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today

Cat 6a is roughly the same price as Cat 5e and gives some
future-proofing

In particular, Cat 5e is at the edge of supporting 1Gb and bad
installs can easily cause problems, dropping the speed to
100Mb. Cat6 has more “headroom”
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The NBASE-T Alliance claims “an estimated 70 billion meters of
cabling, which is more than 10 trips to Pluto” has been installed

So people are trying hard to make new Ethernet standards that
don’t require ripping out the old cabling and installing new

Thus we have intermediate curiosities like 2.5GBaseT and
5GBaseT (standards developed after 10GBaseT), that run on
lower-spec cables

The higher speeds and more expensive cabling is usually found
only in specialist installations like data centres, HPC and
Internet exchanges
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By Robert.Harker at English Wikipedia, CC BY-SA 2.5, https:
//commons.wikimedia.org/w/index.php?curid=9891521

https://commons.wikimedia.org/w/index.php?curid=9891521
https://commons.wikimedia.org/w/index.php?curid=9891521
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addresses in the frames and to track the socket where each
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number of possible collisions, increasing throughput

Each output cable is now a separate collision domain

The full bandwidth is available on each output, simultaneously

Collisions only if two hosts send to the same destination
simultaneously
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No collision Collision
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choose to store and forward a packet later when that output is
free

Now there can be no collisions and we might think we can do
away with CSMA/CD

But buffers in the switch can fill up and then packets would have
to be dropped by the switch

So the switch can send a jamming signal on an input to get it to
back off and resend later: thus still using CSMA/CD
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onwards before the tail has arrived: more complex, but less
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Switches can run full duplex, with independent inward and
outward traffic to each host

This gives twice the total bandwidth of previously

No collisions are possible between opposing traffic as inward
and outward traffic runs over different twisted pairs (below 1Gb)
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Ethernet is moving faster: 10Mb/s to 1Gb/s and more, all using
the same basic CSMA/CD protocol, but using differing electrical
signalling

Ethernet cards can autonegotiate to select optimum speed

But it’s not just a case of increasing the frequency of the signal,
there are other complications to get around the electrical
limitations of the cables (discussed later, if we have time)
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Ethernet with speeds above 100Gb/s are called Terabit
Ethernet

200Gb/s and 400Gb/s Ethernet are available, while 800Gb/s
and 1.6Tb/s are under development

Mostly optical fibre rather than copper twisted pair, but some
support for very short (e.g., 2m) copper connections

Not likely to be seen in the home for many years!
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This used MOdulation and DEModulation to convert bits into
acoustic symbols, i.e., sounds

The early Internet (Arpanet) ran over the existing analogue
telephone network
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Exercise Read about the V series of modem standards

Exercise Read about amplitude modulation, frequency
modulation and phase modulation and Quadrature Amplitude
Modulation (QAM) constellations
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ADSL

Asymmetric Digital Subscriber Line (ADSL) was a popular
method of delivery to the home

Analogue modems are limited to 56Kb/s, the maximum speed
available from a standard analogue telephone line where all
frequencies apart from a 3KHz chunk centred on the human
voice are filtered out and thrown away

The telephone wire — while only originally specified to be
capable of sending voice — is capable of more, ADSL tries to
take advantage of this

It uses many block of frequencies simultaneously — broadband
— that avoid areas of the spectrum that have interference, and
to make best use of areas of the spectrum that don’t
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ADSL
The data rate you get depends on the quality and length of the
copper loop connecting you to the telephone exchange: the
longer it is the harder it is to get a clean signal down it

And the amount of interference there is along the route of the
copper loop

ADSL2+ tops out at 24Mb/s, dropping to 2Mb/s at its longest
reach (about 4km, maybe up to 8km if you are really lucky)

It is asymmetric in that is divides the available bandwidth
unequally into (say) 24Mb/s downstream (towards the user)
and 2Mb/s upstream (towards the Internet)

