M GROCELLS BACKGROUND The present invention relates to a

CoRyNT CATI ON MANAGEMENT TECHNI QUE FOR A RADI OTELEPHONE sqggg%qugj‘ NG
C I

t echni que for a radi ot el ephone conmmuni cati on system and

articularly,

to a cont wah ohyA@rer que for a wirel ess comuni cation system C@Qﬁ&@§k§@o
0

(. requgncy spectrum nmade avail abl e

growt h in tel ecomuni cati ons S IR AGARERNYI Ng stress on the
of ce systens. el
f or Thiegl.yl.ar communications desaras—eetrttar—systens havi

T

%

I

DIO PHO SY. NCLUDING

BACKGROUND

ng i ncreased

2 Repapcy adaptability-to various communications traffic
hq/; COMMUNICATION MANAGEMENT TECHNIQUE FOR A

CROCEL

The present invention relates to a control
5 technique for a radiotelephone communication systemn,
and more particularly, to a control technique for a

wireless communication system.

Continuing growth in telecommunications is

placing increasing stress on the capacity of cellular

10 systems. The limited frequency spectrum made
available for cellular communications demands
cellular systems having increased network capacity
and adaptability to various communications traffic

_ situations. Aalthough the introduction of digital

15 cellular systems has increased potential system
capacity, these increases alone may be insufficient
to éatisfy added demand for capacity and radio
coverage. Other measures to increase system

. capacity, such as deéreasing the size of cells in

20 metropolitan areas, may be necessary to meet growing

demand.

Interference between communications in cells

located near one ancther creates additional problems,
particularly when relatively small cells are
25 utilized. Thus, techniques are necessary for

minimizing interference between cells.

One known

technique is to group cells into "clusters”. Within

individual clusters, communications frequencies are
allocated to particular cells in a manner which

30 attempts to maximize the uniform distance between
cells in different clusters which use the same
communication frequencies. . This distance may be

termed the "frequency reuse" distance.
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using a communication frequency and a distant cell
using that same frequency is reduced.

Radio base stations are often located near the
center of each cell to provide radio coverage
throughout the area of the cell. Alternatively, a

' radio base station may be located near the center of

three adjacent "sector cells" to cover those cells.
The choice between a sectorized and non-sectorized
system is based on various economical considerations
such as equipment costs for each base station.

Localized microcells and picocells may be
established within overlying macrocells to handle
areas with relatively dense concentrations of mobile
users, sometimes referred to as "hot spots”.
Typically, microcells may be established for
thoroughfares such as crossroads or streets, and a
series of microcells may provide coverage of major
traffic arteries such as highways. Microcells'may
also be assigned to large bdi;dings, airports, and
shopping malls. Picocells are similar to microcells,
but normally cover an office corridor or a floor of a
high-rise building. The term “microcells" is used in
this application to denote both microcells and
picocells, and. the term "macrocells" is used to
denote the outermost 1ayer of a cellular structure.
An "umbrella cell"™ can be a macrocell or a microcell
as long as there is a cell underlying the umbrella
cell. Microcells allow. additional communication
channels to be lccated in the vicinity of actual
need, thereby increasing cell capacity while
maintaining low levels of interference.

The design of future cellular systems will
likely incorporate macrocells, indoor microcells,
outdoor microcells, public microcells, and restricted

microcells. Macrocell umbrella sites typically cover
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techrfique is to group cells into "clusters". Wthin individual clusters,

iﬁhnunications frequencies are allocated to particular cells in a manner
ich 30 attenpts to maxim ze the uniform di stance between cells in
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di stance may be terned the [|'freqwescACERuUse” |di stance. As this - 2-

di stances increases, the interference between a cell using a comrunication

frequency and a distant cell S

radii in excess of 1 kilometer and serve rapidly
moving users, for example people in automobiles.
Microcell sites are usually low power, small radio
base stations, which primarily handle slow moving

5 users such as pedestfians. " Each microcell site can
be viewed as an extended base station which is
connected to a macrocell site through digital radio
transmission or optical fibers.

In designing a microcell cluster, it is

10 necessary to allocate spectrum to the microcells.
This can be done in several ways; for example,
microcells can reuse spectrum from distant
macrocells; a portion of the available spectrum may
be dedicated for microcell use only; or a microcell

15 can borrow spectrum from an umbrella macrocell.

In dedicating spectrum to the microcells, a
portion of the available spectrum is reserved
strictly for the microcells and unavailable to
macrocells. Borrowing spectrum involves taking

20 frequencies available to a covering macrocell for
microcell use.

Each of these channel allocation methods has
‘accompanying advantages and drawbacks. Reusing
channels from distant macrocells causes little

25 reduction in capacity of the macrocell structure.
However, reuse is not always feasible because of co-
channel interference between the microcells and
ﬂhcrocells. _

By dedicating spectrum to the microcell,

30 interference between cell layers (microcell and
macrocell) is reduced because any co-channel
interference is between microcells, not between
macrocells and microcells. When dedicating spectrum
to a microcell, that spectrum is taken from the

35 entire macrocell system in a certain area, e.g., a
city. Thus, that spectrum is not available for
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usi ng that same frequency is reduced. Radio base stations are often |ocated
near the 5 center of cell to provide radio cover age throughout
‘the ar ea‘@é t he ceII Al t @rias SHEEY HA] B p base station may be | ocated
near the t hree fdj aceRBPLAGESt OF cpl | s" to cover th&&d/U§93/3023phe
choi ce betmeen a sectorized and non- ~e++zed 10 systemis based on
various econom cal considerations such as equi pnent costs for each base
station. Localized mcrocells and picocells,gny be established within
overlying macrocells to handle areas with relatively dense concentrations

of mobile 15 +  paU3eke11SeERl MAS @S ! GifSan "RFe#POdREaining
' only a few microcells, capacity is adversely affected
because the microcells cover only a small portion of
the area in the macrocell area while the macrocell,
5 with a reduced amount of spec¢trum available, must
cover a substanﬁial.area. Nevertheless, as the
number of microcells increases and the area covered
by only the macrocell decreases, capacity problems
associated with dedicating spectrum may be reduced
10 and a total net gain in overall system capacity can
be achieved without introducing blocking in the

macrocells.
Borrowing channels from an umbrella macrocell,
like reuse, presents potential co-channel

15 interference between microcells and macrocells.
Also, capacity may be adversely affected because
efficient spectrum allocation is often impossible.
For example, it may be difficult to address all the
hot spots in a cell simultaneously when borrowing or

20 dedicating spectrum. An‘advantage of borrowing
spectrun is that the entire macrocell system is not
affected, unlike dedicating spectrﬁm, because only
spectrum allocated to a covering macrocell is |
borrowed and not spectrum from the entire systen.

25 Thus, other macrocells can use the same spectrum
which is being borrowed by a microcell from its
covering macrocell. g

" Further, in cluster design, allocated spectrunm
must be distributed to individual microcell sites.

30 Known methods employed for spectrum allocation
include fixed frequency planning, dynamic channel
allocation (DCA), and adaptive channel allocation
(ACA).' Further, a control channel management
technique must be selected. One possibility includes

35 having each cell or sector in a sectorized system use
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Typircal |y, mcrocells may be established for thoroughfares such as
crossroads. or streets, and a series of microcells may provide coverage of

najor traffic arteries such TRy S M-e+ogel | s may 20 al so be
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simlar to mcrocells, but n '3 an_ofifice corridor or a floor of
a high-rise building. The term' ‘microcel I's" is used in this application to
denote both mcrocells and 25 plcoceLF_, and the term"macrocells" is
used to denote the outernost |ayer of a cellular structure. An "unbrella
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underlying the unb
feasible from an interference point of view.

With the introduction of microcells, radio
network planning may increase in complexity. The
5 'planning process is largely dependent upon the

structure of the microcells. For example, the sizes
of streets, shopping malls, and buildings are key
design criteria. Microcells suffer from a series of
problems including an increased sensitivity to

10 traffic variations, interference between microcells,
and difficulty in anticipating traffic intensities.
Even if a fixed radiotelephone communication system
could be successfully plannea, a change in system
parameters such as adding a new base station to

is accommodate increased traffic demand may require
replanning the entire system. For these reasons, the
introduction of microcells benefits from a system in
which channel assignment is adaptive both to traffic
conditions and to interference conditions.

20 : One of the main concerns associated with
microcells is the minimization of frequency planning
in FDMA and TDMA systems or power planning in a CDMA
system. Radio propagation characteristics which are
dependent on environmental considerations (e.g.,

25 terrain and land surface irregularities) and
interference are difficult to predict in a
microcellular environment, thereby making frequency

or power planning extremely difficult if not
impossible. One soclution is to use an ACA scheme
30 which does not require a fixed frequency plan.
According to one implementation of this method, each
cell site can use any channel in the system when
assigning a radio channel to a call. Channels are
allocated to calls in real time depending on the
3s éxisting traffic situation and the existing
interference situation. Such a systen, hoqgggglﬂggx__—_——————
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cell:” Mcrocells allowadditional conmmrunication 30 channel s to be
located in the vicinity of actual need, thereby I ncreasing cell capacity
while nmaintaining |low | evel s 9 fe e__The design of future cellular
systens WWO 94Y107by i ncor porfat e L0c e $_§EEN fdoor microcel | s pci3Us93/10232
outdoor mcrocells, public m Rele regtricted mcrocells. Macrocel
unbrella sites typically cover -3- radii in excess of 1 kiloneter and
serve rapidly -~

be expensive since more channel units on the average
must be installed.
Several advantages are realized with ACA. There
is almost no trunking efficiency loss since each cell
5 can use any channel. Thus, it is possible to employ
cells with very few channels without losing network
efficiency. Further, channel reuse is governed by
average interference conditions as opposed to the
worst-case scenario.
10 Several ACA schemes attempt to improve trafﬁic
capacity and avoid the need for frequency planning.
While some systems have been moderately effective in
accomplishing these goals, it has been very difficult
to fully achieve both goals in a system which has
15 preassigned control channels, i.e., a system having
specified frequencies on which a mobile station may
expect a control channel (a 30 KHz RF channel which
contains control signals. Systems having preassigned .
control channels include AMPS (Advanced Mobile Phone
20 Service System), IS-54 (Revision B) and TACS (Total
Access Communication System). In such systems,
frequency planning is still needed for control
channels. However, frequency planning can be avoided
and traffic capacity improved by eliminating the need
25 to plan a number of voice channels on each site in an
area where traffic channels are expected to be non-
uniformly distributed. '
In many systems, microcells may be control
. channel limited rather than voice channel limited for
30 capacity. For example, in a 7/21 cell plan commonly
used in the AMPS system, frequencies are assigned to
ensure that cells using the same frequency are
separated by a reuse distance which maintains
interference below certain predetermined criteria,
35 e.g., carrier to interference (C/I) ratio. In a 7/21
macro system, the spectrum of each cluster is divided
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ﬁDvrﬁg users, for exanple people in autonobiles. Mcrocell sites are
usual ly | ow power, small radlo base stations, which primarily handl e sl ow
novi ng rs such ps—pedestrans ach microcell site can be viewed
as an eiygr?ﬂéﬁﬁggse stati M@ﬁ Bidt ed to a macr ocel FCHUSI3{W232gh
~digital radio transm ssi Wald fihers. |In designing a mcrocel
cluster, it is 10 . necessary to allocate spectrumto the mcrocells.
This can be done in several ways; for example, nicrocells can reuse
spectrum from di stant macrocells; a portion of the avail able spectrum may

be dedi cat ed f0&d@d”%¥“¥ﬁe¢ﬁéhéy”ghoﬁﬁs?-é&éhogﬁbhp containing a
number of channels distinct from each other group.
There are seven sites each with three sectors in a
7/21 plan. Each sector is assigned to one frequency
5 group. In the area outside the seven sites, the
frequency is reused, i.e., the same frequencies may
be used again in adjacent clusters.
In a typical 7/21 cellular system, each base
station represents a site and each cell represents a
10 . sector. A microcell located within an umbrella cell
is unable to use the same frequency as the umbrelila
cell unless there is a very high penetration loss to
~an area inside the microcell. As a result, the
spectrum from the microcell must be reused from a
15 distant macrocell, borrowed from the umbrella cell,
or dedicated from the spectrum available to the

cellular system.
When reusing spectrum from a distant macrocell,
the number of macrocells from which frequency may be
20 reused is based on the radio propagation environment
' (i.e., the terrain between the cells) and the
interference criteria. The reuse distance is
designed so that co-channel interference is limited
to acceptable ranges. For example, in the AMPS
25 system, the desired signal preferably ranges from ten
to one hundred times greater than the interferihg
signal.
- In addition to reusing spectrum in a microcell
from a distant macrocell, assuming no spectrum has
30 been dedicéted, generally referred to as "reuse
assignment", two other reuse processes exist, one for
the entire macro system and one where the assigned
spectrum is reused inside the area (cluster) of the
micro system. If it is possible to assign spectrum
35 of the macrocell to the microcell from only two
distant macrocells as a result of interference, the
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15 7 can borrow spectrumfrom an unbrella macrocell. In dedicating
spectrumto the mcrocells, a portion of the available spectrumis reserved

strictly for the mcrocell s|anfs macrocel | s. Borrow ng
spect r um W 88416292 aki ng 20} B,?EMHASI%EEQJ avai | abl e to a cPCE/USES/10232
macrocel |l for mcrocell use.Eactrof t.c:c chlhnnel allocation nethods has
acconpanyi ng advantages and drawbacks. Reusing channels from di stant
macrocel |l s causes little 25 reducti on én capacity of the nmacrocel
structure. However, reuse is not always feaSible because of co- channel

I nterference betWEEEréééifnéiégxﬂifiEﬂgbe only two control channels.
The number of voice channels depends on how many
volce'channels are assigned to these particular
macrocells. In systems currently employed in the

5 United States (the "“cellular band" with two
operators)'there"are approximately 400 channels _
available per system. The average macrocell (sector)
in a 7/21 plan has approximately eighteen voice
channels. Therefore, when beginning the planning

10 process for the microcell area, there are thirty-six

voice channels and two control channels.
An omnicell system uses one base station for
each cell. In an omnicell system, for example, a
12/12 system, the interference distribution may
15 differ from that of the 7/21 system. In certain
operating environments in the microcell, it may be
possible to have for example a twelve-site reuse plan
since the same quality aspects must be achieved.
Thirty-six voice channels with fixed fregquency
20 planning on a twelve-site reuse plan may result in
three channels per site. The thirty-six voice
channels can be allocated to another set of sites
- adjacent to the first twelve sites, but there are
only two control channels. A two-site reuse plan in
25 a_tﬁo dimensional cluster area results where the same
frequency is used in adjacent cells. In this
example, only two cells can be installed. Thus, the
éﬁality criteria for the above example which reguires
a minimum twelve-cell reuse plan cannot be satisfied
30 to achieve sufficient radio link quality.
Accordingly, such microcell channel systems may be
control channel limited, i.e., the intended cell
cluster cannot operate properly because the control
channels will be jammed with co-channel interference.
35 - A potential solution to this problem is to .

increase the size of microcells by, for examnle.

This Sheet Has Been R

LT Im:



<

macr ocel | s. By dedicating spectrumto the mcrocell, 30 interference
batween cell |ayers (mcrocell and nacrocell) S reduced because any
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m crocel ? 'Z’;l dedi cat i nngpect mm&&@ﬁm rlocel |, that spe i@gken
fromthe 35 entire macrocCert—system+r—a-icertain area, e.g., a city.

Thus, that spectrumis not available for -4-
B
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increasing the power, so that two microcells provide
sufficient radio coverage. According to this
solutidn, spectrum reuse is no longer required
assuming radio coverage, and not capacity, is the

5 primary concern in planning the micrdcell area.
However, this may not be possible because
interference between the microcells and macrocells
may exceed acceptable levels. To overcome this
problem, two microcells may be used in conjunction

10 with many antennas in a distributed antenna system.
This allows the area of coverage to extend over the
microcell cluster area without requiring a high
relative transmission power because the mobiles at

_ the fringe of a cell will be closer to one of the
15 antennas in comparison to a single antenna system.
This type of implementation has limitations.
Additional RF cabling is necessary which results in
attenuated signals. If the microcell system area is
large, there may be insufficient power left at the

20 remote antenna. In turn, this might require a costly

high power amplifier in the base station. Moreover,
when high power base station transmitters compensate
for cable loss, mobile stations also must transmit
with high power to overcome the cable loss.

