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environment. The penetration of radio waves is hindered by walls and doors which may

e}

10 . define irregular boundaries; numerous obstacles exist such as pipes and ducts which
shadow or otherwise restrict radio propagation, and so forth. Serving mobile terminals
located inside an office building by means of an outdoor cellular radio base station is
usually impractical. While the signal may be able to penetrate exterior walls and
windows, the radio signal may not penetrate well into interior spaces.

15 As a result, efforts have been made to address the particular needs of indoor
cellular coverage. A substantial portion of these efforts has been focused around the so-
called micro-cell, which is in effect a fully functional cellular base station designed to
cover cell sizes on the order of tens or hundreds of square meters.

As with ordinary outdoor macro-cellular systems, each cell in a micro-cellular

20 system may be assigned a group of frequencies. As a mobile terminal moves from one
cell to the next, the terminal is handed-off between neighboring micro-cells. The hand-
offs are based on received signal strenpth measurements which are monitored and
controlled by a central switch. When the signal strength falls below a predetermined
threshold, the terminal is instructed to retune its transceiver to another frequency used by

25 another cell. Various hand-over methods based on received signal strength measurements
are known to those skilled in the art.

When the cell size of the micro-cell becomes so small that a user walking down
a corridor moves through several cells during a conversation. the number of hand-offs
increases substantially, creating a substantial network management problem. One

30 solution to this problem is not to perform a hand-over in the conventional sense, but to
keep the terminal operating on the same frequency/time slot combination and to hand-

over the downlink from one micro-cell to another.
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diversity receiving sets, or micro-cells positioned at a respective antenna site at the
periphery of the cell and configured so that the propagation and reception of signals is
limited to substantially the borders of the cell. Control circuitry monitors the strength of

each signal received by each of the antenna sites at each frequency channel in the

)

10 assigned frequency set. Transmission, at each frequency channel in the assigned set, is
confined to the antenna set at one sub-site in the cell having the strongest received signal
at each frequency.

When a mobile unit moves such that the received signal strength at a subsite other
than the one currently transmitting becomes strongest, the system operates to turn off the
15 transmitter at the weaker site and turns on the transmitter at the sub-site at which the

stronger signal level is being received. This is known as a so-called virtual handover.
Two diversity receiving antennas are also switched to the proper sub-site to receive the
call. The frequency does not change and remains as before. Thus the MTSO is not
involved and no additional hand-off load is encountered.

20 One problem with such a system is that the broadcast control channel is
transmitted from 2 single sub-site which covers the entire cell, in an indoor system where
sub-sites may be located around comers - or even inside of elevators - the broadcast
control channel may not penetrate where the sub-sites are located. Loss of signal to the
broadcast control channel leaves the mobile station without essential overhead

25 information. Usually, loss of the broadcast control channel is perceived by the mobile
station as a complete loss of signal and forces the mobile station into a reacquisition
mode.

A second problem typically associated with micro-cellular systems is that there
is little or no time dispersion of signals transmitted within such a system. Time

30 dispersion arises when a reflected signal of significant magnitude arrives delayed in time
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| eaves t he nobi |GF TRANSMITIING ENFORMATIONSIN Audigitab GELLULAR MOBILE RADIO
SYSTEM” and U.S. Patent No. 5,109,528 entitled “HANDOVER METHOD FOR A
10 MOBILE RADIO SYSTEM?” both assigned to the instant assignee of the present
invention. However, in an indoor system the combined problem of macro-diversity and
virtual handover has not been heretofore addressed.
A third problem typically associated with conventional micro-cellular based
indoor systems is that both the uplink and downlink are normally served from the same
15 antenna set. When the downlink antenna is selected so is the uplink antenna. This is
because existing micro-ceflular systems empioy narrowband radio receivers. If a
wideband radio receiver is used there is no need to restrict reception to a particular
antenna set of the signals received from a mobile station. In a non-stationary
environment, the uplink and downlink may not be temporally reciprocal and thus it would

20 be advantageous to separately select the uplink and downlink antenna sets. Viz.. because
the uplink and downlink are at different frequencies, the uplink and downlink channels
exhibit different characteristics, such as different levels of Rayleigh fading, etc.

SUMMARY OF THE INVENTION
25 It is therefore an object of the present invention to provide a cellular system
adapted for indoor use which overcomes the limitations of the existing art.
In one embodiment of the present invention, a plurality of transceivers are
positioned throughout an area. The transceivers are all coupled to a centralized control
device, and the control device controls operation of the transceivers. At least two

30 transceivers transmit downlink signals to the mobile unit. As the mobile unit passes
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| LE RADI YSTEM U.S. Patent, No. 5,109,528 entitled "HANDOVER
%HCD FCRSS > Sm&%e wide receﬁrer portions, tunable concurrently to a}l of the uplink channels

upon which the mobile unit is capable of transmitting signals. Because of such wideband

reception and control of the transceivers by a centralized control device, transmitter
portions of one transceiver and receiver portions of another transceiver may be utilized
to provide two-way communication with the mobile unit.
10 In accordance with the present invention, therefore, a communication network.
and an associated method, permits wireless communication with a mobile unit movably
positionable to a selected location within at least one cell. The cell is defined by an area
encompassed by the network. A plurality of spaced-apart transceivers selectively transmit
downlink signals on a selected downlink channel to the mobile unit tuned to the selected
15 downlink channel. Each transceiver of the plurality defines a subcell and subcells defined
by the transceivers collectively form the at least one cell. A control device is coupled to
each transceiver of the plurality of transceivers. The control device controls operation of
the transceiver such that at least two transceivers defining adjacent subcells transmit
downlink signals on the selected downlink channel to the mobile unit. The mobile unit
20 is permitted uninterrupted reception of the downlink signal by remaining tuned to the
selected downlink channel as the mobile unit is moved between the adjacent subcells.
These and other features and advantages of the present invention will be readily
apparent to one of ordinary skill in the art from the following written description when
read in conjunction with the drawings in which like reference numerals refer to like

25 elements,

BRIEF DESCRIPTION OF THE DRAWINGS
An exemplary embodiment of the invention will now be described in more detail
with reference to the accompanying drawings, in which like descriptive labels are used

30 to refer to similar elements:
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unit passes according to a second embodiment of the present invention;

Figure 5 is a schematic logical diagram of a HUB,;
10 Figure 6A-6C are schematic illustrations illustrating soft hand-over with macro-
diversity; and
Figure 7 is a schematic illustration of the signal processing subsystem which
forms a portion of the HUB shown in Figure 5.

15 DETAILED DESCRIPTION OF THE INVENTION
In the following description, for purposes of exposition and not limitation, specific
details are set forth, such as particular circuits, circuit components, techniques, efc. in
order to provide a thorough understanding of the invention. However, it will be apparent
to one of ordinary skill in the art that the present invention may be practiced in other
20 embodiments that depart from these specific details. In other instances. detailed
descriptions of well-known methods, devices, and circuits are omitted so as not to obscure

the description of the present invention with unnecessary detail.

System Architecture

25 Referring now to Figure 1, a first embodiment of a cellular telephone system in
accordance with the present invention is schematically illustrated. The exemplary system
schematically illustrated in Figure 1 has three cells labeled 1A, 1B, and 1C. Cells 1A,
1B, and 1C may be partially overlapping. In a practical system, there may be as few as
one cell or as many as hundreds of cells. However, for clarity and brevity of description

30 the exemplary system shown in Figure 1 includes three cells. Within each cell 1A, 1B,
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heretofore performed in a base station, or micro-cell transceiver, and makes way for the

use of RADs instead of more conventional micro-cell transceivers.

10 Cell Structure

Referring now to Figure 2, a single cell 1 is illustrated. The outer boundary 6 of
the cell is delineated by a dotted line. The cell boundary 6 shown in Figure 2 is
exemplary. As is obvious to those skilled in the art, the peculiarities of radio propagation
in a physical environment often produce a cell boundary which is irregular and not

15 necessarily contiguous. The cell boundary 6 is intended to illustrate the location at which
a mobile station 5 moves from the influence of one cell to an adjacent cell and not an
actual physical representation. _

Within cell boundary 6, there are a plurality of smaller regions of coverage, or
subcells, each of which provides radio coverage within a portion of cell boundary 6. For

20 the purpose of exposﬁion, there are four such subcells illustrated in Figure 2 identified
by the descriptive labels a, b, ¢, and d. The boundaries of the subcells a, b, ¢, and d are
delineated by the regions shown by dashed lines 7a, 7b, 7c and 7d respectively. Although
only four subcells are shown, there may be any number N, where N is an integer number

_ greater than or equal to 2, of subcells defining cell 1.

25 The boundaries of each subcell are defined by the radiation patterns of the
corresponding RAD 3. For example, subcell a is defined by the radiation pattern of RAD
3a, subcell b is defined by the radiation pattern of RAD 3b, and so forth. As the subcells
are shown in Figure 2, the subcell boundaries are the same for the receive and transmit
antennas of each RAD. This assumption is made for clarity of the detailed description

30 and is not required, as shall be noted below.
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5 interface, a digital interface is sometimes preferred. Previously, a digital interface also

suffered from degraded performance due to the limited dynamic range of analog-to-digital
(A/D) and digital-to-analog (D/A) converters, but advances in A/D and D/A technology
have improved such that a digital interface can be practically employed.

