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overwhel mng majority of public telepgone subscri bers, also to residences,
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radi o technol ogy, e.g. by satellite, the last part of the network nostly
uses wiring, i.e. nost local connections are in the form of wres.
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TITLE:

Arrangement for telecommunication.

TECHNICAL FIELD:

The present invention relates to an arrangement for radio
communication as stated in the first part of claim 1.

Up to now the connections to the overwhelming majority of
public telephone subscribers, also to residences, offices,
is made by wiring. This means that even if the network
implements radio technology, e.g. by satellite, the last
part of the network mostly uses wiring, i.e. most local
connections are in the form of wires. However, the
installation of wired connections especially for the local
loop e.g. residences, offices, e t ¢ is both time consuming
and involves substantial networking costs. Therefore there
is an increasing interest in exploring the potential of
radio technology as an alternative for wiring in the local
'1odp. This is amon§ others of general interest for new
sécond and third public network opérators since it provides
fast installation and can prbvide'loéal mobility as an
advantage. For a first dominant operator it is of interest
at least for niche ﬁérkets, Another problem, however not
general but merely relevant to some countries, is that the
regulations in these particular countries for public
telephone operators prevent them from offering mobility in
the PSTN/ISDN (Public Switched.Télephone Network/Integrated
Services Digital Network).
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substanti al networking costs. Therefore there is an increasing interest in
exploring the potential of radio technology as an alternative for wiring in
the local loop. This is anmong others of general interest for new second and
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in the fol | oWt -RE BAREMEET will in the following be called Wired
Local Loop, WLL. Fig. 1 shows a simplified illustration of
Wired Local Loops, WLL- and Radio Local Loops, RLL-
connections with public subscribers, residences as well as
offices. BS Stands for Base Station.

As to tlie concept of the Radio in the Local Loop, RLL, this
can be divided into two basic concepts, namely the so
called Fixed Radio in the Local Loop, FRLL, and the Mobile
Radio in the Local Loop, MRLL. These two concepts are
illustrated in Figs. 2 and 3 respectively.

In Fig. 2 the Fixed Radio in the Local Loop cbncept ‘is
" illustrated. In this case the subscriber has ‘one or more
telephones sockets 6' to which his telephone or telephones
4’ are connected. In this case there is not really a
difference for the subscriber from having a Wired Local
Loop since he does not see any difference. The telephones
4’ are connected to the telephone sockets 6’ which are
connected to a so called Subscriber Fixed Station, SFS, 2°,
which is connected to an antenna 7‘, e.g. arranged on the
roof of a building or similar via which is established a
radio connection with a Base Station, BS 1, 1‘’. The short
dashed arrow indicates that there is little interference
between adjacent base stations 1‘, 1". Up to now the Fixed
Radio in the Local Loop, FRLL, concept has only been
implemented to a very limited extent. Radio microwave link
connections or special developed radio technology is merely
used to provide telephone service for isolated islands,
remote farms or similar.. Lately however, FRLL-systems based

on existing analogue cellular technology have been



Local Loop, WL. Fig. 1 shows a sinplified illustration of Wred Local
Loops, WLL- and Radi o Local Loops, RLL- connections with public
subscribers, residences as well as offices. BS Stands for Base Station.

As to the concept of the Radio in the Local Loop, RLL, this can be divided
into two basic concepts, nanely the so called Fixed Radio in the Loca
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S as to frequency and power since directional fixed roof
mounted antennas can be installed at the subscriber

buildings. For example a 15 dB antenna gain could give 20-

30 dB back-front isolation leading to a re-use cluster size

as low as 1 leading to typically ten times higher frequency

effiency compared to the Mobile Radio in the Local Loop,

MRLL, which is going to be further discussed hereinafter.

- This frequency efficiency is essential for providing the

higher bit rates required for the high voice quality as

well as for ISDN-services. The directional antennas also

reduce the potentional risk for quality degradation due to

time dispersion.An important drawback with the FRLL is

however that the customer does not get any mobility
benefit.

Mobility is provided through the MRLL, which is an
advantage. This concept however also suffers from
drawbacks, e.g. the radio infra-structure becomes very
frequency inefficient and requires very expensive base
station installations due to range limitations. The reason
therefore is that a perfect radio connection is required in
every part of the house independent of building materials,
underground basements, topography, temporary placement or
position of the portable telephone e t c. This is very hard

and expensive to achieve. Furthermore, no antenna gain will



3 installed in countries which have a general |ack of capacity in the
public wired tel ephone network. One inplenentation is further described in
brochure no LZT 120217, Radi o Access System RAS 1000 by Ericsson Radio
Access AB. These systenms are addressing a time limted market, since
general applications will require effective encryption of a high quality
voice and | SDN (Integrated Services Digitaly Network) -service, in order to
achieve that a digital radio access technology is required. An essenti al
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offering mObllltY through the particular regulatlons in
-said countries. Furthermore, due to the above-mentloned
limitations, MRLL is up to now only available as test
systems and has not yet been commercially implemented. This
is further described in the paper *"Universal Digital -
Portable Communications: an Applied Research Perspective",

ICC "86, Toronto, Canada, June 22-25, 1986 by D.C. Cox et
al.

A schematic illustration of the MRLL-concept ig shown in
Fig..3 where subscriber mobile stations, SMS, 5', (portable
telephones) are directly communicating with a base station
1, 1’’ wvia a radio connection. As can be seen the
connection is direct as well for indoor as for outdoor
connections. The long dashed line .indicate that there is a
high level of interference between base stations.

If so wanted, mobility in a residence that has normal WLL
or FRLL can of course be provided by a private purchase of
a standard commercially available cordless telehphone. This
is illustrated in Fig. 4 where a separate cordless fixed
part (CFP) is connected to the subscriber socket 9. The CFP
can communicate with the cordless portable part (CPP). The
cordless telephone is however not a part of the basic local
loop provision made by the operator but merely a privately
allowed extension. Furthermore, two separate radio systems
have to be tandemed which leads to an extra delay of the

speech signal, as well as it is expensive. Furthermore, if



however that the custoner does not get any mobility benefit. Mobility is
provi ded through the MRLL, which is an advantage. This concept however al so.
suffers from drawbacks, e.g..the radio infra-structure becones very
frequency inefficient and requires very expensive base station
installations due to range linmtations. The reason therefore is that a
perfect radio connection is required in evgry part of the house independent
of building materials, underground basenents, topography, tenporary
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Furthernore, aguMBARYOHRITAROYRVERPIGRYE countries the telephone
operators are prevented from

The object with the present invention is to solve the above
mentioned problems through an arrangement which is
reliable, not expensive, frequency efficient and which may,
at the same time provide mobility. Furthermore, the
arrangement has to provide a high speech quality and the
grade of service, GOS, should be the same - as for a wired
connection. The invention can thus be said to combine the
advantages of the above discussed FRLL-system with the
above mentioned MRLL-system. It is an object of -the
invention to provide frequehcy efficient radio connections
between base stations, BS, and portables in or around
residences or offices. A further object of the invention is
to provide efficient, low cost, intercom functions between
portables within a residence or an office, in the following
simply called a house. A further object with the invention
is to provide the possibility to register the indoor radio
connection under a private license, e.g. in case the
telephone operator is not allowed to provide mobility as is
the case in certain countries as mentioned above. Another
object of the present invention is to provide a wide
mobility. Another object is to give the possibility of

using the same frequency band for a private as well as for
a public link.

These and other objects are achieved through an arrangement

having the characteristics of the characterizing part of
claim 1.



offering nobility through the particular regulations in said countries.
Furthernore, due to the above-nenti-oned limtations, MRLL is up to now only
avai l abl e as test systens and has not yet been commercially inplenmented.
This is further described in the paper "Universal Digital Portable

Communi cations: an Applied Research Perspective", I1CC"' 86, Toronto,

Canada, June 22-25, 1986 by D.C. Cox et alg A schematic illustration of
the MRLL-concept is shown in Fig. 3 where subscriber nobile stations, SM5,
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cordless fixed part (CFP) is connected to the subscriber socket 9. The CFP
can comuni cate with the cordl ess portable part (CPP). The cordl ess

t el ephone i s hBREQEALRG: ta Fhet ipvepkiopashe Fecgrllsch Syhsaniker Fkedy
the operator bgta@®éfl,ysPsPst @ eJhowtl liaved gexenss Gipgradédeto & inpie

separate radi o.syste ave to_be tandemned ich |leads tQ ap.,extra, del ay of
the speech sigh8 }°a$&d§*51% APCPSSe F .eﬁhﬁ?ﬂ%¥hD$E?QFP“' MASFS,

forming a radio exchange, which provides radio connections
between base stations and portable subscriber mobile
stations in or around houses, as well as between separate
subscriber stations. Due to the fact that according to the-
invention,. a radio switch with one common transceiver
(transmitter/receiver) is. used, .the delay of the  speech
signal is considerably smaller than. when two ‘separate
systems: have' to be tandemed. According to a preferred
embodiment a subscriber station may connect not cohly to the
MASFS, but also directly to the base station (BS) within
reach.

" According to an -advantageous' preferred embodiment of the
ihvention, a so called Multi Carrier Time Division Multiple
Access Time Division Duplex, MC/TDMA/TDD, .technology is
used which uses continuous or instant dynamic channel
allocation. This is further described in “Novel Radio
Access Principles Useful for Third Generation Mobile Radio-
Systems", the third IEEE International Symposium on
Personal, Indoor and Mobile Radio Communications, Oct 19-
21, 1992 by D. Akerberg, the present inventor, Ericsson
Radio Systems AB. According to this reference hereinafter
called ref A, Continuous Dynamic Channel Selection, CDCS,
implies that the station or switch selects the; in the
moment of selection, best channel from a frequency resource
which is common to all subscriber stations in all houses.



5 the cordl ess phone uses digital transmission digital speech

codi ng/ decodi ng has to be carried out twce. The nobility further is
limted and different frequency bands are required for the private and the
public link respectively. SUMVARY OF THE | NVENTI ON: The object with the
present invention is to solve the above nentioned probl ens through an
arrangenent which is reliable, not expensipve, frequency efficient and which
may, at the sane tine provide nobility. Furthernore, the arrangenment has to
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(TDD) wutilizing dynamic channel allocation (DCA) with

portable controlled handoff.

There it is possible to further extend coverage and local

traffic capacity of such a cellular system by insertion of
a wireless basestation.

Wireless systems based updn the mentioned "technology can
provide coverage of an area by installing wired
basestations, which provide service to a large number of
mobile stations. These systems exist on different scalas
ranging from Macro-cells for wide area outdoor applications
to micro- and pico-cells . for indoor high” .density
applications. There is an increasing interest in applying
this technology to provide wireless communications for

- personal communications services (PCS) or for replacement
of wiring in the local loop. In these applications coverage
is still an issue of planning and installation of wired
connections. As such there is interest to extend coverage
by adding wireless basestations. Such an arrangement would
be very flexible and allow efficient coverage planning. In
addition such an arrangment would provide local mobility
and traffic capacity for handling local calls.

