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BACKGROUND

The present invention relates generally to radiocommunication systems and,

more particularly, to systems and methods for increasing the capacity and/or
5  coverage area of cellular-type communication systems.

The rapid growth of cellular communication systems has compelled designers
to search for ways in which system capacity can be increased without reducing
communication quality beyond consumer tolerance thresholds. One way in which
increased capacity can be provided is by increasing the efficiency in which the

10  available Cellular spectrum is used, e.g., by changing from analog to digital
communication techniques. In North America, this change was implemented by
transitioning from the analog AMPS system (o a digital system (D-AMPS) which
was standardized as IS-54B and later as 1S-136. Other technological improvements,
such as the implementation of Time Division Multiple Access instead of Frequency

15 Division Multiple Access, have also increased Cellular system capacity.

Even with the implementation of more spectrally efficient technologies, the
capacity of cellular communication systems continues to be a concern. Another way
in which the capacity of Cellular communications system can be increased is to
provide additional spectrum. For example, the FCC originally allocated two blocks

20 of frequencies (i.e., 825-845 MHz (uplink) and 870-890 MHz (downlink)) for

| Celiular band service in the United States. In 1987, the FCC allocated an additional
5 MHz to each block to increase Cellular systems’ capacity. The current Cellular
bandwidth allocation in the United States, complete with channel numbering, is
illustrated in the tables shown in Figures 1A and 1B. Therein, Figure 1B shows
- 25  how the transmitter center frequencies can be determined for each channel described
in Figure 1A. Of course, this solution has natural limits since the usable frequency
spectrum is finite and other, existing system types already own portions of the

usable spectrum.

For example, Land Mobile Radio (LMR) systems are allocated frequency
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are allocated frequqdey trunked (PST) systems) to communicate between patrol cars and
headquarters. Unlike Cellular systems, however, LMR systems héve historically
been implemented as large independent sites serviced by one (or a few) transmitting

10 base stations, rather than over a wide geographical area serviced by many
transmitting base stations as in Cellular systems. At each LMR site, an operator
can be allocated a portion of the LMR spectrum within which a fixed frequency pair
is selected for use as a control channel while all of the other frequencies can be used
for traffic.

15 In 1994, the FCC announced that the frequgncy spectrums which have been
allocated for LMR, Cellular and Personal Communications Systems (PCS) would
be uniformly regulated, such that an operator can use frequencies within the joint
bandwidth in any desired manner. Coupled with other regulatory changes, for
example those which allow LMR spectrum to be licensed on a wide-area basis rather

20  than a site-by-site basis, it has now become realistic to consider using LMR
frequencies in non-conventional ways, e.g.., using cellular communication
techniques. This usage of the LMR spectrum is termed herein “downbanded
cellular (DBC)".

To implement DBC systems which are highly cellular compatible, several

25  challenges must first be addressed. For example, conventional LMR systems
operating in the United States have 25 KHz channel widths, whereas Cellular
systems operating in accordance with 1S-54B have 30 KHz channel widths. Other

issues, such as adjacent channel interference, are also a concern.
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on a w de-area basiganhéliZAfién of the LMR spectrum is redefined in a manner which provides

10  significant advantages. More specifically, for every six originally sﬁeciﬁed. 25 KHz

LMR channels, five new 30 KHz DBC channels are specified. ‘In this way,
complete compatibility with cellular systems, e.g,. allowing roaming between

cellular and DBC systems, is achieved according to the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
IS The foregoing, and other, objects, features and advantages of the present
invention will be more readily understood upon reading the following detailed
description in conjunction with the drawings in which:
Figures 1A and 1B are tables which show conventional Cellular band channel
assignments;
20 Figures 2A and 2B are tables which apportion the 18 MHz of LMR spectrum
into equivalent 25 KHz channel assignments;
Figure 3A illustrates a DBC system according to the present invention that
is adjacent to a conventional cellular system _
Figure 3B illustrates a DBC system according to the present invention that
25  is coincident with a conventional cellular system;
Figure 4 is a block diagram of a portion of an exemplary radio
communication sySlcm according to the present invention;
Figure 5 illustrates one hypothetical mapping of conventional 25 KHz LMR

channels into 30 KHz channels;

N T
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5 Figures 8-10 each illustrate a detailed example of how particular LMR
channel groups can be rechannelized to provide DBC channels according to the
present invention;

Figure 11 illustrates an uplink spectral power mask defined by the FCC to
limit adjacent channel interference and an output DBC transmit waveform generated

10 from a remote station using transmit pulse shaping according to the present
invention; and

Figure 12 illustrates an downlink spectral power mask defined by the FCC
to limit adjacent channel interference and an output DBC transmit waveform

generated by a base station using transmit pulse shaping according 1o the present

15 invention.

DETAILED DESCRIPTION

The vision for downbanded cellular systerﬁs includes both the provision of

stand-alone DBC systems which utilize the LMR spectrum and provide enhanced
communication services, as well as cooperative applications of DBC systems and

20  Cellular systems. For example, Figure 3A illustrates one such cooperative
application of DBC systems. In the figure, a DBC system is positioned adjacent to

a Cellular system. The DBC system is illustrated as having a plurality of cells each

of which are supported by a mobile switching center (MSC) 10. Similarly. the
Cellular system has a plurality of cells supporied by three MSCs 12. 14 and 16.

25  Each cell includes one or more base stations (not shown) connected to their
respective MSC for transmitting signals to, and receiving signals from, mobile
stations within the cell. In this exemplary configuration, the DBC system provides
additional geographic coverage which would allow. for example. the operator of the

Cellular system to provide greater geographic service o its customers.
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10  base stations and mobile stations can be manufactured using substantially the same
components as conventional Cellular base stations and mobile stations. with certain
exceptions, e.g., DBC equipment will have the rf capability to operate in the LMR
frequency band. Readers interested in obtaining additional information relating to
more specific details of exemplary mobile and base station implementations are

15  directed to copending U.S. Patent Application Serial No. 07/967.027 entitled
"Multi-Mode Signal Processing” filed on October 27, 1992 10 P. Dent and B.
Ekelund, which disclosure is incorporated here by reference. DBC systems can also
be implemented in general accordance with D-AMPS as specified in EIA/TIA IS-
54B and IS-136, the disclosures of which are also incorporated here by reference.

