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BACKGROUND

The present invention pertains to systems and methods involved in -

radiocommunication systems and, more particularly, to reconfigurable transceivers that
can be readiljr used with different typeé of antenna arrangements and methods for using
such transceivers. . o _ _

- .. The cellular telephone industry has made phenomenal strides in commercial
operations in the United States as well as the rest of the world. Growth in major

~ metropolitan areas has far exceeded expectations and is rapidly outstripping system

‘capacity. If this trend continues, the effects of this industry's growth will soon reach
even the smallest markets. Innovative solutions are required to meet these increasing
capacity needs as well as maintain high quality service and avoid rising prices. -~
.. Figure 1 illustrates an example of a conventional cellular radio communication
system 100. The radio communication system 100 includes a plurality of radio base
stations 170a-n connected to a plurality of corresponding antennas 130a-n. The radio

" base stations 170a-n in conjunction with the antennas 130a-n communicate with a

plurality of mobile terminals (e.g. terminals 120a, 120b and 120m) within a plurality of

: cells 1102-n. Communication from a base station to a mobile terminal is referred to as
. the downlink, whereas communication from a mobile terminal to the base station is
- referred to as the uplink.

'The base stations are connected to a mobile telephone switching office (MSC)
150. Among other tasks, the MSC coordinates the activities of the base stations, such
as during the handoff of a mobile terminal from one cell to another. The MSC, in
turn, can be connected to a public switched telephone network 160, which services
various communication devices 180a, 180b and 180c.

A common problem that occurs in a cellular radio communication system is the
loss of information in the uplink and downlink signals as a result of multi-path fading,
which results when the transmitted signal travels along several paths between the base
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station and the intended'rcce"i\ier.; When the differences in the path lengths between the
base station and the mobile termmal are relatively small, the multiple signal images
arrive at almost the same time. The images add either constructively or destructively,
giving rise to fading, which can have a Rayleigh distribution. When the path lengths

are relatively large, the transmission medium is considered time dispersive, and the
added images can be viewed as echoes of the transmxtted signal, glvmg riseto
mtemymbol interference (ISI). o

Fading can be mitigated by using muitiple receive antennas and employing some -

form of diversity combining, such as selective combining, equal gain combining, or
maximal-ratio combining. Diversity takes advantage of the fact that the fa’ding- on the
different antennas is not the same, so that when one antensia has a faded signal, chances
are the othé'r antenna does not. ISI multi-path time dispersion can be mitigated by
some form of equalization, such as linear equahzanon, decision feedback equahzatlon,
or maximum likelihood sequence estimation (MLSE).

Interference can also degrade the signals transmitted between a base station and -
mobile terminals. For instance, a desired communication channel between a base
station and a mobile terminal in a given cell can be degraded by the transmissions of -
other mobile terminals within the given cell or within neighboring cells. -Other base
stations o RF-propagating entities operating in the same frequency band can also-
create interference (e.g., through "co-channel” or "adjacent channel” interference in
systems 3providing access using time division multiple access (TDMA) techniques).

Frequency re-use can be used to, among other things, mitigate interference by
‘placing interfering cells as far from each other as possible. - Power control can also be
used to reduce the interference by ensuring that transmitters communicate at minimal
effective levels of power. Such power control techniquss-ére especially prevalent in
code-division muluple access (CDMA) systems due to the recepnon of information in
a single frequency channel at each base station. '

Interference can be reduced still further by using a plurality of directional
antennas to communicate with mobile terminals within a cell. The directional antennas

(also known as "sector antennas") transmit and receive energy within a limited
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geographic region, and thereby reduce the interference experienced by those radio units
outside the region. Typically, radio communication cells are partitioned into three
120° sectors serviced by three sector antennas, or six 60° sectors serviced by six sector
antennas. Even smaller antenna sectors can be achieved using a fixed-beam phased
array antenna, which transmits and receives signals using a plurality of relativeiy
narrow beams. Figure 2, for instance, illustrates such an exemplary radio
communication system 200 including a radio base station 220 employing a fixed-beam
phased array (not shown). The phased array generates a plurality of fixed narrow
beams (B,, By, By, B,, etc.) which radially extend from the base station 220,

Preferably, the beams overlap to create a contiguous coverage area to service a radio

- communication cell. Although not shown, the phased array can actvally consist of

three phased array sector antennas, each of which communicates with a 120° swath
extending from the base station 220. _ _
Figure 2 shows a mobile terminal 210 located within the coverage of one of the
beams, B,. Communication proceeds between the base station 220 and this mobile
terminal 210 using the beam B,, or perhaps, in addition, one or more adjacent beams.
The reader will appreciate that modern radio communication environments typically

include many more mobile terminals within cells. Nevertheless, even when there are

plural mobile terminals within a cell, a subset of the beams may not include any mobile

terminal stations within their coverage. Hence, in conventional fixed-beam phased
array systems, these beams remain essentially idle until 2 mobile terminal enters their
assigned geographic region. Such idle beams propagate needless energy into the cell,
and thus can contribute to the net interference experienced by radio units within the cell

- as well as other cells (particularly neighboring cells). These beams also add to the

processing and power load imposed on the base station 220.