Which is what most home users want: a few clicks on a Web
link (low bandwidth) resulting in a large page download (high
bandwidth)
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But 24Mb/s is not enough for today’s video streaming,
multi-occupant houses: we need to go faster and copper wire is
struggling to keep up

We do have improvements on ADSL (see VDSL later), but
optical fibre would raise the available rate enormously

Exercise ADSL is just one in a series of DSL standards,
collectively called xDSL. Read about these
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Ideally we would each have a high-bandwidth optical fibre to
our home

Optical fibre is not subject to electrical interference like copper
wires, and can carry huge (terabits is possible) datarates
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Fibre

It is very expensive to provide everybody with a fibre
connection: a lot of digging up the road is needed

The legacy copper telephone network was put into place over
many decades

Though progress on laying fibre is continuing and there is
preliminary talk about decommissioning the copper network at
some point in the future

The UK government has announced that there will be 100%
coverage of gigabit “broadband” by fibre or 5G by 2025

Previously it had an “aspiration” to have 100% optical fibre by
2033 — much more realistic

Exercise Find out what the current Government target is
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Fibre Hybrid

We would like Fibre to the building/business (FTTB) or Fibre to
the premises (FTTP), where fibre comes to a building (business
or multiple occupancy building); or Fibre to the home (FTTH)
where fibres come to individual houses

Currently, the most popular solution is to have Fibre to the
street cabinet (FTTC) and then use a DSL over the existing
copper wire (the copper loop) to the home

VDSL is used on the copper from the cabinet to the home: with
an “up to 80Mb/s” downlink
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Fibre Hybrid

VDSL (and VDSL2 etc.), another DSL standard, gives higher
data rates than ADSL over short distances

But the rates drop off rapidly with distance, and after about
1.6km its performance drops below that of ADSL

Exercise Read about the various distances, performances and
frequencies used by these standards
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Fibre Hybrid

The distance you live from the distribution cabinet governs what
speed you actually get

In contrast, ADSL uses the old copper loop from the exchange
to the home: this can be many kms

The FTTC “Fibre broadband” hybrid represents the current
cost-effective way of getting decent bandwidth to the home

FTTH/P is sometimes marketed as “full fibre” to distinguish it
from FTTC
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Fibre Hybrid

Other hybrids include: Fibre to the distribution point (FTTdp)
uses fibre from the cabinet to the (normally underground or on
a telephone pole) distribution point where the cable bundle
currently splits into individual cables to the premises

A box at the DP converts the optical signal to an electrical
signal along the final shortish copper loop to the premises

Using G.fast, another DSL for very short loops: up to 500m,
providing up to 330Mb/s

Openreach used to support G.fast, but now prefer to install
FTTP
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Fibre

The current big push is to install FTTP and there is a lot of
engineering works across the country digging up streets to
install it

Big companies like Openreach (BT) and Virgin as well as
smaller Altnets, like Truespeed and City Fibre currently digging
up Bath

Offering up to gigabit speeds: usually advertised as 900Mb/s
so they can’t be prosecuted for misleading advertising
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FTTdp
G.fast 300Mb/s
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Current common connections in the last mile



The Last Mile

In the UK we have:

5500 exchanges ADSL copper 24Mb

10,000s street cabinets
VDSL
FTTC

fibre +
copper

80Mb

1,000,000s distribution points
G.fast
FTTdp

fibre +
copper

300Mb

30,000,000 premises
Ethernet

FTTP
fibre 1GB



The Last Mile

In the UK, there is a legal requirement: the universal service
obligation (USO) of a connection of at least 10Mb/s down,
1Mb/s up

BT (or other large provider, like KCOM in Hull) have to provide
this at a reasonable cost

It can be wired/fibre or even wireless
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End of Analogue

BT wants to turn off all analogue (Public Switched Telephone
Network (PSTN)) networks by 31 Dec 2025

Meaning the voice network, i.e., telephone

Voice will be replaced by digital (Voice Over IP (VOIP)) over
copper or fibre to a modem in your home; your phone plugs into
the modem

In the long run they want to remove the copper, but this means
building fibre (or wireless) everywhere first
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