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METHOD AND SYSTEM FOR CHANNEL ALLOCATION
USING POWER CONTROL AND MOBILE-ASSISTED
' HANDOVER HEASUREMENTS
BACKGROUND

'The present invention relates'in general to base
radlocommunicatlon systems and in partlcular, to
channel allocation combined with ' power control in a
mobile radio communlcatlon system.

The concept of frequency reuse is at the heart of
cellular technology. In the conventlonal sense,
frequency reuse is a technigque whereby groups of
frequencies are allocated for use in regions of limited
geographic coverage known as cells. Cells containing
equiyalent Qroups of frequencies are geographically
separated to allow callers in different cells to
slmultaneously use the same frequency without
interfering with each other. By so doing many
thousands of subscribers may be served by a system of
only'.several hundred frequencies. The design and
operation of such a system is described in an article
entltled Advanced.Mobile Phone Service by Blecher, IEEE
Transactlons on'Vehicular'Technology, Vol. VT29, No. 2,

“May, 1980, pp. 238-244. Known commonly as the AMPS

system, this system had allocated to it by the FcC a
block of the UHF frequency spectrum further subdivided
into pairs of narrow frequency bands called channels.
Pairing results from the frequency duplex arrangement

'whereln the transmit and receive frequencies are offset

by 45 MHzZ. At present there are’ 832, 30 kHz w1de,
channels allocated to cellular mobile communications in
the'nunited States. A table of the frequencies
dedlcated to moblle communlcatlons in the U.S. is shown
in Flgure 1. It is worth notlng at this point that of
the 832 available channels, there are 21. control
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channels dedicated each to the A-carrier and the B-
carrier. These 42 control. channels provide system
information and cannot be used for voice traffic. The
remaining 790 channels, known as voice or traffic

channels, carry the burden of vo:.ce communication and
are equally divided between the A-carrier and the B-

- carrier. A particular user can access at least half of

the available channels, or 395. With regard to TDMA
systems, such as specified by the IS-54B standard,
these channels are further d1v1ded into 3 time slots.
In this instance, a given user can access 3x395, ©
_1185, “channels" . |

Link quality is the benchmark of any radio
communication system. To provide high quality voice
communication the des:.red signal in a cellular system
must maintain a minimum signal strength above all other

~interference. The _ ratio of the desired _s1gna1 to the

interference is known as C/I. Aside from noise, which
is omnipresent, there are fundamentally two other types
of interference with which a .designer must contend.
The first of these 'is interference arising from users
simultaneously operating on the same channel. This is
known as co-channel interference. 'rhe second source of

" interference is from users operating on adjacent

channels. This is known as adj acent-channel.
_interference. . Adjacent channel interference is
controlled by selecting the frequencies in a given cell
to be separated by large frequency increments, e.g.,

200 kHz, and by using sharp cutoff in the channel

filters in order to obtain a high adjacent-channel
suppression. Co-channel interference is reduced by use
of a frequency reuse pattern which geographically
separates cells with the same frequency group. An
example of an 1deal seven cell frequency reuse pattern
is shown in Figure 2(a).
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 Frequency planning is the process by which

- individual channels are assigned to cells within the
- network. Currently, most frequency planning is done a
. priori; that is a fixed frequency plan is "hard-wired"

in place by each cellular system operator. This is

~ known as fixed channel allocation, or FCA. However, as

interference and traffic load are time varying, FCA is
not optimal. As shown in Figure 2(b), highways which
bisect cellular- boundaries may have significantly

" differing traffic patterns depending on location and

time of day. Some roads may have significant
automobile traffic in the morning and very little in
the afternoon. As a_resﬁlt, most fixed frequency plans
are not very efficient; many channels in a fixed
frequency plan will have a much better link quality
than is necessary to aChieve high quality voice
communication'while-ﬁany-others in the same system will
suffer from poor link quality which might force them to
be dropped or blocked. A capacity increase could be
obtained by some form of channel allocation where all
of the links have équal quality. Because of the time
varying nature of the interference, an adaptive scheme
must be used.

Adaptive channel allocation, or ACA, is a method

~of dynamically allocating frequencies throughout a

cellular system to maximize system capacity. Under an
ACA scheme, more fréquencies would be allocated to busy
cells from more lightly loaded cells. In addition, the
channels can be allocated such that all 1links have

satisfactory quality.

The concept of ACA is well-known to those skilled
in the art. Many publications have illustrated the
potential for ACA yet do not discuss specific
strategies. For ' example, "Cépacity_ Improvement by
Adaptive Channel Allocation®, by H&kan Eriksson, IEEE
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Global Telecomm. Conf., Nov. 28-Dec. 1, 1988, pp. 1355-

1359, illustrates the capacity gains associated with a

_cellular r_adio-'system where all of the channels are a

common resource shared by all base stationms. In the
above-referenéed.,repert, the mobile measures the signal
quality of the downlink and channels are assigned ‘on
the basis of select:.ng the channel w1th the hlghest Cc/I

_ level.

Another a_pproach . is _desczjiheq . by . G. Riva,
"performance Analysis of an Improved Dynamic Channel
Allocation Scheme for Cellular Moh_ile Radio Systems",
42nd IEEE Veh. Tech. Conf., Denver, 1992, pp. 794-797
where the channel is selected based .on -achieving a
quality close to or little better than a required C/I
threshold. Furuya Y. et al., nChannel Segregation, A
Distributed Adaptive Channel -:Allocetien- Scheme for
Mobile Communications Systems", Second Nordic Seminar
on Digital Land Mobile Radio Communication, Stockholm,
October 14-16, 1986, pp. 311-315 describe an ACA system
whereln the recent history of 11nk quality is

_cons:n.dered as a factor in .allocation decisions. In

addition several hybrid systems have been presented
where ACA is applied to a small block of freguencies on
top of an FCA scheme. . Such an example is presented in
Sallberg, K., et al., "Hybrid channel essignment and
reuse partitioning in a cellular mobile telephone
system", Proc. IEEE VIC ’87, 1987, pp. 405-411.

A common den_omi_natbr for all of these ACA systems
is that they allocate a channel out of the set of
channels which fulfills some predeterm:.ned quality
criteria. The difference in each is how the channel is
chosen out of the set. Apart from increases in system
capacity, adaptive channel allocation obvie.t_es the need
for system planning. . Planning is instead_ performed by
the system itself; this is particularly at_:t_x_'active when
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system changes are implemented or new base stations are

added.

Adaptive power control, or APC, is also a known
art in cellular systems. See, for example, U.S. Patent
4,485,486 to Webb et al. With APC, the power of the
transmitter is varied according to the needs in the
receiver. In general, there are two types of adaptive

- - power control schemes: the C-based and the C/I-based.

In the C-based schéme, the signal strength level at the
receive side is maintained at a predefined level. As
soon as the (average) received signal strength deviates
from this 1evé1, the transmitter is ordered by the
receiver to increase or decrease its transmit:power.
C-based APC only respbndé to changes in the path loss
whereas C/I-based APC tries to maintain a predefined
C/I level at the receiver. In addition to changes in
the path losses, changes in the interference condition
also result in the transmit power being adjusted.

The conventional allocation algorithms described

. above base their decisions on the knowledge of which
.channels are used by which base stations and then
‘attempt to optimize the quality in each link. However,

they do not take advantage of the possibilities offered
by  adaptive power control in- the mobiles and base -

"transmitters.

In a TDMA environment, the allocation decision

" includes more than just a selection of the base and

channel combination. Since TDMA channels are broken up

“into time slots, the allocation. decision should also

take this into account. U.S. Patent 4,866,710 to
Schaeffer, for example, describes a method of

"allocating frequency. and timeslots to mobile stations
“such that all the timeslots on a given frequency are

filled Dbefore allocating timeslots on another
frequency. Although s_eemingly efficient, this scheme
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does not consider the contributions to interference and
does not consider the possibility of adaptive power
control. | ' ' L |

It is thereforg'an object of the present invention
to provide a method for dynamicaily_allocatihg'channels
in a communication system7-which"maximizes';system
capacity while minimizing'the transmitted power of the
mobile radiotelephones. It is a further object of the
present invention to take advantége of measurements
made by the mobile radiotelephones in determining link
quality. It is yet another object of the present
invention to enable hatterf operated radiotelephones to
enjoy extended battery 1ife-by reducing the transmitted
power. o L - :
' The control scheme presentedwherein adapts to the
current traffic and interference situation in a
communication environment in order to optimize the
quality of each link and maximize the overall system
capacity. The status of the 'currént traffic and
interference condition is derived from measurements
taken both by the mobile station and the base station.
The channel allocations are periodically updated to
ensure that, on average, the least amount of transmit
power is used on the channels. Once a channel has been
allocated, the adaptive power control scheme tries to
maintain a satisfactory link quality with the minimum
amount of radiated power. Since the -adaptive power
control and the adaptive channel allocation form one
integrated proceés, the term adaptive channel
allocation and power'cont:ol,-or ACAPC, is hereinafter
adopted to describe the present'invention; The present
invention is not restricted to a particular type of
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' access scheme and can therefore be applied equally, for

example, to FDMA, TDMA, CDMA or hybrid systems.

In exemplary embodiments of the present invention,
systems and methods allocate a channel that minimizes
the average transmit poﬁers. During updates, which are
periodically performed, it is checked whether the

‘average transmit power was indeed low, or that another

channel can be found on which the transmit power can be

- even lower. Between channel updates, the APC tries to

maintain the required C/I level in the receiver. The
scheme ensures minimizing the transmit power which not
only reduces interference to other channels, but also

. serves the laudable goal of extending the battery life

of handheld mobile radiotelephones.