This embodiment relates more in detail to an application
for systems based on TDMA technology with DCA and portable
controlled handoff, e.g. with reference to the Digital
European Cordless Telecommunications standard (DECT), ETS
300 175. DECT standard comprises a MC/TDMA/TDD technology
with 10 carriers of 12 duplex channels, the frame cycle
time is 10 [ms]. '



is to provide the possibility to register the indoor radio connection
under a private license, e.g. in case the tel ephone operator is not all owed
to provide nobility as is the case in certain countries as nentioned above.
Anot her object of the present invention is to provide a wide nobility. _
Anot her object is to give the possibility of using the sanme frequency band
for a private as well as for a public Iinkg These and ot her objects are
achi eved through an arrangenent having the characteristics of the
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so cal |l ed Subscr
frames. Such a frame synchronization of basestations within

one such a system is necessary to support inter-basestation
roaming and handover.

Through said embodiment the wireless basestation is fully
compatible with standard wired basestations and wireless
terminals but in addition allows the wireless basestation
to fulfil identical requirements as a wired basestation in
other words the wireless terminal does not have to see the
difference between a wireless and a wired basestation. As
such the wireless basestation can be part of the radio
system network. The wireless basestation may also provide
local switching of calls due to its TDMA architecture and
as such can provide local extra traffic capaéity of the
wireless network in terms of users.

These and further embodiments are given by the appended
subclaims.

BRIEF DESCRIPTION OF THE DRAWINGS:

The invention will in the following be further described by
way of example in a non-limiting way with reference to the
appended drawings wherein:

Fig. 5 illustrates second station interconnecting
subscriber mobile stations and a base station,

Fig. 6a illustrates a Time Division Multiple Access
(TDMA) frame comprising 12 duplex channels,

Fig. 6b is an example of transmitted data on a slot
where the "control data" regularly con;ains the

access rights identity information,



Station, SFS 2' as shown in Fig. 2, is upgraded to a sinple radio Miultiple
Access Subscri ber Fixed Station, MASFS, formng a radi o exchange, which
provi des radi o connections between base stations and portabl e subscriber
nobil e stations in or around houses, as well as between separate subscri ber
stations. Due to the fact that according to the, invention, a radio swtch
W th one common transceiver (transmtter/regeiver) 1is used, the delay of
t he speech signal is considerably smaller than. when two separate systens
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subscri ber stations in al | Aemesss. with Frequency Division Duplex,
' (TDMA/FDD),

Fig. 10b illustrates the shifting of transmitting and

receiving slots in a system according to

Fig. 10a,

Fig. 10c very schematically illustrates .an interleaved
TDMA/TDD scheme,

Fig. 11 illustrates an arrangement comprising a private ‘-
mobility extension, : - R

Fig. 12 is an illustration of synchronization between
base stations,

Fig. 13 is a schematic illustration of synchronization
of a whole network,

Fig. 14 illustrates a block diagram of a base station
(BS),

Fig. 15 illustrates a.block diagram of radio exchange
in the form of a MASFS, and

Fig. 16 illustrates a block diagram of a Subscriber
Mobile Station (SMS),

Fig. 17 illustrates an additional subscriber fixed
station connected to a MASFS, and

Fig. 18 illustrates schematically two additional

subscriber fixed stations connected to one
MASFS,



7 ‘Therethrough frequency planning for base stations or for individual
subscri bers i s avoi ded. In claim?26 a particular enbodi nent is disclosed
relating to a system conprising base and nobile stations and radio tine
division nmultiple access (TDMA) tine division duplex (TDD) utilizing _
dynam c channel allocation (DCA) with portable controlled handoff. There it
i's possible to further extend coverage and,lpcal traffic capacity of such a
cellular systemby insertion of a wirel ess basestati on. Wrel ess syst ens
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Macro-cells for wide area diixtabrstypidadndns to mnmicro- and pico-cells
for indoor high density applications. There is an increasing interest in
applying this technol ogy to provide wrel ess conmunications for personal
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installation of wred .
handover requirements.

DETAILED DESCRIPTION OF THE INVENTION:

Fig. 5 discloses an arrangement comprising a base station
(BS) 1, a second station 2 in the form of a low cost single
radio subscriber station, and four subscribers mobile

stations or mobile units 5a, Sb, Sc,'Sd.(SMS). A Subscriber
Fixed Station 2 which in this case is a so called Multiple

Access Subsricer Fixed Station, MASFS 2, comﬁrises a public

connection over a roof antenna 7 for connections to the
base station 1. The three subscriber mobile stations (SMS)

5a-5c are all located within or in the vicinity of the
house and are connected to the Subcriber Fixed Station 2,

which as stated above is a Multiple Access Subscriber Fixed
Station, MASFS, over an indoor antenna or a short range
antenna 8 via antennas on each subscriber mobile station
5a-5c. If the MASFS switches the public ceonnection via the
roof antenna 7 to a local connection to a subscriber mobile
station 5 via the indoor antenna 8, than mobility has been
provided. If two local connections, via the indoor antenna,

are interconnected, than an- - intercom function has been-
provided. How all this is done via a single TDMA MASF radio

will be further described under reference to Fig. 9. It is

also possible to let a portable or a subscribers mobile
station 5d have an additional access right directly to the
base station 1 or generally to the Fixed Radio in the Local

Loop (FRLL) base station network. Therethrough an even
wider mobility is obtained.



connections. As such there is interest to extend coverage by addi ng
W rel ess basestations. Such an arrangenent would be very flexible and all ow
ef ficient coverage planning. In addition such an arrangnment woul d provide

| ocal mobility and traffic capacity for handling |ocal calls. Thi s
enbodi ment relates nore in detail to an application for systens based on
TDVA t echnol ogy with DCA and portable contyplled handoff, e.g. with

reference to the Digital European Cordl ess Tel ecomruni cati ons standard

(DECT), ETS 30%7355@5@ sl b fﬁgp; G 1fe I%ngui35FBOM% W th
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a so called OMNI-antenna but this is not necessary.

The concept is based on a Fixed Radio in the Local Loop
- system using time division technology e.g. in the form of
"TDMA or TDM radio technology. TDMA/TDD (Time Division

Duplex) as illustrated by Fig. 6a thereby constitutes an

advantageous embodiment. In Fig. 6a a so called TDMA frame

is shown which has 12 duplex channels, 12 receiving slots
and 12 transmitting slots. Of course a different number of
receiving and transmitting slots may be used. According to
one embodiment the arrangement is applied for the Digital
Buropean Cordless Telecommunications standard, DECT. DECT
standard is 12 x 12 timeslots. Ty, the frame cycle time is
about 10 {[ms] .for the' DECT system, see Ref. A. In the
figure T and R denotes transmit and receive ' slots
respectively whereas the numbers denote linked slots for
duplex connections. Generally, however, a typical value for
T¢, Ty being the cycle time of a TDMA-frame, is 10 ms.

A typical slot structure is ghown in Fig. 6b. The control
data regularly contains multiplexed information on identity
and access rights, synchronization references, services
available and so on. Also paging and call set up procedures
are carried over. the control channel. This is further
described in Ref A referred to in the foregoing. A typical
speech codec is 32 kb ADPCM. That means that for--each
speech call 320 bits have to be transmitted and received
during every frame (Ty = 10 ms). The user data therefore
has to contain 320 bits for speech. Control data will
typically need 64 bits and the synchronization field 32
bits. Including guard space the total number of bits per



Thr ough sai d enbodi nent the wirel ess basestation is fully conpatible with
standard wi red basestations and wireless termnals but in addition allows
the wirel ess basestation to fulfil identical requirenents as a wired
basestation in other words the wireless term nal does not have to see the
di fference between a wireless and a wired basestation. As such the wreless
basestation can be part of the radio systq_r? network. The wireless -
basestation may al so provide |ocal switching of calls due to its TDVA

architecture agfh,@spa CIEng‘?}(p.r oygdg | e XL atl'aptq{]zfaincsn?ﬁ%g&ﬁ{ x?lgcfi aﬁge

wireless network in terns users. = “These and er e :

gi ven by the 2FPeetetng ptPhfnsthe bRtrrteESGH PNt 8 FHEA DRAWOGBits The
invention willpéh $écon@ bHWM 192 benf s ther sesshibed by way of exanple in a
non-limting way with reference to the appended draw ngs wherein: Fig. 5
il lustrates second station interconnecting ' subscri ber mobile
stations and aAtesedingttorchis embaalimerit IR ls3istsend iE GEmlticheRier,

PILTBLE Aecestc, eyasen.  mERR o e Ba PRS0 LB 600000k,

the "control dederierfpaging depemding os modulation method. One example

: is the DECT-standard. In ref A which is hereby incorporated

by reference, there is described how channels are selected

nsing dynamic channel selection. It is also referred to the

references cited therein, namely ETSI. "Radio Equipmenﬁ and

Systems '(RES)': Digital European Cordless Telecommunications

(DECT) Common Interface". ETS -300175-1 to -9, ETSI,

"Digital European Cordless Telecommunications Refernce

) documents", ETR 015, ETSI "Radio Equipment and Systems

(RES): Digital European Cordless Telecommunications (DECT)

Common interface Services and facilities 'requirements

specification ", ETR 043, and ETSI, "Radio Equipment and

Systens:. Digifal' European Cordless Telecommunications

(DECT) A Guide to the DECT features that influence the

traffic capacity and the maintenance of high radion link

transmission quality, including the results of

simulations", ETR 042. As to the embodiment using Multi

Carrier TDMA/TDD, in order to give enough channels

(frequency/time slot combinaELons) the BS and MASFS 2 can

still be single radio transceivers but with the possibility

to change carrier in the guard band between slots, which is

further described as the standard base station concept in

ref A and patent number SE-B-466279. In this way a large

number- of channels can be accessed by the MASFS 2 (and
portable subscriber stations SMS 5) with only one radio.

Returning now to Fig. 5 the second station 2 comprises a so
called Multiple Access Subscriber Fixed Station (MASFS) and
is connected to two time-shared antennas 7, 8. The outdoor

antenna 7 or the roof antenna comprises according to one



access rights identity information, 9

Fig. 7 Illustrates one single TDVA radio utilizing di fferent

tinme slots for different sinultaneous connections, Fig. 8

illustrates TDVA tinme slot synchronization and i nformation flow

over the radio, Fig. 9 Illustrates a Multiple Access Subscriber Fixed

Station (MASFS) intercomrunication functiogsﬂ,9 Fig. 10a Il lustrates t he
n

frequency bands of an arrang t based on Tine Division
Mul tiple

A . With L Yi Si I
(oM FDD) . Fi §RRpAmeRE RizErkionar SALR (B BO-LPoBN EPPnioaR range
receiving sl ot snd is gyseetedctowdrdg the closest bafegstabapnFlgwhédeas
very ighen&t'C@ﬂé’iﬂddggréﬁéghnénk %@§ﬁ|§a¥8§ short.ran%gT@@%ﬂIEEQQhﬁHE’

Fig. il lustrates an arrange conprising.a privat
mobi | i ty exten@inhenng @aigp. The SThpe| Piydsdign Wi%&ﬁ%ﬁ§a9¥6ﬁides
bet ween the ¥BSL StBsEPMBer Fixed Station, 2 with means to have
several simultaneous active connections on one single radio
by utilizing different time slots for different connections
which is further illustrated in Fig. 7 where an intercom
function is illustrated. It shows how one single TDMA radio
provides a low cost single radio switch, i.e. the
~interconnection switch is provided by merely shifting user
data received from a first subscriber station Sf in one
‘receiving slot e.g. R4 to the transmitting élot e.g. T7
being used by a second subscriber station 5g. The shifting
is carried out e.g. by a digital first-in-first-out, FIFO,
memory where the output R4 is delayed in order to fit the
time of the wanted transmitting slot T7. (in_the figures
the receiving slots are denoted with an R whereas the
transmit slots are denoted with a T and, in both cases,

with the corresponding number.