25 . Therefore, there is little incentive to design the
power amplifier in the base station to permit
transmission higher than the power transmitted from
tHe mobile (AMPS hand-held 0.6 watt) in the uplink,
taking into account gain (4-7 dB) attributable to

30 antenna diversity at a typical base station. One
drawvback with such systems is that mobiles are forced
to transmit with relatively more power, thereby
shortening the battery life in a mobile station and
undermining one of the purposes for introducing

35 microcells. More importantly, high powered mobiles
are more likely to interfere with macrocells using
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macredel | use. As a result, in an area containing only a few nicrocells,
capacity is adversely affecteﬂ¥because the mcrocells cover only a snal

portion of the area.in the TR SHEEF1r t he macrocell, 5 W t h
a reduced WOML0792 spect r umjavai Ig@f dver a subst ant ROT/EIS83/10232

Nevert hel ess, as the nunber of n1LIUbb..ﬂ Im‘r=ases and the area covered by
only the nacrocell decreases, capacity problens associated with dedicating

spectrum may be reduced 10 and a total_ Qﬁt gain in overall system
capacity can be achi eved w t hout |ntrodUC|ng | ocking in the macrocells.

Borrow ng channel g.{d Qa0 PRHEhLR KL %le nicrocells use a
dedicated spectrum.
| Alternatively, a system employing distributed
power amplifiers in conjunction with optical fibers
) may be used. According to such a system, a remote
controller would transmit a light signal which would
be amplified. The signal would be received locally
where it is converted back to a radio signal. Losses
associated with cabling in a system employing optical
lo fibers may be minimized because the signals do not
need to be amplified very often and in most typical
scenarios not at all. Further, an optical fiber
system provides added flexibility and can be easily
installed. However, it is expensive to implement a
15 system having optical interfaces.
When planning an antenna system, allocating
spectrum for a microcell cluster, and selecting a
power level for microcell transmitting power, several
concerns must be addressed. Sufficient radio
20 ' coverage, e.g., 98%, must be provided within the
nicrocell area. Also, if the spectrum allocated to
the microcell cluster has been reused from a distant
macrocell, the power level of the microcells must be
low enocugh to avoid interference with the distant
25 macrocell from which the spectrum was reused.
Further, the power of the control channel in the
hicrocell may have to be stronger than the power of
the covering umbrella macrocell contreol channel if
the mobile is to lock on to the microcell. In sum,
30 the aim of such a system is to assign as many mobiles
as possible to microcell control channels by
‘maintaining those control channels stronger than the
control channels of the umbrella macrocell in the
intended microcell area while transmitting with a
35 sufficiently low power to avoid interference with the
distant macrocell.
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M ke }euse, presents potential co-channel 15 I nterference between
microcell s and macrocells. Also, capaC|ty may be adversely affected because

efficie m al | ocatio npossi bl e. For exa

di ffi cul O?ﬁ#ﬁess all the URRTHA | s.wltaneﬂ@‘%ﬁ*
borrowi ng or 20 ° dedi cat g LR An gdvant age of borrow ng
spectrumis that the entire nacrocell system s not affected, unlike

dedi cati ng spectrum because only spectrepiad | ocated to a covering
macrocell is borrowed and not spectrumfromthe entire system 25

Thus, ot her macrocel Peweanons dntlerferencepddimitativnd can beesglboinowed by

a mcrocell fropybce channel limited system where some of the
mobiles in the microcells will receive a stronger
signal from an overlying macrocell. The number of

5 mobiles receiving a stronger signal from an overlying
macrocell will increase as the distance between the
umbrella cell and the microcell is shorter.
Consequently, capacity might not increase since
mobiles are locked-on to the_macfocell. Moreover, if

10 mobile transmitting power requirements increase, the
battery life of the current portables would
correspondingly decrease to maintain the equivalent
level of performance. Further, blocking and
intermodulation distortion may arise with mobiles

15 located inside the microcell area, close to the
microcell base station, but power controlled by a
macrocell. The mobiles are power contreclled by the
umbrella macrocell and require more power to
communicate with the umbrella macrocell than the

20 microcell.
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covering macrocell. Further, in cluster design, allocated spectrum nust be
dj stributed to individual mcrocell sites. 30 Known net hods enpl oyed
for spectrumallocation include hgﬁﬁé_f.cnrc. ﬁ anni ng, dynam c channe

al | ocat i ONQ(¥Z19792and adaptive ¢ {EEEQ“Q'KS‘ n] (ACA) . Fur tFEI/US9310282 ol
channel managenent techni que nust—be SALBEEEd _(nk possibility includes 35
havi ng each cell or sector-in a sectorized system use a unique contro
channel until frequency reuse is 12

SUMMARY
Conventional systems may be both control channel
and voice channel limited. A microcell system under
a macrocell system may be limited to two control
5 channels as shown in the example set forth above.
Thus, a heed exists for a control channel management
scheme for the efficient use and allocation of

control channels.
According to the present invention a control

10 channel may be simulcast,'i,e., the same information
can be broadcast at the same time on the same
frequency, so that more than one cell can use a
common control channel. There are several exemplary
simulcasting schemes in accord with aspects of the

15 present invention. In one eﬁbodiment, a control
channel is simulcast among two or more microcells
such that the system is completely independent of the
macrocell environment. The microcells may also have
listening devices tuned to the umbrella cell control

20 channel.

In a second embodiment, a control channel of an
umbrella cell is simulcast with a control channel of
a microcell. Thus, the microcell may have listening
or receiving devices tuned to the macrocell control -

25 channel. '

In yet another embodiment, each microcell may
contain a listening device to listen to the umbrella
Gell control channel and each microcell also may have
its own control channel which is different from the

30 umbrella cell control channel.

The system and method according to the present
invention involves establishing a connection between
a base station and a mobile station in a
radiotelephone system having at least two cells. At

35 . least two microcells or one microcell and .an umbrella
cell listen for a call access regquest on a control
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feasibl e froman interference point of view. Wth the introduction of
nm.crocells, radi o network pl increase in conplexity. The 5

pl annin Q s is largely structure of the mcrocells.
For exa% ;lt(ﬁ%z si zes of sl II's, and bui | BGHYSIBEAR3L
desi gn crlterla M crocells suffer

#i es of problens including an
I ncreased sensitivity to 10 - traffic variations, interference between
mcrocells, and difficulty in anticipatingg4Jsaffic intensities. Even if a
fi xed radiotel ephone conmuni cati on system coul d be successfully planned, a

change in systeghaahelt! € Upoh Hecti vy ¥ calEVadsess siaghest] Othe
respective cells simultaneously transmit control
information on the control channel. The same control
information is transmitted by the transmitting cells
5 at the same time on the same frequency. In this
application this is referred to as "simulcasting".

In one embodiment, the control channel may reuse
a broadcast frequency assigned to a control channel
of an umbrella cell which overlies the microcells.

10 The radio coverage of the microcells and the radio
coverage of the umbrella cell may overlap or may be
substantially noh-overlapping.'.ln another
embodiment, the control channel may reuse a broadcast
frequency of a distant macrocell and be shared

15 | (simuicasted) among -at least two microcells.

A system and method for establishing
communications in a multi-layered radiotelephone
system having at least one microcell includes
feceiving a call access request from a mobile unit on

20 a first control channel assigned to an umbrella cell

| and receiving the call access request from the mobile

unit on a second control channel assigned to a
" microcell wherein the first and second control
channels use the same frequency. The radio coverage
25 of the umbrella cell may partially overlap the radio
coverage of the microcell. The call associated with
the call reqdést may be assigned to the micrbcell,
for example by ordering the mobile unit over the
first control channel device to tune to an accessible
30 voice channel of the microcell for handling a call.
The assignment may be based on which cell has a
higher received signal strength or other criteria
such as signal link quality or planned cell
configuration. Further, a mobile unit may be ordered
35 over the first control channel device to tune to an
—_—
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15 *~ accommodate increased traffic demand may require replanning the
entire system For these reasons, the introduction of mcrocells benefits

froma sy i ch channel assignnment is adaptive both t
condi tions a%&odynnterference Oﬂ.ﬁsts HASBEE 8‘?&@9&2}%2

concerns associated with mcrocé¢lls |§Eﬁdgmgln|#§zation of frequency

pl anning in FDMA and TDVA syst err hg in a CDVA system Radio
propagation characteristics which are depeagigat on environnenta
considerations (e.g., 25 terrain and land surface irregularities) and

interference are at¢dssibletvojcedchannelaofi anotherutelleboi whichnthe
thereby making fré&%fﬂfg to be assigned.

EF SCRT ON OF WINGS
The present invention will now be described in
5 more detail with reference to preferred embodiments,
given only by way of example, and illustrated in the
accompanying drawings, in which:

Fig. 1 is a cell plan illustrating two cell
clusters in a cellular mobile radiotelephone system;

10 - Fig. 2 illustrates a typical multi-layered
cellular system employing umbrella macrocells,
microcells and picocells;

Fig. 3 represents an exemplary implementation of
a system for a microcell and an umbrella cell of a

15 radiotelephone system according to the present
invention;

Fig. 4 represent another exemplary
implementation of a system for a microcell and an
umbrella cell of a radiotelephone system according to

20 the present invention:; and

Fig. 5 illustrates a technigue for synchronizing
communications. in accordance with one aspect of the
present invention.

. o ES o
25 Although the following description is in the
context of cellular communication systems-involving
portable or mobile radio telephones and/or personal
communication networks, it will be understood by
those skilled in the art that the present inventlon
30 may be applied to other communication applications.

Fig. 1 illustrates a first cell cluster A and a
second cell cluster B forming part of a cellular
mobile radioc telephone system in a known manner.
Typically, all frequencies available in the system
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or power planning extrenely difficult if not inpossible. One solutionis to
use an ACA schene 30 whi ch does not require a fixed frequency pl an.
According to one inpl enent af mgs SHERTTHAS BBEMdd, each cell site can use any
channel WR 94{80%¢st em when Rssi gIRERDAGED adi 0 |channel to a caPFl/ 1333

are allocated to calls in reatr—tine depending on the 35 exi sting
traffic situation and the existing interference situation. Such a system
however, may be expensive since nore chpgoel units on the average

are used in each cell cluster. Within an individual
cell cluster, the frequencies are allocated to
different cells to achieve the greatest uniform
distance, known as the frequency reuse distance,

5 between cells in different clusters using the same .
frequency. In Fig. 1, cells A, and B, use a common
frequency; cells A, and B, use a common frequency; and
cells A; and B; use a common frequency, etc. The
radio channels in cells A, and B; using the same

10 frequency are referred to as co-channels because they
use the same frequency. Although some interference
will occur between co-channels, the level of such
interference in an arrangement such as that of Fig. 1
is normally acceptablé. The cell plan of Fig. 1

15 allows for a relatively simple frequency allocation
and provides reduced co-channel interference in low
traffic conditions. However, as noted above,
limitations in high traffic areas restrict the use of
this cell plan. For example, traffic in hot spots

20 can produce blocking. _ '

Fig. 2 is an exemplary multi~layered cellular
system. An umbrella macrocell 10 represented by a
hexagonal shape makes up an overlying cellular
structure. Each umbrella cell may contain an

25 underlying microcell structure. The radio coverage
of the umbrella cell and an underlying microcell may
overlap or may be substantialiy non-overlapping. The
umbrella cell 10 includes microcells 20 represented
by the area enclosed within the dashed line and

30 microcells 30 repfesented by the area enclosed within
the dotted line corresponding to areas along city
streets, and microcells 40, 50, and 60, which cover
individual floors of a building. "The intersection of
the two city streets covered by the microcells 30 and

35 40 may be an area of dense traffic concentration, and
thus might represent a hot spot.
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must” be installed. Several advant ages are reallzed wi th ACA. There S

al most no trunking efficiency |og 5 can use any
-channel . it is possible t ISAFEE 8ASSBEEN h very few channel s
wi t hout w&wgom wor k ef fi ci ency—rurFHEACEPhannel reuse | SPGHAUESIIELN2BY

average interference conditions as oppoSed to the worst-case scenario. 10
Several ACA schenes attenpt to inprove traffic capacity and avoid the need
for frequency planning. Wile sone systeng; gave been noderately effective
i n acconplishing these goals, it has been very difficult to fully achieve

both goals in a systegpy@es], N@8ntrol channels are used for setting

10

15

20

25

30

35

up ‘calls, informing the base stations about location
and parameters associated with mobile. stations, and
informing the mobile stations about location and
parameters associated with the base stations. The
base stations listen for call access requests by
mobile stations and the mobile stations in turn
listen for paging messages. Once a call access
message has been received, it must be determined
which cell should be responsible for the call.
Generally, this is determined by the signal strength
of the mobile station received at the nearby cells.
Next, the assigned cell is ordered, by the mobile
switching center (MSC) for example, to tune to an _
available voice channel which is allocated from the
set of voice channels accessible to the assigned
cell.

Fregquency planning can be minimized by
simulcasting the control channel where a group of
microcells transmit the same information at the same
time on the same frequency. This is often referred
to as macro diversity. In contrast to other methods,
only the control channel is shared by the base
stations. '

Macro diversity is employed to improve reception
performance. By simulcasting the control channel, it
is not necessary to plan the control channel.
Further, the microcell systems may be capacity
limited in the number of control channels which can
be employed rather than in the number of voice
channels, e.g., AMPS. To ameliorate the control
channel problem, according to one embodiment of the
present invention, one control channel is transmitted
from a number of cells. In other words, one control
channel may be simulcast to and/or from several base

stations. It may also be possible to use a few or
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i5 ° preassi gned control channels, i.e., a system having specified
frequenci es on which a nobile statlon nay expect a control channel (a 30

KHz RF i ch cont uL..u. € Syst ens havi d
contr ol Q?%!ﬁgieolfgﬁl ncl ude AWE; ﬁggg %‘ql | e Phone 20 gerw ce 1023
Systen), 1S-54 (Revision B—ah Tnt Access Communi cation System.
I n such systens, frequency planning is still needed for control channels.
However, frequency planning can be avoi ded7Zamnd traffic capacity inproved by
ellnlnatlng t he need 25 to plan a nunber of voice channels on each
site in an ar caoRh¥r ener mitroceddnad sigquaset @revionsky frenuni fornl y

distributed.  considering the control channel limitations.
However, the preplanning required before _
implementation, for example determining where to
5 locate the microcell to best meet the system goals,
may increase substantially. '
In a macrocellular environment, particularly one
including indoor microcells, simulcasting a control
. channel can be beneficial. For example, thé problems
10 associated with power planning, i.e., the signal
strength necessary to avoid interferehce, may be
reduced. Since fewer control channels can be used
when simulcasting, the likelihood of a microcell
control channel and a macrocell control channel
© 15 interfering which is often present in a
macrocell/microcell reuse scheme at the fringe of an
indoor microcell can be reduced. Further, with a
limited channel capacity, simulcasting theoretically
may reduce the number of channels which must be
20 assigned as control channels. However, in some
systems such as AMPS, as a practical matter this is
' not possible because a fixed number of channels have
already been allocated as control channels.
In an exemplary system requiring eighteen
25 microcells to service a hot spot using a twelve-site
reuse plan, all twelve base stations within one
cluster use different frequency channels. However,
six of those base stations must share the same
spectrum with the remaining six microcells (base
30 stations) located in another incomplete cluster. A
single control channel may be simulcast from each
- base station. Capacity considerations such as
accesses and pages on the control channel may require
that two control channels are used and assigned to

35 - for example, nine microcells each assuming reuse from
two distant macrocells. —_—
This Sheet Has Been
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I n mENy systens, n1croce||s nay be control channel limted rather than

voi ce channel limted for Nﬁ o &5@“ r exanple, in a 7/21 cel
pl an conngg in the AVPGTHISSEER di es -are assign
that cell bé%ﬁﬂﬁg%e same frehuenc\RERESCER Doy atled by a reuse Sﬂgﬁﬁﬁﬁﬁﬁ

mai ntains interference below certain predetermned criteria, 35

a)
N
2

V

C

e.g.,

h

carrier to interference (C/1) ratio. In a 7/21 macro system the spectrum

of each cluster

10

15

20

25

30

35

i s divided -7- ' -18-

For a fixed frequency planned sysﬁem with
thirty-six voice channels available using a twelve-
site reuse plan, each microcell can be assigned three
channels. However, with ACA or DCA there is no set
number of voice channels assigned to each microcell.
Each base will have the capabilities through
transmitting means, receiving means and communication
links to handle channels in excess of three channels.
The best performance can be achieved if each base
station can handle all voice channels, i.e., thirty-
six voice channels, in IS-54 thirty-six frequencies
with three time slots each. Nevertheless, designing
each base station equipped with all voice channels
may be costly. To determine the feasibility'of such
an arrangement, the mafginal capacity return of a
systém having additional channels available to each
base station above the average number of usable
channels must be'compared-to the cost of the
additional hardware necessary to implement such a
system. A channel is usable if it is capable of
maintaining sufficient link quality of all calls.