These and other objects, features and advantages
of the present invention 'will be readily apparent to
one skilled in the art from the following written
description, read in conjunction with_the'drawings, in
which:

Figqure 1 is an illustration of the allocated
frequency spectrum as per the U.S. standard I15-54B;

Figure 2a is an exemplary illustration of a
frequency reuse pattern as employed in a fixed plan
cellular system, :

'Figure 2b is an exemplary illustration of the time
dependent characteristics of cellular system loading
which illustrates the need for an adaptive channel

" allocation according to the present invention;

Figure 3 is an illustration of uplink and downlink

- interference;

Figure 4 is a flow chart illustrating the basic
operation'bf an exemplary embodiment of the present
invention; '
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Figure 5 is a flowchart ill'ustrating the uplink
allocation according to an exemplary embodiment of the
present invention, _

' Figure 6 isa flow chart :|.llustrating the downlink

_allocation according to an exemplary embodiment of the

invention;

Figure 7 is an J.llustration of - the IS-54B TDMA
frame structure, : - ' _

Figure 8(a) is a graph illustrating an exemplary
power spectrum of a transmitted signal,

Figure 8(b) is an exemplary filter characteristics
of a receiver, -

Figure 8( c) is a graph showing' the adj acent
channel interference for the - examples of Figures 8(a)
and 8(b); :

Figure 9 is an- exemplary_ illustration of the
downlink interference: prediction; . :

Figure 10 is a block diagram - of an exemplary

-mobile station according to the present invention;

Figure 11 is a block diagram of an exemplary base
station according to the present invention ; and

Figure 12 is a block diagram of a portion of an
exemplary base station controller according to the
present invention.

In the following description, for purposes of

' explanation and not limitation, specific details are

set forth, such as particular circuits, circuit
components, techniques, etc. in order to pro_vide a
thorough understanding of the invention. However it
will be apparent to one skilled in. the art that the
present invention may be practicei_i in other embodiments
that depart from these specific details. 1In other
instances, detailed descriptions of ‘well-known methods,
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- devices, and circuits are omitted so as not to obscure
~ the description of the present. invention with

unnecessary detail.

The 1mp1ementat10n of the present invention will
vary depending on the partlcular-requ1rements of the
communications system to which 'it is applied. 1In
frequency duplex 'systems. (e.g., AMPS, IS-54B), for

' example, the uplink and downlink channels are paired,

separated by a fixed 45 Mhz offset. The assignment of
a downlink channel thereby automatically fixes the
uplink channel and vice versa. However, a more general
case occurs when the downlink and the uplink can be

‘independently allocated.

An exemplary embodiment of the present invention
will therefore first be presented for the case in which
the uplink and downlink channels can be selected
independently, and for which the transmit power can be
independentiy'controlled'on any channel. Later, other

" exemplary embodiments will be described for systems

where: the uplink and downlink channels occur in pairs,
for systems with limited measuring capébilities in the
mobile, and for systems where the APC in the downlink
operates on a group of channels as is the case in the
current TDMA system defined by I5-54B standard. As
will be discussed, each of the embodiments will be
influenced, inﬂsome.degrée, by the operating status of
the mobile station. '

In most cases, the mobile station operates in one

'of‘three possibie modes. The first'to be considered

occurs when the mobile_"sﬁation is" in active
communication (i.e., a call is in progress) and where
the mobile station maintains active knowledge of the
radio environment. The second mode to be considered is
the stand—by mode. When in stand-by mode, the mobile
station is 1lstening for'pages by perlodically scanning
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. the available control channels and i:herefcre hes some

limited knowledge of the radio environment. Last to be
considered is the power on mode..  In this mode the
mobile station has been completely. deactivated and has
no a priori knowledge cf;' its environment when first
turned-on. ,

The channel allocat:.on scheme described by this
inventlon. makes: use of periodic mea_surem_ents performed
both by one or more base stations and/or by one or more
mobile stations to determine the best channel under the

" current radio ‘environment. Note that the term mobile

station is used herein to refer to any remote station,
for example vehicul_ar radiotelephones and hand-held
radiotelephones. In the following description, it is
assumed that ea_ch base station transmits a pilot signal
(i.e., a set-up or control channel) at a known
frequency and of a known power level. '

As will be described in greater ‘detail, the

‘allocation process according to ~ this. exemplary
' embodiment of the present invention can be divided into

three general_ phases. _As shown in Figure 4, these are:
1) acquisition 410 of measurement data reflecting the
current conditions of the local environment;
2) determination 420 of the most appropriate channel
consistent with the measurements . made during
acquisition; and 3) channel allocation 430 according to
predetermined criteria. .

The acquisition phase 410 beg:.ns with. measurements

. of the signal power of the pilot _signa_ls broadcast from

surrounding base - statJ.ons. . These measurements are

'perfcrmed . by the mobile stat:.on which, through a

procedure to be. -descr:._bed in greater  detail,
periodically measures the received signal strength
(RSSI) of a number of indiv:_i_.__dgal__ .pilot signals
transmitted from surrounding base stationms.
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The RSSI of a signal can be measured, for example,
as described in U.S. patent 5,048,059 to Paul W. Dent
entitled "Log-Polar Signal Processing®, which is
incorporated here by reference. The RSSI of a channel
is, for this example, simply a measure of the amount of
signal powér contained within a 30 Khz bandwidth
centered at a particular freQuéncy. ' In addition to

'signals intentionally broadcast on the channel, the

signal power may include co-channel signal power,
spillover from adjacent channéls, ‘noise, and any other
power which exists in the band. - In determining the -
RSSI of each individual downlink signal, the mobile
station averages a plurality - of individual RSSI
measurements '( e.g., over 1 s‘econd) to smooth out fast

- fading phenomena. For example, a vehicle equipped with

a mobile radio operating at 869 MHz and traveling at 40
MPH should ideally perform RSSI measﬂre;’nents at
appfoximately 7 millisecond intervals to have those -
measurements uncorrelated to Rayleigh fading. As a
typical- radio receiver can tune to a specific
frequency, perform an RSSI measurement and return to
within a few hundred Hz of its initial frequency on the
order of 3 milliseconds, such a. requirement is not
difficult to achieve. To accommodate varying speeds
and frequencies, many such measureéements are performed .
and then averaged. | ' :

' The acquisition procedure will be described with
regard to the typical example of a mobile radio
communication arrangement illustrated in Figure 3. It
will be appreciated by those skilled in the art that a
typ'ical system can, and most likely will, include many
more base stations and many more mobile stations than
shown in this exemplary illustration. However, to
avoid obfuscating -the pr'esent' “invention, the two
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mobile, three base station arrangement of Figure 3 is
presented. )
The acquiSLtion operatlon, indeed operation of the

entire network, is controlled via the mobile telephone

switching office ' (MTSO) 300. The MTSO 300 is
connected, either directly or indirectly, to each base
station controller 310, 320, and 330. This.description
will first consider the acquisition:procedure when a
call is presently in progress. In this'example, mobile

. station A (numbered 370) is currently connected to base

station A (numbered 350)

As well-described in the IS-54B speciflcatlon,
when a call_is in progress, the base statlon may issue
instructions to a mobile station via the FACCH. The

| FACCH, or fast assoclated control channel, ‘is a "blank

and burst" data transmission protocol whereby messages
may be sent over the voice channel. Included in the
list of FACCH messages is the.“Channel Scan Message"

This instruction prompts the_moblle station to_perform

 a series of RSSI measurements on a list of frequencies

included with the message. Often,,this list includes
the control channel frequencies broadcast from
surrounding_base stat;ons. ~ For specific details of
FACCH signaling and the Channel Scan Message, the
interested reader is referred to the IS-54B document.
Note that.this particular method of controlling the
mobile station is presented for the purposes of
illustration only. It will be appreciated by those
skilled in the art that other signaling'methods_and
formats could also be used in the execution of the
present. invention. B '

In response to instructions generated by the MTSO
300, mobile station A monitors the s;gnals transmltted
by ‘surrounding base stations, 1nclud1ng that to which
it is currently connected. With regard to the
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situation illustrated in Figure 4, mobile station A is
located so that it receives signals not only from the
base station to which it is connected (i.e., signal 345
transmitted from base station A) but from several other
surrounding base stations: signal 305 transmitted from
base station B (numbered 340), and signal 315
transmitted from base station ¢ (numbered 360).
According to the present invention, mobile station a
periodically receives a -channel scan message broadcast
from base station A. This message includes

" instructions to scan the pilot signals from base

stations located in the vicinity of base station A.
Note that the actual base station location and/or
identification need not be transmitted to the mobile
station; the base stations need only be identified by
the frequency of the pilot signal broadcast therefrom.