20 Figure 4 represents a block diagram of a portion of an exemplary
downbanded cellular radiocommunication system according to one embodiment of
the present invention which can be used to impiement the foregoing. The system
shows an exemplary base station 110 and a mobile 120. The base station includes
a control and processing unit 130 which is connected to the MSC 140 which in turn

25 is connected to the public switched telephone network (not shown). Since DBC
systems are completely Cellular compatible, MSC 140 can be identical 10 the
switching equipment used in Cellular systems.

The base station 110 for a cell includes a plurality of voice channels handled
by voice channel transceiver 150 which is controlled by the contro) and processing

30 unit 130. Also, each base station includes a control channel transceiver 160 which
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Figures 6A and 6B are tables which illustrate channel assignnents of the
LMR spectru channel s according to the present invention:

Figure 7 il Imu‘g ?Z’;’t es mappi ng of LMR channels into DBC channgéﬂggm ng
to the present invention at a conceptual |evel: 5 Fi gures 8-10
each illustrate a detailed exanple of how particular LM channel
groups can be rechannelized to provide DBC channels according to the
present invention; Figure 11 illustrates an uplink spectral
power mask defined by the FCC to 6

may bc capable of handling more than one control channel. The control channel
transceiver 160 is controlled by the control and processing unit 130. The control
channel transceiver 160 broadcasts control information over the control channel of
the base station or cell to mobiles locked to that control channel. The voice channel
5  transceiver handles the traffic or voice channels. When the mobile {20 first enters
the idle mode, it will locate a DBC control channel from which it can acquire
overhead information and listen for pages. In conventional LMR systems. a control
channel was identified by the processing unit 180 tuning the mobile station's
voice/control channel transceiver 170 to a control channel. which control channel
10 has been preprogrammed into the mobile station by the network operator. This
technique, however, is not appropriate for DBC systems in which control channels
can be placed on any DBC channel frequency. Exemplary techniques for locating
a DBC control channel are described in the above-incorporated U.S. Patent
Application entitied "A M.ethod and Apparatus for Locating a Digital Control
15  Channel in a Downbanded Cellular System".

Thus far, the description of DBC systems closely parallels that of traditional
Cellular systems. However, several problems were faced by Applicant in adapting
the LMR portion of the spectrum to usage for DBC systems. The first of these
difficulties relates to the historical usage of 25 KHz channel widths in the LMR
20 spectrum as opposed to the 30 KHz channel widths used in many Cellular systems.
To provide maximum equipment compatibility between DBC and Cellular systems.,

it is desirable to provide DBC channels that also have 30 KHz channel widths.
There are many ways in which 30 KHz channels could be specified for the
LMR spectrum. For example, each network operator could decide independently
25 where to position a 30 KHz channels based upon the portions(s) of the LMR
spectrum owned by that network operator. Of course, at least two contiguous 25
KHz channels need to be owned by a network operator to provide sufficient
bandwidth for a single 30 KHz channel. Since network operators in different
geographic areas will frequently own different patterns of the LMR spectrum.

30  allowing the network operators to select where the 30 KHz channels will be placed
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to locate a 30 KHz channel at any given center frequency, convert these two sets of

10 three LMR channels into two sets of two 30 KHz channels. However, Applicant
has recognized that, although spectrally efficient, allowing network operators 10
select the frequencies at which 30 KHz channels will be centered would seriously
impair compatibility between different DBC systems and between DBC systems and
Cellular systems. Without knowledge of where each system's channels are located.,

15  roaming between systems would become much more complicated. For example, a
set of frequency centers for each network operator would need o be stored in an
EEPROM (not shown) in the mobile station so that the mobile would know which
frequencies were associated with each channel number for a given network. Since
EEPROM memory is expensive this solution is uneconomical.

20 Thus, according to one aspect of the present invention, Applicants have
specified the channel centers for DBC channels in such a way as to maximize
compatiﬁility with existing cellular systems. An exemplary specification is
illustrated in Figures 6A and 6B wherein the transmitter center frequencies referred
to in the last two columns of Figure 6A are illustrated by way of equation in Figure

25 6B. In addition to being fixed across DBC systems for purposes of compatibility.
the center frequencies indicated in Figures 6A and 6B have been selected for
additional compatibility reasons. For example, the center frequencies depicted in
Figures 6A and 6B were selected based upon the known harmonics of frequency
synthesizing oscillators typically used in cellular equipment so that the same

30 oscillators can be used in DBC equipment to minimize equipment costs. This is
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Anot her cooperative exanple is illustrated in Figure 3(b). Therein, each of
the | arger ci nd ellipses represents a Cellular systemand each of

t he sna?ler H'ﬁﬂw‘i’%“‘gircles Wi thin Cellular system 20 represgﬁﬁggﬁmEgﬁ
system Thus. this exanple Illustrates a case where DBC systens are
coincident with a Cellular system and can 5 be used to suppl enent the
Cel lul ar systeml's capacity. Havi ng descri bed exenpl ary
applications of DBC systens at a cell |evel, sone general details of
base stations and nobile stations are providgd to round out this

di scussion, but without providing an unnecessary anount of detail that

m ght obsc gerticulpdy prlyaie whemthe MBG equifihers és wkitipledypenbatcheapabile. ang .. |

manut actur ed usi ng AR SRPRGRy O Al G RLMR, Teeli SRS vaesna

Cel I ul ar base stabamiis and nobile stations. with certain exceptions,

e.g., DBC equiprent w |l have t rf capability to operate in the LMR
f requency band. Readerby iSElF‘é‘}"&ﬁﬁﬁ "F‘?P"S ti8ithe MEnnsE decnbetabove Aerordieg inthe

relating to s  preitanvenaes,ld ixedabmtibishif extErabvanindRlidd§ sBOSHRESEKH
station inplement ?.tbllllgrg:ﬁan%zﬂ% and the 30 KHz DBC channels specified herein. That is. for every
six, 25 KHz LMR channels there exist five, 30 KHz DBC channels. This concept

