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BACKGRCUND 5 The pregent invention relates to cellular nobile
r adi ot el ephone stens. More particularly, the present i nvention is
directed to "% 8@¥Pﬂ4ar nobi | e radi ot el ephone syst em havPRYSERHPISPHut ed
conponents that comrunicate with one anot her by neans of a synchronous
protocol. 10 Conventional cellular nobile radio tel ephone
systens (henceforth referred to as "cellular systens") are wel I known.
A nodel for one such system the Pan-Eurgpgapn digital nobile tel ephone
system known as the d obal System for bil e Conmuni cations (GSM, is

illustrated in FIG 15 1( apISTRIBUTED RADTO TELECOMMUNECATIONS S¥STEMi t chi ng System
(SS) 101 and at | east one Base Station System (BSS) 103, serving a
nunber of predeterm ned geographical areas called "cells". In the
illustrated system the SS 101 conpri BACKGROUND {0l | owi ng network nodes: a

Mobil e Sergices SWI tehi &aecsﬂaseéneouwémow&sentaeneoLeeﬁ\hm REdh Fler

107, a Visitor ti,o ster LR) 109, I dentity

Regi ster (ElI RFac: %f}fphgﬂﬂ &% éﬁRﬁEnt Qﬁg Hﬁf%5§ﬁﬂar CE§ e present,

exenpl ary invention is directed to a cellular mohile radiotelephone
system having distributed components that communicate with
one another by means of a synchronous protocol.

10 Conventional cellular mobile radio telephone
systems (henceforth referred to as "cellular systems") are
well known. A model for one such system, the Pan-~-European
digital mobile telephone system known as the Global System
for Mobile Communications (GSM), is illustrated in FIG.

15 1(a). The system is divided into a Switching System (SS)
101 and at least one Base Station System (BSS) 103, serving
a number of predetermined geographical areas called “cells".
In the illustrated system, the SS 101 comprises the
following network nodes: a Mcbile Saervices Switching Center

20 (MSC) 105, a Home Location Register 107, a Visitor Location
Register (VLR) 109, an Equipment Identity Register (EIR)
111, and an Authentication Center (AUC) 113. The exemplary
BSS 103 comprises the following network nodes: a Base
Station Controller (BSC) 115 and a Base Station (BS) 133.

25 The BS 133 is divided into one or several Base Transceiver
Stations (BTS) 117, which each provide service for a single
cell. As can be seen from the more detailed block diagram
of FIG. 1(b), the BTS 117 is further divided into
Transceivers (TRX) 134, each supporting the eight time slots

30 on one fregquency, or, in a GSM system with freguency
hopping, eight consecutive time slots. Although only one of
each network node type is illustrated, in practice a system
may consist of a number of each network node type.
Furthermore, a number of BSs 133 are coupled to a BSC 115,

35 and a number of BSC’s 115 are coupled to an MSC 105. The
system may also include other functional components, such as
an Operation and Support System (OSS) 131. The S5 101 and



BSS 103 conprises the follow ng network nodes: a Base Station
Controller (BSC) 115 and a Base Station (BS) 133. 25 The BS 133 is divided
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example, the Integrated Service Digital Network (ISDN) 121,
the Packet Switched Public Data Network (PSPDN) 123, the
Circuit Switched Public Data Network (CSPDN)} 125, the Public

10 Switched Telephone Network (PSTN) 127, and the Public Land
Mobile Network (PLMN) 129. A complete description of these
well-known components is beyond the scope of this
disclosure. However, a short explanation of these features
will now be presented.

15 The BTS 117 is the radio equipment needed to serve
one cell, and in fact may be thought of as being local cell
equipment rather than base station equipment. It contains
the antenna system, the radio frequency power amplifiers and
all of the digital signal processing equipment needed to

20 operate the cell. The BTS 117 is coupled to the BSC 115.

The BSC 115 is the functional unit that controls
and supervises the BTS’s and the radio connections in the
system, including handoff, traffic channel selection and
connection supervision. This is accomplished by means of a

25 control processor (not shown) within the BSC 115. The BSC
115 is coupled to the MSC 105 by means of an interface (not
shown) to a transmission network (described below).

The MSC 105 serves as an interface between the BSS
103 and the networks 121 . . . 129. It is responsible for

30 set-up, routing and supervision of calls to and from mobile
subscribers. Other functions, such as authentication and
ciphering, may also be implemented in the MSC 105.

The HLR 107 is the PLMN operator’s database
containing information about all subscribers belonging to

35 this particular PLMN 129. The information stored in the
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information st ehts sa-bhrled triplet 13 transferred to the MSC 105 which
sends the challenge to the MS 115. The MS calculates a
response on the challenge and a ciphering key to be used by

15 the MS 119. The response is transferred to the MsSC 105. If
the response from the MS 119 equals the response calculated
by the AUC 113, the MS 119 is authentic and the call can
continue using the respective ciphering keys.

The EIR 111 exists because in the exemplary

20 system, there is a distinction between subscription and
mobile equipment. Just as the AUC 113 is useful for
ensuring that a particular subscriber is authentic, the EIR
111 checks the mobile equipment itself, in order to prevent
a stolen or non-type-approved MS 119 from being used.

25 The 0SS 131 is responsible for administration of
the system, including mobile subscriber administration,
cellular network administration, and alarm handling.

Thus, in cellular systems (not just the exemplary
GSM system illustrated in FIG. 1(a)), components comparable

30 to the GSM switching system constitute an interface between
the radio-based cellular system and the networks, including
the PSTN. Components comparable to the GSM base station
system similarly act as a conduit for information between
the mobile stations and the switching system. Calls to and

35 from mobile subscribers are switched by the switching
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113 is useful feach cell may either be serviced by its own base station or
may share a base station with a number of other cells. Each
cell has an associated control channel over which control
(non-voice) information is communicated between the mobile

10 station in that cell and the base transceiver station.
Generally, the control channel includes a dedicated channel
at a known frequency over which certain information is
communicated from the base transceiver station to mobile
stations, a paging channel for unidirectional transmissions

15 of information from the base station to the mobile station,
and an access channel for bi-directional communications
between the mobile stations and the base station. These
various channels may share the same frequency, or they may
operate at different respective frequencies.

20 In addition to a single contrecl channel, each cell
may be assigned a predetermined number of voice channels for
communicating the content of a communication between
subscribers. That content may be analog or digitized voice
signals or digital data signals. Depending on the access

25 mode of the cellular system, each voice channel may
correspond to a separate frequency in Fregquency Division
Multiple Access (FDMA), a separate frequency and time slot
or slots in Time Division Multiple Access (TDMA), or a
separate code in Code Division Multiple Access (CDMA). The

30 present invention may be implemented using any of these
multiple access techniques. _

Typically the cells are of relatively small size,
and there is a high probability that a mobile station will
move from one cell to another. The process of transferring

35 an ongoing mobile communication from one cell to another
cell is called "handoff". It is important that handoffs be
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intra-BsC, inter-BSC/intra-MsSC, and inter-BSC/inter-MscC.
Both the BTS 117 and the MS 119 continuously measure a
signal parameter, typically signal strength, of an ongoing
call. Other parameters, such as signal quality as indicated

10 by a bit error rate (BER), may also be monitored. The MS
119 additionally makes signal strength measurements on
surrounding cells. All measured values are then transferred
to the BSC 115, which filters and compares them. When the
relationship between the various measured signal parameters

15 associated with a particular mobile station passes a
predetermined threshold, indicating that the cell border has
been passed, the BSC 115 initiates a handoff of that call
connection by selecting a new target BTS 117 and an
associated traffic channel to take over the handoff call

20 connection. The BSC 115 then uses the existing connection
between the BTS 117 and the MS 119 to order the MS 119 to
tune to the selected new traffic channel of the target BTS
117. The new BTS 117 then takes over the call connection
for the Ms 119.

25 Inter-BSC/intra-MSC handoffs are as described
above, and additionally include actions taken in the MSC 105
to synchronize activities between the two BSCs involved, the
old BSC 115 making decisions and the new one selecting
resources. Inter-BSC/inter-MSC handoffs further require

30 actions to synchronize activities between two MSCs.

Traditional base stations have their constituent
components physically situated close to one another.
However, many of the above-described components of the
cellular system are usually not disposed in one location,

35 but are instead separated from one another by some distance.
Information to be communicated between the various
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increase in the number of users being served by the system

15 at any given moment, but alsc from the likelihood that more
subscribers are "visiting" another area, which increases the
network signalling associated with roaming.

The ability of the cellular system to move data

from one point to another will also be increasingly strained

20 as new improved speech quality and high speed data services
providing megabits per second (Mbps) bit rates to the user,
are introduced. Also, by utilizing so-called "“soft
information", it is possible to improve service decoding and
handoff performance. However, carrying soft information

25 throughout the fixed network may increase the network load
by a factor of ten. Improved service quality, especially
during handoff, may also be improved by combining signals
received by two or more BTS’s (so-called "soft handoff").
This signal combination must occur at a BSC, which would

30 receive the two signals from the respective BTS’s. It is
apparent, however, that the fixed network would have to
carry more than one concurrent connection in order to
provide this benefit to a single call.

Cellular systems will further require the ability

35 to synchronize the operation of base station systems, in

order to support radio technologies such as CDMA and
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acconplished rapidly and reliably if _comminications are to continue
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capabilities of present-day cellular systems. For example,
one method of increasing the system’s traffic capacity is to
have a higher degree of radio frequency reuse. (Radio
frequency reuse refers to the fact that radio frequencies

10 are assigned for use by particular cells in a manner so as
not to interfere with communications in neighboring cells.
However, because the number of assignable frequencies would
be exhausted before assignments had been made to each cell
in the system, the frequencies assigned to one cell are very

15 often also assigned to a more distant cell that is unlikely
to cause interference in, or experience interference from,
the first cell.) To accomplish greater radio frequency
reuse, the physical size of cells is reduced (by reducing
the signal strength of radio signals between the BTS and the

20 MS) so as to create what are called micro- and pico-cells.
Of course, if the same overall geographical area is to be
served by the cellular system, then the use of micro- and
pPico-cells means that more BTS’s are required, thereby
requiring a corresponding increase in data and signalling

25 transmission capaéity between the BTS’s and the rest of the
system.

Also, the strategy of replacing traditional cells
with micro- and pico-cells cannot succeed unless the base
stations are made smaller and less complex. Base stations

30 of traditional size are too large to be used, for example,
on street corners and in offices. Furthermore, the cost of
having to provide so many more traditional base stations
would become prohibitive.

_ As a solution to the base station size and cost

35 problems, distributed base station systems have been
proposed. That is, instead of locating the BTS components



bet ween the BTS 117 and the M5 119 to order the M5 119 to tune to the
selected new traffic channel of the_target BTS 117. The new BTS 117

t hen takes over the call connection for the M5 119. 25

I nfer-BSC i ntra- MSC handoffs are as descri bed above, and additionally

i ncl ude acti SYRWZM¥n in the MSC 105 to synchroni ze act iRFYTRYBH ween
the two BSCs involved, the  old BSC 115 naki ng deci sions and the new one
selecting resources. Inter-BSC/inter-MSC handoffs further require 30
actions to synchroni ze activities between twd MSCs.
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such as bet Weerb&ﬁ?orﬁ?ﬂsl)ﬁ he EEgnhBpiotessdr (SP)USHahEi‘oirﬁPéé&éé&d on
i nks operaglng ég), an lne h%ikpgnterface (NI) units can be placed in a
remote location.
This may be better understood by referring to FIG.
1(c), which illustrates the function chain and data
reduction/expansion steps that are performed by a base
10 station during the conversion of base band signals (user
data) to/from radio energy signals for
transmission/reception by an antenna. Traditionally (e.qg.,
NMT, AMPS), all of the functions illustrated in FIG. 1(c)
are performed by a single base station unit, which with the
15 exception of the antenna block 161 constitutes the
traditional transceiver. However, systems such as GSM and
D~-AMPS distribute base station functions by splitting the
chain between the baseband coding/decoding block 151 and the
channel coding/decoding block 153. Thus in GSM, for
20 example, the functions specified in blocks 153-161 are
performed in a BTS 117, while the baseband coding/decoding
function 151 is performed by a BSC 115. In another example,
known as Personal Digital Cellular (PDC), implemented by
NTT/NEC, the functional chain is split between the channel
25 coding/decoding block 153 and the modulation/demodulation
block 155. This solution, however, has drawbacks because
demodulation can produce soft information that can be used
to enhance the performance of the channel decoding block
. 153. However as a result of the split and the limited
30 available transmission bitrate, the prior art solutions are
incapable of communicating the soft information to the
channel decoding block 153, so this enhanced performance is
lost. Note that soft information can also be used by the
baseband decoding block 151. Howevér, because the amount of
35 it is far less than is required by the channel decoding
block 153, the necessary soft information can be
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up to 64 kbps), but not for high-speed data greater than 64 kbps.
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rest of the equipment, the basic transceiver, at a central
15 site located somewhere in-between the BSC site and the
antenna site. A wideband communication medium is utilized
between the antenna site and the central site. For analog
radio, the wideband communication medium might be a coaxial
cable or optical fiber; for digitized radio, it might be
20 optical fiber. The amount of channel wide filtering at the
antenna site differs from none to substantial, implying
different bandwidth requirements on the connection.
In addition to size reduction achieved by the use
of fewer components, the RF components themselves can be
25 reduced in size by having them perform analog to digital
(A/D) conversion of the radio signal for only that part of
the radio band (approximately 10 MHz) that is to be used by
the micro- or pico-cell.
A problem created by the introduction of
30 distributed base station systems, however, is the fact that
the variously distributed components need to communicate
with one another. It is estimated that the communications
link between the RF components and the signal processor must
be capable of carrying several hundred megabits per second.
35 PCT International Application Number
PCT/GB89/01341, published under International Publication
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capacity is to have a hi gher degree of radio frequency reuse. (Radio
frequency reuse refers to the fact that radlo frequencies 10 are assigned
for use by particular cells in a manner sC & = not tointerfere with