After making RSSI measurements (as described
above) of the three downlink s1gna1s 305, 315, and 345,
mobile station A reports these results to base station
controller A (numbered 320), via the slow associate_d

‘control channel (SACCH) of an uplink .traf_fic channel

335. As with the FACCH, the SACCH is a signaling
format specified by IS-54B. | | .

The aforementioned RSSI measurements can now be
used to calculate the path losses between the base
stations whose signals were measured and the mobile
station performing the measurements. The - RsSSI
measurement together with the base transmit power
(which is either fixed, or otherwise known by the
network 300 and reported to the base station controller
of base station A) provide all the informat:.on required
to calculate the s1gna1 path loss (PL) for each s1gna1.
Path loss, calculated as the RSSI_ giiVided by the base
transmit power, is an expression of the attenuation
that a signal will experience as it propagates between
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the base station and the mobile station. For example,
assume that mobile station A has measured the RSSI of

signal 315 broadcast from base station c ‘to be -

125 aBm. It is also known:that signal 315 is broadcast
at a power level of 0 dBm. Therefore, the calculation
of path loss is straightforward:

. Known Transmit Power of Base Station C - 0 dBm
MW&MM@M = =125 dbm

Path Loss between mobile station A and base station C =125 dB

In general, the path loss between a base station

of arbitrary index J and the mobile station performing

the measurement will be represented by PL(J). Since
the pilot RSSI measurements are assumed to be
uncorrelated to Rayleigh fading, the path loss from the
base to the mobile can, by the principle of
reciprocity, be assumed to be identical to the path
loss from the mobile station to the base. = PL(J)
therefore represents the link path loss irrespective of
1ink direction (i.e., uplink or downlink). Thus
calculation of the path losses between the mobile
station and surrounding base stations completes the
first stage of the acquisition process.

The second acquisition stage involves the

_ measurement of RSSI on idle traffic channels (i.e., the

potential voice channels which may be allocated) to
obtain an ‘estimate of the interference levels. -If no
restrictions are set on the selection of channels, and
if the mobile station and the base station have the
same scanninq capabilities, the proceSS according to
the present 1nvention operates 1ndependent1y for the

'uplink and the downlink cbannels.. First, the uplink

routine is described.
‘Under instructions from.the MTSO 300, base station
A continuously monitors the interference levels on its
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uplink and the downlink channels.. First,.the uplink
routine is descrlbed. : B
Under 1nstruct10ns from the.nTso 300, base station
A continuously monitors the interference levels on 1t$
idle traffic channels (i.e., voice channels not in
use). The base station scans through all the idle
channels, takes RSSI measurement samples and, as
before, averages the samples (e.g., over a period of 10
seconds) to make the samples uncorrelated to Rayleigh
fading. Note that as with the pilot signal
measurements, these RSSI measurements include any
iﬁterfering, power that falls within the measuring
bandwidth - irrespectiﬁe of where the interference
comeé-from, . The energy b;n come from, for example:
noise (which is ubiquitous), co-channel users, the
spill-over of users on adjacent channels,
intermodulation products that happen to fall into the
measuring bandwidth, and from non-cellular emissions
(both licensed and unlicensed.) With regard to Figure
3, this_prbcess is~répeated (either sequentially or
simultaneously) by base station B and base station C.
The average uplink intérfe:ence level on channel
K at base J is represented by: IW(J,K-) « The Ipvalues
of all idle channels, K, at base J are now sent via the
base station controller of base station J to the base

‘station controller of the base station to which the

considered mobile station is currently connected. For
the example shown in Figure 4, this means  that the
valués_measured on idle channels by base stations A, B
and C (i.e., Iwp(A,K), Ip(B,K), and Iy(C,K),
respectively) are sent to base station controller 320
of base A. Index K, of course, represents the voice
channels and cah, in this example, be any number from
1 to 395. .
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During the _acquisition proces's, the path loss
information calculated from the. pilot signal

' measurements sent by the mobile station and the

J.nterference information sent by the surrounding base
statlons provide the base station controller with the
information necessary to calculate all the power levels
required on all of the channels that can be-allocated. '
The acquisition phase 410 is then completed and the
next step is the determinat:.on of -the best channel to
allocate. ' - L

The determination phase 420 1ncludes finding the
pbase station , J, and channel, K, combination that
requires the least amount of mobile station transmit

' power in order to maintain satisfactory quality on the

link:. For -each base station, J, and channel, K, the

~ required mobile station transmit power P,,,,,.,(J K) can be

calculated as:

Pris, zeq(T: K) = (£ )o+PL(J)+r,,,(J.Io ds (1)

As previously described, -all the information __

. required to solve equation (1) now resides in base

station controller 320. (C/I), is the target C/I value

- that theé system tries to maintain on a link and can be

defined by the network operator. For example, if it is
assumed that the path loss between the mobile station
1n question and a base statJ.on J, PL(J) + is calculated
as before to be 125 dB and the uplzl.nk interference on
channel K at base stat:.on J :|.s -150 dBm, and the
desired C/I is 25 4B, then the required transm:l.t power
can be calculated to be:

p_mm(a,x) = 25 dB +-125 dB - 150 dBm = 0 dBm. (1.0 m

Watts)
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If the desired object is to minimize the transmit

power of_the mobile station then_thet channel K on base
J with the lowest P, is chosen as the best base and
channel combination. Notice that, since the exemplary
process = according the present = invention takes
interference into. account this process does not
necessarily ohoose  the strongest base (i.e.,
geographically closest to the mobile, or lowest path
loss) as the one with which to establish a link. If

- the interference level of an available voice channel on

a more distant (i.e., in this context correlating to
hlgher path loss) base is 31gnif1cant1y lower than the
interference levels on any of the idle channels of a
closer base station P the required P,,s to connect to the
more distant base might actuelly be lower. '
For example, assﬁme the path 1oss, PL, on downlink
345 from base A to mobile station A is 80 @B and the
path loss on downlink 305 from base B to mobile station
A is 90 dB. Assume further that the lowest
interference measured at base A is on channel 32
(825.96 MHz) at a level of -100 dBm. Assume also that
the lowest interference‘ieVel meesured at base B occurs
on channel 245 (832.35 MHz) at a ievel'of =120 dBm. If

- the target (C/I), is 25 4B, then the minimum required

Pws for a link to base A on chehne1'32 is calculated
according to equation (1) to be:

PMSM (a, 32) = 25 AaB + 80 dB - 100 dBm = +5 dBm

For a link to base B on channel 245 the mninimum
required transmit power would be:

Pysmq (B,245) = 25 dB + 90 dB - 120 dBm = -5 dBm

If both base stations transmit at the same power level
the downlink signal received_at_the.mobile station from
base B is weaker'(i;el; higher path.loss and ostensibly
further away)} Assuming reciprocity,' the signal
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received at base station B from the mobile station

‘would be weaker than ‘that received at base station A,

However, because of the consideration of interference,
even with an additional 10 daB of path loss, less

~ transmit power is required by the mobile station to set

up a satisfactory link to base station B. Therefore,
for the uplink, the mobile station’ would be handed~off
to channel 245 on base station B. This stands in
marked contrast to the earlier-described systems in
which the mobile station is handed-off to the base
station with the strongest signal.

In addition to the power levels required on
potential channels,_ the base station controller is

- provided with the prevailing transmit power on the

current traffic channel.  The mobile can, for exanmple,
send this J.nformat_ion over the SACCH to the base to
which it is connected. This information can then be

. directed to the base station controller of base

station A. _ _

If the best channel and base station combination
is not identical to the current channel and base
station combination, a re-allocation is considered.
However, in or_der to avoid channel hopoing and Ping-
Pong effects (the mobile station being repeatedly re-
allocated between cha_nnels A and B), a hysteresis is
built in. The new channel is only allocated if the
required tr_an‘smit power on the new channel is at least
x 4B smaller than the transmit power on the current
channel. The: hysteresis value, x, is called_ the hand-
over margin and can be chosen freely. According to
exemplary embodiments, x typically lies somewhere in
the range of 3 to 6 dB. If the difference between new
and current power levels is smaller than the hand-over
margin, no re-al-location- is made, and the current link
is maintained. |
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The above discussion considers the allocation
decision in which a call is already in progress and

- during which MAHO, or mobile assisted hand over,
- measurements are sent over the SACCH (or fACCH) of the

current traffic chan_hel. In case of a call setup, no
traffic channel has been allocated, and the MAHO
measurements are sent over the_. control/calling channel
of the base station to which the mobile station is
locked on. This is because even if ‘a mobile is in
stand-by (i.e., sleep mode) it still keeps track of the
surrounding bases during brief periods of wakeup when
it performs _mea_surfements of pi_lof signal strength and
listens for  pages. . From this information, the

‘preferred channel and 'ba_se_ combination can be

determined as described above, and the required
transmit power on this new channel is calculated.

~ However, since no current lJ.nk exlsts, there is no

current tr_:a_nsmit power to which a comparison can ‘be
made; that is, there is no hand,—oirer. margin. Instead
the Pm',,; on the new channel is compared with the power
control range (set by the minimum and maximum power the
mobile station can transmit) or with a set-up threshold |
as being the maximum transmit power allowed at set-up.
If the Py, Of the best channel is below the
predetermined maximum transmit - power allowed, this
channel can be allocated right away. If not, the call

must be blocked. The set-u_p thre_s_l_lold, which may be
lower than the maximum available output power, will

prevent usets- that need a lot of power (and would
therefore produce a. h'igh_ level of interference) from
entering the system at the expense of 'users who would
require lower transmlt powers. . |

In the thirad operatlonal mode ( i.e., power on) no
MAHO measurement data is available at all. At power
on, the mobile station first scans through all the
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calling/control channels of the base stations and locks
on to the strongest. The corresponding base will then
download the channel numbers of the surrounding bases
to be measured into the mobile station. From here on,
the procedure is as described "above. _ A flowchart
summ’arizing_ the'-i'zplink channel allocation procedure for
all three operational modes is shown in Figure 5.