ACA can typically improve traffic capacity by a
factor of 1.5 to 5, depending on its implementation.
In the above example, if a factor of two is selected,
a single microcell can use on average six channels at
a time. Usually, an average of six channels per
microcell is sufficient to handle the traffic for the
§érticular-hot spot area. Of course, the number of |
channels may vary from cell to cell, for example one
cell may average three channels and another nine,
such that blocking is maintained below a certain
design criteria such as 2% of the time. However, the
additional expense to increase the average channel
capacity of each microcell to far more than six
channels is probably not economical. The key in such
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into 21 frequency groups, each group containing a nunber of channels
distinct fromeach other group. There are seven sites each with three
sectors ,{67’% plan. Each sector is assigned to one frequ E‘TVU§93 10232

m

gr oup. N the area outs q@uggﬁﬁ ﬁxg’g
VS A

the sane frequencies mayjb
7/ 21 cel lul ar system eat

ﬁc the frequency is Teuse
dj acent clusters.
resents a site and each cel

In a typlcm

represents a 10 sector. A nlcrocéll-lecated within an unbrella cel

is unable to use the same frequency as the unbrella cel

unl ess there is a

very hi gh penet rptanmihgsist toafindethenpedat: of dimigdshingretymmul t,

t he

10

15
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35

when setting an average channel capacity per cell.

According to the present invention, the umbrella
macrocell and the microcell may use the same
frequency for contrel channels. Both the macrocell
and the microcell base stations include a
transmitting portion and a receiving portion .
corresponding to the shared control channel. One of
the microcell receivers listens on the control
channel assigned to the macrocell. The microcell and
macrocell transmit information to the MSC about all
successfully received accesses. When the MsC
receives an access message, it determines to which
cell the mobile should be assigned. The mobile waits
for an answer on the shared control channel.
Therefore, the MSC sends a message to the mobile on
the shared control channel containing an order to
tune to a voice channel which is part of the assigned
cell channel list.

' There are some application limitations concerned
with this embodiment. If many microcell clusters are
located in the same umbrella macrocell, the capacity
of the control channel (accesses and paging) limits
system capacity. Assuming 25% of the microcell is
covered by radio frequency of the umbrella macrocell,
more than 25% of access attempts in the microcell
area will create successful messages of low signal
strength and interference of sufficient degree to
block other accesses in the macrocell. This
situation is likely in fringe areas of the microcell
where the radio frequency of the umbrella macrocell
may penetrate into the microcell coverage area.

' However, if the control channel frequency for
the microcell and the umbrella macrocell differ, the
majority of the mobiles will create accesses on the
separate microcell control channel since the majority
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spectrum fromthe microcell nust bé reused froma 15 di st ant

macrocel |, borrowed fromthe 'éﬁﬂs ell, or dedicated fromthe spectrum
-available to the cellular sys $HEmngg§E§ pectrumfro n
macr ocel WOOHAO0 2 ber of macrb REPLACEDI cﬁ requency rrag}’g?%:’é}l 232

reused i s based on the radi o propagation € gnment (i.e., the terrain
between the cells) and the interference criteria. The reuse distance is.
desi gned so that co-channel interference Lgglimted to acceptabl e ranges.
For exanple, in the AWPS 25 system the desired signal preferably

ranges fromten pe gapilgsdiadthemicgoealar adean will iTuck far itng the

strongest received control channel, typically the
microcell control channel. When using the same
control channel frequency, all mobiles transmit on

5 the same frequency with some of them reaching only
the microcell, but still creating interference to the
macrocell. Consequently, access collisions can occur
in the macrocell reducing control channel capacity

_ more than necessary. This may result because

10 microcell base stations are typically equipped with
lower power amplifiers than macrocell base stations,
thus the power of the microcell control channel is
limited. Also, the power limits imposed on microcell
base stations when combined with the attenuation

15 present in cabling make it difficult for the
microcell base stations to overpower the macrocell
base stations in fringe areas. Further, it may be
difficult to synchronize a macrocell with a microcell
cluster in comparison to synchronizing within the

20 '~ microcell cluster.

However, each microcell can be provided with a
receiver device to listen on the controcl channel
assigned to the macrocell in addition to the
transmitter and receiver for the microcell control

25 - channel. The macrocell control channel informs the -
MSC about all successfully received call accesses.
Thus, the MSC receives the same access message from
fiobiles which have locked on to the macrocell control
channel from both the macrocell and from one of the

30 " microcells. The MSC then knows to assign the mobile
to the microcell instead of the macrocell. The
mobile waits for a message from the MSC on the
macrocell control channel. Therefore, the MSC sends
the message over the macrocell control channel. If

35 the mobile has been granted a channel, the message
sent contains an order to tune to a veoice channel
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signél. In addition to reusing spectrumin a mcrocell froma distant
nacrocel |, assum ng no spectrum has 30 been dedi cated, generally
referre euse assi gnrfeqfs, sy rd f-gUSe processe for
the ent %@%mésystem and qne WhRER A Asulgé@{ined spectrum &)@?géﬁ}gz

i nside the area (cluster) of e If it is possible to assign

spectrum 35 of the macrocell to the mcrocell fromonly two distant
macrocells as a result of interference, t4gEi-

allocated on the channel list of the assigned cell,
e.g., a microcell. Mobiles which can be served by
the microcells can be assigned to microcells in order
to minimize the voice capacity drain on the
5 pacrocell. It is to be understood that if the
microcell has no frequencies available then the-
macrocell may be assigned the call. '
In a system with éach microcell having a
receiver which listens to the macrocell control
10 channel, several problems may arise. For example, in
an indoor microcell environment the signal must get
from the macrocell to the mobile to function
properly:; this reguires penetration of the signals
through the walls of structures, which can
15 significantly weaken a signal. As a result, a
listening control channel is probably best suited for
an outdoor microcell environment or a microcell close
to a macrocell.
Table 1 shows three ways channels and cells can
20 be arranged according to the present invention. 1In
exemplary embodiment 1, two microcells 1 and 2 share
- the same control channel (CC) transmitting (Tx) and
receiving (Rx) frequency A independent of the.
macrocell control channel transmitting and receiving
25 frequency B. In exemplary embodiment 2, the
macrocell shares the control channei of at least
microcell 1. (It will be understood that the
fféquencies for transmitting and receiving may be
different although the channels are séme, viz., the
30 | same duplex frequency pair; paired frequencies are
separated by 45 Mhz in AMPS) . In exemplary
embodiment 3, the first control channels on all the
cells are independent, while the second control-
channel receiving frequency of microcell 1 is the
35 same as the macrocell control channel's transmitting
and receiving frequency. Thus, the microcellll can
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-8-- nicroce
¢hannel s de
*particul ar

St at es (m

of voice

|l area will have only two control channels. The nunber
pends on how many voice channels are assigned to these
nmacrocells. In systens currently enployed in the 5 Uni ted

4AQRy| ar band" + %T%rm 5) there are agifFBUSI(WRS2 400
channel s avai |l abl e per syst{ﬁi $ﬁkmﬁJ§%§§ naEroceII (sector) in a 7/21
proxi mately ei ght $. Therefore, when begi nni ng

pl an has ap

t he planning 10
voi ce channels and two control

station for

10

15

20

25

30

process for the mcroggll area,
channel s. An ommicell system uses one base

listen on the macrocell control channel. A cell may
be equipped with more than one listening control

there are thirty-six

channel.
TABLE 1
=====g============
Exemplary Macrocell Microcell 1 | Microcell 2
embodiment 1
CC Tx & R% B A A
frequency
Exemplary
embodiment 2
CC Tx & Rx A A A or B
Frequency
Exemplary
embodiment 3
CC 1 Tx Frequency A B C
CC 1 Rx Frequency A B C
CC 2 Rx Frequency B, C or A
none

{

The foregoing table of arrangements is not
exhaustive. Other combinations are considered to be
within the scope of the invention.
exemplary embodiments 1 and 3 may be combined where
the system includes a simulcast control channel at
each microcell and a listening control charinel at one
or more of the microcells. Also, exemplary
embodiments 2 and 3 may be combined with one or more
éf the microcells having a listening contrel channel.
Additionally, a control channel may be simulcast by a
macrocell and one or microcells as in exemplary
embodiment 1 and further another control channel on
each microcell may be simulcast by two or more
microcells. :

According to one aspect of the present
invention, base stations of the umbrella macrocells
and microcells may be equipped with several voice

For example,

e

—_—
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each cell. In an omicell system for exanple, a 12/12 system the
interference distribution nay 15 differ fromthat of the 7/21 system

Fn certyigofp@iedt | Ng envi r gnimRisHEED ocell, it may beTpPE8siAbSs2t O

have for ‘exanpl'e a twelve-dite rREge, ce the sanme quality aspects
must be achieved. Thirty-si- ith fixed frequency 20

pl anning on a twelve-site reuse plan nay result in three channels per site.
The thirty-six voice channels can be al |®23+ed to another set of sites
adjacent to the first twelve sites, but there are only two control
channels. A twmanneirtnans$éxwﬁra and one gonkrodi ;dainedal cluster area

resul ts where theSBiver, and optionally one or more listening
control devices. Fig. 3 represents a block diagram
of an exemplary cellular mobile radiotelephone system
5 according to one embodiment of the present invention.
The system has two base stations including a base
station 110 associated with a microcell and a base
station 120 belonging to either a microcell or
umbrella cell. Each base station has a control and
10 processing unit 130 which communicates with the
| mobile switching center (MSC) 140 which in turn is
connected to the public switched telephone network
(not shown). '
Each base station includes a plurality of voice
15 channel transceivers 150 which are controlled by the
- control and processing unit 130. Also, each base
station includes a control channel transceiver 160.
The control channel transceiver 160 is controlled by
the control and processing unit 130. When mobile 170
20 makes a call access request, each control channel
transceiver 160 receives a signal having a certain
signal strength from the transmitting mobile 170.
The received Signal strength is then passed to the
control and processing unit 130 and sent to the MSC
25 140. The MSC 140 evaluates each received signal
strength associated with a call access request
received and determines the cell to which the call is
to“be assigned. The MSC 140 then assigns the mobile
170 making the call access request to the appropriate
30 cell. An order may be sent to the mobile 170 on the
control channel with the highest received signal
strength to tune to a particular voice channel of the

nSI

assigned cell. :
In the embodlment shown in Fig. 3, the base
35 stations 110 and 120 share the same control channel
frequency in the uplink direction. As a result, the
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frquency Is used in adjacent cells. In this exanple, only two cells can be
installed. Thus, the qualitywtriteria for the above exanple which requires

a m ni rmwdwlwmcel | reuse [prﬁ& SHEBN GlAsi:pa] | sfied 30 lj%‘d?'/ﬂiﬁz
J;ann

sufficient radio link qualify. Adﬂmndrﬂgly, spch mcrocel | systens
may be control channel limted, 1.€e, therntended cell cluster cannot
operate properly because the control channels will be jamed with
co-channel interference. 35 A podémti al solution to this problem

is to increase the size of -microcells by, for_ exanple
control channel of the umbrella cell and the

microcell, or the two microcells, may be simulcast
" from the cells. . .
Fig. 4 relates to another embodiment of the
5 present invention. Elements in Fig. 4 are the same
as those represented by the same numerals in Fig. 3.
In Fig. 4, there is shown an umbrella cell base
station 180 and a microcell base station 190. The
microcell base station 190 includes a control channel
10 receiver 200 for listening on the umbrella cell
control channel for information including the
contents of mobile originated messages. Also _
included is a control channel transceiver 160 for the
" microcell which can, independent of the umbrella cell
15 base station 180 and its corresponding control
channel transceiver 160, receive call access requests
from a mobile 170, preferably only if the mobile 170
is within the microcell area. -
When a mobile 170 makes a call access request,
20 it first determines on which control channel the
request will be broadcast. Typically, the mobile 170
determines which control channel, as between the
microcells and umbrella cells, is being received with
" a higher signal strength. If the mobile determines
25 that a microcell control channel is strongest, then
the access request is transmitted on that microcell
control channel. However, if the mobile 170
determines that the umbrella cell control channel is
the strongest, then the access request is sent over
30 the umbrella cell control channel. In the latter
case, the call access request may be received at both
the microcell and the umbrella cell on the umbrella
cell control channel if the microcell is equipped
with a listening control channel tuned to the control
35 channel receiving freguency of the umbrélla cell.
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-9-‘fncreasing the power, so that two mcrocells provide sufficient radio
coverage. According to this solution, spectrumreuse is no |onger required

assum ng radi o coverage, and not capaC|ty, is the 5 primary concern in
pl anni nWQ $187%r ocel | ar ea. ari =y pr bt be possi M/é&%ﬁl@@z
I nterference between the mcrod ' anJ_j_ IS may exceed acceptabl e
|l evel s. To overcone this probl oo~ “may be used in conjunction
10 with many antennas in a dlstrlbung antenna system This allows the

area of coverage to extend over the
Upon receipt of a call access request, the

rece1v1ng cell transmzts the information to the MSC
140. The MSC 140 asszgns the call to the microcell
or another cell based on, for example, the signal
5 strength of the mobile 170 received on the control
channels of the ‘cells. "The MsC 140 orders the mobile
170 on the control channel of the cell from which the
call access was made to tune to a voice channel of
the assigned cell. Specifically, the MSC 140
10 . transmlts a message 1nc1ud1ng the frequency, the slot
(in time ‘division applxcatlons), and other
information necessary to establish connection of the
call. | . o '
Whenrsimuicasting control channels according to
15 the present 1nvention, it is 1mportant to properly
synchronize the base stations transmlttzng on the
same control channel. .One exemplary method which can
be used 1s discussed in U.S. Patent No. 5,088,108,
entitled "Cellular Digital Mobile Radio System and
20 Method of Transmitting Information in a Digital
~Cellular Mobile Radio SYStem" by Uddenfeldt and the
present inventor which is herein incorporated by
reference. In Fig. 5, an MSC is connected via cables
Ly Loy oo .Lm, L, to a plurality of base stations, of
25 which two B, and B, are shown. The base station B,
has a central unit connected via cables I, and L, to
two transceiver units B, and B situated at a
distance from the central unit. The central unit of
the base station B, includes a central line and
30 " control unit 1, transmission time shifting units 2a
and 2B for each transceiver, reception time shifting
units 3A and 3B for each transceiver, and line units
4A and 4B for each transceiver.
- Both transceivers in the base station B, are
35 alike with each transceiver containing a line and
control unit SA or 5B, transmitter units 6A or 6B,
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W .
m crocell cluster area without requiring a high relative transmni ssion power

because the nobiles at the fringe of. a cell will be closer to one of the 15
ant ennas W 94410992 i son to a single i S tYpPepcT/UuS93/1023
of -inpl ementation has |imtations. |AGUPt, A |HABEEWDIi ng i s necessary i ch
results in attenuated signals. If tihe.m. HAGED syst¢m area is | arge, there
may be insufficient power left at the 20 renote antenna. In turn,

this m ght require a costly high power anpBBfier in the base station.
Mor eover, when hig gomer base station_transmtters conpensate Ior cabl e
| oss, robile staFPSﬁ VEESYNAESt TR SR8y R Fﬁ%sg!-}ﬁﬁﬂ? R Pne t he

cabl e | oss. filter 8A or 8B and an antenna 9A or 9B.
The base statioh B, differs somewhat from the
base station B, prlmarlly because its central line and
5 control unit 10 are connected with one of its
trapscelvers - T _Ihus, in this base station no
cabling is associated with line units corresponding
to L, L,, and 4AP§B'is-needed for transceiver B,
Further, no transmission or reception time shifting
10 units are included in any central unit of B, , but
corresponding units 23, ZB, 34, and 3B respectlvely
are included in transcelvers B, and By
Messages broadcast on the control channel to the
mobile units from the MSC are transmitted from the
15 MsSC via the cable I, to the line and control unit 1.
The information is next transferred from the line and
control unit 1 through the transmlsSLOn tlme shifting
unit 2A, line unit 4A, cable L, and control unit sa
to the transmitting unit 6A. The transmitting unit
20 6A transmits via the transmission reception filter 8a
and the antenna 92 radio signals on the control
channel to the mobile units. |
' That same message information is also
transferred from line and control unit 1 via the
25 transmission line shifting unit 2b, line unit 4B,
cable L,, and line and control unit 5B to the
transmittihg unit 6B in the transceiver B..
Subsequently, the transmitting unit 6B transmits via
the transmission reception filter 8B and the antenna
30 9B radio signals on the centrol channel to the moblle
units.
The signals from the antenna 9a in-qﬂ arrive at

-
{

a given mobile station in a cell with or without time

shift in relation to correspohding radioc signals from
35 the antenna 9B in'qm. The possible tlme shift of

arrival of the control channel at a moblle unit
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25 " Therefore, there is little |ncent|ve to design the power anplifier
I,n the base station to permt transm ssion higher than the power

't th bi | ANMPS 0.6 'K
o OGS (G T oE Crtr Smans BBV do st enna ST AR O
dr awREPKAGER h_s

typi cal base station. One systens is that nobiles are

forced to transmt with re rvely nore power, thereby shortening the
battery life in a nobile station and undezysning one of the purposes for
i nt roduci ng-35 m crocells. Mre inportantly, high powered nobiles are

more likely toddpéids¢n Wode ible octhé sshifbing at transmission
from the antennas and propagation time from the
antennas to the mobile unit.
_ The line and control unit 1 controls the .