These concerns are partly ameliorated though the use of a variation of the

. above-discussed system, referred to as "adaptive" phased arrays. Such arrays allow for

the selective transmission and reception of signals in a particular direction. For

. instance, as shown in Figure 3, an array 300 can be used to receive a signal transmitted

at an angle © (with respect to the normal of the array) from a target mobile terminal

,; . PCT/SE99/00524 _
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380, and can simultaneously cancel the unwanted signals transmitted by another mobile

: termmal 370. This is accomplished by selecting (complex) weights (w;, W, ... w,)

applied to each signal path (r 1 Tos - . 1) from the phase array antenna 300 so as to
mcrease the sensmvxty of the array in certain angular dxrectnons and reduce the

_ sens1t1v1ty of the array in other directions (such as by steering a null toward an
. interference source) The desufed welghtlng_ is selected by iteratively changing the
weights thrdugh a feedback looi) comprising beamforming unit 340, summer 330 and

controller 320. 'I‘he feedback loop functxons to maximize signal-to-interference ratio at

- the output "x" of the beamformmg unit. RF beamformmg is an alternative way. to

obtain fixed beamformmg Apphcatlon of an adaptlve phased array ‘antenna to the
radio commumcatlon system shown in Flgure 1 would result i in the generation of a
single beam (or small subset of beams) generally oriented in the direction of the single
mobile terminal 210. Such a system offers a substantial reduction in interference. For
example, as disclosed in "Applications of CDMA i in Wireless/Personal

" Communications” by Garg et al., Prentice Hall, 1997, an idealized eight-beam antenna

could provide a threefold increase in network capacity when compared with existing
schemes such as cell splitting (pp. 332-334). Moreover, the presence and location of
moblle termmals in both the fixed and adaptlve beamforming cellular radio
commumcauon systems can be determined by measunng the sxgnal strength in the
uplmk direction on each beam, The b.eam direction yielding the strongest received
signal can be used to indicate the probable location of the desired mobile.

As can be seen from ﬂ_ie foregoing, there are many types of antenna - - -
arrangements which are used and/of contemplated for use with transceivers in -
radiocommunication systems. However, conventional transceivers are inflexibly
designed for use with a particilar antenna arrangemienit and diversity combining

technique, e.g., some transceivers in use today are designed to work only with single

antennas (no diversity), some transceivers are designed to work only with a pair of
directional antennas with a specific type of diversity combining technique, while still
other transceivers may be designed to work only with antenna arrays. Moreover, in

 the future, it is anticipated that additional techniques will be developed for processing
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the information available using multiple antennas or antenna array elements, e.g., new
positioning techniques, new combining techniques, etc. and that additional, new
antenna structures will be developed. Today, network operators that wish to make
changes to their antenna arrangements face the daunting task of needing to replace their
transceivers' hardware. For example, changes to the frequency plan or the antenna

_-arrangement (i.e., from adaptative antenna arrays to sector antennas or vice versa)

typically require expensive and time consuming hardware changes. In some cases, the .
expense associated with such hardware changes may make the desired improvements
economically unfeasible.

It is therefore an exemplary objective of the present invention to provide
transceivers which do not suffer from the above-described drawbacks. Moreover,

. having provided a more flexible transceiver design, another exemplary objective of the

present invention is to take advantage of the flexibility in operation of the transceiver to

. more efficiently perform certain transceiver functions, e.g., locating of a mobile

terminal during access to the system.
SUMMARY -

According to a first exemplary aspect of the present invention, the above
objective is achieved by providing a transceiver unit having a flexible design which
allows the transceiver unit to operate in conjunction with plural different types of
antenna structures and information processing techniques. - For example, switching
matrices can be provided between the antenna arrangements and the receive processing
circuitry which, under control of a central processing unit, allows the transceiver to
handle different antenna structures. This flexibility can be invoked in a variety of

ways. For example, a network operator can adjust the types of antenna structures
connected to the transceiver in order to implement new frequency plans. Alternatively,

 the transceiver unit can be reconfigured between calls, or even during a call, to

dynamically assign resources based upon changes in the amount and type of load being

-experienced by the system.
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' 'Moreo'v'er, other exemplary embodiments of the present invention take
advantage of the flexibility of these novel transceiver units to render other operating
functions tnore efficient. For example, decodmg of an access burst on a random access

channel can be performed in parallel with locating the remote terminal using a reduced

" number of radio processing circuits by selectively switching some of the radio -
. processing circuits to each antenna beam of an array to perform the scanning (locating)

function. The scanning frequency can be selected so that all of the beams are polled
during the time in which an access burst is received on the sector antennas.
' BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing 'objeéts', features and advantages of the present invention, as well