is illustrated in Figure 7. |
Of course in any given geographic area. not all of the LMR frequencies can
10 be converted into DBC channels. As mentioned above with respect 1o the example
of Figure 5, certain network operators will own non-contiguous channels and
channel groups. It is interesting to note, as shown in Figure 8. that given the same
network ownership of LMR channels illustrated in the upper spectrum of Figure S.
only two DBC channels according to the present invention can be created when
15 using the DBC channels specified in Figure 6A and 6B. Note that in Figure 4.
where the network operator was permitted to select the 30 KHz channels’ center
frequencies, twice as many new 30 KHz channels were obtained. This illustrates
one of the tradeoffs recognized and selected by Applicaht according to the present
invention - potentially lower spectrum utilization efficiency but much better
20  compatibility due to uniformity of channel center locations across sysiems, In
Figure 8, the repetitive six channel LMR pattern and five channel DBC pattern is
reflected by the numbers provided direcilly above the parabola channel
representations. Note that these are not actual channel numbers and are, therefore.
referred to in quotes below. Center frequencies are also provided in a smaller font

25  where appropriate.

Thus, according to this exemplary scenario, the "6", "1" and "2" LMR
channels owned by this particular operator can only be converted into a number “1"
DBC channel since the bandwidths of DBC channels "5" and "2" fall outside the
spectrum owned by the operator. Although this may seem somewhat spectrally

30  inefficient, several techniques can be used to avoid or ameliorate this effect of DBC
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the di scl osures of which are also incorporated here by reference. 20
Figure 4 represents a block diagram of a portion of an exenpl ary
downbanded cel | ul ar radi oconmuni cati on system accordi ng to one enbodi nent
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is 52.5 KHz. This translates into an unused band of 25 KHz. which can be used as

a large, inherent guard band. Guard bands are used to provide a buffer between

adjacent frequencies to protect against adjacent channel interference, which is

10 discussed in more detail below. Alternatively, this extra bandwidth can be used for

transmitting signals based upon alternative technologies. Even thougha 1:1 LMR

to DBC channelization ratio is not obtained, it is envisioned that DBC channels will

be allocated according to well known frequency re-use techniques, thus providing

a substantial capacity increase over the conventional usage of the LMR spectrum.

15 Other exemplary transformations of an LMR operator’s owned portion of the

LMR spectrum into DBC channels are illustrated in Figures 9 and 10. In Figure

9, an operator owns a set of five contiguous LMR channels. which can be convericd

into four DBC channels and a pair of contiguous LMR channels which can be

converted into a single DBC channel. This figure also illustrates the minimum

20  frequency distance between an LMR channel center and a DBC channel center.

This occurs when an active LMR channel of type “6" is operating next to an active

DBC channel of type "l1".  Accordingly, adjacent channel interference

considerations must take into account this 27.5 KHz center to center distance as

described below. The other DBC center frequency to LMR center trequency

25  markings indicate that a S KHz guardband is provided between DBC channe) type

"4" and LMR channel type "6" and between LMR channel type "1" and DBC

channel type "2" while a 15 KHz guardband exists on the other side of DBC
channel type "2". _

In Figure 10, an LMR operator has two groups of three LMR channels

30  available for DBC channelization. Thus, LMR channels "4", "5" and "6" are



6 may be capabl e of handling nore than one control channel. The
control ‘channel transceiver 160 is controlled by the control and
processing unit 130. The control channel transceiver 160 broadcasts
control infor Ledover the control channel of “the base station or
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fromwhich it can acquire overhead information and listen for pages.
I n conventional LMR systens. a control channel was identified by the
processing unit 180 tuning the nobile stationds voi ce/ control

channel transceiver 170 to a control channel. which control channel 10
has been preprogr &0nsdtedrinte BB chapelse4Saed 'Ph Sipce his bMRvapekatapipesh@rown

Thi's t echni h ' appropriate for stems {n which

control channels theSiext caﬁ eﬁéy’p"g'ég“ §n9'g“r'1‘§ad¥ﬁé cﬁahﬁeﬁggrééﬂ‘éﬁc%}.‘ke next

Exenpl ary t echni qupecified DBExatien frequency canaotDBG:rémEilrl@bwsAJSa,lﬁﬂahifﬁél%uard?ar}dl g

described in the above:-| r porated U. Pat ent .- plication entitle

"A Met hod and Appé?gfoﬁ’ depgfﬁr @88‘5’@?‘%‘5%’%&5@@33 Whitol 15 Channel in a

Downbanded Cel§ ul ar SydieeH the spectral proximity betWeth dypé ¥'I'tcigi§|Cdcl%§{rﬁ{e'I90§r\'dqg%éﬁ6“DBC
u :

systens closely parallels that of traditional ar syste

However, several pridBicOARNelssthe isse arisesyas spwhebeamer nay thecemer frgnsmitted on thee
LR por tion of £hQ MRESHahiTa WAl AHREEreLaiionF S¥alsCHR el D Rlnael LRSS

difficulties relates to the historical 'usage o channe . e
the LMR 20  spectrsam Histosispltis dhisthes been 8 parkieilar tomceral invthel LIMR perion iofi theany

Cellular systems. spectrum wherein directly adjacent channels can be used in the same geographic
10  location. By way of contrast, frequency reuse patterns are typically employed in
cellular systems such that the channels used at a particular site are com monly spaced
relatively far apart, e.g., 210 KHz. In order to ensure that LMR network operators
do not cause interference between each other’s transmissions, the FCC has mandated
stringent emission masks that dictate the spectral power which can be output by a

15 transmitter both for the uplink (mobile to base station direction) and downlink (base
to mobile station direction). The masks promulgated for downbanded cellular usage
of the LMR spectrum is likely 1o be similar 10 those illustrated by functions 1100
and 1200 in Figures 11 and 12, respectively.

Itis believed, however, that the transmissions of conventional Cellular band

20 equipment may result in spectral power output wavetorms which violate masks 1100
and 1200 (depending upon the techniques used to represent the output power
spectrum). Thus, according to another aspect of the present invention. a technique
for providing downbanded cellular equipment which is in conformance with the
masks 1100 and 1200 for operation in the LMR spectrum is outlined below.