5 variable delays in the transmission time shifting
units 2A and 2B so that the differences in delay
associated with cables L, and I, and the differences
caused by the radio propagation delay are
counteracted.

10 | In systems with mobiles operating according to
IS-54 in contrast to mobiles operating according to
AMPS, simultaneous arrival of the radio signals at
the mobile unit is neither desired nor achievable.

Reflections occur in the propagation of the radio

15 signals between the antennas, and each mobile unit is
equipped with an adaptive equalizer to aid in
reconstruction of the received signal. Therefore, it
is not necessary for signals to arrive simultaneously
at the mobile. On the contrary, there is preferably

20 a small time shift to obtain protection against
Rayleigh fading.

There are several methods for controlling the
delay associated with these transmissions. For
example, an estimate of the propagation delay can be

25 made, and, in conjunction with the remaining causes
of delay associated with the fixed part of the
system, can be used to adjust the reception time
sﬁifting units 3A and 3B so that information from the
mobile arrives at the line and control unit 1 of the

30 corresponding transceiver B, and B, simultaneously.
Subsequently, the delays in the transmission time
shifting units 2A and 2B are adjusted in accordance
with the optimum delays in the reception time
shifting units 3A and 3B. |

35 Another method involves estimating 1n the mobile
station the difference in arrival time, or time
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-10-" ‘the sane spectrum unl ess the n1croce||s use a dedlcated spectrum
Alternatively, a system engps buted power anplifiers in

conj unct gy 9w fgroppt i cal fl'BTéISSSHEBT HAS BEEN e used. Accor di gl 5%33
system a remote control | g wouRBPEAGERsrit g |ight signal which MDQ#Q
anplified. The signal would be received Tocally where it is converted back
to a radio signal. Losses associated with cabling in a system enpl oyi ng
optical 10 fibers may be nininized be@8axse the signals do not

shift, between the received radio signals from one
transceiver B,, and from the other transceiver B,.
Encoding of radio signals to indicate from which

transceiver the signals were received is required.

5 In TDMA and CDMA systems, one can transmit special
synchronizing words. RAKE receivers can be used by
the mobile unit to correlate the received signals and
reconstruct the radio message transmitted by the
respective base stations. Although the example

10 synchronizes transmissions from two transceivers at
the same base stations, transmissions from
transceivers located at different base stations can
likewise be synchronized to facilitate simulcasting
of the control channel between a group of cells.

15 This method however, cannot be used for analog
mobiles operating according to AMPS.

Within a microcell cluster, if the macrocell is
not part of the simulcast, synchronization becomes
easier since differential delays in RF cabling and

20 corresponding radio propagation between base and

' mobile are small because the distances in#olved are
typically short in relation to the bit period of the
modulation format, for example up to several km.in
AMPS. Existing mobile units can limit the

25.- flexibility in designing control channel assignment
-schemes. For example, the feasible pbwer capacity of
mobile units are presently limited by the size of the
units and the characteristics of the energy sources.

_ While particular embodiments of the present

30 invention have been described and illustrated, it
should be understood that the invention is not
limited thereto since modifications may be made by
persons skilled in the art. The present application
contemplates any'and all modifications that fall

35 within the spirit and scope of the underlying
invention disclosed and claimed herein.
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-need to be anplified very often and in nost typical scenarios not at all
Further, an optical fiber system prouides added flexibility and can be

easily g@f%@)&hﬁ%ﬂt However, it is é)@iﬂé-“f@ﬂﬁﬁl‘ HAS BEENehent a 15‘?(% %Mﬁiﬁm

havi ng

spectrum for a microcell cluster, and selecting a po

erfaces. Wien planni REPRACERt ennal syst em

transmtting power, several concerns nust be addressed 20
coverage, e.g., 98% nust be provided w 489+t he m cro ﬂﬂji{, ﬁ% ﬁ)
the spectrum allocated to the mcrocell cluster has bee

di stant nmacroceWHATt I8 CHAFMEDeIS: of the microcells nust be

10

15

20

25

1. A method for establishing a call connection
between a base station and a mobile station in a
cellular radiotelephone system, said method
comprising the steps of:

listening for a call access request on a control
channel; and

simultaneously transmitting, from at least two
cells, control information over said control channel.

2. The method according to claim 1 wherein said
at least two cells include a microcell and a
macrocell.

3.. The method according to claim 1 wherein said
at least two cells are microcells.

4. The method according to claim 3 wherein a
frequency assigned to said control channel is based
on one of the following:

reusing a fregquency assigned to a control
channel of an umbrella cell;

borrowing a frequency assigned to an umbrella
cell; and

using a frequency dedicated from a set of
available frequencies.

5. The method according to claim 4 wherein
radio coverage of said at least two cells and radio
coverage of said umbrella cell are substantially non-
overlapping.

6. The method according to claim 5 wherein said

. at least two microcells are indoor microcells.
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IOM/eﬁough to avoid interference with the distant 25 -macrocell from
whi ch the spectrumwas reused. Further., the paower._.gf.the control channel in

the mi crow®B4smey9have to be StronderHisISHBET HASHRERY | of the CPEWUSEBIll)Bz
unb;eLLa¥nnotnPP|| control channel }if thREPENSIEDe is 4o | ock on to the

[N sun1 30 the aimof such a systemis to assign as nmany
ﬁ mﬂ to mi-crocell control channels by maintaining those
ronger than the control “@@annels of the unbrella

nacrocell in the |ntended m crocell area whi Ie nsnlttln wi.t.h a 35
sufficiently | ow power7to évBFE%Pﬁt§FFé éh* qﬁﬂﬂ%ﬂiﬂl.

a radiotelephone system hav1ng_at least one microcell
and an umbrella cell, comprising the steps of:
receiving a call access request from a mobile
5 - unit on a first control channel assigned to the
 umbrella cell;
receiving said call access request from said
mobile unit on a second control channel assigned to a
microcell wherein said first control channel and said
10 second control channel use a predetermined fregquency:;
and
ordering said mobile unit over said first
control channel to tune to an accessible voice
channel of said microcell for handling said first

15 call access request.

8. A method for éstablishing communications in
a multi-layered radiotelephone system having a
plurality of microcells and an umbrella cell,
comprising the steps of:
20 receiving a call access request on a first
control channel assigned to the umbrella cell;
receiving said call access request on a second
control channel assigned to a microcell wherein said
flrst control channel and said second control channel
25 use a predetermined frequency;
assigning a call associated with said call
access request to one of said microcell and said
umbrella cell.

9. The method of claim 8 wherein each microcell
30 has its own independent control channel.

10. The method of claim 8 wherein each
microcell has a respective additional control
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Power or interference limtations can result in a voice channel |limted

sy.stem where sonme of the nobiles in the m crocells mﬁll receive a stronger
si gnal fﬁﬂﬁb rlying macroc ‘ Aref—of 5; g
a -stronger S?@g??(ff rom an over| I s Tc,l'éﬁq BWNI i ncrease é@ﬁ%ﬁgﬁgghce

bet ween the unbrel | a cell and t

cor EM

10

15

20

25

30

PAGED 5 shdrter. Consequently,

,mnnﬁulmﬂ"lncrease si nce m)bl | es are | ocked-on to the nmacrocel }.
mobil e transmtting ped@ requirenents increase, the

‘channel, information on each of said additional
control channels being transmitted simultaneocusly.

11. The method of claim 8 wherein said step of
assigning includes assigning said call associated
with one of said umbrella cell and said microcell
based on which of said first control channel and said
second control channel is being received at a higher
signal strength.

12. A system for establishing a connection
between a base station and a mobile station in a
radiotelephone system having a plurality of cells,
said system cbmprising:

means for listening for a call access request on
a control channel at a first cell:;

means for listening for a call access request on
said contreol channel at a second cell;

first means for transmitting control information
on said control channel from said first cell; and

second means for transmitting said control
information on said control channel from said second
cell, wherein said first transmitting means and said
second transmitting means transmit said control
information simultaneocusly.

13. The system according to claim 12 wherein
said first cell is a microcell and said second cell
is a macrocell.

14. The system according to claim 12 wherein
said first cell and said second cell are microcells.

15. The system according to claim 14 wherein a
frequency assigned to said control channel is based
on one of the follow1ng~
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battery life of the current portables would correspondi ngly decrease to

neintain the equivalent level of perfo 4E EN | ocki ng and
‘i nt er rde(BMIWMI stortion nmay arise wt REE ' | cPETAISI3A0232
close to the m-cro& ' but power

o crocel |. The nobiles are power control | ed by the unbrella
t l F ire nore power to connunB%ate with the unbrella nacrocel

10

15

20

25

30

i crocel | .

reusing a frequency assigned to a control.
channel of an umbrella cell;

borrowing a frequency assigned to an umbrella
cell; and

using a frequency dedicated from a set of
available frequencies. '

16. The system according to claim 15 wherein
said first cell and said second cell are indoor
microcells.

17. A system for establishing communications in
a radiotelephone system having at least one microcell
and an umbrella cell, said system comprising:

. means for receiving a call access request from a
mobile unit on a first control channel assigned to
the umbrella cell; '

means for receiving said call access request
from said mobile unit on a second control channel
assigned to a microcell wherein said first control
channel and said second control channel use a
predetermined frequency; and

means for ordering said mobile unit over said
first control channellto.tune to an accessible voice
channel of said microcell for handling said first
call access request. '

P 18. A system for establishing communications in
a multi-layered radiotelephone system having a
plurality of microcells and an umbrella cell, said
system comprising:

. means for.receiving a call access request on a

first control channel assigned to an umbrella cell;

- means for recelving said call access request on
a second control channel 3551gned to a mlcrocell

Th.lS Sheet Has Been Replac
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~12-" 'SUMVARY Convent i onal systens may be both control channel and voice
channel limted. A mcrocell systemunder a macrocell systemmay be limted

to two GROI 94210792 channel s as shown in the exanple set ffg&;y%g)yﬁz

Thus, _a nppd exists for a control ? THALFEERt schene
eff|C|ent use and aIIocatlon of cp n rd] ‘g@ﬁfls According to the present

;Hﬂ jullm lm, chanr‘ —rrey—e—stnotTast, i.e., the sane
broadcast at the same &#3ge on the sane frequency, so
that nor & than® one cell can use a
. wherein said first control channel and said second
control channel use a predetermined frequency:;
means for assigning a call associated with said
call access request to one of said microcell and said

5 - umbrella cell.

19. The system of claim 18 wherein each
microcell has its own independent control channel.

20. The system of claim 18 wherein each
microcell has a respective additional control
10 channel, information on each of said additional
control channels being transmitted simultaneously.

21. The system of claim 18 wherein said .
assigning means assigns said call based on which of
said first control channel and said second control

s channel is being received at a higher signal .
strength. '

\
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corrn‘t““l!umlu!“.!muuﬂﬂl .- There are several exerrpl ary sinul casting schenmes in .

accord with aspects of t T vention. |n one enbodinent, a
control owergagie7os si nul $ ;iﬁg SHEETH S BEEN B

WO or @ nicrocel | s sucﬁd,@ﬁﬁgz
systemis conpletely |ndepenéeﬁk—e£—%he-ﬁ& rocel |l environnent.

m crocells may al so have |istening devasgbebudedmso t he unbrella cel

control 20 chappéleivkd by $8RE ARUeFHEIQEGhAE Buredu GANLS Qprehanvel (18f04R4) -
unbrella cell is si rml casiginkl t1aion, 8011 AlTaD8 &indob] amehdddCotter diMifs t e
m crocell may have |listening or recei wumhd@gadces padesd] t o t he rracrocel I
control 25 channel .

1. A method for establishing a call connection
between a base station and a mobile station in a
cellular radiotelephone system having a plurality of

5 base stations, said method comprising the steps of:
listening for a call access request on a control
hannel having at least one assigned, predetermined
radio frequency;
transmitting, from a first base station, control
10 information over said control channel; and
simultaneously transmitting, from a second base
station, said contrbl information over said control
channel. '

2. The methed according to claim 1 wherein said
15 first and second base stations correspond to a
microcell and a macrocell.

3. The method according to claim 1 wherein said
first and second base stations correspond to first and
second microcells.

20 4. The method according to claim 3 wherein the at
least one predetermined radio fregquency is assigned to
said control channel based on one of the'folloﬁing:

reusing a ‘frequency assigned to a control channel
of an umbrella cell;

25 - borrowing a frequency assigned to an umbrella
cell; and |

using a frequency dedicated from a set of
available frequencies.

5. The method_according to claim 4 wherein radio
30 coverage areas of said first and second microcells and
‘a radio coverage area of said umbrella cell are at

least partially overlap. —_—

ThIS ‘Sheet H;
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‘.“ . . . . . . .
In yet anot her enbodi ment, each mcrocell may contain a |istening device to
l+sten to the unbrella ceII control channel and each mcrocell also may

have it r ol Ch el_which is different fromthe 30 a
W6 /19993 gl . Th&HES SHEET HAS BEENhbd 2Bcording to thé’%?’é’s‘@g?{“%

i est aplLi shiRRPLACEBnnect] on between a base station and a
"Hmm“mm“‘ Hma r adi ot el ephone system having at |least two cells. At 35
| castc Vo TcRoce | s of O SLeRSk' aBRArAlnd Re?'chdi4P's wHith A1 d

call access request on h
first and second microcells are indoor microcells.

7. A method for establishing communications in a
radiotelephone system having at least one microcell and
-] an umbrella cell, comprising the steps of:
receiving a call access request from a mobile unit
on a first control channel assigned to the umbrella
cell, wherein the first control channel has at least
one predetermined radio frequency;

10 receiving said call access request from said
mobile unit on a second control channel assigned to a
microcell wherein said second control channel has the
at least one predetermined radio frequency; and

ordering said mobile unit over said first control

15 channel to tune to an accessible voice channel of said
microcell for handling said call access request.

8. A method for establishing communications in a
multi~layered radiotelephone system having a plurality
of microcells and an umbrella cell and a mobile

20 SWitching center, comprising the steps of:

receiving a call access request on a first control
channel assigned to the umbrella cell, wherein the
first control channel has at least one predetermined
radlo frequency;

25 51mu1taneously receiving said call access request
on a second control channel assigned to a microcell
wherein said second control channel has the at least
one predetermined radio frequency;

assigning a call associated with said call access

30 - request to one of said microcell and said umbrella
cell.