- as other features, will be more teadily understood upon reading the following detailed
: -'descnptlon in conjunction with the drawings in which:

Figure 1 shows a conventional radio communication system mcludmg plural

- base stations and a mobile telephone switching office;

Figure 2 shows a convenuonal base station which uses a phased array with a

- fixed beamforming processor;

Figure 3 shows a block dxagram ofa base station which uses a conventional
adaptive phased array; . '
" TFigure 4 shows a flexible base station transceiver which uses a phased antenna

~-artay with a fixed bwmformmg circuit and sector antennas according to exemplary
aspects of the present invention; o :

Figure 5(a) deplcts an exempla:y sw1tchmg conﬁgurauon for the transceiver of
Figure 4; :

Figure 5(b) depicts another exemplary switching configuration for the
transceiver of Figure 4; ' ' '

Figure 6 depicts radio receiver allocation to different remote stations over a
plurality of timeslots according to exemplary embodiments of the present invention;

Figure 7 illustrates a transceiver configured to perform parallel decoding and
scanning according to an exemplary embodiment of the present invention;
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Figure 8 illustrates a timing relationship between access burst reception and
scanning of antenna elements accordmg to an exemplary embodxment of the present
invention;

Figure 9 is a flowchart ﬂlustratmg parallel decoding and scanning accordmg to
an eJtemplary embodiment of the present invention; and

Figure 10 illustrates a method .of dividing the fixed narrow beams into two
groups according to an exemplary emhodiment of the present invention.

* DETAILED DESCRIPTION
In the following description, for purposes of explanation and not limitation,
specific details are set forth, such as particular circuits ,' cireﬁit components, techniques,
eic. in order to provide a thorongh understanding of the present invention. ‘However, it

will be apparent to one skilled in the art that the present invention may be practiced in
other embodiments that depart from these specific details. In other instances, detailed

descriptions of well-known methods, devices, and circuits are omitted so as not to

_obscure the description of the present invention.

The exemplary radio communication systems dlscussed herein are descnbed as
using the time division multiple access (TDMA) protocol, in which communication
between the base station and the mobile terminals is performed over a number of time

slots. However, those skilled in the art will appreciate that the concepts disclosed

herein find use in other protocols, including, but not limited to, frequency division

‘multiple access (FDMA), code division multiple access (CDMA), or some hybrid of

any of the above protocols. Likewise, some of the exemplary embodiments provide
illustrative examples relating to the GSM system, however, the techhitlues described
herein are equally applicable to radio base stations in any system.

Figure 4 illustrates a transceiver unit 400 according to an exemplary

- embodiment of the present invention which can be used, for example, in cellular base
- stations. ‘Therein, a plurality of radio transmitters 410 and radio receivers 420 are

provided, each of which is adapted to handle at any one time a particular carrier
frequency. One skilled in the art would recognize that many radio receivers may
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 handie the same carner frequency The radio tratismitters and receivers can be
' 'desrgned accordmg to well known techniques, €.g., transmitters 410 may include
amplifiers, upconverters, filters, analog-to-digital converters, etc. and receivers 420
- will include amplifiers, downconverters, filters, dlgttal-to—analog converters, etc.

5  These devices are controlled by, and’ pass information to and from, control unit 430
which includes a eentral processmg umt (not shown), memory (not shown) and a signal
processing ‘device 440, Srgna] processmg device 440 provides the necessary software

- functionality for processmg both sxgnals to be transmitted and signals that are received -
via transmrtters 410 and recervers 420, respecttvely For example, signal processmg
10  unit 440 can provrde the signal encodmg, modulatton scramblmg and channel filtering
o 'funcnons, etc. which may be necessary dependmg upon the channel configuration (e.g.,
access mcthodology, bandwrdth efc. )as will be apprecrated by those skilled in the art.
Ltkewrse, srgnal processmg circuitry 440 can also perform ‘channel ﬁltermg,
' 'demodulatron, decodmg and descramblmg tasks on recerved signals. For CDMA

15 applrcatrons for example, srgnal processing unit 440 may include the ﬁmctronalrty of
- one or more RAKE recervers to despread received sxgnals which have been spread
‘and/or scrambled usmg codes inn a2 known manner. '
“The srgnal processmg devrce 440 can be rmplemented accordmg to exemplary
embodiments of the present mventton, usmg a flexible ASIC approach which allows the
- 20 srgnal processrng fanctions to be selecttvely changed to accommodate the antenna
arrangement and signal processmg_- desired by the network operator. As will be
 described more fully below, these types of changes in configuration may be made very
rapidly, e.g., for every timeslot in the air interface frame structure, or only
periodically, e.g., if the network operator decides to add a new antenna structure,
_ 25 The transceiver unit 400 may have any number and type of antenna arrangement
connected thereto. However, for the purposes of illustrating the present invention,
 transceiver unit 400 is oonnected to two directional sector antennas 450 and an antenna
array 460 for N antenna lobes. As is well understood in the art, an antenna atray has a
number of elements, sometimes called partial antennas, which may be different in
30  number than the pumber of antenna lobes that are produced.  Antenna lobes are often
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formed by a beamforming unit which translates signals from many antenna elements
into lobes, or vice-versa, using complex weight factors as is illustrated in Figure 3. In
some instances, the antenna lobes are formed by the signal processing device which,
through the use of software, performs the same function as the beamforming unit by
communicating directly with the elements of the antenna.

