Orange Class 3.x BTS

GSM 1800 BTS and its evolution from
Nokia DF-12 to DF-34



Introduction

* The Class 3.0 BTS was one of two original BTS site designs
implemented by Orange, the other being the Class 2.0
(see: https://2g-gsm.co.uk/orange-class-2-0-bts)

* The Class 3.0 BTS was an integrated outdoor cabinet
which supported 2 x GSM 1800 TRXs in a single cabinet
and 4 x GSM 1800 TRXs in a two-cabinet configuration

* The two-cabinet configuration was the most common
deployment scenario for Orange as the site was used in
the main, for a 3-cell sector configuration, 1+1+1

* The two-cabinet configuration supported a fourth TRX
which could be added to any of the three cell sectors by
configuring the physical RF combiner output to coaxial
feeder connectivity within the roof space of the cabinet

* Inrare scenarios where a single cabinet was deployed,
this would be configured as a 1 or 2 x TRX omni-
directional site

»

Source: The GSM System for Mobile Communications by Michel Mouly & Marie-Bernadette Pautet
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https://2g-gsm.co.uk/orange-class-2-0-bts

Orange BTS designations

. 2 BTS
* Orange a”ocated d SpeCIfIC IBTS Class' - -The table below shows the different class of BTS that are in use in the network al ith the T
. . . . . s SS O
designation to each BTS variant, the full list is capacity, number of cabinets, location and common name. i
shown here,,, BTS Class Internal / Cabs Trx GSM/ [Common Name Notes
. [ External Capacity | UMTS

* This document relates to those BTS types : Both 1 4 GSM_[Class 2

. P . . ey L External 1 2 GSM |Arack

identified as Class 3.x and highlighted within the 3 External | 2 4 GSM __|A + B rack

re d bOX 3.1 External 1 2 GSM |G rack

3.1 External 2 6 GSM |G + H rack
. . 3.2 Ext | 3 GSM |G +H + M rack
« While listed as 33, these BTS were refereed to = e i FiEni i ae - SN
1 K (internal)
as 3.3 (three dot three), this format was used — = 5 B S i
throughout the Orange era ' T rack (internal)
- 34 Internal 1 6 GSM _|S rack ACvarient

* This number scheme was used in the — Ay ! e

Infrastructure Management System (IMS) ~42 | Extemnal | 1 e

i i 50 | Both 1
database.whlch was the central repository for B e A
network information [nternal |1

* This scheme continued to be used by Orange oth 1
until the company merged with T-Mobile in ’
2010 to form Everything Everywhere, later
known as EE

Note, the terms cab, cabinet and rack are used interchangeably...
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Nokia GSM BTS
developments during
the 1990s

* This image highlights the evolution of
Nokia’s GSM 900/1800 BTS products

e At this stage GSM 1800 is still
represented as DCS...

* Orange 3.0 BTS was a Nokia 2" gen BTS
split to fit in two short outdoor racks,
with support for 4 x TRX

* Orange 3.1 BTS was a modified DF-12
base station which supported 6 x TRX in
the same form factor as the 3.0, this
was achieved by changing the layout of
plug in units and developing modified
RF components for the second cabinet

* Orange 3.2 BTS was a 3.1 with an
additional (third) cabinet which
increased the overall site capacity to 10
X TRX, therefore 3+3+4 was possible...
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Source: Orange Nokia DF-34 BTS training course notes - 1997



Nokia DF-12 BTS - used in Orange 3.0, 3.1 & 3.2 BTS

[
DCS 1800 Base Station, DF-12
Main Features
. %&d:g \3‘! to_4 « Receiver diversity
gll)smi'reltone available
« Maximum con- “h ci}.;u.:luded
Eﬁﬂon two as a standard
inets, 10 TRXs,
wdnzMs
e . » Local MMI for .
available: 130 cm g(x)ltm]ling the
or 210 cm high BTS equipment
« Access to the « Inte; Abis
cabinet is front submultiplexing
only equipment for
« All external fgn- %ﬁn ntdiros
nections on
top of the abi:et omes
« Both DC and AC o o
wet common units
A med bag(e:ty Indoor mini
power supplies is | L o
optionally Two 16
available ; cham.l;glg,s' in the
.1 it first cabinet
D 34 ver . con-
: tion two
inets, 4 TRXs
« Dimensions

