIS 3.0 is based), and demonstrates that DVB-C2 comes much closer 

to the Shannon spectral efficiency limit. It can be seen that, at the SNR required for DVB-C 

256-QAM, it should be possible to operate at 1024-QAM, providing around a 40% increase in 

spectral efficiency compared to 256-QAM. 

 

Figure 6.5: Comparison 

of DVB-C2 and DVB-C 

encoding [Source: DVB, 

2011] 

 

Further details of encoding techniques as well as upstream and downstream transmission 

characteristics are provided in Annex B (see page B-3 to B-5). 

6.4.3 Practical deployment of higher QAM modulation schemes 

The highest QAM modulation scheme deployed today is 256-QAM, since the DOCSIS 3.0 

specification does not support higher modulation schemes. However, even if higher modulation 

schemes were permissible, in some cases their use would be limited by the capability of the cable 

plant. The SNR has a major impact on the maximum modulation scheme supported, as 

demonstrated in Figure 6.5 above. To be able to increase the modulation scheme that can be used 

by a factor of two at a particular SNR, it is necessary to increase the environment in which the 

encoding scheme will work by 6dB. 

Specifically, for a point in the cable plant with a particular SNR that currently supports up to 

256-QAM on the downstream, an increase in performance of 6dB will be required in order to 

support 1024-QAM. The introduction of LDPC rather than Reed-Solomon FEC will provide an 

improvement of 2dB, while the introduction of OFDM provides another 2dB. To reach 6dB it will 

be necessary to use some of the headroom that exists in the cable plant to support a higher SNR 

ratio, but equipment vendors we have talked to believe this is achievable. 



Future capability of cable networks for superfast broadband  |  39 

Ref: 39065-174-B .  

However, DOCSIS 3.1 has provision for the support of higher modulation schemes. Equipment 

vendors believe that the introduction of a remote PHY architecture (using D-CMTS) or modular 

data EQAM (using M-CMTS), distributing the modulation function of the CMTS to the fibre node 

as described in Section 6.2, would allow operators to fully utilise a further two orders of 

magnitude of modulation scheme, i.e. up to 4096-QAM. This is one approach that will enable 

cable operators to get close to the 10Gbit/s downstream and 1Gbit/s upstream promise of the 

DOCSIS 3.1 specification. 

6.5 MAC and upper layer protocol interface (MULPI) features of DOCSIS 3.1 

The most fundamental additions to the DOCSIS 3.1 specification are the OFDM and spectrum 

allocation in the PHY level specification. However, there are also a number of changes and additions to 

the DOCSIS 3.1 MULPI specification. The key features are described in Figure 6.6, while we provide 

a description of the convergence layer between the PHY and the MAC layer in Section B.2. 

Figure 6.6: MULPI features of DOCSIS 3.1 [Source: Analysys Mason, 2014, CableLabs, 2013
40

] 

Feature Description 

Variable bit loading and multi-

profile support 

Variable bit loading provides support for the allocation of modulation 

orders on a per-subcarrier basis. MULPI allows the definition of 

multiple profiles, in order to maximise the data throughput 

OFDM bonding (downstream) Allows the (up to) 192MHz downstream and (up to) 96MHz upstream 

channels to be bonded together, giving the potential to provide a 

10Gbit/s system in the downstream. This allows high bandwidths to 

be bonded into single channels, and is key to the migration to a 

single high-capacity IP infrastructure in the future 

OFDM and SC-QAM bonding 

(downstream) 

DOCSIS 3.1 also allows the bonding of a mix of OFDM and legacy 

SC-QAM channels. This will facilitate a smooth migration path 

between DOCSIS 3.0 and 3.1, as it will help manage the bandwidth 

available to each CM type. For example, even if there is only a small 

amount of OFDM bandwidth available initially, DOCSIS 3.1 users will 

not be restricted in the capacity they can use as they can still access 

DOCSIS 3.0 SC-QAM bandwidth 

OFDMA bonding (upstream) This is a continuous concatenation and fragmentation method, which 

involves packing data into segments for upstream transmission. This 

approach supports the bonding of OFDM channels in the upstream 

direction 

ODFMA and SC-QAM bonding 

(upstream) 

As for downstream, OFDMA and SC-QAM channels can be bonded 

together for upstream use. This allows OFDM and SC-QAM to 

operate simultaneously on separate frequencies and also operate on 

the same frequencies divided by time 

 

DOCSIS 3.1 also introduces a number of new features at the MAC level, as summarised in 

Figure 6.7. 

                                                      
40

  Data-Over-Cable Service Interface Specifications, DOCSIS® 3.1, MAC and Upper Layer Protocols Specification, 

CM-SP-MULPIv3.1-I02-131029. 
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Figure 6.7: MAC features of DOCSIS 3.1 [Source: Analysys Mason, CableLabs, 2014, 2013] 

Feature Description 

Energy management DOCSIS 3.0 uses an energy management mode where it just 

monitors one upstream and one downstream channel when in a low-

power state. As DOCSIS 3.1 OFDM channels are wider, there is less 

opportunity to save power using this method. DOSCIS 3.1 provides 

DOCSIS light sleep (DLS), which is a reduced transmit and receive 

mode on a channel that uses less bandwidth and power 

Hierarchical QoS (HQoS) Employed by the CMTS, HQoS aggregates service flows associated 

with either a single CM or multiple CMs into the same QoS 

treatment. It provides an optional intermediate scheduling between 

service flows and channels 

Active queue management 

(AQM) 

AQM is an attempt to maintain low queue occupancy (and thus 

maintain low latency in downstream and upstream traffic flows). This 

includes communicating with traffic layers by means of packet drops 

or through the use of explicit congestion notification (ECN). (Further 

details of AQM are provided in Section B.3.1) 

Enhanced support for timing 

protocols 

To provide more precise timing information to devices connected to 

the network port of the CM, a new time protocol allows 

synchronisation with the timing and frequency system of the CMTS 

and increases the timestamp resolution from 32 bits in DOCSIS 3.0 

to 64 bits in DOCSIS 3.1 

 

There are also some features that were introduced in DOCSIS 3.0 and are carried across into 

DOCSIS 3.1, that is: 

 simultaneous support for IPv4 and IPv6 

 source-specific multicast to CMs controlled at the CMTS 

 multicast QoS. 

6.6 Development roadmap 

Implementing DOCSIS 3.1 will require upgrades to different parts of the network. The extent of 

these upgrades will depend on the particular features of DOCSIS 3.1 that an individual operator 

wishes to implement. The DOCSIS 3.1 features that will drive the need to upgrade various 

network components are outlined in Figure 6.8. 
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Figure 6.8: Network components requiring upgrade for DOCSIS 3.1 [Source: Analysys Mason, 2014] 

Network component DOCSIS 3.1 feature that will require this component to be upgraded 

Cable modem  Implementation of a new spectrum plan (e.g. upper limit of 204MHz for 

upstream and 1218MHz for downstream) 

 Support for OFDM and LDPC FEC, including support for multiple 

modulation orders 

 OFDM and SC-QAM channel bonding 

 OFDM channel bonding  

 MAC-level features 

Amplifier  Implementation of a new spectrum plan up to 1218MHz 

Note: solely changing the upstream limit to 204MHz should only require a 

change of diplex filters rather than an amplifier upgrade 

Fibre node and 

backhaul 

 Support for increased capacity enabled by DOCSIS 3.1 

Network taps  Increase in downstream bandwidth to 1794MHz, as existing network taps 

exhibit a high degree of attenuation above 1218MHz 

Cable modem 

termination system 

(CMTS) 

 Implementation of a new spectrum plan (e.g. upper limit of 204MHz for 

upstream and 1218MHz for downstream) 

 Support for OFDM and LDPC FEC, including support for multiple 

modulation orders 

 OFDM and SC-QAM channel bonding 

 OFDM channel bonding 

 MAC-level features 

 

The actual availability of upgraded network components will vary from component to component, 

while DOCSIS 3.1 functionality is also likely to be implemented in stages in each network element. 

We have discussed the likely roadmap for DOCSIS 3.1 with equipment vendors, and there is general 

consensus on when products are likely to be available. The key elements are summarised in Figure 6.9. 

Figure 6.9: DOCSIS 3.1 development roadmap [Source: Analysys Mason, 2014]  

 

The critical path for introduction of DOCSIS 3.1 is the availability of silicon chips primarily aimed 

at supporting the PHY layer for use in CMs. It is expected that the first silicon samples will be 

available at the end of 2014. At that point, they can start to be integrated into CM hardware. Based 

2014 2015 2016

DOCSIS 3.1 silicon

CM

CMTS

Amplifiers, fibre nodes

PHY

PHY

MULPI
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on development timescales for integration of new silicon chips into earlier generations of CM, it is 

expected that just over 12 months will be required before CM products are available.  

Equipment vendors expect to align the equivalent CMTS PHY developments, including the support for 

wider frequency bands and OFDM and LDPC techniques, with the CM release dates. This means that 

DOCSIS 3.1 equipment should be available for testing by cable operators around the beginning of 

2016. It is expected that the focus will then switch to the development of MULPI features. 

However, cable operators may wish to prepare to support the wider 1216MHz frequency band as 

well as the increased split to 204MHz of the upstream channel. They can do this by embarking on 

a programme of upgrades to amplifiers, fibre nodes and fibre transmission, to support the 

increased bandwidth and spectrum required. Cable operators that decide to increase and re-arrange 

their spectrum use may start to do this before the end of 2014.  

Upgrades to network taps to support the upper frequency limit of 1794MHz are considered to be a 

major activity, due to the sheer volume of them deployed in networks and the challenges of 

gaining access to such distributed networks. It can be expected that cable operators will seek to 

maximise other features of the DOCSIS 3.1 specification and make more straightforward 

architectural changes (e.g. node splitting, introduction of M-CMTS) before they embark on a 

spectrum upgrade to 1794MHz. 

The exact activities undertaken by individual operators will depend on their objectives and 

particular network constraints (issues which are discussed in more detail in Section 7.4). 

6.7 Backwards compatibility 

The wide range of CPE supported in the cable network environment has always driven a strong 

need to support backwards compatibility when a new specification is introduced. Today‟s cable 

networks are likely to include a mixture of DOCSIS 1.0, 1.1, 2.0 and 3.0 cable modems. The scale 

and cost of any replacement programme means that network upgrades which are require large-

scale swap-outs of CMs are not practical. Therefore, it is a key requirement of cable network 

deployment that DOCSIS specifications have strong support for backwards compatibility. 

