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Data flow in a cable network
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DOCSIS 3.1 –  
the game changer for  
cable TV and Internet
The new DOCSIS 3.1 standard offers significant benefits to cable network operators. Its numerous techno-

logical advances serve to increase the data rates drastically in both the upstream and downstream without 

costly modifications to the network structure.

For cable networks, the “last mile” to 
the connection at the user’s home is 
the bottleneck that prevents higher data 
rates. This last segment is made up of 
optical fiber and coaxial cables, ampli-
fiers and electrical/optical  converters. 
This mix of optical fiber and coaxial 
cables is known as a hybrid fiber-coaxial 
(HFC) network. Fig. 1 illustrates a typical 
cable network.

The Data Over Cable Service Interface 
Specification (DOCSIS) 3.1 published in 
October 2013 acts as a game changer 
for cable networks. Its technical inno-
vations allow cable network  operators 
to maximize both the downstream 
(DS) and upstream (US)  throughput 
in their networks without making 

Fig. 1: A typical cable network that provides 

television and Internet services to homes via 

cable modems.

expensive changes to the HFC network 
infrastructure. 

The DOCSIS standard was developed 
by the nonprofit consortium CableLabs 
and ratified in mid-1997 (Version 1.0). 
DOCSIS specifications cover the com-
plete communications infrastructure 
for IP connections, various layers, and 
bidirectional data transmission over the 
cable TV network. Since previous ver-
sions remain as part of the DOCSIS 3.1 
specification, network components 
must be downward compatible. An 
application note from Rohde & Schwarz 
discusses the fundamental technolog-
ical advances of DOCSIS 3.1 and pro-
vides a first look at measurements [1].

Current cable networks use different 
versions of the standard. Fig. 2 shows 
the differences between DOCSIS 3.0 
and DOCSIS 3.1 for the upstream and 
the downstream.

DOCSIS 3.0 is still being used in many 
countries around the globe. Europe 
uses a modified version (EuroDOCSIS) 
that reflects the standard 8 MHz 
channel bandwidth found there. 
EuroDOCSIS provides higher down-
stream rates than in the USA or Asia, 
where 6 MHz channels are typical. 
DOCSIS 3.0 defines a two-path com-
munications system, where the down-
stream employs a 64QAM or 256QAM 
single-carrier method in line with the 
ITU-T J.83/B and DVB-C standards [2].

NEWS 213/15 41



42

Fig. 3: A key improvement in DOCSIS 3.1 is the use of higher order constellations that allow higher 

data rates. The screenshots were taken using the R&S®CLGD DOCSIS 3.1 cable load generator and 

the R&S®FSW signal and spectrum analyzer.

Downstream

Parameter DOCSIS 3.1 DOCSIS 3.0
Modulation OFDM, 4k and 8k FFT,  

similar to DVB-C2
single carrier with 
J.83/B or DVB-C

Frequency range 108 MHz to 1218 MHz (1794 MHz) 45 MHz to 1002 MHz

Channel bandwidth up to 192 MHz 6 MHz or 8 MHz

QAM order up to 4096 (optionally 8k, 16k) up to 256

Error protection LDPC, BCH Reed-Solomon

Downstream data rate 10 Gbit/s (20 Gbit/s) 300 Mbit/s (1 Gbit/s)

Upstream

Parameter DOCSIS 3.1 DOCSIS 3.0
Modulation OFDM, 2k and 4k FFT, 

similar to DVB-C2
single carrier with  
TDMA or CDMA

Frequency range 5 MHz to 204 MHz 5 MHz to 50 MHz

Channel bandwidth up to 96 MHz up to 6.4 MHz

QAM order up to 4096 up to 64

Error protection LDPC, BCH Reed-Solomon, Trellis

Upstream data rate 1 Gbit/s (2.5 Gbit/s) 100 Mbit/s (300 Mbit/s)

Fig. 2: Comparison of key features of DOCSIS 3.1 and DOCSIS 3.0. Values in parentheses are future extensions.