t ' th nb f
Gool gnabre {1 oquRBEEIRECbbISs £ G may. 170 TY80; AESELSHeR, B dletributas,
made to each cebmse stationcinwhigh amepticalefibes Essnaﬁdadus themedthin
are very 15 OftQBrfiESﬁvafﬁh@nﬁi’féﬁaﬁ:if&{ betwakANthe CRF é&l@&ade%ﬁlﬁhdkgl y

to cause interf JaLerigren

cell.) To accon%ﬁ'ﬁgﬁgéyeﬁ?%?t?%% :ié’c'fﬁé'ﬁfy ﬁggcqrpﬁé”b [APes: Apts | ze
of cells is $edddsaloge encoding the informagion énrmﬁaﬁcerm aingnal s
between the BTSpgddobbt for transmission on the optical fiber, with the

result that the fiber can be used to convey only a single
channel, namely, the digitized radio signal from one RF
component to the SP. That is, each RF component has a

10 dedicated optical fiber for communicating with a
corresponding SP.

It is desirable, when the base station has plural

RF components, for them all to be served by the same SP.
This is true for cost reasons (a shared powerful SP is more

15 cost effective than many individual SP’s) and also because
servicing and maintenance of the cellular system (including
installation of new hardware and downloading of new software
revisions) is made easier when the number of components is
reduced to only a few places. However, the prior art fails

20 to show a shared SP. The sharing of SP’s need not be
confined to a single cellular system. A single geographical
area may be served by completely different wireless
networks, such as CDMA and the Digital Advanced Mobile Phone
Service (D-AMPS). Therefore, even further cost

25 effectiveness can be achieved by designing a system in which
the processing capabilities of a single SP is shared among
these coexisting cellular systems.

Furthermore, it is desirable for the optical fiber

to be capable of conveying plural channels, so that it can

30 be shared by the various RF components in a bus or mesh
topology. This would aveid the necessity for complicated
star-shaped topologies using individual optical fiber links.
The conventional system also requires that SP/RF component

, communications other than the digitized radio signal be

35 carried on separate links. Examples of such other
communications include control signals, alarms and a service



20 Ms) so as to create what are called mcro- and pico-cells. O
course, if the same overall geographical area iszto be . _

Terturar system then the use of micro- and pi co-cells neans that nore
BTS s are required, thereby requiring a correspondi ng | | n data
and si gnal I'WR§52M34 [ ansni ssi on capacity between the BTS s ?ﬁﬁkﬁﬁéﬁwﬁst of

t he system Al so, the strategy of replacing traditional
cells with mcro- and pico-cells cannot succeed unl ess the base
stations are nmade smaller and | ess conpl ex. Base stations 30 of traditional
Ssize are too large to be used, for exanptail - on street corners and in
of fices. Furthernore, the cost of havi ng to provide so nany nore
tradi ti onal babhansiedt forsspeechoul Thése @aparatiel Binkscincrease the costAs a
solution to thg RISE ¢FkebhON Size and cost 35 problens, distributed base

station systems Nave Degll arobuches e Tidful ndvi®ka%uRl dOSRILOR 1P

PCT/ SE96/ 0035@f distributing thegbaseaktateion sigpadnprocessing frunctibreed

by locgtinge Ynadslh afblicablY £405fe BURPORAICACEUEP! Y That is,
moving the CP out of the BTS and disposing it in a remote
location where it can be shared by plural RF units achieves
the above-described cost savings and simplification of
service and maintenance. But here too, the coupling between

10 the CP and the various RF units needs to be capable of

handling the above-described speed and synchronization
requirements not shown by conventional systems.

The preceding discussion points out the need to
achieve higher data communication bandwidth in future

15 cellular systems as a result of the need for higher traffic
.capacity, smaller cells, less expensive base stations and
centralized signal processing. Certainly the present PCM
links are inadequate to the task. It has been proposed to
use the well-known asynchronous transfer mode {(ATM) .protocol

20 in place of the present PCM links, in order to meet some of
the future demands. ATM is a method for the switching of
channels or groups of channels in packetized format and
contained in broadband (150-600 megabits per second)
channels for BISDN communications. However, the ATM

25 protocol has a number of drawbacks that limit its usefulness
for this purpose.

First, an ATM system requires that access points
be connected in a star topology, with individual fibers
going to each node. Consequently, the fiber cannot be used

30 as a bus in a network which can be accessed anywhere.

Further, ATM requires that each cell header be
processed in an ATM switch. Consequently, the processor at
a node is loaded even after a connection has been
established.

35 The ATM protocol has other drawbacks. Because of
the asynchronous nature of the protocol, it is not possible




required for radio transm ssion (referred to here as RF conponents).
The signal processor (SP), control processor 5 (CP), and network interface
(NI') units can be placed in a renote | ocation. Thi s may
be better understood by referring to FIG 1(c), which illustrates the
function chai'KO 2683t a reducti on/ expansi on steps that aPESRIEPIeed by
a base 10 station during the conversion of base band signals (user

data) to/fromradi o energy signals for transm ssi on/ reception by an
antenna. Traditionally (e.g., NMTI, AMPS), all of the functions
illustrated in FIG 1(c) are perforned 2 single base station unit,
which with the 15 exception of the antenna block 161 constitutes the

traditional trapscsynehronise Gittersatenbdes oritls £SHigh degreelofVPS

baceband ﬁoﬁﬁﬁé?%%\?%ﬁg A, B bheRi £6' £ iolfp of r%%?iﬁg?%éﬁ%ﬁ.”néhe

bl ock 153. Thuspessilsde andy for smaldl growps. f unctions specified in bl ocks

153- 161 are performed in a BTS 117, while the baseband codi ng/ decodi ng
function 151 is perfornmed by a BSC 115. | her exanpl e, known as
Personal Digital Cellular (PDC), inplene NTT/ NEC, the functiona

chain is split between tln cdccordanze withi tie eresinty invenitidh3 and t he
modul at | on/ dermgel fiish teleddnaidnibationdl & gysewtédnbnwsmae LubBlity of

dr awbacks because ati o e soft i nformat
used to enhBRResy r@’ %ﬁ L}@rﬁg B ﬁ?ﬁﬁal onf &fu@n plyradity °f153

However as a resellnlﬂrtt&iaqﬂmmunwmatﬁbBSIsnstqmlﬁﬁhuﬂ&nﬂsabbachrlssnasslon
bitrate, thg pree.stfaﬁ Séiaé&expre%a%&e contr8f ngc BigRaqat | N the
ock 15 SOt

soft information to t nnel I’ s enhanced
performance is °°?§E£a9¢«i qh&?“?ﬁ%% h?g W(ﬁ?ﬁ%ﬁ*@ﬁ'sénﬂenESEGrby t he
baseband decodlmytum ]ﬁﬁ\cﬁ-hamerﬂehwoahsneamsa are priovdbedStor 1S far

less than is reﬂh‘téf‘éoﬂeéé‘ﬁagc Raj91ud8EP€y NS¢ nodes. The network means
are preferably an optical fiber cable. The network means
15 operates in accordance with a high speed synchronous
protocol, which is preferably a dynamic synchronous transfer
mode (DTM) protocol.

In accordance with another aspect of the
invention, the plurality of nodes includes a first node

20 comprising an antenna; an RF component coupled to the
antenna; an analog-to-digital converter having an analog
port and a digital port, the analog port being coupled to
the RF component; and an optical fiber modem for connecting
the digital port of the analog-to-digital converter to the

25 network means. The plurality of nodes further includes a
second node for performing base station controller
functions. The first and second nodes, together, operate as
a distributed base station. This configuration reduces the
size and cost of equipment that must be installed at the

30 cell. _

In accordance with yet another aspect of the
invention, the plurality of nodes includes a plurality of
first nodes and a plurality of second nodes. Each of the
first nodes performs transceiver functions. Each of the

35 second nodes comprises an antenna coupled to a first port of
a frequency band filter, the frequency band filter having a



bl ock 153, the necessary soft information can be WO 96/ 29834

PCT/ SE96/ 00350 -9- conpuni cat ed
over narrow band transm ssion links in those solutions (e.g., GSM
D-AMPS) that_nake the split between t he baseband coding/decodin bl ock’
151 and t he CRp(EAEP4 codi ng/ decodi ng bl ock 153. 5 CT’SEWa
further exanple of distributed base stations, there are providers of
so-called "mcro cellular equipment” that split the chain inside the
channel filtering block 157. Such equi prment is normally external to

t he system supplier and can only intgnface the systems on the radio

side of the 10 transceiver. Wth this solution, the function chain

contai ns equi m&hdaboflerg&rl@s@m tcbél:flﬁbih&dweﬁﬂi f€aRé. A'The net\RirkBSC
site, antenna e;lnlpmsnt Elus band ma |L.terin s, .of channe

w1 i1t ol nmednel REezaben af 3 aWiteh, Sor, SouBlipdCany ond Bt Suie Ao
basi ¢ transceinodes &b angenneabr]nbnntnfIhh@asseosdnamﬁese iWwdttetthedas t he

BSC site and &gfi ngemefil} eRNgingié tﬁwdéab%admsgnﬁuneseﬁiw e
utilized tween t he antenna ths cen ral site., For anal og

radio, the®wi M&n&“&&ﬁﬁﬁﬁlﬁﬁti’m “Be ¢BLarmation to two

or more geographical sites. Furthermore, this arrangement
permits a "channel handoff" of a call to occur, whereby only
the used radio channel is changed. In addition, this
configuration permits the performance of an "antenna

10 handoff", whereby only the particular antenna assigned to
the call is changed, while the call continues to use the
same radio channel and transceiver. This arrangement also
allows a "transceiver handoff" to occur, whereby only the
particular transceiver assigned to a call is changed, while

15 the mobile station continues to communicate with the same
antenna on the same radio channel.

BRIEF DESCRIPTION OF THE DRAWINGS
The objects and advantages of the invention will
20 be understood by reading the following detailed description
in conjunction with the drawings in which:

FIGS. 1(a), 1(b) and 1(c) illustrate,
respectively, a block diagram of a prior art mobile
telephone system, a more detailed block diagram of a base

25 transceiver station, and a block diagram of a prior art base
station function chain;

FIG. 2 is a block diagram of an exemplary base
station system in accordance with the present invention;

FIG. 3 is a diagram of an exemplary logical

30 arrangement of local handoff nodes in accordance with one
aspect of the present inventien;

FIGS. 4(a) and 4({b) illustrate alternative
embodiments of distributed base stations in accordance with
another aspect of the present invention;



cable or optical fiber; for digitized radio, it mght be 20 optical fiber.
The amount of channel_w de filtering _at the ~antenna_site differs from
none to substantial, inplying . di fferent bandw dth requirenents on the
connection.,wo’ In addition to size reduction achi eved by the
use of femefm%%ﬁponents, t he RF conponents thensel ves c&¢THEN93%0cduced
in size by having them performanalog to digital (A/D) conversion of
the radio signal for only that part of the radi o band (approxi mately
10 MHz) that is to be used by the mcro- or pico-cell. A
probl em created by the introduction of 3Q distributed base station systens,
however, is the fact that the variously distributed conponents need to

conmuni cat e W th onerpeotdeis atbidciediadgpandokhafctis: %HEH{J[ Qs

| i nk bet ween tg'Z‘rVRF cgﬂrrpogenﬁé égd t he sirgo? processor Jrust (e&tcgzg%b-l e

of carrying sedEVEPTRIRar 2R b | $oE fjandet f§ maysconprise a change in

| nt er nati onal ARNeNDasi oNlKundEra chamye/icns3yadsedivers bnlvedanader

International Publicatioprg, 6 is a Y¥od6/d3A%34m of an alternative

PCT/SE96/00§50embodiment of the invention in which cal ELised switching is
introduced between the bandwide filtering block and the
channel-wide filtering block in the base station function
chain.