The key features of DOCSIS 3.1 in terms of backwards compatibility are: 

 DOCSIS 3.1 CMs will support connectivity to DOCSIS 3.0 and 3.1 CMTS, and support the 

appropriate mode of operation (3.0 or 3.1). 

 The DOCSIS 3.1 CMTS will support connectivity with all cable modems above DOCSIS 1.1, 

ensuring that such modems can continue to operate as previously. However, any DOCSIS 1.0 

CMs that remain in the network will need to be replaced before a DOCSIS 3.1 CMTS is 

deployed to service a particular area. 

 DOCSIS 3.1 CMs will support channel bonding between DOCSIS 3.0 SC-QAM frequencies 

and DOCSIS 3.1 OFDM frequencies. This means that DOCSIS 3.1 CMs will have access to 
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adequate bandwidth even if initial OFDM bandwidth is limited due to a lack of spectrum 

availability. Note that in the downstream SC-QAM and OFDM will operate at different 

frequencies, but importantly DOCSIS 3.0 and 2.0 SCQAM can continue to run on the same 

frequencies as before. 

 The DOCSIS 3.0 CMs can continue to use 5–65MHz in the upstream, while DOCSIS 3.1 CMs can 

use between 5 and 204MHz. In the upstream, it is possible for SC-QAM and OFDM frequencies to 

overlap, as they can be time division multiplexed under the control of the CMTS. 

 If the upper upstream limit is moved to 204MHz, then operators that offer FM radio services 

between 87.5MHz and 108MHz will no longer be able to provide these services. 

6.8 Implications for broadband service bandwidth of introducing DOCSIS 3.1 

6.8.1 Achievable downstream headline speeds 

As described in Section 5.5.2 earlier, DOCSIS 3.0 deployments have the potential to provide up to 

1.2Gbit/s downstream, if the required spectrum of 32×8MHz (256MHz) can be made available 

within the DOCSIS 3.0 spectrum. 

The potential greater availability of spectrum in DOCSIS 3.1 and improved encoding to 

1024-QAM and 4096-QAM provides great potential for increased bandwidth. DOCSIS 3.1 

supports downstream channel widths of up to 192MHz. The potential available bandwidth for 

between one and five 192MHz channels is shown in Figure 6.10. 

192MHz 

channels 

Spectrum 

(MHz) 

Bandwidth,  

1024-QAM
41

 

(Gbit/s) 

Bandwidth,  

4096-QAM
42

 

(Gbit/s) 

Figure 6.10: Potential 

bandwidth of 

DOCSIS 3.1 

downstream channels 

[Source: Analysys 

Mason, 2014] 

1 192 1.6 1.9 

2 384 3.3 3.9 

3 576 4.9 5.9 

4 768 6.6 7.9 

5 960 8.2 9.9 

 

One 192MHz channel is equivalent to 24 bonded DOCSIS 3.0 channels, which supports up to 

around 1Gbit/s. It can be seen that DOCSIS 3.1 potentially provides a significant bandwidth uplift 

to 1.6Gbit/s, although this assumes that 1024-QAM encoding can be used across the 192MHz 

channel, which is unlikely to be the case (due to external interference). 

Operators today are typically not offering headline speeds above half of the total bandwidth 

available, but even if this trend continues, it appears realistic that speeds in excess of 1Gbit/s or 
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  Assuming 1024-QAM supports 69Mbit/s per 8MHz. 

42
  Assuming 4096-QAM supports 83Mbit/s per 8MHz. 
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more will be possible in DOCSIS 3.1 deployments. The roll-out of M-CMTS, bringing the 

encoding closer to the end customer and enabling 4096-QAM to be used, will increase the 

available bandwidth even further. 

This demonstrates that if more spectrum is made available in a DOCSIS 3.1 environment (by 

expanding the spectrum, retiring legacy services and moving broadband services to more efficient 

digital delivery techniques) then it will be possible to provide significant downstream speeds. 

However, it will be a key challenge for cable operators to make the spectrum available, and this 

process will need to take account of legacy service demand and the prevalence of older non-

DOCSIS 3.1 compatible CMs in the network. 

6.8.2 Achievable upstream headline speeds 

As described in Section 5.5.3 earlier, DOCSIS 3.0 deployments have the potential to provide up to 

160Mbit/s upstream, if the required spectrum (51.2MHz, i.e. 8×6.4MHz) can be made available. 

DOCSIS 3.1 specifies that CM and CMTS equipment should support up to two 96MHz channels, 

but the support for any more channels is unlikely, due to the upper upstream spectrum limit of 

208MHz. Figure 6.11 summarises the potential bandwidth available, assuming one or two 96MHz 

channels and using either 256-QAM or 1024-QAM. 

96MHz 

channels 

Spectrum 

(MHz) 

Bandwidth  

256-QAM
43

 

(Gbit/s) 

Bandwidth  

1024-QAM
44

 

(Gbit/s) 

Figure 6.11: Potential 

bandwidth of 

DOCSIS 3.1 upstream 

channels [Source: 

Analysys Mason, 2014] 

1 96 0.8 0.9 

2 192 1.6 1.9 

 

As the upstream is more susceptible to interference, it may be more difficult to reach upper values. 

It is notable that the promotional material for the DOCSIS 3.1 specification refers to a 1Gbit/s 

upstream speed, which is close to that available over a single 96MHz channel using 1024-QAM 

encoding. However, as with the downstream the cable operator will need to put a plan in place to 

ensure that bandwidth can be made available for faster upstream services without compromising 

the service given to existing non-DOCSIS 3.1 CM customers. 

Operators today generally offer upstream speeds around 25% of the total achievable speed in a 

cable node area. If this continues to be the case, a single 96MHz 256-QAM-based channel could 

allow cable operators to offer upload speeds of around 200Mbit/s. 

                                                      
43

  Assuming 256-QAM supports 52Mbit/s per 8MHz. 

44
  Assuming 1024-QAM supports 69Mbit/s per 8MHz. 
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6.8.3 Ability to meet sustained bandwidth requirements 

As discussed in Section 7.1, in UK broadband networks today, the typical average peak sustained 

bandwidth use by end users is 250kbit/s. Analysys Mason forecasts that this could rise to 

1.2Mbit/s by 2018, which suggests that by 2020 the value could increase to around 2Mbit/s. 

Figure 6.12 shows that at 50% penetration of cable broadband service within a 500-premises fibre 

node, the average peak sustained bandwidth that could be supported by a 192MHz OFDM channel 

operating at 1024-QAM is 6.4Mbit/s. If two 192MHz channels are bonded together, this increases 

to over 13Mbit/s, and if this is increased to five 192MHz channels a figure of over 30Mbit/s could 

be achieved. 

These figures are comfortably above the 2Mbit/s sustained bandwidth use forecast for the end of 

the decade, suggesting that cable networks will have enough capacity to meet average peak 

sustained bandwidth requirement well into the next decade. 

Figure 6.12: Peak average sustained bandwidth for different spectrum allocation (OFDM 1024-QAM) [Source: 

Analysys Mason, 2014] 

 

6.8.4 Comparison with other broadband technologies 

The main competitors to cable networks in providing superfast and ultra-fast broadband services 

are VDSL2-based FTTC services and FTTP/FTTH services delivered over GPON or via point-to-

point fibre links. 
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Cable networks and VDSL2 FTTC networks 

In terms of downstream headline speed, cable networks perform well compared to FTTC services 

for two reasons: 

 Cable networks are able to reach a consistent headline speed for end users across the network, 

while the VDSL2 technology is dependent on line length, resulting in a broad range of actual 

speeds that are achieved 

 In the UK today, VDSL2 services have a peak speed of 80Mbit/s, for lines close to the 

exchange, while cable networks have the capability to offer peak speeds in excess of 

200Mbit/s to customers (independent of location on the network). Even with the introduction 

of vectoring technology that allows VDSL2 speeds to be increased, headline speeds are 

unlikely to reach much above 120Mbit/s. 

Cable networks perform less well for upstream headline speeds. In the UK, Virgin Media provides 

upstream speeds that are 10% of the headline speed, while FTTC from Openreach has an upstream 

speed of 25% of the downstream speed. For example, while Virgin Media offers 12Mbit/s 

upstream with its 152Mbit/s downstream premium product, BT Retail offers an upstream speed of 

20Mbit/s for its 80Mbit/s downstream product. 

For average peak sustained bandwidth, a VDSL2 FTTC node serving 300 premises and using 

1Gbit/s backhaul with a 50% penetration will be able to provide over 6.6Mbit/s per subscriber. 

This is a similar value to a single 192MHz OFDM channel in our analysis in Section 6.8.1 above, 

but significantly higher than the 1.6Mbit/s supported by 8 DOCSIS 3.0 channels and also more 

than the 5Mbit/s supported by 24 DOCSIS 3.0 channels. VDSL2 has an advantage over most 

DOCSIS 3.0 deployments in this area and could be further enhanced by increasing the backhaul in 

the VDSL2 node to 10Gbit/s (a realistic and relatively straightforward upgrade). However, it 

should be noted that the forecast for the required peak sustained bandwidth for the end of the 

decade is of the order of 2Mbit/s, so both technologies should be able to support requirements into 

the next decade, even if developments result in this forecast being higher than expected.  

Cable networks and FTTH/FTTP GPON networks 

Typical GPON networks support 2.5Gbit/s in the downstream and 1.25Gbit/s in the upstream. 

While the downstream speed is in the same range as those promised by DOCSIS 3.1, the 

bandwidth in a PON is only shared by 32 premises, rather than the 500 premises or more in a 

typical fibre node. 

The only way that cable networks would be able to compete directly with FTTH/FTTP capability is by 

building fibre deeper into the network and reducing the size of each fibre node to a value more 

comparable to the number of premises in a PON. However, it should also be noted that GPON also has 

potential upgrade strategies to 10Gbit/s PON and WDM PON in the longer term, which cable networks 

would struggle to compete with, even using DOCSIS 3.1 technology to its full extent. 
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However, both cable and FTTH/FTTP networks have the capability to support end-user 

requirements well into the next decade. 

6.9 Flexibility of DOCSIS 3.1 to meet evolving service demands from customers 

In practice, the larger channel widths of DOCSIS 3.1 will mean that a „bigger IP pipe‟ is available 

for the delivery of converged IP services to customers, compared to the more constrained 

environment of DOCSIS 3.0. This is likely to accelerate the convergence of all services over IP, 

including the deployment of IPTV over DOCSIS (VDOC). 