In Fig. 8 it is further illustrated how the Multiple Access
Subscriber Fixed Station, MASFS 2 comprises one public
connection via the roof antenna or the outdoor antenna 7 to
- the base station 1 of the FRLL BS using slot-pair 7 and at
the same time comprises-conneztions to a subscriber mobile
station or portable telephone 5 via an indoor antenna 8
using slot-pair 1. The base station 1 may in turn also be
connected to e.g. another Subscriber Fixed Station 2a
(shown by dashed lines) which also is provided with long
range or outdoor antennas 7a, in-this case a roof antenna
system 7a using slot-pair 3. The figure intends to
illustrate TDMA time slot synchronization and information
flow over the radio between base station 1 (BS), Subscriber
Fixed Station 2 (MASFS) and subscriber Mobile station 5

(SMS). The base station‘ 1 is connected with wires to a



Fig. 13 is a schematic illustration of synchronization of a
whol e network, Fig. 14 Illustrates a bl ock di agram of a base station
(BS), Fig. 15 illustrates a bl ock diagram of radi o exchange

in the formof a MASFS, and Fig. 16 illustrates a bl ock diagram of - a
Subscri ber Mobile Station (SM5), Fig. 17 illustrates an

addi ti onal subscri ber fixed tati on connected to a MASFS, and
Fig. 18 illustrates schematical ly t addi ti onal

subscri ber fi ti.Q0 d . .
et e 1Sl COEARY A0 (o geocringd . 14, e
handover fromsPeachstfngm dehetpebbict exghaegends coded and fpybBirlexedn

and  Fig. 20intd |d UBbMAIESD f2AmeciROdiHENpasd EBations/10t As further
?ngicfélngﬂt gf esSclzz'SJ.b@d g.rr]x E@St Slg ? réllle_c ﬂh%rF, 2, furtherhgggg¥g<r)nnects in
a single radio the public connection on slot-pair 7 to a
private connection to a portable station, SMS, 5 on slot-
pair 1. The MASFS interconnection is made by use of so
called FIFO-memories which was further described above in

relation to Fig. 7. Synchronization will be further
described later on.

Fig. 9 illustrates an example of two calls via the
Subscriber fixed station or the MASFS 2. One call comprises
a connection between the base station 1 and a subscriber
station or a portable SMS 5a whereas the other call
comprises a connection between two subscriber stations Sb, -
S5c, particularly two portables SMS Sb and.SMS Sc. If a
public connection over antenna 7 is connected to “a. private
connection to portable 5a, then mobility has been provided.
If two private connections are being interconnected, i.e.
the connections to subscriber station 5b and subscriber

station Sc, then an intercom function has also been
provided.

In the embodiment according to Fig. 9 wired lines from a
public local exchange are connected to the base station 1.

It should be noted that the interconnection functions via
the first-in-first-out memories or the FIFOs as more
thdroughly described above in Fig. 7, does not add any
processing to the speech information. Therefore the quality
is not influenced or degraded. The speech coding only takes
place in the base station 1 and in the subscriber station
5, SMS. However, a delay is introduced which is equal to an
increment of the two-way delay with Ty ms where Ty is the
cycle time of the TDMA frame. This is derived from Fig. 7,



DETAI LED DESCRI PTI ON OF THE | NVENTI ON: Fig. 5 discloses an arrangenent
conprising a base station (BS) 1, a second station 2 in the formof a | ow
cost single radio subscriber station, and four subscribers nobile stations
or nobile units 5a, 5b, 5c, 5d (SM5). A Subscriber Fixed Station 2 which
in this case is a so called Miultiple Access Subsricer Fixed Station , MASFS
2, conprises a public connection over a rqgi antenna 7 for connections to
the base station 1. The three subscriber nobile stations (SM5) 5a-5c are

all located WHhhRaOfhd AN VAT 5 Y ddfahopsepandare gpnneqt eg L4 the
Subcri ber Fi xe Sﬁ%ffon 2, ﬁ%%c as é?gied a%%ve isa Nﬁlti%?% Acéess% F
Subscri ber Fi xédTstatTron, MASFS, over an indoor antenna or a short range
antenna 8 via antennas on each subscriber nobile station 5a-5c. If the

MASFS swi t ches_{ he_publjc connection via the rQof antenna 7 to a | ocal
connection to 4P€ uBg%Pi h@?enﬁBPFPQFaﬁFSnn?rWPERﬁ’ hBTPARGGHS LM% h ALY 4

nobi | ity has bpeblpeoutdeds righve hdeatitgnneek eef, AL Drilye Sulskariber

Fow al | thi s | ELRBReoyRE Bhe,  SHE B, ST Wobt 5. R oRER £B 1 e

under referenceith Ehg. samel puldiad scqessiblghts willalpokt &gl dher BRLL

e by Bl orBbekhgtes 1A11 83 o4O Rk AR dBLY AD

base station nBRMIRR. PTA¥REEHRGEERS akighEs k@YieOmbbisuhscrybemghaktons
or Subscriber Mobile Stations, SMS 5, with the same private
access rights key will lock to the MASFS 2 and thus be
ready to receive a call and/or to make a call. A Subscriber
Mobile Station 5 may be equipped with both a public and a
private access rights key which will give him mobility not
only in and around his home or his office but everywhere as
long as he is within reach of a FRLL BS. Returning now to
Fig. 8 it is therein shown.how the slots T3,_T7, R3, R7
carry the public coﬁnections whereas slots R1l, Ti carry the
.on a private connections.

This gives a possibility to use a common frequency band for
both public and private connections but also to use
different, normally adjacent, bands.

If the operator, as referred to above, is not allowed to
provide mobility, the subscriber may be provided with a
Subscriber Fixed Station (SFS) with a wired extension with
a standard telephone socket 9e. This is iiiﬁétrated in Figqg.
11 and it is thereby supposed that the Subscriber Fixed
Station, SFS, is built accordiné to a standard like DECT
(Ref A) where both licensed local loop applications and
cordless private (unlicensed) residential and office
systems are allowed on a common frequency band. Frequency
planning for different stations in the system is avoided by
dynamic channel selection which is also further described

and exemplified in the above mentioned reference A. If the



The second station 2 may furthernore be equi pped with a standard (two wire)
socket interface 9 (dashed line illustrates the connection). In the figure
only one second station 2 is shown although there may of course be nore
than one second station. The short range antenna 8 may be a so called
OWI - antenna but this is not necessary. The concept is based on a Fixed
Radi o in the Local Loop systemusing tine %vision technology e.g. in the
formof TDVA or TDMradio technology. T DD (Time Division EUpIex) as

i I lustrated bychsgoméa td@éﬂ?é/sCQ%%EHBQ%ea%@ﬂYﬂ‘{Zﬁge% f Od' alz“
Fig. 6a a so ca I § _shown which has 12 duplex c ann 1
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recei ving and simadaritiaggsioés amnypbivased. ffﬁé@r(@mtmdﬁ&seM(ymt

h I fs rQ
%eﬁegggﬁagfggP}oﬁétgg ﬁhggd Qﬁg%#? %ﬁgﬁﬁg?aﬁ%éfﬁ“f§aﬂ2a§sﬁﬁg%¥n§§F8t309
T[err], the frWikEhcyRIEOS | and s aabwobile [ﬂnpscrmberhesﬁﬂﬁl'omys(tpemtaﬂﬂﬂe
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the cycle tinesbationDbé: f Forethé Spll¥11&.1ink of the external antenna 7e

a unique public access rights key is used preventing an SMS
with only a private access rights key to communicate with
the base station BS (not shown). Thus the SFS has been
upgraded to a MASFS with the additional function of a
private residential or offices cordless telephone system

- which may include intercom functions as illustrated in Fig.
9.

The embodiments described in Figs. 6-9 relates to thé use
of Time Division Multiple Access with Time Division Duplex,
TDMA/TDD which illustrates one- way of carrying out the
invention, a way which is cheap and efficient. However,
according to a further embodiment Time Division Multiple
Access with Frequency Division Duplex or TDMA/FDD can be
used. This is illustrated in Figs. 10a and 10b. where in
Fig. 10a illustrates a frequency axis with a transmitting
-band TB and a receiving band RB .and where the duplex
distance, d, is indicated. In Fig. 10b the transmitting T
and receiving R slots respectively are illustrated where
the receiver slot numbers are shifted in relation to the
transmitting slots in order to avoid the need for duplex
filters in portables or subscriber mobile stations. In this
case a base station receives and transmits at the same time
on different frequencies which makes the station more
expensive and normally duplex filters will be needed uniess
carrying out transmission and reception in different time
slots as illustrated. However, since the MASFS should be a

low cost item, all receptions and transmissions have to be



A typical slot structure is shown in Fig. 6b. The control data regularly
contains nultiplexed information on identity and access rights,
synchroni zati on references, services avail able and so on. Al so pagi hg and
call set up procedures are carried over the control channel. This is
further described in Ref Areferred to in the foregoing. A typical speech
codec is 32 kb ADPCM That neans that for teach speech call 320 bits have
to be transmtted and received during every frame (T[err] = 10 ns). The
user data therdboee has dbfferemtn SRcdi whifadr dpedtls. €het robmbara vof |

typically needp@és?b&é a@%dﬂ@% %ﬂﬁ?rqgizaﬁhQ” hhtkd 3% b '&54&%%6@5

guard space the total Its
12 slot may b@rﬂﬂﬁmlPFlﬁgfﬁéﬁﬁshas 12 transmitting and 12 rece|V|ng sl ot s,
the bitrate will be 480 x 24 x 100 bits per second or 1152 kbits per

second. Accocdi ng t.o this i ment the systemis a nmulticarrier,. MC~
system There é %dﬂ@916°capr?gg§rﬁFFﬁ EWBQélgeNFhlt is possible to use

a so called interleaved TDD scheme which is schematically
illustrated in Fig. 10c.

- For further illustration block diagrams are shown for a
base station, a second station (MASFS) and a subscriber
mobile station (SMS) respectively each using one single
MC/TDMA/TDD radio with 12 pairs of slots for duplex
transmission.