A first embodiment of RAD 3 is illustrated in greater detail in Figure 3. RAD 3

10 is a transceiver meaning that both transmit and receive functions are provided. On the
receive side, signals received by antenna 6 are coupled to a low noise amplifier (LNA)
11 which boosts the received signal sufficiently to overcome the noise added by down
conversion. The output of the LNA 11 is coupled to a plurality of down converters 8.
'fhe down converters 8 convert the RF signal to an intermediate frequency (IF) signal
15 according to conventional methods. The IF signal is a lower frequency signal than the
RF signal and is easier to process than the corresponding RF signal. The IF signal is
coupled to channel filter 9 which may be a crystal band-pass filter that selectively passes
only the frequency band of interest and attenuates frequencies outside of this band.
Channel filter 9 may also provide anti-aliasing filtering. The filtered IF signal is coupled
20 to A/D converter 10 which produces a digital IF signal. The digital IF signals are coupled
via interface link 4 to HUB 2.

On the transmit side, digital IF signals received from HUB 2 are coupled to D/A
converters 15 where they are converted to analog IF signals. The analog IF signals are
coupled to up converters 14 where they are freqizency transiated to RF signals. The RF

25 signals are amplified in power amplifiers 13. The RF signals are combined in combiner
12 and transmitted via transmit antenna 7. In the RAD illustrated schematically in Figure
3, A/D and D/A conversion is done on a per-channel basis. That is, each channel, or -
frequency band, requires its own separate RF/IF chain. This is referred to as a
channelized RAD. A channelized RAD has the advantage that the A/D and D/A

30 converters are of relatively modest complexity and cost.
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RAD makes a wideband RAD economically feasible.

Referring now to Figure 4, on the receive side, signals received via receive
antenna 6 are coupled to LNA 11 where the RF signals are amplified sufficiently to
10 overcome the noise introduced during down conversion. The output of LNA 11 is
coupled to down converter 16 which pi'oduces a wideband IF signal. The wideband IF
signal is coupled to A/D converter 17. Anti-aliasing filtering (not shown) may be -
performed prior to A/D conversion. The output of the A/D converter 17 is a high-speed

digital IF Bitstream which is coupled via interface link 4 to HUB 2.

15 On the transmit side, the high speed digital IF Bitstream received from HUB 2 via
interface link 4 is coupled to D/A converter 20 which produces a wideband analog IF
signal. The wideband analog IF signal is coupled to up converter 19 which frequency
translates the wideband analog IF signal to a wideband RF signal. The output of up
converter 19 is coupled to multicarrier power amplifier 18. The amplified wideband RF

20 signal is coupled to antenna 7 and radiated within the subcell.
A wideband RAD offers many advantages with regard to system architecture and
performance and therefore advantageously forms a portion of the cellular telephone

system of another embodiment of the present invention.

25 The Interface Link
Interface link 4 is a bi-directional serial interface which carries the digitized IF as
well as control and overhead information between HUB 2 and RADs 3. Depending on
the RAD architecture, the date rate may vary between 10 and 250 Mbit/s. Although data
rates as high as 250 Mbits/s can be sent over a coaxial cable, an optical link can

30 alternately be utilized in embodiments of the present invention.
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The HUB
HUB 2 is a central processor which performs many of the functions traditionally
10 carried out by separate base stations, or micro-cells. Substantial cost savings and
increased flexibility are effected by consolidating signal processing and radio network
operation functions into a central processor. |
Figure 5 schematically illustrates the logical architecture of HUB 2. The signal
processing subsystem (SPS) 24 contains all of the baseband signal processing normally
i 5 performed at the transceiver. These include: channelizing, switching, combining, and
narrow band signal processing. Uplink measurements of signal strength (RSSI), signal
quality (i.e,, bit error rate, frame erasure rate, efc.) Are also performed in SPS 24
according to known techniques. Signal strength and/or signal quality measurements
performed for each RAD 3 connected to the HUB 4 are reported to radio network
20 management subsystem 23. SPS 24 also performs diversity combining such as described
in US Patent 5,191,598 to Béckstrém, et al., for example.

Radio network management subsystem (RNS) 23 is responsible for local control
of the radio resources. RNS 23 controls handovers between RADs 3 and controls the
switches on the receiver and transmitter side of SPS 24 for trunking efficiency gains.

25 Radio protocol subsystem (RPS) 26 serves as the link between SPS 24, RNS 23,
and the outside network. The handling of higher protocol layers include communication

with mobile station 5 for measurement ordering and interpretation.

The Signal P ing Subsyst
30 The functions of SPS 24 are schematically illustrated in Figure 7. Digitized IF



10 Cell Structure Referring nowto Figure 2, a single cell 1is

Il lustrated. The outer boundary 6 of the cell is delineated by a dotted
Iine. The cell boundary 6 shown in Figure 2 is exenplary. As is obvious to
those skilled in the art, the peculiarities of radio propagation in a
physi cal environnent often produce a cell boundary which is irregular and
not 15 RO 9afase | Y contiguous. The cell boundary 6 is pe¥SEvgeiis O
illustrate the | ocation at which a nobile station 5 noves fromthe

i nfluence of one cell to an adjacent cell and not an actual physical
representation. Wthin cell boundary 6, thgge are a plurality of smaller
regi ons of coverage, or subcells. each of which provides radi o coverage

Wi thin a porti ornigahls étivedfeon RADS 36-3d BRcodpl& to charhBifreP2 WIRFEMES ard &GS | ON)
there are four such subcells illustrated %;1 Fi ?ure 2 identified by%?ﬁle}t

descriptive | abdfRarated ipto discretechanmelsTHer and eath RAD, BSSL of bthersigria] c,

and d are delin ' lin 7 vmal d 7d

respectively. Aﬁ@%’i‘gggﬁxs 3%“#%&2%@%0%@ oaryPé‘ %h%g%?re#ﬁ@i‘gm%%er’aw

nunber N, wher e 28 decidesrwhicit chganels-fronb ehich RetDssshohlti de ussd ahd issties corréspoitfin :
he houndarj es, of each subcell are

beel | fini Il 1. 25 . T

331‘ icﬁedsb t Ihgl %ga‘?‘gt’f‘@ﬂ“ﬂ%ﬂ‘tt% thedegsive, sglection andmacro divgrsighepmbining block 29| e
[ined by'the ot frs 0T .

subcel | a is defBlokboperfériR divelitpt D@Bﬁtﬁé Sgrhals r@%ﬂéﬁﬁw&g Rbphel |

defined by the radiation pattern of RAD 3b, and so for
are shown in Fi dtomethe appropsiate RAJR| Theamipwtioff blesk 22riscoupled toenarowbandiréreivertiei ve

P et A0 SRRABces S RniBlied b BoRRHE B ndlin'inlBES, 07 O AMT LY Of
On the transmit side, the measurement information from channelizer 27 is used
10 by RNS 23 to select the appropriate control information to the transmit switching and
combining block 30. All of the channels are multiplexed together in multiplexer 28 and
the digitized IF is sent to RADs 3a-3d. So it is seen that while specific RAD sites are
selected for downlink, all of the RAD sites are used for making uplink measurements.
The use in the present invention of wideband RADs 3 and central processing in the HUB

15 2 allows for this unprecedented flexibility.

2 ID Numbers and Automatic Svstem Conficuratic
Via O&M 25 HUB 2 is capable of assigning identification parameters to RADs
20 3. This may be accomplished by polling the RADs and receiving authentication
responses in return. The authentication information may include: type number, frequency

range capacity, maximum/minimum transmit power level, antenna type, and so forth.

This enables the O&M to determine automatically the system configuration without

_ having to manually inform the HUB of the number of, or type of, RADs installed.
25 Another feature of the present invention, is that the RADs are not preassigned a unique
identification number, but rather are assigned a unique ID number, by the HUB 2 once

installed in the system. This greatly simplifies system installation. HUB 2 periodically

performs a system test which involves polling the RADs and receiving responses
therefrom. During the initial set-up, the RADs are assigned unit ID numbers by O&M

30 subsystem. Along with the unique ID numbers, other essential information about the



30 and is not required, as shall be noted bel ow. WO 97/ 13386

PCT/ SE96/ 01218 -7- The Channelized RAD RAD 3 provides the translation
between—stgrrat-s—recetved—fronrroB=—2~amd—tieTadro ST gnmal s broadcast and
received in each subcell a, b;  c, and d. RAD 3 may interface to HUB 2 using
anal og signals but because of the Iimted dynam c range of an analog 5
interface, a digital interface is sonetines preferred. Previousl| a
digital inteWQ®H3386so suffered from degraded performance o'ffér’ﬁ%z’f'ﬁés
limted dynam c range of analog-to-digital (A/D) and digital-to-anal og
(DFA) converters, but advances in A/D and D/ A technol ogy have ifnproved such
that a digital interface can be practical I4lenpl oyed. A first enbodi nent of
RAD 3 is illustrated in greater detail in Figure 3. RAD 3 10 is a
transcei ver nearRAG mayalshbr stored imBEB: 2.0A0 advantage of thinistthas tke systemomay;bejed.