' In Figure 5, superblock 500 indicates a first
general step of determining' in which of three modes a

mobile station 'is currently operating. If the mobile

station is operating in the power on mode at block 501,
the flow proceeds to block 504 where the mobile station
scans the control channels to receive scan codes.
otherwise, the mobile sﬁation 'is operatin§ in the
standby mode 502 or the call in progress mode 503, and
the flow proceeds to the acquisition phase at 510. The
acqu:.sit:.on phase 510 begins with 1;_he step__ of having

the mobile station make RSSI measiirements_ ‘of pilot

signals transmitted from surrounding base stations at
511. Next, these RSSI measurements are sent back to
the base station to which the mobile station has an

‘active link at block 512. At block 513 , the base

stations make their own RSSI measurements of the idle
traffic_'channels. " The following steps relate to
determining which of the channels should be assigned
for this link with the mobile statioh at 520. Thus,
the floW'proceeds to block 521 wherein the base station
controller calculates a path- loss between the mobile
station and each of the base stations whose signals
were .measured at block S51i1.  The base station
controller then calculates the required transmit power
levels for the mobile station for each combination of
base station and traffic channel using, for example,
equation (1)_and.deterhines the combination which gives
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the minimum rei;_uired transmit power for the mobile
station at block 522. |

'~ 'Having determined which channel should be
allocated for this link with the mobile station, the

flow then proceeds- to the handover phase indicated by '

superblock 530. At decision block 531, it is
determined whether or not the mobile station currently
has a call in progress. If so, the flow moves then to
block 532 where it is then determined whether or not
the minimum required transmit power calculated in block
522 exceeds a current transmit power minus the handover
margin. If the answer to this determination is no,
then the flow proceeds to block 533 where the handoff
to the determined channel/base station occurs.
Otherwise, the flow loops back to the beginning of _{:h_e
acquisition phase 510 and no handover occurs at this
time. ' . '
Looking back again at decision block 531, if it is
determined, on the other hand, that there is no call in
progress, then the flow proceéds to block 535 where it
is determined if the minimum required transmit power
exceeds a maximum allowable power as discussed above.

If not, the process then moves 't'o_'block 534 where the

call is set up on the channel/base station combination
determined in block 522.. If the minimum required
transmit power does exceed the predetermined maximum
allowable power, then the call is blocked at 536.
Assuming that the uplink and downlink channels can
be independently allocated, the procedure for assigning
the downl:.nk is similar to that descrlbed above for
assigning the ule.nk ‘The path loss values are found
the same way as before by using the mobile station
measurements of the pilot RSSIs. In fact, these can be
made directly without the assumption of reciprocity as
was necessary with the uplihk' estimate. However, now
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" interference -nieasurem‘ents on the idle channels at the

mobile are made. This assumes that the mobile station
has the same ability as the base station to scan the
full range of voice channels. Since no particular base

-is involved, the interference levels only depend on the

channel num_ber K: I400(K). These measurements are sent
back to the base to which the mobile station is
connected, and ‘are directed to its base station
controller. The required transmit power of base
station (J) is calculated as:

P,s,,,,,(-J.K)egg)o_«-PL(q‘) *Ioowy(K) dB - (2)

To reduce the number of computations , _on],y those
channels K on base station J are -censidered that are
idle and free to be used. Before the actual re-

'~ allocation is made, a compar:.son between the new Py on

the best channel and the average Py on the current
channel can be mnade. If smaller than the hand-over

- margin, then no re-allocation should be made. The

downlink procedure accor_dq.ng_ to this exemplary

" embodiment will now be described with reference to

Figure 6. :

In Flgﬁre 6, superblock 600 denotes the step of
determining the mobile station’s eurrent operating
mode. If the mobile station is in the power on mode
601, the flow then proceeds to block 604 where the
mobile station scans the detected control channels to
receive scan eodes. Otherw:Lse, in standby mode 602 or
call in progress mode 603, the flow proceeds to block
610 where the acquisition phase occurs. At block 611,
the mob:.le stat:l.on makes RSSI measurements of the pilot
s:Lgnals transnutted from surround.'l.ng base stations.
Next, the moblle station at block 612 makes RSSI
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measurements of the idle traffic channels. These RSSI
measurements are seént back to the -base station with
which the mobile station has an active link at block
613. The determination phase 620 begins with the base
station controller calculating a path loss between that
base station and the mobile station at block 621. The
base station controller then calculates the required
transmit power levels for the base station for each

"combination of base station and traffi¢ channel using

equation (2), aboire, and then determines the minimum
required transmit power for the base station at block
622. _

Next, during the handover phase 630, there is an
initial determination as to whe_ther or not the mobile
station has a call in progress at block 631. If the
result of this determination is affirmative, the flow
moves next to decision biock 632 where it is determined
whether the transmit power calculated at block 622
exceeds a current transmit power minus a handover
margin. If not, then the handoff can be made to the
channel base station ‘combination requiring the lowest
base station transmit power at block 633. Otherwise,

'no handoff occurs and the flow loops back to the

acquisition phase 610. -Lbol_:ing back again at block
631, if there is no call in progress then it is
determined at block 635 whether or not the minimum
required transmit poiwer exceeds a 'prédetermined maximum
allowable power. If not, then the call can be set up
at block 634 on the channel/base station combination

‘'which requires the lowest base station power.

otherwise, the call will be blocked at 636 and the flow
proceeds back to the acquisition phase 610.

. The present invention has been-discussed in terms
of an exemplary embodiment wherein uplink and downlink
channels can be selected independently, and. wherein
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each channel is provided with its own APC. Another
exemplary embodiment of the present invention is now
presented wherein the uplink and downlink channels are
paired in such a manner that there is a fixed offset
(e.g., 45 MHz in the IS-54B standard.) In this case,
the uplink and downlink information is combined.

Instead of selecting the best uplink or downlink

channel, one selects the best channel 'pa:i.r which
minimizes the transmit power in both the uplink and in
the downlink. Thus, a method to minimize the weighted
sum of the Py, and the Py, is ineh by: '

i (B(Pys, yoq) * (1-D) (Ppg, o) }

The parameter b can be chosen wifh resp'_ec_t to the
system conditions and the desires of the operator. For
example, if attention is placed on -m_aximiz_ihg. the .
mobile station battery 1life (i.e., 'minimizing' the

~ transmit power of the mobile), greater weight should be

placed on minimizing Pys,.,, so b should approach one.
However, if for example, capacity is limited by the
downlink (e.g_.', when the base a.pplies_' receive diversity
with two receive antennas or has other means to reduce
its C/I while maintaining satisfactory link quality),
most weight should be placed on Py,., so b should
approach zero. ‘It should be noted that if the

 interference situations in the uplink and downlink are

highly correlated, then m_ihimizing the sum comes close
to minimizing either Py, or Py individually. 1In all
other respects, the path 'lbs_s, PL, and interference
neasurements, Iy, Ipowys Which affect Py or Pyare
performed as- discussed for the . earlier described
exemplary embodiment. -
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In the above, it was assumed that the mobile
station had the same capacity as the base station for
scanning the range of voice channels. To scan, the
mdbile locks on a frequency, settles, and then performs
a measurement. Clearly for a cellular systems with
over 1000 traffic channels, such as the system defined
by the Is-54B-Spécification, it is impractical for the
mobile to monitor every channel. In addition to the
large scanning load .in the mobile station, TDMA
protocols further exacerbate the scanning problem in
that it is impossible to determine the dbwnlink
interference on each individual slot. This is a result
of the continuous transmission from the base station.
As is well-known, a TDMA system divides the 30 kHz wide
channels used in AMPS into time slots. Is-54B, for
example, divides the channel into three time slots
resulting in a‘threé-fold increase in traffic capacity.
For reasons beyond the scope of this disclosure, the
base station transmits on all three downlink slots even
if only one slot is active. Therefore, even if only

one time slot is being used, all three time slots on

the same carrier carry the same transmit power (with
filler information on the idle slots). An illustration
of the 1S-54B time slot structure is shown in Figure 7.
Note that, alﬁhough six slots are shown, the current
system allocates to each channel two slots per frame
(i.e., TSO = TS3, TS1 = TS4, TS2 = TSS5). In order to
more clearly describe the function of the invention in
a TDMA system, a pedagogic description of the problem
of measuring downlink interference in a TDMA system is
provided. ' : _ .