9. The method of claim 8 wherein each microcell
is assigned a respective control channel and the

This Sheet Has Been R
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-13- UMMI“"I‘LMIHM& ving a call access request, the respective cells

siamul t Anebusi y " rédnshit control information on the control channel. The
same contwelogyiyhes mat i opri S the transmtting at
the sane tinme on the sa”rémisr‘%{h "E{éﬁf‘ghﬁ?‘?} h?g application th??lg@s?%lg#ed
to as "sinulcasting". | ee-fert-—t he control channel nay reuse a
broadcast frequency assigned to a control channel of an unbrella cell which
overlies the mcr l:l.S. T L s C fathgegker gag! | s and
the radio coverag%ggﬁq?ﬁgl%r%}téﬁla%%@émy %@Eﬁggv%rarm egb

e
respective, different, predetermined ragio frequency.

10. The method of claim 8 wherein each microcell
. has a respective additional control channel, at least
5 two of said additional control channels having at least
one common radio frequency, and control information is
transmitted simultaneously on said additional control
channels having the at least one common radip

frequency.

10- ' 11. The method of claim 8 wherein said step of
 assigning includes assigning said call associated with
one of said umbrella cell and said microcell based on
signal strengths of the call access request received on
said first control channel and said second control
15 channel.

12. A system for establishing a connection
between a base station and a mobile station in a
radiotelephone system having a plurality of cells, said
system comprising: |
20 . means for listening for a call access request on a
control channel at a first cell;
means for listening for a call access reguest on
said control channel at a second cell; _
first means for transmitting control information
25 on said control channel from said first cell; and
- second means for transmitting said control
information on said control channel from said second
cell, wherein said first transmitting means and said
- second transmitting means transmit said control
30 information simultaneously.

13. The system according to claim 12 wherein said
first cell is a microcell and said second cell is a .

macrocell. :
This Sheet Has Been R 1
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substantially non-overl appi ng. In another enbodi nent, the control channel
may reuse a broadcast frequency of a distant nacrocell and be shared 15

I mul cA0®d)1039DNng - a Lcrocel | A system and R
(g:i—glmnmwc tio rEﬁTéMSlBEﬂv graed radi ot el ephg?e sysﬁgg'grllu Fi ng
nummm" cel bl RFLACEB e vi 1g a call access request froma

m Em a first control'channel assigned to an unbrella cell
and recei vwngst cal 'l 4acceffe reymas atdmdmg n@@l E2alfli 1200harednoedid
control channel a§S| ned to a mcrocell l¥§re|£ﬂt e figst ang_ second

control channel sTA¥&t Felda@nd Safitk R8O |%r€09é?§8€e 1s.

15. The system according to claim 14 wherein a
frequency assigned to said control channel is based on
5 one of the following:
reusing a frequency assigned to a control channel
of an umbrella cell;
borroWing a frequency assigned to an umbrella
“cell; and
10 using a frequency dedicated from a set of
available frequencies.

16. The system according to claim 15 wherein said
first cell and said second cell are indoor microcells.

17. A system for establishing communications in a
15 " radiotelephone system having at least one microcell and
an umbrella cell, said system comprising:
means for receiving a call access request from a
mobile unit on a first control channel assigned to the
umbrella cell, wherein the first control channel has at
20 least one predetermined radio frequency;
means for receiving said call access request from
said mobile unit on a second control channel assigned
to a microcell wherein said second control channel has
the at least one predetermined radio frequgncy; and
25 means for ordering said mobile unit over said
first control channel to tune to an accessible voice
channel of said microcell for handling said call access
request.

18. A system for establishing communications in a
30 multi-layered radiotelephone system having a plurality
of microcells and an umbrella cell and a mobile

switching center, said system comprising:
/

eet Has Been Replaced

Ty \ll\

AMENDED SHEET (ARTICLE 18)



25 ' of the unbrella cell may partially overlap the radi o coverage of
the m crocell. The call 4 hen§a request may be assigned to
|l e

fhe ni cr SYQO#/10793 exarrpl i*ﬁg SHEHE HASBREN unit over PORE/USIIM0232

control channel device td-tuneRERASEDacces$i bl e 30 voi ce channel of
the mcrocell for handling a call. The assignnent may be based on which
cell has a higher received signal strength or other criteria such as signal
link quality or .pl annemean$| fountegeivingna Falilha&ccessaisquesinion by be

ordered 35 oy ffst Neohifel 6RRKREL aB21GRkal?Y &6 e d &,
wherein the first control channel has at least one
predetermined radio frequency;

5 means for receiving said call access request on a
second control channel assigned to a microcell wherein
said second control channel has the at least one |
predetermined radio frequency; and

means, included in the mobile sw1tch1ng center,

10 for assigning a call associated with said call access
request to one of said microcell and said umbrella
cell.

19. The system of claim 18 wherein each microcell
is assigned a respective control channel and the
15 assigned control channels each have at least one
respective, different, predetermined radio frequency.

20. The system of claim 18 wherein each microcell
has a respective additional control channel, at least
two of said additional control channels having at least

20 one common radio frequency, and control information is
transmitted simultaneously on said additional control
channels'having the at least one common radio
frequency.

21. The system of claim 18 wherein said assigning
25 means assigns said call based on signal strengths of
the call access request received on said first control
channel and said second control channel. |

* C L M s *
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~ 14> accessi bl e voi ce channel of “another cell to which the call is to be
assigned. BRI EF DESCRI PTI ON'OF THE DRAW NGS The present invention will now

‘be described in 5 nore detail with reference to prefep §9Qg3ENE S,
gi ven ‘OMOVW4510788y of exanple, and illustrated in the acconggﬁgpﬁg rawi ngs,
in which: Fig. 1 is a cell plan illustrating two cell clusters in a

cel lI'ul ar nobil e radi ot el ephone system 1@;s Fig. 2 illustrates a

typical nulti-layered cellular system enploying unbrella macrocells,

THIS SHEET HAS BEEN

/A_ 7 =. V4 REPLACED

(PRIOR ART)

.'This Sheet Has Been Replaced

SUBSTITUTE SHEET (RULE 26)
-



emi criocel I's and picocells; Fig. 3 represents an exenplary inplenmentation of
a systemfor a mcrocell and an unbrella cell of a 15 r adi ot el ephone
system according to the present invention; Fig. 4 represent_another

exenpl aWOPB#INE&nt ati on of a systemfor a nicrocell and anPGHYRIVSER |
of a radi otel ephone system according to 20 the present invention; and
Fig. Sillustrates a technique for synchronizing comunications in
accordance with one-aspect of the prese'ﬁ{ i nventi on. DETAI LED DESCRI PTI ON

THIS SHEET HAS BEEN
REPLACED
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25_‘ Al though the follomdhg déscription is in the context of
cel lular communi cation systens invol V| ngIOONERADNLs gé obi I e radio
tel ephor\g ﬁpﬂ{.’gi per sonal conmuni catj on ng@m&@g) |’t3 | %1‘5‘ %ﬁbﬁ?ﬁd by

those skil'l'ed I'n“the art that the preSent TTrventtonr e appli ed
to other communication applications. Fig. 1 ill ustrates a fi rst cel |
cluster A and a second cell cluster B for ng part of a cellular nobile
radi o tel ephone systemin a known manner 3 ypically, all frequencies

avai lable in the system

= of o 1Y
) __J TRANSCEIVER

1/

conTaoL VoicE | \r

CHANNEL
PR085§§ING 50— TRANSCEIVER

| ‘l CONTROL | \Y

s CHANNEL |
130 160 — TRANSCEIVER

CHO BASE STATION

\
l
MSC | MOBILE
)
‘ | 10

140

504 wee || Y
CHANNEL
| ' TRANSCEIVER

i |
FROSESSING 150 TRANSCEIVER

——] CONTROL |- \T/
| CHANNEL

130 : 160— TRANSGEIVER

| z‘120 BASE STATION

This Sheet Has Been Replaced

(AT

SUBSTITUTE SHEET (RULE 26)



«-15% are used in each cell clustg

Within an individual cell cluster,

frequencies are allocated to dif
uni f or

diHEH SHEET HAS (BBERC
, known as the flequerRBPLAEERE dis

cells in dl@?érent clusters using the sane Trequency.

L ance,

t he

| eve the greatest
5 PCT/US98/14287

In Fig. 1, cells
Alerr] and B[err] use a common frequengys cells Alerr] and B[err] use a
common frequency; and cells Alerr] rertg—Bferrf—use—a—ecermrer—fetaden y etc.
The radio channels in cells Alerr] |land B[err usigm_{he 10
frequency are referred to as co-chgnnel s because thgy Zaémﬁée sfe
frequency. Although sone interferende WIT occuf Ppefjwe MMEkhafifers, the
| evel of such _ , TRANSGEIVER |
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‘i nt, érference In an arrangerrent such a -
?chpt able. The cell plan of Fig. 1 1BHIS SHEEEIH R arelatively sinple

Trequengy gd/j@ati on and provides redu lint er RORWSE34102320W
traffic conditions. However, as noted above, |i mtatlons in high traffic

areas restrict the use of this cell pl aps FOWRME‘M’B‘S@ON yNaffic in hot
spots 20 can produce bl ocki bl. Fi 2 n exenplary nulti-|ayered
cellular system An unbrella nmacrpcdl | 10 r ent by a hexagonal shape

nmakes up an overlying cq_l | ul ar structuréHEac p—tH T Ibg cell may contain an
r

25 underlying microdBAl strlUgONTREL | TIE T-r—l?_f age
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B

_Qi the unbrella cell and an underlying nicrocel b

gf—my .
'Substantial 'y non-overl apping. The unbrella cell RﬁpﬁAﬂENﬂﬂ*Ex lgceﬁggg%§fq )

represented by the area enclosed within the dash Frre—and—30

m crocells 30 represented by the area encl osed hi@ t?gpd€§6ed Ifi ne
corresponding to areas along city streetsg, and [ 0 gf 40,750, jand 60,

whi ch cover individual floors of a building. The ihLELsecLhen-e#-tre t wo

O 0o

city streets covered by the mcrocells 30 and 35 40 may be an| area of
dense traffic concentration, and thus m ght represent—a—tot—spor.

COMHUNICAEION MANEGEMENT TECHNIQUE FOR A

GRO

The present invention relates to a control
5 - technique'for a radiotelephone communication system,
~ and more particularly, to a control technique for a
wireless communication system. .
Continuing growth in telecommunications is
‘placing increasing stress on the capacity of cellular
10 systems. The limited frequency spectrum made
available for cellular communications demands
cellular systems having increased network capacity
and adaptability to various communications traffic
_ situations. Although the introduction of dlgltal
15 cellular systems has increased potential system
capacity, these increases alone may be insufficient
to satisfy added demand for capacity and radio
coverage. Other measures to increase system
capacity, such as decreasing the size of cells in
20 metropolitan areas, may be necessary to meet growing
demand. o ' '
Interference between communications in cells
located near one another creates additional problens,
particﬁlarly when relatively small cells are
25 .. utilized. Thus, techniques are necessary for
‘minimizing interference between cells. One known
technique is to group cells into “clusters". Within
individual clusters, communications frequencies are
allocated to particular cells in a manner which
30 attempts to maximize the uniform distance between
cells in different clusters which use the same
communication frequencies. This distance may be
termed the “frequency reuse® distance. Aas this
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distances increases, the interference between a .cll
using a coomunication frequency and a distant cell
using that same frequency is reduced.
Radio base stations are often located near the
5 center of each cell to'provide radio coverage
throughout the area of the cell. Alternatively, a
radio base station may be located near the center of
three adjacent "sector cells" to cover those cells.
The choice between a sectorized and non-sectorized
10 system is based on various economical considerations:
" such as equipment costs for each base station.
Localized microcells and picocells may be
established within overlying macrocells to handle’
areas with relatively dense concentrations of mobile
15 users,; sometimes referred to as "“hot spots".
Typically, microcells may be established for
thoroughfares such as crossroads or streets, and a
series of microcells may provide coverage of major
. traffic arteries such as highways. Microcells may
20 also be assigned to large buildings, airports, and
‘shopping malls. Picocells are similar to microcells,
but normally cover an office corridor or a floor of a
high-rise building. The term "microcells" is used in
this application to denote both microcells and
25 picocells, and the term "macrocells" is used to
denote thé outermost layer of a cellular structure.
An “umbrella cell® can be a macrocell or a microcell
'as long as there is a cell underlying the umbrella
cell. Microcells allow. additional communication
30 channels to be located in the vicinity of actual
need,'thereby increasing cell capacity while
maintaining low levels of interference. .
The design of future cellular systems will
likely incorporate macrocells, indoor microcells,
35 outdoor microcells, public microcells, and restricted
microcells. Macrocell umbrella sites typically cover
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moving users, for example people in automobiles.
Microcell sites are ﬁsually low power, small radio
base stations, which primarily handle slow moving
users such as pedestrians. Each microcell site can
be viewed as an extended base station which is
connected to a macrocell site through digital radio
transmission or optical fibers.

In designing a microcell cluster, it is
necessary to allocate spectrum to the microcells.
This can be done in several ways; for example,
microcells can reuse spectrum from distant
macrocells; a portion of the available spectrum may
be dedicated for microcell use only; or a microcell
can borrow spectrum from an umbrella macrocell.

In dedicating spectrum to the microcells, a
portion of the available spectrum is reserved
strictly for the microcells and unavailable to
macrocells. Borrowing spectrum involves taking
frequencies available to a covering macrocell for
microcell use. '

Each of these channel allocation methods has
accompanying advantages and drawbacks. Reusing
channels from distant macrocells causes little
reduction in capacity of the macrocell strucéure.
However, reuse is not always feasible because of co-
channel interference between the microcells and
macrocells. '

By dedicating spectrum to the microcell,
interference between cell layers (microcell and
macrocell) is reduced because any co~channel
interference is between microcells, not between
macrocells and microcells. When dedicating spectrum
to a microcell, that spectrum is taken from the
entire macrocell system in a certain area, e.g., a

. city. Thus, that spectrum is not available for
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may al so be possibpg t8cd§§¢ @sbSW 85 a result, in an area containing
only a few microcells, capacity is adversely affected
because the microcells cover only a small portion of
the area in the macrocell area while the macrocell,

5 with a reduced amount of spectrum available, must
cover a substantial area. Nevertheless, as the
number of microcells increases and the area covered
by only the macrocell decreases, capacity problems
associated with dedicating spectrum may be reduced

16 and a total net gain in overall system capacity can :
be achieved without introdgcing blocking in the
macrocells.

Borfowing channels from an umbrella macrocell,
like reuse, presents poﬁential co-channel

15 interference between microcells and macrocells.
Also, capacity may be adversely affected because
efficient spectrum allocation is often impossible.
For example, it may be difficult to address all the
hot spots in a cell simultaneously when borrowing or

20 dedicating spectrum. An advantage of borrowing
spectrum is that the entire macrocell system is not
affécted, unlike dedicating'spectrum, because'only
spectrunm allocated to a covering macrocell is
borrowed and not spectrum from the entire system.

25 Thus, other macrocells can use the same spectrum
which is being borrowed by a microcell from its
covering macrocell.

Further, in cluster design, allocated spectrum
must be distributed to individual microcell sites.

30 Known methods employed for spectrum allocation
include fixed fregquency planning, dynamic channel
allocation (DCA), and adaptive channel allocation
(ACA). Further, a control channel management
technique must be selected. One possibility includes

35 having each cell or sector in a sectorized system use
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a unique control channel until frequency reuse is
feasible from an interference point of view.

With the introduction of microcells, radio
network planning may increase in complexity. The

5 planning process is largely dependent upon the

structure of the microcells. For example, the sizes
of streets, shopping malls, and buildings are key
design criteria. Microcells suffer from a series of
problems including an increased sensitivity to

10 traffic variations, interference hetween‘microcells,:

' and difficulty in anticipating traffic intensities.
Even if a fixed radiotelephone comnmunication system
could be éuécessfully planned, a change in system
parameters such as adding a new base station to

15 accommodate increased traffic demand may require
replanning the entire system. - For these reasons, the
introduction of microcells benefits from a system in
which channel assignment is adaptive both to traffic
conditions and to interference conditions.