25 In order to opﬁmize a downbanded cellular system for operation in
accordance with masks 1100 and 1200, both the transmit and receive signal
processing circuitry of conventional Cellular equipment should be adjusted.
However, since another object of the present invention is to minimize the changes
made to existing Cellular equipment, to thereby reduce production cost and speed

30 up implementation time, this exemplary embodiment of the present invention adapts



To provi de maxi mum equi pnment conpatibility between DBC and Cel | ul ar
systens. . it is desirable to provide DBC channels that also have 30
KHz channel mﬁdths There are nmany ways in which 30 KHz
channel s coul d, E%Q%plfled for the LMR spectrum For pe%aidpidsescach
net wor k operator d decide independently 25 where to position a 30
KHz channel s based upon the portions(s) of the LMR spectrum owned by
that network operator. O course, at |east two contiguous 25 KHz
channel s need to be owned by a network operator to provide sufficient

bandwi dth for a single 30 KHz channel. Since network operators in different
geographic areas wll frequently own differenﬂlpatterns of the LMR

spectrum 30 al l owing the network operators to ‘{Y“ Eethe 30. KHz
channels will be mog&épe transmit sigps! g)ﬂac%gsd% to create own ande cellular transmissions

PCT/ US97/ 03808 whose spectral power outputs fall within the boundaries set forth by mask€ 1100 and
1200.

characteristics in both the mobile station and base station’s transmitters. the outpul

More specifically, by adjusting the transmit pulse shaping filter

5  waveforms can be adjusted to within acceptable limits, e.g., the waveforms 1102
and 1202 shown in Figures 11 and 12, respectively. An exemplary set of transmit
pulse filter characteristics used in a Cellular system and those proposed herein for
a downbanded cellular system to accommodate the masks 1100 and 1200 are
illustrated in Tables A-D below, both for the uplink and downlink.

10 “ TX Pulse Parameter Specification

Il Filter SRC

Rolloff Factor {a) 0.35
Truncation Length 48 samples
Sampling rate 8 samples/symbaol

15 Windowing No Window

A. Cellular Uplink

TX Pulse Parameter Specification
Filter SRC
Rolloft Factor («) 0.075

20 Truncatioﬁ Length 48 samples
Sampling rate 8 samples/symbol
Windowing Kaiser Window

B. DBC Uplink




(i.e., allowing themto determne the center frequencies of each new 30 KHz
channel ) would likely provide different results as each network operator

attenpts to maxi m ze his or her system s capacity. For exanple,
consi der the tation of the LMR spectrumillustrated in
Fi gure 5. The‘?@gw&gﬂe dar kened par abol as 5 i ndi cate cHEMAEYZOME cn

are owned by one network operator while the unshaded par abol as .
represent channels owned by other operators. As can be seen fromthe
figure, this particular operator has two sets of three contiguous 25 KHz
LMR channel s. To nmaxim ze 30 KHz channel capacity, this operator
could, if permtted to locate a 30 KHa2channel at any given center
frequency, convert these two sets of 10 three LMR channels into two sets
of two 30 KHz channel s. However, Applicant has recogni zed t hat,

al t hough spectrally efficient, allowi ng network operators to sel ect
the frequencies at which 30 KHz ¢h i ul d seriously
inmpair conpatibility between dif tegﬁamagmpet en DBC systens
and Cel lul ar systens. W where eagh system s
channels are located, 15 roaff stem%mgnnd econme nmuch nore

conplicated. For exarrple a | centerp for each
networ k operator would need to e,hﬁgfpﬁ,@g, 'aB" 0.35 EEP (not shown) in
the nobile station so that the rfnhb ich frequenci es

were associated with each channel-r,nudmaer,engtpr : | glgm,,ﬂ@t\/\o k. Since

EEPROM nmenory is expensive thisjsolution 1s ugeconom cal 20

Thus, accordin§ to one aspect off sulhginpeasent i|nyihleImhfPP! i cants have
speC|f|edthe channel centers f ¢+—DB hannel 4 | y as to maxi m ze
compatibility with existing cel Iulvanov&gst ens. | AnNewangt arf speci fication
i's illustrated in FiguredBA-and 6B whdreipn the trafjsmtter center

frequencies referred toin the last two columms of Figure 6A are
illustrated by way ol equation in Fi guré Cell@ar Dowalink | N addi ti on to being
fi xed across DBC systens for purposes of conpatibility the center

frequencies indicated in Figure have been sel ected for

I TX Pulse Parameter Specification

Filter SRC

10 Rolloff Factor (o) 0.035
Truncation Length 90 samples
Sampling rate 8 samples/symbol ||
Windowing Hamming Window ],

D. DBC Downlink

15 For the uplink, as can be seen above, the rolloff factor of the transmit pulse
filter was reduced from 0.35 to 0.075 so that the main lobe of the output power
function 1102 was brought down below the corner 1104 of mask 1100. In doing so.
however, the side lobes 1106 of output function 1102 were moved up sufficiently
to violate mask 1100. Accordingly, a Kaiser windowing function was selected as

20  part of the filtering methodology, to suppress the side lobes so that they too
conformed with mask 1100. Similarly, a rolloff factor of 0.10 and a Hamming

window function were selected to enforce the constraints required by mask 1200 for



additional conpatibility reasons. For exanple, the center frequencies
depicted in Fi gures 6A and 6B were sel ected based upon the known
har moni cs of frequency synthesi zing oscillators typically used in

cel lul ar equi that the same 30 oscillat can gey DBC
equi pnent to ‘?ngﬁfurﬁ";sg equi pnent cost TH\@”SﬁEE’[SHAS BEEN | VO 9%%%6445 3
PCT/ US97/ 03808

8
particul arly val uabl e when the DBC efui omﬂﬁPLAgE?m! t+pl e hyperband capabl e.
e.g.. capabl e of operating in nore than one of the LMR, Cellular and
t he PCS frequency bands. By selecting DBC channels in
t he manner descri bed above according to the 1% present invention, a
fixed relationship exists between the already specified 25 KHz LMR
channel s and the 3be RpwnipHCOupH faBsMisEEeReere 188%.ein. That is. for every

The above-described exemplary embodiments are intended to be illustrative

in all respects, rather than resirictive, of the present invention. Although the

foregoing exemplary embodiments have been described in terms of base and mobile

5 stations, the present invention can be applied to any radiocommunication system.