0, L1 o0t Ve g, BkRar S SO D ST VRSO 8
over come t he noiiaformalidadh HUBIDUf) fareramplsiamew RAIR3 sitgtalled od priokide koverage in s
CPUPLEU 10 2 Pl U ol o SRV SRINELL Sk . R SN ORI 598
5 automatically recognize its presence, determine its essential information, and assign the
new RAD a unique ID number. No special programming, or system set-up intervention
is required by the user.
In another embodiment, when an additional RAD 3 is added to the network, the
newly-added RAD 3 transmits signals by way of the interface 4 to the HUB 2. The
10 signals provide the HUB 2 with an indication that the additional RAD 3 has been added
to the network. The HUB 2 is thereby prompted to poll the additional RAD 3 and receive
an authentication response in return. A unique ID number can thereafter be assigned by
the HUB to the additional RAD, as described above.
Responsive to the authentication responses provided by the RADs to the HUB,
15 the HUB is also able to prevent assignment of an ID number to a RAD or to revoke
assignmeﬁt of an ID number to a RAD responsive to its authentication response to polling
by the HUB. Thereby, the HUB is able to control the configuration of the network.

Control Channel
20 Use of wideband RADs 3 provides freedom of network design compared to
traditional micro-cell/pico-cell systems. With the wideband RAD 3, only a few cells are
created as far as control/access channels are concerned thus greatly alleviating the
network management problem. Referring back to Figure 1, each cell is assigned one or
" more control channels which are broadcast by all RADs located in the cell. By
25 simulcasting the control channel throughout the cell, the number of channels set aside to
be used as control channels is substantially reduced as compared to a traditional cell
appfoach. Further, the use of a simulcast control channel ensures that adequate coverage
is provided throughout the cell.

30 Downlink Traffic Channels



15 according to conventional nethods. The IF signal is a | ower
.frequency signal than the RF signal and is easier to process than the

- corresponding RF signal. The IF signal is coupled to channel filter 9 which
may be a crystal band-pass filter that selectively passes only the
frequency band of interest and attenuates.frequencies outside of this band.

Channel filt@ipe9nsey al so provide anti-aliasing filtering. pChrseEbédrtmred | F
signal is coupled 2 0O to A/D converter 10 which produces a digital IF

signal. The digital IF signals are coupled via interface link 4 to HUB 2.
On the transmt side, digital IF signals rj@ceived fromHUB 2 are coupled to
D) A converters 15 where they are converted to analog |IF signals. The anal og

| F signal s are couplRsffit chanRels &t ¥iochRs Merwrzﬁounbeunam teth@OHASeY cell,
translated to RF signals. The RF 25 nal s are anl]iélfled i n power

anpl i fiers 13. amdo ﬁ@ﬁﬂ!@dﬁmmww nige)rafiwhich RAD 3-ites argsed is t ed
E ?) ;Flgns[,)/mAt cgr%e%s Ion |ﬁ@%22§aﬁ%§a&é}m%‘% ﬁecej!?ﬁ %;ﬁlr@;si ﬁ%ﬁ}%l S, eagﬁ&e >
channel , or fr esededbasivand, requires its own separate RF/IF chain. This is
(eenred Lo o 2 chhiaed B eS8 ache e ey 3 B Sy 1o,
cost. WO 97/thé 3fkem. A channel is defined as a frequency/time slot combination such as used in
PCT/ SE96/ 01218
TDMA, or as frequency/code word combination such a used in CDMA. If there are N
frequencies and M time slots/code words, then it is possible to allocate N number of
frequencies and M time slots/code words to each RAD with the exception that all
10 channels cannot be allocated to all RADs at the same time. Channel allocation and RAD
selection are performed in HUB 2 by RNS 23. Based upon uplink signal measurements
made in SPS 24 and reported to RNS 23, RNS 23 decides which RADs are best suited to
serve a particular mobile station 5. Selection is made with consideration to reducing as-
much as possible the necessary downlink transmit power to achieve signal quality. This
15 reduces overall system interference levels. Ostensibly. the nearest RADs are selected, but
this is not always the case.

In assigning RADs for the downlink, macro diversity, similar to that described in
US Patent 5,099,108, is provided. In macro diversity, radio signals having substantially
the same information are broadcast from at least two RADs 3: one RAD transmits with

- 20 a time delay with respect to another RAD. The time delay is of the order of the symbol
period of the modulation such that inter-symbol interference (IS1) at mobile station 5 is
produced. ISI can be exploited advantageously. 1If TDMA is used, a diversity combining
MLSE equalizer, for example, as described in US Patent 5,191,598 to Backstrom, et ai.
If, alternatively CDMA is used, a RAKE receiver which performs space and time

25 diversity combining is employed.

As the user (i.e., mobile station 5) moves within the cell. intra-cell hand-over, or
inter-subcell handover takes place. In inter-subcell handover, the downlink is handed-off
from one RAD to another without the mobile station 5 being aware that a handover has
occurred. There is no change in frequency, time slot, or code word and the mobile

30 continues to operate uninterrupted on the traffic channel as before. A hand-over is



-8- New technology in the formof 12 bit, 40 negasanpl e/ second converters
is avail able that enables A/D and D/ A conversion of w deband multicarrier

S Fgrets—mi-t-i—86—100—dB-dyramrTrange—ACTorurTy o anm al t er matri ve—

enbodi ment, a w deband RAD nay be constructed from such converters as is

il lustrated schematically in Figure 4. A though 5 such hi gh
performance A/D and D/ A converters are quite expensive, the . only
one A/D and IWRIPBBERAD i s required i ndependent ofthe nunberéggégéﬁgﬁﬁel s
needed in the RAD nmakes a w deband RAD econom cally feasible. Referring now
to Figure 4, on the receive side, signals received via receive antenna 6
are coupled to LNA 11 where the RF signal stire anplified sufficiently to 10

overcone the noise introduced duri _ng down conver si on. ghﬁ giégqut g‘{ L 11
is coupled to desridehind)S Batent 3. 19R52$ taliddenteldt. 1SyPatent 2449 SigReH 0 e

i deband | FSi 9rabent Sl Leorsdd hefth irridlehdSlyty rifirkhe! | NG
(not shown) mayri e t)er ormgﬂﬁﬁ%ﬁrﬁgﬁ%ﬂ\éﬁgonﬁ%ﬁ on. _‘I"lhleeout 6’3’? of t(%e Al D
converter 17 is a hi §igusséacsGillysuate one Wapin whichchardwiveris performed psingimagra-
interface link 4.to.HUR 2. 15 . . the.transmt,.sid t.he, hi

speed digital | ARy TR P Dewtes it g reO 300 bR PSR & Berctipie B S
coupl ed tos D/ A (Rarves,109;528 G Ulhdetiftider HerdiRweterythe mbbilekiaion keegivessighalfitm  The
wi deband anal og | F signal is coupled to up .converter 19 which frequency

transl ates the it lanRIRAR:P gl thetimg rathen thanjust dypingthe wansitien fropypoe RAJ, & 10
out put of up co [ - lgad : b QATE LeBivi bl )
Theparrpl " g q W%g’ﬁ éle%%ndgsto FiauR 620 ndoBildMhtioh BATiE teRfiving WakmifRignbis O, 138

example, frequency Fi1 and on time slot, TS1, from RAD 3a and 3b. In an altemnate

embodiment, the mobile station 5A in a CDMA system receives the same DS-CDMA
10 code words.

As shown in Figure 6B, as mobile station 5SA moves out of range of RAD 3a,
mobile station 5A begins to receive downlink signals from RAD 3c. Note that RADs 3a,
3b, and 3c transmit substantially the same information, delayed in time to create ISI at
mobile station SA. As shown in Figure 6C, as mobile station moves further towards RAD
15 3¢, RAD 3a terminates transmission of its signal. Note that since neither the frequency,

nor time slot change in TDMA (nor code word in CDMA), mobile station SA is unaware
of the handover. This reduces the network management task significantly.
Hand-off is controlied by HUB 2 which uses the RADs to periodically perform,
uplink signal strength, or signal quality, measurements in the following manner. One
20 advantage of using a wideband RAD is that each RAD receives all of the potential
frequencies all of the time. In the traditional micro-cell/pico-cell approach, both the
transmit and receive sites are switched at the same time. Since in a micro-cell/pico-cell
the transmitter/receiver is usually collocated, this amounts to switching sites as the mobile
station moves. In the present invention, only the downlink sites are changed: the RAD
25 sites for uplink are unaffected since all of the RADs are receiving all of the uplink
channels (i.e., frequencies/timeslots/codewords) all of the time. The digitized broadband
signals from the RADs are coupled to HUB 2 via Interface link 4 and processed as in SPS
24.

30 Uplink Traffic Channels



20 signal is coupled to antenna 7 and radiated w thin the subcell. A
w deband RAD offers many advantages with regard to system architecture and
‘performance and therefore advantageously fornms a portion of the cellular

t el ephone system of another enbodinent of the present invention. 25

The Interface Link Interface link 4 is a bidirectional serial interface
whi ch carri eswoynsisgi tized |F as well as control and over hgggsesdgsigat i on
between HUB 2 and RADs 3. Depending on the RAD architecture, the date rate
may vary between 10 and 250 Moit/s. Although data rates as high as 250

Mits/s can be sent over a coaxial cable, ap.optical link can 30
alternately be utilized in enbodi nents of the present |nvent|on.%ﬁj V\Dg o
97/ 13386 In a conventional micro-cellular system, the upli EJ%]' Sk
Interface link 4_uses a full star topol ogy 'yu3| ng tuv?ofufla%der |'§Es. %ﬁ%

present technol odhatis ke selegting the downlink mnsmittersthepplink sersiverubmuailywelocitediin
Sinol o node 1 bor aaivenshs Sonaullly Wicr s S8E, LT AR i TRpebS 1R g
for splicing. UseesfsaplyshssmehAepreciobily nientioned, dact RADE] is @ipabRayT réteiihgfl
used 10 saye COSlyamndlshifor s time. The Gpiak Signals sre ceceivad, down converted and digitized
as described hereinabove and coupled to HUB 2 via interface link 4. In HUB 2 each
channel from each RAD is analyzed to determine, for each channel, which of the received
signals from the RADs should be demodulated. This information may be used to select
the best RAD for the downlink as described hereinabove, but due to time varying

10 characteristics of the radio environment, it is indeed possible that the received signals

which are processed may come from RADs which did not transmit the downlink. In this

manner, the uplink and downlink are effectively decoupled. Such decoupling has not

heretofore been possible with existing micro-cellular solutions and represents a new
flexibility in cellular system operation.