20 One of the main concerns associated with
microcells is the minimization of fregquency planning
in FDMA and TDMA systems or power planning in a CDMA
system. Radio propagation characteristics which are
dependént on environmental considerations (e.g.,

25 terrain and land surface irregularities) and
interfefence-are difficult to predict in a
microcellular environment, thereby making frequency
or power planning extremely difficult if not
impossible. One solution is to use an ACA scheme

30 which does not require a fixed frequency plan.
According to one implementation of this method, each
cell site can use any channel in the system when
assigning a radio channel to a call. Channels are
allocated to calls in real time depending on the

35 existing traffic situation and the existing

: interference situation. Such a system, however, may
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Several advantages are realized with ACA. There
is almost no trunking efficiency loss since each cell
can use any channel. Thus, it is possible to employ
cells with very few channels without losing network
efficiency. Further, channel reuse is governed by

- average interference conditions as opposed to the

worst-case scenario.

' Several ACA schemes attempt to improve traffic
capacity and aveid the need for frequency planning.
While some systems have been moderately effective in
accomplishing these goals, it has been very difficult
to fully achieve both goals in a system which has
preassigned control channels; i.e., a system having
specified frequencies on which a mobile station may
‘expect a control channel (a 30 KHz RF channel which
contains control signals. Systems having preassigned .
control channels include AMPS (Advanced Mcbile Phone
Service System), IS-54 (Revision B) and TACS (Total
Access Communication System). In such systems,
frequency planning is still needed for control
channels. However, fregquency planning can be avoided
.and traffic capacity improved by eliminating  the need
to plan a number of voice channels on each site in an
area where traffic channels are expected to be non-
uniformly distributed.

In many systems, microcells may be control
channel limited rather than voice channel limited for.
capacity. For ekample, in a 7/21 cell plan commonly
used in the AMPS éystem, frequencies are assigned to
ensure that cells using the same frequency are
separated by a reuse distance which maintains
interference below certain predetermined criteria,
e.g., carrier to interference (C/I) ratio. In a 7/21
macro system, the spectrum of each cluster is divided
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number of channels distinct from each other group.
There are seven sites each with three sectors in a

7/21 plan. Each sector is assigned to one frequency'

group. In the area outside the seven sites, the
frequency is reused, i.e., the same frequencies may
be used again in adjacent clusters.

In a typical 7/21 cellular system, each base

. station represents a site and each cell represents a

sector. A microcell located within an umbrella cell
is unable to use the same frequency as the umbrella
cell unless there is a very high penetration loss to
an area inside the microcell. As a result, the
spectrum from the microcell must be reused from a .
distant macrocell, borrowed from the umbrella cell,
or dedicated from the spectrum available to the
cellular system. '

When reusing spectrum from a distant macrocell,

the number of macrocells from which frequency may be

reused is based on the radio propagation environment
(i.e., the terrain between the cells) and the
interference criteria. The reuse distance is
designed so that co-channel interference is limited
to acceptable ranges. For example, in the AMPS
system, the desired signal preferably ranges from ten
to one hundred times greater than the interfering
signal.

In addition to reusing spectrum in a microcell
from a distant macrocell, assuming 1o spectrum has
been dedicated, generally referred to as "reuse
assignment", two other reuse processes exist, one for
the entire macro system and one where the assigned
spectrum is reused inside the area (cluster) of the
micro system. If it is possible to assign spectrum
of the macrocell to the microcell from only two
distant macrocells as a result of interference, the
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| inks to handl e channels in excess of three channel
can be achieved if each base

microcell area will have only two control channels.
The number of voice channels depends on how many
voice channels are assigned to these particular
macrocells. In systems currently employed in the
5 United States (the "cellular band" with two

operators) there are approximately 400 channels
available per system. The average macrocell (sector)
in a 7/21 plan has approximately eighteen voice
channels. Therefore, when beginning the planning

10 process for the microcell area, there are thirty-six:
voice channels and two control channels.

An omnicell system uses one base station for

each cell. In an omnicell system, for example, a
12/12 sysﬁem, the interference distribution may

15 differ from that of the 7/21 system. 1In certain
operating environments in the microcell, it may be
possible to have for example a twelve-site reuse plan
since the same quality aspects must be achieved.
Thirty-six voice channels with fixed frequency

20 planning on a twelve-site reuse plan may résqlt in
three channels per site. The thirty-six voice
channels can be allocated to another set of sites
adjacent to the first twelve sites, but there are
only two control channels. A two-site reuse plan in

25 a two dimensional cluster area results where the same

. frequency is used in adjacent cells. In this

example, only two cells can be installed. Thus, the
quality criteria for the above example which requires
a minimum twelve-cell reuse plan cannot be satisfied

30 to achieve sufficient radio link quality.
Accordingly, such microcell channel systems may be
control channel limited, i.e., the intended cell
cluster cannot operate properly because the control
channels will be jammed with co-channel interference.

35 A potential solution to this problem is to
increase the size of microcells by, for example,
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Nevert hel ess, designing each base station equi pped

may be costly. To determine the feasibility of suc Angenent ,
the marginal capacity return of a system having adqi {ional channel $
avai | abl e to each base station above the average nynber of usable channels
nmust be conpared to the cost of the additioogl har

| npl ement such a 20 system A channel is usable if it is capable of
mai nt ai ni ng suf fi cinstedsitlg ¢l igowerf, dd that swoAdicracells exidwiderprove
traffic CapaCity_tthkicient radio coverage. According to this
' solution, spectrum reuse is no longer required
assuming radio coverage, and not capacity, is the
5 primary concern in planning the microcell area.
However, this may not be possible because
interference between the microcells and macrocells
may exceed acceptahle levels. To overcome this
problem, two microcells may be used in conjunction

10 with many antennas in a distributed antenna system.
This allows the area of coverage to extend over the
microcell cluster area without requiring a high
relative transmission power because the mobiles at
the fringe of a cell will be closer to one of the

15 antennas in comparison to a single antenna system.

This type of implementation has limitations.
Additional RF cabling is necessary which results in
attenuated signals. If the microcell system area is
large, there may be insufficient power left at the

20 remote antenna. In ﬁurn, this might require a costly
high power amplifier in the base station. Moreover,
when high power base station transmitters compensate
for cable loss, mobile stations also must transmit
with high power to overcome the cable loss.

‘25 Therefore, there is little incentive to design the
pover amplifier in the base station to permit
transmission higher than the power transmitted from
the mobile (AMPS hand-held 0.6 watt) in the uplink,
taking into account gain (4-7 dB) attributable to

‘30 antenna diversity at a typical base station. One
drawback with such systems is that mobiles are forced
to transmit with relatively more power, thereby
shortening the battery life in a mobile station and
undermining one of the purposes for introducing

35 microcells. More importantly, high powered mobiles
are more likely to interfere with macrocells using
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Alternatively, a system employing distributed

power amplifiers in conjunction with optical fibers

5 may be used. According to such a system, a remote 1
controller would transmit a light signal which would
be amplified. The signal would be received locally
where it is converted back to a radio signal. Losses
associated with éahling in a system employing optiéa;

10 fibers may be minimized because the signals do not
need to be amplified very often and in most typical
scenarios not at all. Further, an optical fiber -
‘system provides added flexibility and can be easily
installed. However, it is expensive to implement a

15 system having optical interfaces.

When planning an antenna system, allocating

spectrum for a microcell cluster, and éelecting a
power level for microcell transmitting power, several
‘concerns must be addressed. Sufficient radio

20 coverage, e.g., 98%, must be provided within the
nmicrocell area. Also, if the spectrum allocated to
the microcell cluster has been reused from a distant
macrocell, the power level of the microcells must be
low enough to avoid interference with the distant

25 macrocell from which the spectrﬁm was reused.
'Further, the power of the control channel in the
microcell may have to be stronger than the power of
the covering umbrella macrocell control channel if
the mobile is to lock on to the microcell. In sum,

30 the aim of such a system is to assign as many mobiles
as possible to microceil control channels.by
maintaining those control channels stronger than the
control channels of the umbrella macrocell in the
intended microcell area while transmitting with a

35 . sufficiently low power to avoid interference with the
’ distant macrocell.
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Power or interference limitations can result in
a voice channel limited system where some of the
mobiles in the microcells will receive a stronger
signal from an overlying macrocell. The number of
5 mobiles receiving a stronger signal from an overlying
. macrocell will increase as the distance between the.
umbrella cell and the microcell is shorter.
Consequently, capacity might not increase since
mobiles are locked-on to the macrocell. Moreover, if
10 mobile transmitting power requirements increase, the:
battery life of the current portables would |
correspondingly decrease to maintain the egquivalent
level of. performance. Further, blocking and
intermodulation distortion may arise with mobiles
15 located inside the microcell area, close to the
o microcell base station, but power controlled by a
macrocell. The mobiles are power contreclled by the
umbrella macrocell and require more power to

communicate with the umbrella macrocell than the
20 . microcell. '
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Conventional systems may be both control channel
and voice channel limited. A microcell system under
a macrocell system may be limited to two control
channels as shown in the example set forth above.
Thus, a need exists for a control channel management
scheme for the efficient use and allocation of
control channels. '

According to the present invention a control
channel may be simulcast, i.e., the sanme information’
can be broadcast at the same time on the same
frequency, so that more than one cell can use a
common cdntrol channel. There are several exemplary
simulcasting schemes in accord with aspects of the
present invention. In one embodiment, a control
channel is simulcast among two or more microcells
such that the system is completely independent of the
macrocell environment. The microcells may also have

 listening devices tuned to the umbrella cell control

channel.

In a second embodiment, a control channel of an
umbrella cell is simulcast with a control channel of
a microcell. Thus, the microcell may have listening

or receiving devices tuned to the macrocell control

channel. , _

In yet another embodiment, each microcell may
contain a listening device to listen to the umbrella
cell control channel and each microcell also may have
its own control channel which is different from the
umbrella cell control channel.

The system and method according to the present
invention involves establishing a connection between
a base station and a mobile station in a
radiotelephone system having at least two cells. At
least two microcells or one microcell and an umbrella
cell listen for a call access request on a control

on

ty
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Create accesses Onrggiective cells simultaneously transmit control
information on the control channel. The same control
information is transmitted by the transmitting cells

5 at the same time on the same frequency. In this
application this is referred to as "simulcasting"®.

In one embodiment, the control channel may reuse
a broadcast frequency assigned to a control channel
of an umbrella cell which overlies the microcells.

10 The radio coverage of the microcells and the radio
coverage of the umbrella cell may overlap or may be
substantially non-overlapping. In another
embodiment, the control channel may reuse a broadcast
frequency of a distant macrocell and be shared

1s (simulcasted) among at least two microcells.

A system and method for establishing
commnnications in a multi-layeared radlotelephone
system having at least one microcell includes
receiving a call access request from a mobile unit on

20 " a first control channel assigned to an umbrella cell
and receiving the call access request from the mobile
unit on a second control channel assigned to a
microcell wherein the first and second control
channels use the same frequency. The radio coverage

25 of the umbrella cell may partially overlap the radio
coverage of the ‘microcell. The call associated with
the call request may be assigned to the microcell,
for example by ordering the mobile unit over the
first control channel device to tune to an accessible

30 - .voice channel of the microcell for handling a call.
The assignment may be based on which cell has a
higher received signal strength or other criteria
such as signal link quality or planned cell
configuration. Further, a mobile unit may be ordered

35 over the first control channel device to tune to an
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The present invention will now be described in
more detail with reference to preferred embodiments,
given only by way of example, and illustrated in the
accompanying drawings,- in which:
Fig. 1 is a cell plan illustrating two cell

. clusters in a cellular mobile radiotelephone system;
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Fig. 2 illustrates a typical multi-layered
cellular system employing umbrella macrocells,
microcells and picocells;

Fig. 3 represents an exemplary implementatlon of
a system for a microcell and an umbrella cell of a
radiotelephone system according to the present
invention;

Fig. 4 represent another exemplary
implementation of a system for a microcell and an
umbrella cell of a radiotelephone system according go
the present invention: and

Fig. 5 illustrates a technique for synchronizing
communications in accordance with one -aspect of the
present invention.

: DETAILED DESCRIPTION

‘Although the following description is in the
context of cellular communication systems involving
portable or mobile radio telephones and/or personal
communication networks, it will be understood by
those skilled in the art that the present invention
may be applied to other communication applications.

Fig. 1 illustrates a first cell cluster A and a
second cell cluster B forming part of a cellular
mobile radio telephone system in a known manner.
Typically, all frequencies available in the system
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cell cluster, the frequencies are allocated to
different cells to achieve the greatest uniform
distance, known as the frequency reuse distance,
between cells in different clusters using the same
frequency. 1In Fig. 1, cells A, and B; use a common
frequency; cells A, and B, use a common frequency; and’
cells A; and B; use a common frequency, etc. The
radio channels in cells A; and B; using the same
frequency are referred to as co-channels because they
use the same frequency. Although some interference
will occur between co-channels, the level of such
interference in an arrangement such as that of Fig. 1
is normally acceptable. The cell plan of Fig. 1
allows for a relatively simple frequency allocation
and provides reduced co-channel interference in low
traffic conditions. However, as noted above,
limitations in high traffic areas restrict the use of
this cell plan.  For example, traffic in hot spots
can produce blocking.

'Fig. 2 is an exemplary multi-layered cellular
system. An umbrella macrocell 10 represented by a
hexagonal shape makes up an overlying cellular
structure. Each umbrella cell may contain an
underlying microcell structure. The radio coverage
of the umbrella cell and an underlying microcell may
overlap or may be substantially non-overlapping. The
umbrella cell 10 includes microcells 20 represented
by the area enclosed within the dashed line and
microcells 30 represented by the area enclosed within
the dotted 1ine corresponding to areas along city
streets, and microcells 40, 50, and 60, which cover
individual floors of a building. The intersection of
the two city streets covered by the microcells 30 and

40 may be an area of dense traffic concentration, and
thus nmight represent a hot spot.
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up calls, informing the base stations about location
and parameters associated with mobile. stations, and
informing the mobile stations about location and
parameters associated with the base stations. The
base stations listen for call access requests by
mobile stations and the mobile stations in turn
listen for paging messages. Once a call access
message has been received, it must be determined
which cell should be résponsible for the call.
Generally, this is determined by the signal strength
of the mobile station received at the nearby cells.
Next, the assigned cell is ordered, by the mobile.
switching center (MSC) for examéle, to tune to an
available voice channel vwhich is allocated from the
set of voice channels accessible to the assigned
cell.

Frequency planning can be minimized by
simulcasting the control channel where a group of
microcells transmit the same information at the same
time on the same frequency. This is often referred
to as macro diversity. In contrast to other methods,
only the control channei is shared by the base

'stations,

Macro diversity is employed to improve reception
performance. By simulcasting the control channel, it
is not necessary to plan the control channel.
Further, the microcell systems may be capacity
limited in the number of control channels which can .
be employed rather than in the number of voice
channels, e.g., AMPS. To ameliorate the control
channel problem, according to one embodiment of the
present invention, one control channel is transmitted
from a number of cells. In other words, one control
channel may be simulcast to and/or from several base
stations. It may also be possible to use a few or
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35 the nobil e has been granted a channel, the e ns an
‘order to tune to a voice channel -21- allocated éﬁ%a%@t of
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capacity drain on the 5 macrocell. "It is to bp pnderstood.th I f the
m crocell has.- no frequencies avail able then the nmacfocell may be assilgned
the call. . -17-

only one microcell as discussed previously when
considering the control channel 1imitatiéns.
However, the preplanning required before
implementation, for example determining where to .
locate the microcell to best meet the system goals,
may increase substantially. '

In a macrocellular environment, particularly one
including indoor microcells, simulcasting a control
channel can be beneficial. For example, the problems
associated with power planning, i.e., the signal
strength necessary to avoid interference, may be
reduced. Since fewer control channels can be used’
when simulcasting, the likelihood of a microcell
control channel and a macrocell control channel

. interfering which is often present in a

macrocell/microcell reuse scheme at the fringe of an
indoor microcell can be reduced. Further, with a
limited channel capacity, simulcasting theoretically
may reduce the number of channels which must be
assigned as control channels. However, in some

' systems such as AMPS, as a practical matter this is

not possible because a fixed number of channels have
already been allocated as control channels.