In Figure 4, the antenna array 460 is supported by beamforming unit 470,

- which shapes and steers the plurality of beams to achieve a desired coverage area, such

as to achieve the fixed beam configuration shown in Figure 2. The beamforming unit

. 470 can comprise any conventional fixed beamiformer, such as a Butler matrix. As

illustrated in Figure 4, each of the sector antennas 450 and each element of the antenna

array 460 can be connected to one or more respective radio transmitter(s) 410 and radio

" receiver(s) 420 through transmit switch 480 and receive switch 490, respectively. The

switches 480 and 490 are used by the transceiver unit 400 to selectively assign
resources to various connections under the supervision of control unit 430. This aspéct
of the present invention provides a significant amount of flexibility, as compared with -
conventional transceivers wherein a transmitter and receiver chain were typically
hardwired to an antenna, which flexibility is exploited as described below to improve :
efficiency and system capacity. _

Using switches 480 and 490, the transceiver unit 400 is readily reconfigurable
as illustrated in Figures 5(a) and 5(b). Figure 5(a) illustrates an example wherein the
receive switch matrix 490 is configured for connections between radio receivers 420
and the sector antennas to provide service on multiple carriers. Alternatively, Figure
5(b) illustrates an example wherein the receive switch matrix 490 is configured such
that each radio receiver 420 is connected to a respective array antenna lobe, for one

-carrier service. The ability to reconfigure transceivers according to the present
invention in this manner provides significant improvements in flexibility and
compatibility in system hardware not found in conventional radio base stations. In
addition to the switches 480 and 490, control unit 430 includes a flexible ASIC which
permits the re-use of receive and transmit hardware despite the connection of different

antenna arrangements.
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By allowing the antenna structures to be interchangeably connected to thie

transceiver unit, the present invention provides the network operator with numerous
opportunities to optimize utilization of existing hardware resources. For example,
flexible reconfiguration can be taken advantage of during installation of the transceiver
5 unit. If being used as a common “macro” cell base station, the flexible transceiver of
the present invention might be configured to use only an adaptive array antenna, which
. provides for higher spectral efficiéncy than sector antennas. On the other hand, if
" being used in an indoor (e.g., picocell) application, then the flexible transceiver may be

~ connected to a plurality of distributed antennas. For example, on¢ antenna may be
10  positioned in a corridor of a building, which antenna is switched through a single radio

;
|
i
|
i
{
!
|
i
!
i

transmitter 410 and a single radio receiver 420. In this lattér example, if users are

inoving around in the building, then receiver diversity can easily be obtained by routing
two of the distributed antennas through the same radio receiver 420 using receive
: switch 490. Likewise, transmit diversity can b_e' obtained by transmitting the same
15 signal from two (or more) of the distributed antennas by connecting a radio transmitter
410 to the two best antennas using switch 480. These are merely some of the examples
of how a single type of transceiver unit according to the present invention can be used
in multiple different applications. ' ‘
B ' - -~ ‘Moreover, the flexibility afforded the network operator also extends beyond
20 - installation. Transceivers according to the present invention can also be reconfigured
~ between calls or even during a connection between the transceiver and a mobile
Orie such potential for reconﬁguratioh of transceivers according to the present

invention exists where a network operator is able to recognize periodic changes in
25  system load and adaptively reconfigure the transceiver to efficiently accommodate such
changes. For example, consider areas where communication coverage is provided both
by cellular systems and radio in the local loop (RLL) systems. As will be well known
to those skilled in the art, RLL systems are hybrid wired and wireless systems wherein
~ a portion of the conventional wired system is replaced by a radio interface. For
30 example, in areas where population c_iensity is low, RLL systems may be provided
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where the radio interface is used to replace the typical wired connection between a
telephone in a home and the network (PSTN). _

In areas where both cellular and RLL coverage is desired, flexible transceivers
according to the present invention provide network operators with a means to
dynamically reassign resources to provide greater capacity. For example, consider a
flexible transceiver as described above connected to an antenna array. During the day,
when most subscribers are mobile, ie., using the cellular system, the spatial filtering
required for moving terminals can be achieved by configuring the flexible transceiver
to connect each radio receiver 420 to one of the beams of the antenna array 460 to
support communication over a single carrier frequency. In the evening, when most
subscribers are at home using RLL terminals, a network operator can take advantage of
the substantially fixed nature of RLL terminals to reconfigure the flexible transceiver
such that only one or two of the radio receivers 420 are assigned to each carrier

- frequency. In this way, more communication links can be provided by the flexible

- transceiver when operating in an RLL mode than would otherwise be possible absent . .

reconfiguration according to the present invention.