While this development will provide a flexible environment for the delivery of services, it is likely 

to take some time to come to fruition. Industry sources we have spoken to foresee a long period of 

parallel running of DOCSIS 3.0 channels alongside DOCSIS 3.1 channels, both in the upstream 

and downstream direction. They see a full migration to an all-IP infrastructure as a long and 

expensive task, requiring the replacement of customer equipment and an upgrade of applications 

platforms and processes. 

6.10 Beyond DOCSIS 3.1 

The DOCSIS 3.1 specification was only released recently, in October 2013, after a significant 

amount of intense development work. As a result, no specific thought has yet been put into what 

will follow DOCSIS 3.1; instead, the prime focus is now on developing products to meet the 

requirements of DOCSIS 3.1. 

It should be noted that as well as implementing the DOCSIS 3.1 specification, cable operators 

have the opportunity to introduce architectural changes to the network, such as: 

 implementing M-CMTS/D-CMTS to increase the modulation scheme and thus the data rates 

that can be used 

 node splitting, and deploying fibre closer to end users, to reduce the number of premises that 

share the same spectrum 

 deploying new IP or fibre-based access technologies in specific locations, thus further 

developing the HFC network architecture.  

The third option includes new developments such as DOCSIS Ethernet over Coax (DOCSIS EoC), 

Ethernet Passive Optical Network (EPON) Protocol over Cable (EPoC), and Radio Frequency over 

glass (RFoG). However, these all involve significant capital investment in civil infrastructure and 

so are less likely to be implemented in the short term. 

The cable industry representatives that we have spoken to pointed out that the rapid development 

of DOCSIS 3.1 and earlier releases of the DOCSIS specification demonstrate that the industry is 

capable of evolving and developing the features needed to keep pace with end-user demand. 

We also note that as the coaxial access network (currently the bottleneck) is continually improved 

through the upgrades detailed above, the limiting factor will begin to move further back into the 
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network. An example of this may be the limiting factors associated with fibre backhaul from the 

optical node to the local head end. Current optical transmission technologies in the HFC network 

use analogue amplitude modulation, which could, for example, be upgraded to digital optical 

transmission technologies such as Broadband Digital Return (BDR), to improve SNR performance 

within the network and allow the use of even higher modulation schemes.
45
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  Source: Examining the Future Evolution of the Access Network, ARRIS, 2013. 
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7 Addressing future broadband growth with HFC systems – 

expanding DOCSIS 3.0 and migration to DOCSIS 3.1 

As noted in Section 5.2, the overall consumer experience of a cable network is dependent upon 

both high peak speeds (allowing quick bursts of data) and large sustained bandwidth (ensuring a 

reasonable connection even at points of congestion). Network requirements in both of these areas, 

as well as the total overall traffic, are forecast to increase significantly, as detailed below. This 

section describes the various (upgrade) options available to HFC operators to address this future 

broadband growth, within both the DOCSIS 3.0 and DOCSIS 3.1 environments. 

7.1 Considerations of future broadband growth 

Peak speed 

Consumer perceptions of acceptable peak broadband speeds are mainly driven by the „up to‟ 

speeds reported from available substitutable products (such as offered by DSL-based operators). 

By 2018, we expect the main UK alternative to HFC to be FTTC; FTTC will provide peak speeds 

of up to 120Mbit/s, but actual speeds will depend on line length. Some cable systems already 

achieve speeds of more than 300Mbit/s, and could benefit from further evolution of the peak speed 

which would help them compete with FTTH.  

However, we note that given the speeds available today, the majority of data transfer tasks can be 

completed within a 1-minute window (and even a 5GB HD 1.5-hour film (at 1080p) takes less than 

3 minutes to download assuming a 300Mbit/s download speed) consumers are likely to experience 

diminishing returns from further speed increases beyond 300Mbit/s, at least for this kind of 

activity.  

Sustained bandwidth 

For a consumer to have an acceptable sustained bandwidth on a network, the speed available to 

them at times of congestion (i.e. during the „busy-hour‟ period) needs to be equivalent to, or 

greater than, the average prolonged usage requirements of that subscriber. This is especially 

important when using services where the bandwidth cannot drop below a certain level without 

having a serious impact on the quality of service received (e.g. when streaming a film). 

Average subscriber data consumption is expected to grow significantly over the next few years, as 

shown in Figure 7.1, driven by growth in connected TVs and over-the-top (OTT) services delivered to 

tablets. As a result, cable operators will attach significant importance to the overall total bandwidth 

achievable across their coaxial plant (frequently the bottleneck in HFC networks), which is shared 

among end consumers and so dictates the upper sustained bandwidth that can be achieved. 
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Figure 7.1: Sustained 

bandwidth forecasts, 

i.e. the average 

bandwidth required 

during the busy hour to 

support a single 

subscriber [Source: 

Analysys Mason 

Research, 2014] 

 

Methods that operators can use to address the issue of sustained bandwidth are detailed below. 

Total data traffic 

Given the expected increase in sustained bandwidth requirements among end users, and an 

increase in the average time that users spend using services that involve the transmission of large 

amounts of data, operators also need to pay attention to the total amount of traffic being used by 

subscribers. As shown in Figure 7.2 and Figure 7.3, the total downstream and upstream traffic is 

forecast to increase rapidly, by over 41% (downstream) and 14% (upstream) year on year.  

This implies that operators need to consider methods for increasing the overall efficiency of their 

networks, to reduce the „cost per bit‟ and thus prevent this traffic growth from significantly 

reducing the profitability of their services. 

 

Figure 7.2: Forecast of 

subscriber monthly 

download traffic 

[Source: Analysys 

Mason Research, 2014] 
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Figure 7.3: Forecast of 

subscriber monthly 

upload traffic [Source: 

Analysys Mason 

Research, 2014] 

 

Various methods for operators to address issues relating to total network data traffic are detailed 

below. In addition, it should be noted that other operator-specific options will be available for 

reducing data costs, involving specific core network changes which are not detailed here (such as 

transit optimisation, etc.). 

It is important to note that at present a small number of users generate a disproportionately large 

share of total data traffic. In 2013, median subscriber data usage
46

 in the UK was estimated at 50% 

of the average subscriber data usage, as shown in Figure 7.4. This skew towards a small minority 

of very heavy users is forecast to increase further, with the median subscriber‟s traffic declining to 

47% of the average by 2018. This implies that to some extent increased traffic management, or 

lower „download limits‟ could potentially reduce the average significantly, to bring it closer into 

line with the median values shown.  

 

Figure 7.4: Comparison 

between average and 

median monthly usage 

figures, for UK traffic 

[Source: Analysys 

Mason Research, 2014] 
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  That is, the point at which 50% of users have lower data usage and 50% have higher usage. 
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7.2 Key levers for increasing HFC data capacity 

Cable operators have a number of options for upgrading their network to provide broadband 

services that have greater capacity and are more robust. Depending on an individual operator‟s 

current position and its objectives, there may be various paths it can follow to achieve its goals. In 

general these paths can be categorised under three main headings: 

 Incorporating technology improvements – improving transmission compression techniques 

(for data and video) at the physical and application layers, and incorporating new network 

equipment. 

 Spectrum usage improvements – including the redistribution of spectrum from TV to data 

services, or the addition of further radio frequency (RF) spectrum on operators‟ coaxial networks. 

 Network architecture improvements – including the redesign of networks to reduce the 

amount of shared bandwidth in a catchment area, and moving to more distributed service 

processing architectures. 

Several of these improvements can be partially implemented in order to gain incremental capacity 

improvements, which will require limited upfront investment (such as rebalancing of frequency 

allocation, or node splitting). However, if operators wish to make larger step changes in 

transmission capabilities they will frequently incur significant costs (both network and CPE 

investment). 

It is important to note that some of the available options are contingent upon implementation of 

prior upgrades (for example, the move to DOCSIS 3.1). As such, all of the available upgrade 

options for HFC operators can be considered as a dependency tree, with both prior steps and 

supporting requirements, as shown in Figure 7.5 on the next page. However, given the backwards 

compatibility of most of the improvements discussed here, it is possible to phase investment (e.g. 

by just offering new equipment to customers who pay for premium services) or to delay upgrades 

partially to align with existing replacement cycles. 
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Figure 7.5: Summary of upgrade options available to HFC operators [Source: Analysys Mason, 2014] 

 

We now examine each of these options in turn, considering the benefits for operators of 

introducing such changes, outlining the barriers to introduction, and identifying the specific 

operator characteristics that will make the introduction of a particular upgrade attractive. 

7.3 DOCSIS 3.0 upgrades 

We have identified multiple potential upgrades that can be made to a DOCSIS 3.0 HFC network to 

maximise broadband service bandwidth, prior to the upgrade to DOCSIS 3.1: 

 reducing the number of homes per node (Section 7.3.1) 

 increasing the use of channel bonding (Section 7.3.2) 

 extending the spectrum width, to a limited extent (Section 7.3.3) 

 reallocating existing spectrum (Section 7.3.4). 
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7.3.1 Reducing homes per node 

As detailed in Section 4.2 earlier, channels can carry either broadcast or narrowcast transmissions. 

Each transmission stream is multiplexed (i.e. compressed and combined with other streams) and 

modulated onto a single RF carrier, using up one available channel. This combination of broadcast 

and narrowcast channels occurs at the optical node, with a single uniform signal transmitted over 

coaxial cable to the final households served by that optical node. 

Given the limited number of channels available with this uniform signal, the bandwidth per 

household depends on the number of available narrowcast channels (having removed channels 

taken up by broadcast transmissions) divided by the number of households that need to be 

addressed at any point in time. Reducing the number of households served by a single combined 

spectrum catchment area (by reducing the size of the optical node‟s catchment area) will increase 

the capacity available for each household, as shown in Figure 7.6. However, given the use of 

statistical multiplexing of the available capacity (i.e. optimising for the fact that not all households 

use capacity at the same time), the relationship between capacity and households is non-linear. 

 

Figure 7.6: Illustration 

of increased capacity 

due to reduced RF 

spectrum catchment 

areas [Source: 

Analysys Mason, 2014] 
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Figure 7.7: HFC architecture prior to node splitting [Source: Analysys Mason, 2014] 

 

The best way to reduce the number of houses per optical node is to split the node. This is achieved 

by replacing a single optical node with two nodes, each of which serves a subset of the original 

node‟s houses, as shown in Figure 7.8. Each of these two new paths has the same equivalent 

number of available DOCSIS channels as the original path, but this bandwidth serves far fewer 

households. 