Fig. 14 shows a blockdiagram for a base station. It has a
wired connection 31 to a local exchange. This is a trunk or
a multiline connection for up to 12 simultaneous calls.
These calls are transcoded into ADPCM formate b&wthe speech
codecs 29. The central control- and appiicatidn logic 27
~ detects incoming calls and controls outgoing calls, selects
suitable combination of carrier and time slot and merges
via the multiplexer 28 the different connections or
suitable time slots. Fig. 8 shows an example of how a base
station has selected slot pair 3 and 7 for two different
connections. Choice of carrier frequencies are not
indicated in Figs. 8 and 9. The base station in Fig. 14 has
a frame and slot synchronisation unit 26 which controls the
slot reception and transmission timing. The timing
reference 1is internally generated or derived from a
synchronisation signal sent on the wires from the public-
exchange. It may also be derived over the receiver from a
master-base station as indicated in Figs. 12 and 13.

The central control logic 27 also controls the T/R switch
23 and the antenna diversity switch 22 if antenna diversity

is implemented. If antenna diversity is not implemented,



carrier spacing dependi ng on nodul ati on nmet hod. One exanple is the
DECT-standard. In ref A which is hereby incorporated by reference, there is
descri bed how channel s are sel ected using dynam c channel selection. It is
also referred to the references cited therein, nanely ETSI. "Radio

Equi prent and Systens (RES): Digital European Cordl ess Tel econmuni cati ons
(DECT) Common Interface". ETS 300175-3gto -9, ETSI, "D gital

Eur opean Cordl ess Tel econmuni cati ons Refernce docunents"”, ETR 015, ETSI
"Radi 0 Equi pnetitemncheysiitsh (RES)s abgi hekd&dropgaa Cohfketion is bad,

Tel econmuni cati,00s J nterface rvices and facilities .

requi rements s%@%i?é%r%nl ) %r&&,tréheas%,o e’ﬁidlacf‘tl?d’tﬂap it 2Ry iE
Systens: Digithis deesmeth hekp dl dsangdel vadivucgheanedns (DECT) A Guide to
the DECT features that influence the traffic capacity and the maintenance
of high radion_link transmssion _quality, including the results

of sinul ations®? E¥®- 045 andblack diagrami pén@ JASES Ml i dddpssrated.
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to two tine-shared antennas 7/, 8. tdoor antenna 7 or roof “antenna
conpri ses acco?ﬁ?ﬂﬁaFG #kephone connection and thirdly the FIFOs 16 for

the radio switching. Detection and generation of DTMF tone
signals and ring siénals are carried out in the unit
referenced 34. The control logic 27‘ connects 22’ the
external antenna for the time slots, communicating with the
base station BS, see Fig. 8, and connects the internal
antenna’ for time slots communicating with the-subscriber
mobile station, SMS. In Fig. 8 the slots number 7 have been
selected for a connection between the base station BS and
the MASFS. The MASFS receiver 24‘ (Fig. 15) is locked to
the transmission T7, Fig. 8. From the control field, Fig.
6b, of T7, Fig. 8 it derives the synchronisation reference
for the frame and slot synchronisation 26°, Fig. 15.

The MASFS 2 has an internal time reference which will be
used if the connection to the FRLL Bs is lost.

The data part cf slots T7 and R7, Fig. 8, may be switched
to the codec 29’ and be decoded, Fig. 15, and converted to
standard wire telephone signals available at the standard
socket 36, or alternatively multiplexed to the FIFOs 16 and
retransmitted with new access rights codes in the control
field, Fig. 6b, to the SMS. In Fig. 7 slots 1 have been
chosen for the connection between MASFS and SMS. T7 and R7?7

have a public access rig'hts identity and T1 and Rl a



13 enbodi nent directional gain (e.g. 10-18 dB) for long range and is
directed towards the cl osest base station 1 whereas the indoor antenna
system 8 for short range conprises no antenna gain. The Tinme Division

Mul tiple Access provides the SFS, Subscriber Fixed Station, 2 with neans to
have several sinultaneous active connections on one single radio by
utilizing different tine slots for differd8t connections which is further
illustrated in Fig. 7 where an_intercomfunction is illustrated. It shows
how one si ngl PTANAES ARETT R4S Jldenkteyt EPHgrEapamissignschetween t he

i nt er connect i G \YMSH alsS 1 REQ¢REad i FEge! Y, shd {hd el deer2 Gale 6, eenkyad
froma first subscrlbgr station 5f in one receiving sl ot e.g. R4 tq ghe
transmitting stbt"@. g a‘fgebgifng’rlfseéﬁ‘aoy“%rs@EXnd’]'é‘\g'@?cr‘?%e? Sesfi SHIBES The
shifting is caiderditopt Thg. dataa firgnht ghef itwd - conhecstioast id-|¥vix nheory

Cranem t1ing. Sk clptSxdel WECLeOdlnlS the kifob T8 Bhd IhelRlhiior |
an R whereas t¥egi¢ akhishifita $he datendask wia the Mudkdpliexdmtim edgbt,

with the corresigddid1%i Md{Pefed ihNFfyg-78 it is further illustrated how
the Multiple Access

The SMS, as illustrated in the block diagram in Fig. 16,

has a similar function as the MASFS. It has only one

antenna 7" and only one codec 29" connected to microphone
.37 and speaker 36 and a keypad with a display 38. This is

per se known from the design of a portable cordless phone.

The further units and functionalities correspond to the-
units as shown in Fig. 15.

When there are no active'conﬁections, the base station may
transmit a low capacity beacon signal including its access
rights identity, and the MASF may do the same over the
indoor antenna with its access rights identity. In this way
the MASF knows that it is within range of the base station,
BS, and the SMSs know that they are in range of the MASF.
Such a beacon concept is describéd in ref. A.

According to a particular embodiment as further illustrated
in Figs. 19 and 20 a handover is possible between MASFS and
BS and between MASFS and ASFS and between ASFS’s of Fig.
18. A typical handover procedure is further described in
the above mentioned ref A.

Fig. 19 illustrates how a mobile station makes handover
from a connection on channel 2 on a first fixed station to

a connection on channel 4 on a second fixed station.



Subscri ber Fixed Station, MASFS 2 conprises one public connection via the
roof antenna or the outdoor antenna 7 to the base station 1 of the FRLL BS
using slot-pair 7 and at the sane tinme conprises connections to a

subscri ber nobile station or portable tel ephone 5 via an indoor antenna 8
using slot-pair 1. The base station 1 may in turn also be connected to e.g.
anot her Subscriber Fixed Station 2a (show?®y dashed lines) which also is

rovided with Long range or outdoor antennas 7a, in this case a roof_
gnt enna syst emI?a%t?sﬁa&th%ﬁ%?“ﬁ)ai RPBLIFREIPAGUrBGIht B8R d S ANGIVSTLSERH ECTDIVA
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14 public | ocdF atErafyemensionedhea pextabbedmay Raye ddcesserigkeshtdrom
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I nterconnect | Oﬂ;o'&ﬁﬁ'%(}ev% ltf\s‘fau&g‘,g‘ssloHoweve:::, there it is not refined or
= optimized for a handover procedure between BS and MASFS. It

can be seen from Fig. 8 and the embodiment illustrated

therein that the transmit (and receive) slot from the MASFS

to the SMS do not appear in the same halfframe as in the MS

as required for simple handover as illustrated in Fig. 19.

Fig. 19 illustrates a first connection to fixed station 1

(FS1) e.g. MASFS using traffic channel 2. MS illustrates

the mobile station. A new traffic channel 4 is used for .the

handover to fixed.station 2, FS2 e.g. BSl. -
In Fig. 20 is therefore shown an alternate embodiment of
slot allocation of MASFS which also meets these handover
requirements. The MASFS has exactly the same properties and
functionality as described above in relation to Fig. 8 with
the exeception that the transmit slots for connections to
SMS are moved to the first half of the frame whereas the
receive slots are located in the second half of the frame.

- Thus mobile connections directly to a BS and mobile
stations connected to a MASFS will have transmit and
receive slots synchronized in the same halfframes.
Consequently, the conditions for simple handover are met.
The added loop delay is Ty as for the embodiment
illustrated in Fig. 7.



call ed FIFO nenories which was further described above in relati-on to' Fig.
7. Synchronization will be further described |ater on. Fig. 9 illustrates
an exanpl.e of two calls via the Subscriber fixed station or the MASFS 2.
One call conprises a connection between the, base station 1 and a

subscri ber station or a portable SVM5 5a whereas the other call conprises a
connection between two subscriber station2lb, 5c, particularly two

port abl es SMS 5b and SM5 5c¢. If a public connection over antenna 7 is
connected to @a('}éhﬁé‘&faf‘&ﬁstprBP?aﬂf\ﬁF%adothé‘ﬁ BeRA | $Q pehdndesan

provi ded. |f tmmenaiae a@@ﬂ&@faltﬂ.?glsabg bﬁénﬂn{_rﬁhﬁﬁ_ﬁﬁnﬁﬂﬁt&%aldtkﬁa U@
connections to.su [, st at.i on and subscri be i.Qn 5c en an
|ntercon1fumn|%n8%§gl§ FI5Eh FOYRTdR. an ri??ﬁi g&#&@m:%&cﬁr&Qﬁ?to
Fig. 9 wired Ig¢ngrdlomezv{mﬁﬂ|c | ocal exchange are connected to the base
station 1. It should be noted that the interconnection functions via the

first-in-first-out nmenories or the FIFOs as nore thoroughly descri bed above
in Fig. 7, doed MREe fefaided dascydintdan nelatgtdih the @xianplem ofTRdesf or e
t he quality | s2mois i &4 | £8ITeRs §r degraded. The speech coding only takes
place in the base station 1 and in the subscriber station 5, SM5. However,
a delay. is introduced which is equal to an increnent of the two-way del ay

with TF ms whehe déscsibdd Dycreférskcef AheBSDVALLr AltrayEhiattived¥n W@

froanlg 7, least one transmit channel. Each downlink transmit channel

' prdvides broadcast  information on BS identity, access
rights ‘identity, synchonization etc. It also broadcasts
incoming call requests. During the first half frame the
MASFS listens to transmissions from BS 1 on all slots that
are not used for transmission from MASFS to SMS’s and MASFS
is locked to one of the active transmissions from the BS,
and waits for set up requests.

During the first half frame, the MASFS also is traﬁsmitting
on at least one slot. This provides broadcast information
from the MASFS to all SMS’'s. MASFS acts as a base station
to SMS with specific BS identity (not same as BS 1) and
specific access rights identity. All SMS are during the
first half frame locked to a MASFS down link transmission.
In the second half frame the MASFS listens on all slots
(that are not used for transmission from MASFS to BS 1) for
set up requests from SMS’s.

Towards BS 1, MASFS acts as a mobile unit and. towards SMS
it acts as a base station. Detailed description of call set
up and handover is found in ref A.

Call set up’s, channel quality control, channel selection
and intracell handover is handled independently for the
link BS 1 - MASFS and the link MASFS - SMS.