In addition to providing the flexibility to configure the transceiver at installation

- and reconfigure the transceiver between connections, exemplary embodiments of the

present invention also provide techniques for reconfiguring the transceiver during a
connection between a remote terminal and the base station. For example, the flexible
transceiver may, taking into account current system load and estimating a risk for call
blocking, assign a first number (e.g., 8) of radio receivers 420 and a second number of
radio transmitters 410 (e.g., 4) to handle a connection between itself and a mobile
station. During an initial period of time after the connection has been established, the
flexible transceiver can use the information from the relatively large nnxﬁber of radio
receivers to aid in rapidly and precisely estimating a location of the mobile terminal.
Then, the flexible transceiver can adjust the assignment of radio receivers 420 and
radio transmitters 410 so that fewer units (e.g., 2 radio receivers and 1 radio
transmitter) are used to support the same connection, since the base station now has a

reasonable estimate of the mobile terminal’s location and can thus select appropriate
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beams for transmission and reception of data.. In this way, the radio receivers 420 and
radio transmitters 410 can be released for :'rea'ssignment to support connections with
other mobile terminals. ' | -

It will be apparent to those skilled in the art that the flexible transceiver

5 according to the present invention can be configured and reconfigured in numerous
ways to optimize radiocommunication service and reduce hardware costs. The table
jllustrated as Figure 6 summarizes some of the possible configuration options. Along.
the vertical axis of the table, each of the exemplary eight radio receivers 420 available
in the flexible transceiver are listed, while'along the horizontal axis, each of eight

10  timeslots are identified.: The assignment of each radio receiver 420'durin‘g each
. timeslot is indicated within the table. | '
Therein, during a first timeslot (TSO), all eight of the radio receivers are
_ “assigned by the base s_tatlon 10 support communications over the random access channel
I (RACH). As will be appreciated by those skilled in the-art, the introduction of new '

15  mobile terminals into the cell (or the initiation of new calls within the boundaries of a-

cell) can be determined by detecting the presence of transmissions on the RACH by the
new mobile terminals, which channel is ‘used by the mobiles to request access to the
system. A mobile unit desiring access sends a short access burst on the RACH to the -
" base station. The network controller receives this information from the base station -
20 and assigns an idle voice channel to the mobile station, and transmits the channel
identification to the mobile terminal through the base station so that the mobile terminal
can tune itself to the new channel. Given the problem of locating the mobile, this
exemplary embodiment assigns all available radio receivers 420 during the RACH
timeslot to support this function ‘According to another exemplary embodiment of the
25  present invention, described in detail below, the flexibility of transceivers according to
" the present invention can be used to perform para]lel scanning and decodmg of RACH
' messages using fewer radio receivers. S :
" During the next timeslot (TS1), two mobile terminals are supported by the
flexible transceiver. Specifically, mobile MS1 is received by connecting four of the
30 radio receivess 420 to antenna beams in the direction of MS1, while mobile MS2 is
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received by connecting four of the radio receivers 420 to antenna beams in the direction
of MS2. TS2 illustrates another possibility wherein each of four mobile terminals
MS3-MS6 are supported by two radio receivers 420. This may occur when, for
example, sector antennas are being connected to the radio receivers and standard

receive diversity is employed. Alternatively, this configuration may be employed when
the flexible transceiver is configured for operation with adaptive antenna elements if the -

- mobile terminals have been connected for a sufficient period of time that sufficient link

quality and tracking can be achieved using two narrow beams. _

- In timeslot TS3, only one radio receiver 420 is used for each connection. This
illustrates a possible configuration of the flexible transceiver when operating, for -
example, in the RLL mode described above wherein diversity gain is negligible due to
the relatively immovable nature of RLL terminals. Timeslot TS4 depicts a mixture of
the radio receiver assignment schemes of timeslots TS1 and TS2, to convey that
combinations of different service support is also possible using the flexible transceiver
according to the present invention. |

The flexibility associated with transceivers according to the present invention, -
provides opportunities for a reduction in the amount of hardware needed to perform
certain functions. For example, when employing antenna arrays with the transceiver, it - -
is desirable to quickly and accurately estimate a location of the remote terminal when it
requests system access. This location estimate is used to identify which of the narrow
beams supported by the antenna array should be used to support the connection.
Conventionally, location estimation using array antennas has been performed by fixedly
connecting each beam in the array to its own, dedicated radio receiver. Then, when a
remote terminal transmits to the transceiver, e.g., sends an access burst on the RACH,
one or more characteristics associated with that burst, e.g., signal strength, can be
determined for each beam. At the same time, the access burst can be decoded in one or
more of the radio receivers to obtain the information transmitted therein. As will be
apparent to those skilled in the art, any of the known direction-of-arrival (DOA)
algorithms can then be used to estimate the remote terminal’s location and select an
appropriate beam or beams for handling the traffic channel.