In an exemplary system requiring eighteen
microcells to service a hot spot using a twelve-site
reuse plan, all twelve base stations within one
cluster use different frequency channels. However,
six of those base stations must share the same
spectrum with the remaining six microcells (base
stations) located in another incomplete cluster. 2

‘single control channel may be simulcast from each

base station. Capacity considerations such as
accesses and pages on the control channel may require
that two control channels are used and assigned to

for example, nine microcells each assuming reuse from
two distant macrocells.
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thirty-six voice channels available using a twelve-
site reuse plan, each microcell can be assigned three

. channels. However, with ACA or DCA there is no set

number of voice channels assigned to each microcell.
Each base will have the capabilities through
transmitting means, receiving means and communication
links to handle channels in excess of three channels.
The best performance can be achieved ir each base
station can handle all voice channels, i.e., thirty-°
six voice channels, in IS-54 thirty-six frequencies
with three time slots each. Nevertheless, designing
each base station equipped with all voice channels
may be costly. To determine the feasibility of such
an arrangement, the marginal capacity return of a
system having additional channels available to each
base station above the average number of usable
channels must be compared to the cost of the
additional hardware necessary to implement such a
system. A channel is usable if it is capable of
maintaining sufficient link quality of all calls..

ACA can typically improve traffic capacity by a
factor of 1.5 to 5, depending on its implementation.
In the above example, if a factor of two is selected,
a single microcell can use on average six channels at
a time. Usually, an average of six channels per

‘microcell is sufficient to handle the traffic for the

particular hot spot area. Of course, the number of

channels may vary from cell to cell, for example one |

cell may average three channels and another nine,

 such that blocking is maintained below a certain

design criteria such as 2% of the time. However, the
additional expense to increase the average channel
capacity of each microcell to far more than six
channels is probably not economical. The key in such

I
|
:o (;ulf.]I \.,UII:D call 20
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when setting an average channel capacity per cell.

According to the present invention, the umbrella
macrocell and the microcell may use the same
frequency for control channels. Both the macrocell
and the microcell base stations include a
transmitting portion and a receiving portion
corresponding to the shared control channel. One of
the microcell receivers listens on the control
channel assigned to the macrocell. The microcell and
macrocell transmit information to the MSC about all
successfully received accesses. When the MSC
receives an access message, it dete:mines to which
cell the mobile should be assigned. The mobile waits
for an answer on the shared control channel. _
Therefore, the MSC sends a message to the.mobile on
the shared control channel containing an order to
‘tune to a voice channel which is part of the assigned
cell channel list.

There are some application limitations concerned
with this embodiment. If many microcell clusters are
located in the same umbrella macrocell, the capacity
of the control channel (accesses and paging) limits
system capacity. Assuming 25% of the microcell is
covered by radio frequency of the umbrella macrocell,
more than 25% of access attempts in the microcell
area will create successful messages of low signal
strength and interference of sufficient degree to
block other accesses in the macrocell. This
situation is likely in fringe areas of the microcell
where the radio frequency of the umbrella macrocell
may penetrate into the microcell coverage area.

However, if the control channel frequency for
the microcell and the umbrella macrocell differ, the
majority of the mobiles will create accesses on the
separate microcell control channel since the majority
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of mobiles in the microcell area will lock on to the
strongest received control channel, typically the
microcell control channel. When using the same
control channel frequency, all mobiles transmit on
the same frequency with some of them reaching only
the microcell, but still creating interference to the
macrocell. Consequently, access collisions can occur
in the macrocell reducing control channel capacity
more than necessary. This may result because
microéell base stations are typically equipped with
lower power amplifiers than macrocell base stations,
thus the power of the microcell control channel is

limited. Also, the power limits imposed on microcell

base stations when combined with the attenuation
presént in cabling make it difficult for the
microcell base stations to overpower the macrocell
base stations in fringe areas. Further, it may be
difficult to synchronize a macrocell with a microcell
cluster in comparison to synchronizing within the
microcell cluster. '

However, each microcell can be provided with a
receiver device to listen on the control channel

.assigned to the macrocell in addition to the .
" €ransmitter and receiver for the microcell control

channel. The macrocell control channel informs the
MSC about all successfully received call accesses.
Thus, the MSC receives the same access message from

‘mobiles which have locked on to the macrocell control
. channel from both the macrocell and from one of the

microcells. The MSC then knows to assign the mobile
to the microcell instead of the macrocell. The
mobile waits for a message from the MSC on the
macrocell control ¢channel. Therefore, the MSC sends
the message over the macrocell control channel. If
the mobile has been granted a channel, the message
sent contains an order to tune to a voice channel
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allocated on the channel list of the assigned cell,
e.g., a microcell. Mobiles which can be served by
the microcells can be assigned to microcells in order
to minimize the voice capacity drain on the
macrocell. It is to be understood that if the
microcell has no frequencies available then the-
macrocell may be assigned the call.

In a system wﬁth each microcell having a
receiver which listens to the macrocell control
channel, several problems'may arise. For example, in
an indoor microcell environment the signal must get
from the macrocell to thé mobile to function
properly; this requires penetration of the s;gnals
through the walls of structures, which can
significantly weaken a signal. As a result, a
listening control channel is probably best suited for
an outdoor microcell environment or a microcell close
to a macrocell. _

Table 1 shows three ways channels and cells can
be arranged accordihg to the present invention. In
exemplary embodiment 1,'two microcells 1 and 2 share
the same control channel (CC) transmitting (Tx) and
receiving (Rx) frequency A independent of the
macrocell control channel transmitting and receiving
frequency B. In exemplary embodiment 2, the
macrocell shares the control channel of at least

microcell 1. (It will be understood that the
frequencies for transmitting and receiving may be
different although the channels are same, viz., the
same duplex frequency pair; paired frequencieé are
separated by 45 Mhz in AMPS). 1In exemplary
embodiment 3, the first control channels on all the
cells are independent, while the second control
channel receiving frequency of microcell 1 is the
same as the macrocell control channel's transmitting
and receiving frequency. Thus, the microcell 1 can
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be equipped with more than one listening control

channel.
TABLE 1 .
= T e ——————
IExemplary Macrocell Microcell 1 | Microcell
embodiment 1 -
CC Tx & RX . - B A A
frequency
Exemplary
embodiment 2
CC Tx & Rx - A _ A A or B
Freguenqg -
Exemplary
1 embodiment 3
CC 1 Tx Frequency _ A B : c
CC 1 Rx Freguency A B c
CC 2 Rx Frequency B, C or A E
none _ '

The foregoing table of arrangements is not
exhaustive. Other combinations are considered to be
within the scope of the invention. For example,

' exemplary embodiments 1 and 3 may be combined where
the system includes a simulcast control channel at
each microcell and a listening contrél channel at oné
‘or more of the microcells. Also,'exemplary
embodiments 2 and 3 may be combined with one or more
of the microcells having a listening control channel.
Additionally, a control channel may be simulcast by a
macrocell and one or microcells as in exemplary
embodiment 1 and further another control channel on
each microcell may be simulcast by two or more
microcells.

According to one aspect of the present
invention, base stations of the umbrella macrocells
and microcells may be equipped with several voice
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channel transceivers and one control channel
transceiver, and optiocnally one or more listening
control devices. Fig. 3 represents a block diagram
of an exemplary cellular mobile radiotelephone system
according to one embodiment of the present invention.
The sysﬁem has two base stations including a base
station 110 associated with a microcell and a base
station 120 belonging to either a microcell or
umbrella cell. Each base station has a control and
processing unit 130 which communicates with the
mobile switching center (MSC) 140 which in turn is -
connected to the public switched telephone network
(not shown).

Each base station includes a plurality of voice
channel transceivers 150 which are controlled by the
control and processing unit 130. Also, each base
station includes a control channel transceiver 160.
The control channel transceiver 160 is controlled by

the control and processing unit 130. When mobile 170

makes a call access request, each control channel
transceiver 160 receives a signal having a certain
signal strength from the transmitting mobile 170.
The received signal strength is then'passed to the
control and processing unit 130 and sent to the MsC
140. The MSC 140 evaluateés each received signal
strength associated with a call access request
received and determines the cell to which the call is
to be assigned. The MSC 140 then assigns the mobile
170 making the call access request to the appropriate
cell. An order may be sent to the mobile 170 on the
control channel with the highest received signal
strength to tune to a particular voice channel of the
assigned cell.

In the embodiment shown in Fig. 3, the base
stations 110 and 120 share the same control channel
frequency in the uplink direction. As a result, the
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microcell, or the two microcells, may be simulcast
from the cells.

Fig. 4 relates to another embodiment of the
present invention. Elements in Fig. 4 are the same
as those represented by the same numerals in Fig. 3.
In Fig. 4, there is shown an umbrella cell base
station 180 and a microcell base station 190. The
microcell base station 190 includes a control channel
receiver 200 for listening on the umbrella cell-
control channel for information including the
contents of mobile originated messages. Also
included is a control channel transceiver 160 for the
microcell which can, independent'of the umbrella cell
base station 180 and its corresponding control
channel transceiver 160, receive call access requests

from a mobile 170, preferably only if the mobile 170

is within the microcell area.

When a mobile 170 makes a call access request,
it first determines on which control channel the
request will be broadcast. Typically, the mobile 170

-determines which control channel, as between the

microcells and umbrella cells, is being received with
a higher signal strength. If the mobile determines
that a microcell control channel is strongest, then
the access request is transmitted on that microcell
control channel. However, if the mobile 170
determines that the umbrella cell control channel is
the strongest, then the access request is sent over
the umbrella cell control channel. In the latter
case, the call access request may be received at both
the microcell and the umbrella cell on the umbrella
cell control channel if the microcell is equipped
with a listening control channel tuned to the control
channel receiving frequency of the umbrella cell.



20 " makes a call access request, each contr
‘receives a signal having a certain signal streng
mobi e 170. The received signal strength is then EB@@B? rol and
processi ng-unit 130 and sent to the MSC 25 é 40{ ejval uat es
each received signal strength associated with a | _access reqgupbs
received and determnes the cell to which the call is to_be assigngd. The
MSC 140 then assigns the nobile 170 making 1z access—eguest- to t he
appropriate 30 cell. An order nmay be sent to the nobile 170 on the

control channel wth thaa&ﬁ Fhasdipte o \ee bl nidcals anghdedty, ttie to a
particular voice ‘*EEE¥%1A§ defl transmits the information to the MSC
140. The MSC 140 assigns the call to the microcell
or another cell based on, for example, the signal
5 strength of the mobile 170 received on the control
channels of the cells. The MSC 140 orders the mobile
170 on the control channel of the cell from which the
call access was made to tune to a voice channel of
the assigned cell. Specifically, the MSC 140
10 transmits a message including the frequency, the slot
' (in time division applications), and other
information necessary to establish connection of the
call. o -
When simulcasting control channels according to
15 the present invention, it is important to properly
synchronize the base stations transmitting on the
same control chahnel. One exemplary method which can
be used is discussed in U.S. Patent No. 5,088,108,
entitled "Cellular Digital Mobile Radio System and
20 Method of Transmitting Information in a Digital
Cellular Mobile Radio System" by Uddenfeldt and the
present inventor which is herein incorporated by
reference. In Fig. 5, an MSC is connected via cables
L, Ly, <. L, L, to a plurality of base stations, of
25 vhich two B, and B, are shown. The base station B,
has a central unit connected via cables I ‘and L, to
two transceiver units B, and B, situated at a
distance from the central unit. The central unit of
the base station B, includes a central line and
30 control unit 1, transmission time shifting units 2A
and 2B for each transceiver, reception time shifting
units 3A and 3B for each transceiver, and line units
4A and 4B for each transceiver.
Both transceivers in the base station B, are
35 alike with each transceiver containing a line and
control unit SA or 5B, transmitter units 6A or 6B,
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receiver units 7A or 7B, a transmission reception
filter 8A or 8B and an antenna 9A or 9B.
The base station B, differs somewhat from the.
base station B, primarily because its central line and
5 control unit 10 are connected with one of its

' transceivers B,. Thus, in this base station no
cabling is associated with line units corresponding
to I, L,, and 4A-5B is needed for transceiver B,.
Further, no transmission or reception time shifting

10 " units are included in any central unit of B, but
corresponding units 23, 2B, 3A, and 3B respectively
are included in transceivers B, and B,. _

Messages broadcast on the control channel to the
mobile units from the MSC are transmitted from the

15 MSC via the cable I, to the line and control unit 1.

' The information is next transferred from the line and
control unit 1 through the transmission time shifting
unit 22, line unit 42, cable I,, and control unit 5a
to the transmitting unit 6A. The transmitting unit

20 6A transmits via the transmission reception filter 8a
and the antenna 9A radio signals on the control
channel to the mobile units. ' )

That same message information is also
transferred from line and control unit 1 via the

25 transmission line shifting unit 2b, line unit 4B,

' cable I, and line and control unit 5B to the
transmitting unit 6B in the transceiver B,,.
Subsequently, the transmitting unit 6B transmits via
the transmission reception filter 8B and the antenna

30 9B radio signals on the control channel to the mobile

" “units. X
The signals from the antenna 9A in B,, arrive at
a given mobile station_in a cell with or without time
shift in relation to corresponding radio signals from

35 the antenna 9B in B,. The possible time shift of
arrival of the control channel at a mobile unit
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from the antennas and propagation time from the
antennas to the mobile unit. '

The line and control unit 1 controls the
variable delays in the transmission time shifting
units 2A and 2B so that the differences in delay
associated with cables L, and I, and the differences
caused by the radio propagation delay are
counteracted.. _

In systems with mobi;es operating according to -
IS-54 in contrast to mobiles operating according to
AMPS, éimultaneous arrival of the radio signals at
the mobile unit is neither desired nor achievable.
Reflections occur in the propagation of the radio
signals between the antennas, and each mobile unit is
equipped with an adaptive equalizer to aid in
reconstruction of the received signal. Therefore, it
is not necessary for signals to arrive simultaneously
at the mobile. On the contréry, there is preferably
a small time shift to obtain protection against
Rayleigh fading.

There are several methods for controlling the
delay ‘associated with these transmissions. For
example, an estimate of the propagation delay can be
made, and, in conjunction with the remainihg causes
of delay associated with the fixed part of the
system, can be used to adjust the reception time
shifting units 3A and 3B so that information from the
mobile arrives at the line and control unit 1 of the
corresponding transceiver B, and B, simultaneously.
Subsgquently, the delays in the transmission time
shifting units 2A and 2B are adjusted in accordance
with the optimum delays in the reception time
shifting units 3aA and 3B. :
| Another method involves estimating in the mobile
station the difference in arrival time, or time

of
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may be received attdmisveiver B, and from the other transceiver B,

Encoding of radio signals to indicate from which
transceiver the signals were received is required.

5 In TDMA and CDMA systems, one can transmit special
synchronizing words. RAKE receivers can be used by
the mobile unit to correlate the received signals and
reconstruct the radio message transmitted by the
_respective base stations. Although the example

10 synchronizes transmissions from two transceivers at
the same.base stations, transmissions from _
transceivers located at different base stations can
likewise be synchronized to facilitate simulcasting
of the control channel between a group of cells. '

15 This method however, cannot be used for analog
mobiles operating according to AMPS.

Within a microcell cluster, if the macrocell is
not part of the simulcast, synchronization becomes
easier since differential delays in RF cabling and

20 corresponding radio propagation between base and

| mobile are small because the distances involved are
typiéally short in relation to the bit period of the’
modulation format, for example up to several km in
AMPS. Existing mobile units can limit the

25 flexibility in designing control channel assignment

- schemes. For example, the feasible power capacity of
mobile units are presently limited by the size of the
units and the characteristics of the energy sources.

While particular embodiments of the present

30 invention have been described and illustrated, it
should be understood that the invention is not
limited thereto since modifications may be made by
persons. skilled in the art. The present application
contemplates any and all modifications that fall

35 within the spirit and scope of the underlying
invention disclosed and claimed herein.
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WHAT IS CIATMED IS:

channel if

1. A method for establishing a call connection
between a base station and a mobile station in a
cellular radiotelephone system, said method

5 comprising the steps of:
_ listening for a call access regquest on a control

channel; and

simultaneously transmitting, from at least two
cells, control information over said control channel.

10 2. The method according to claim 1 wherein said

at least two cells include a microcell and a
macrocell.