With regard to Figure 7, assume that a base
station uses time slot TSO on carrier 1 to communicate
with user A." The slots TSl and TS2 on carrier 1 are
assumed to be ‘idle. Now user B is also close to this
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base and is interested in startup, or hand-over, of a
call_' on TS1 or TS2 on carrier 1, which, as stated, are
both available. The mobile station would therefore
like to determine the downlink interference on TS1. 1In
our notation, the downlink interference on base station

..:r,'- channel K, and time slot,: TSx,:'wauld.be written as

Ipown (3K, TSx). Therefore the measurement made by the
mobile station of the downlink interference emanating
from base station A, on channel 1, time s_]_.gt 1 would be
Ipown(A,1,TS1) according to this notation. - Since base

station A does not shutdown its power after TS0, but

continues to transmit (with the same power as used in
TS0) on TS1 and TS2 as well, user B measures a large
RSSI (which would actually be its carrier strength when
selecting TS1). This large signal completely
overwhelms the interference signal which is likely much
weaker than the carrier. In this case a measurement of
'the'_ downlink interference strength on TS1 |is
impossible. (Note that the idle power transmitted in
TS1 would only be an interference to user B if it would
select TS1 on carrier 1 on a different base.) Observe
that, in the previous exemplary embodiment, downlink
interference measurements were nade 6n idle channels.
That is, the mobile station would only measure the RSSI
of downlink channels that were currently not being used
by the base station to which a link was being
cbnsidéred_. | o

. Downlink interference measurements could be
avoided ‘altogether if one can rely on a high
'corrél_ation between uplink and downlink interference
conditions. In this case, by choosing the best uplink
channel using the method summarized by equation (1),
the corresponding downlink channel (offset by 45 MHz)
will be acceptable as well. Uplink interference
measurements using TDMA are possible because, unlike
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the base stations, the mobiles transmit on only, for

. example in IS-54B, one slot of thr_ee. Measurements

made on unoccupied slots would therefore only include
interference. If the correlation is poor, as it most

‘often would be , one must make a prediction of the

downlink interference. Therefore, according to another
exemplary embodiment of the present invention, a method
of predicting the downlink interference levels is

“included to deal with situ_ations' where direct

measurement thereof is impossible.
To predict the downlink interference, one should

‘identify the base stations in a wide range around the

mobile station that are transmitting on the same
channel. The location of these bases and the power
levels they are currently using on the Icons_idered
channel, must be directed to the base station
controller doing the ACAPC processing (e.g., in the
example of Figure 3, this is base station controller
320.) This can be accomplished, for example, directly
through the MTSO 300. Adjacent channel interference
can also be included if it is corrected with the
adjacent channel rejection factor.

Adjacent channel interference results because of
the non-ideal filtering operations in the transmitter
and receiver. The power spectrum of a transmitted

~ signal is not zero in adjacent bands, but instead falls

off as a function of the frequency offset, see'Figure
8(a).  On the pther;-hénd,. the . receivé‘ filter
characteristic is not rectangular, and some power
outside of the receive band is taken in as well, see
Figure 8(b).  The total adjacent channel interference
that user A introduce; to user B can be seen in Figure
8(c) and is determined by, for example:
(a) the shape of the power spectrum transmitted
by user A, e.g., the curve in Figure 8(a);
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(b) the ébsolute_ value of the poﬁer transmitted
" by user A, e.g., the area under curve of

. Figure 8(a); | _ _
(c) 'the_ filter characteristic .'of . user B'’s
receiver, e.g., the curve in Figure 8(b); and
(d) the frequency offset between user and

interferer. _ | L

Items (a) and (c) can be derived from the system
specifications (or from the specification of the
transmitter and receiver eqtiip’ment)-.{ " Item (b) is the
transmit power used by A which information can be
passed on to the system and item (d) is known as well.
The ad'jac'ent channel rejection factor can be determined
using items (a), (c) and (d). Together with the
absolute transmit power of the 'adjacent interferer, the
adjacent chgnnel interference can then be determined.
If the spectral shape indicated in . item (a) and the
filter characteristic, item (c), _ai:'é not exactly known,
at least there exist systen specifications which give
worst case conditions for allowable spectral shape and
filter response. . Using this information, the worst-
case adjacent channel ini_:,erference can be calculated.
Unlike the previous situation where path loss
could be calculated from pilot signal data, the. path
loss from each of these bases to the mobile station is
predicted. Because of the frequency plan adopted for

‘the control channels, only the nearest (i.e., the

closest 21) base stations can be _'méasured. For these

‘nearby bases which are included in the measurement

list, the path losses can accurately be determined, as
previously.diScussed from information contained within
the base station and rqeasurement's ‘made at the mobile
station. : _

The int'e'r'fer'inq' signals are ‘however more likely to
come from distantly located base stations. The control
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channels from these base stations cannot be measured
directly since their signals are overpowered by those
base stations in close proximity which have 'already
been measured. Therefore only a crude prediction of
the interference emanating from these base stations can
be made using known propagation loss models and/or

'geographical data of the local surroundings which can

be located in a database connected to the base station
controller. An example of known propagation loss
models can be found, for example, in Y. Okumura,
et al., "Field Strength and it Variability in UHF and
VHF Land-Mobile Radio Service"”, Review of Elec. Comm.
Lab., Vol. 16, Sept.-Oct. 1968, pp. 825-873 and
M. Hata, "Empirical Formula for  Propagation Loss in
Land Mobile Radio Services", IEEE Trans. on Veh. Tech.,
vol. VT-29, no. 3, Aug. 1980, pp. 317-325. These data
can be obtained dizring installation using transportable
test transmitters at proposed base locations, and the

use of a specially equipped vehicle to measure RSSI in

a local area. Once the transmit powers and the path
losses are known, the signal received in the mobile
from each base can be calculated. By adding all these
power levels together, a prediction of the interference
level is obtained. Alternatively, the path losses
between all of the base stations can be measured when

' the systenm is installed and stored within the network

database. These data c_an be periodically updated as
characteristics of the terrain evolve.

An example of interference prediction will now be
described with respect to Figure 9. Therein mobile
station A is close to base station A and wants to
initiate a call over channel K on base station A. ‘The
network scans the -region around base. station A for
other base stations that use channel K. It finds three

bases L, M, and N. In most cases, these base stations
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are not normally scanned by a mobile station located
near base station_A.singe they  are remotely located.
{The mobile'usually_scans closely 1ocatéd base stations

~such as B through G inclusive). It is known that base

stations L, M, and N use a transmit power on channel K

"of 0 dBm, 10 dBm and 15 dBm, respactively. ~In our
' notation this is: Pp(L,K)= 0 dBm, P (M,K)= 10 dBm, and

Px(N,K)= 15 dBm. _ . _

These numbers are sent to the base station
controller of base A, together with the location of
bases L, M, and N. The network knows, a priori, the
distances between base station A and the L, M, and N
base stations. In addition, the network may have extra

-~information;abou; the terrain betwgen-basgrstation A

and the othér hé_se_ stations (e.g., mountains, hills,
high buildings). From this information the path loss

between base station A and the interfering bases can be

determined. Although ~the - location of the mobile

station is not exactly known (uhless the system

contains a.locatingrfeature'ﬁhich_cqn determine the
location of the mobile within-.the.-cell),_ if the
distance is large it can safely be assumed that the
path losses from the interfering base stations to the
mobile station does not deviate too much from the path
losses to base station A. : '

- Alternatively, a so-called beacon may be employed
from which these path losses may be directly obtained.
From the total number of voice channels available, one
channel may be selected for use as a radio beacon.
That is, a particular frequency can be_éhosen to be.
transmitted sequentially from several distant base
stations. To obtain the path,ldsses_between_ahj given
mobile station and a distant base station the mobile
station can be instructed to scan a beacon frequency.

‘Each base station then, in turnm, can broadcast
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information identifying the particular base station and
its power level on this frequency. The mobile station
can measure the RSSI of this signal and demodulate the
identification information according to well-known
methods. Determination' of the path loss .cen then be
obtained as previously described. Indeed, the mobile
station can simply report raw RSSI data back to the

- base station controller. Since only one base station

would broadcast the beacon at a time, the raw RSSI data

‘can be correlated to an individual base station by the

network. : :

Assume that the path ioss_es (predicted or
measured) from base stations L, M, and N to the mobile
station are 160 dB, 155 dB and 170 dB, respectively.
Again using our notation to express the path loss
between the mobile station and base station J, we have:
PL(L)= 160 dB, PL(M)= 155 dB, and PL(N)= 170 dB. By
using the known transmit powers of base stations L, M,
and N (i.e., Pr(L,K)=0 dBm, Pr(M,K)=10 dBm, and
Px(N,K)=15 dBm) and the ‘path losses, the predicted

'RSSIs received in the mobile tat.ion are calculated as:

Ioown (T, K) = P (7,K) - PL(J)

Us:mg this equation with the values selected for this
example, the interference from each base station is:

Ipown (L,K) - O0dBm - 160dB = -160 dBm

Ipown (M,K) - 10dBm - 155dB = -145 dBm

Ipown (N,K) - 1SdBm - 170dB = -155 dBm
The total predicted interference Ipown(K) on channel K
results from the 'additio'n of these' values which amounts
to approx:.mately -144 5 dBm. Note' that the powers must
be added since the ‘voltages ‘are ‘uncorrelated. The
predicted Ipgun(K) can then be used as described before.
In this manner the’ 1nterferences can be- predlcted
whenever the mobile station, whether due to the
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signaling format or limited scanning capability, is
unable_td measure these values directly.- :

- In all of the embodiments presented so far, it was
assumed that the APC controlled-the-pdver,level on each

‘channel individually. Not all systems provide this

capability. For example in the IS-S4B system, this is.
only true in the uplink. the. moblle station only
transmits in its own slot on its own carrier, and can
freely adjust its power level. This is not so in the
downlink. Because of the absence of guard times in the
signaling format, power cannot be ramped up or down

between slots.. Therefore, all slots sharing the same

carrier all use the same power level in the downlink.
As we have eeen before, this is even true.lf a slot is
jdle. Only if all three time slots are idle can the

-~ base shutoff the transmit power on that channel. It is

also clear that to avoid wasting power (and to ‘reduce
overall interference), idle slots on active carriers
should be awoided,s This means that the allocation
scheme shouldfattempt to maximize the'number_of,calls
on as few channels as possible. This so-called time
slot packing is desirable in IS-54B and can be part of
the allocation process wherein priority can first be
given'to placing'ealls on those active carriers with
idle slots. '

' An exemplary embodiment of the present invention
for a system with downllnk transmit power restrictions

‘as described above is now discussed. To: -distinguish
the carrier from its constituent slots (a channel is

made up of a carrier frequency and a time slot) we will

- represent the carrler ‘number by F. and the slot number

by TS. The APC in the downlink for ‘this exemplary
embodiment.willlbe assumed to be limited to variations

- in carrier power only. If it 1s assumed that the power

is controlled with respect to the user Wlth the lowest
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C/I, all other users using the same carrier will then
have excess quality in the downlink (i.e., a better C/I
than is necessary). ' To minimize transmit power, the
allocation process should also organize slots such that
those mobile stations needing a similar Ppgeq Will be
placed on the same carrier.