15
- r -

In an embodiment of the present invention, the mobile units which are operable

in the above-described micro-cellular environment to send signals to and to receive

signals from the RADs 3 are also operable in an alternate cellular system. such as a

20 macro-cellular environment. When the mobile unit is positioned proximate to a micro-

cellular system, the energy levels of the control (and other) signals generated by the

micro-cellular system, when received by the mobile unit, can be significantly higher than

the energy levels of the control (and other) signals received from the macro-cellular

_ system or other alternate system. For example, the disparity can occur as the distance

25 between the mobile unit and a base station of the macro-cellular system can be several

kilometers, or more. The signals generated by a micro-cellular system are also received

by 2 mobile unit operated in a macro-cellular system. When the mobile unit is positioned

proximate to a micro-cellular system. the mobile unit can react to the signal and request

a hand-off to the micro-celiular system. In some instances, this is not desirable. For

30 instance, the mobile unit may attempt to be handed off from the macro-cellular or other



connections. The HUB HUB 2 is a central processor which perforns many of
the functions traditionall ly 10 carried out by separate base stations,
O F—Fi= -t tar—Srst-armttri—rost—savrrys —artTrcreased f | exi brtTty are
effected by consolidating signal processing and radi o network operation
functions into a central processor. Figure 5 schematically illustrates the
l ogi cal architecture of HUB 2. The signal processing subsysteméSPS% 24
contains all WOME8paseband signal processing normally 15 18r ned
at the transceiver. These include: channelizing, swtching, COITbI ni ng, and
narr ow band si gnal proce55| ng. Uplink neasurenents of signal strength
(RSSI'), signal quality (i.e., bit error ratlés frane erasure rate, etc.) Are

al so perfornmed in SPS 24 accordl ng to known techni ques. Signal strength
and/ or signal quellemety systes terthevmicrascellalar sysiemwhes received,coutrol signals of themigror o

the HUB 4 are re ﬁ.gﬁg‘gna 1 23.
SPS 24 al so perf%gms %ﬁ@%ﬁ%‘%@ﬁ%‘“ﬂ%&%ﬂ“ﬁygy%@g% nﬁlégﬁ%z%g'?t
5,191,598 to Bacdeﬂhlaomotlﬁahémateé;smxanpl e. Radi o net wor k managenent
subsystem (RNS) 23 i res onsj bl e | ocal, contr of the r sour ces.
RNS 23 control s handiﬁ@?% adimaent o e“étHB""’E:‘Eﬂ‘h [Enes W E‘ﬁﬁﬂ’fﬁ@?‘Sﬂn % he

receiver agd {ragHelHafided uffifofa mhtro-2Aluld lor B&Uﬁhteﬁﬂnee;yfsteﬁi ©CMicEREeMlar 2 5
Radi o protocol subsystem (RPS) 26 serves as | i nk between SPS 24, RNS
23, and the out ssystemriseontelied. Mﬁdﬂmn@ﬂwﬁwmmopﬂ@mwmwwg@%umé| ude

conmuni cati on

proximate to a micro-cellular system, and is permitted only when the mobile unit enters
the area encompassed by the micro-cellular system as defined by selected entrance or exit
ways.

10 Because the RADs 3 are fixedly-positioned, the RADs 3 located proximate to exit
ways or entrance ways to the indoor area are discernable. Mobile stations in
communication with such RADs are thereby also discernable.

In one embodiment of the present invention, when a mobile unit is positioned
proximate to an entrance way or exit way, as determined by reception of signals
15 transmitted by the mobile unit to RADs 3 positioned proximate to such entrance way or

exit way, the HUB 2 generates signals on a control, or other, channel to instruct the
mobile station to communicate in the micro-cellular system. The mobile unit is instructed
otherwise to effectively ignore the signals generated by the cell site of the micro-cellular
system, and problems associated with premature termination of communication with the

20 mobile unit in the macro-cellular or other alternate environment is minimized.
In a further embodiment of the present invention, a mobile unit operable both in
a micro-cellular environment and in a macro-cellular environment, such as the above-
described system, further includes features to prolong the mobile unit’s portable power
supply. When a mobile unit is operable in a conventional. macro-cellular environment,
25 substantial supervisory and control, i.e., overhead, functions are required to be performed.
Fewer of such functions are required to be performed when the mobile unit is utilized in
a micro-cellular environment. As such additional features need not be performed when
the mobile unit is utilized in a micro-cellular environment, performance of such additional
overhead functions is superfluous. Therefore, when the mobile unit is utilized in a micro-

30 cellular environment, in addition to the reduction in power of communication signals



with nobile station 5 for neasurenent ordering and interpretation. The

Si gnal Processing Subsystem 3 0 The functions of SPS 24 are
schematically illustrated in Figure 7. Digitized IF WO 97/ 13386

PCT/ SE96/ 01218 -10- signals received from RADs 3a-3d are coupled to
channel i zer 27 where they are digitally separated into discrete channels.
For each chanwelo7#s38s ecach RAD, RSSI. or other signal qualityciggsbifgent s
are perforned and out put as ‘nmeasurenent data to RNS 23. RNS 23 deci des

whi ch channel s from whi ch RADs. shoul d be used and i ssues correspondi ng 5
control information to the receive selectigg. and macro diversity conbining
bl ock 29. Block 29 perforns diversity conbining ofthe signals received on

the appropriat e geheawedby fhe aisbilénietd HeRADsT, Exddhidn of I6mO o the'bveitfeadhficdone® i S

coupl ed to narrowband, recejver 31 which receives the conbined signal
according to kndih bt eliminated, dacreases injthe bapteny; i of a pprtable paveer sunphimsed topower

i nformati on frormg%ﬁmg&ﬁ@fgﬁ# d 10 by RNS 23 to select the
appropriate control information to e transmit switching and conbining

bl ock 30. Al of the Wthelmsmteinmhphem desgritielewith Pespect tto [al panivular 8
i e KD &7 reabofihein, b skilel' i the s Wl reSSgnize thit (5 present nvention 1 not
limited to the specific embodiments described and illustrated herein. Different
embodiments and adaptions besides those shown and described as well as many
variations, modification and equivalent arrangements will now be reasonably suggested
. by the foregoing specification and drawings without departing from the substance or
10 scope of the invention. While the present invention has been described herein in detail
in relation to its preferred embodiments, it is to be understood that this disclosure is only
illustrative and exemplary of the present invention and is merely for the purposes of
providing a full and enabling disclosure of the invention. Accordingly, it is intended that

the invention be limited only by the spirit and scope of the claims appended hereto.
15



selected for downlink, all of the RAD sites are used for
n’easurerrents The use in the present |nvent|on of w deband mugm ﬂi ""Illl”“l
C eftFat—process ' BEENC unpr

flexi b| i ty Uni que | D Nunbers antHi@ sl 1 Syst em Configuration Via O&M
25 HUB 2 is capabl e of assigning i denREFYEAL 1 on pararreters to RADs 20

3. This may be acconplished by poI mm‘and receivin

aut hent i cat i oNOP&P8hses in retur % ﬁ‘uﬂ(\\ cation inf orﬁyﬁ%ﬁlﬂﬁy

i ncl ude: type nunber, frequency r e capacity, maxi munim ni mumtransmt
power |evel, antenna type, and so forth. This enables the O&V to determ ne
automatically the syst em configuration wt hdat havi ng to manual ly inform
the HUB of the nunber or type of, RADs installed. 25 Anot her
feature of the p WE is that the RADs are not preassigned a
uni que identificatlon nunber, but rat her are assigned a uni que | D nunber,

by the HUB 2 once installed in the system This greatly si i fies system
installation. HUB 2 pbri od‘keeilmaytelthrSmmhm@mabgtoﬁm% ping ¢ells, each

pol l'ing the RADs recelw respanses. t heref the.i.nitial
set-up, the RADs® gf(gf ggctﬁ?oﬁ‘gt’ Fﬁﬁf%‘eﬁs oRe, é)cqu OmPHsNg; st em
Along withg he uniques bl@rdhwfmb&io h@idi,eéacﬁthad'couﬂléd)fo@ldaﬁmnahﬁwﬁnatdme
WD 97/ 13386 PCT/ SE96/ 01218
providing radio coverage of a portion of said cell;
a first information signal broadcast from a plurality of radio heads such that said
first information is confined to substantially the entire cell;
a second information signal broadcast from at least two radio heads such that said
10 second information signal is confined to at least a portion of said cell; and
at least one mobile station operating within said cell for receiving said first
information signal and said second information signal, and for broadcasting a third

information signal.