Generally, when further splitting a node, the new optical nodes are moved deeper into the network 

(such as to an RF splitter location). This is a natural point to create the two separate coaxial cable 

paths, though this may incur some additional cost to replace a passive component with an active 

optical node (i.e. the addition of a street cabinet and power source).  

Figure 7.8: HFC architecture following node splitting [Source: Analysys Mason, 2014] 
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A summary of the benefits and barriers to node splitting is provided in Figure 7.9. 

Figure 7.9: Features associated with node splitting upgrade [Source: Analysys Mason, 2014] 

 Description 

Benefits  Doubling the number of nodes roughly doubles the sustainable 

bandwidth per end user for both downlink and uplink 

 The upgrade is independent of DOCSIS versions, so can be 

implemented on both DOCSIS 3.0 and DOCSIS 3.1 networks 

 Does not require any additional CPE or changes to consumer 

households (reducing truck-roll costs) 

Barriers to introduction  Requires new optical nodes, and may require both cable replacement 

and new power sourcing if optical nodes are at splitter sites 

 May require a CMTS capacity upgrade (and potentially some head-

end capacity) to support the increased number of optical nodes 

Characteristics of likely 

operators to deploy upgrade 

 Operators with a large number of households per node, or a large 

number of subscribers per node 

 Operators which are restricted from applying technology or 

spectrum upgrades for some reason 

 

The process of node splitting can continue further down into the access network, addressing 

smaller and smaller groups of households. Generally these split nodes occur at points in the 

network where previous active electronic components were present, due to the pre-existence of a 

power source and street furniture (cabinet, manhole chamber, etc.) at these locations. The logical 

end point for node splitting occurs when the fibre path is extended to the last active piece of 

equipment within the coaxial chain, i.e. the last repeater prior to any group of households. This is 

referred to as „deep fibre‟, or node plus zero (N+0), as shown in Figure 7.10, with optical nodes 

serving approximately 50–150 households. 

Figure 7.10: HFC architecture following N+0 deep fibre deployment [Source: Analysys Mason, 2014]  
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The roll-out of fibre deeper into the network leads to a reduction in complexity of the HFC 

network, often producing power and maintenance cost savings. This is because greater signal 

attenuation occurs in coaxial cable than in fibre, requiring a larger number of amplifiers over a set 

distance. Furthermore, each amplification of the RF signal adds new noise to the signal, and more 

significantly, amplifies any existing noise which has accumulated over its prior journey. Therefore, 

a deeper fibre network can lead to better SNR properties, potentially allowing for increased QAM 

rates (especially on the upstream) and reducing consumer connectivity issues related to noise. 

A summary of the benefits of, and barriers to, N+0 fibre deployment is shown in Figure 7.11. 

Figure 7.11: Features associated with deep fibre (N+0) deployment upgrade [Source: Analysys Mason, 2014] 

 Description 

Benefits  Significantly reduces the number of households per node, allowing 

additional benefits from technologies such as switched digital video 

(SDV) 

 Reduces SNR, enabling the use of higher modulation schemes under 

DOCSIS 3.1, and increased reliability of connections 

 Reduces opex and maintenance costs by removing all RF amplifiers 

 Simplifies the process of moving the frequency split as it reduces the 

number of amplifiers that need to be modified 

Barriers to introduction  Requires new optical nodes and significant replacement of coaxial 

cable with fibre, depending on how close to the households fibre is 

deployed  

 Requires a CMTS upgrade (including potentially buying new D-CMTS 

or EQAM) to support the increased capacity 

Characteristics of likely 

operators to deploy upgrade 

 Operators intending to undertake a significant overhaul of their 

existing network 

 Operators which are restricted from applying technology or spectrum 

upgrades for some reason 

 Operators with a large amount of ducting, or overhead cabling, for 

easy cable replacement 

7.3.2 Increasing the use of channel bonding 

As detailed in Section 5.3.2, increasing the rate of channel bonding provides both efficiency gains 

and improvements in headline speed. As such, increasing the level of channel bonding seems an 

obvious first step for operators in dealing with increased data traffic demand. 

Although any number of channels can technically be bound together, the network equipment must 

be able to support the number of channels bound at both the CMTS and CM to ensure successful 

transmission at that number of channels. However, the system will still operate if a CM (or CMTS) 

is unable to encode/decode the total number of channels bound, with data transmission occurring 

at the maximum number of channels that both pieces of equipment are able to support. 

Furthermore, the number of upstream channels that can be bonded will be limited by the maximum 

size of the uplink (e.g. 6 channels), though further spectrum can be allocated to the upstream link 

to increase the potential size of the uplink. 
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It is possible to upgrade the CMTS or CM independently, for example during a typical CPE 

refresh cycle, without significantly degrading the quality of the network. However, this can cause 

load balancing losses, as any CM that is unable to support larger bonded channels will be unable to 

use the top channels of a bonded data stream. 

Rolling out 24×8 channel capability will have benefits, but there are some barriers to its 

introduction which might apply to operators with particular characteristics, as shown in 

Figure 7.12. 

Figure 7.12: Features associated with broadband upgrade to 24×8 channels [Source: Analysys Mason, 2014] 

 Description 

Benefits  Provides around 1Gbit/s of downstream bandwidth and 200Mbit/s of 

upstream bandwidth to the subscribers hosted on each fibre node 

 Operators with this capability typically offer service speeds of up to 

300Mbit/s downstream and 20Mbit/s upstream 

 Delays the need to invest in DOCSIS 3.1 upgrades while still 

improving service levels 

Barriers to introduction  Requires 192MHz downstream and 51.2MHz upstream of available 

spectrum. This spectrum may not be available 

 Requires CPE and CMTS upgrades to support this level of bonding 

Characteristics of operators 

likely to deploy upgrade 

 A network that is capable of supporting the full amount or close to the 

full amount of DOCSIS 3.0 spectrum (862MHz in Europe) 

 Little or no deployment of analogue TV services, so more likely to 

have spectrum available for expanding broadband services 

 

Rolling out 32×8 channel capability, which will be available by the end of 2014, will have benefits 

but there are some barriers to its introduction which might apply to operators with particular 

characteristics, as shown in Figure 7.13. 

Figure 7.13: Features associated with broadband upgrade to 32×8 channels [Source: Analysys Mason, 2014] 

 Description 

Benefits  Provides around 1.2Gbit/s of downstream bandwidth and 200Mbit/s 

of upstream bandwidth to the subscribers hosted on each fibre node 

 Will enable operators to remain at the high end of the service speed 

market without introducing DOCSIS 3.1 

 Delays the need to invest in DOCSIS 3.1 upgrades while still 

improving service levels 

Barriers to introduction  Requires 256MHz downstream and 51.2MHz upstream of available 

spectrum. This spectrum may not be available 

 Requires CPE and CMTS upgrades to support this level of bonding, 

for which products will only be available later in 2014 

Characteristics of operators 

likely to deploy upgrade 

 A network that is capable of supporting the full amount or close to the 

full amount of DOCSIS 3.0 spectrum allocation (862MHz in Europe) 

 Little or no deployment of analogue TV services, so more likely to 

have spectrum available for expanding broadband services 



Future capability of cable networks for superfast broadband  |  59 

Ref: 39065-174-B .  

7.3.3 Limited extension of the spectrum width (within DOCSIS 3.0 bounds) 

Another key method for increasing bandwidth in both upstream and downstream directions is to 

increase the width of the spectrum band used, and so increase the number of available channels.  

This is limited under DOCSIS 3.0 to an upper bound of 862MHz. However, for some operators 

which currently only use spectrum to a lower upper bound limit, this can be a relatively easy 

upgrade (as it falls within current equipment operating specifications), and may only require the 

replacement of a limited amount of legacy equipment within the network. 

The extension of upstream spectrum is not supported beyond 65MHz under EuroDOCSIS 3.0, but 

given that equipment is frequently co-designed for both DOCSIS and EuroDOCSIS deployment it 

may be relatively easy to extend the upstream spectrum. This is discussed further as a DOCSIS 3.1 

upgrade in Section 7.4.2. 

7.3.4 Reallocating existing spectrum 

As noted above, expanding the amount of RF spectrum available can in some cases require 

significant further investment. However, assuming the spectrum is currently used by multiple 

services, the number of channels used by any particular service can easily be increased, at the 

expense of another (less heavily used) service, as shown in Figure 7.14. As a result, one of the 

major considerations for a modern cable operator is the relative proportions of spectrum to 

dedicate to each of its services.  

Although analogue TV has already been switched off in the UK, in other European countries the 

removal of spectrum provision for analogue TV will free significant amounts of RF spectrum, 

which can be reallocated to other services.  

Figure 7.14: Service trade-offs on RF spectrum [Source: Analysys Mason, 2014] 
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However, following the removal of analogue services, operators are seeing growing demand for 

TV driven by an increasing number of HD digital channels and narrowcast VoD services, leading 

to an increase in the spectrum used for digital TV. Therefore, if operators improve the efficiency 

of their TV service provision, they can make additional spectrum available for data services (as 

well as reducing the need to make a „one or the other‟ choice between the services). The main 

methods for increasing digital TV spectrum efficiency are more-efficient encoding technology and 

moving to new transmission methods, as discussed below. 

Video encoding technologies 

At present, TV services are compressed using MPEG-2 video and MPEG-1 Audio Layer II (MP2) 

codecs (or MPEG-4 in the case of HD), and multiplexed using DVB-C encoding. Efficiency gains 

can be made by upgrading both of these technologies, and it is possible to upgrade the 

transmission specification separately from the compression method. However, as both upgrades 

require an upgrade to consumer equipment, in the form of an STB or digital TV receiver, it makes 

sense to carry out the upgrades simultaneously where possible. 

In the case of video compression, MPEG-2 (H.262) can be upgraded to MPEG-4 AVC (H.264), 

which in turn can be upgraded to HEVC (H.265). While the level of compression achievable under 

each scheme depends on the quality of output required, for equivalent qualities moving from 

MPEG-2 to MPEG-4 provides approximately double the compression efficiency, and moving to 

HEVC doubles this again. 

Both MPEG-4 and HEVC are fully compatible with DVB-C (integrated as the physical layer in 

DOCSIS 3.0) and DVB-C2 (referenced in DOCSIS 3.1). Using DVB-C2 multiplexing technology 

allows for a further increase in the amount of data that can be transmitted using SC-QAM, 

allowing more programme channels to be fitted into fewer RF channels. 