' The acquisition phase is the same as before.' The
path loss values are derived from measurements in the
mobile station, and the downlink interference Ipown(F)
is either measured or predicted. Note that in the
downlink, the interference levels on all slots sharing
a carrier F are the same. 1In the previously developed
notation: o

Then the requlred-base transmit power thq(J,F) on
base J, carrier F can be calculated using equation (2)
repeated below with the variable K replaced by F.

P,s,,.,,(J. (—)°+PL<J)+zm(m dB (3)

Only those bases, J, are taken into account that are in
the measurement list, and only those carriers, F, are
taken into account that have at least one idle time
slot. - ) f -
The process for the downlink considers first the
carriers which are already active, but have at least
one idle slot. These carriers are currently
transmlttlng at a transmlt power PBs that is controlled

" by the user with the lowest CII. In accordance with
this exemplary embodlment of the invention, all

carriers which have all slots idle are inactive and are
consldered at the same time as actlve carriers with
open slots. The carrler which is currently used should
also be lncluded, it is marked inactive if ‘only one
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~slot is occupied (i.e., by the user under.
consideration), or otherwise marked active (then X

other users are sharing this carrier) with X slots
occupied not including the user under consideration.
The ‘ACAPC = process subsequently calculates the
difference dP between the required power PM- and the
actual transmit power Py on the active carriers:

dP(JpF) =P33,z.¢(JaF) “P”(J:F)

From this infof_mation_ three ordered lists are
generated: one for channels with one slot open, one for
channels with two slots open and one for inactive
carriers. For each list the process sorts the arp
values from strongest to weakest (most positive to most
negative). ' Subseguently the process scans the dP
values of - each list separately starting with the
strongest (most positive) first, until 4P becomes
negative (i.e., dP<0)' for the first time or the last
element in the list is reached (when all dP > 0.) The
Phs.req for each of the three lists corresponding to the
first negative apP va.lue, or to the smallest positive dP
value are thereby obtained. The corresponding carriers
are optimal in the sense that their current transmit

~ powers are just sufficient ( largest dP < 0) or require

the least amount of 1ncrease (smallest @P > 0) to
satxsfy the C/ I requlrements of the user under
oonslderatlon. The Pg.,Values of the three lists are
identified as Ppg;g(2), Ppgmq(l) . Pmm(_O) f_or channels
with otie slot open, two slots open, or all three slots
open réSpect_ivély. Notice that the nomenclature refers
to the number of occupied, rather than op'en,- slots.
These three values are then compared with regard to the
absolute power level and occupancy.
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Although, it is generally preferred to allocate a
carrier with as many occupied slots as possible, this
will not occur if it results in"transmitted. power
levels being near maximum. To facilitate the decision,
hysteresis values are established. Specifically,
Hys2,1 is the required difference, in 4B, between
choosing to allocate the mobile station to a carrier
with one slot occupied and a carrier with two slots
occupied. Hysl,0 is then, similarly, the required
difference, also in 4B, between choosing to allocate
the mobile station to a carrier with one slot occupied
and an inactive carrier (i.e., zero slots occupied) and
Hys2,0 is the required difference in dB between
choosing to allocate the mobile station to a carrier
with two slots occupied and an inactive carrier. The

carrier with one slot open'is'chosen if both of the

following inequalities, with Hys2,1 less than Hys2,0
are true:

P, req(2) <Pas, roq(1) +HyS2,1

.an : _
Pns.rcq(z) <Py,z”(o)-*HY82, O

Otherwise, the carrier w1th two open slots is selected

' provided that:

PBS.zeq(l) <Ppg, 1eq(0) +Hys1,0

If the selection criterie has not yet been satisfied,
then the 1naot1ve carrler with the lowest requlred_

transmit power is selected.

As may be gleaned from the above, the greater the
hysteresis values, the_greater the slot packing. It
can also be obserVed thet there is a trade-off between
maximizing slot-packing and taking the channels with
the lowest required transmit power. According to an
exemplary embodiment, Hys2,1 is equal to 3 dB, Hys2,0
is equal to 9 dB, and Hys 1,0 is equal to 6 dB. 1In
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other words, to activate an inactive carrier, the
required power level must be at least 6 dB lower than
that required on an active carrier with two slots idle
and at least 9 dB lower than that required on an active
carrier with 1 slot idle. Similariy, an active carrier
with one slot idle is preferred over an active carrier
with two slots idle if the former does not require a
power level which is more than 3 dB of thatireQuired on
the carrier with two slots idle. Note that these
values are offered for the purposes of illustretion and
are not meant to be limitative. - : _

‘In the_downlink, for this exemplary system, the
C/I ratios on all slots sharing a common carrier are
the same, thus, it is immaterial which slot should be
selected if more than one is idle. - Therefore a random
selection could be made, or the selection can be
determined by the uplink characteristics es-described
next. | ' ' ' _

Again the base station which is selected is not
ﬁecesSariiy that with the 1lowest 'path loss (i.e.,
ostensibly closest) since another base station with a
higher path loss (i.e., ostensibly further away) may
offer better slot packing possibilities. In the
description above, for the purposes of illustration,
the number of time slots in the TDMA frame was chosen
to be three. Those skilled in the art will observe
that the ptesen;_invention may'be_easily extended to
other TDMA sYstems usihg mere than three (or 1eSs than

three) slots. For example, there will be an equlvalent

number of ordered lists and time slots._

'An exemplary embodiment of the ACAPC process for .
the upllnk is as follows. Since the mobile station
only transmits in its own time slot and shuts down the
transmission in the. other slots, the dlfflcultles in
determlning 1nterference found in the downlink are not
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experienced in  the uplink; In addition, the mobile
station itself determines the APC on the uplink.
Therefore, the uplink C/I is usually better than that

- of the downlink, and the performance of the system is
- limited by the downlink. When the uplink and the

downlink can be selected independently, the best uplink
can be found by using equation (1) repea‘tedh below with
Ip(J,K) replaced by In(J,F,TS) and selecting that
channel base/carrier/slot combination  that gives the
lowest Pumsreq (T, F,TS) .

Pys, 10q (T4 F, TS) = —g)',,bpr(_;J’) +I(J,F,TS) dB (4)

When the-uplink and downlink channels are paired (e.qg.,
with 45 MHz offset), then the uplink should accept the

‘base/carrier combination (J,K) found by the downlink

process as described before (s:.nce this is the best
combination for the downlink whioh is limiting the

- performance) . If more than one idle time slot is

present on this base/carrier combination, the uplink
can now be opt:l.m:l.zed by selecting that time slot that
gives the best uplink performance with the lowest
Pysreq (T F TS) Exemplary embodiments of a mobile unit
and a base station in which the foregoing exemplary
channel allooation schemes can be implemented will now

 be described in conjunotion with Figures 10 and 11,

respectively. _ _

In Figure 10, the mobile station 900 has an
antenna 902. A transmitter 904 is connected to the
antenna 902 and 1s controlled by a transmitter control

unit 906 which, among other functions, is able to

-effect channel allooation in conjunction with control

logic 916. 'I'he transmitter is also connected to a
signal process:.ng unit 908. A receiver 910 is. alsol
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connected to the antenna and is used in time multiplex
together with the transmitter 904. The receiver 910 is
aIso connected to the signal processing unit 908. _
Radio equ:l.pment for modulating, demodulating ‘and

~egualizing purposes is included in -the blocks 904 and

910. - The signal process:n.ng unit 908 includes, for
example, c:.rouitry for channel coding, channel decoding
and signal prooessing of incoming and outgoing speech.

The signal processing unit 908 is also connected to a
' microphone and speaker in block 914, and to control

logic 916. In turn, the control logic 916 is connected
to the transmitter control unit 906 and to I/O-block
918 which processes the I/0 signals from a keyboard
(not shown) and to a display 919.

Figure 11 is a block diagram illustrating an
exemplary base stati‘on.' Although the block diagram of
Figure 11, is J.llustrated as a s:.ngle system, those
skilled in the art will read:.ly appreciate that the
hardware. shown in Figure 11 can also be distributed
over several _un_its_, for instance over a base station
and a b_ase station controller. '

The bas_e station, generally referred to by
reference numeral 1000, has three antennas, of which
two, 1002 and 1004, are used for receiving signals,
whereas only one antenna 1006, is used to transmit

‘signals. A transmitter 1008 is connected to the
antenna 1006 and is controlled by a transmitter control

unit 1010. The transmitter 1008 is also connected to
the signal processing unit 1012. - A receiver 1014 is
also connected to the antennas 1002 and 1004 and the
signal processing unit 1012. Radio equipment for
modulating and demodulating and equalizing purposes is
included in the blocks 1008 and “1014. The signal
processor unit 1012 provides for 'channel coding and
decoding and processuzg speech in the incoming and
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outgoing directions. The signal processor unit 1012 is
also connected to the PCM-link adaptor ‘block 1016 and
to the control ‘logic 1018. ' In turn, the control logic
1018 is connected to the trarisxk_lit;ter control unit 1010.