15 2. A cellular telephone system according to claim 1 wherein said second
information signal is broadcast both from a first radio head and a second radio head
wherein said second information signal is broadcast from said second radio head with a

time delay relative to said first radio head for providing time dispersion.

20 3. A communication network for permitting wireless communication with
a mobile unit movably positionable to a selected location within at least one cell defined
by an area encompassed by said network, said communication network comprising:

a plurality of spaced-apart transceivers, each transceiver of said plurality of
transceivers defining a subcell, subcells defined by the transceivers collectively forming

25 the at least one cell, said transceivers for selectively transmitting downlink signals on a
selected downlink channel to the mobile unit tuned to the selected downlink channel; and

a contro] device coupled to each transceiver of said plurality of transceivers, said
control device for controlling operation of said plurality of transceivers such that at least
two transceivers defining subcells transmit downlink signals on the selected downlink

30 channel to the mobile unit and such that the mobile unit is permitted uninterrupted
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-11- RAD may al so be stored in HUB 21-,.,,$ advantage of this | Ir u“]f '
system may be expanded, upgraded, or o W%gp i fied vth“ll mll WIIH“!
‘reconfiguring the information in HUB 2. PLaGey nple, a new RAD 34 ss *
installed to provide coverage in aM' r{pl area, one sinply connects the

new RAD 3 to the interface link 4. llﬁll/ aut omatical ly
recogni ze it sydpypasssce, determne its esse nf or mat i onpCEsEd6ARIS gN t he

new RAD a uni que I D nunber. No special programm ng, or system set-up
intervention is required by the user. In another enbodi nent, when an
additional RAD 3 is added to the network, -jgie newl y-added RAD 3 transmts
signals by way of the interface 4 to the HUB 2. The 10 signal s provide

the HUB 2 with peteptiofiof thé downlinkaignhllty réfisthing med toftid defcied dowalaik chakirtlas 0
the network. The HUB 2 is_thereby pronpted o poll the additional RAD 3 and
recei ve an aut h&emebileuait istaaysd beeveemthesubeells. A uni que 1D nunber can
thereafter be assigned by the HUB to the additional RAD, as descri bed
above. Responsive to the authentication responses provided by the RADs to
the HUB, 15 t he4.HUB The campuinivhtion netvork eficlaim azheremtine niobidé unitis futheyuber

to a RAD to revake assi gn t .of. an | D nunber to.a ,RAD.responsi.ve.to its
ot hent e i on PEEREE 1 Wap il inCSighlh sera NEERES nbbuil oinbet T PRY SE VRO |
control the conthdinelsahdWhértinishid tAscoRels ard bl fupkd Edheiiéitly26 all of the uplink Use

of wi deband RADs 3 proyi des freedom of network design conmpared to
channels of the set of uplink channels.

3. Thé communication network of claim 4 wherein said transceivers are
10 operative to down-convert the uplink signals received by said transceivers to form first
down-converted signals, and wherein the first down-converted signals formed by said

transceivers are supplied to said control device.

6. The communication network of claim 5 wherein said control device further

15 demodulates at least one of the first down-converted signals supplied thereto.

7. The communication network of claim 6 wherein said control device further
selects which of the first-down converted signals supplied thereto are demodulated.

20 8. The communication network of claim 5 wherein said control device selects
said at least two transceivers to transmit the downlink signals responsive, at least in part,
to characteristics of the uplink signals received at the transceivers.

_ 9. The communication network of claim 8 wherein the characteristics of the
25 uplink signals utilized by said control device comprises signal quality characteristics.

10.  The communication network of claim 8 wherein the characteristics of the
uplink signals utilized by said control device comprises at least energy levels of the
uplink signals received at the transceivers.

30
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traditional mcro-cell/pico-cell systenms. Wth the w deband

fewcells are created as far as control/access channels are Iﬂ“m mﬂﬁsﬂllll
gr att i EEfEl €771 NY LOw s  «
Figure 1, each cell is assigned one or norgescontsol channels which are
broadcast by all RADs |ocated in the iel | si mul casting the

. By 25
control channel throughout the cell, mwﬂﬁﬁﬂuiﬂ“ hannel Sgé%%@%l?lzqse to be
conpar

used as cont r¥Q%¥¥nel s i s substanti
traditional cell approach. Further, the use of a simulcast control channel
ensures that adequate coverage is provided throughout the cell. 30

Downl i nk Traffic Channels WO 97/ 13386 -19-

PCT/ SE96/ 01218 -12- Traffic channels, are allocated per user (i.e., nohile
station 5), rather tAkn p&he eommunieatign nefwork pficlaim 3swhergip said trapscaiverscagh

sites. Control | . i ed.: | M}ﬁﬁ}t d5en-Q¥nviehBs I 0
capacity can al g:éﬂ%géeggsplﬁéﬁgg o%g?ﬁr?gg‘?n'?%’e%ldrg I C g?\ an 'gg'} neeglgd asi s.
5 Eaafandeéiversfoh down-tomverting uplinkt signals cezeived am eyt ofainsuplink ohanacly.
channel available to the system A channel is defined as a frequency/tine
sl ot conbination such as used in

5 12.  The communication network of claim 11 wherein said transceivers each
comprise a plurality of up-converters and wherein said control device controls the
operation of the transceivers by controlling selection of which of said transceivers and
which of said up-converters thereof are utilized to form the downlink signals.

10 13.  Thecommunication network of claim 3 wherein said transceivers comprise

antenna devices.

14.  The communication network of claim 3 wherein at least two of said
plurality of transceivers further simulcast a control signal on a control channel to the

15 mobile unit.

15.  The communication network of claim 14 wherein each of said plurality of

transceivers simulcasts the control signal on the control channel to the mobile unit.

20 16. The communication network of claim 3 wherein said control device is

further operative to assign identifiers to said transceivers.

17.  The communication network of ciaim 16 wherein said plurality of spaced-
apart transceivers includes at least one subsequently-added transceiver, said subsequently-
25 added transceiver coupled to said control device subsequent to coupling of others of said
plurality of transceivers to said control device, said subsequently-added transceiver
operative to transmit to said control device indications of coupling of said subsequently-
added transceiver to the control device, and wherein said control device assigns an
identifier to said subsequently-added transceiver responsive to reception of the indications
30 transmitted thereto by said subsequently-added transceiver.

“This Sheet Has Been Reﬂlaced
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TDVA, or as frequency/code word conbi nati on such a used in
are N frequencies and Mtine slots/code words, then it is p(():mmmlll‘“mfm"ml
-al | ocate N nunber of frequencies and Mtine sl ot s/ code words *o eac

with the exception that all 10 channel s cannot be allocated to all

RADs at the sane tinme. Channel allocation and RAD sel ection are perforned

in HUB 2 by RM§e#fsssdgdased upon uplink signal nmeasurenents nmedeskisotii® 24
and reported to RNS 23, RNS 23 deci des which RADs are best suited to serve
a particular nobile station 5. Selection is nmade with consideration to
reduci ng as nmuch as possible the necessary_sgownlink transmt power to

achi eve signal quality. This 15 reduces overall systeminterference

level s. Ostensibly, tjge nW%&nﬁmlﬁﬁt&&k%ﬂﬁﬂn 18 Whefelt shid Sardivedd HRY S
the case. In assigning RADs for the downlink, nacro diversity, simlar to

t hat descri bed .momomwo@mmnpﬁmwwcmwemwmn
| et ro . RApSn0 HS{AC ke loniifs 17 UVl B0y SRR apt” O

respect to anot hmmﬁﬁ@the‘ih&eﬁﬁcﬁﬁomfmaumﬁipohheemeﬁ&r of the syrrbol peri od

of the nodul ati on such that inter-synbol interference (I1SI) at nobile
station 5 Ps produced. 1Sl can be exploited advant ageousl y. If TDVA is

Pat ont 5. 191, 508 o FREKsPoRapaafion b ok of BinE A SomBiydeati reiod " 15

RAKE r ecei ver whintsnfagselirkofoneoupling saideuitrol dewice fogether with said wansgeivassrbi ning is
enpl oyed. As the user (ie., nobile station 5) noves within the cell.
intra-cell hand-over, or '

20.  The communication network of claim 3 wherein said cell defined by the

10 area encompassed by said network overlaps with an alternate area of an alternate network
having an alternate network mobile device moveably-positionable therein and capable of
communication with both a transceiver of said plurality of spaced-apart transceivers and
with a base station of the alternate network, and wherein said control device is further
operative to control times in which the alternate network mobile device is permitted to
15 communicate with at least one transceiver of said plurality of spaced-apart transceivers
when the macro-cellular mobile device is being operated to communicate with the base

station of the alternate network.

21.  The communication network of claim 20 wherein the alternate network

20 mobile device is permitted to communicate with a selected transceiver of the plurality of

spaced-apart transceivers when the alternate network mobile device is positioned
prbximate to the selected transceiver.