10

15

25

WO 99/52311 PCT/SE99/00524 _

-14-

However, this appr'oé.éh has the drawback that it requires a dedicated radio
receiver for each antenna beam. 'As the number of antenna beams increases, so too
does the size, cost andcomplexnty of the transceiver unit.

Using the flexible transceiver described in the foregoing exemplary
embodiments, the number of radio receivers pﬁeded to scan for a remote terminal’s
location can be reduf:ed_. .ans.idéf the exemplary transceiver 'illi;étfated in Figure 7

. operating in_é GSM system. "I‘jhérein, -iikg":eferénce numerals have beeri used to refer

to like elements described above with respect to Figure 4. This exemplary transceiver

‘has four radio receivers 420 which are used to both receive and decode the access burst

and to scan for a phurality of beams for the remiote terminals location. To accomplish -
these objectives in parallel, two of the radio receivers 420 (i.e., RX1A and 1B) have
been selectively switched by con&ol-hnit'-430 via antenna switch 490 to be connected
with a respective sect.o_,rifan.tenna 450. I‘hqs_e'.rcccivcrs' will process the received signal
for decoding by unit 700 of control 'ﬁn_it'43_.0.to-..obtain the information in the access -
burst transmitted by the remote terminal on the RACH. The other two radio receivers

420 (i.e., RX 2A and 2B) ar¢ each sequentially contiected to a subset of the antenna

elements via switch 490 to scan the beams associated with the antenna array 460 as
coordinated by. control unit 430. ‘More specifically, for an exemplary eight beam
array, during a first time period radio receivers RX2A and 2B will be connected to
beams 1 and 2, during a second time f?efiqd_ radio receivers RX2A and 2B will be
connected to beams 3 and 4, during a-third time period radio receivers RX2A and 2B
will be connected to beams 5 and 6 énd 'qur'ing'a' fourth time period radio receivers

. RX2A and 2B will be connected to beams 7 and 8. This sequence is then repeated such

that these two radio receivers periodically poll each antenna as illustrated in Figure 8.

During the time period when a radio receiver is connected to an antenna beam,

" the receiver processes the received si_gnal to extract (or enable beam selection unit 710

to extract) one Or more characteristics of the signal. The characteristic or
characteristics will then be stored in a buffer, i.e., a memory device (not shown), for

subsequent evaluation by the beam selection unit 710 as described below. After
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buffering the specified characteristic(s), the radio receiver is then switched to the next
antenna beam in its designated sequence. _

Due to the nature of radio propagation, the access burst transmitted by the

remote terminal will arrive at the transceiver with some delay relative to the RACH

frame structure, which delay is commonly referred to as access delay. Thus, reception
of the access burst may not coincide with the beginning of the scanning sequence of
those radio receivers which are assigned for iterative connection to the beams of the

antenna array. This possibility is also reflected in Figure 8, wherein the access burst is

.illustrated as being received at time t, which occurs during the time period when the

~ radio receivers RX2A and 2B are connected to antenna elements 3 and 4. However,

the length of the time period during which a radio receiver is connected to an antenna
element is selected so that regardless of when an access burst is received, all of the
antenna beams will be polled before the access burst has ended.

The access delay is determined by the transceiver, e.g., by recognizing a
synchronization word transmitted in the access burst, and stored for use in decoding. .
Moreover, the access delay is also used in the present invention for retrieving the
appropriate characteristics from the buffer to determine which beam should be selected
for use in supporting the traffic channel. Thus, the beam selection unit 710 receives
the access delay from decoding unit 700 and uses this information to select the buffered
characteristics that were stored based on signals received on antenna beams 1-8 during .
the time t, to t,. Then, beam selection unit 710 applies its DOA algorithm to the
retrieved characteristics to identify the appropriate beam(s) for subsequent
communication support. _ :

- The method associated with this exemplary embodiment of the present invention
is illustrated in the flowchart of Figure 9. This method is charact_erized in terms of its
operation in a GSM system, however those skilled in the art will appreciate that it can |
be applied to any system. The process begins at block 900 wherein the remote terminal
transmits its access burst. In GSM, this access burst is transmitted over the RACH on
a beacon frequency. The access burst is received on the sector antennas, and are

decoded. At the same time, the beams of the antenna are scanned and stored in the
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buffer. Next, at block 905, the'decdding fnnction provides the access delay, as well as