10 DE'_I‘AILED DESCRIPTION

One aspect of the present invention that enables
the above-identified prior art problems to be overcome is
the use of a high-speed synchrcnous protocol, such as the
dynamic synchronous transfer mode (DTM) protocol described

15 in Swedish Patent No. SE 460 750, issued on November 13,
1989 (corresponding to Swedish Application No. 8800745-5,
filed on March 2, 1988). DTM may also be characterized as a
dynamic time slot protocol. In accordance with another
aspect of the invention, synchronization between nodes is

20 achieved by means of methods such as those taught in Swedish
Patent No. SE 468 495, issued on January 25, 1993
(corresponding to Swedish Patent Application No. 9101635-2,
filed on May 29, 1991 and published on November 30, 1992),
for synchronizing two or more communication networks of the

25 time multiplex type. The synchronization method taught in
the SE 468 495 document is compatible with the DTM protocol.
The entire disclosures of both the SE 460 750 and SE 468 495
documents are hereby incorporated herein by reference.

Also in accordance with the invention, well-known

30 optical fiber technology is preferably used as the physical
medium for data transmission.

By using DTM, a system can reach several gigabits
per second on an optical fiber substantially without any
delay occurring through a network of switches. By applying

35 this technology as described here, a single multiwvavelength
fiber pair is capable of carrying the communications for a



Nunmber WO 90/ 05432 on May 17, 1990, discloses a distributed base

station in which an optical fiber_is _used as the nedium far conveying

i nf ormati on between the RF conponent and a renotely | ocated SP.

However, thi licati on does not 5 disclose encoding the_information in ’
accor dance vﬁ?ﬁw protocol for transnission on the opfCTSEIF08
with the result that the fiber can be used to convey only a single
channel, nanely, the digitized radio signal fromone RF conmponent to
the SP. That is, each RF conponent has a 10 dedicated optical fiber for
comunicating with a correspondi ng SP. _ It is desirable,
when t he base station has plural RF T onents, for themall to be

served by the : Ni,$eh S P&ﬁ?dr 0 ared power f ul
SP is nore 15 c%?'ori?tﬁgf Fggﬁ‘éeb?ﬁgns%rgénf;i%l VI u.afbggg' g??%%aﬁgfso because
sefvi ci ng and FRAtheImeNee OVernR0tcef fhe RQtantiali kandwidth is

instal | ati on aftind#abledvarnuspdadeingbeadtiveipaizweanf hifidte sevésai Si ons)

ol aces. TowovASINERY SRaRHBTE Bk, FORPELE iy Chneroll BY ek o le T

of SP's nef8d mROUREOL. confined to a single cellular system A single
geogr aEhi cal area mgbmelsgeﬁobal g\om&? al y“ﬂ?;&fe,-egﬁgtdw,ﬁga efv'i!%te
? SE XIOI\/IrDS)S ?ﬁgtbﬁa&%@% P&Pte ﬁ@f’gé%g" 2 efﬁeag'cxg\?'ghssgeﬁﬁhﬁ%hachi eved by
desi gni ng a sybitamties witbhdynaniacbandwidths precapfdberii andoPTM $8ngl e SP
i s shared anDRgually 383¢edOoesrShhlgivavelemitts ¥IRNE.
Furthe_rm)i , 1t is desi F)g,ﬁlg foh th& ggtleccgl ‘Ilﬁz‘er ;t:g.rt%e cggggl?e of
conveyi ng §I ural channeP3™ iF BAEP fesSignedFo Rhak, swikching & ous RF
conponent s i n pedficsmed jbysieach nodeoingthe Matwomkil dTheoswitbkr iecsimple
for conplicat ghg protiedothpBadr PROLRYY Slediidd Gt Rkvedal tRREi gal fiber
i nks. The et lon’ 13! YRy LBl std! ' Buce the Eonnesoibo ot
established, the node’s processor is not loaded, because the
15 node needs only to process the communication to itself.

Furthermore, several DTM nodes can share a single
f£iber, which in this case is used as a bus which can be
accessed anywhere. '

DTM also provides the capability of multicasting a

20 data stream to several nodes at the same time. The nodes
can be synchronized with a high degree of accuracy.

Those skilled in the art will recognize that other
transmission mediums, synchroncus data protocols and
synchronization methods could be substituted for those of

25 the exemplary enbodiments, so long as they at least match
(if not exceed) the performance characteristics of those
described here.

Various aspects of the inventive cellular system
utilizing the DTM protocol and synchronization methods will

30 now be described in greater detail.

FIG. 2 is a block diagram of an exemplary BSS 200
in accordance with the present invention. The foundation of
the network is the plurality of optical fiber cables 201,
which in this example are organized in a mesh topology.

35 Other topologies may also be used, including bus and
nultidimensional topologies, as well as mixtures of any of




conmmuni cations other than the digitized radio signal be 35 carried on
separate |links. Exanples of such other comuni cations include control
signals, alarnms and a service WO 96/ 29834

PCT/ SE96/ 00350 - 12 - channel for
speech. The¥O8¥EMite |inks increase the cost of the s 0350

The argunents set forth above for the desirability of distributing the
base station signal processing functions 5 are equally applicable to the
base station's CP. That is, novi ng the CP out of the BTS and di sposing
it in arenote | ocation where it can bﬁ shared by plural RF units

achi eves the abOve descri bed cost savi @s and sinplification of

service and na o) e t CP_and
t he vari ous R Cr;g%%‘?qu %{e cté‘gg‘ﬁ&%?& wé%and%% %31&“ 981 is
above- descri benrsﬁeiedbbho! fiber ekl Ts providinantue-
conventional syaycaata communicat:.on mw%ﬂCﬁdtﬁGndIMI OFrnB.OI nts out the

ol lul ar systcmenatranfesd Pl atidel 39, kPargilt igdad o' V12 0
smal | er cel$ s, chupunicpeieon averm dhesopticnd fiker cables 201-

The exemplary network consists of nodes for
performing at least one of a plurality of cellular
telecommunications systems functions, including base station
{(BS) 203, speech coder (SC) 205, control processor (CP) 207,

10 signal processor (SP) 209, local handoff (LHO) 211, location
register (LR) 213, and network interface (NI) 215 nodes.
Conventional base station controllers (BSC’s) 115 and
conventional base stations 133 equipped with fiber modems
may also be tied into the network, if desired.

15 The illustrated two-dimensional mesh topology is
useful for providing micro-cell coverage in an urban
environment. An optical fiber cable 201 may run along each
street, with cross connections being made in street

_ junctions. To cover the interior of a building, a three-~

20 dimensional bus topology (not shown) would be more
appropriate. The shape of the network may be more or less
complete, with complete topologies providing the advantage
of additional redundancy.

Each BS 203 is responsible for serving a micro-~ or

25 pico-cell area. The combination of all micro~ or pico-cell

| areas may be considered to be a macrocell. The BS’s 203 are
preferably small units that are connected to the fiber
network wherever needed to ensure continuous coverage within
the macrocell. As a subscriber roams from one micro- or

30 pico-cell to another, it will be necessary to perform a
local handoff operation. (Handoffs between macrocells may
still be handled by a conventional BSC 115. One or more
LR’s 213 are provided in the network for maintaining
information about roaming subscribers. Both hard and soft

35 handoffs are handled by the LHO 211 nodes. Each LHO 211 is
responsible for a local area of BS’s 203. The LHO’s 211 are



centralized signal processing. Certainly the present PCM i nks are

I nadequate to the task._It has been _proposed to use the_ well - known
asynchronous transfer node (ATM protocol 20 in place of the present PCM
links, in order to neet sone of the future demands. ATM.is a nethod for’
the switchi NYO8$29834 channels or groups of channels in packEFTSEWOOIP ¢
and contai ned in broadband (150-600 negabits per second) channel s
for BI SDN conmuni cati ons. However, the ATM 25 protocol has a nunber of
drawbacks that limt its useful ness for this purpose.

First, an ATM systemrequires that access gegints be connected in a star
topol ogy, with individual fibers goi ng to each node. Consequently, the
fiber cannot bgogses1Bp cornectud in adglebalr kiebardhy din rdetcessed

P scessed in aACRIRE BESLHetyall aBgiy BRehes AF Whdiipiar)1051cRT,
| oaded even af azrangement@f GHA S 23dcis shown: in| FEfeB. 3Fach of the The
ATM protocol hagoekheii bRV ot tdiP tlesc otf this thse-Hiki Fteueturealiy! e
ngT'; gégg/r gggglr’esﬁgnlsfhfg tfgz(') Sé&ntgr%lling the M\Qnggég%?e?’tween a
predefined set of BS’s 203. When a handoff needs to be made
from one predefined set of BS’s 203 to another, the
corresponding LHO 211 makes a request to the LHO 211’ on the
next higher tier. Requests for handoff continue to be made-
10 to higher tiers until a control path can be established
between the LHO 211 handing off the call and the LHO 211
receiving the handed off call, at which point the handoff
takes place. Because the use of the synchronized DTM
protocol on fiber cable provides a very high transmission
15 capacity, the setup and delay times are low, so that global
| soft handoff can be achieved with little or no penalty.

If it is necessary to handoff the call from the
inventive BSS 200 to a conventional BSS 103, then the
handoff request is forwarded to a conventional MSC 105 by

20 means of the NI 215 node, which serves as an interface
between the optical fiber network and a conventional
switching system. The coupling between the NI 215 node and
the conventional BSC 115 can be made by conventional means,
such as by conventional PCM or ATM.

25 " Referring back to FIG. 2, the network is
controlled by one or more distributed CP’s 207.

It was stated above that the BS’s 203 are small
units. In accordance with another aspect of the invention,
this is achieved by having each of the BS’s 203 be a

30 distributed base station, such as either of the preferred
embodiments shown in FIGS. 4(a) and 4(b). In the embodiment

" of FIG. 4(a), an antenna 401 is shared by, for example,
three RF units 403 by means of a combiner 405. A complete
description of each of these well-known elements is beyond

35 the scope of this disclosure. Each of the RF units 403 is
coupled to a corresponding analog to digital (A/D) converter




tQ synchronize different nodes wth a high degree of accuracy. Al so,

multicast to a group of receivers is _ .possible only for small groups.
5 - SUMVARY I n accordance with the
present invention, a cellular tel ecommuni cati ons system conprises a

plurality of WO%2988es. each for perform ng at | east one of PET/SE%08350t y Of
cel | ul ar teleconnunlcatlons system functions, such as base 10 station,

speech coder, control processing, signal processi ng, |ocal handoff,
| ocation register, and network interface functions. Network neans are
provi ded for i nterconnecting the pluralsgty of nodes. The network neans

are preferably an optical fiber cable. The netmnrk nmeans 15 operates in
accordance wit oy bbﬁhdieﬁeﬂzswoﬁmra&ived m-okmgﬁu awi ofor %dﬂﬁ:&ﬂ%@l y

a dynam c synchr ram

accordance witf gﬁ@#ﬁ?ﬁ %3%? %ﬂt?ﬁgg§nﬁﬁﬁ%% %QL + . nsﬁﬂﬁ%&?%ﬁ nodes
i ncl udes a firShenddd QQnVGM$s4(PfQ ape dn &wre; canpt@dc%ﬁrmmtm;m ed to
the ant enn&ib@% #bakRI4be: di Qi ﬁ&cwmnr hubneommawsthe port

and a digit port,, nal o or e 0 t he RF co t;
and an Icn%ltl't%lal &ngagﬁffﬁgd%ﬂ 41%321 Iﬁé’t%"lip ﬁg d?ﬁ 291 30 thak ’trqié'rﬁq'
anal og-t o-di gi tmlmunnwataewitb the vest mf Whek nebuntk Hheln%ims af ttheof

d furth '
Controf ler - SneiiBhiled pripROColt orl thef SpLAHLELEGS Lt la O

eco nodes e operdte as
2 di stributed BAdStIonaL,Fonnerticns b e BfpeestRA1L and Fenkiel
cost of equi pndmputisapfrthe RE unttaj40ﬁ1p§rmﬂtetbe pretessor 411 to also I n

accordance; yi t hef@lorai 2rlGheAdPCahd Poddte control. The radio signal is
digitized in the distributed base station, and sent over the
optical fiber where signal processing is handled by the SP
209 (see FIG. 2). Note that the present invention provides
the advantage of permitting the SP 209 to be shared by a
15 plurality of RF units 403. Also, speech coding for a number
of distributed BS’s 203 is performed by shared SC’s 205 in
the network. Additional economy is achieved by having the
network controlled by just one or only a few distributed
CP’s 207, and by using shared NI nodes 215 for interfacing
20 to the regular fixed network, such as an MSC (not shown).