22. A method for permitting wireless communication with a mobile unit
25  movably positionable to a selected location within at least one cell defined by an area
encompassed by the network, said method compriing the steps of:
positioning a plurality of transceivers at spaced-apart locations throughout the at
least one cell, each of the transcejvers defining a subcell;

coupling a control device to each transceiver of the plurality of transceivers;

30 controlling transmission of downlink signals by the transceivers with the control
s
THIS SHEET HAS BEEN
is Sheet Hlai |l‘3<-|:‘ei1‘lieﬂliced REPI.ACED




I nter-subcell handover takes place. In inter-subcell handover
i 5 handed-of f fromone RAD to another w thout the nobile stat g‘ﬂ ”“I

a Tequ
slot, or code word and the nobile 30 continues to operate
uninterrupted on the traffic channel as before. A hand-over is

97/ 13386 PCI/. S 9%8

-13- descri boMOPH1A38S Pat ent 5, 109,528 to Uddenfeldt. U.S. PR 9,528
assigned to the instant assignee ofthe present invention is |ncorporated
herein in its entirely by reference. Figures 6A-6C illustrate one way in
whi ch hand-over is perfornmed using nacro--ﬁlver5|ty This i s sonmewhat
simlar to so-called soft handover which is described in US 5 Pat ent

5,109, 528 to Uddiswcesugh thatpt least tye transeeivers definingsubeells trapsmitdowndigk sigaalgogynal s
ot et AR gyl A e S k198, e GO e
station 5A.is r amiiterrupgddereption lof ahegdairxﬂnﬁtrmgﬂabby axmaiping , tufiedewuthe spleétéd and
(r)rgbit : gesf;?it bnT%ﬁ@mé&%l? B’&‘Eils\?’%‘g’g? ﬁ‘léz"gﬂ"rfgg ggMAI o hgode
words. As ghown in Figure 6B, as nobile station 5A noves out of range of
RAD 38, 23.  The method of claim 22 comprising the further steps of:

tuning the transceivers concurrently to every uplink channel of a set of uplink

channels;
transmitting an uplink signal from the mobile unit upon a selected uplink channel
10 of the set of uplink channels; and
receiving the uplink signal at transceivers of the plurality of transceivers within

range of the mobile unit.

24. A communication network for permitting wireless communication with
15 a mobile unit movably positionable to a selected location within at least one cell defined

by an area encompassed by said network, said communication network comprising.f
a plurality of spaced-apart transceivers, mch transceiver of said plurality of
transceivers deﬁniﬁg a subcell, subcells defined by the transceivers collectively forming
the at least one cell, said transceivers having transmitter portions for selectively
20 transmitting downlink signals on a selected downlink channel to the mobile unit tuned to
the selected downlink channel and having receiver portions tuned concurrently to every
uplink channel of a set of uplink channels for receiving an uplink signal transmitted by

the mobile unit on a selected uplink channel of the set of uplink channels; and

| a control device coupled to each transceiver of said plurality of transceivers, said
25 control device for controlling operation of said plurality of transceivers to cause
transmission of the downlink signals such that at least two transceivers defining subcells
by transmitter portions of a pair of selected transceivers and to cause reception of uplink
signals generated by the mobile unit at a receiver portion of a single selected transceiver.

30 25.  In a method for permitting wireless communication with a mobile unit



nobil e station 5A begins to receive dowlink signals from qullmﬁumlem“l
RADs 3a, 3b, and 3c transmt substantially the sane informat) | i
‘time'to create 1Sl at nobile station 5A. As shown in Figure 6C, %s'noffil& *
station noves further towards RAD 15 3c, RAD 3a term nates

transm ssion of its signal. Note that since neither the frequency, nor tine
sl ot change iyo ¢iA¥4se( NOr code word in CDVA), nobile stationpérstssmigiavare

of the handover. This reduces the network managenent task significantly.
Hand-of f is controlled by HUB 2 which uses the RADs to periodically

perform uplink signal strength, or signalsguality, neasurenments in the

foll ow ng manner. One 20 advant age o? using a w deband RAD i s that

each RAD recei Vgsovab ﬂ;siﬁmwﬁ&g%%ﬁg?fc LUAWEHES 6 hn Gealehborly Bya t he

traditional mcro-cell/pico-ce , both the transmt and recéive
sites are swit cnetivark farimed ofarpluralitseof spaced@parhtranspéivars canpled/tp a centrab pgntroh e

transmtter/receiver, is usuallv.collocated 1his nts. to.swtchi sites
a5 The mobi | & SERVEGR Tl ineeban S5 ERent ofy B O sl Sidlafnd
sites are changahk nétwérkR4aid méthod compiisingthed siépsof! | Nk are unaffected since
all of the RADs are receiyving all of the uplink channels (i

frequenci €3/ ti mes| ot PewRiting palling sequess from dhecenigal conteol SF‘Q‘F%tP;Q‘i!’ tEAnEREENSEING
083 gy ey 1 o1 200 |11l ¢ ane
transmitting responses back to the central control device from each of the
transceivers responsive to the polling requests transmitted during said step of transmitting
the polling requests; and _
10 controlling communication with the mobile unit at the control device responsive
in part upon the responses transmitted back to the control device during said step of

transmitting the responses.

26. In a method for permitting wireless communication with a mobile unit

15 movably positionable about at jeast one cell defined by an area encompassed by a
network formed of a plurality of spaced-apart transceivers coupled to a central control
device by way of an interface, an improvement of a method for adaptively configuring
the network when an additional transceiver is coupled to the control device by way of the
interface, said method comprising the steps of:

20 transmitting signals from the additional transceiver to the control device upon
coupling of the additional transceiver to the controt device to prompt the control device
to poll the additional transceiver;

transmitting a polling request from the central control device to the additional
_ transceiver requesting additional information regarding the additional transceiver;

25 transmitting responses back to the central control device responsive to the polling

request transmitted during said step of transmitting the polling request; and

permitting the additional transceiver to form a portion of the network when the
responses transmitted back to the central control device during said step of transmitting
responses are of selected values.

30



WD 97/ 13386
PCT/ SE96/ 01218 -14- In a conventional mcro-cellular system the uplink and
downtTTikare coupted.—That T35, DY serecting the downt Tk transnitter, the
uplink receiver (normally colocated in a transceiver) is automatically
selected as well. In the present invention, this is not necessarily the
case. As previously nentioned, each RAD 3 is capable of receiving all 5
channel s al | Y9 % i me. The uplink signals are received, BOUPERBHIL t ed
and digitized as descri bed herei nabove and coupled to HUB 2 via interface
link 4. In HUB 2 each channel fromeach RAD is anal yzed to determ ne, for
each channel, which ofthe received signals ¥v#of the RADs shoul d be

denodul ated. This information my be used to select the best RAD for the
downl i nk as descri bed herei nabove, but due to tinme varying 10

characteristics of the radio(gn¥ggfnnent, i #Ts~\ndeed poss
recei ved signals which are pfocess '

transmt the downlink|

effectively decoupl ed, Hecoup] i not hdret |l e
with existing mcro-c ol ut repr egent ty in
cel lul ar system oper M cr K Macrjo- Fi on In
an enbodi rent of the i nven nmobi lfe p ich are operable
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in the above-described mcro-cellular environment to send signals to and to
receive signals fromthe RADs 3 are. al so operable in an alternate cellular
S = en theTobite unit
is positioned proximate to a micro- cellular system the energy | evels of
the control (and other) signals generated by the mcro-cellular system
when received by the nobile unit, can be significantly higher than the
energy | evel Y@PM control (and other) signals received fPOHIEIRRI2IS
macro-cel lul ar system or other alternate system For exanple, the disparity
can occur as the distance 25 bet ween the nobile unit and a base
station of the macro-cellular systemcan bg eral kiloneters. or nore.
The signals generated by a micro-cellular systemare al so received by a
nobile unit operated in a nmacro-cellular system Wen the nobile unit is
positioned proximate to a mcro-cellular system the nobile unit can react
to the signal and request a hand-off to the mcro-cellular system In sone
i nstances, this is not desirable. For 30 i nstance, the nobile unit may
attenpt to be handed off fromthe nmacro-cellular or other WO 97/ 13386
PCT/ SE96/ 01218 -15- alternate system the piere-€ellular system when
recei ved control signals of the r o- I r systeare of significantly
nhg\\ of {he nacro

hi gher energy | evels than control s\gnats” - \*
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cellular or other alternate system In one enbodi ment of the present
i'nvention, the times in which the nobile unit 5 can be handed off from
a—Faet-o—eeH-ti-ar—of—et-het—aitermate—systenrto—anrero-—cettuar—system i s
controlled. A hand-off is prevented when the nobile unit is nerely
positioned proximate to a mcro-cellular system and is permtted only when
the nobile unit enters the area enconpassed by the mcro-cellul ar system as

defined by s®Q@e¥¥@¥Péentrance or exit ways. 10 BeRARERPHS _ADs 3
are fixedly-positioned, the RADs 3 |ocated proximte to exit ways or
entrance ways to the indoor area are discergaple. Mbile stations in

communi cation with such RADs are thereby al So di scernable. In one
enbodi nent of the prdSem™ ITvent Ton,” Whgh~a mobi Te unl't T1S pOST&l oned
proxi mate to an entrgnce vvay or exit waf as deternined by recéptionjof
signals 15 transmqitted the nobi | & unit to RAk 3 positigged

proxi mate to such entjrance y or exit y, the HU gener at es&si gnal s on
a control, or other channel<to i nstrucig t he nobi |l egstati on to gonuni cat e
in the m'cro-cel I ul}isyste The nobil & unit is in&ructed ot hEBrw s‘% to

effectively ignore tHe signalf's generated by the cel¥ site of t He
m cro-cel l ul ar syst effeang okl 8 -ass4Ci-at od—m=t-h remFad W 6 &berd-pdit i on
of conmmuni cation wthtme—20 ~— nobr+ r =i
other alternate e v\_q_onrrent S mnimzed.