?xwxm
3x0.6x045 m

Note: the 900 MHz variant of this BTS is known as DE-12 2g-gsm.co.uk document ref: 004 (November 2022) Source: Nokia DCS 1800 Base Station DF-12 brochure



Nokia DF-12 BTS - used in Orange 3.0, 3.1 & 3.2 BTS

2g-gsm.co.uk document ref: 004 (November 2022) Source: Nokia DCS 1800 Base Station DF-12 brochure
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Nokia DF-12 BTS as Orange 3.0 BTS

Known as A and B cabs/racks, Orange configuration used two
receivers for diversity reception, this is common with all Orange

MOCA BTS UNIT DESCRIPTIONS - CONTENTS
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Diagram shows 1+1+1 configuration, the 4" TRX would be added to the bottom TRX shelf of the first cabinet and then these 2 TRXs would be connected to the sector which
required the additional capacity by connecting to the appropriate set of RF coaxial feeders in the roof-space of the BTS. Cell site could be configured as 1+1+2 or 1+2+1 or 2+1+1.

2g-gsm.co.uk document ref: 004 (November 2022) Source: Orange Nokia DF-12 BTS training course notes - 1994



Orange cell sites

Below - Orange class 3.x BTS site, likely a 3.1 - photo from 1998

Andrew Antennas (now Commscope) LDF-550 coaxial cable used as RF feeder/transmission
line from BTS to what looks like LDF-650 coaxial feeder run to the antennas; the thicker
cable has lower attenuation so is used on longer cable runs to keep within the target
maximum 2dB cable loss, to maximise the RF coverage of the site

* Right - Swann B2-
3 lattice tower
configured as 3
cell sectored site
with 1+1+1 BTS

* BTSis Orange
Class 3.0

* Nokia DF-12
equipment

* Taller cabinet is
TXC, this was a
joint power and
transmission
cabinet

 Sitehasa
microwave link
for backhaul

2g-gsm.co.uk document ref: 004 (November 2022)
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Orange 3.1 BTS - G & H cabs/racks

e Class 3.1 BTS supports 6 x GSM 1800 TRX and therefore enables a
maximum configuration of 2+2+2

* The photoillustrates a 3.1 with 1+1+1 configuration

* The left cabinet, known as G cab, is effectively the same as the A cab
of the 3.0 BTS, the right cabinet is a completely new layout, this is
known as a H cab

i
il ¢, , (LU

* The H cab used the same plug-in units as any other DF-12 BTS
however to make 4 x TRX fit in this form factor, the RF components
were redesigned and optimised for the number of RF ports required

il

* The G cab has a wideband combiner, transit duplex filter and 2 x
receive multi-couplers, as per the A cab (& Class 2.0 BTS)

 The new RF components in the H cab were; antenna combiner
(AFAX%, antenna duplex filter (AFDA) and antenna filter low noise
amplifier (AFLA)

* The layout of the H cab introduced two new shelf tkl)pes, a Frame
Unit (FU) shelf which is located at the top of the cab and supports
four sets of frame unit control board and digital signal processing
cards plus power supply

-
¥

b A &
]
P&
v
g\
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* The middle and lower shelves are Carrier Unit (CU) shelves, these
contain 2 x TRX each, each TRX consists of two receivers and 1
transmitter, along with power supplies

2g-gsm.co.uk document ref: 004 (November 2022)