Because the combination of optical fiber cable and
the synchronized DTM protocol provides high bitrate
capability, a single fiber pair (input and output) can
handle several logical channels for traffic as well as for

25 control signals, alarms and other signals.

An alternative embodiment of the inventive
distributed base station is shown in FIG. 4(b). This
configuration is identical to that of FIG. 4(a), with the
exception of individual antennas 401’ being substituted for

30 the single antenna 401 and combiner 405. Operaticn of this
embodiment is otherwise the same as that of the
configuration of FIG. 4(a).

Further in accordance with the invention, the

optical fiber-based network is provided with additional
35 capabilities. For example, local switching may be performed
in the network by the CP 207, without intervention from the




i nvention, the plurality of nodes includes a plurality of first nodes

am_LmeaLLumL_sgmauodes Each.of the first nodes perforns

transcei ver functions. Each of the 35 second nodes conprises an antenna

coupled to | ort of a frequency band filter, the_frequency band
filter havi ﬁ‘b’a’&’i’;’w VO 96/ 29834 PCT/SES6003)

PCT/ SE96/ 00350 - 13- second port
for coupling to the network neans. The network nmeans operates as a
switch for coupling any one of the first nodes to any one or nore of

t he second nodes. Wth this arrangenanfgg a single transceiver may be
coupled to two or 5 nore antennas to permt nulticasting of information to
t wo or m)rnsgemQSaphAM, sthesignall ifromoone BSi 20hrcanenment to

permts a "chal H cﬁan déé? *F&Jl ts‘i"@%kﬁ a%@byaﬂ” me. quﬁ.ﬁd

radi o channel |t|on L guration perm
perf ormance of &Rirah %nﬁ%.QIﬁ?EnﬁRﬁqh‘rQMﬁbPeH9r HP3d tHREoRgh ithe ar ant enna
assigned to netWorkyl orito dl@ecalis frobhangabhtenmd i toidse tandaied by

same radi o §haaggkﬁgg?¥pg§g§éi/ erygé arrangenent al so allows a

"transcei ver han y only the
In addit;on, a single SP 209 can perform

processing for several wireless standards, thereby allowing
the underlying network to be shared.
Additional cellular system improvements brought

10 about by the present invention will now be described with
reference to FIG. 5. Within any one base station in
conventional systéms, the link between the transceiver
equipment and@ an antenna may take one of several forms.
Where the transceiver is placed at some distance from the

15 antenna, these system elements may be coupled.by a
transmission medium such as optical fiber or coaxial cable.
It is also known in conventional systems to connect several
.antennas to one transceiver, so that the transceiver may
view the different antennas as rays in a multipath .

20 environment. Further, there are some proposals in which the
connection between transceivers and antennas can be
configured by the use of a remote controlled switch. In all
of these known systems, however, such as the one described
in WO 90/05432 (see BACKGROUND section), there is a strict

25 configuration relationship between transceivers and
antennas, and the relationship does not change during a
call.

With any of these known transceiver/antenna
configurations, the need to provide for a soft inter-

30 BSC/intra-MSC or inter-BSC/inter-MSC handoff presents
implementation difficulties. Soft handoff comprises, in the
forward link (i.e., transmission from base station to mobile
station), the simultaneous transmission of a synchronized
signal from both the old and new base stations to the mobile

35 station. In the reverse link (i.e., transmission from
mobile station to base station), soft handoff requires that



particul ar transceiver assigned to a call is changed, while 15 the nobile

station continues to communi cate with the sane__ antenhna_on the sane
radi o channel . BRI EF DESCRI PTI ON OF THE DRAW NGS

The objects and advantages of the invention will 20 be understood by
readi ng the MPPE¥Hg detail ed description i n conj unct i FEHIEG0033N:
drawi ngs i n which: FIGS. 1(a), 1(b) and 1(c) illustrate,
respectively, a block.diagramof a prior art nobile t el ephone system a
nore detail ed bl ock diagram of a base 25 transceiver station, and a bl ock
di agram of a prior art base station furgtLon chain; FI-G
2 is a block diagramof an exenpl ary base station systemin accordance

With the presefhe @4gRhl0from the mobile sthaltfon3beSracéivéd At Mot the

ool ar ) o0, G ane” A SRS Ailacii esh B0kh BRMERLE SRR U 1)
illustrate altdiormarded to aniMSgE wand tiratjither MGGt seleck oneg xan dhe i n
accordance Wi tlpagis 320bEeteRSPesépOion fualityeNt ThAYSNER® Possibility VO
96/29834 5 exists that bases stations that ,BET/;,S,EQE(,Q&’ 3 :9 a soft

- handoff operation will be connected either to the same BSC,

or to different BSCs that are either associated with the

same MSC or different MSCs. In this kind of network, a call

may pass through the following process:

10 1. A call is set up over one BS, that is
connected to a first BSC.

2. The call is put into soft handoff mode by
connecting it over a second BS that is
connected to the same BSC.

15 3. The link over the first BS is disconnected.

4. A third link is set up over a BS connected to
second BSC. This link may travel a long way
through the transmission network, thus
experiencing extensive delays. In this case,

20 the first BSC would typically be in control.

5. The second link is then disconnected.

6. A fourth link is set up over a BS connected
to a third BSC that is connected to a second
MSC. At this point, two BSs, three BSCs and

25 two MSCs are involved in the call.

It can be seen that control of all of these
components becomes very complicated (i.e., who is
controlling what). The links between the MS 119 and the BSs
must still be synchronized and the transmission delays from

30 each of the BSs to the corresponding BSCs must be controlled
to be comparatively equal to one another.

In accordance with the present invention, this
process is simplified by regarding antenna sites and
transceivers as separate entities having a global switch in

35 between. In such a network, the transceiver performs all of



- 14 - FIG 5 is a block diagram of another aspect of the

i nyention,. in wh;gn_sgLL_handoffs_ﬂg¥_cggpggsg_a_gngﬂge in ant ennas
only, or a change in transceivers only; and FIG 6 is a block
di agr am of agy ative 5 enbodinment of the invention in which :
cal | -based switcning is i ntroduced between the bandwi de FGHSEESPUEP bl ock
and the channel -wide filtering block in the base station function

chai n. 10 DETAI LED DESCRI PTI ON One
aspect of the present invention that enables t he above-identified prior
art problens to be overcone is t he usesq9f -a hi gh-speed synchronous
protocol, such as the dynam ¢ synchronous transfer node (DTM protocol

descri bed 15 tnewmﬁMﬁuommsemoi%nnesm orrHéVIgHke £be.

1989 (correspo 8800745 5, filed on
BEEROp R HP Bl PR eh

March 2, 1988) e characterize as a dynam c tine slot
protocol . In accordance I¥ t¥hey M H® movesgsfeet far through &he metwork

synchroni zat i opobeiveesd cONEEnE t1) beaPria etedabyfafaﬂse AradiftidedderSteh as

t hose taug 49 ued on Jan 25
1993 (cor rg'g'gﬁg*%g’?%"%f’?’é}’q% g(}t éﬁt% jﬁlggh cgt C%' %@5‘%% may
filed on I\/ay 2be pepfiormed pim|ozdaxn) %mﬁbéhe%islm Jbetweenor
synchroni zi ng aﬂeeﬁﬁagngﬁaogfaﬁguézﬁdgy1 networks of the 25 time multiplex

Conpatible v th e DTMERGE bl itistilfios Conte Adpect A bie frogont (ne St
460 750 and SEineéntden, in ddvighesaeftahandofssyfiom oo MEG: tchaneithelry
reference.;p are facilitated. The switching network 501 is the network
described above with respect to FIG. 2, which utilizes
optical fiber cables and the synchronized DTM protocol. A
plurality of transceiver nodes 503-1 . . . 503-n are shown
coupled to the network. (Other nodes that are also
15 necessary for the proper functioning of the cellular systenm
are presumed to exist, but have been omitted from the figure
for the sake of simplicity.) Also included in the system is
a plurality of antennas 505-1 . . . 505-m, each coupled to
the switching network 501 by means of a corresponding
20 frequency band filter 507-1 . . . 507-m, which is preferably
located near the antenna. The frequency band filters 507
e « «» 507-m may alternatively be frequency channel filters.
The arrangement of FIG. 5 provides a number of
benefits. To begin with, big trunk groups of transceivers
25 may be installed at easily maintained places because the
placement of the transceivers 503~1 . . . 503-n is
independent of the placement of the antennas 505-1 . . .
$05-m. Furthermore, this configuration permits any one of
the antennas 505-1 . . . 505-m to be coupled to any one of
30 the transceiver nodes 503-1 . . . 503-n in the cellular
system. As a result, two different types of soft handoff
may now be defined: "transceiver handoff", and "channel
handoff.” Transceiver handoff consists of moving a call
from one transceiver to another within the cellular systen.
35 Since the mobile station may still communicate with the same
antenna, transceiver handoff is an activity that is entirely



Al.so in accordance with the invention, well-known 30 optical fiber
technol ogy is preferably used as the phyS|caI medi um for data

transm ssion. ~ By using DTM a system can reach several
gigabits er second on an optical fiber substantially w thout any
del ay occur rYYR§Mbugh a network of switches. By applyi ng BEI/BEN6H0350

t echnol ogy as described here, a single nultiwavel ength fiber pair is
capabl e of carrying the comruni cations for a WO 96/ 29834

PCT/ SE96/ 00350 - 15 - cel lul ar

systemw th several hundred base stations, - Furthernore, over 90% of the
potential bandwi dth is ut.ilizable. Thus, a single fiber pair can handl e

Sevter al - | Owd&:ﬂla%eltaef aétﬁéarf:i iaenamhyew wfbrmeaansoefemﬂ M5
pr ot oco

DTM prot o offer advanta es .not
Found in the ATiR AOSERRRe SH\FeRNLRaR MRS %, ReAhERTEgEon JOGFIEE o
dynani ¢ bandwi dshertening ther distancs \between aecnr@msyeéuer eand oits
mul ti wavel engt haddrfifitoa BAtennas. DTMis al so designed sa that

switching °g" be By contrast, channel handoff is experienced by the

mobile station, since it will change communication channel,
frequencies, time slot, code or any combination thereof.
The change of traffic channel may or may not imply moving
from one cell to another. The reason for the channel

10 handoff may be a need in the system to optimize the use of
traffic channels or to minimize the interference levels.
However, unlike that which occurs in the prior art, channel
handoff does not regquire a corresponding change in
transceivers, since the present invention provides for the

15 old transceiver to continue handling the call by coupling it
to the second antenna. As a result of this ability, a
change in air interface frequency for a given call can be
performed more often than in prior art systems because the
disturbance on the call is reduced if the call path in the

20 network is not changed at the same time.