Switched digital video (SDV) 

In most countries worldwide the top TV programme channels receive significantly more viewing 

time than the average channel, while the least popular channels may receive little if any viewing 

over a day. However, as consumers like to have a large range of channels to choose from (even if 

they rarely use most of them), operators find it difficult to remove channels from their programme 

listing without losing consumer value. 

Under traditional cable TV channel broadcasting, both digital and analogue channels are broadcast 

continuously, regardless of whether consumers are actually watching the channels broadcast. 

However, given that the majority of cable networks today are bi-directional, operators can 

significantly increase the efficiency of their spectrum by only allocating space to TV channels that 

users are watching at any point in time, as shown in Figure 7.15. This method of switching 

broadcast channels on or off is known as switched digital video (SDV). 
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Figure 7.15: Example of SDV spectrum gain [Source: Analysys Mason, 2014] 

 

Additionally, as can be seen in Figure 7.16, the number of channels likely to be in use at any point 

in time significantly declines as the number of subscribers (linked to the number of households 

connected) per optical node decreases. This implies that SDV becomes even more valuable in 

scenarios where optical node sizes are dramatically decreased, such as in N+0 architectures. 
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Figure 7.16: Likelihood 

of a UK TV channel 

having a viewer at a 

single point in time
47

 

[Source: BARB, 

Analysys Mason, 2014] 

 

SDV systems require subscribers to use a compatible STB, and require the addition of further 

network equipment in the local head end to create a switched video manager (SVM) platform. 

For the consumer, SDV channels appear indistinguishable in the channel listings shown by the 

STB, as determined by the electronic programme guide (EPG). However, unlike for broadcast 

channels, when a consumer selects an SDV channel data has to be sent to the SVM requesting the 

channel. If the channel is already being used by another household on the same optical node the 

subscriber simply joins the existing narrowcast data session (effectively making it a broadcast 

session). However, where the channel is not currently being accessed, the SVM places the content 

in one of the SDV reserved channels which the consumer is able to access. SVM equipment 

manufacturers recommend that one reserved SDV channel (and corresponding EQAM) per 

channel should be moved to SDV. 

                                                      
47

  This was determined using the average weekly BARB viewing figures (in minutes per user per channel) for 27 

January – 23 February 2014, over the average daily viewing window (i.e. between 08:00 and 24:00), multiplied by 
numbers of subscribers assumed per node. 
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Figure 7.17: Features associated with SDV and video encoding technology upgrade [Source: Analysys 

Mason, 2014] 

 Description 

Benefits  Reduces the amount of spectrum required to provide video 

services, allowing for reallocation of spectrum to data services 

 Can be implemented prior to a DOCSIS 3.1 upgrade (though it 

generally makes economic sense to do them at the same time) 

Barriers to introduction  SDV may introduce a short delay for consumers when switching 

channels, depending on the layout of the network  

 Requires STB and head-end upgrades to support both SDV and 

different encoding 

 To enable services for legacy devices during the transition between 

encoding technologies, channels would need to be transmitted twice 

Characteristics of operators 

likely to deploy upgrade 

 Operators in the process of making other upgrades, such as the 

move to DOCSIS 3.1 (reducing the cost of CPE changes by having 

upgrades in parallel) 

 Operators with minimal legacy subscribers and with a short STB 

replacement cycle 

Video over DOCSIS (VDOC) 

A further extension of the SDV principles is to move video services to an IP-based transport 

architecture (as in IPTV), as part of the convergence of video and data to an „all-IP‟ architecture. 

The architecture that optimises this IPTV approach for cable is known as VDOC. The introduction 

of VDOC enables the delivery of video over IP to devices such as tablets, smart phones, games 

consoles and connected TVs. The use of IP transport for both video and data dramatically reduces 

the complexity of an operator‟s network, leading to overall opex savings by eliminating inflexible 

edge network devices. 

VDOC enables data and video services to be combined on the same RF channels, allowing data to 

completely fill any spare capacity left from video services. It can also aid in the effective display 

of content across multiple screen types and help to improve personalised media delivery (such as 

through more-targeted advertising). 

However, because VDOC is part of IP convergence, it involves a significant change of approach 

for video delivery and requires upgrades to both STB, local head end and master head end 

architectures, leading to significant upfront investment by operators. As a result, VDOC is likely to 

be very much a long-term development due to the investment required across the network, but it 

will provide an ideal delivery platform if the market continues to move away from linear delivery 

and towards more-personalised delivery. 
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7.4 DOCSIS 3.1 upgrades 

We have identified multiple potential upgrades that a cable operator could implement relating to 

DOCSIS 3.1: 

 moving to OFDM channels and undertaking OFDM channel bonding (Section 7.4.1) 

 extending the spectrum width (Section 7.4.2) 

 introducing new MAC-level features (Section 7.4.3) 

 introducing D-CMTS (Section 7.4.4). 

Although we consider these upgrades independently, it is likely that more than one of them would 

be implemented simultaneously as part of a programme to introduce DOCSIS 3.1 functionality. 

However, it should also be remembered that while there is significant potential for network 

capacity expansion in the DOCSIS 3.1 specification, it is likely that legacy DOCSIS 3.0 CMs will 

need to be supported for some considerable time. Therefore spectrum will need to be reserved for 

DOCSIS 3.0 SC-QAM compatible services, which could limit the potential for rolling out 

DOCSIS 3.1 services, where there are spectrum constraints. Managing the use of spectrum will 

thus be a key issue for cable operators, although to some extent this can be addressed by extending 

the spectrum available as defined in the DOCSIS 3.1 specification. 

7.4.1 Moving to OFDM channels and undertaking OFDM channel bonding 

As detailed in Section 6.4, DOCSIS 3.1 channels are based on OFDM rather than SC-QAM. As 

such the move to DOCSIS 3.1 allows for the introduction of new OFDM channels, alongside 

existing SC-QAM channels. Further benefit can be gained from OFDM channels being bonded 

with existing SC-QAM channels („OFDM to SC-QAM‟), similar in principle to SC-QAM to 

SC-QAM channel bonding under DOCSIS 3.0. Once an operator has deployed multiple OFDM 

channels on its spectrum, multi-channel OFDM-to-OFDM bonding can also be introduced.  

Introducing OFDM and channel bonding with SC-QAM will have benefits, but there are some barriers 

to introduction, which might apply to operators with particular characteristics, as shown in Figure 7.18. 

Figure 7.18: Features associated with OFDM and OFDM/SC-QAM bonding [Source: Analysys Mason, 2014] 

 Description 

Benefits  More efficient use of spectrum providing more ‘bits per Hz’ 

 Greater broadband capacity 

 Combined use of OFDM and SC-QAM to provide capacity benefits 

for DOCSIS 3.1 CMs, even if available OFDM spectrum is small 

Barriers to introduction  Introduction of DOCSIS 3.1-compatible CM and CMTS 

 Availability of spectrum that can be allocated to OFDM encoding 

Characteristics of operators 

likely to deploy upgrade 

 Operators with spare spectrum without changing spectrum plan 

 Operators who require more broadband capacity, but are reluctant 

in investing to increase spectrum range 
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OFDM channel bonding (and OFDMA channel bonding for upstream) will have benefits but there 

are some barriers to introduction which might apply to operators with particular characteristics, as 

shown in Figure 7.19. 

Figure 7.19: Features associated with OFDM channel bonding [Source: Analysys Mason, 2014] 

 Description 

Benefits  Allows OFDM channels to be combined, to provide greater 

bandwidth for broadband services 

Barriers to introduction  OFDM channel bonding is only likely to be relevant once the 

downstream bandwidth has been expanded to 1214MHz, as 

otherwise there may be insufficient spectrum for more than one 

OFDM channel (as a single channel can extend to 192MHz in the 

downstream direction) 

 Requires DOCSIS 3.1 CM and CMTS that support the feature  

Characteristics of operators 

likely to deploy upgrade 

 Operators committed to offering leading-edge broadband speeds 

 Operators committed to migrating services to an IP delivery 

mechanism, including video services 

7.4.2 Extending the spectrum width (within DOCSIS 3.1 bounds) 

Another key method for increasing bandwidth in both upstream and downstream directions is to 

increase the width of the spectrum band used, and so increase the number of available channels. 

However, the availability of this option can be limited by the current set-up of equipment within 

the network, and so may require significant network investment in order to derive the full benefit. 

Uplink band frequency expansion 

One of the limitations of cable broadband compared to other technologies (such as DSL or mobile 

broadband) is the higher degree of asymmetry and the limitations on relative upstream versus 

downstream bandwidth. In DSL, the upstream speed is typically 25% of the downstream speed, 

while in cable this figure is typically 10%. Significant effort has been made recently to consider 

methods for increasing uplink speeds. Given the limited potential for cable operators to re-allocate 

their spectrum usage (given its minimal size and the fact that the majority of their spectrum is 

already allocated to DOCSIS) and implement channel bonding on the uplink band, they have been 

focusing on increasing the uplink band edge above 65MHz.  

Two key uplink band extensions are discussed by operators and vendors: mid-split (5–85MHz) and 

high-split (5–200MHz. However, expansion of the upstream spectrum under each option is 

complicated by the following factors:  

 Lack of current specifications – while DOCSIS 3.0 already allows for upstream frequency of up to 

85MHz, no provision exists in EuroDOCSIS 3.0 for an upstream band of beyond 65MHz. 

However, within DOCSIS 3.1 an upstream band maximum of 208MHz will be possible. 
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 Inappropriateness of current filters – currently, many of the active components in the network, 

such as amplifiers and optical nodes, use diplex filters to separate the downstream and 

upstream signals prior to amplification/transmission. The current cut-off frequencies within 

the diplex filter are fixed at the time of installation, so these filters would need to be adjusted 

to deal with a higher-frequency split between upstream and downstream components. We note 

that while modern equipment is already designed with easily replaceable filter modules, older 

active equipment (with integrated diplex filters) will need to be replaced entirely. 

 Legacy frequency issues – significant amounts of legacy CPE may require replacement, to stop 

them interfering with or receiving interference from upstream transmissions on unexpected 

channels. For example, the OOB control channel (used for programme guides and cable card 

control on STBs) is generally located between 70MHz and 130MHz, so would interfere with 

the upstream band. To change this channel would require the replacement of many STBs 

within a network. This may also have an impact on the choice of deployment strategy (i.e. 

whether to upgrade all homes in a node at the same time or on a home-by-home basis). 

Figure 7.20 provides a summary of the benefits and barriers to expansion of the upstream 

spectrum, and the characteristics of operators that are likely to use this upgrade path. 