For example, satellites could transmit and receive data in communication with DBC
remote devices, including portable units, personal digital assistants, etc.

Moreover, although the present invention has been described primarily in

terms of communicating within the LMR spectrum, the present invention is also

10 intended to be used in multiple hyperbands, e.g.. in a dual-mode DBC and Cellular

band mobile phone. For example, the mobile station can be implemented to operate

in the A-side cellular band and a portion of the LMR band. This DBC mobile

station has the advantage of being able to use existing cellular networks which allow

a DBC network operator to offer a nationwide roaming footprint. Readers

15 interested in aspects of multiple hyperband capable systems are referred to U.S.

Patent Application Serial No. 08/425,051 entitled "Multiple Hyperband Mobile and

Base Stations” to Krister Raith filed on April 19, 1995, the disclosure of which is

incorporated here by reference. Thus the present invention is capable of many

variations in detailed implementation that can be derived from the description

20  contained herein by a person skilled in the art. All such variations and

modifications are considered to be within the scope and spirit of the present

invention as defined by the following claims.

(W m

This Sheet Has Been Reilaced



siXx, 25 KHz LMR channels there exist five, 30 KHz DBC channels. This
concept “ is illustrated in Figure 7. O course in any
gi ven geographic area. not all of the LMR frequencies can 10 be
converted in%g%?ﬁ hannel s. As nenti oned above with respect to the exanple

of Figure 5, networ k operagars will own non-conti gudsI"ESAHINE s and
channel groups. It is interesting WHFSO Q skewn_in Figure 8. that given

t he sane net wor k owner shi p pf LM 2 BEENI{l ust ra%eﬁL 1—ﬁ{ he—um&e%———
spectrum of Figure 5. only . Aig:, accordi

i nvention can be created when 15 usi ng t DB . epﬂ"’ed
Figure 6A and 6B. Note that in Figure 4. 14 where the nef

was permtted to select the 30 KHz channel s' center fi

twi ce as many newldaAIM$& channels were obtained. This illustrat es

one of the tradeoffs recognized and sel ected by Applicant according to the
pr esent I nvention - potentially |ower spectrumutilization

efficiency but nuch betiter AOmethod furasing an ILIMB potien o a Withhidhc fispeérafh. MARANE!

center |ocations St ens., ure, 8 the repetitive six
channel LMR patt ei‘&dg lf‘%\/'é tXW%We‘lseW’é’éﬂ‘{;é smigsion trunked: gamprawnieationynt he
nunbers provided @himelsl Naviipoes KHe tandwiaelsa 6 NARERY provide downbanded cellular
representations. Note that ese are not act ual channel nunbers and ar

t heref ore. 3 "?‘B‘P@W@d‘l‘f‘%‘oﬂ ﬁe"qlﬁét the mashas wompsisingrth¢ sleppuesinci es are aI o)
provided in a .snmaller font r Thu
according to this exenpl aryr&slggrr‘]m o,8 I?ﬁg H’ %Ei@{bﬁa{"géﬁﬁ“ﬁ’fy SPRyum to pm"'de
channel s owned by dewhbanded F¢1b4!ﬁranhampl§rlmvmg 3PakkHo bandvidths;onver t ed i nto a

nunber "1" DBC channgl ce th wi dt hs of chan " 5"
"2" fall outside the gllocab@ ﬁ?naoﬁﬂggr"bowtrﬂgr oibglr”m?g}‘ O‘AF W R s

may seem sonewhat celbhdat chahde)s, vﬂﬁch dowrtbﬁiﬁdedloehﬁlar Gﬁu&rlﬁiretde&hﬁinewﬁﬁseﬁ%ﬁ ahe

used to avoid,or aneliorate.this effect
1" 3Mounto contiguous spectrum controIlPBbe said operator; and

transmitting signals between stations over an air interface using said

allocated downbanded cellular channels to provide radiocommunication services.

2. The method of claim 1, wherein said step of redefining further
comprises the step of:
15 defining channel center frequencies for said downbanded cellular

channels according to the following relationship:

Transmitter Channel Number Center Frequency MHz
Mobile 1<N<600 0.030 (N) + 805.980
Base I <N=<600 0.030 (N) + 850.980

20 3. The method of claim 2, wherein said siep of allocating further

comprises the step of:

allocating those defined downbanded cellular channels which are

encompassed by said contiguous spectrum controlled by said operator.

4, The method of claim 1, wherein said step of transmitting signals using

25 said allocated downbanded cellular channels further comprises the step of:

1 0 0
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channel i zati on. For exanple, network operators can negotiate anong

t henmsel ves wo 978@4Pbt @i n contiguous LMR spectruns so that géisernases

channel i zation 1s nore spectrally efficient. Even if this is not
possi bl e, the remaining spectrumcan be put to other wor t hwhi | e

pur poses. For exanple, in Figure 7 the distance between center 5
frequencies for active DBC channel "I" and active LMR channel "5" (after
this net wor k operator converts to the DBC channels illustrated in
the | ower spectrun) is 52.5 KHz. This #?anslates into an unused band

of 25 KHz. which can be usedt@;. ., .aldar i inheregt.lﬁuard band., Gdard
bands are used to provide a BHFFRE saidsigaaly according 1g mask ligfitafipps,so-a8 0-1€dycs
protect agai nst adjAGRedt cBRdRNBkerferdnRef erence, which is 10 di scussed in
nore detail bel ow ternatively, this extra bandw dth can be used for

transmitting signals based upon alternative technol ogies. Even though a 1:1
LMWR to DBC channg i zakhnOhmeiifldl dt disim™ruRhd HoRffising fthd SefBi ST oned
that DBC channels will ™ ge allocat ed dccor di ngﬁto g\ell nown
frequency re-use techni ques, usihnganpremaidinggportion of said contiguous spectrum which is
5  outside of said allocated downbanded cellular channels as guard band between said
downbanded cellular channels and active LMR channels controlled by another

operator.