The configuration shown in FIG. 5 is also useful
in cell structures having macrocells and micro-cells that
cover the same area and in which several micro-cell antennas
and the macrocell antenna can be used for detecting the

25 reverse link of the call. The invention permits the micro-
cell antennas and the macrocell antennas to be connected to
the same transceiver. In this situation, it is beneficial
to be able to connect the calls that are set up in the
macrocell also to a micro-cell. This makes it possible to

30 regulate the MS output power so that it is set to a level
that is appropriate for the micro-cell as the MS moves
nearer to the micro-cell. Alsc, as the mobile station moves
away from one micro-cell antenna and toward another, the
selection of micro-cell antennas for use at any particular

35 time may be dynamically reconfigured without a corresponding
change in transceivers. A micro-cell antenna placed in a



performed by each node in the network. The switch is sinple and

pracessarpower is only needed at the fine that 3 connection.ds.being

establ i shed. Once the connection is est abl i shed, the node's processor

i s" not | oadeg, Qﬁﬁéﬂse the 15 node needs only to process the_co nication
: (4] qa&ﬁﬁ”
to itself. Furthernore, several DTM nodes can & 6100339 ngl e

fiber, which in this case is used as a bus which can be accessed

anywher e. DTM al so provides the capability of nmulticasting a
20 data streamto several nodes at the sane tine. The nodes can be
synchroni zed with a high degree of accuragyps; - Those skilled in
the art will recognize that other transm ssi on medi uns, synchronous

data protocol s border armesdetweenanactooelisdsaypdtl the sdbet timbetut Ofor

those of 25 t {?‘*EH r odli , 480 _at .| eas tch
(if not exceed) FHe per‘?oarsr%g'ge%rgéét %?‘i g*llf%gmi%ﬁle}{:g%ge&herdg | bed
her e. ditfexant anrecres Geddsaptennas; nyentive cel l ul ar system

uti.lizing the DTM pr ot oc @heak@n¥igakatibnal 1 Dist@itiI nVerh_ 3§ pgw be
bl ock di agram of an

exonpl ary Bas AALEISHATYY wsetut goy; parpiktiie Avnls, cRerosicdret ton
foundati on of ©r transeeiyer/antenna gpuplingyinforderi tal ehhancecthées 201,
which in (his cuhsSids e ub1eapathdeytalifetion oPehilbipath efhlifization
t opol ogi es may %s,?ecl‘ae u;&d | n%I udin bugng:r'ld frommajlln ngl nmefs| ona
topol ogi es, as VeIeCRPSALY; PRSRUSE LAGig; 9y may travel vast
distances, including reflections, before it reaches a
10 receiver antenna. Because different rays of radio energy
travel different distances and arrive at different points in
time, the received signal is subject to delay spread (also
called time dispersion). By dynamically reassigning an Ms
to be received by a different set of antennas, the time
15 dispersion situation may change from an unacceptable level
to very good, even though the MS has not moved at all.
Thus, the present invention allows a transceiver 503 to
dynamically select which of a plurality of antennas 505-1
« . . 505~-m provide a signal with the least amount of
20 delayed signal energy.

An alternative embodiment of the invention will
now be described with respect to FIG. 6. Here, call-based
switching has been introduced between the bandwide filtering
block 159 and the channel-wide filtering block 157 in the

25 Dbase station function chain (see FIG. 2). This provides
great advantages in the ability to control radio energy
consumption per call and in total. Reduced consumption of
radio energy per call leads to improved spectrum efficiency
and increased traffic capacity.

30 As depicted in FIG. 6, a DTM network 601 is used
to connect a plurality of antenna sites (AS) 603 to a
plurality of central sites (CS) 605. However, in
implementing this aspect of the invention, it is possible to
use any digital high speed protocol, such as the well-known

35 asynchronous transfer mode (ATM) protocol. The DTM network
pernmits switching between any of the ASs 603 and any of the
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- 16 - these. Each of the illustrated optical fiber cables 201 is
preferably a pair of optical fiber cables for providing two- way data
communi cati on _bet ween network nodes. The synchroni zed DTM protocol is
preferably u¥% B34 comunication over the optical fiber CREWSEISHISO

The exenpl ary network consists of nodes for performng at |east one of
a plurality of cellular t el econmuni cati ons systens functions, including
base station (BS) 203, speech coder (SC) 205, control processor (CP)
207, 10 signal processor (SP) 209, | ocal P goLf (LHO 211, location

regi ster (LR) 213, and network interface (N') 215 nodes. Conventi onal

base station copokbslS AB¥héun 1P thd thickC 2DYRE! 1 O Jiaﬁfm%hafdfa(iﬂs 133

equi pped with flber o,be_tied_lnto,th ef.wor k

desi req. 15 | conheBBiGHTpath AFY AN keC mpefrioh che Jl Bl 5q o, as
useful for provE@Ragandcfoomecthexe \hreygh a £ 60Bana BSC &0/ amdTant nsén
opti cal fiber cghbee2bh WRYcK Uit A HRbhutad to thé! F&st . owm

Eystem in
connectlons ein nctj ons,. To cov the ‘fnterior of a
bui | di ng, hr@§°°§8’3?ﬁe'ﬁ§’bﬁﬂ?°’ﬂhéet agy IPnBEe e Wi the nore
appropriate Thénveation; moxe rkhawrdnerds 1603ncan be ¢unnecgeq<tundn&tes
with conplete tgggl, 0&};&& %191 ;Jsa;lm\éa%a%a%fti@&af%ﬂd eous

redundancy. S, responsi or serV|ng mcro-
or 25 pico-cel | SattaPathd Ebﬁb@*&ﬁ?ﬁﬁ? cAREk Gthigk dins

Further in accordance with the 1nvention, the ASs
10 603 need not all be of the same type. That is, an
individual AS 603 may be of the macro-cell type, the micro-
cell type, or the pico-cell type. The respective functions
performed by an AS 603 and a CS 605 will depend on the type
of system being implemented. 1In the case of a narrow band
15 system (e.g., AMPS, GSM, PDC), each AS 603 may include not
only an antenna, but also the necessary equipment for
perforning channel-wide filtering/amplification 157 and
bandwide filtering/amplification 159. The AS 603 includes
space diversity and A/D conversion equipment on both the I
20 and Q channels per diversity antenna. The data rate from
each filter is in the range of 5 Mbps for AMPS and 25 Mbps
for GSM. Each call handling unit in each CS 605 has a
number of input ports to which each AS filter output for
that call is connected. Thus, the input data rate for the
25 CS 605 will be from 20 to 100 Mbps per used radio channel.
In an alternative embodiment of a narrow band
system, channel-wide filtering/amplification 157 is not
performed in the AS 603, but is instead performed in the CS
605. Each AS 603 has a bandwide filter for each of the
30 space diversity antennas connected to an A/D conversion unit
on both I and Q channels. For a 15 MHz system, the data
rate from the AS 603 will be approximately 2 Gbps. Data at
this rate is then multicast from the AS 603 to all CSs 605
having a call that is being received by that As 603. From
35 the point of view of a CS 605, the CS 605 receives data from
all of the ASs 603 that provide data associated with calls




areas may be considered to be a macrocell. The BS' s 203 are | preferably

small units that are_connected to_the fiber petwork wherever needed to
ensure conti nuous coverage within the macrocell. As a subscriber roans
fromone mcgo-_or 30 pico-cell to another, it will be necessary to perfornr
a | ocal %P‘P‘operat i on. (Handoffs between macrocel | s BEHSE? il

be handl ed by a conventional BSC 115. One or nore LR s 213 are provided
in the network for maintaining i nformati on about roam ng subscri bers.
Both hard and soft 35 handoffs are handled by the LHO 211 nodes. Each LHO
211 is responsi ble for a local area of BS s 203. The LHO s 211 are

WD 96/ 29834 ' = PCT/ SE96/ 00350

- 25
- 17 - | ogj tied | ahal b hy | der t,
achi eve handof | PBSPULBARREES 5 b Bleds Mg ELEQY, ddbed' Yo, b, tmen
of 'LHO s 211 i s69fowallntiexefore the inothehrange ofifxom 10 do tlod KGhipsom

tier of this treniki kEbsAinet£s iAo ub&&ﬂgnsbialeiaesaﬁd)w&j.{fqgsm a
handof f s betweeﬁpgﬁ predefined set of BS s 203. Wien a handoff needs Po
be nmade fro & predefined set of BS' s 203 to another, the

5 The above described invention provides a cost

effective and versatile solution for radioc access networks
having very good performance. The use of synchronous
protocols such as the synchronized DTM protocol on an
optical fiber provides radio access networks with the high
10 bandwidths, low delays, high utilization and fast sétup
times that are needed in future systems. The sharing of
network nodes (such as SP 209, SC 205 and CP 207) is not
only economical, but also allows the size of base stations
to be reduced for easier placement in urban environments.
15 : Because the operation of different nodes may be
synchronized with one another to a high level of precision,
radio technologies such as CDMA and simulcast networks may
be supported.
The invention has been described with reference to
20 a particular embodiment. However, it will be readily
apparent to those skilled in the art that it is possible to
embody the invention in specific forms other than those of
the preferred embodiment described above. This may be done
without departing from the spirit of the invention. The
25 preferred embodiment is merely illustrative and should not
be considered restrictive in any way. The scope of the
invention is given by the appended claims, rather than the
preceding description, and all variations and equivalents
which fall within the range of the claims are intended to be
30 embraced therein.



correspondi ng LHO 211 nmakes a request to the LHO 211' on th next

hi gher tier. Requests for handoff continue to_be nmade 10 tlorig il
until a control path can be established between the L )211$}EET BEEN
the call and the LHO 211 recei ving the handed off call ,at—w I nt

t he handof f WO9%/298%es pl ace. Because the use of the synchrol’ﬁ'lﬂw‘m
protocol _on fiber cable—provides a very high transmssion 15 capacity, the

setup and de ow, so that gl obal soft handof f can be

achi eved . mj/“m liﬁﬂ*l ﬁ“\ penal ty. If it is necessary to
handof f th I nventive BSS 200 to a conventional BSS 103,
then the handof f request,is f orwar ded 86 @ conventional MSC 105 by 20
means of the N 215 node,_which serves as an interface bet ween t he
optical fiber VHAROFk CHHMED d8ient i onal swi tchi ng system The coupling

bet ween the NI 215 node and t he conventional BSC 115 can be nade by

conventional ngans, £§4§%Jgaagytg ESﬂLhﬂﬂﬁﬂt é%ﬁ‘%ggégwlcgﬁprxsln

Referring back fo FI G net mor cont
distributed CP's 207. @ plurality °ft npdes g SAch %o?@rfﬁﬁﬂlﬂﬁealeeaQDB

are small 5 onetof d planalitynof cellulart telecapmmicatibhe spstémi on,
this is achievg@ngy Jng each of the BS' s 203 be a 30 distributed base
station, such as el " of the preferred enbodi ments shown in FIGS.

4(a) and 4(b). In the eﬁﬁﬂﬂﬂ#?nﬂﬂans &prrintenconnechingnthenplugality sofir ed
by, for exanplgedes, three RF units 403 by neans of a conbiner 405. A

I R D ) st LR S

correspondﬂhg whth oy highiispeeqd syAchroneHscpratocol.

2. The cellular telecommunications system of claim 1,
wherein the high speed synchronous protocol is a DTM
protocol.
15 '
3. The cellular telecommunications system of claim 1,
wherein the plurality of cellular telecommunications system
functions includes a base station function, a spéech coder
function, a control processing function, a signal processing
20 function, a local handoff function, a location register
function, and a network interface function.

4. The cellular telecommunications system of claim 1,
wherein the network means comprises an optical fiber cable.
25
5. The cellular telecommunications system of claim 1,
wherein the plurality of nodes includes:
a first node comprising:
an antenna;
30 an RF component coupled to the antenna;
an analog-to~digital converter having an
analog port and a digital port, the analog port being
coupled to the RF component; and
an optical fiber modem for connecting the
35 digital port of the analog-to-digital converter to the

network means; and ¢
This Sheet Has Been Reilaced

AT AE
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- 48 407 for digitizing the received RF sianal and ger—c r
a digital signal into an anal og signal for transm ssion.

convertersAQ%Eﬁﬁﬁhﬁn turn coupled to an optical fi ber| nodefER .595 —
processor 411, "al’SO coupled to the 5 optical fiber nodem : s the

BS 203 so that it wll comuni cate with the rest of the network by
means of the sHmn”mL"ﬁﬂmmmrrot ocol on the optical fiber cables.

Addi tional connect!i"iHs! 9 processor 411 and contr ol I nput s of
the RF units 403 pernit the"prdcessor 411 59 2l so 10 performfrequency and

power control. The radio signal is digitized in the distributed base
station, and sent over tdGecondpiodedlfol perfalei iy VawelstRtdeRssSi Ng IS

handl ed by the see FILG 2). Note that the present invention
provi des tﬁéﬁta%?/]alfﬁ?rgg%{n&?ﬁﬁgfm tting the SP 209 to be shared by a 15

plurality of RF units 40theredns&hesfirst andi secons nodes;béogethert,
di stributed Boperdie ifs REdigtFAbubkasbasedstit sorr05 1 N t he networKk.