15 where the additional 2-way delay is T[err] + T[err] = [err] - Tl[err] +
[err] + T[err] = T[err]. The FRLL base stations are normally broadcasting
a unique public access rights identity, see ref A Only Subscriber Fixed
Stations, SFS, or Subscriber Mbile Stations, SM5 with the sane public
access rights will lock to the FRLL BS. The MASFS 2 will on the internal
antenna 8 transmt a unique private acces22rights key. Only subscri ber
stations or Subscriber Mbile Stations, SM5 5, with the sane private access
rights key wi|$inerkthese hhinksrre indeperdent ealWythe neer data Fig.

and/ or to nekegw, cakl -trAndpgarErtdetn] ?hetﬁ@tﬁRQ‘F@meb_ec@ﬂﬂi}@Pe@a?@th
both a public and a rlvastsbe access rights key which wll, |vec£gl m nmobi lity
not only in arﬂa’éﬁ'oﬁ’o@hi h&GoRtGing drogdeast, e G G8F 2P he
is within reacinbbrma€fbh, BuaRetyr imfigrmation &hd. h@ndoves tihdosimatiommn
how the slots Jg,. T{y ggxiqﬁé T Yeddie SEPLRE GURNECLLONS PHE™ GRS ks RL.

T1l carry the on a prirvaté®connections.
repeater functions of a MASFS is thus only a part of the

intergrated functionality of a MASFS concept.

According to the invention there can be more than one call
from the base stations 1 to the subscriber mobile stations
5. The MASFS 2 may be given several call possibilities from
the basé station to several subscriber stations 5. A call
connection may alsd utilize several slots for one
connection, e.g. to transfer ISDN (Integrated Services
Digital Network) which requires more band-width than a
normal speech call. ' |

Furthermore, if there is much traffic as for example in an
office the MASFS or the second station 2, and i:he base
station 1, may comprise more than one digitai-l radio,
arrangement. To the MASFS may be added one or more fixed
stations (Fig.-' 17) only comprising indoor antennas for
communication with mobile stations. The connection between
-MASFS and added stations ASFS 2f, see Fig. 17, is made
through the multiplexers 28. Thus a switch function between
two SFS stations is made by transferring the data received

. on one slot in one station to one slot in the other station
via the multiplexors. Fig. 18 schematically illustrates a
MASFS 2 to which two additional second stations 2f, e, e so
called Subscriber Fixed Stations ASFS, are connected e.q.
via wiring. It is thereby possible to make a handover
between MASFS 2 and ASFS 2f.

A further embodiment of the invention relates to the case
where the the MASFS 2 comprises several radios, said radios

being distributed to different locations thus forming an



This gives a possibility to use a common frequency band for both public and
private connections but also to use different, normally adjacent, bands.

|f the operator, as referred to above, is not allowed to provide nobility,

t he subscriber may be provided with a Subscriber Fixed Station (SFS) with a
wired extension with a standard tel ephone socket 9e. This is illustrated in
Fig. 11 and it is thereby supposed that tR& Subscriber Fixed Station, SFS,
is built according to a standard |i ke DECT (Ref A) where both i censed

| ocal | oop appindesy.opicancdndiasssspetent £Qunpldensrdnor e Spaaecitdonsnd

of fice systensypdLesd I&M@doenmareoma&ofsr ABLAROV PR 1 Fﬁéqaéa‘ihéalﬁlaﬁ”'%d‘g
for different stations in the %YS emis av0|ded by dynam c channel

sel ection whi ch¥ FBl BT (Fihrhe)BEre YL SARERRBADI i fied in the above

ment i oned reference A If the 16
necessary a r oy erhEoFi % Bolad ey SpOTte GheRoE- TR LoRe, Hind
access rights ¢§@@m¢anahnanh&noasamnﬁwﬁm@moanaoamakxantﬁwnaarapeos a
' possibility to utilize the same frequency spectrum for both
outdoor and indoor «connections with very 1little
interference between the two utilizations. If the. antenna
gain is 15-20 dB on the external antenna, and at least
15 dB attenuation is added from indoor radios, there will
be 30-35 dB isolation between the services. Thus, in
average the whole frequency spectrum may be reused indoors
or the other way around. However, also cases where
interference will occur are possible, e.g. in the case of
a subscriber mobile system, or a hand set, being used high
up on a balcony. If consequently this -concept with
different antenna arrangements or systems, each.first and
second means or antennas may comprise an antenna éystem or
more than one antenna even if in the foregoing it has
generally been denoted merely "antenna" for reasons of
-simplicity, for indoor and outdoor usage respectively is
combined with dynamic channel allocation, see ref A, then
the quality of each service will be kept on a high level

due to hand-over escape from temporary occasional
interference.

In the following is described how synchronization as well
between base stations (Fig. 12) as of a whole network (Fig.
13) advantageously may be carried out. According to this
embodiment synchronization is provided via radio between
base stations la, 1M. Under some circumsténces it might be
important to time synchrohize close by the base stations.
If the base stations la, 1M are not synchronized to each
other, the system capacity could be decreased. The

syncronization is carried out by assigning so called master



with FIFGs and a nobil e subscriber station (portable handset) 5e. The

uni que private access rights identity is programred into the MASFS 2e and

t he subscriber nobile station 5e. For the public Iink of the external
antenna 7e a unique public access rights key is used preventing an SM5 with
only a private access rights key to communicate with the base station BS
(not shown). Thus the SFS has been upgraded to a MASFS with the additional
function of a private residential or offices cordless tel ephone system

whi ch may i nclhade ism.ta&rioom iMmehichnsisaslilvatstataaddn Fig.g139. TheTother

enbodi ments dgsagy, h S foli [
Mul tiple Access W %h%f:l Q\?/né:?noﬁo Séﬁégétﬁ_% BF) &%9 ﬁg ??ﬁ%ériatg!égggne
way of carryi r@aﬁjtstm@Wﬁ/enM%‘ﬁenanwaywm dras e heapeasdadfijan Bt is

Diever oo e 8 oo ks S st eates
Wi uency Divj si X u IS | u
in Figs. | Ca SPAN- \&H“% |‘?Yqi?yg-£’aﬁ?d F4atiqn aﬁ%“@%?fpéﬁuﬁﬁcseaﬂzso%?t h a

transmtti ng heetvech e, aartdtﬁréﬁc'ehw slavenbBabBB saativher ealvkaayslunheé some

di stance, d, C i. Ohb th tr nsmttln an iving R
slots respecti ve%%’fggél sf’[% 3’[ e\f\}ng-'lge The é'ggl gﬁ%t"gﬁ %g‘oﬁ’ls 4
shifted in rerﬁS@rﬁt—@txm laawlsmhtmgaslsdwe rba@ed@’ta@.moaddt bebased
for duplex fi |4 Sion /P ggheisoé RS e BRBiBnS! i'hboﬂ??nbﬂﬂ:lﬂ'lﬁgcase

a base station receives and transmts at the same tine on er ent
frequenci es wARh TRAGIY it SI046] BRENBRETRR BB RYNREERY FRF ARAMP oA in

filters will beigeedad mieesa&tarﬁumnermﬂs tf@@ﬁﬂ&ﬁE OlkoNt@ iTRRE PLh Ot hieN

-di fferent tlrres ot s. afe‘k Ius %a \riﬁver hﬂ" lt\J@lSFS houl d be a

| ow cost item TEFRSLEES |8ﬂ§ Phfs s‘§0n 'ep § slave base
station la may listen to one of. the master base station 1M
transmissions, read the slot number -and aline the
transmit/receive frame of slave base station la with the
transmit/receive frame of master base station 1M as shown
in the diagram of Fig. 12.
Fig. 13 gives an example of how a whole network could be
synchronized. The slot for receiving the synchronizing
signal must be connected to a directional antenna with at

least as much Qain as that used by the Subscriber Fixed
Stations.

The antenna gain should be of the order 15-22 dB in order
to get considerably higher field strength from the master
transmitter than from other neighbour slave transmitters.

The invention shall not be limited to the shown embodiments
but can be freely varied within the scope of the appended
claims. E.g. the arrangement does not have to be used in
combination with the DECT standard but with any convenient
system or standard.



t According to
an alternate, ,"! ”, possible to use a so called interl eaved TDD

schene which illustrated in Fig. 10c. For further

Il lustration block dlagrans are shown for a base station, a second station
(MASFS) and a subscriber nobile station ( ) respectively each using one
single MC TDMA TDD radio with 12 pairs of 'slots for duplex transm ssion.
Fig. 14 shows pypgpskedipgram for a base station. It has a wired connection
31 to a local exchange. This is a trunk or a multiline connection for up to

12 sinmultaneous calls. These calls are transcoded into ADPCM formate by the
speech

17 done i Lfferent slots which [imts the nunbers of possible
connecti ons Mﬂim € available transmtting slots.

CLAIMS:

1. Arrangement for radio communication comprising at
least one first station or base station (1), a number of
second radio stations (2; 2, 2a; 2e) and a number of
subscriber stations (5), each said radio station (2; 2, 2a;
2e) comprising at least one digital radio arrangement (50)
and first and second means (7, 8) for communication with
said first station (1) and with said at 1least one
subscriber station (5; S5a, 5b, 5c; 5e; 5f, 5q)
respectively, said first means (7; 7a; 7e) comprising at
least one long range antenna for connection with the first
station or base station (1), characterized in
that said second means (8; 8e) comprises atlleast one
antenna for connection with at least one of said subscriber
stations (5; 5a, Sb, S5c; Se; 5f, 5g), said digital radio
arrangement (50) comprising a radio switch with one single
commonf transcéiver providing wireless communication or
connection with said first station (1) as well as with at
least one subscriber station (5; Sa, 5b, 5c; Se, 5f, 5qg).

2. Arrangemenﬁ according to claim 1, characte-
r i z e d in that (remote) communication between the base
station (1), and a subscriber station (5; 5a, 5b, 5c; 5e;
Sf, 5g) is switched via the radio switch comprised by the
second radio station (2; 2, 2a; 2e).

3. Arrangement according to claim 2,
characterized in that communication between
subscriber stations (5a, S5b, 5c; 5f, 5g) communicating with

one and the same second station (2) is switched via said



co‘de(_:s 29 —The—eent+al—eoentrol and application |logic 27 detects incom ng

calls and c ' calls, selects suitable conbination of carrier
and time slﬂm"ﬂlmmm;mlmu the nmultiplexer 28 the different connections
or suitable tine ¢ ot"s. sSFig. 8 shows an exanple of how a base station has
selected slot pair 3 and 7 for two different connections. Choice of carrier

frequencies are not indicated in Figs. 8 agd 9. The base station in Fig. 14
has a franme and sl ot synchronisation unit 26 which controls the sl ot

recepti on and tradixsnsestoh tiomiptdsetheyt i thagraaier etea iich igﬂﬁrﬁil:hléut
generated or - &ju?(t?rgi%t?f&? v§¥ﬂ?h rg};\iqggééogt%i nr?l hg nt on the wires from
may al SO | t

t he public exchange. erived teceiver froma
mast er-base station as indicated in Figs. 12 and 13. The central control

| ogic 27 al so £ontg0l$nddifedt %é&%{-&fhdgs‘t?r@léﬂﬁ gntenna diversity swtch
. D I

22 if antenna diversity is | enent e f antenna’ diversity is not L
i npl ement ed, characterized in that thegradhestaeioni(i2ch222 i s

not needed. |f2a&; crapessi @nfigedagtatenfonbtntedodl§. f LhSbrt 6he&8 hBasat her

ant enna 22, angr'éimilar.