Figure 12 is a block diagram which illustrates a
portion of an exemplary base station controller _which

handles the ACAPC routine .according to the present

invention.. The CPU 1100 will receive the measurement
data, perform averaging, make ordered lists and perform
the other decisions described above regarding the
allocation of channels. The memory 1101, in addition
to storing current channel allocation assignments, can _
contain a database including information regarding the
geographical characteristics of the surrounding area
which can be used to make predictions. Alternatively,
such a database could be located at the MTSO. The I/O
unit 1102 can connect this base station controllers to
other BSCs, the MTSO and the base station that it
controls. ' '

Those skilled in the art will appfeciate that the
foregoing exemplary mobile and base station
descriptions are intended simply to illustrate
apparatuses which can be used to implement the channel
allocation schemes according to the present invention
and that any other type of base station or mobile
station can be used. For example, those systems
disclosed in U.S. pPatents Nos. 5,230,082 entitled
"Method and Apparatus for Enhancing S'ignaling
Reliability in a Cellular Mobile Radio Telephone
System" .to Ghisler et al. and 5,109,528 entitled
"Handover Method for a Mobile Radio System" to
Uddenfeldt can also be used and the disclosure of these
patents are incorporated here by reference.
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The' above-described ‘exemplary - embodiments are
intended to be illustrative in all respects, rather
‘than restrictive, of the present invention. Thus, the
present invention is capable of many - variations in

S detailed implementation that can be derived from the
description contained herein by a person skilled in the
art. = All such variations and. modific_a_t'ions' are -
‘considered to be within the scope ‘and spirit of the
present inventiori as defined by the following claims.
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Claims:

1. A method for assigning'uplink radie channels in a
radio communication system comprising the steps of:

(a) measuring, in a mobile station, an RSSI of
control signals broadcast from at least one base

- station;

(b) determinlng a path loss between the mobile
station and the at least one base station us1ng the
RSSI measurenments;

(c) measuring, in the at least one base station,
an RSSI of interference signals on a plurality of
available traffic channels;

(d) determining a transmit power required for the
mobile station to produce a signal on each of the
plurality of available traffic channels at the at least
one base station, wherein a strength of said signal is
a predetermined level above a _correspbnding RSSI
interference level measured ‘on the traffic channel
taking into consideration the path loss; and

(e) assigning an uplink channel based on said
determined transmit powers.

2. The method of claim 1 wherein said assigning step
further comprises the step of:

assigning said uplink channel which will minimize
transmit power in a plurality of ﬁobile stations.

3. A method for assigning downlink radio channels in-
a radio communication system comprising the steps of:

This Sheet Has Been Repl

HIIII

M

1




wo 95(24810 o . - PCT/US95/02517

16

15

20

25

30

s

42

(a) measuring, in a mobile station, an RSSI of
control 51gnals broadcast from at 1east one base
statlon, ' '

(b)'determining a path loss betﬁeen the mobile
station and the at least one base station using the
RSSI measurements,'

(o) measuring, in the mobile station, an RSSI of
interference signals on a plurality of available
traffic channels; '

- (Q) determining a transmit power required of each
of the at least one base stations to produce, at the
mobile station, a sigral on each of the plurality of
available traffic channels having a signal strength
which is a predetermined level above ‘a corresponding

RSSI 1nterference level measured on.the trafflc channel

taking into consideratlon the path loss, and

(e) assigning a downlink channel based on said
determined transmit powers.

4. The method of claim 3 wherein said assigning step

'further comprises the step of:

assigning said downlink channel which will
minimize transmit power in. a plurality of base

. stations.

5. In a radio communication system wherein uplink and
downlink channels are separated by a predetermined
frequency offset, a method for assigning radio ohannels
comprising the steps of:

lwﬂHmBﬁmRehmﬂ
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(a) measuring, in the mobile station, an RSSI of
control signals broadcast from at least one base
station;

5 (b) determining a path 1loss betﬁeen_the mobile
‘station and the at least one base station using the
RSSI measurements; .

(c) measuring, in the at least one base station,
10 a first RSSI of interference signals on a plurality of
available traffic channels;

(d) determining a transmit power required for the
mobile station to produce a signal on each of the
15 plurality of availahle traffic channels at the at least
| one base station, wherein a strength of said signals is
a predetermined level above a corresponding first RSSI
interference level measured on that traffic channel,
taking into consideration the path loss;

(e).measuring, in the mobile station, a second
RSSI of interference signals on each of said plurality
of available traffic channels;
- 25 (f) determining a transmit power required of the

at least one base station to produce,'at the mobile
station, a signal on each of the plurality of available
traffic channels having a signal strength which is a
predetermihed level above a corrésponding second RSSI

30  interference level measured on that traffic channel,
o taking into considératiqn the'path loss; and

(g) assigning a radio channel based on at least
one of said determinéd transmit powers required of the

is Shect Has Been Replaced
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mobile station ‘and said determined}.transmit. powers

required of the at least one bése station.

6. The method of claim 5 whereln said assigning step
further compr:l.ses ‘the step of: -

assigning said rqdlo channel which will minimize
a weighted sum of said determined transmit powers

req_uire_d of the mobile station and said determined

transmit powers required of the at least one base
station.transmit power in a plurality of mobile
stations. . - N

7. The method of claim 5 wherein said assign:.ng step
further conprises the step of: '

assigning said radio channel wh:.ch will mxnimize
uplink transmit' ‘power.

8. The méthod" of claim 5 wherein saiad assigning step
further compr:.ses the step of: _ -

ass:.gning said radio channel which will minuuze
downlink transmit power. )

9. A method for assigning downlink radio channels in
a radio communication system comprising the steps of:

(a) heasuring," in a mobile station, an RSSI of
control signals broadcast from at least one base
station; ' '

(b) def._em:‘.ning a path 1loss hétween. the mobile
station and the at least one base station using the
RSSI measurements;
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(c) predicting an RSSI of in;erﬁe:ence'signals
emanating from said at least one base station on each
of a plurality of available traffic channels;

(d) determining a transmit power required of each
of the at least one base stations to produce, at the
mobile station, a signal on each of.the plurality of
available traffic channels having a signal strength
which is a predetermihed level_above'a'corresponding

RSSI interference level measured on that traffic

channel, taking into consideration the path loss; and

(e) assigning a channel based on said determined
transmit powers. '

10. The method of claim 9 whereln sald assignlng step
further comprises the step of: .

assigning said channel whlch will minimize
transmit power.

11. - A method for assigning downlink radio channels in
a radio communication system comprising the steps of:

(a) measuring, in a mobile station, a first RSSI
of control signals broadcast from a first base station;

(b) determining a first path loss between the
mobile station and the first base station using the
first RSSI measurements;

- (¢) measuring a second RSSI oi_é beacon signal
broadcast from a second base station;

(d) determining a second path loss between a
mobile station performing the second RSSI measurements

____——————~——~—”—_——7
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and the second base station broadcasting the beacon
signal; ' ' ' o

_ (é) estimating interference iéveis on each of a
plurality of traffic channels using the first and
second path loss values; ' :

(£) determining transmit powers required for the
first base station to produce, at the mobile station,

'a signal on each of the plurality of available traffic

channels whose strength is a predetermined level above
an interference level estimated on that traffic channel
taking into consideration the first and second path
loss values; and | | :

(9) aésigning a channel based on said determined
transmit powers. | | |

12. The method of claim 11 wherein said assigning step
further comprises the Step of:

_ a351gning as said channel a channel whldh will
minim.ze transmit power.

13. A method for assigning downlink radio channels in
a TDMA radio communication system comprising the steps

~ of:

(a) measuring, in a mobile station, an RSSI of
control signals broadcast from a first base station;

(b) determining' a 'path loss between the mobile
station and the first base station using the RSSI
measurements;
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(c) predicting an RSSI of 1nterference signals
emanatlng from a second base station on a plurallty of
available traffic channels,

(d) determining a transmit power, on each carrier
having one slot open, needed for each base station to
produce, at the mobile station, a signal on the
plurality of'available'traffic channels having a signal
_strength whlch is a predetermined ' level above a
.correspondlng 1nterference level measured on that
traffic channel; '

(e)'determining a transmit power, on each carrier
having two slots open, needed for each base station to
produce, at the mobile station, a signal on the
plurelity of available traffic channels having a signal
strength which is a predetermined level above the
interference level measured on that traffic channel;

 (£) determining a transmit poﬁer, on each idle
carrier, needed for eaeh_hase station to produce, at
the mobile station, a signal on the plurality of
available traffic channels having a strength which is
a predetermined level above a | corresponding
interference_;evel_measnred on that traffic channel;
and _ : . :

~(9) assigning a channel based on said determined

. transmit powers.

14. The method of claim 13 wherein said assigning step

- further comprise the'follqwing steps:

(a) farranging- into 1lists ' ordered based on
_increasing . transmit powers, the transm.t powers on
those carriers with one slot open, the transmit powers

‘This Sheet Has Been. Reilaced
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on those carriers Wlth two slots open and the transmit
powers on idle carriers,

(b) comparing ' said 1lists with a current
transmitted power 1evel of the first base station to
find a carrier with one slot open which requires less
power than said current transmitted power level.

(c) comparing said lists 'ﬁith the current
transmitted power level of the first base station to
find a carrier with two slots open which requires less
power than said current transmit power level.