DOCSIS 3.1 incorporates portions of 
the PHY layer specification from the 
DVB-C2 standard with OFDM and very 
high orders of QAM (up to 16kQAM for 
future applications). The downstream 
bandwidth can extend to a maximum 
of 192 MHz, making data rates of up to 
10 Gbit/s possible.

DOCSIS 3.1 – the network 
 operator’s recipe for success
The demand for greater bandwidths and 
better quality of service (QoS) is steadily 
growing. Against this background, 
DOCSIS 3.1 is a clarion call to network 
operators, who also face stiff competi-
tion from wireless / LTE and DSL Inter-
net providers. 

Many developments and forces drive 
the market. These include the demand 
for faster Internet access, new business 
services, over-the-top (OTT) content, 

3D TV as well as 4K and 8K TV trans-
mission, to name only a few. A number 
of network operators are pushing Wi-Fi 
over cable. This makes the WLAN avail-
able not only at users’ homes but also 
at access points outside the home. Sub-
scribers benefit from the convenience 
of having WLAN access when moving 
about outdoors in the vicinity of their 
home. Providing a significant boost in 
data throughput, DOCSIS 3.1 fulfills the 
requirements for all of these new ser-
vices and is essential for network opera-
tors to be competitive on the market.

DOCSIS 3.1 also offers financial benefits. 
The enhanced standard makes more 
efficient use of the spectrum. Higher 
order constellations make it possible to 
transmit more bits over the same band-
width – lowering the cost per bit. But 
above all, network operators can leave 
their copper cable infrastructure in 

place for the last mile and still achieve 
data rates not possible with DOCSIS 
legacy versions.

The DOCSIS 3.1 standard supports 
the different bandwidths in Europe, 
 America and Asia. As it is downward 
compatible, it permits a smooth transi-
tion to the latest standard, minimizing 
cost and risk for operators.

Major leap forward in 
technology
A primary difference from the previous 
versions is the use of orthogonal fre-
quency division multiplexing (OFDM) in 
DOCSIS 3.1. This multicarrier technique 
offers many advantages:
 ❙ Longer symbol times improve immu-
nity to impulsive noise

 ❙ Suppression of individual subcarriers 
prevents bit errors caused by ingress 
noise

 ❙ Multiple modulation profiles accom-
modate for different reception condi-
tions

 ❙ Time and frequency interleaving 
improve immunity against impulsive 
noise and narrowband interference 
(GSM phones)

 ❙ A guard band (cyclic prefix) prevents 
intersymbol interference (ISI) 

 ❙ Symbol shaping prevents interchannel 
interference through steeper channel 
spectral edges

DOCSIS 3.1 also uses a powerful error 
protection (low density parity check; 
LDPC). This permits significantly 
higher order constellations (at present 
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Large channel bandwidths in DOCSIS3.1
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4096QAM; in future up to 16kQAM) and 
thus drastically higher data rates (Fig. 3).

DOCSIS 3.1 also reduces or even elim-
inates the need for RF guard bands as 
it defines channels with up to 192 MHz 
bandwidth (Fig. 4). This technology 
was employed by Japan Cable Televi-
sion Engineering Association (JCTEA) 
to increase the downstream data rate 
for HEVC encoded high frame rate 8K 
transmissions.

Higher order constellations require a 
better signal quality (modulation error 
ratio; MER). The headend must there-
fore generate downstream signals 
with the highest possible MER. The 
upstream path must also exhibit high 
modulation quality as it is susceptible to 
noise. This is why testing and mainte-
nance are vital for DOCSIS 3.1 compli-
ant cable networks. High-quality T&M 
equipment is essential to carry out the 
required types of analyses.

Key feature: profiles
One outstanding feature offered by 
DOCSIS 3.1 are profiles that can be 
used to apply the appropriate signal 

Fig. 4: Large channel 

bandwidths eliminate 

the need for RF guard 

bands, resulting 

in more efficient 

transmission.

configuration to individual areas in 
a network topology. Not all cable 
modems receive the same level of sig-
nal quality. The signal quality at the 
modem is dependent on the distance 
to the cable modem termination sys-
tem (CMTS), the type and number of 
upstream components (Fig. 6), and var-
ious types of interference on the trans-
mission path. Profiles take advantage of 

Fig. 6: The signal quality (MER) is dependent on the cable network infrastructure and the distance between the cable modem and the cable modem 

 termination system (CMTS).

the ability to assign an individual con-
stellation order (QAM) to each sub-
carrier in an OFDM cable channel. By 
assigning suitable profiles to groups 
of modems having similar signal qual-
ity, it is possible to provide a maximum 
number of modems in the network with 
the best possible channel capacity at a 
given carrier-to-noise ratio (CNR) (Fig. 5).