S. Arrangement according to claim 4,
characterized in that said at least one
subscriber station (5; 5a, Sb, Sc; Se, 5f, Sg) is mobile or
a Subscriber Mobile Station (SMS).

6. Arrangement according to claim 5,
characterized in that said first means (7, 7,
7a; 7e) is a directional antenna e.g. with gain.

7. Arrangement according to claim 6, '*_
‘'characterized inthat the second means (8; 8e)
is an antenna for short range connections, i.e. a short
range antenna,.e.g. an OMNI-antenna.

8. Arrangement according to claim 7,

characterized in that the second antenna (8;
8e) is an indoor antenna.

9. Arrangement according to any one of the preceding
claims, characterized in that it is based on
time division radio access and in that the second station
(2; 2, 2a; 2e) comprises a multiple access subscriber fixed
station, MASFS.



t hi s does—not—hetp;—ctranges radi o channel . In Fig. 15 a bl ock di agram of
a MASFS i LThi s is alnost identical to the bl ock-.diagram for
t he baseﬂnm”mullmmmml difference is firstly that there is an outdoor
antenna wHiclif i $ dfrettibnal and one (or two if antenna diversity) indoor
antenna(s), and secondly that there is only one speech codec 29' term nated
wth a 4-2 wire hybrid circuit 35 and a stan®@ard socket 36 for a standard

t el ephone connection and thirdly the FIFGs 16 for the radio swtching.
Det ecti on and gedé€rati om@af[gﬁvreftforﬂ?cmlghm% tmdactamy 3ignals are carried

out in the unit referenced34 elheicontd @ 1igpi ¢ Zhatonnegis 22'qifferent
external antenna for the tinme slots, conmmuni gél ngqvmth t he base station,

BS, see Fig. 8, SOMNEGHIONSs 2FRCARFLRAPN brtimeslots by radio in
communi cati ng Wi tthe Recib Gddiglon(@ ] €@ stad;] @e) Shhe | i ore feidics| Db

IUOCE T\ RS P20 ReREnCe R SRS Y55 SR8 Sl fon

transnission T7, faiap the Fbmtmtmmwll)f aalddthlé g:.m@o raeffer@hcd-i for 8the

derives the sync §ﬁ;g r r gy sl o s
synchroni sation g (?—&Béin G‘J é’%ﬁg%s an |nternal flt:‘:lnFlne re?%?gﬁ%%
which will be usé‘d-’arffsmlrﬁ?kﬁihn@@lelronthg tpecomg | PH-enng ofirom the dsggond

part of slots T7 guukf¥m. Fig. 8, may be switched to the codec 29' and be
decoded, Fig. 15, and converted to standard wire tel ephone signals

avail abl e at the standard socket 36, or alternatively multiplexed to the
FIFOs 16 and 11. Arrangement according to claim 10,

characterized inthat the digital radio switch
of the second station (2; 2, 2a; 2e) provides the switch
function by interconnecting communication in different time
slots by shifting user data received from a first radio
connection in a first receiving slot to a transmitting slot
used for another radio connection.

12. Arrangement according to claim 11,
characterized in that the shifting is carried
out by a so called First In First Out (FiFO)—memory, the
shifting being delayed in order to fit the time of the
wanted transmit slot.

13. Arrangement according to claim 10,
characterized in that the time division slot
structure is available on several carriers, i.e. multi
carrier time division and in that an access channel

. comprises a combination of a frequency/time slot
combination.

14. Arrangement according to claim 13,

character i z ed in that the single time division
radio in each base station (1), second station (2, 2a, 2e)
and subscriber station (5, 5a, 5b, 5c; 5Se; 5f, 5g), has

access to one or more carriers or carrier frequencies.



retra ess rights codes in the control field, Fig. 6b,

to the. ' ts 1 have been chosen for the connection between
MASFS aﬂmmlmﬂullmﬂ"[have a public access' rights identity and Tl and Rl
a *+ C L W 5 = 19 private access rights identity.
For transm ssions between two SMSs as indicated in Fig. 9, using slots 2

and 6, there is no change ‘of antenna nor agy change of access rights
identity. The data fromthe two connections is via the nultiplexer 28
shifted into tise Fl F@rdéngembritheaamtdiolg logiclaim Bhj fts the data back to

the mul tiplexqr.n right, ti indjcated in Fig et . as,
illustrated i (r% thheIgi 5'JI %cl? | %rlg% izn%Fi%g. lf%,tqhaats Eh%i ﬁﬁlpyrigf %%lioonl%sathe
MASFS. |t has s@giopdossagioonhd, 72a arke brilsy abde todebange cannderés)t for

m crophone 37 andetRRaka s1ot@nd a keypad with a display 38. This is per
se known fromthe design of a portable cordl ess phone. The further units
and funttionalities correspond to the units as shown in Fig. 15.

16. Arrangement according to claim 14,
characterized inthat the carriers or carrier
frequencies for the links from the first station (1) to the
second station (2; 2, 2a, 2e) and for the connection

« between subscriber stations or.between subscriber stations
and a second station respectively are different.

17. Arrangement according to claim 9,
characterized in that dynamic channels
selection is used for selecting access channels
(combination of frequency and time slot).

i8. Arrangement according to any one of the claims 10~ ..
16, characterized in that dynamic ‘channels

# selection is used for selecting access channels
(combination of frequency and time slot). .

19. Arrangement according to claim 18,

characterized in that the dynamic channel
selection is used for selecting access channels for so
called indoor links, i.e. links between subscriber stations
(5; 5a, 5b,. 5¢c; S5e; 5f, 5g) and second stations (2; 2, 2a;
2e), from a set of channels common for all indoor systems.

20. Arrangement according to claim 19,

characterized in that dynamic channel
selection is used for indoor as well as outdoor links and
that it is effected from a common set of access channels.



V%e_—a“?ET?ﬁ?TﬂU*atffve connections, the base station may transmt a | ow
capacUﬁ ﬂﬂw’m”" including its access rights identity, and the MASF
may d Ihe i ndoor antenna with its access rights identity. In
this way the MASFSkndbws that it is within range of the base station, BS,

and the SMSs know that they are in range of the MASF. Such a beacon concept
I's described in ref. A According to a particular enbodi nent as further
illustrated in Figs. 19 and 20 a handover is possible between MASFS and BS
and between RASFS aminﬁﬁaimynttxﬂaurdﬁd@%fbscbélﬁig7 18. A typica

handover procedyre is fg:rtth rd(g_s I’I%) q‘téﬁaﬁg ove@m’tt"{n%riedSéf ot} R,

Fig. 19 illustrates h§wa ‘mobil € & i‘on Frakeés Fom a CONNEC

on channel 2 #&ethod n§tGpn%amuguﬁ|DnnamiQthﬁnn§A Selegt omn@CSL. on a
second fi xed station. _ 20 I n nost

systens, applications such as handover requires )
“ 22. Arrangement according to clalm 18,

characterxrized in that the channel selection
method is Continuous Dynamic Channel Selection, CDCS.

23. Arrangement according to claim 9,
characterized in that the second station
comprises a Multiple Access Subscriber Fixed Station

(MASFS) based on a Time Division Multiple Access System
(TDMA) .

24. Arrangement according to claim 23,
characterized in that the Time Division

Multiple Access system uses Time Division Duplex
(TDMA/TDD) . +

25. Arrangement according to any one of the claims 10-
17, 19-22 characterized in that the second
station compriées a Multiple Access Subscriber Fixed
Station (MASFS) based on a Time Division Multiple Access
System (TDMA) using Time Division Duplex (TDMA/TDD).

26. Arrangement according to claim 24,

characterized in that the TDMA/TDD frame of
the MASFS is synchronized to the frame of a BS(1l).

27. Arrangement according to claim 26,

characterized in that for allocation (within
the MASFS frame) of transmit slots and corresponding
receive slots for connection to a SMS (5a), the MASFS uses

the same allocation rules as the BS(l) uses for its
connections.



t hat th smt and receive slots of the two fixed stations
are syn l‘ﬁﬂiE Eﬁl't in Fig. 19. As already nentioned, a portable nmay
have ac h the BS s and the MASFS' s. That opens up the

i ssue of providing- handover bet ween MASFS and a BS (Base Station). Fig 8
illustrated the basic principles for providing nobility via a MASFS.
However, there it is not refined or optingged for a handover procedure

bét ween BS and MASFS. It can be seen fromFig. 8 and the enbodi nent
illustrated t R&r-ein tmaiartq‘marrtarmmardzmi tecelagh 3vot fromthe MASES to

the SM5 d t he al J t ired for
si ﬁpl e hagd(r)]\c/)té:r q,g%e%lr I&us%t rta'?eé;S nm:zFQi d ¢ 1d" rﬁrﬁf‘—fg &T% Rﬁ'%ﬁ?f ‘f‘égqgl TRNPEL
connection to iS ¥egdsfar |‘i}?ﬁflSI(JF$ll)°reS gram®isg W)siang foxf transhassibngd, M
i|lustrates trﬁdmmA@§ (2 Iw sﬁs[‘Qéﬁ’)t r 3l Clﬁheﬂael gt e%e‘d 1{, E
Bs1 5 i of ¢ Shown

handover to flxed s
tt ci?ﬁ %‘?B‘Ee%m’mg oﬂ“BF-eP@ASHBSG\WW AGBHEL) sandese

an alternate
handover reunHSﬂS*(tzg. The MASFS has. exactly the sane properties and
functionality as described above in relation to Fig. 8 with the exeception
that the transmt slots for connections to SMs are noved to the first half
of the frame W¥reas Atrangerent: agemding tocaledmi 25t he second hal f of

the frane. Thus ympig & RIFY ans Jig SCihYenh? 3 synchr%%% aens

connected to a MASES wl] have transmt and receive slots
the sane hal f fdBSES s RiEghgonisrd cbadeheo foramer of nﬁplléshhhdonérlare
net. The addectHamopfeel ajlogatfoas withike taebagigeat filahestd @t e8ahBmkiko-

7. slots and corresponding receiver slots for connection to a
SMS, the MASFS uses the same allocation rulés as the BS(1)
uses for its connections and in that one half frame is used
for . transmissions from BS(1) and for transmissions from
MASFS(2) to SMS(5a) and in that the other half frame is
used for the corresponding duplex reception at BS(1l) and
MASFS(2).

30. Arrangemént according to claim 28,
characterized in that the first half of the
frames is used for transmissions from BS(l1) and for
transmissions from MASFS(2) to SMS(5a) and in. that the
second half frame is used for the corresponding duplex
reception at BS(1l) and MASFS(2).

31. Arrangement according to claim 28,
characterized in that the BS can connect

directly to a SMS(5d) and in that a handover function is
provided between BS(1) and MS(2).