Addi ti onal _econony is achieved by having the network controlled by just
one or only a few distributed CP's 207, and by using shared N nodes
215 for interf@eing 20 The cedlndgr Seléecammumicattidns sysiteas ofnclBinm( ppt
shown) . wherein 3R PiuallleyCe#Dhoabs Ofn@fudus cal fiber cable and

the synchronized DTM pr ?} %(i%lra ri%\xlrl %%SfE,',QQ x?éciersa,t eeach for performing

transceiver functions; and
10 a plurality of second nodes, each comprising an
antenna coupled to a first port of a frequency band filter,
the frequency band filter having a second port for coupling
to the network means,
wherein the network means operates as a switch for
15 coupling any one of the first nodes to any one of the second
nodes.

7. The cellular telecommunications system of claim 6,
wherein the network means operates as a switch for coupling
20 any one of the first nodes to any two or more of the second

nodes.
8. The cellular telecommunications system of claim 7,
wherein:

25 .an ongoing call utilizes a first communication

path from a first one of the second nodes, through the
network means, to a first one of the first nodes; and
the network means effects a handoff of the ongoing
call by establishing a second communications path from a
30 second one of the second nodes to the first one of the first
nodes.

9. The cellular telecommunications system of claim 7,
wherein:

is Sheet Has Been Reilaced
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capability, a single fiber pair (input and output) can handl e sever al
| ogi cal channels for traffic as well as for 25 control s I [ =AAL (|
ot her signal s. 'An al ternative enbodi nent of Fﬂg Sﬁ-g‘g{?{%EW
di stributed base station is shown in FIG 4(b). This nnfl ' ’
i dentical toWO9R984 FIG 4(a), with the exception of i RETSESHOISO
ant ennas. 401’ berng*subs%r%u%ed—%e%—so the single antenna 401 and conbi ner
405. (QOperation of is otherwi se the same as that of the
configuration of F”H"ﬁ E““ njm !)IIE Further in accordance with the

I nvention, the epte C 8 sed net rk is provided with additional
35 capabilities. For exanpl e, | ocal SMAt |ng may be perfornmed I n

t9 2/62325 \Qfork by the CP 204, hddiny dﬁtle'i;\e&&&hee srpﬂs@%omunicauomo

S
- 19 - VEpatbsfromse £FRt QnmAt f‘l"&nf‘ﬁﬁg"g efg%%a*r%@eﬁp € o
and processed RQetwBYRMAband, Sta (P firdtheoneaoe theefifst modes; amdesirable

in.order to share the V"Ogﬁalxé%u%&f%ﬂ‘%tfectﬁeévﬂifdoﬂ‘ df tild VhgdinyS

fromany antenna to be h
5 call by estahlishing a second communications path from the

first one of the second nodes to a second one of the first
nodes.

10. The cellular telecommunications system of claim 6,

10 wherein the network means operates as a switch for coupling
any one of the second nodes to any two or more of the first
nodes.

11. The cellular telecommunications system of claim 7,
15 wherein: '
the network means couples a first one of the
plurality of first nodes to a first one of the plurality of
second nodes; ‘
the network means couples the first one of the
20 plurality of first nodes to a second one of the plurality of
second nodes; and
the first one of the plurality of first nodes
malticasts information to two different geographical sites
by means of the first and second ones of the plurality of
25 second nodes..

12. A cellular telecommunications system comprising:
network means operating in accordance with a high
speed synchronous protocol;

30 a plurality of antenna site means, coupled to the
network means, each for performing bandwide and channel-wide
filtering of a received radio signal, for converting the
filtered radio signal into a digitized radio signal, and for
supplying the digitized radio signal to the network means;

35 and
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5.different processing nodes. I n addition, a_single-SR-289—
canperform  processing for several wireless standards, A
t he underlying network to be shared. Addi ti ohal ceRERUABED

system i mpr gy brought 10 about by the present inventg [—TI0W De
descri bed w't %‘Zﬁ%ﬁreference to FIG 5. Wthin any one bas%ﬁ%ﬂ?n
conventional systens, the |ink between the transceiver equi pnent and an
antenna may take one of several forns. Where the transceiver is placed
at sone distance fromthe 15 antenna, these systemelenents nmay be coupl ed
by a transm ssi on nedi um such as opti cg fiber or coaxial cable. It
is also known in conventional systens to c Rnect sever al antennas to

one transceiver, so that t? e Yenta1 sj_twﬁ&&;#‘eéﬂ 19 Yo

antennas as rays in a miit gﬁ; enyi r onnent ere are some
proposal s in wiESRiVRcthe digikized adin RigHAL, SFOM Ehe Netiark, Meansas can
be confi gub&dhbpftbheueal‘d‘a]a s ive meansn pepfbenling denbdulatildn and oOf

t hese known sy lha%a‘?%e s&%giﬁqﬁgggdgﬁgiébg% ?1. i n WO 90/ 05432

(see BACKGRQJN I on elrs a contig I'on relationship
bet ween trahscei vers and antennas, and the rel ationship does not change
during a / cabl.. The cellulii hﬂ@psﬁuhheseimvsyste:? of claim
‘transcei ver/ antgnn Vi Or a t
nors 30 BoGhE PReRRER Fh HHdH B WYRclEGACHE B Y 4

I mpl errent ati onp¥etPeedtti es. Soft handoff conprises, in the forvvard
link (i.e., transm ssion from base station to nobile station), the

Si mJItaneo nsmi ssi g m_bot he ol d
and new bagé slt‘"gt'l ons to ﬁecéﬁgqﬁcp%&eﬁ%g?ugﬁcgkgﬁ ft%yﬁ%ﬁfbl"sﬁ t]1

(i.e., transm $2i,owherein eachf |the antenna: sitesweans inay utiddize fivedof f

requi res that petwork means to send the digitized radio signal to any one
of the plurality of central site means.

15 15. A cellular telecommunications system comprising:
network means operating in accordance with a high
speed synchronous protocol;
a plurality of antenna site means, coupled to the
network means, each for performing bandwide filtering of a
20 received radio signal, for converting the filtered radio
signal into a digitized radio signal, and for supplying the
digitized radio signal to the network means; and
a plurality of central site means, coupled to
receive the digitized radio signal from the network means,
25 each of the central site means performing channel-wide
filtering, demodulation and channel decoding on the
digitized radio signal.

16. The cellular telecommunications system of claim
30 15, wherein the high speed synchronous protocol is a DTM
protocol.

17. The cellular telecommunications system of claim
15, wherein each of the antenna site means may utilize the

35 network means to send the digitized radio signal to any one
of the plurality of central site means.
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- 20 - t he signal fremthe nobite stati on_be received|d SHEET HdS BEEN
ol d and new base stations ved signals be | f orVeiLABEDt o
an MsC, and that the MSC H“‘m“mtm Mﬂw basis of better receptron
quality. Thu¥O% R4 0ssibil«ity 5 | $ts*that bases st ati onBCI/BENG00352

I nvolved in a soft handof f operation will be connected either to the
same BSC, or to different BSCs that are either associated with the

same MSC or different MSCs. In this kind of network, a call may pass

t hrough the follow ng process: 10 1. Acall is set up over one
BS, that is connect ed~t 8%a~first BSC. 2.
The call is pu connecting it

f b¥ .
over a second Eg t hat S?si Sefflftdr Tise niSahions FYstem, comprising: 15
3. The link over the finetwek meamnssopanatingd. in accordance with aAhilhrd

link is set upgpe@l a@igtea&D Prsticisll;0 second BSC. This
link may travel h the transn155|on

network, thus 2 tong ‘ap luralitgxﬁgr ROLEPRY ﬁt{%u NS Qoppded ot khe

case, 5 network means, each for performing bandwide filtering of a
received radio signal, for converting the filtered radio
signal into a digitized radio signal, and for supplying the
digitized radio signal to the network means; and

a plurality of central site means, coupled to
10 receive the digitized radio signal from the network means,
each of the central site means performing channel-wide
filtering, demodulation and channel decoding on the
digitized radio signal,
wherein the network means operates as a switch to
15 handoff an ongoing call from a first central site means to a
second central site means while continuing to use a same
channel for the ongoing call.

19. The cellular telecommunications system of claim
20 18, wherein the high speed digital protocol is a DTM
protocol.

20. The cellular telecommunications system of claim
18, wherein each of the antenna site means may utilize the

25 network means to send the digitized radio signal to any one
of the plurality of central site means.

21. A cellular telecommunications system comprising:
network means operating in accordance with a high
30 speed digital protocol;
a plurality of antenna site means, coupled to the
network means, each for performing channel-wide filtering of
a received radio signal, for converting the filtered radio
signal into a digitized radio signal, and for supplying the
35 digitized radio signal to the network means; and

This Sheet Has Been Replaced




20 the first BSC woul d typically be in c o -
5 The second link is.then di scannecied. nfmg SHEET, “EE\EJ\I

is set up over a BS coanpcted to a thilrd BS PHAEY 5
connected t At this poi %mﬁﬁﬁ three
BSCs and ZSQ&GE%Q ”“Imﬂﬂﬂl W”HHLI nvoI ved in the cg’ﬁr}s

It can be seen that cont conponents becones very

conplicated (i. e, who is controlllng what). The |inks between the M5
119 and the BSs nmust still be synchronized and the transm ssion del ays
from 30 each of the BSs to the correspandjyng. BSCs nust be controlled

to be conparatively equal to one another. I n accordance with

t he presgnt invention, fahpluralipyosescentral itel madnby é6ﬁbléﬁrl§b an':]enna
sites an eiyyer H | swtch In
35- bet ween. né%zﬁﬁe t\ﬁ% mgiﬁiggﬁeéfjé&;\srgc ‘%@?“f girqrensng{:\%glf means,

96/ 29834 each of the central site means pemgmgggaﬂggggglation and

21 - tf&mhm@oaahqoanaaﬂecamiﬁzéw&euuen&iqiihs,I i nks for
soft handoff may be mor e, tha 119 TV §s tooo

far through the net wor k ¥
handoff an ongeing call from a first central site means to a

second central site means while continuing to use a same
channel for the ongoing call.

t)éﬁe network means opera@.es as

10 22. The cellular telecommunications system of claim
21, wherein the high speed digital protocol is a DTM
protocol.

23. The cellular telecommunications system of claim

15 21, wherein each of the antenna site means may utilize the
network means to send the digitized radio signal to any one
of the plurality of central site means.
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coupled to the network. (

proper functioning of the cellular system

have been omtted fromth
included in the systemis
each coupled to
20 frequency band filter

| ocat ed near the antenna. The frequency bang
may alternatively be frequency channel
arrangenment of FIG 5 provides a nunber of

trunk groups of transceivers 25 nmay be insf
pl acenent of the tra
i ndependent of the placenent of the antennasz

pl aces because the

opti cal

anot her
k

ei ver
O her

e figure

descri bed
fi ber cabl es a§§q¥
nodes 503-1 .

nodes that are also 15
are presuned to exist,

for the sake of sinplicity.) A so

5 still

be

be perforned in

ant ennas and transcei vers.

i nvention,
10 are facilitated.
e Wth respect to FIG 2,

he synchroni zed DTM protocol .

The RERYSES600339

503-n are shown
necessary for the

a plurality of antennas 505-1 .

507-1 .

507-m
filteni.
e
3P|
NSCe

benefits.

" The
To begin

ed at easily maint

Furthernore, this configuration permts any’oﬂh_of
505-mto be coupled to any one of 30,”7the transceiver nodes 5

503-n in the cellul ar

syst8n As g4esult, tWwQ different typesPo

i vers 503-1 .
5-1 .

. 505-
t he ant enn

but

505-m
§

)

WISSH
ANE

[ 4

ATIATN

CALL OoRp,

INFORMAT

the swi tching network 501~by nmeans of a corresggndi
ich is preferably
™ ters 507

ECTIONS

handof f may now be d?Iinedﬁ'"trgnsceiver handoff", and "chann
handof f." Transcei ver hapdoff congLSTS oOf uuv%Tg a bal | from ohe
transceiver to another wythin the ul ar system 35 _Since the nDbiIe
station may still communjcate wit same ant enng, fceiver
handoff is an activity that is=Migay ~
A
\
\ E )} g [T '9\:
S~ ! v T = x -]
\.‘Q \ ) v
™= < & A .
.* N o ____‘ pY LN !
(:) 3 = X / §3 < I S
\% ! ': ' *
hk ~ ] <
/
v “
!
S
o | &
= N g [
“ Y
3 (
} ]
S =B

124

123

125

121

129

/

-7

WSHY,

0N -TRA,

in which soft:

R %) O
— =.
.o o)



WO 96/ 29834 PCT/ SE96/ 00350
-_22 - internal to the network, .and may be performed, for exanple

to decrease the required anmount of transm ssion resources by shortenlng
t he di stance between a transceiver and its connect ed ant ennas.