Fig. 5: Each sub-

carrier in an OFDM 

cable channel can be 

assigned an individual 

constellation order.
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Without the option to assign different 
profiles, the CMTS would have to gen-
erate signals with a sufficiently low-
order constellation to ensure that they 
can still be decoded reliably by the 
modem with the worst CNR. This would 
unnecessarily reduce the data rate for 
all of the remaining cable modems. The 
process is similar to that for the physical 
layer pipes (PLPs) in the DVB-T2 stan-
dard, where broadcast services can be 
adapted to a variety of situations, e. g. 
reception on a roof antenna, indoor 
reception or mobile reception.

The future
Since its publication, DOCSIS 3.1 has 
generated a lot of activity in the USA 
CableLabs has hosted two events in 
Louisville, Colorado, giving CMTS and 
cable modem manufacturers, T&M 
equipment providers and network oper-
ators the opportunity to meet and 
test their systems for interoperabil-
ity. Rohde & Schwarz participated in the 
tests and also made signal generators 
and analyzers available.

As part of the preparations for the 
2020 Olympic Games in Tokyo, JCTEA 
recently modified the DVB-C2 standard 
to launch UHD-2 8K broadcasting (at 
120 frames/s) starting in 2016. The asso-
ciated services will use HEVC encod-
ing and primarily require a data trans-
mission rate of 100 Mbit/s. With sup-
port from Sony, JCTEA proposed some 
enhancements to the DVB-C2  working 
group that permit the standard to be 
used in accordance with Japanese gov-
ernment broadcasting regulations:
 ❙ Notifications from early warning sys-
tems (earthquakes, etc.). These signals 
must be included in the layer 1 signal-
ing to ensure sufficiently robust trans-
mission

 ❙ More precise specifications for PLP 
bundling. 
This is currently specified only in gen-
eral terms (Annex F to EN 302 769 
V1.2.1). Japan is expected to be the 
first country to utilize PLP bundling 
commercially

 ❙ New modulation and coding schemes 
for greater flexibility. The schemes cur-
rently defined in the DVB-C2 stan-
dard deliver a data rate of 49 Mbit/s 

Fig. 7: During the roll-out phase, 

analog and QAM signals will 

co exist with DOCSIS 3.1 signals. 

The screenshot shows the output 

signal from an amplifier, measured 

with an R&S®FSW signal and spec-

trum analyzer. The uptilt compen-

sates for the frequency response of 

the cable and the amplifiers.

(1024QAM with code rate 5/6) at 
an acceptable signal-to-noise ratio. 
56 Mbit/s (4096QAM with code rate 
5/6) is also available at a 6 MHz chan-
nel bandwidth; this however requires a 
higher MER

These requirements were submitted by 
the DVB-C2 Commercial Module Group 
and approved in February 2015 by the 
DVB Steering Board [3].

Japanese network operator J:COM 
plans DOCSIS 3.1 test phases through 
the end of 2015, at which time all ana-
log TV services in cable networks will 
be switched off throughout the coun-
try. It can therefore be expected that 
QAM (J.83/C) and DOCSIS 3.1 signals 
will coexist in the network during test 
phase 1.