32. Arrangement according to claim 23,
characterized in that the Time Division

Multiple Access system is a so called interleaved scheme
(TDMA/TDD) .



21 The Iﬂm of the MASFS do not need to be indoor for general
applicati mm’ m Wﬂﬂl on but could be used to provide | ocal coverage
and | ocal fobflidy ve general service. A nore detail ed description
related to the exanple of Fig. 20 is as foll ows: As described in
reference A, BS 1 is always active on at | east one transmt channel. Each
downlink transmt channel provides broadcagf information on BS identity,
access rights identity, synchonization etc. It also broadcasts inconi ng

cal | requests.3Buri ngarkengemehthabtoktdmy ttee JYASKS 43 stens to

transm ssions fr BS n, al l £Stogs t Qat . sare ot, us fo tran 1. S.Si.0n
from MASFS t o ‘Iél\gr% gn% ‘Slg/A% 'JLI %c eg t & oner}’()ai‘t gggct e i bns
fromthe BS, aMaltbple f&ncgaﬂ gy stegqueyses FtﬁqnﬁgcyheDivxsioﬂuuHuﬁlGane,
the MASFS al so(vsMAFRPSY] Bdt'%here transmitting and receiving is carried

out in different Time Slots in the radio switch station.

34. Arrangement according to claim 9,
characterized in that the second station (2,
2a, 2a; 2e) comprises several call possibilities from the

base station (1) to several subscriber stations (5; 5a, Sb,
5¢c; 5e; 5f, 5q).

35. Arrangement according to claim 9,
characterized in that the second station (2)

comprises additidnal radio arrangements (2f) and cells
connected thereto.

36. Arrangement according to claim 9, -"

characterized in that the base station (1) has
a first access rights identity which is used for the radio
communication between the base station and the second
stations (2; 2, 2a; 2e) via their first means (7) and in
that each second station (2; 2, 2a; 2e) has a second access
rights identity that is used for the communication between

a second station and the . subssriber stations related
thereto.

37. Arrangement according to claims 24 or 26-31,
characterized in that the base station (1) has
a first access rights identity which is used for the radio
communication between the base station and the second
stations (2; 2, 2a; 2e) via their first means (7) and in
that each second station (2; 2, 2a; 2e) has a second access
rights identity that is used for the communication between
a second station and the subssriber stations related
thereto



on at |east one slet—Fhi-s—provides broadcast information fromthe MASFS to
all SMS' s. se station to SM5s with specific BS identity
(not sane aqm mmgmﬂﬂm “fl c access rights identity. Al SMS are during
the first hal aame Mocked*to a MASFS down link transmission. In the
second half frame the MASFS |listens on all slots (that are not used for
transm ssion from MASFS to BS 1) for set yp requests from SMS' s. Towar ds

BS 1, MASFS acts as a nobile unit and towards SM5 it acts as a base

station. Det aljee.d desmfrartgaﬁeﬁ £ldrdigig Ub adflabangeyer is found in ref
A Call set o8 channg Squallty C ntrol channe| sél ection and
I

intracel | han over i's *h&ndl &d |ﬁd%ﬁ%n et BB eAEN| $RRORS §tatimBré2and
the |ink MASFS, 28N5.2e) has a unique second access rights22defitieg hhase

| inks are ind t ' arent .t hr ough

t he MASFS. Thgﬁggﬂlt%?ollega%leigee#%q{?é@%ﬁgfcon l]és ¢ ? % nisgﬂng?l'on

cal | set up irffor R} @t ijq y':quers(ﬁ gkt |qummiethamuohethensameaunmque
second access rights identity.

39. Arrangement accordihg to claim 38,
characterized in that the unique second access
rights indentity is a private access rights identity.

40. Arrangement according to claim 38,
characterized in that a subscriber station
(5d) is equipped also with the first access rights identity
and/or other second access rights identities providing
additional access directly to the base station (1) and/or:
other second stations.

41. . Arrangement according to claim 37,
characterized in that the first and second
access rights indentities are the same whereby subscriber
stations being equipped with said access right identity
have access to the base stations and all second stations
having the same access rights identity.

42. Arrangement according to claim 24,
characterized in that the base station (1)
uses a nominal transmit channel (slot) for reception and
locking to a transmission from an adjacent base station,

and for deriving frame and slot synchronization from the
received transmission.

43. Arrangement according to claim 42,
characterized in that the base station (1)

receiver during reception is switched to an antenna with



that is unique for each of the two links. The user data repeater functions
of a MASFS is thu n he intergrated functionality of a MASFS
concept . Accordiﬂm mmmmml jon there can be nore than one call from
t he base stations E""ber nobil e stations 5. The MASFS 2 nmay be
gi ven several call possi‘bi 1" tifes*fromthe base station to several
subscriber stations 5. A call connectionsgay also utilize several slots for
one connection, e.g. to transfer ISDN (Integrated Services Digital Network)
whi ch requi r i FaE¥ € el -gd i [ itrfeditell ROWERdSS RERC va®tldd adjaeidntebaree, i f
there is nmuch traffic as for exanple in an office the MASFS or the second

station 2, ardF3tPhase station 1, may conprise nore than one digital
radi o, arrangenent. To the MASFS nay be added one or nore fixed stations

(Fig. 17) on CONPY,LSi i,ndQor._ant s for nicatjion wt ile
stations. The“é‘onnec{'{‘h"‘ﬁ?")nggef—’1 \%ecgi rﬂﬁgﬁg‘%g%'d aé’fd’e%%t#%néﬁisggezp f ”3’213 Fi g.
17, is made tprecedintechains phesdrforgnofmnat apearhcpaldscti on bet ween two

SFS stations is nade by transferring the data received on one slot in one
station to one slot in the other station via the nultiplexors. Fig. 18

schemati cal | y*?t1 ust PEReRE ap prypagement,AeeRrdif s enyare Lk Gigins

stations 2f, B,t®43q €ok! pttsybeted Burvosd Dt NetwoAR=Somaivm icauivn ed

e.g. via wri i thereby possible to make.a handoyer, between MASFS 2
(Fs0y} i e Eifeonty

and ASFS 2f . (F3DH) (H§T4o t S0P h&@ Py EATPon®t8Fat t¥ (W The BSse

connection.



where the the FS 2 conprises several radios, said radi os being
distributeg to different |ocations thus form ng an

23 i ndoor/, pico gllular system for all indoor connections whereas one or
nor e rad|©s normal Iy wi ||l be dedicated to the FRLL BS via the external
antenna/ The concept with point to point outdoor connections using

di recti/onal antennas and i ndoor normal &y ennas opens a possibility to

utilize the same frequency spectrum for both outdoor and indoor

conngcti ons with very little interference between the two utilizations.
| f e antenna gain is 15-20 dB on the external antenna, and at |east 15
dB/attenuation is added fromindoor radios, there will be 30-35 dB

ol ati on between the services. Thus, in average the whol e frequency

gpect rum nay JRRan@ERe @@ﬂqﬁﬁﬁng@ﬁhﬁ@ygkgpr way around. However, also cases

‘where interference wit—occur are possiole, e.g. in the case of a

subscri ber n®BBSTBAEPstem or a hand set, being used high up on a bal cony.

| f consequently this concept with different antenna arrangenents or
systens, each first andg
The present invention relates to an arrangement for radio

communication comprising at least one first station or base
station (1), a number of second radio stations (2) and a
number of subscriber stations (5), each said radio station
(2) comprising at least one digital radio arrangement and
first and second means (7, 8) for communication with said -
first station (1) and with said at least one subscriber
station (5) respectively, said first means comprising at
least one long range antenna for connection with the first
station (1l). Said second means (8) comprises at least one
antenna for connection with at least one of said subscriber
stations (5) and said radio arrangement comprises .a radio
switch with one single common transceiver providing wire-
less communication for connection with said first station
as well as with,ét least one subscriber station (5).

(Fig. 5)



seeond means or antennas may conprise an antenna systemor nore than one
antenna even if in the foregoing it has generally been denoted nerely
"antenna" for reasons of sinplicity, for indoor and outdoor usage
respectively is conbined with dynam c channel allocation, see ref A, then
the quality of each service will be kept on a high |level due to hand-over
escape fromtenporary occasional interference. In the following is

descri bed how synchroni zation as wel | betmg Ebbase stations (Fig. 12) as of
a whol e network (Fig. 13) advantageously $ e carried out. According to
this enbodi/ment synchroni zafjion is provided via radi o between base stations
la, 1M Upfler SoO[Te <Cinr PGS it mght be inportant to time synchronize
cl ose by (t he basg stat;i € base statlons I$, 1M are not

synchroni Xgd to gach pt the system capacity cogl d be decreased¥Fhe
syncroni zalgomTs calfrie by assigning so call ¢d nmaster :
24 Dbase stations 1 [ strated in Fig. 13. The other ba§§2

stations (with no dehotatio so call ed sl g4ve
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base stations. Listening to a naster base station 1Mis done via a
directional antenna at the so called slave base station. Since every base
station always has at |east one channel active, the slave base stations

al wvays have sone transm ssions to listen to. The diagramin Fig. 12 shows a
base station la which is a slave base station and a base station 1M which
is a master base station. The transmtting and receiving slots are uniquely
nunbered for exanple as in Fig. 6a. The slot nunber is regularly contained
in the transmtted control data (Fig. bﬂ6'Thus the sl ave base station la
may listen to one of the master base station 1Mtransm ssions, read the
slot nunber and aline the transmt/receive frane of slave base station
la with the transmt/receive frame of nmaster base station 1M as shown in
the diagramof Fig. 12. Fig. 13 gives an exanpl'e of how a whol e network
coul d be synghronized. The slot for receiving the synchronizing signal

nust be cofji®eted to adifectional_antenna with at |east as nuch

that used Ry the~Subscriber Ektxed Stations. Theé antenna - be of
t he order 135-22 n order fo get considerably\higher fi strengt/hjfyom
the master |[transmtte om0t her nei ghbour he

i nventi.onshal | not be i ed to e shown . nments but can be/f y
varied withiph the scope f [the append ckHns. H g the arrange t| dofs
not have to‘:elusediéxii) ﬂruni(n1thh t h¢ DECTpgtlandard but wit

conveni en
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~
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system or standard. 25 CLAI Ms:
1. Arrangenent for radi o comruni cation conprising at |east one first
station or base station (1), a nunber of second radio stations (2; 2, 2a;
2e) and a nunber of subscriber stations (5), each said radio station (2; 2,
2a; 2e) conprising at |least one digital radio arrangenent (50) and first
and second neans (7, 8) for comrunication with said first station (1) and
with said at | east one subscri ber st%a}.i;én (5; 5a, 5b, b5c; b5e; 5f,
5g9) respectively, said first nmeans (2, ; 7€) conprising at |east one |ong
range antenna for connection wth the first st?;ion or base station (1), c
haracteri zedin