3. The method according to claim 1 wherein said
at least two cells are microcells.

15 . 4. The method according to claim 3 wherein a

frequency assigned to said control channel is based
on one of the following:

reusing a frequency assigned to a control
channel of an umbrella cell;

20 borrowing a frequency assigned to an umbrella
cell; and

_ using a frequency dedicated from a set of
available frequencies.

5. The method according to claim 4 wherein

25 radio coverage of said at least two cells and radio
coverage of said umbrella cell are substantially non-

overlapping.

6. The method according to claim 5 wherein said
at least two microcells are indoor microcells.
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chanWhe MSC 140 orders the nobil MGEMEM SHFET p|
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n access was fmffe To tune to Voi ce
chan d cell. Specifically, the MC| 140 gl@SEP ranspits a
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and ot her infoPmation necessary to establish connecjil When

si mul casting control channels according to }g he present invent on,
it is inmportant to properly synchronize the base startons TTansmITINg on

LS SaTE N0l Cparne | X RgRAEHP st eUERtatibhgcbaiuREcke bl n
a radiotelephone system having at least one microcell
and an umbrella cell, comprising the steps of:

receiving a call access request'from a mobile
5 unit on a first control channel assigned to the
umbrella cell;
receiving said call access request from said
mobile unit on a second control channel assigned to a
microcell wherein said first control channel and said
10 second control channel use a predetermined frequency;.
and
. ordering said mobile unit over said first
control channei'to'tune to an accessible voice
channel of said microcell for handling said first .
15 call access request.

. 8. A method—for establishiﬁg communications in
a multi-layered radiotelephone system having a
plurality of microcells and an umbrella cell,
comprising the steps of:
20 receiving a call access request on a first
control channel assigned to the umb#ella cell;
receiving said call access request on a second
control channel assigned to a microcell wherein said
first control channel and said second control channel
25 use a predetermined frequency:; _ |
assigning a call associated with said call

access request to one of said microcell and said
umbrella cell.

9. The method of claim 8 wherein each microcell
30 has its own independent control channel.

10. The method of claim 8 wherein each
_microcell has a respective additional control
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entitled "Cellular Mbbi | e Radi o System and ZCREPLACEEEQHBSHEET
“Tr ansnmm” ninaDgital Cellular Mbilg4 RauroSystem
Uddenf mf" ’Hm@ tgent i nventor which is herein iinqorg QL
reference.c | & Fn n MSC i s connected via cabl es L[err? [ew*%, :
Ll[err], L[err] to.a plurality of base stations, of 2§ hH—ch—t-wed B er r ]
and B[err] are shown. The base station B[err has ajcentral unit conng¢cted
via cables L[err] and L[err] to two transcelter unitsBferri—armdBferT]
situated at a distagnce o] e ceniral T r t he base
station Blerr] i nc&h%‘é% g g;e‘hg ’Ef'a’f:f'?fg °Hdé§?}1 8¢ gg%?\t ro?iﬁ\‘lgrt‘ﬂl

transnission time santrthGMmmmeliﬁb%hﬂg2E¢¢%$m%55ﬂ@t?%RE%ERQ@R“siﬁcept|on
tinme shifting

11. The method of claim 8 wherein said step of
assigning includes assigning said call. associated
5 with one of said umbrella cell and said microcell
based on which of said first control channel and said
second control channel is being received at a higher
signal strength.

' 12. A system for establishing a connection
10 ' petween a base station and a mobile station in a
radiotelephone system having a plurality of cells,
said system comprising: '
' means for listening for a call access request on
a control channel at a first cell;
15 means for listening for a call access request on
said control channel at a second cell; -
first means for transmitting control information
on said control channel from said first cell; and
second means for transmitting said control
20 information on said control channel from said second
cell, wherein said first transmitting means and said
second transmitting means transmit said control
. information simultaneously.

13. The system according to claim 12 wherein
25 said first cell is a microcell and said second cell
is a macrocell.

14. The system'according to claim 12 wherein
said first cell and said second cell are microcells.

15. The system according to claim 14 wherein a

30 frequency assigned to said control channel is based
on one of the following:

This Sheet Has Been Replaced

ANV




ILCHREA

trans

units—%ﬁhand\QB“LQL_Egggetransceiver, and line unit QENEQBQSHE_ ch
trans;E ver. Both tra ivers in the base station
with e

al i ke

ontaining a |ine and control n| gﬁkor -
Im ~26- receiver units|[7A &6 Pag%rals I SSi on

reception Fil'tef 8A of 88 and an antenna 9A or 9B. |The _base statiof B[err]

differs somewhat f
central line and

10

is

- 20

25

30

romthe. base station B[eLEL_prinarily_because Its

reusing a frequency assigned to a control
channel of an umbrella cell; '

borrowing a frequency assigned to an umbrella
cell; and

using a frequency dedicated from a set of
available frequencies. '

. 16. The system according to claim 15 wherein
said first cell and said second cell are indoor
microcells.

17. A system for establishing communications in
a radiotelephone system having at least one microcell
and an umbrella cell, -said system comprising:

méans for receiving a call access request from a
mobile unit on a first control channel assigned to
the umbrella cell; o .

means for receiving said call access requést
from said mobile unit on a second control channel
assigned to a microcell wherein said first control
channel and said second control channel use a

| predetermined frequency; and

means for ordering said mobile unit over said
first control channel to tune to an accessible voice

channel of said microcell for handling said first
call access request.

18. A system for establishing communications in
a multi-layered radiotelephone system having a
‘plurality of microcells and an umbrella cell, said
system comprising:

- means for receiving a call access request on a

first control channel assigned to an umbrella cell;

means for receiving said call access request on
a second control channel assigned to a microcell

\
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5 contr ol

unit 10 are corinected with one of it gttan =
Thus, in this base station no cabling is associatedfﬁsbﬁA&F

ENG °HEE° I

corr espons IEINIEL L, <0, 24,55, s reeded for TramscErvey |

are included it ahy Bentral unit of B[err], but cornegponding units}2
3A, and 3B respectively are included in transceiver g

) 281

Messages broadcast on the control channel te3ske rmoBile units fron1th MBC
are transmtted fromthe 15 M5C via the cable LTerrJ—to the t7TTme and
control unit 1. Th¥hemednnseidn fizrste pontreds chanseli pofh spdd secoadd

control unit 1 threegkrolechaanel ute0d pré@eterinined frequency;

10

15

. means for assigning a call associated with said
call access request to one of said microcell and said
umbrella cell.

19. The system of claim 18 wherein each
nicrocell has its own independent control channel.

20. The system of claim 18 wherein each
microcell has_e respective additional control
channel, information on each of said additional
control channels being transmitted simultaneously.

21. The system of claim 18 wherein said
assigning means assigns said call based on which of
said first control channel and said second control
channel is being received at a higher signal
strength.
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gni{ 2A, line uJquﬁ£EMEQMESHEET ] and control unit 5A t

g
unit 6A. The trangmtting unit 6A transmts via tlﬂl““ﬂ“lln“j‘mgmr
reception filtef

to the nobile uhi
line and contro

line unit 4B, clbl

transmtting unit
transmtting unit
t he antenna 30

BAGH SEPhB9gNt
[ S. That sane
[ L

enna 9A radio signals on t e control' channel

ssage i nfggmation is al so" aMBRBES' red from
S transn155|on I|ne shlftlng unit 2b,

6B tranSmts via tﬁ ' ugcep |on er 88 and

9B radi o signals on the contr channel to the nobi | e
1. A method for establishing a call connection

' between a base station and a mobile station in a

10

15 -

20

25

30

cellular radiotelephone system having a plurality of
base stations, said method comprising the steps of:
listening for a call access request on a control
channel having at least one assigned, predetermined
radio frequency;
transmitting! from a first base station, control
information over said control channel; and
simultaneocusly transmitting, from a second base

station, said control information over said control
channel.

2. The method according to claim 1 vwherein said
first and second base stations correspond to a
microcell and a macrocell. _

3. 'The method according to claim 1 wherein said

first and second base stations correspond to first and -
second microcells. B

4. The method according to claim 3 wherein the at
least one predetermined radio frequency is assigned to
said control channel based on one of the following:

reusing a ‘frequency assigned to a control channel
of an umbrella cell; '

horrowing a freqnency assigned to an umbrella

'cell, and

using a frequency dedicated from a set of
available frequencies.

5. The method according to claim 4 wherein radio
coverage areas of said first and second microcells and

a radio coverage area of said umbrella cell are at
least partially overlap.
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units. 'fhe si gnal ;RE EMEN;nSHEEB 9A .i n Blerr] arrive at a given nobi | e
station in a celljwth or without{tfme shift in relation to corresponding
radi o signals from B506 SEPti9egant ehna 9B in B[err]. The possible tine

shift of arrival pf|the control chgnnel at a-nobile unit AMBNDERjeperids on

possible time shifting artramsmsdi on -f B@m t he antennas and propagation
time fromthe antgnpas_to the nobille uni.t.

6. The method according to claim 5 ‘wherein saia
first and second mic.rocells are indoor microcells.

. . &
7. A method for establishing communications. in a

radiotelephone system having at least one microcell and
an umbrella cell, comprising the steps of:

" receiving a call access request from a mobile unit
on a first control channel assigned to the umbrella
cell, wherein the first control chamnel has at least
one predetermined radio frequency;

receiving said call access request from said
mobile unit on a second control channel assigned to a :
microcell wherein said second control channel has the
at least one predeternmined radio frequency; and

. ordering said mobile unit over said first control
channel to tune to an accessible voice channel of said
nicrocell for handling said call access request. -

10

8. A method for establishing communieatiqns ina
multi-layered radiotelephone system having a plurality
of microcells and an umbrella cell and a mobile
switching center, comprising the steps of: i

receiving a call access request on a first control
‘channel assigned to.the umbrella cell, wherein the
first control channel has at least one predetermined
radio frequency;

simultaneously receiving said call access request
on a second control channel assigned to a microcell
wherein said second control channel has the at least
one predetermined radio frequency;

assigning a call associated with said call access

request to one of said microcell and said umbrella
cell.

20
25

30

9. The method of claim 8 wherein each nicrocell
is assigned a respective control channel and the

Cox c L L] S *
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. 10. The method of claim 8 wherein each uicrocell
has a respectivé additional control channel, at least
two of said additional control channels having at least
one common radio frequency, and control information is
t2ansmitted simultaneocusly on said additional control
channels having the at least one common radio
frequency. )

11. The method of claim 8 wherein said step of
assigning includes assigning said call associated with
one of said umbrella cell and said microcell based on
signal strengths of the call access request received on

said first control channel and said second control
channel.

12. A system for sstablishing a connection
between a base station arnd a mobile station in a
radiotelephone system having a plurality of cells, said
.system comprising: ° ' '

means for listening for a call access request on a
control channel at a first cell,

means for listening for a call access request on
said control channel at a second cell; .
_ first means for transmitting control infomation
 on said control channel from said first cell; and
second means for transmitting said control
information on said control channel from said second
cell, wherein said first transmitting means and said

second transmitting means transmit said control
information simultaneously.

13. The systém according to claim 12 wherein said
first cell is a microcell and said second cell is a
macrocell.
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15. The system according to claim 14 wherein a
frequency assigned to said control channel is based on
5 one of the following:

reusing a frequency assigned to a control channel
of an umbrella cell;

borrowing a frequency assigned to an umbrella
cell; and

10 using a frequency dedi.cated £rom a set of -
available frequencies. -
. 16. " The system according to claim 15 wherein said
first cell and said second cell are indoor microcells.
17. A system fo::- eétablishing communications in a
15

radiotelephone system having at least one miordcell and
an umbrella cell, said system comprising:

means for ‘receiving a call access request from a
mobile unit on a first control channel assigned to the
umbrella cell, wherein the £irst control channel has at
20 least one predetermined radio frequency;
' means for receiving said call access request. from
said mobile unit on & second control channel assigned
to a microcell wherein said second control channel has
the at least one predetermined. radio frequency; and

* means tor ordering said mobile unit over said
£irst control channel to tune to an accessible voice

channel of said microcell for handling said call access
request. ' '

25

18. A system for establishing communications in a
nuli_:i-layeréd radiotelephone system having a plurality
of microcells and an umbrella cell and a mobile
switching center, sa.id system comprising:

30
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Lreceived radio silgnals fromone transceiver Blerr] and
nscelmeanB[cct]recelving a call access regquest on a

first control channel assigned to an umbrella cell,
wherein the first control channel has at least one
predetermined radio frequency; _ )

' means for receiving said call access request on a
second control channel assigned to a microcell wherein
said second control channel has the at least one
predetermxned radio frequency; and

means, included in the mobile sw1tching center,
for assigning a call associated with said call access

request to one of said microcell and said umbrella
cell.

19.. The system of claim 18 wherein each microcell
is assigned a respective control channel and the '
assigned control channels each have at least one
respective, different, predetermined radio frequency.

~20. The system of claim 18 wherein each microcell
has a respective additional control channel, at least
two of said additional control channels having at least
one common radio frequency, and control information is
transmitted simultaneously on said additional control
channels having the at least one common radio
frequency.

21. The system of claim 18 wherein said assigning
means assigns said call based on signal strengths of
the call access request received on said first control
channel and said second control channel.
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15 Thi s net hod however,

cannot be cesifiRICATIORMANAGEMENT TECHNIQUE FOR A RADIOTELEPHONE SYSTEM
~ INCLUDING MICROCELLS

In a radio telephone system, the control channel in all cells (10-60) in an area can be

| simulcasted. A microcell base station (190) may be provided with a receiver (200) to listen on

the umbrella cell control channel for messages, in addition to listening on its own control

channel for control information and call accesses, to facilitate the appropriate assignment of a
call to a cell. Also, a microcell can share a control channel with an umbrella cell provided

interference between the control channels in not excessive. Further, microcells can share a

common confrol channel independent of the overyling macrocell structure.

FIGURE 4
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Whi l e particul ar enbodi nents of the present 30 I nvention have been
described and illustrated, it should be understood that the invention is
not limted thereto since nodifications may. be nmade by

the art. The present application contenplates any and 4 MSHEET
that fall 35 within the spirit and scope of the urderlyl nNg 1 NVent’
di scl osed and cl ai ned herein. -29- Wigls is clainmed ifs] 06 SEP 1994
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What is claimed is:

1. A method for establishing communications in a multi-layered
radiotelephone system having a plurality of microcells and an umbrella cell and a mobile
switching center, comprising the steps of: .

receiving a call access request on a first control channel assigned to the umbrella
cell, wherein the first control channel has at least one predetermined radio frequency;

receiving said call access request on a second control channel assigned to a
microcell wherein said second control channel has the at least one predeterminéd radio

frequency; and

" assigning a call associated with said call access request to one of said microcell and said

umbrella cell; _

wherein each microcell has a respective additional control channel, at least two of said
additional control channels having at least one common radio frequency, and control
information is transmitted simultaneously on said additional control channels having the

at least one common radio frequency.

2. A system for establishing communications in a multi-layered
radiotelephone system having a plurality of microcells and an'umbrella cell and a mobile
switching center, said system comprising: _ _

means for receiving a call access request on a first control channel assigned to an
umbrella cell, wherein the first control channel has at least one predetermined radio
frequency;

means for receiving said call access request on a second control channel assigned
to a microcell wherein said second control channel has the at least one predetermined |
radio frequency; and

means, included in the mobile switching center, for assigning a call associated '
with said call access request to one of said microcell and said umbrella cell;

" wherein each microcell has a respective additional control channel, at least two of

said additional control channels having at least one common radio frequency, and control
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- information is transmitted simultaneously on said additional control channels

having the at least one common radio frequency.
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ABSTRACT

COMMUNICATION MANAGEMENT TECHNIQUE FOR A RADIOTELEPHONE SYSTEM
INCLUDING MICROCELLS

In a radio telephone system, the control channel in all cells (10-60) in an area can be
simulcasted. A microcell base station (190) may be provided with a receiver (200) to listen on
the umbrella cell control channel for messages, in.addition to listening on its own control
channel for control information and call accesses, to facilitate the appropriate assignment of a
call to a cell. Also, a microcell can share a control channel with an umbrella ceil provided
interference between the control channels in not excessive. Further, microcells can share a

common control channel independent of the overyling macrocell structure.

FIGURE 4
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