By contrast WO handoff is experienced by the ?FE’SM?S’Bn
since it will change conmuni cati on chqggel, frequenC|es tinme slot

code or any conbination thereof. The change of traffic channel nmay or
may not inply noving fromone cell to another. The reason for the
channel 10 handoff may be a need in the systemto optim ze the use of
traffic channels or to mnimze the interference |evels. However,

unli ke that which occurs in the prior art, channel handof f does not
require a correspondi ng change in transcei vers, since the present
invention provides for the 15 old transceiver to continue handling the
call by coupling it to the second antenna. As a result of this ability,
a change in air interface frequency for a given call can be

perforned nore often than in prior art systens because the

i34
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TRANSCEIVER
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(PRIOR ART)

134

FIG. 1(b)
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134

TRANSCEIVER
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di sturbance on the call is reduced if the call path in the 20 network is
not changed at the sane tine. Ihe configuration-shown in FILG

5 is also useful in cell structures having nmacrocells and mcro-cells
t hat cover the sanme area and in which several rricro-ceIPI 8% S
and the macP&¥2P8Ant enna can be used ggrgdetecting the 25 ‘?é e gﬁl i nk of
the call. The invention permts the nicro- cell antennas and the
macrocel | antennas to be connected to thg §ane transceiver. In this
situation, it is beneficial to be able t&fonnect the calls that are
set up in the macrocell also to a mcro- | . This nmakes it possible to
30 regulate the M5 output power so that it 1§ set to a |evel that is
appropriate for the mcro-cell as the M5 m)vee nearer to the
mcro-cell. Also, as the nobile stati QnVves a fromone mcro-cell
antenna and toward anot her, the sel ection@f mcrg-cell antennas for
use at any particular 35 tine may bel dynamcg®l ly rec nfggured W t hout a
correspondi ng change in transceivers. A ngcro-cel I amtenna placed in a
WD 96/ 29834 = PCT/ $E96/ 00350 .

- 23 - border area between macrocells nmay, at the same tinme but for
different calls, be used in this manner togetger with
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different macro cell antennas. The configuration illustrated

i-n FIG 5is 5 additionally useful for permtiing dynamc_—r-ee-eﬂ-f—hgu-r—a-ﬁ—m"———'

or—transcei ver/ ant€nna coupling in order to enhance the process of
mul tipath equalization. Miltipath equalization is nece?ég}'sﬁ oenpssUSe
radi o ener gwores2ea3an MS may travel vast di stances, inc I'ng
reflections, before it reaches a 10 receiver antenna. Because different
rays of radi o energy travel differen#/8i stances and arrive at different
points in time, the received signal is subject to delay sprchmaT S
called time dispersion). By dynam cally reassigning an M totb
received by a different set of antennas, the tine 15 di spersion $i&iatipn
may change from an unacceptabl e | evel to very good, even thofig %eu\g
has not noved at all. Thus, the present inventgpn allows a t agcei pe
503 to dynam cally select which of a pluralit f antennas 595
505-m provide a signal with the | east anount of 20§del ayed signa erqy.
An al ternative enbodi nent, of the invention wl| now be descrlbeg with
respect to FIG 6. Here, kall-based swW tching ®as been jntro :
between the bandwi de filtjering bl ock 169 and the channe] -w dp ¢l tefing
bl ock 157 in the 25 base i G 2). Th}s rov des
great advantages in the w Lconsp
call and in total. Reduc Iy per calE%a‘B"s—-
to inproved spectrum effifci enc [ ic cppacijy30
As depicted in FIG 6, a {DTM netn i +0 conhect §f uragity
of antenna sitesﬁiﬁS) S0 pl ural i tral sitps (CS—g66-
However, in | ementli ng thisJaspect the inyention, Jt is pogsible
to use any diygita gh speed protocol}, such as the wel{-Known 35
asynchr onous trang‘ar node (ATM protocol .} The DTM net work
w Lveng o
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permts switching between any of the ASs 603 and any of the WO

06420834 - PCT/ SE96/ 00350

- 24 - CSs 605. As shovvn by the thick light line, a normal call
connecti on will be made fromthe M5 611 to an AS 603, and from
there through a 05, a BSC 607 and an MSC 609 from wWRFEBENSH

routed to the rest of the systemin 5 sggordance with known net hods. In
accordance with the i nvention, nore than one AS 603 can be connected to
one CS 605, thereby maeki ng possible the additional sinultaneous

call paths 615 illustrated by:the dark thick |ines.  Furt herg
in accordance with the ifdvention, the ASs 10 603 need not all b of thees

sanme type. That is, an i ndi vi dual AS 603 may be of the npord-cell
type, the mcro- cell type, or the pico-cell type. The reppectiVE S
f uncti ons pel¥yr med By an AS 603 and a CS 605 will de oy hell ypes
of systembeing inplemenfed. In the case of a narrow band{1l5 | syste € e
AMPS, GSM PDC), (gyich AS; 603 may include not only an ant e,n.u.a_.b.m-(—al
t he necessary eqmswpnent for perform ng channel-w de T
filtering/anpliflgation 157 and ?. =
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bandwi de filtering/anplification 159. The AS 603 includes space

.diversity and A/ D conversion equi pnent_on bath the | 20 and-Q-ctranmets per
—evefrstty—antenna. The data rate from each filter is in the range of- 5
Mops for AMPS and 25 Mops for GSM Each call handl i ng-t4obndsio €ach CS

605 has awogeéenber of input ports to which each AS filter output for
that call is connected. Thus, the |nput data rate for the 25 CS 605 wi |l
be from20 to 100 Mops per used radio %Bannel . In an
alternative enbodi t q?‘ a narrow band m cha
filtering/anmplificatNgfn 157|s not berforrredinthQEn 03? ?‘(

I nst ead perforne nit he CSF CONRIPb~—ERRROCESSTR3 a band ter for

each of the 30 diversity antennap connected to an AJgP conversion

uni t on bot nannel s. For St rate
fromthe AS 603 wll be ap5roxi t 32%?5 [a gt this fjate is then
mul ti cast from|the AS 603 jo all 605 havi ngja call thatfis being
received by thqt AS 603. Ffom 2"3,;% Foi viljew ¢f a CS 605,} the CS 605
recei ves data firom all}of fhe ﬁg 603 t/??b provﬁqde dat a assLoci ated with
call s 96/ 29834 A
PCT/ SE96/ 00350 1 25 -
{03
CONTROL OPTICAL  [——==0UTPUT
CONBINER P A0 e o
* 403 407
$ .
CONTROL
-~ # A%

FIG. 4(b)

RF CONTROL =s——1 PROCESSOR 141

409
:’7 401 s a I
CONTROL
' RF A0
Q;Z‘“”' | 403 40
CoNTROL ”;:,{,!g;,'t (——ourPUT
# A7 NOOEN Yo typyr
4o1° } 03 407
{ . \
CONTROL
fF 470




bei ng handl ed by the CS 605. The total data rate in the CS 605 w | |
t in the range of from10 _to 100 Gbps This _enbodinment_is

al so useful for w deband systens, such as CDMVA. 5 The
effective and versatile

above descrigﬁgﬁ%nventi on provides a cost '
sol ution for Pccess networ ks havi ng very good pePEHFEREMEEIS0 The
use of synchronous protocol s such as the synchroni zed DTM protocol on

an optical fiber provides radio accegg networks with the high 10
bandw dt hs, | ow delays, high utilization and fast setup times that are
needed in future systens. The=sharing of networ k ngges (such as SP

209, SC 205 and CP 207) is nag only econom cal, butyalso allows the
si ze of base stations a®be reduced for easier plafnent in urban
envi ronnents. 15 ause the operation of Jterent nodes may be

synchroni zed with one anoth h | evel .of preci radi o
t echnol ogi es such as CDMVA a si mul cagt networ ks may
The invention has been described i grence to 20~ a particyl ar

enbodi nent. However, it will be gl y apparent to th din
the art that it is possible to g ody Jt he invention in or s
ot her than those of t he pref gr r\ct%b#)di ment descri bed 3 S may
be done Wi t hout departing ob.rg m§%§p rit ,of the invent 25
preferred enmbodi nent is nerel y&illl %a‘.ri e and shoul d not £
considered restrictive in any way. scppe of the i NV fven
by the appended clains, rather t precedi ng descrii al |
wi thin the range i ms

vari ations and equi val ents
are intended to be 30 enbraced ther
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WHAT | S CLAVED | S:
system-cepp-sing: ——
perform ng at |east one of a
system functy :

the plurality g %%ﬁes,

1.

operates in accordance with a high speed
wherein the plurality of nodes includes:
each for perfor
frequency band filtered signal

plurality of first nodes,

a plurality of second nodes,

A cellul ar tel econmuni cati ons
a-plurality of _nodes, each for

5 cellular tel ecomruni cations
networ k means for_interconnecting
wherei n t hePGES Sheans
synchronous pr ot ocol
a
g transceiver functions on a
received fromthe network neans; and
each conprising an antenna coupled to a first

plurality of

S1R

port of a frequency band.filter, thepfm™quencyg band filter having a second
port for coupling 2o e—met Wwol k freans, ¥herei n t he antenna supplies
a received radio signal &o Hel Fequency 19 paryl filter, and the
frequency band filter ce#vertls_the rpceirveyl ré&li oksi gna® into the
frequency band filteredgigna]__aﬂd sbpplli es—t-he eguerey-aband filtered
signal to the network _, mmaank; ahd o S wherein the
net wor k means oper at es #eqwEh T pr toupliﬁb any ofexf the first
nodes to any one of theZ5eco nodes| 2¢ whegein the
network means operates & a gm=trh fpr ¢o Jll@ apy one of She first
nodes to any two or rmreao w eeed hodg ang

wher ei n: T g pngéi ng cggl utilizes a firgtesmgusmss
conmuni cation path fron1a - S second nodes, gﬁioug t he

network means, to a | \ and 2 5 £
t he network neans:g,f t § )i nh cal Igby egfablishing a
second conmmuni cat ¥nls Pat e segongyhodes to a
second one of the N P
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2. A cell

tions system compnii-ngg
a plurality of node3x

ﬁ, ST ormmJ at | east one of a pl ura(lty of

cellular tel econmmuni S syst em functi ons: : ,

: 28 -g5- 1997
net wor k rreans for i nterconnecting.the plurality of nodes, - 1993
wherein !ﬁﬂgﬁ S oper Eﬁ. with a high speed
synchronous pl’ Ot OCO ! Imﬂﬂ |"I I“ﬂﬂ“lﬂm erein the plurality of
nodes i ncl udes: "a pIurallty of first nodes, each
for performng transc i ver functlons on a f requency band filtered
signal rédceived from SH-'@F {elecemmunirations system comprising: a

pllural ity of second noditae§ds oSBcToP HerAlhuffld B1BASALBE £l ol T ot

port of a frequency ba ter enc Vi ng”a second
port 4or celiulat tedtommunicatiofs §y|’sfennﬁtn‘ﬁﬁdsﬂg means, wherein the antenna supplies
a received radio signal to the frequency 10 band filter, and the
frequency band filt er NeiBievkemeans fiop inierseingsdng theinkurgligafinodes,o t he

frequency band i1 ter gk iRl RNt ARl biatl LUcERHEAW R Tl Licks" o

signal to the network rein

t he net woyylkchreas piBycal es as a switch for coupling any one of t he
first nodes to any one of the second nodes, 15
wher ei n the network nﬁ&lnsclm@srpéurehtyaﬁmdmchdetor si mul t aneousl y

goupl I ng any one of - tgmﬁeﬁ%ﬁodeaﬁ%ﬁ@h{q&\gg& ngre of H%%qfl rst nodes

frequency band filtered signal received from the network means; and

a plurality of second nodes, each comprising an antenna coupled to a first
port of a frequency band filter, the frequency band filter having a second port for coupling
to the network means, wherein the antenna supplies a received radio signal to the frequency

15  band filter, and the frequency band filter converts the received radio signal into the
frequency band filtered signal and supplies the frequency band filtered signal to the network
means; and |

wherein the network means operates as a switch for coupling any one of
the first nodes to any one of the second nodes,

20 ' wherein the network means operates as a switch for coupling any one of
the first nodes to any two or more of the second nodes, and

‘wherein: | .

an ongoing call utilizes a first communication path from a first one of the

second nodes, through the network means, to a first one of the first nodes; and

25 _ the network means effects a handoff of the ongoing call by establishing a
second communications path from the first one of the second nodes to a second one of the |
first nodes.