(d) comparing said lists with the ' current

transmitted power level of the first base station to

f£ind an idle carrier which requires the least amount of
transmitted power; - s

(e) selecting said carrier with one slot open
which requires less power than said carrier with two

'slots open plus a first predetermined level and less

power than said idle carrier plus a second
predetermined level. .

15. The method of claim 14 wherein said step of
selecting further comprises the step of: '
' assigning said first predetermined level a value

which is less than that of said second predetermined

level.

16. The method of ‘claim 13 wherein said step of
assigning further comprises the following stepS°

(a) arranging - into lists' ordered based on
1ncrea51ng transmit power the transmit powers on those
B&mRTrwﬂ ,:n"
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carriers with one slot open, the transmit powers on

those carriers with two slots open and the transmit:

power on the idle carriers;

(b) ‘comparing said 1lists with a current
transmitted power level of the first base station to
find a carrier with two slots open which requires less
power than said current transmitted powér level;

(c) finding an idle carrier which requires the
least amount of transmit power; and

(d) selecting said carrier with two slots open
which requires less power than said first idle channel
plus a first predeter_mined power level. |

17. A radiocommunication system comprising:
means, disposed in a mobile étation, for measuring
an RSSI of control signals broadcast from at ieast one
base station; .
means  for determining a path 1oss between the

mobile stat:.on and the at least one base station using

the RSSI measurements; _
means, disposed in the at least one base station,

for measuring an RSSI of interference signals on a

plurality of available traffic channels;

 means for determining a transmit power required
for the mobile station to pro_duce a signal on each of
the plurality of available traffic channels at the at

least one base station, wherein a strength of said

signal is a predetermined level above a corresponding

RSSI interference level measured on the traffic channel

taking into consideration the path-loss; and
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means for - assigning an uplink channel based on
said determined transmit powers and a predetermined

50

- criteria.

18. The system of claim 17 whe:ein-said means for
assigning further comprises:

means for assigning said uplink channel which will
minimize - transnit-.power ‘in a plurality of mobile

 stations.

19. A radiooomnunication system comprising:

means, disposed in a mobile station, for measuring
an RSSI of control signals broadcast from at least one
base station;:

means for determining a path loss between the .
mobile station and the at least one base station using
the RSSI measurenments; '

mneans, disposed in the . mobile station, for
measuring an RSSI of interference. .signals on a
plurality of available traffic channels; _

means for determining a transmit power required of
each of the at least one base stations to produce, at
the mobile station, a signal on ‘each of the plurality
of available traffic channels having a signal strength
which is a predetermined level above a corresponding
RSSI interference level measured on the traffic channel
taking into consideration the path loss; and

means . for assigning a downlink channel hased on
said determined transmit powers.

20. The system of claim 19 wherein said means for
assigning further comprises: |

means for - as51gn1ng said downlink channel which
will minimize transmit power in a plurality of mobile
stations.
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21. A radio communication system comprising:
uplink and downlink channels which'arg'separated
by a predetermined frequency offset;

_ means, disposed in the mobile station, for
measurlng an RSSI of control slgnals broadcast from at
least one base station; - . o _

means for determining a path loss between the
mobile station and the at least one base station using
the RSSI measurements; '

means, disposed in the at least one base station,
for measuring a first RSSI of interference signals on

" a plurality of available traffic channels;

means for determlnlng a transmit power requlred
for the mobile_statlon to produce a signal on each of
the plurality of available traffic channels at the at
least one base station, wherein a strengf:h of said
signals is a predetermined level above a corresponding
first RSSI interference level measured on that traffic
channel, taking into consideration the path loss;
~ means, disposed in the mobile station, for
measuring a second RSSI of interference signals on each
of said plurality of available traffic channels;
means for determining a transmit power required of
the at least one base station to produce, at the mobile
station, a signal on each of the plurality of available
traffic channels having a signal strength which is a
predetermined level above a corresponding second RSSI
intérference level measured on that traffic channel,
taking into consideration the path loss; and
| means for assigning a radio channel based on at
least one of said determined fransmit powers required
-0of the mobile station and said determined transmit
powers required of the at least one base station.

,_;.~—f¥-—“'“;;"_
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22. The system of claim 21 wherein saiad assigning
means further comprises: o : '

means for assigning said radio channel wh:l.ch will
minimize a weighted sum of said - ‘determined transmit
powers required of the mobile  station and said
determined transmit powers required of the at least one
base station.transmit power in a plurality of mobile
statlons. _ S a -

23. The system of claim 21 wherein. s_aid assigning
means further comprises: - -
means for - ass:Lgm.ng said radio channel wh:l.ch will

- minimize uplink transmit power.

24. The system of claim 21 wherein said assigm.ng step

further comprises:

means for assigning saia radio channel which will

. m.mimlze downlink transmit power.

25. A radzocommunicatlon systen compr:.sing.

means, disposed in a mobile station, for measurlng
an RSSI of control signals broadcast from at least one
base station;

means for determining a path loss between the
mobile station and the at least one. using the RssSI
measurements, ' _ _ -

means for predicting an RSSI of interference
signals 'emsnating' from said at least one base station
on each of a plurality of available traffic channels;

' means for deteraining a transmit power required of

each of the at leas: one base stations to produce, at
the 'mobile station, a signal on each of the plurality
of available traffic channels having.a signal strength
which is a predetermined level ‘above a corresponding
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RSSI interference level measured on that traffic
channel, taking into consideration the path loss; and

means for assigning a channel based on said
determined transmit powers. '

26. The system of claim 25 wherein said means for
assigning further comprises:
means for assigning said channel which will

.minimize transmit power.

27. A radlocomnunlcatlon system comprising:
~ means, dlsposed 1n.a.mob11e station, for measuring
a first RSSI of control signals broadcast from a first
base station; ' _
means for determining a first path loss between
the moblle station and the first base station u51ng the
first RSSI measurements,
means for measuring a second RSSI of a beacon
signal broadcast from a second base station;
- means for determining a second path loss between
a mobile  station performing the second RSSI
measurements and the seccnd base station broadcasting
the beacon signal; '
means for estimating interference levels on each
of a plurality of trafflc channels using the first and
second path loss values,
means for determinlng'transmit powers required for
the first base station to produce, at the mobile
station, a signal on each of the plurality of available

traffic. channels whose strength is a predetermined

level above an interference level estimated on that

traffic channel*taking into consideration the first and

second path loss values; and
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means for assigningi a channel based on said
determined transmit powers.

28. The method of claﬁm'27'whersin said means for
assigning further comprises: |

means for assigning as said channel a channel
which will minimize transmit power. .

29. A TDMA radiocommunlcation system comprlsing.

means, disposed in a mobile station, for measuring
an RSSI of control signals broadcastifrom a first base
station; ' cog
means for determ:ming a path 1oss between the
mobile station: and the first hase station using the
RSSI measurements;

means for predicting an RSSI of interference
signals emanating from a second. p__as:e station on a
plurality of availahle traffic channels;.

means for determining a.trahsnit powér, on each
carrier having one slot open,_neséeﬁ for each base-
station to produce, at the mobile station, a signal on
the plurality of available traffic;channels having a
signal strength which is a predetermined level above a
corresponding interference level measﬁred on that
traffic channel; f -

means for determlning a transmlt .power, on each
cafrler having two s;ots open, ' needed for each base
station to produce, at the mobile ststion, a signal on
the plurality of available traffic'channels having a
signal strength which is a predetermined level above
the interference level measureqqun that traffic
channel; : . o
means for determlnlng a transmlt power, on each

~ idle carrier, needed for each hassmstatxon to produce,

at the mobile station, a signal on the plurality of
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_available traffic channels having a strength which is

a predetermined level above a corresponding
interference level measured on that traffic channel;
and

means for assigning a channel based on said
determined transmit powers;

30. The system of claim 29 wherein said means for
assigning further comprises: '
means for arranging into lists ordered based on

- increasing transmit powers, the transmit powers on

those'earriers with one slot open, the transmit powers
on those carrzers with two slots open and the transmit
powers on idle carriers;

means for comparing said lists with a current
transmltted power level of the first base station to
find a carrier with one slot open which requires less
power than said cﬁrrent transmitted power level;

means for comparing said lists with the current
transmitted power level of the first base station to
find a carrier with two slots open which requires less
power than said current transmit power level;
' means for comparing said lists with the current
transmitted power level of the first base station to
f£ind an idle carrier which requires the least amount of
transmitted power; and

means for selecting said carrier with one slot
open which requires"less power than said carrier with
two slots open plus a first predeterhined level and
less 'power than said idle carrier plus a second
predetermined level. -

31. The system ‘of claim 30 wherein said selecting
means further compr1ses. '

This.Sheet Has Been RTlaced




WO 95124810 PCT/US95/02517

—_—

= o A

10

15

20

56

means fdr' providing said first predetermined level
with a value which is less than a value of said second
predetermined level. o

32. The method of claim 29 wherein said ass:.gning
means further comprises: : :

means for arranging into lists ordered based on
increasing transmit power the transmit powers on those
carriers with one slot open, the transmit povi'ers on
those carriers with two slots open and the. transmit
power on the idle carriers; o

means for comparing said 1ists with a current
transmitted power level of the first base station to
find a carrier with two slots open which requires less
power than said current transmitted power level;

means for flndlng an idle carrier which reqixires
the least amount of transmit power;. and .

means for selecting said carrier _with two slots

'open which requires less power than said first idle

channel plus a first predetermined power level.
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