WO 99/52311 ' PCT/SE99/00524 _

the decoded bits, to the DOA algorithm. Then, the DOA algorithm is used to identify -

a best beam, i.e., one which pomts most accurately toward the remote terminal, at
block 910. As mentioned above, this involves retrieving the correct beam scanning
information from the buffer using the access delay. The transceiver then transmits a

. traffic channe] assignment to the remote terminal at block 912, which returns an

acknowledgment messag'e Reeeptioh'of the acknowledgment at step 914 can also be

 used to further enhance the. beam selectxon of step 910 by scanning the anténna array
“and sendmg additional data regardmg the evaluated charactenstlc(s) to the DOA

algonthm Finally, the connecuon sw1tches to. the traffic channel at step 916, e.g., by

- employing 2 narrow beam in the downhnk and fonr radio receivers in the uplink to

perform a trackmg proeedure -
The foregoing. exemplary embodnnent describes a techmque for performmg

decodmg and scanmng in parallel at call set-up. However, similar techmques can be

15 .
_ handoff signalling is performed over the trafﬁc channel, since the remote terminal is in
_ the midst of a connection, rather than a eontrol channel or beacon frequency, as in the

applzed at handoff as well. The primary differences stemming from the fact that

case of call set-up. This means that the new base station, i..; the base station which

. will support the connection after the handoff, must decode the handoff signals
_ transmiitted 'by the réﬂ_mte terminal on its sector antennas so that the beams of its

antenna eﬁa'y can be simultaheeusly scanned to estimate the poSition_ of the remote
terminal, ' For example, the new base station can decode and combine the handoff
signals from the remote terminal over a window of four TDMA frames, which

~ corresponds to the amount of time two radio receivers would need to scan the antenna

~ array for the entire sector.

However, requiring a tranisceiver te_ decode the handoff signalling on the traffic

* chammel using its sector anterinas requires more signal gain than is typically available,

e.g., in systems designed in accordance with GSM. Thus, according to exemplary
embodiments of the present invention, the remote terminal can be instructed (or
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preprogrammed) to transmit the first few handoff access bursts with increased power
(c.g., 6dB) to compensate for the narrow beam antenna gain. _ | _

In another alternative embodiment, narrow beams may be used for both
receiving an access burst at handover and determining the direction of the mobile. As
iltustrated in Figure 10, the narrow beams are divided into two groups, i.e, beams 1, 3,
5 and 7 and beams 2, 4, 6 and 8. The base station first receives beams 1, 3, Sand 7 in
a first timeslot and beams 2, 4, 6 and 8 in the next timeslot. Since handover access
bursts are repeated, the full antenna gain of the antenna array may be obtained by
combining the results from two or more consecutive bursts.

As mentioned above, flexible transceivers according to the present invention
find similar utility in systems wherein channelization is made, at least in part, based on
codes. For example, in some CDMA systems it may be useful to transmit to mobile
stations using multiple channelization codes to provide higher data rates, which
functionality is facilitated by way of the foregoing exemplary embodiments. Moreover,
some CDMA systems may employ multiple code groups which are assigned, e.g.,
geographically, within the transmission range of a base station. Under those
circumstances, a flexible transceiver which as the capability to locate the mobile station
during system access as described above, can then also assign a code from one of a
plurality of groups based upon the determined location. Moreover, code handoff, i.e.,
wherein transmissions to a mobile are made first using one spreading/scrambling code
and then by a second spreading/scrambling code, e.g., when the mobile station moves
from the coverage area of one beam to another associated with the flexible transceiver,
is also facilitated by the control and switching functions described above. Other
variations wherein codes are a component of channel access, possibly in addition to
one or more of time and frequency, will be apparent to those skilled in the art.

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 detailed implementation that can be derived

from the description contained herein by a person skilled in the art. All such variations
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and modifications are consxdered to be within the scope and spmt of the present -
invention as defined by the followmg claims. '
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WHAT IS CLAIMED IS:
1. A base station for communication with at least one mobile terminal, said

base station comprising:

an antenma arrangement for receiving a signal from said at least one
mobile terminal, said antenna arrangement being of either a first or a second type;

receive processing circuitry for performing a first set of signal
processing tasks on said signal; and '

. a processor for performing a second set of signal processing tasks, said

second set of signal processing tasks being selected by said processor based upon
whether said antenna arrangement is of said first or said second type.

2. The base station of claim 1, wherein said antenna arrangement further
comprises a plurality of antenna elements, said receive processing circuitry further
comprises a plurality of receive processing elements and said base station further
comprises: .

a switching unit for selectively coupling at least one of said plurality of
antenna elements to one of said plurality of receive processing elements based on
a control signal from said processor.

3. The base station of claim 2, further comprising a beamforming unit
which connects said plurality of antenna elements and said switching unit.

4, The base station of claim 1, wherein said first type of antenna
arrangement is a plurality of sector antennas and said second type of antenna
arrangement is an antenna array.