6. A method for providing downbanded cellular (DBC)
radiocommunications services comprising the steps of:
10 defining a plurality of 30 KHz DBC channels in the frequency ranges
from 806-824 MHz and 851-869 MHz at predetermined center frequencies:
comparing an operator’s contiguous 25 KHz channels with said
defined 30 KHz channels;
allocating a defined 30 KHz DBC channel to said operator where said
15  step of comparing indicates that said defined 30 KHz DBC channel is covered by
two of said operator’s contiguous 25 KHz channeis; and
transmitting signals between stations over an air interface to provide

said DBC radiocommunications services using said allocated 30 KHz DBC channel.

7. The method of claim 6, wherein said stations include a mobile station
20 and a base station.

8. The method of claim 6, wherein said step of defining further
comprises the step of:

defining said predetermined center frequencies according 1o the

following relationship:

T



a substantial capacity increase over the conventional usage of the LMR
spectrun1 15 O her exenplary transformations of an LMR
operator's owned portion of the LMR spectruminto DBC channels are
illustrated i s 9 and 10. In Figure 9, an oper, a set
of five contﬁgagts #GQ channel s. which can be converted ﬁﬁﬂﬂén our
DBC channel s and a pair of contiguous LMR channel s which can be

~converted into a single DBC channel. This figure also illustrates the
“mnimum 20 frequency di stance between an LMR channel center and a DBC
channel center. This occurs when an active LMR channel of type "6"
is operating next to an active DBC chénnel of type "I"

Accordi ngly, adjacent channel interference consi derations nust take
into account this 27.5 KHz center to center distance as descri bed

bel ow. The ot her B centr requency.to LMR center equenc 25
mar ki ngs i ndi cat e |it HARPSIMYK 1 _guiar id AP VIT MM&M__

type "4" dn R channel t oy d betvveen toppe 1"
and DBC cHla RTIIVA G‘<§< 2 aus %§W$§°§n%

ot her side of DBC| Base channel t ) plesNgﬁoo 0.030 {Ny i gHOrgR010, an
LMR operat or has to groups o tITee LR charmer s —So f
channel i zati on. Thus, LMR channels "4". "5" and "6" are WD 97/ 36445
PCT/ US97/ 03808 9. The method of claim 6, further comprising the step of:

5 using a remaining portion of said contiguous spectrum which is
outside of said allocated 30 KHz DBC channel as guard band between said allocated

30 KHz DBC channel and active LMR channels controlled by another operator.

10.  The method of claim 6, wherein said step of transmitting signals using
said allocated 30 KHz DBC channel further comprises the step of:
10 filtering said signals according to mask limitations so as to reduce

adjacent channel interference.

* c L M S *



10 converted into DBC channel s "4" and "5". Since this LMR operator
does not own t he next frequency,-.i.e., LVMR channel type "1", a DBC
channel at the next speci fi ed DBC centeér frequency cannot be
created. Howevygs i tional guardband is provided fo oW ng
DBC channel type /33% G ven the spectral proxi mE’F&}ﬁgye;{"\%éngn
type "I" DBC channel s and type "6" 1/12MR channel s, the issue arises as
to whether or not the power transmtted on these LMR channels wi ||
affect reception of signals on these DBC channel s :and vice ver sa.

Hi storically, this has been a particular concern in the LMR portion of the
spectrum wherein directly adjacent channels can be used in the sane

geographic 10 | ocation. By way of contrast, frequency reuse patterns are
typically enployed in cel lul ar systens such that the channels used
at a particular sit re-CpTmont Yy s pacad T yely far apart, e.g.,
210 KHz. In order tq ensurp tjhat ul\/R net wor kI operjat or s do not cause
interference betwee @gh pt Her' s |t rangm ssifons. |t he has ng ted
stringent em ssion t hat| di ctlate tlhe sgectral power whichfcap be
output by a 15  tranSnl{t e@l&t&f&rgr& gol&ng(anm e to bage >tat¢ DN o
di rection) and downl| S & S| @D@ 12 e @1: di rectid R
masks pronul gat ed fonr‘%@ﬁhb&@o&c@l 3B PRSI [ of the LNF &@ |
i S« LeygS
is likely to be simfl THose i l'ust|rated by flunctipns 1100 SIS TR
1200 in Figures |1 n §2 rgspectji vel yj. It is bely eﬁé% -
however, that the t rla®smi ski dns of| conMentidnal dellulfr band (D Nig R
(S S|SS
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20 equi pnrent may result in spectral power output waveforns which violate
masks .1100- and 1200 (dependi ng upon the techniques used to represent
t he out put power spectrum . Thus, according to another aspect of the
present inv ' Regqd t echni que for providi ng downbangeguseeiises ar

equi pnment which s 1n conformance with the masks 1100 and 1200 for
operation in the LMR spectrumis outlinggygbel ow. 25 In order to
optim ze a downbanded cellular system for operation in accordance
wi th masks 1100 and 1200, both the transmit and receive signal

processing circuitry of conventional Cellular equipnent shoul d be adj usted.
However, since another object of the present invention is to mnimze the

changes made to existing Cellular equipnent, to thereby reduce
production cost and speed 30 up inplenentation tine, this exenplary
enbodi ment of the presefft_Tmnvgntron adapts WO 97/ 36445
PCT/ US97/ 03808 Q&
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only the transmt signal processing to create downbanded cel | ul ar

t ransnt ssi ons whose spectral power outputs fall within the
boundaries set forth by masks 1100 and 1200. More specifically,
by adjusting ransmt pulse shaping filter fueSHeSsagSt i €S
in both the rm%(li%“s{sati on and base station's transmtters, tg e outog%()? 5
wavefornms can be adjusted to within acceptable limts, e.g., the waveforns
1102 and 1202 shown in Figures 11/4ad 12, respectively. An
exenplary set of transmt pul se filter characteristics used in a
Cel l ul ar system and those proposed herein for a downbanded

cel l.ul ar systemto accommopdate the masks 1100 and 1200 are

illustrated in Tables A-D below, both for the uplink and downli nk. 10
TX Pul se Paraneter Speci fication Filter
SRC Rol | of f Factor (a) 0. 35

08C SYSTEN CELLULAR SYSTEN

CELLULAR SYSTEN

SUBSTITUTE SHEET (RULE 26)