Orange 3.2 BTS - G, H & M cabs/racks

As traffic volumes started to grow due to the

significant adoption of mobile-phones, and growth :

in usage, it was necessary to increase the capacity ?
available on a cell site

To mange this in the mid 1990s Orange worked with
Nokia to develop the Orange 3.2 BTS

3.2 added another 4 x TRX to the existing 6 x TRX
3.1 BTS through the use of an extension cabinet

This third cabinet was known as an M rack (or M
cab) and was connected back to the original two
cabinets by an umbilical cable

'(I'hekl\)/l rack was the same configuration as the H cab
rac

To enable more than 2 x TRX per cell sector the
solution implemented dual-duplexing as the
maximum number of TRX per antenna was two
(based on the RF combiners), therefore 1 or 2 TRX
would be transmitted on each of the 2 antennas per
cell sector, both antennas were used for receive
diversity for all TRXs

A new antenna filter low noise amplifier variant was
introduced to support dual duplexing (AFLD)

2g-gsm.co.uk document ref: 004 (November 2022)



Orange 3.3 BTS introduced the Nokia DF-34 3™ generation BTS, also
known as Nokia Talk-Family

|4
!

Note: the 900 MHz variant of this BTS is known as DE-34

Main
Features

« Compact 6 TRX
BTS (tri-sector or
omni)

« Upgrade to
12 TRX with a
second cabinet
Lightweight
aluminium
net for ease
of installation

« Advanced
features ensure
efficient radio
network imple-

| m tion

M - Receiver diversity
is standard

1l software
ad and
roga-

L

Nokia GSM/DCS 3rd Generation
i Outdoor BTS

2g-gsm.co.uk document ref: 004 (November 2022)

Source: Nokia GSM/DCS 3" Generation Outdoor BTS brochure



Nokia DF-34 BTS came in outdoor and indoor variants, each cabinet
supported 6 TRX - this was a completely new generation of equipment

2g-gsm.co.uk document ref: 004 (November 2022) Source: Orange Nokia DF-34 BTS training course notes - 1997



Orange 3.3 BTS - P/R & S/T racks

* The outdoor variant of the DF-34 BTS were known as P rack and R rack, a
single og dual cabinet solution was common, based on the capacity
require

* The indoor variant of the DF-34 BTS were known as S rack and T rack, as
with the outdoor solution, a single or dual cabinet solution was common,
based on the capacity required

* Asingle cabinet could support 6 TRXs, this could be utilisedas 1,2 or 3
cell sectors, depending on the capacity per cell sector

* A range of combiners, including remotely tuned combiners, enabled 1 to
6 TRXs to be combined to a single sector

* The 12 TRXs of the two cab/rack solution could be suploorted on a single
2.048Mbps E1 frame based on 16 or 32Kbps TRX signalling

* A third rack could be added to increase overall capacity to 6+6+6, this
required a second E1 transmission circuits for the Abis interface - the
third rack would be another P or S rack with its own Abis transmission

* As capacity demand grew Orange added more cell sectors to manage
GSM traffic, while 3 cell sectors was the most common design, 1 and 2
sector sites were used and 4, 5 and 6 cell sector sites were used to
manage high traffic demand

* Other operators used >6 TRX per cell sector however this was very
unusual for Orange, typically 6 TRX was the maximum...

2g-gsm.co.uk document ref: 004 (November 2022)



Orange 3.3 S and T racks

* The photo on therightis an S and T rack which formed part of
a 3 rack solution on this site, enabling a maximum
configuration of 6+6+6 (third rack is out of photo shot)

* The DF-34 TRX was a single unit in which the DF-12 units of
TXUA, 2 X RXUA, 1x FUCB and 2 x DSPU cards were integrated
into a single TRXD module, a significant optimisation which
enabled a much greater capacity density

* The layout of the S rack can be seen
on the yellow image to the left of
this page with common cards and
the transmission card for the Abis
interface on the top shelf.