Figure 7.20: Features associated with uplink expansion upgrade path [Source: Analysys Mason, 2014] 

 Description 

Benefits  Enable greater upstream speeds to be offered to DOCSIS 3.1 CMs 

 Potentially provide additional capacity for existing DOCSIS 3.0 CMs 

by moving DOCSIS 3.1 demand to new channels  

 Can be achieved without the need to replace existing amplifiers 

Barriers to introduction  Will need current downstream traffic up to 258MHz to be 

reallocated, which may not be possible without expanding existing 

downstream spectrum 

 Will require the cessation of FM radio services 

 Legacy CPE that may encounter interference issues due to the new 

spectrum split 

 Requires the availability of DOCSIS 3.1 CM and CMTS products 

Characteristics of operators 

likely to deploy upgrade 

 Operators with a market need to increase upstream spectrum, 

possibly including offering more symmetric services to business 

customers 

 Operators that can re-allocate lower-frequency downstream 

services, although in many cases this upgrade may be deployed 

alongside an increase in the upper downstream frequency limit 

Downlink band frequency expansion 

While there are other methods for increasing the available speed for cable in the downstream, an 

increase in spectrum is still an important factor. An increase in downstream bandwidth, under 

DOCSIS 3.1, implies an increase in the overall RF frequency band above 862MHz (the limit for 

DOCSIS 3.0) – generally either to a new 1214MHz downstream upper boundary or to a higher 

1794MHz downstream upper boundary. 
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In addition to similar issues to those detailed above for the upstream band, the downstream band 

will suffer issues related to the use of frequencies higher than those for which the network was 

designed. This can lead to three main issues: 

 Cable networks will generally have been designed with particular frequency attenuation 

characteristics in mind (given the spectrum specifications of the network). As higher 

frequencies are used the level of attenuation may increase to an extent that cannot be 

addressed by increasing the amplification at existing amplifiers, but requires the addition of 

new amplifiers at a lower spacing (and hence a potentially costly network redesign) 

 RF passive equipment (such as splitters and taps) is designed with specific operating 

frequency limits in mind, and increasing the upper frequency bound above 1214MHz is likely 

to lead to issues when operating outside the design limits, especially in cable taps. It would be 

a costly undertaking to replace these taps, given the large number in the network 

(approximately 1 tap per 4 households) 

 As the frequencies used in cable networks are expanded there is likely to be an increase in the 

number of high-power wireless bands with which cable networks share frequencies. For 

example, increasing the upper frequency bound of a network to 1214MHz would require a 

crossing of the 900MHz band, which is used for GSM in the UK. 

Expanding the downstream spectrum to 1214MHz will have benefits, but there are some barriers 

to introduction which might apply to operators with particular characteristics, as summarised in 

Figure 7.21. 

Figure 7.21: Features associated with expansion of downstream spectrum upper boundary to 1214MHz 

[Source: Analysys Mason, 2014] 

 Description 

Benefits  Provides 322MHz or more of additional spectrum which can be 

used for the introduction of new services, including DOCSIS 3.1 

OFDM broadband 

 Could potentially provide up to 2.5Gbit/s of broadband capacity per 

fibre node 

 Allows the introduction of new services without the need to 

rearrange existing spectrum or remove existing services 

Barriers to introduction  Network amplifiers will need to be replaced, which is a major 

upgrade activity 

 Requires the availability of DOCSIS 3.1 CM and CMTS products 

Characteristics of operators 

likely to deploy upgrade 

 Operators unable to provide additional broadband capacity using 

existing spectrum 

 Operators needing to offer higher upstream speeds, requiring the 

release of downstream spectrum for upstream services. 

 

The introduction of an upper downstream limit of 1794MHz will have significant benefits, but 

there are some barriers to introduction which might apply to operators with particular 

characteristics, as summarised in Figure 7.24. 
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Figure 7.22: Features associated with expansion of downstream spectrum upper boundary to 1794MHz 

[Source: Analysys Mason, 2014] 

 Description 

Benefits  Enables maximum defined spectrum for DOCSIS 3.1 to be used 

 Should enable the DOCSIS 3.1 target of 10Gbit/s across the 

downstream spectrum to be met 

Barriers to introduction  Requires the upgrading of network taps, as current taps deployed 

by operators frequently have high attenuation above 1214MHz; this 

is a significant upgrade as taps are distributed throughout the 

network and close to customers 

Characteristics of operators 

likely to deploy upgrade 

 Operators are likely to postpone this upgrade until they see no 

other option, as it is very capital intensive 

 Other techniques such as node splitting are likely to be considered 

before this upgrade is contemplated 

7.4.3 Introducing new MAC-level features 

DOCSIS 3.1 includes new MAC-level features like HQoS and AQM,
48

 which have QoS benefits 

and will improve the usability of the network. In addition to these benefits, there are some barriers 

to introduction, but overall we believe the majority of DOCSIS 3.1 operators are likely to 

implement these features, as summarised in Figure 7.23. 

Figure 7.23: MAC-level features [Source: Analysys Mason, 2014] 

 Description 

Benefits  HQoS will provide cable operators with greater control over offering 

guaranteed service features to customers 

 AQM has the potential to provide cable customers with more 

reliable delay and jitter performance 

 Improved energy performance of CMs 

 Enhanced support for timing protocols 

Barriers to introduction  Development of features by CM and CMTS vendors, as the MAC 

level is likely to be given lower priority than PHY-level features 

 Effective implementation by cable operators 

Characteristics of operators 

likely to deploy upgrade 

 All operators looking to provide improved performance and remain 

competitive with other broadband service offerings 

 Operators looking to offer mobile backhaul over DOCSIS, as the clock 

signal needs to be transported over a mobile backhaul network 

7.4.4 Introducing D-CMTS 

Introduction of D-CMTS reduces the importance of the local head end, and means that operators 

only have to convert once from RF to optical signals (whereas the current system involves 

converting both at the optical node and within the head end), which reduces signal losses and 

allows higher modulation schemes to be deployed. The fibre feeder between the local head end 

                                                      
48

  Note that AQM has also been introduced as an option in DOCSIS 3.0. 
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and the fibre node now becomes a digital link which is able to support standard Ethernet 

interfaces, typically 1Gbit/s and 10Gbit/s. The actual benefit of moving from an RF to a digital 

fibre feeder will depend on the length of the fibre feeder, with shorter fibre feeders experiencing 

lower signal loss and hence less benefit from moving to a digital fibre feeder. However, an RF 

fibre feeder can typically contribute between 3dB and 6dB of loss to the signal and so has a strong 

impact on the level of encoding supported. 

The move to a D-CMTS architecture can be achieved using DOCSIS 3.0 technologies, but the 

maximum benefit is gained in a DOCSIS 3.1 environment, because the reduced SNR profile 

allows a significant increase in the modulation scheme to up to 4096-QAM (whereas this is limited 

in DOCSIS 3.0, as discussed in Section 5.4 earlier). 

It should be noted that the move to a D-CMTS architecture could also be undertaken as part of a 

deep-fibre (or N+0) architecture deployment, creating smaller fibre nodes. 

The introduction of D-CMTS will move CMTS encoding to the fibre node. This will have benefits 

but there are some barriers to introduction which might apply to operators with particular 

characteristics, as shown in Figure 7.24. 

Figure 7.24: Features associated with introduction of D-CMTS [Source: Analysys Mason, 2014] 

 Description 

Benefits  Enables higher encoding schemes to be used than with a 

centralised I-CMTS 

 In a DOCSIS 3.1 environment, D-CMTS has the potential to 

increase the encoding used from 1024-QAM to 4096-QAM 

 Could provide an increase in bandwidth performance of around 

20% for a given amount of spectrum 

 Allows digital transmission to be used over optical fibre to the fibre 

node 

Barriers to introduction  Requires CMTS functionality to become distributed, plus the 

deployment of a digital fibre feeder (which is a significant upgrade) 

Characteristics of operators 

likely to deploy upgrade 

 Operators looking for yet more broadband capacity, after 

implementing other measures described above 

7.5 Summary 

Cable operators have a number of options for increasing capacity in their broadband network. 

They vary from those that can be implemented today, to those that require DOCSIS 3.1 products to 

become available and/or involve significant network investment. 

The upgrade path chosen by a particular operator will depend on a combination of: 

 current network set-up 

 customer demand for increased speeds and sustained bandwidth, as well as the need to respond 

to competitive pressures 

 availability of DOCSIS 3.1 products 
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 availability of funds and appetite for capital investment 

 desire to move to an IP-oriented service execution environment. 

Each operator‟s particular priorities will govern which activities it undertakes and the order in which 

they are implemented. Our understanding is that cable operators‟ focus is now shifting from a strong 

emphasis on overall peak speed (as has been the case over the last five years or so), to an increased 

focus on data transmission efficiency, to meet the expectations of significant future traffic growth (i.e. 

maximising the amount of data that can be transmitted to consumers on each node). 

Given this focus, and the methods available for increasing data capacity (discussed in Section 7.3), 

we believe DOCSIS 3.0 will remain a dominant presence for the next five years, before the 

additional encoding efficiency available from DOCSIS 3.1 (combined with natural equipment 

replacement cycles) allows operators to switch technologies at minimal further investment. 
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8 Broadband products offered by cable operators 

8.1 Introduction 

This section compares the speed of the highest-end packages available from operators in various 

countries. There is also a short discussion of cable operators that currently offer some of the fastest 

broadband downstream speeds through retail broadband packages. 

8.2 Comparison of broadband products offered by cable operators 

Figure 8.1 shows the highest downstream speed cable package offered by the market leaders in 

Belgium, Canada, Ireland, Sweden, France, the Netherlands, Switzerland and Slovenia.  

At least 15 operators from the Asia–Pacific region, Europe and North America offer packages with 

downstream speeds greater than 200Mbit/s, and at least five operators offer packages with 

downstream speeds greater than 300Mbit/s.
49

 In January 2014, Time Warner Cable announced that 

it was to begin upgrading parts of its US cable network to allow internet speeds of 300Mbit/s.
50

 

                                                      
49

  CAIW in the Netherlands, Triolan in Ukraine, Cabovisão and Zon Optimus in Portugal, and Com Hem in Sweden. 