In some European countries, including 
Germany, it is possible that PAL (analog), 
QAM (DVB-C) and DOCSIS 3.1 signals 
will coexist in the cable networks during 
test phase 1 (Fig. 7). A similar situation 
is expected in the USA with NTSC (ana-
log) and J.83/B.
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Now that the DOCSIS 3.1 standard has been defined, the indus-
try players need to get to work. A completely new generation 
of broadband modulators and tuners will be needed for cable 
modems and their counterparts in the headend (CMTS). Even if 
the network infrastructure is left untouched, it will still be nec-
essary to test the amplifiers and converters with the new sig-
nals. The large number of signals present on the broadband cable 
is especially critical since distortion can easily occur due to inter-
modulation. With OFDM, signal peaks can also occur, which lead 
to laser clipping in electrical/optical converters, resulting in inter-
ference and loss of data. In addition, during a transition period, 
DOCSIS 3.1 must share the cable with the older 3.0 version, as 
well as with existing digital television and even with analog TV 
and VHF radio. T&M equipment must be capable of handling this 
complex scenario.

Broadband cable with customized loading for the lab 
bench: R&S®CLGD DOCSIS cable load generator
The R&S®CLGD signal generator simulates a (fully) loaded broad-
band cable and is especially suited for investigating the mutual 

influence from DOCSIS 3.1, J.83 / A / B / C and analog TV signals 
in order to ensure that the new broadband data services can 
 coexist with conventional TV broadcasting. In a downstream fre-
quency range from 47 MHz to 1218 MHz (1794 MHz optional), it 
simultaneously generates either up to eight DOCSIS 3.1 channels 
or, in the case of mixed-mode operation, two DOCSIS 3.1 chan-
nels and up to 158 digital TV channels. In the upstream, the range 
from 5 MHz to 204 MHz is supported, and this range can be sup-
plied with DOCSIS 3.1 signals up to a 96 MHz bandwidth, or with 
DOCSIS 3.0 TDMA or CDMA signals.

Each downstream channel is continuously modulated in real time 
either with an internally generated MPEG-2 transport stream or 
PRBS content or with data fed over IP. This permits direct BER 
measurements over the entire frequency range without requiring 
changes to the configuration. The R&S®CLGD makes such simu-
lations realistic by adding different types of interference such as 
additive white Gaussian noise (AWGN), impulsive noise, microre-
flections (in line with SCTE 40), narrowband ingress, and AC hum. 
The instrument is operated from a PC or via a convenient web GUI.

Comprehensive DOCSIS 3.1 analysis with the R&S®FSW  
signal and spectrum analyzer
The R&S®FSW-K192 option is available on the R&S®FSW signal 
and spectrum analyzer for analyzing DOCSIS 3.1 downstream sig-
nals. This software application offers a wide range of graphical 
displays with detailed results as well as tables listing measure-
ment parameters, greatly facilitating precise characterization and 
troubleshooting on the DUT. Time-saving automated functions are 
also available to make measurements more convenient. For exam-
ple, the software can automatically identify a number of differ-
ent signal parameters, making initial measurements possible with-
out detailed knowledge of the signal. However, demodulation and 
decoding of all code words requires an in-depth understanding of 
the DOCSIS 3.1 profile being used. This information can likewise 
be obtained automatically by reading the data from the physical 
layer link channel (PLC), or the data can be entered manually.

The software captures a number of key signal quality parameters, 
including modulation error ratio (MER), which can be determined 
with a high degree of accuracy even in an extremely densely pop-
ulated I/Q diagram (16kQAM). R&S®FSW-K192 is additionally 
capable of decoding the detected symbols and of measuring the 
bit error rate, even down to extremely low values (10–10).

Measuring equipment for DOCSIS 3.1

The only thing missing is the DUT: the R&S®CLGD and R&S®FSW 

offer all the functions needed to analyze DOCSIS 3.1-ready network 

components.

Summary
It can be assumed that DOCSIS 3.1 
will provide a strong impetus for the 
cable market over the next few years 
as it drastically improves upstream and 
downstream performance in terms of 
capacity, robustness and flexibility. It 
increases data rates to a maximum 

of 10 Gbit/s in the downstream and 
2.5 Gbit/s in the upstream without 
requiring significant changes to the 
HFC network infrastructure. This poten-
tial should also satisfy the high expecta-
tions from cable customers, and it will 
ensure that the standard remains viable 
for future 4K and 8K TV broadcasts.

Dr. Nik Dimitrakopoulos; Peter Lampel;  

Greg Kregoski
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