e TRX1,2,3,4,5 &6 areinstalled in
the 3 lower shelves, along with
power supplies and RF combining

* The Track, seen on left side of image
to the right, is sub-tended off the S
rack which can support a maximum
of 12 TRXs on the Abis interface

* An Orange site with 6+6+6
configuration would be provisioned
with 2 x E1 Abis interface circuits,
one would be fully utilised while the
2" would be partially (50%) utilised

2g-gsm.co.uk document ref: 004 (November 2022)



Nokia DE-34/DF-34 BTS block diagram

* TRU - Transmission Unit

* O&M - Operations and Maintenance Unit
*  MCL - Master Clock (Synchronisation)

* EAC- External Alarm Card

* BCF - Base Control Function

* FHBC - Frequency Hopping Control

* TRX - Transceiver, which consists of BBM - Baseband
Module and RFU - Radio Frequency Unit

* STM - Site Test Monitor Unit

* FTS- ??7?

* AFE - Antenna Filter Unit

* RTC- Remote Tuned Combiner

* RMU - Receive Multi-coupler Unit

*  MHP - Mast Head Pre-amp

* RRO - Radio Relay Outdoor unit & RRI - Radio Relay
Indoor unit refer to Nokia’s optional integrated

microwave radio backhaul solution, this wasn’t
implemented by Orange

2g-gsm.co.uk document ref: 004 (November 2022)



Nokia Mini BTS

Nokia Flexitalk Mini-BTS could be installed either in indoors or outdoor environments, on a wall mounted bracket or on a free-standing plinth for
example, in offices, shopping centres or tube stations.

The Mini BTS could be configured as 1 or 2 TRX in a single cell sector

The outdoor variant had a heat exchanger unit installed in the lower part of the cabinet

Mini BTS cabinet options

E— b |

Orange installation with 1 DCS/GSM1800 TRX installed

In this configuration the BTS would have required the
following Abis interface transmission capacity:

* 128kbps for traffic channels (8 x TDMA timeslots)

Indoor wall mounted - outdoor wall mounted - indoor plinth mounted : zitzgz :2:: -(r)z(l\jlfir;ilglrl]iigr;il:mk

* Total Abis backhaul capacity of 224kbps

* This would increase to 384kbps when 2" TRX was added

2g-gsm.co.uk document ref: 004 (November 2022)



Nokia
Mini
BTS

Nokia has a proven
track record of deliv-
ering infrastructure
equipment for cellu-
lar networks.
Through its long
term presence and
co-operation on the
lobal market, Nokia
ﬁas a good under-
standing of the cus-
tomer’s different
environments and

« 1st product of
the Nokia 3rd

’Feneraﬂon BTS
amily

varying needs. Based
on this experience,
Nokia has now
created new dimen-
sions for GSM/DCS
base stations. The
main target for the
design of the new

roduct family has

een to minimize the
ﬁﬁeratox‘s expenses

ike site, installation
and O&M costs.

2g-gsm.co.uk document ref: 004 (November 2022)

The Mini Base Station
offers the customer
the freedom to plan
and to deploy the
network with great
flexibility. The Nokia
Mini Base Station is
small enough to be
unobstrusive but is
attractively styled.

E S8

-

Technical data
Nokia GSM/DCS 3rd Generation Mini BTS

Dimensions (HxWxD):

TX Frequency:
GSM 925-960 MHz (extended frequency band) 0.51x 0.59x 0.47 m
DCS 1805-1880 MHz Wegbll| Ciblinet ' 43kg +10 kg o]
RX Frequency: Max. 78 kg (+10 kg outdoor)
GSM  880-915 MHz (extended frequency band) Operating temperature:
DCS 1710-1785 MHz 5°C to +45°C
TX Output power: -33°C to +40°C (outdoor)
GSM  Class 5: 20 W -0..+3 dB . Capacity:  1-2 TRX omni
ZD}élllzamsltccsgwcr control range 30 dB in Posas el A
DCS Class 1: 20 W-0..+3 dB
Dynamic power control range 30 dB in
2dB steps in addition to 12 dB pre-
selectable in 2 dB steps ’
<1 Umbrella Cell
o——

Umbrella Cell

icro
Cell Cell

To BSC
Underground Station

C_ &= >

All Nokia products are subject to . ] S gociip

P

we
reserve the right to alter technical specifications without prior notice.