50
  See 

http://www.theregister.co.uk/2014/02/21/google_fiber_not_driving_our_austin_speed_increase_says_time_warner_cable/ 
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Figure 8.1: Comparison of ‘superfast’ broadband products offered by cable operators [Source: Analysys Mason, 2014] 

Operator Peak 

downstream 

speed  

Peak 

upstream 

speed  

Usage allowances 

per month 

Traffic management Services offered (including those 

bundled) 

Virgin Media, 

UK 

152Mbit/s 12Mbit/s Unlimited Heavy users (approximately 5% of customers) may 

experience a temporary reduction in download 

speed during peak periods (16:00–23:00 weekdays 

and 11:00–23:00 weekends) 

Broadband, mobile, fixed phone, Virgin TV 

(including a TiVo box). Packages also 

include Virgin Media Wi-Fi service on the 

London Underground 

Rogers 

Canada, 

Canada 

250Mbit/s
51

 20Mbit/s 1TB Rogers announced in 2012 it would phase out its 

network management
52

 

TV, broadband, telephony 

Ziggo 

Netherlands 

150Mbit/s
53

 15Mbit/s Unlimited (but under 

a fair usage 

policy)
54

 

No traffic management, although the fourth device to 

connect in a household will have restricted speed
55

 

TV, broadband, telephony Wi-Fi also 

available at Ziggo hotspots 

Cablecom, 

Switzerland 

250Mbit/s
56

 15Mbit/s Unlimited General terms and conditions require users to limit 

use of peer-to-peer services, the operating of game 

servers and downloading overnight between 16:00–

12:00, so that the speeds of other users are not 

affected
57

 

Broadband, TV (including online services), 

fixed phone 

                                                      
51

  See http://www.rogers.com/web/link/hispeedBrowseFlowDefaultPlans 

52
  See http://www.cbc.ca/news/technology/rogers-promises-to-end-internet-throttling-1.1282642 

53
  See https://www.ziggo.nl/#producten/alles-in-1/ 

54
  When using large amounts of bandwidth at peak times, users will receive a notification asking them to reduce usage. Confirmed verbally with the customer support chat function on Ziggo’s 

website. 

55
  Confirmed verbally with the customer support chat function on Ziggo’s website. 

56
  See http://www.upc-cablecom.ch/en/internet/products/internet-250/ 

57
  See http://wwwch.upc-cablecom.ch/en/agb.pdf 
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Operator Peak 

downstream 

speed  

Peak 

upstream 

speed  

Usage allowances 

per month 

Traffic management Services offered (including those 

bundled) 

Telenet, 

Belgium 

120Mbit/s
58

 6Mbit/s Unlimited Fair-use policy at busiest times (16:00–22:00 

weekdays and 9:00–22:00 weekends). Telenet may 

temporarily adjust speed (to a minimum of 1Mbit/s). 

80% of the available bandwidth is reserved for non-

peer-to-peer applications. Expected to affect less 

than 1% of Telenet customers
59

 

Broadband, TV (including the TV library 

and multiscreen app
60

), fixed phone. 

Packages also offer Wi-Fi service at 

Telenet hotspots 

Telemach, 

Slovenia 

120Mbit/s
61

 10Mbit/s N/A   Broadband, TV, telephony 

Com Hem, 

Sweden 

500Mbit/s 50Mbit/s Unlimited
62

 Unlimited use of network Broadband, TV (including TiVo and 

Netflix
63

) 

UPC Ireland 200Mbit/s 10Mbit/s Unlimited Reduction of up to 10% during peak times to 

manage congestion 

Broadband, TV, telephony 

                                                      
58

  See http://telenet.be/nl/internet/internet-120 

59
  See http://klantenservice.telenet.be/content/wat-houdt-het-telenet-netwerkbeheer-in 

60
  See http://telenet.be/nl/alles-in-een/whoppa 

61
  See http://www.telemach.si/sl/zasebni-uporabniki/internet/paketi/net-xxxl 

62
  See https://twitter.com/ComHemAB 

63
  Available for a limited time. 
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Annex A Abbreviations 

 

AQM Active queue management 

AVC Advanced video coding 

CCAP Converged cable access platform 

CM Cable modem 

CMTS Cable modem termination system 

CoDEL Controlled delay 

CPE Customer premises equipment 

D-CMTS Distributed cable modem 

termination system 

DLS DOCSIS light sleep 

DOCSIS Data over cable service interface 

specification 

DRM Digital rights management 

DSL Digital subscriber line 

DTT Digital terrestrial television 

DVB-C Digital video broadcasting – cable 

DVB-C2 Digital video broadcasting – cable 

(2nd generation) 

DVB-S Digital video broadcasting – 

satellite 

DVB-T Digital video broadcasting – 

terrestrial 

DVB-T2 Digital video broadcasting – 

terrestrial (2nd generation) 

DVC-MUX Distributed video encoding – 

multiplexer 

ECN Explicit congestion notification 

EoC Ethernet over coaxial cable 

EPG Electronic programme guide 

EPoC EPON protocol over cable 

EPON Ethernet passive optical network 

E-QAM Edge-quadrature amplitude 

modulation 

FDM Frequency division multiplexing 

FEC Forward error correction 

FFT Fast Fourier transform 

FTTC Fibre to the cabinet 

FTTH Fibre to the home 

FTTN Fibre to the node 

FTTP Fibre to the premises 

GSM Global system for mobile 

communications 

HD High definition 

HFC Hybrid fibre–coaxial 

HQoS Hierarchical quality of service 

HVEC High-efficiency video encoding 

I-CMTS Integrated cable modem 

termination system 

IPTV Internet Protocol television 

IPv4 Internet Protocol version 4 

IPv6 Internet Protocol version 6 

ITU International Telecommunication 

Union 

LAN Local area network 

LDPC Low-density parity check 

LTE Long-term evolution 

MAC Media access control 

M-CMTS Modular cable modem 

termination system 

MCNS Multimedia cable network system 

MNO Mobile network operator 

MPEG-2 Motion Pictures Expert Group – 2 

MPEG-4 Motion Pictures Expert Group – 4 

MULPI MAC and upper layer protocol 

interface 
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MUX Multiplexer 

NIU Network interface unit 

NOC Network operations centre 

NTSC National Television Standards 

Committee 

OFDM Orthogonal frequency division 

multiplexing 

OFDMA Orthogonal frequency division 

multiple access 

OSI Open system communication 

PAL Phase alternating line 

PHY Physical layer 

PIE Proportional integral enhanced 

PON Passive optical network 

PSB Public service broadcasting 

PSTN Public switched telephone system 

PVR Personal video recorder 

QAM Quadrature amplitude modulation 

QoS Quality of service 

QPSK Quadrature phase shift keying 

RF Radio frequency 

S-CDMA Synchronous code division 

multiple access 

SC-QAM Single channel – quadrature 

amplitude modulation 

SDV Switched digital video 

SEC Security specification 

SECAM Sequential colour with memory 

SNR Signal-to-noise ratio 

STB Set-top box 

TV Television 

VDOC Video over DOCSIS 

VDSL2 Very-high-speed digital 

subscriber line 2 

VoD Video on demand 

VoIP Voice over IP 
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Annex B Further detail on DOCSIS 3.1 specification 

In this annex, we provide additional information on various aspects of the DOCSIS 3.1 

specification, which may be of interest to the reader who requires more detailed information. 

B.1 PHY layer data encoding options 

The DOCSIS 3.0 PHY layer is based on SC-QAM operation, and this capability is carried forward 

into DOCSIS 3.1 in order to maintain backwards compatibility with DOCSIS 3.0. However, 

DOCSIS 3.1 also introduces orthogonal frequency division multiplexing (OFDM) into the PHY 

layer, which provides the potential for more-efficient encoding, and hence higher data speeds. 

B.1.1 SC-QAM 

SC-QAM is implemented using 8MHz channels (in EuroDOCSIS) and supports up to 256-QAM 

encoding. At 256-QAM, an 8MHz channel can support a data rate of 52Mbit/s.  

The main amendment to the definition of SC-QAM for DOCSIS 3.1 is the requirement for the CM 

and CMTS to support a minimum of 24 downstream channels and 8 upstream channels (in line 

with the state-of-the-art implementations of the CM and the CMTS today). This compares to a 

requirement for the minimum support of 4 downstream and 4 upstream channels in DOCSIS 3.0. 

In effect, this means that any DOCSIS 3.1 equipment will also be able to support a DOCSIS 3.0-

based deployment capable of around 1Gbit/s speed downstream. 

B.1.2 OFDM 

The DOCSIS 3.1 PHY specification provides a detailed description of OFDM requirements for the CM 

and CMTS. OFDM consists of a large number of very narrow QAM subcarriers, which are grouped 

together into blocks. A typical arrangement of the subcarriers within a block is shown in Figure B.2. 
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Figure B.2: Typical OFDM subcarrier set-up [Source: Analysys Mason, 2014]  

 

Figure B.3 defines the different types of subcarrier in the OFDM signal structure, as shown in the 

diagram above. 

Figure B.3: OFDM signal subcarriers [Source: CableLabs, 2013
64

] 

Subcarrier type Definition 

Data subcarrier Subcarrier that carries the actual broadband data 

Continuous pilot Pilot that occurs at the same frequency location in every OFDM symbol and is used for 

frequency and phase synchronisation 

Scattered pilot Pilot that does not occur at the same frequency in every symbol, and which may be 

used for channel estimation. The locations of scattered pilots may change from one 

OFDM symbol to another 

Complementary 

pilot 

Subcarrier with a lower modulation order, to allow phase tracking for frequency offset, 

phase noise correction, and to enhance signal processing by the CMTS 

PHY link channel A set of contiguous OFDM subcarriers constituting a sub-channel of the OFDM 

channel, which conveys physical layer parameters from the CMTS to the CM 

Excluded 

subcarrier 

Subcarrier that cannot be used because another type of service is using the frequency 

or a permanent external source is using the frequency. The CMTS and CM will be 

configured not to use these frequencies 

 

OFDM is now a relatively mature technology and has been implemented in other communications 

systems (including DSL, WiMAX, LTE and Wi-Fi). OFDM has a number of advantages over a 

single-carrier approach, including: 

 greater robustness to interference (including specific external sources) – as there is greater 

potential to control the signal at a subcarrier level to avoid interference 

                                                      
64

  Data-Over-Cable Service Interface Specifications, DOCSIS® 3.1, Physical Layer Specification, CM-SP-PHYv3.1-

I02-140320. 