2. A cellular telecommunications system comprising:
30 a plurality of nodes, each for performing at least one of a plurality of

cellular telecommunications system functions;

AMENDED SHEET




‘networ k nmeans o ance with a high speed synghygaous,/2Q ;=
pr ot ocol ; T!m“m“mﬂ“ ' a plzu,r ality of antenna site neans,
ycoupl ed to the ne neanss each f per form ng bandw de and
channel -wide filtering of a recei ved rad| o signal, for converting

the filtered radio signal into a digitized radio signal, and for supplying
the digitized radio networkangmg fortiatetdoaneqingahk plesing of acdes25

a plurality of central site neans, coupled to receive the dlgltlzed radi o
si gnal fromthe net worwhereiafhie netWerk Weansiaperaest in arcosdance yitng highispeadri ng
denodul ation channel decoding on the digitized radio signal,
wher ei n eé’fﬂ?hg OPﬁBm%(foénna site neans [may utilize] utilizes the network
nmeans to send the sansyglréinithe fRrdlafoPnSdedimdiudesul t aneously to any two of
the plurality of 30 central site nmeans. 4.

A cel Isul ar t el ecomuniapluiadity offiest sodespeqshifor pg‘formmg transceiver functions on a

e e Serd Ha e S L ER0E ot bl Vs B gLl onous

pr ot ocol ; site neans,

coupl ed to the networ g
of a received radio S|kag gf?eggﬁé/gédﬁn%ach%ﬁ-ﬁpﬂﬁﬁg rac%aﬁﬂédt! aeﬁfsfl
into a di gottiofadrequehcy lsangrfﬂter, the drejoency bapd Yilteghd viveg ds@ohd pert fombuplmggnal
to the net wor k nmeans; and plurality of

central s te thepshverk means; wheren: the aptepea supplies yraceived radig slsnal to the frs%eﬁsy
fromgt %gﬁd"ﬁ{t& TRE e ooy bard Bict Lhvédls dib beeiVed 01id Sighliflo e

channe
frequency band filtered signal and supplies the frequency band filtered s1gna1 to the network

means; and
wherein _the network means operates as a switch for coupling any one of
the first nodes to any one of the second nodes, '
15 wherein the network means-operates as a switch for simultaneously

coupling any one of the second nodes to any two or more of the first nodes.

3. A cellular telecommunications system comprising:
network means operating in accordance with a high speed synchronous
20  protocol; | _

a plurality of antenna site means, coupled to the network means, each for
performing bandwide and channel-wide filtering of a received radio signal, for converting
the filtered radio signal into a digitized radio signal, and for supplying the digitized radio
signal to the network means; and

25 a plurality of central site means, coupled to recei\)e the digitized radio
signal from the network means, each of the central site means performing demodulation and
channel decoding on the digitized radio signal,

wherein each of the antenna site means [may utilize] utilizes the network
means to send the same digitized radio signal simultaneously to any two of the plurality of

30  central site means.
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‘10 filtering, dermdul at mﬂ\ and channel decoding on the gt t:rz:egi/ ¢ adi -

si gnal , M“U‘u l‘ wher ei ggeach of the ante reen
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15 5. A cel | ul ar tel ecommuni cations system corrprl ST NQg.

net wor k rans operati ﬁgceillnlaa&mmcaﬁmhssétqm gemprisiegt di gi t al

prot ocol ; of an i t e nmeans,

coupl ed to the networ Qew@é]ﬁgnea%sagmr?t&g in'3bbrddnt f‘ﬁgﬁ ?f%’rfa&ﬂf nous’
filteri ”ggsx‘afocél recei ved radio signal, for convert| ng the f| ltered radio 20
signal into a digitized radio signal, and for supplying the digitized radio
signal to the arphuralitylofrastensy smemieans coupled to the network means, eactefor

plurality o central te neans, coy Iedtor ejve the digitjzed radio
si gnaP f rRfHArAR ‘b@ﬁ]é%fﬁg ofarereiyed radlo signaly F%‘P‘f%“%&‘ﬁﬁﬁ?&df B4 ng

channel - ‘(’j\g into a di m%éd h?? §8nal ISR SEipifife ﬁﬁ%lﬁl&%@ﬁdl@ﬁgﬁ’ﬂ QgheOn the

digitize 0 signa e networ k neans
oper at es ﬁawerlsmbinsl;laﬁcb handof f an ongoi ng . call froma first
central site neans to a _second central site nmeans while continuing to use a
same one of the ant endPlwaliyy ofcgnisalisife mqaes,cmgblie%o tegrive the dlgltlzed radig,

The cell u a f cl [ ei
Theed i otieal tin HRHEAILAAhERI el B BP hteft e Theafs plfiSiid chatfiellide
10 filtering, demodulation and channel decoding on the digitized radio signal,
wherein each of the antenna site means utilizes the network means to send

the same digitized radio signal simultaneously to any two of the plurality of central site

means.
15 5. A cellular telecommunications system comprising:
network means operating in accordance with a high speed digital
protocol; '

a plurality of antenna site means, coupléd to the network means, each for
perforining bandwide filtering of a received radio signal, for converting the filtered radio
20  signal into a digitized radio signal, and for supplying the digitized radio signal to the
network means; and |
a plurality of central site means, coupled to receive the digitized radio
signal from the network means, each of the central site means performing channel-wide
filtering, demodulation and channel decoding on the digitized radio signal,
25 . _ wherein the network means operates as a switch to handoff an ongoing
call from a first central site means to a second central site means while continuing to use a

same one of the antenna site means for the ongoing call.

6. The cellular telecommunications system of claim 18, wherein the high
30  speed digital protocol is a DTM protocol.
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7 mﬂﬂlmﬂ"““ uuecomabcations syst em of pe+am—5,
‘wherein each of 1 1ERRITINA RS a site neans utilizes the| NHSWEHEETNBAS BEER
.send the sane digitized radio signal si nul taneously fto anREPMICRY the

plurality of central site neans. 5 . 8. ] ATettutar
t el ecommuhi cati ons sydbegglidarnieleeorpunications system of claim 18, whereimeacdhofithereans

tin Wt ' i qi I t |
2ol ur al eyehoR SR PEARE SR eheokk BEF B Send b tene gigiill RBF Benalacr 1o
per f or i ngmghaeselly % ey i seibe Bralty dreansl Roimieadh. 0 i gnal, for
converting the filtered 10 radio signal into a digitized radio signal,

and for supplying the digitized radio signal to the net wor k nmeans;
and lural.ity of central .site neans, coupled to

i t)
recei ve the di gitizedAr%FHP@It‘ﬁ?‘%mm%mﬁaﬁ RS PYSGH EHBPHY¥PGor k neans, each of
the central site ”ea”ﬁe%ﬁgfe%s“ébfgﬁfﬂéqﬂlaeédrﬂéhc@@ﬂthahigh\mé(;éragc?gﬂtlhdewd' ng

on the digitized radi o sign e network
means opepratoesl;as a switch to handoff an ongoi ng call froma first

central site nmeans to a_second central site means while continuing to use a
same antenna site neafPlyralitytqfantsapa siigymeans; coupled to the nggwork means, each for The

cel lul ar | cat | A I 8 | b 0
Cove o GEAEURRA QB IR SFFLelol o Ugnl et Heea®
cel l wbar fagicsgmannb aadizitped Susd sgna0f andl fot supplyi g\/ﬂﬁrcﬁgiﬂiz&nfdaiwéigﬁmo the
antenna site neans utilrzes the network neans to send the sane digitized

radi o si gaeswork means; agd nul t aneously to any two of the plurality of central

site freans. a plurality of central site means, coupled to receive the digitized radio

signal from the network means, each of the central site means performing demodulation and
channel decoding on the digitized radio signal,

15 wherein the network means operates as a switch to handoff an ongoing
call from a first central site means to a second central site means while continuing to use a

same antenna site means for the ongoing call.

9. The cellular telecommunications system of claim 21, wherein the high
20  speed digital protocol is a DTM protocol. '

10. The cellular telecommunications system of claim 21, wherein each of the
antenna Site means utilizes the network means to send the same digitized radio signal
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erelrn ans
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sane channel for @Rl ofaptcrrs ite means, coypled to themegwork| meangreach for
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signal into a digitized radio signal, and for supplying the digitized radio signal to the
network means; and

a plurality of central site means, coupled to receive the digitized radio
signal from the network means, each of the central site means performing channel-wide

10 filtering, demodulation and channel decoding on the digitized radio signal,

wherein each of the antenna site means utilizes the network means to send

the same digitized radio signal simultaneously to any two of the plurality of central site

means.
15 5. A cellular telecommunications system comprising:
network means operating in accordance with a high speed digital
protocol;

a plurality of antenna site means, coupled to the network means, each for

performing bandwide filtering of a received radio signal, for converting the filtered radio

20  signal into a digitized radio signal, and for supplying the digitized radio signal to the

L network means; and

a plurality of central site means, coupled to receive the digitized radio
signal from the network means, each of the central site means performing channel-widé

filtering, demodulation and channel decoding on the digitized radio signal,

25 wherein the network means operates as a switch to handoff an ongoing

call from a first central site means to a second central site means while continuing to use a

same one of the antenna site means for the ongoing call.

6. The cellular telecommunications system of claim 5, wherein the high

30 speed digital protocol is a DTM protocol.
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net wor k nmeans; Vg 96/ 291%34 . s

PCT/ SE96/ Oiﬁlégﬁla sxte means utilizes the network means to send the same 4ljgitized radio signal a

plurality @hufStohdy SidydwdtstiRe pﬁ?ﬂﬂ Eficén?:al site hé&€i ve the digitized radio
signal fromthe network ‘neans, of the central site neans

perform ng denodul ati on and channel decoding on the digitized radio
signal _ 5 \Mg\erﬁipthe net wor k. means operates as a switch to
5 ° 8. cellular telecommumcanons system comprising:

network means operating in accordance with a high speed digital
protocol;

a plurality of antenna site means, coupled to the network means, each for
performing channel-wide filtering of a received radio signal, for converting the filtered

s 10 radio signal into a digitized radio signal, and for supplying the digitized radio signal to the

network means; and

a plurality of central site means, coupled to receive the digitized radio
signal from the network means, each of the central site means performing demodulation and
channel decoding on the digitized radio signal,

15 wherein the network means operates as a switch to handoff an ongoing

call from a first central site means to a second central site means while continuing to use a

. same antenna site means for the ongoing call.

S. The cellular telecommunications system of claim 8, wherein the high
20  speed digital protocol is a DTM protocol.

10. : The cellular telecommunications system of claim 8 , wherein each of the
antenna site means utilizes the network means to send the same digitized radio signal
simultaneously to any two of the plurality of central site means.
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(57) Abstract

A cellular telecommunications system has a plurality of nodes, each for performing at least one of a number of cellular
telecommunications system functions, including base station, speech coder, control processing, signal processing, local handoff, location
register, and network interface functions. The nodes are interconnected by a network preferably comprising an optical fiber cable. In one
aspect of the invention, the protocol that is used on the network is a high speed synchronous protocol, such as the DTM protocol. A first
node in the system may be an antenna; an RF component coupled to the antenna; an analog-to-digital converter having an analog port
and a digital port, the analog port being coupled 1o the RF component; and an optical fiber modem for connecting the digital port of the
anglog-to-digital converter to the network means. A second node in the system may be for performing base station controller functions,
wherein the first and second nodes, together, operate as a distributed base station. In another aspect of the invention, some of the nodes
may be transceivers, while other nodes inciude antennas coupled to frequency band filters. The network operates to permit any of the
| transceivers to be coupled to any one or more of the antennas, thereby permitting a handoff of a call from one antenna to another while

maintaining use of the same transceiver, or permitting a handoff of a call from one transceiver to another while maintaining use of the same
antenna,
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