P.0Box 44, FIN-02601 Espoo, Finland

Source: Nokia GSM/DCS 34 Generation Mini BTS brochure



Orange deployments of Nokia Mini BTS

* Nokia Mini BTS deployed in Orange street cabinet with lamppost style antenna mounting
structure - often referred to as street-works site nowadays...

* Deployed in 1 x TRX configuration, Mini-BTS could be upgraded to 2 x TRX as capacity
demand increased

* Abis transmission connected via BT leased line, an n x 64kbps circuit which was
aggregated with other n x 64kbps circuits to ensure a reasonable fill rate on the BSC
2.048Mbps (E1) ET card

* Enough capacity would have been reserved on the aggregation E1 bearer to allow this
site to be upgraded to 2 x TRX as and when capacity demand required it

* While the Mini-BTS is a single cell sector, the configuration in the photo shows RF
splitters in the base of the cabinet, 1 for Tx/Rx and the second for diversity Rx

* The splitters have three antenna side inputs/outputs connected and as such this
indicated that three cell sectored antennas are installed on the lamppost/column

* The use of this technique was known in Orange as SST - Simultaneous Sectored
Transmission - this approach offered enhanced antenna gain versus an omni directional
antenna but would have suffered from serious nulls at the intersection between antenna
patterns, due to interference as the sectors were connected to the single cell TRX(s)

* This type of micro cell was designed to provide a small amount of coverage in-fill, and/or
a capacity uplift within the local area. The coverage requirement would typically be
minimal...

2g-gsm.co.uk document ref: 004 (November 2022)



Orange deployment of Nokia Mini BTS

This is a micro cell deployment which provided additional capacity to the local area via a 2 x TRX base station (Nokia Mini-BTS) and a
single cell sector with indoor mounted Nokia Mast Head Amplifiers (receiver pre-amps) and a small dual polarized 1800 MHz antenna
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P
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— ]
CAGE FOR—""| Eﬂ

HOIST

PROPOSED ————_[C m!ﬂ
LOCATION OF WALL
MOUNTED MINI BTS
OG0 oF
LOGATON ¢ ] PART PLAN AT
ELECTRICAL BASEMENT LEVEL

EQUIPMENT
ENCLOSURE SCALE 1:50

LANDLORD'S ! CAS UNIT FEEDER CABLES DROP FROM
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BUILDING BTS LOCATION

LINE
/ ARRRRRRES '.

_1_—HATCH ABOVE

LEVEL IN BASEMENT TO MIN'l\
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Summary

* Orange Class 3.x BTS was built around the Nokia DF-12 and DF-34
products, these BTS enclosures were deployed alongside an Orange
TXC (transmission cab) which housed the power supply, rectifiers
and batteries plus the Abis transmission backhaul, typically a point-
to-point microwave radio

* Micro cells designs varied depending on whether they were street-
side lamppost sites or in-building solution - providing primary
coverage and capacity either indoors or outdoors

* Variants of the Orange Class 3 (DF-12) macro cell BTS were in use
from pre-launch rollout through until 10t January 2005

e Nokia’s Ultra-site BTS was adopted as the default platform post DF-
34, proving a significant uplift in capacity - a future briefing will
cover this...

* Asignificant number of DF-34 installations remined beyond this
date, some of these remained operational until the integration
activities between Orange and T-Mobile, typically being swapped
out in the 2012 to 2016 timeline

2g-gsm.co.uk document ref: 004 (November 2022)
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