MHz

Continuous / 

scattered pilot

Data 

subcarriers

OFDM channel

Guard 

subcarriers

SC-QAM channel
PHY link channel

(8 subcarriers in 4k FFT)

Excluded 

subcarriers
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 better operation in low SNR environments – the introduction of more-advanced encoding 

techniques to enable more efficient and robust use of the spectrum  

 greater flexibility in spectrum allocation – because OFDM involves smaller incremental 

subcarriers and provides the ability to adjust the overall channel size (see Section B.1.2), it 

provides greater flexibility in how the spectrum is used 

 lower cost per bit carried – the higher encoding rates enabled by the use of OFDM and low 

density parity check (LDPC) FEC will reduce the overall cost per bit carried. 

Encoding techniques 

DOCSIS 3.1 introduces the use of the Bose, Ray-Chaudhuri, Hocquenghem low-density parity 

check (BCH-LDPC) forward error correction (FEC) technique, rather than the Reed-Solomon FEC 

used in DOCSIS 3.0. This approach is also incorporated into the DVB-C2
65

 digital cable 

transmission system standard, which was released in April 2011. DVB-C2 supports variable 

coding and modulation across the channel, rather than the constant coding and modulation of the 

previous implementation. In the DVB-C2 standard this provides support for modulation schemes 

up to 4096-QAM, compared to 256-QAM in DOCSIS 3.0. Figure B.4 shows how DVB-C2 

performs significantly better at lower SNRs than its Reed-Solomon-based DVB-C predecessor, 

and demonstrates that DVB-C2 comes much closer to the Shannon spectral efficiency limit. It can 

be seen that, at the SNR required for DVB-C 256-QAM, it should be possible to operate at 

1024-QAM, providing around a 40% increase in spectral efficiency compared to 256-QAM. 

 

Figure B.4: Comparison 

of DVB-C2 and DVB-C 

encoding [Source: DVB, 

2011] 

 

In addition, the ability to allocate modulation schemes at the subcarrier level means there is greater 

potential to adjust the modulation used in specific SNR circumstances to provide the optimum 

performance on a subcarrier-by-subcarrier basis. For example, if within a channel there is a low 

SNR affecting just a small number of subcarriers, then a reduced modulation scheme can be 

                                                      
65

  ETSI EN 302 769 V1.2.1 (2011-04) – Digital video broadcasting; Frame structure channel coding and modulation for 

a second generation digital transmission system for cable systems (DVB-C2). 
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implemented for these particular subcarriers, whereas in DOCSIS 3.0 the reduced modulation 

scheme would have to be applied across the whole channel. In DOCSIS 3.1, the modulation 

schemes can be defined to match the channel conditions with greater granularity. 

The modulation schemes to be applied to particular subcarriers are defined in „profiles‟. Typically, 

different profiles will be applied to different groups of CMs (with CMs that have a similar SNR 

performance being grouped into the same profile). 

It should also be noted that DOCSIS 3.1 has provision to support a modulation scheme of up to 

16384-QAM in the downstream direction, with up to 4096-QAM being supported in the upstream 

direction (although it may be some time before this is seen in practical deployments). 

OFDM downstream transmission characteristics 

The DOCSIS 3.1 specification defines that the CM and the CMTS must support two independently 

configurable OFDM channels occupying spectrum of between 24MHz and 192MHz. There are 

two modes of operation defined for the downstream direction – 4k fast Fourier transform (FFT) 

and 8k FFT. The 4k mode supports 50kHz carrier spacing and 4096 subcarriers, while the 8k mode 

supports a denser 25kHz carrier spacing and 8192 subcarriers. The different sub-carrier sizes allow 

different robustness characteristics. A 25kHz sampling rate will have more energy per symbol and 

will require a higher-resolution FFT than a 50kHz symbol for the same block. This makes it easier 

to separate the signal from the noise when a 25MHz sampling rate is used, but it requires a greater 

amount of processing due to the higher number of subcarriers. The different FFT options allow the 

capacity and robustness of the signal to be tailored to the particular channel characteristics. 

OFDMA upstream transmission characteristics 

The DOCSIS 3.1 upstream uses a variation of OFDM, known as orthogonal frequency division 

multiple access (OFDMA). It is a multi-user version of OFDM which assigns subsets of subcarriers to 

individual CMs. The DOCSIS 3.1-compliant CM and the CMTS must be able to support at least two 

independently configurable channels, each occupying up to 96MHz of spectrum. At the upstream 

path‟s maximum capacity, it must be capable of transmitting/receiving 192MHz of active channels 

when the upstream upper band edge is 204MHz. This demonstrates that one objective of DOCSIS 3.1 

is to maximise the available upstream data transmission capacity. 

As with the downstream, there are two modes of operation for upstream OFDMA. In this case there is a 

2k FFT mode (which has 50kHz carrier spacing and supports up to 2048 subcarriers) and a 4k FFT 

mode (which has 25kHz spacing and supports up to 4096 subcarriers), although both subcarrier values 

may be limited by the channel bandwidth that is available. The upstream channel bandwidths range 

from 10MHz to 96MHz for the 2k mode and from 6.4MHz to 96MHz for the 4k mode. 

The CM and CMTS must be able to transmit / receive both OFDMA and SC-QAM channels at the 

same time, under the control of the CMTS, but SC-QAM channels are not to be transmitted above 

the upper DOCSIS 3.0 upstream edge of 85MHz. 
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In OFDMA, a CM is assigned a „minislot‟, which is a group of dedicated subcarriers which all use 

the same modulation scheme. A CM may be assigned one or more minislots in a transmission 

burst of data. Minislots allow the use of different upstream modulation modes by different CMs on 

the same upstream frequency. This approach was first introduced in DOCSIS 2.0, to allow 

DOCSIS 2.0 CMs to co-exist with legacy DOCSIS 1.0 and 1.1 CMs and is also supported by 

DOCSIS 3.0. The scheduling is controlled by the CMTS and this allows it to control the allocation 

of more time and spectrum to DOCSIS 3.1 as its traffic increases. 

B.2 Physical (PHY) and media access control (MAC) convergence layer 

The convergence logical layer between the PHY and MAC layers is responsible for mapping the 

DOCSIS MAC layer frames into a format suitable for transmission between the CMTS and the 

CM via the PHY layer. An example of the implementation of the downstream convergence layer 

from the DOCSIS 3.1 PHY specification is shown in Figure B.5. 

Figure B.5: Example of PHY–MAC convergence layer implementation for DOCSIS 3.1 [Source: CableLabs, 

2013
66

] 

 

In this implementation, the downstream operation is split between the control plane (at the top of 

Figure B.5) and the forwarding plane (in the remainder of Figure B.5) which forwards messages 

from the CMTS to the CM.  

The forwarding engine in the CMTS („switching / routing layer‟), forwards packets to the MAC 

domain („DOCSIS MAC/MULPI layer‟), which applies particular QoS parameters to packets. This 
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may be at a hierarchical level, performing traffic speed shaping on a per-user, per-channel and per-

bonding group basis. This domain also includes the DOCSIS light sleep (DLS) buffer. 

DOCSIS 3.1 has introduced a CM light-sleep mode as a power-saving mechanism for CMs when 

they are not carrying traffic. 

The „convergence layer‟, a new feature of DOCSIS 3.1, contains a number of buffers 

corresponding to the different defined profiles within the system („CL Buffer Profile A‟ etc.). As 

mentioned in Section B.1.2 earlier, each profile contains a list of modulations to be used for the 

subcarriers within an OFDM channel, with CMs that have similar SNR characteristics being 

assigned to the same profile. The profile creates the path at the MAC layer for onward 

transmission at the PHY layer. Either the forwarding engine or the DOCSIS QoS engine keeps a 

look-up table of the path and profile to which each packet needs to be assigned, which allows the 

appropriate „CL buffer‟ to be selected. 

The PHY layer contains the „codeword builder‟ which is responsible for mapping the DOCSIS 

frames into FEC codewords for transmission in the OFDM-based RF layer. The codeword is a 

FEC data block that contains both data and parity bytes. The codeword builder combines bytes 

from one of the CL buffers, adds FEC, and uses the appropriate profile modulation data to map the 

codeword onto the appropriate OFDM symbol. 

B.3 MAC and upper layer protocol interface (MULPI) features of DOCSIS 3.1 

B.3.1 Delay and jitter – active queue management (AQM) 

AQM is DOCSIS 3.1‟s attempt to improve the latency performance of the DOCSIS specification. 

AQM is deployed by default on all upstream best efforts and non-real-time polling service flows 

and all downstream service flows. The queuing latency in a service flow is managed 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 will determine whether the packet is queued or dropped.  

CableLabs has modelled a variety of AQM algorithms, such as controlled delay (CoDEL) and 

proportional integral enhanced (PIE).
67

 As a result, DOCSIS 3.1 CMs must support PIE and can 

also support other algorithms. In addition, PIE is recommended for inclusion in DOCSIS 3.0 CMs. 

When PIE is implemented in DOCSIS 3.0 and 3.1 products it should lead to similar latency and 

jitter performance across them. 

The DOCSIS 3.1 specification also has provision for including vendor-specific algorithms, and it 

is recommended that CMs have the ability to download algorithms in the future. A latency target 

can be set for use in the AQM algorithm by the operator, with the default setting being 10ms. 
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The CMTS vendor is invited to define its own downstream AQM scheme for the CMTS, which 

should be published for access and evaluation by the cable industry and networking community. 

However, there are key guidelines in the specification: 

 The CMTS default AQM scheme should allow each downstream service flow to attain and 

maintain a steady transfer rate at the Peak Traffic Rate before the Maximum Traffic Burst has 

been used. 

 The CMTS default AQM scheme should allow each downstream service flow to attain and 

maintain a steady transfer rate at the Maximum Sustained Traffic Rate after the Maximum 

Traffic Burst has been used. 

 The CMTS should minimise the number of buffered packets during the transition from Peak 

Traffic Rate to Maximum Sustained Traffic Rate. 

 The CMTS must be able to control AQM on a per Service Flow basis, including the ability to 

disable AQM. 

 The CMTS must support a configurable mechanism to control aspects of the AQM algorithm 

that affect trade-offs with other QoS requirements. 

 The CMTS should bound packet loss to an acceptable level for each of the Service Flows. 

Our discussions with CMTS vendors indicate that they believe AQM will provide a hierarchical QoS 

structure for DOCSIS that has not previously been available. A hierarchical QoS structure will give 

cable operators more control over QoS characteristics such as delay and jitter, and so allow the specific 

management of different traffic flows. One vendor noted that reducing latency for certain services is 

likely to be at the expense of increased packet loss, although the specification states that this should be 

kept to an „acceptable level‟ (but this level is not explicitly defined). 

 