present invention, rm) 0 T {ihit —ap€er ablle_ ko
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described system further includes features to prolong the nobile unit's
portabl e power supply. Wien a nobile unit is operable in a conventional,
Nes+e—eetHttar—envrrorment—25— =supstantlal supervisory and control,
i.e., overhead, functions are required to be perfornmed. Fewer of such
functions are required to be perfornmed when the nobile unit is utilized in
a mcro-cellular environnment. As such additional features nFEFB 1318
performed wheMO®HE3Hobil e unit is utilized in a mcro-cellular environnent
performance of such additional overhead finctions is superfluous.
Therefore, when the nobile unit is utilized inga,mcro- 30 cel lul ar
environment, in addition to the reduction in power of communication signals
WD 97/ 13386 s

PCT/ SE96/ 01218 -16- generlat ed by t he nDblleEhnlt to the RADs 3, executioh
of sone of the overhead ﬂunctloﬁﬂ can be el @rinated. |n@reases in t fe i
battery life of a port&bl e power%supply useEto power t mobi | e ungt cap

therefore result. Wil the pres@nt inventi gy has been scrlbed Wi gh
respect to a particular odi nent ose skille& in the artIMnII
recogni ze that the preserit invention is not imted to e speC|f|c
enbodi nents described ang illustqjated hereinp. D fferent enbodlnents and
adapti ons besi des those Ihown angl describedlas well as
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vari ations, nodification and equival ent arrangenments will now be reasonably
suggested by the foregoing specification and drawi ngs w t hout departing

f ronrttre—substarceor—10 stope-or—tte—Tnverttomr—hi | e-thepresent

i nvention has been described herein in detail inrelation to its preferred
enbodi nents, it is to be understood that this disclosure is only
illustrative and exenplary of the present invention and is nerely for the
pur poses of PVOIVHBHMy a full and enabling disclosure of thePFHYEHOIANA.
Accordingly, it is intended that the invention be limted only by the
spirit and scope of the clains appended hereto. 15 -17-

PCT/ SE96/ 01218 WHAT IS CLAIMED I S: 1. A cg i cation network for
permtting wireless conmunication with a nobile unit novably positionable
to a selected location within at |east one cell defined by an area
enconpassed by said network, downlink signals transmttable by the 5
conmtruni cation network to the nobile unit ggaua sel ected downlink channel and
uplink signals transnittable by the nobi @ %nit to the Tommunication

net wor k upon a sel ected uplink channel ofEau.set of upl iﬁik channel s, said

communi cati on network conpris :a plur aﬁiﬁy of spaceo§apart transcei vers,
each transceiver of said plurali of 8"‘ (7]
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transcei vers defining a subcell, subcells defined by the transceivers
the at least one cell, said transceivers for

collectively formng 10

S etecttvety—trarsTttTg-dowt RS T gTatr S0 a ser ected downl | nK “channel
the nobile unit tuned to the sel ected downlink channel,
each tuned concurrently to al

channel s,

to
sai d transceivers

of the uplink channels of the set of uplink
and said transceivers each conprising a plurality

rOl/sEseminis

down- convert YRR | urality of down-converters of each transcel ver for

down-converting uplink signals 15
devi ce coupled to each transceiver of said

channel s; and a control

recei ved on any of the uplink

plurality of transceivers, said control devi e/ fTor control ling operation of

said plurality of transceivers such that at

| east two transceivers defining

subcells transmt link signals on_tihe sel ected downlink channel to the
nobile unit andss that the nobil nitf is parmitt uni nt errupt ed
reception of t i pk gnal by \ ¢@ijni ng ned mselectgd
downl i nk channel &\nob+ | e unit ggrvaa bet ween t |l 9= -18-
PCT/ SE96/ 01218 2. The\ cimuni cat i of ndqt woNkwof cl ai m ei n=sai d
transceivers are bpefatiyedt o down-co t ot uplink s dei ved by
said transceivers tjo forlfirst down-cqgnverte iqgnals, ei n_the
first down-convertegd sign 5E_tj:;jd by |sai d >~
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transceivers are supplied to said control device. 5 3. The conmuni cati on
network of claim!| wherein said control device further denodul ates at |east
ORe—ef—ihpe—f-tr-st—tonwr—comverteasrymars supprred thereto. 4. The

conmmuni cation network of claim3 wherein said control device 10 further
sel ects which of the first-down converted signals supplied thereto are
denodul ated. 5. The communi cation network of claim1l whey

control devi MO%APBEts said at | east two transceivers to transmt t
downl i nk signals responsive, at 15 | east |n part, to characterlstlcs of
the uplink signals received at the trans%ﬁlv The conmuni cati on
network of claimb5 wherein.the characteri {I S of the uplink signals
utilized by said control device conprises signal quallt1 characteristics.

20 7. The coMi cation network of claim|5 wherein the
characteristics of the TR gar s uctt 11 Zed by sal d ntrol device
compri ses at | east enerEELLe¥ets—eL the uplink sig S recel jed gt the
transcei vers. -19- PCT/ SE964 01218 The
conmuni cati on network of flai@ 1 wherein said trangcei verg§ each
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-cor}pri se a plurality of up-copverTerd:raPaiemi®ifies n Yai d contrBP”C?éﬂ%écnw -
controls the operation of the| t i ol ling sel ectg gegp 1998
whi ch of said transceivers and which of said up-converters thereof are
utilized to formthe downlink signals. 5 9. The conmuni cati on network of
claim1 wherein said transceivers conpri se antenna devi ces. Th
comuni cation network of claim1l wherein g[—ﬁ (3]?@@96/01518

| east two of szﬁ

plurality of transceiver further simulcast a control signal on a control

channel to the nobile unit. 11. The conmuni cati on net wo, “m[ m II(I
wherein each of_ said §)I ural i tB/ of transceivers sinul cast s” mﬁ Ilﬂll ”"l
si gnal . on the cWHABIS hMMED IS the nobile unit. 15 12, *ThHe - * s *

comuni cation network of claim1 wherein said control device is further,
operative to assi gn l-dent{CpRmyNicasion aetwork for peraittimggwvirdess commmgication with
comuni cation network of claim 12 wherein said plurality of 20

spaced- apart t ramebilsupimovably pepifiogable to asglected incationwithin @hlepst one gellidefined

transcei ver, sajid subsequentl|y-added, transceiver coupled to said control
devi ce subsequetit R @redotnsompassed byt said retyprls downlink, signals, transmittable bxither s
to said control devige, said li{(t;tgsequen,ily-, added transcej ver operative to

transmit td sai SPIUBHIGAHPN RRtyPrkIoithemebile unitons selested downlink channel and uplink

subsequent | y- added, transcei ver to E_Pe control device, and wherein said
contr ol . signals transmittable by the mobile unit to the communication network upon a selected

‘ uplink channel of a set of uplink channels, said communication network corriprising:
a plurality of spaced-apart transceivers, each transceivgr of said plurality of
transceivers deﬁriin'g a subcell,lsubcells defined by the transceivers collectively forming
10 | the at least one cell, said transceivers for selectively transmitting downlink signals on
a selected downlink channel to the mobile unit tuned to the selected downlink channel,
said transceivers each tuned concurrently to all of the uplink channels of the set of
uplink channels, and said transce_ivers each comprising a plurality of down-converters,
the plurality of down-converters of each transceiver for down-converting uplink signals
iS received on any of the uplink channels; and
a contyol device coupled to each transceiver of said plurality of transceivérs,
said control device for dontrolling operation of said plurﬁlity of transceivers such that
at least two transceivers defining subcells transmit downlink signals on the selected
downlink channel to the mobile unit and such that the mobile unit is permitted
20 uninterrupted recep_tioﬁ of the downlink signal by remaining tuned to the selected

downlink channel as the mobile unit is moved between the subcells.
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transcei vers at spaced-dapaft %odatisons throughout the at |ea one cel
each of the transceivers defining a subcell; froma transceiver defining
t he subcell in which the nobile unit is positioned and froma transceiver

S gnal on a 10 sel Bet oal BB THRCHIBHTREN oL AR OUE Ol HEeNeNER 1 ho
ommi ni ng 1 uned HeRR RS BRI TR AE Ry erf-areE o Prrhat Y

The mobi 16 uni 195p o REARl sl S BherPhnd SRLRTM PuRrGR oot Rrmh S e
L1 anscel ver o r casht 8RR g Bh¥aevied, °1 Pancoai ver (ransmiited the

downl i nk 55' gnal to which the nobile unit is responding. 19. The
conmmuni catlon network of claim3 further conprising a bi-directional

interface |ink fo.r cg)'UpI i PHe §8rhgluﬁﬁﬁiornoljle@8m 8?01&919?twr]1ee1r'eir\{m .sa'{ig' cgrﬁiroq device

transcei vers.
further demodulates at least one of the first down-converted signals supplied thereto.

4. The communication network of claim 3 wherein said control device
10 further selects which of the first-down converted signals supplied thereto are

demodulated.

5. The communication network of claim 1 wherein said control device
selects said at least two transceivers to transmit the downlink signals responsive, at

15 least in part, to characteristics of the uplink signals received at the transceivers.