5. The base station of claim 2, wherein said first type of antenna
arrangement is a plurality of sector antennas and said second type of antenna

arrangement is an antenna array. -
Has Been Replaced
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6.  The base station of claim 3, wherein said first type of antenna
arrangement is a plurality of sector antennas and said second type of antenna .

arrangement is an antenna array.

7. The base station of claim 1, wherein said first set of signal processing
tasks includes radio frequency downconverting. o

8. The base station of claim 2, wherein said first set of s1gnal processing
tasks includes radio frequency downconvertmg

9. - The base station of claim 3, wherein sald first set of sngnal processing
tasks includes radlo frequency downconvemng

10.-  The base station of claim 1, wherein said second set of slgnal processing
tasks includes channel ﬁltermg, demodulation and decodmg

11. " A method for reconfiguring a base station in a radiocommunication
system comprising the steps of: - . o
providing said base station with a plurality of receive processing circuits
and a plurality of transmxt processmg circuits; '
initially assigning a first number of said plurality of receive processing
circuits to handle signals received from a remote station and a second number of said
plurality of transmit processing circuits to handle the transmission of sngnals by said
base station to said remote station; o '
processing said received signals using said first number of said plurality
of receive processing circuits and said transmitted signals using said second number of
said plurality of transmit processing circuits;
changing said assignments such that a third number of said receive
processing circuits handles signals received from said remote station and a fourth
! -Thl" Sheet Has Been
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number of said plurality of transmit processing circuits handic the transmission of
signals by said base station to said remote station; and
snbsequently processing said received signals using said third number of
said plurality of receive processing circuits and said transmitted signals using said
fourth number of said plurality of transmit processing circuits.

12. The method of claim 11; wherein said step of changing said assignments

occurs during a connection between said base station and said remote station.

13.  The method of claim 12, wherein said step of processing further
comprises estimating a location of said remote station.

14.  The method of claim 12, wherein said first number is greater than said
third number and said second number is greater than said fourth number. '

15. The method of claim 12, wherein said step of changing assignments
occurs in response to a change in traffic load supported by said base station. -

16.  The method of claim 11, wherein said step of changing said assignments
- accurs between connections. )

1. Abwesaioncomprising: | ARy mw

a plurality of receive processing circuits;

a plurality of transmit processing circuits;

a plurality of antenna elements;

switching means for selectively connecting receive processing circnits to
antenna elements and transmit processing circuits to antenna elements; and B

a control unit for sending control signals to said switching means,
wherein said control unit initially assigns a first number of receive processixig circuits

and a second number of transmit processing circuits to a first radio connection

Sheet Has Been Replaced.
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supported by said 'ba:se station and subsequently assigns a third number of receive
processing circuits and a fourth number of transmit processing circuits to a second

connection.

18.  The base station of claim 17, wherein said first and second radio

connection are the same connection.

15.  The base station of claim 18, Wherein said first number is greater than
said third number, wherem said base station can estimate a locat:on of a remote station

" associated with said ﬁrst connection.

20.  The base station of claim 19, wherein said control unit sends control
signals to said sw:tchmg means to connect said fourth number of transmit proceesmg
circnits to antenna elements based on said estimated location. oo

'21.  The base station of claim 17, wherein said control unit makes said
subsequent assignments based upon a change in system load. - '

22. The base station of claim 17, wherein said control unit makes said initial
assignment ' ' o -

23. A method for estimating a location of a remote terminal in a
" radiocommunication system comprising the steps of:

(a) receiving a transmission from said remote terminal on each of a
plurality of antenna elements; . |

(b) connecting a radio signal processing unit to at least one of said
plurality of antenna elements to generate a characteristic of said received transmission
assoclated with said at least ope of said plurality of antenna elements;

(c) buffcnng said characteristic; and :

ThlS Sheet Has Been-Re placed - -
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(d) switching said radio 31gnal processing umt such that said radlo

-23-. :

signal processing unit is connected to another at least one of said plurality of antenna
elements to generate said characteristic for said received transmission associated with
said another at least one of said plurality of antenna elements.

24.  The method of clam 23, wherein said plurality of antenna elements
consist of distributed antennas.

25. The method of claim 23, wherein said plurality of antenna elements are
part of an antenna array,
said radio signal processing unit is connected to said plurality of antenna
elements through a beamforming unit, and _
wherein said characteristic is a characteristic of a beam.

26. A method for decoding and scanning in a radiocommunication system

comprising the steps of:

receiving a burst from a remote terminal on at least one sector antenna;

decoding said burst to obtain decoded data; '

receiving said same burst on a plurality of antenna beams associated with
an array;

iteratively connecting a radio receiver to said plurality of antenna beams
during a time period while said burst is being received, wherein a characteristic
associated with said burst can be determined for each of said plurality of antenna
beams; and

using said measured characteristic to form an estimate of said remote
terminal’s Jocation. R
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