Truncation Length 48 sanpl es | Sanpl i ng

rate . 8 sanpl es/ synbol 15 W ndowi ng
No W ndow _ A. Cellular Uplink
TX Pul se Paraneter Speci fication oBdokt €7
SRC WO 97/36445 Rol | of f Factor ([err]) PCT0TS” 20
Truncation Length 48 sanpl es 4/12 Sanpl i ng
rate 8 sanpl es/ synbol W ndowi ng '
Kai ser W ndow B. DBC Uplink
130 150
§ 4
VOICE
CHANNEL
TRANSCEIVER
140
-
00//;:19701
A
#sc PROCESSING 160
yNir
. CONTROL
CHANNEL
TRANSCEIVER
BASE STATION
\
10
\%
VOICE AND CONTROL 170
CHANNEL TRANSCEIVER
PROCESSING UNIT 180
MOBILE
y
120
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TX Pul se Paraneter Speci fication Filter
SRC Rol 1 of | Factor ([err])  perusetessss
Truncation L‘X‘HS‘{ pass 90 sanples 5/12 o

862.3025

462.2725

FIG 5

8621375 8621625 B62.1875 H62.2125 8622375 862.2625 862.2675 862.3125 662.3375
462.1525

462.1225

J0 KHz

3
S
=
B
S

962.0625 - 862.0875 8621125

2
Y
IS

B

J
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Sanpl i ng

PCT/US97/03808 C

W ndowi ng

D. DBC Downl i nk

TX Pul se Par anet er
0. 035

8 sanpl es/ synbol

Filter

6/12

Rol | of f Factor (a)

Sanmpling rate

No W ndow

90 sanpl es

WO 97/36445
8 sanpl es/ synbol

Downl i nk
Hanm ng W ndow

Speci fication

10
Truncation Length

5

W ndowi ng
Cel | ul ar
rate

086058 + (N) 0£0°0 008=N=1 asve
086608 + (K) 0€0°0 009= N =/ JU40N
ZHN AININ07Y1 Y71N39 YIGNON TINNVHI YILLINSHVEL
(10698) (10'628) (066) / aisn Lov
86 898 86 £28 009 .
66§ &l (4N5) 9
p0'158 »0°908 l
(10158) (10998) (/) / (435N 10K)
ISV8 ZHN JNGON ZHN
A9NN0744 AIWIN0344 YIONON | STINNVHI
47N Y7UINFI TINNVHI 10 ZHW WNI1SAS
YILLINSHYY L YTLLINSHVYL AYVONROE |  YIGNIN
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15 For the uplink, as can be seen above, the rolloff factor of
the transmt . pul se filter was reduced fromO0.35 to 0.075 so that
the main | obe of the output power function 1102 was brought down
bel ow t he corngyg d48¥dss0f mask 1100. I n doing so. howeywamushbhigasss de
| obes 1106 of output function 1102 were noved up sufficiently to
violate mask 1100. Accordingly. a Kaiser wpgew ng function was selected as
20 part of the filtering nmethodol ogy, to suppress the side | obes so that
t hey too confornmed with mask 1100. Simlarly, a rolloff factor of
-0.10 and a Hamm ng w ndow function were selected to enforce the
-constraints required by nmask 1200 for

13

N
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t he downl i nk output transm ssion spectrum 1202. The
above-descrtbed exenpl ary enbodi nents are intended to be illustrative
in all respects, rather than restrictive, of the present invention.

Al t hough the wooer3eshr €90i Ng exenpl ary enbodi nents have beerpcdasgfmaed in

terms of base and nobile 5 stations, the present invention can be
applied to any radi ocommuni cai on systenli”12 For exanple, satellites
could transmit and receive data in conmnuni cation W renot e

ssistants, etc.
|Lbed primarily in
LMR spectru the pre I nvention is

devi ces, including portable @nits rsonal digital
Moreover, although the presemt .jnvention has been des
terms of conmunicati ng mﬁthiﬂffﬁ

al so 10 i ntended to be use® in Mwltipl e hypefbands. in a dual - nrode
DBC and Cel | ul ar band nobi | eg@iie. For | ex the nobile station
can be inplenented to operat& S he Aasidgag-llular band and a
portion of the LMR band. Th+§%EB_";~};é S| statidg has the advant age
of being able to use existing cel NeZgflzet wor ks whi ch al Trpwe a DBC
network operator to offer a nationw MTHam ng oot pr g Readers 15
interested in aspects of muli pl efidiand cappl e s are referred to
u s Pat ent Appl i cat+Rp—-Scpfatitie lS/ﬁEQgU PSR 0 ltiple
Hyper band Mbbil e and BRSe SNEE ! to Kiisster Yadiatil ed on Apri
19, 1995, the disclosure of Which i i ncpr por at ed & by reference.
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CLAI Ms: 1. A nmethod for using a Land Mbile
Radi o (LM portlon of a fequency spectrum which LMR portion is
typically used to provide transm ssion t runked connunication on
channel s havi w@ 9¥Bedssiz bandwi dt hs, to instead provide d
cel lul ar radi oconmmuni cati on service, thet0fd2hod conpri si ng tﬁe st eps
of : redefining said LMR portlon of the frequency
spectrumto provide downbapdege B CTERAL

bandwi dt hs; R Ak
plurality of said downbande@ N s
cel lul ar channels are deter Q nea¥

of contiguous

spectrum control l ed by said operat oc ARt transmtting
signal s between stations ov : EELCp: al | ocat ed
downbanded cel | ul ar channel St~ ¥ EGH ot bnsser vi ces

2. The method of claim g s al &&fipi ng further 15
conprises the step of: - i ni center
frequencies for said downba nel s according to the
foll owi ng rel ati onshi p: Erartrel Nunber

1[err] N err] 600
err] N[ err] 600

Center Frequency NMHz
0. 030 (N) + 805.980 20
0.030 (N + 850.980 .
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conti guous spegiyeipsaontrol | ed by said operator.