P,

e FRLL
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| N cegp L+ -LPP
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. —7 »
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~ between the base station (1),

that said second neans (8; 8e) conprises at |east one antenna for
connection with at | east one of said subscriber stations (5; 5a; 5b, 5c;
5e; 5f, 5g), said digital radio arrangenent (50) conprising a radio switch
wi th one single common transceiver providing wreless comunication or
connection with said first station (1) as well as with at |east one’
subscri ber station (5; 5a, 5b, 5c; 5e, 5f, 59). 2. Arrangenent according
toclaiml, char acte-ri z a-inthat(rmmta comuni cati on

and algé éiriber station (5; 5a, 5b, 5c; 5e;
5f, 5g) is swtched via the radio switch conprised by the second radio
station (2; 2, 2a; 2e). 3. Arrangenent according toclaim2, c har ac
t er i zedin that communication between subscriber stations (5a, 5b,
5c; 5f, 5g) conmunicating with one and the sane second station (2) is

switched v ! T T 1 26T tot
conpri sed i}?ﬁ%ktadio staiﬁ(%r(%}fw'thoutiTRRRi :Rr TH{WILW
421112131 2411213} y21112}3! w2l11213!
| Te -
=3 TF >

SYNCHR CONTROL DATA USER DATA




conmuni cation with any base station (1).
acter.
is a fixed station,
Arrangenment according to claimd4,
| east one subscriber station (5; 5a, 5b, 5c;
Mobil e Station (SMV5).
characteri zedinthat $&/46§

claim3, ¢c har

Subscri ber

directional antenna e.g. with gain. 7. ngenment according to claim
6, char acteri zedinthat the séco s (8; 8e) is an antenna
for short range connections, i.e. a short/ﬂ ge ante na e.g. an .
OWNI - ant enna. 8. Arrangenent accor dg‘to'CIal 2L haracter
i zedinthat the second antenna (8; ge) an in 5htenna 9.
Arrangement according to any one of thq pr gc dldg—cﬂpl , char acter
i zedinthat it-is based on | | \\
/ | N B Logal
/ { AN Public
/ n N Exchange
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/ | N
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in or on a house or
character

5e, b5f,
6.
irst

4. Arrangenent according to

zedinthat the radio station (2; 2, 2a; 2e)
nount ed e. g.

simlar. 5.
z edin that said at
5g) is nobile or a

Arrangenent according to claimb5
$3(7, 7, 7a; 7e) is a
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time division radio access and in that the second station (2; 2, 2a; 2e)
conprises a nultiple access subscriber fixed station, MASFS.

27 10. Arrangenment according toclaim9, char acteri zed in
t hat t he different connections are carried on different time slots by
radio in the second station (2; 2, 2a; 2e), the tine reference for the
second station being derived fromreceived transm ssion fromthe base
station (1) and the time reference fo§}$§rsubscri ber stations bei ng
derived from received transmssio t he second antenna fromthe
second station. = 11. Arrangenent according to claim10, c har act e
rri zedinthat the digital radio s%ﬁtch of the second station (2; 2, 2a;
2e) provi des the switch function by i it erconnecting conmuni cation in
different ti shifting data received froma first radio
connection ih a fir -&#ﬁt tQ a transmtting slot used for
anot her -radi p connecti on. -
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12. Arrangenent according to claiml1ll, c har acter i zedin that
the shifting is carried out by a so called First In First Qut
(FI.-FO'-nmenory, the shifting being delayed in order to fit the tinme of the
wanted transmt slot. 13. Arrangenent according to claim10, ¢c h ar a
cteri zed inthat the tinme division slot structure is available on
several carriers, i.e. nulti carrier tinme division and in that an access
channel conprises a conbination of a frequency/tine slot conbination.
14. Arrangenent according to claim1l3, c har acter i zedin that
the single tinme division radio in each base station (1), second station (2,
2a, 2e) and subscriber station (5, 5a, ?q, 5c; 5e; 5f, 5g), has access to
one or nore carriers or carrier frequéz iéi.
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15.° Arrangenent according to claiml1l4, char acteri zedin
that the single radio in a second station (2, 2a, 2e) is able to change
carrier(s) for consecutive slots. 16. Arrangenent according to claim
14, char acteri zedinthat the carriers or carrier frequencies
for the links fromthe first station (1) to the second station (2; 2, 2a,
2e) and for the connection between subscriber stations or between

subscri ber stations and a second station respectively are different. 17.
Arrangenent according toclaim9, char acteri zed in that

dynam c channel s selection is useg3 for selecting access channel s
(combi nati on of frequency and tinme sl f1f? 18. Arrangenent according to
any one of the clains 10- 16, c har act er i zed in that dynamc
channel s selection is wused for selecting access channel s

(conbi nation of frequency and tine slot). 19. Arrangenment according to
claim18, char acter i zedinthat the dynamc channel selection
is used for selecting access channels for so called indoor links, i.e.
links between subscri ber sygtlons (5; 5a, 5b, 5c; 5e; 5f, 59) and second
stations (2; 2, 2a; 2 m a set of channels common for all indoor
systens. ﬁ
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20.° Arrangenent according toclaim19, c hrar acteri zed in
t hat dynam ¢ channel selection is used for indoor as well as outdoor
links and that it is effected froma comobn set of access channels.

29 21. Arrangenent according to claiml1l7, char acter i zedin

that the channel selection nethod is Continuous Dynam c Channel Sel ection,
CDCsS. 22. Arrangenent according toclaiml1l8, char acteri zed
in that t channel sel ection netho@ﬁ'

Sel ection . 23. Arrangenent ac

ri zedintha e second sta

Fi xed St af ialfj
(TDMA) .

13




24. Arrangenent according to claim23, char acter i zedin that
the Time Division Multiple Access system uses Tine D vision Duplex
(TDWVW TDD) . 25. Arrangenent according to any one of the clainms 10- 17,
19-22 char acter i zedinthat the second station conprises a
Mul ti pl e Access Subscriber Fixed Station (MASFS) based on a Tine Division
Mul tiple Access System (TDMA) using Tinme Division Duplex (TDVA TDD). 26.
Arrangenent. according to clai m 24, Olrgrﬁzé acteri zedinthat the
TDVW TDD frane of the M\ i's synch i'7éd to the frame of a BS(1). 27.
Arrangenent according to clpim26, c har acter i zedinthat for
allocation (within the MASES frane) of transmit slots and correspondi ng
receive slots for connecti to a SM5 (5a), the MASFS uses the sane

al location rules as the BS(#) uses for its connections.
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30 28. Arrangenent according to claim27, char acteri zedin
that one half of the frames is used for transm ssions fromBS(1) and for
transm ssions, from MASFS(2) to SM5(5a), and in that the other half is used
for the correspondi ng duplex reception at BS(1l) and MASFS(2). 29.
Arrangenent according to claim25, char acter i zedinthat the
TDVA/ TDD frame of the MASFS is synchronized to the frame of a BS(l) and in
that for allocation within the I\/ASFﬂqZégne of transmt slots and
correspondi_ng receiver slots for co on to a SM5, the MASFS uses the

sane allo I- ee hs the BS(1) uses for its connections and in that one

hal f fra i rltransm ssions fromBS(1) and for transm ssions from
MASFS(2) t.o (5a) anb-i-n-tkat the other-hakf frame is used for the
correspondi ng ex rkception at BS(1) and MASFS(2). 30. Arrangenent
accordi ng to ¢ characterli z €d&inthat the first half of

the frames, F-t—isas ransmnissions _H’_’r‘ii_rﬁ__B_S_(:\l_')__gn_d__f_or t m ssi ons
f r om MASF (:.)ﬁlto SMEGEE econd half framelis for the
correspondi fg_dupl e rllsciaption at_BS(1) and MASFS(2). G
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31. Arrangenent according to claim28, char acteri zed in that
the BS can connect directly to a SM5(5d) and in that a handover function is
provi ded between BS(1) and MS(2). 32. Arrangenent according to claim
23, char acteri zedinthat the Time Division Miltiple Access
systemis a so called interleaved schene (TDMA TDD) .

31 33. Arrangenent according toclaim23, char acteri zedin
that the Time Division Miultiple Ag%e,eﬁé system uses Frequency Division
Dupl ex (TDMW FDD), but where transimi'tti’ng and receiving is carried out in
different Tine Slots in the radio swtch station. 34. Arrangenent
accordingtoclaim9, char acteri zedinthat the second station
(2, 2a, 2 2e)&¢onprises several call possibilities fromthe base station
(1) to sevetal sybscriber stations (5; 5a, 5b,
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5c; 5e; 5f, 5g). 35. Arrangenent according toclaim9, char act e
rri zedinthat the second station (2) conprises additional radio
arrangenents (2f) and cells connected thereto. 36. Arrangement
according toclaim9, char acteri zedinthat the base station
(1) has a first access rights identity which is used for the radio

communi cati on between the base station and the second stations (2; 2, 2a;
2e) via their first neans (7) andlﬁy“{ﬁai each second station (2; 2, 2a;
2e) has a second access rights id i that is used for the conmmuni cation
bet ween a second station and the subssriber stations related thereto.

37. Arrangenent according to clains 24 or 26-31, char acteri ze
din that the base station (1) has a first access rights identity which is
used for the radi o conmunication between the base station and the second
stations (2; 2, 2a; 2e) via their first means (7) and in that each second
station (2; 2, 2a; 2e) has a second access rights identity that.is used for
t he conmuni cati on between a second station and the subssri ber §i}§
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32 38. Arrangenent according toclaim37, char acteri zedin
that each second station (2; 2, 2a; 2e) has a unigque second access rights
identity and in that its related subscriber stations (5; 5a, 5b, 5c; 5e;

5f, 5g) get radio access if equipped with the sanme uni que second access
rights identity. 39. Arrangenent according to claim38, c har act
er i zedinthat the unique second access rights indentity is a private
access rights identity. Arrﬁzgﬁﬁﬁgt according to claim38, ¢c har
acteri zedinthat a subscrl st@tion (5d) is equipped also with
the first access rights identity and/or other second access rights
identities providing additional access directly to the base station (1)
and/ or other second stations. 41. Arrangenent according to claim37, ¢
har acteri zedinthat the first and second access rights
indentities are the sane mhereby suliscri ber stations being equi pped with
said access right identity

7
5‘6 EL5—TASI

. ASFS:’Zf
T

ASFS:/Zf
AT

FIG18



have access to the base stations and all second stations having the sanme
access rights identity. 42. Arrangenent according to claim24, ¢ h ar
acteri zedinthat the base station (1) uses a nomnal transmt .
channel (slot) for reception and locking to a transm ssion from an adjacent
base station, and for deriving frame and slot synchronization fromthe
recei ved transm ssion. 43. Arrangenent according to claim42, ¢ h ar

acteri zedinthat the bas 7L?Eion (1) receiver during reception is
switched to an antenna with 33

directional gain directed towards the wanted adj acent base station. 44,

Use of an arrangenent according to any one of the preceding clains used for
normal speech calls.
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45. Use of an arrangenment according to any one of clainms 1 to 43, for
I nt egrated Services Data Network-communi cation (I SDN) wherein nore than one
time slot is used per connection.
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