6. The communication network of claim 5 wherein the characteristics of

the uplink signals utilized by said control device comprises signal quality characteristics.
20 7. The communication network of claim 5 wherein the characteristics of

the uplink signals utilized by said control device comprises at least energy levels of the

uplink signals received at the transceivers.
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transcei ver of said-pl ﬂﬂ -apggt transceivers | ase’
station of the alternat® rfet work, and wherein said control @F%&/{agﬁsb
further operative to control times in which the alternate network nobile
“device is permtted to conmunicate with at | east one 25 transcei ver of
said plurality of spaced-gpart transcei veri( \?lhﬁg'nt he macro-cel lul ar nobile
device is being oper&ted IHTHHAReR netvfpri P cladm ] axherein suid gransseiverseach
alternate network. 21. The communi cation, network of claim 20 wherein the.
al t ernat e net wof¥PRRSi3 %luffgwi ‘li‘e)uﬂ'%mb’ﬁ"r“’r‘f? ta{“éd"%teff“b %&ﬁﬁ?@&t devigeioeniiolsdhect ed
transceiver of the plutality of spaced-agpart_ transgejver en t he

al ternate net wofBE" Bio?&xe&régchlgeris Y SORITQ IW!FF’BY‘?)%CWE‘FE °?§?\{¥{]H€‘5§@Y€§@%‘H 30
transceiver. 22.,..,A.nethod for permtting.wreless co nj,gation with a
mobi | e unit movABEY 066%‘3 PP'&H%‘(?F‘@PSFEG"? AL¢ ﬂ@l’@ﬂ te Mﬁﬁsmrﬁq ﬁ‘\g'&i}‘ | east one
cell defingd by an area enconpassed by the network, said nethod conprising

the steps Of: positioning a plurality of transceivers at spaced-apart
| ocations throughout the | east 35. t he transcei vers

5 I 1., f
defining a subcel | ; Toupl T 1 SAMPLRICAtin %@P@gq&li‘ggﬂ W%é‘iﬂ%é@ﬂ\ﬁéﬂ“s‘éﬁ“’efhe

plurality of transcei ve{?al;l%(gont rolling transm ssion of downlink signals by

t he transcei ver ©TRTSH iA{aso]

10.  The communication network of claim 1 wherein at least two of said
10 plurality of transceiver further simulcast a control signal on a control channel to the

mobile unit.

11.  The communication network of claim 10 wﬁerein each of said plurality
of transceivers simulcasts the control signal on the control channel to the mobile unit.

15
12.  The communication network of claim 1 wherein said control device is

further operativé to assign identifiers to said transceivers.

13.  The communication network of claim 12 wherein said plurality of
20 spaced-apart transceivers includes at least one subsequently-added transceiver, said
subsequéqtly—added transceiver coupled to said control device subsequent to coupling
of others of said plurality of transceivers to said control device, said subsequently-
added transceiver operative to transmit to said control device indications of coupling |
of said subsequently-added transceiver to the control device, and wherein said control

25 device assigns an identifier to said subsequently-added transceiver responsive to
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spaced-apart transcei \éam m"m @ .’ entral control dfew ce by way of ﬁn
) r-gslaptively confi t he
ctran i‘j s coupled to the C%T@%ﬁ@%%

I nterface, an inprove

net wor k when an additionma

way of the interface, said nethod corrprlsmg the steps of: transmitting
signals fromthe additional transceiver ‘to |th§ control device qun CO;Jp| : ng
of the additional tran Lver.to the.confro evice to pronpt the contro
device to pol | TRt QHBE‘?‘F Ydicptiqns gﬁ%‘?ﬁébﬂe@(w said subsequeqt]ryaqﬁigﬁql trensqeiver.
polling request fromthe central control device to the additional

transcei ver requestT ng addi tional information regarding the additional

transcei ver; transm esponses.back tQ t .central control device
responsive to the po |ng 9?8'5@'{” ?W?M‘&W'&gwg%ﬁ‘& said drangpeivers are

transmtting th oII| est an ermtti t he addi {i onal transceiver
to forma porti @ﬁﬁlﬁ OP ﬁl\lk/rf@ﬂ'legﬂgatlfg mggm’r’té%"p%%‘i contegl device and pack

esponses -
to the cenfral gomLEOL .cﬂegatr%? d%%_zé B8LighS 'iGentthictd (3 sald Hansceivers 1 polig sid

transceivers and receiving the authentication information responsive thereto.

15.  The communication network of claim 1 further comprising a bi-
directional interface link for coupling said control device together with said

10 transceivers.

16.  The communication network of claim 1 wherein said cell defined by the
area encompassed by said network overlaps with an alternate area of an alternate
network having an alternate network mobile device movably-positionable therein and

15 capable of communication with both a transceiver .of said plurality of spaced-apart
transceivers and with a base station of the alternate network, and wherein said control |
device is further operative to control times in which the alternate network mobile
device is permitted to communicate with at least one transceiver of said plurality of
spaced-apart transceivers when the macro-cellular mobile device is being operated to

20 communicate with the base station of the alternate network.

17.  The communication network of claim 16 wherein the alternate network
mobile device is permitted to communicate with a selected transceiver of the plurality
of spaced-apart transceivers when the alternate network mobile device is positibned

25 - proximate to the selected transceiver.
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-22- novably positionable a defined by an 0 R-0i-

enconpassed by a network formed of a pfurality of spaced-apart transcei vlgrgg
coupled to a central ¢ ' y of an interface, an inprovenent
of a method for autorr'éﬂmmmmamﬁﬂ"m!lpg-ﬁf_e network, said, gg '
conprising the steps of:*5¢ L u s ransmtting polting r% g 0121&m
the central control device to each transceiver requesting information
regardi ng each transceiver; transmtting responses back to the central
control device fromeach of the transceivers responsive to the polling
requests transnittedl®uri Fip Hethed forpemaitting winelesstcommynicatiomwith a mebileyniest s;
and 10 control li n(I:] communj cation with the nobile unit at the
control devi ce MO¥pRly Positionableszhout apleastians el slsBreskly an aresencareprsirddiy a o
the control device during said step of transmtting the responses. 26. In
a method for pePsvetk fagned ofapbudity. of shaser @pant sransgeiversconpled tea gentral gantrol
movabl y positionabl e about, af | east one cell defined by an area enconpassed
by a network fofi¢Hss byway ofpinterface, aafmgrea@a@naﬁametmdafés adaptively configyriegl t o

a central contrqgl device by way, of an interface, an inprovenent of a nethod
for adapti §,e| y ﬁpmrjl,: wh yan ad%monal transce%ver 1s coupled to thrépcontrol device by way of

the interface, said method comprising the steps of:

transmitting signals from the additional transceiver to the contrbl device upon
couplihg of the additional transceiver to the control device to prompt the control device
to poll the additional transceiver; |
10 transmitting a polling request from the central control device to the additional'
transceiver requesting additional information regarding the additional transceiver;
transmitting responses back to the central control device responsive to the
polling request transmitfed during said step of transhitting the polling request; and
permitting the additional transceiver to form a portion_of the network when the
15 responses transmitted back to the central control device during said step of transmitting

responses are of selected values.
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from a transceiver defining the subcell in which the mobile unit is positioned and from a
transceiver defining a subcell adjacent thereto, concurrently transmitting a downlink signal on a
selected downlink channel to the mobile unit such that the mobile unit is permitted uninterrupted
reception of the downlink signal by remaining tuned to the selected downlink channel as the
mobile unit is moved between the adjacent subcells; and

transmitting an uplink signal from the mobile unit in response to a downlink signal
received from one of the transceivers, and routing the uplink signal through another of the
transceivers regardless of whether said another transceiver transmitted the downlink signal to
which the mobile unit is responding.

19. The communication network of claim 3 further comprising a bi-directional
interface link for coupling said control device together with said transceivers.

20. The communication network of claim 3 wherein said cell defined by the area
encompassed by said network overlaps with an alternate area of an alternate network having
an alternate network mobile device movably-positionable therein and capable of communication
with both a transceiver of said plurality of spaced-apart transceivers and with a base station of
the alternate network, and wherein said control device is further operative to control times in
which the alternate network mobile device is permitted to communicate with at least one
transceiver of said plurality of spaced-apart transceivers when the macro-cellutar mobile device
is being operated to communicate with the base station of the alternate network.

21. The communication network of claim 20 wherein the alternate network mobile
device is permitted to communicate with a selected transceiver of the plurality of spaced-apart
transceivers when the alternate network mobile device is positioned proximate to the selected
transceiver.

22. A method for permitting wireless communication with a mobile unit movably
positionable to a selected location within at least one cell defined by an area encompassed by
the network, said method comprising the steps of:

positioning a plurality of transceivers at spaced-apart locations throughout the at least
one cell, each of the transceivers defining a subcell;

coupling a control device to each transceiver of the plurality of transceivers;

controlling transmission of downlink signals by the transceivers with the control

control device
ngcei ver to the control device to pronpt
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(57) Abstract

communication network receives the control signals.

A communication network, and associated method, permitting wireless communication with 2 mobile unit in an indoor environment.
Transceivers (3) are positioned at spaced-apart locations and are coupled to a centralized, control device (2). The transceivers include
transmitter portions and wideband receiver portions. Uplink signals transmitted by a mobile unit (5) are received by receiver portions (8,
9, 10, 11, 16, 17} of transceivers within the range of the uplink signal. Downlink signals are generated by at least two transmitter portions
(12, 13, 14, 13, 18, 19, 20) of at lcast two transceivers. The control device controls selection of which transmitter portions and which
receiver portions of the plurality of transceivers are utilized to effectuate two-way communication with the mobile unit. Control signals can
also be transmitted by the transmitter portions of all of the transceivers such that a mobile unit positioned anywhere within the area of the