met hod of claim1,
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usi ng

25

tting signals
rther conprises the step of:
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wherein said step of t
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15 filtering said signals according to mask limtations
SO0 as to reduce adj acent channel interference. 5.
The nethod of claim3, further conprising the step of:

usi ng any renmai rtion of said contiguous spectrum whi chplcgws 8
out si de of saigﬂggﬁgggted downbanded celhﬁhar channel s as guafg§band

bet ween said downbanded cel lul ar c fel s and active LMR channels
control |l ed by anot her oper at or. 6. A nethod for
provi di ng downbanded cellular (DBC) radi oconmuni cati ons
services conprising the steps of: 10 defining a plurality
~of 30 KHz DBC channels in the frequency ranges from 806-824 MHz and
851-869 MHz at predeterm ned center frequencies.
. conparing an operator's contiguous 25 KHz channels with said defi ned
1 30 KHz channel s; all ocating a defined 30 KHz DBC
i channel to said operator where said 15 step of conparing indicates that
. said defined 30 KHz DBC channel is covered by two of said operator's
- contiguous 25 KHz channels; and transmtting signals

- between stations over an air interface to provide
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“sai d DBC radi ocommuni cations services usi n'g'sai d allocated 30 KHz DBC

-channel .

include a nobile station 20 and a base station.
met hod of claim 6. wherein said step of defining further

the step of:

frequenci es accordl ng to the foll ovxg ng rel ationship:

10

20

30

7. The net-hod .of claim®6, wherein said stations

8.

defining said predeterm ned center

Accordingly, the present invention provides techniques for adapting the
portion' of the frequency spectrum allocated to Land Mobile Radio (LMR) for use
as downbanded cellular channels. According to one aspect of the invesntion, a
method is provided for using a Land Mobile Radio (LMR) portion of a frequency
spectrum, which LMR portion is typically used to provide transmission trunked
communication on channels having 25 KHz bandwidths, to instead provide

downbanded cellular radiocommunication servics. The method comprises the steps

of: redefining the LMR portion of the frequency spectrum to provide downbanded

celldlar channels having 30 KHz bandwidths; allocating, to a network operator, a
plurality of the downbanded cellular channels, which downbanded cellular channels
are determined based on an amount of contiguous spectrum controlled by the
operator; and transmitting signals between stations over an air interface using the
allocated downbanded cellular.channels to provide radiocommustication services. .
BRIEF D IPTION OF DRAWINGS
The foregoing, and other, objects, features and advantages of the present

inventon will be more readily understood upon reading the following detailed

description in conjunction with the drawings in which:
Figures 1A and 1B are tables which show conventional Cellular band channel

-assignments;

Figures 2A and 2B are tables which apportion the 18 MHz of LMR spectrum

into equivalent 25 KHz channel assignments; _ _
Figure 3A illustrates a DBC system according to the present invention that

is adjacent to a conventional cellular system |
Figure 3B illusmrates a DBC system according to the present invention that

~ is caincident with 3 conventional ceilular system;

Figure 4 is a block diagram of a porton of an exemplary radio

communication system according to the present invention;
Figure 5 illustrates one hypothetical mapping of conventional 25 KHz LMR

channels into 30 KHz channels;

o
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. 16" - Transm tter -~ . ~Channel Nunber Cent er
Frequency MHz . . Mbile ' | <N[ err] 600 0. 030
' (N) + 805.980 Base | [err]N err]600
0.030 (N) + 850.980 9. The nethod of claim6, further
conprising the step of: 5 ' using a renmai ning portion of
sai d contiguous spectrumwhich is oy side of said allocated 30 KHz
DBC channel as guard band between said al focat ed 30 KHz DBC channel

?Rg 23%%!3 ;pﬁ%fg&ﬁ@%#éWﬂﬁg%#§£§§$HB§F§%R%F??;gggL?%?{hg signal s using 19.
sai d al |l ocated 30 Htie JbBCe-dbseribed et fenfbodipiengsefe iftendet 9 befifustrafive
filtering said signals according to mask limtations so as to reduce '
in all respects, rather than restrictive, of the present invention. Although the
foregoing exemplary embodiments have been described in terms of base and mobile
5  statioms, the present invention can be applied 1o any radiocommunication system.
For example, sateilites could transmit and receive data in communication with DBC
remote devices, including portable units, personal digital assistants, et<.
N Moreover, although ‘the present invention has been described primarily in
terms of communicating within the LMR spectrum, the present invention is also
[0  intended to be used in multiple hyperbands, e.g,. in a dual-mode DBC and Cellular
band mobile phone. For example, the mobile station can be implemented to operate
in the A-side cellular band and a portion of the LMR band. This DBC mobile
station has the advantage of being able to use existing cellular networks which allow
a DBC network operator to offer a nationwide roaming footprint. Readers
15  interested in aspects of muitiple hyperband capabie sysiems are referred to U.S.
Patent Application Serial No. 08/425,051 entitled "Muitiple Hyperband Mobile and
Base Stations” to Krister Raith filed on April 19, 1995, the disclosure of which is

incorporated here by reference.
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“adj acent channel interference.

14
CLAIMS: : R .

1. A method for using a Land Mobile Radio (LMR) portion of 2
frequency specrum, which LMR 'pcmion is typically used to provide transmission
trunked communication on channels having 25 KHz bandwidths, to instead provide

5  downbanded cellular radiocommunication service, the method comprising the steps
of:
redefining said LMR portion of the frequency spectrum to .provide
- downbanded cellular channels having 30 KHz bandwidths; |
allocating, to a nerwork operator, a plurality of said downbanded
10 cellular channels, which downbanded cs!lular channels are determined based on an

amount of contiguous spectrum conmolled by said operator; and
transmitting signals between stations over an air interface- using said

allocated downbanded cellular channels to provide radiocommunication services.

2. The method of claim 1, wherein said step of redefining further

15  comprises the step of:
defining channel center frequencies for said downbanded celluiar

channels according to the following relationship:

Channel Number

Mobile l=N=600 0.030 (N) + 805.980 ,

20 ﬂ Base I 1=N=600 I 0.030 (N) + 850.980 "

Center Frequency MHz

3. The method of claim 2, wherein said step of allocating further
comprises the step of:
allocating those defined downbanded cellular channels whick are
encompassed by said contiguous spectrum controlled by said operator.

25 4.  The method of claim 1, wherein said step of ransmitting signals using
said allocated downbanded cellular channels further comprises the step of:
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