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METBOD AND SYSTEM FOR DANDLING RAMO 

SIGNALS IN A RADIO BASE STATION 

BACKGROUND 

PCT/SE99/00524 _ 

5 The present invention pertains to systems and methods involved in 

radiocommu:nication systems and, more particularly, to reconfigurable transceivers that 

can be readily used with different types of antenna arrangements and methods for usmg 

such transceivers. 

The cellular telephone· industry has made phenomenal strides in commercial 

10 operations m 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 i-each 

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. 

15 . Figure 1 illustrates an example of a conventional cellular radio ~cation 

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 l30a-n communicate with a. 

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

20 .· cells llOa-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 uplinlc . 

. The base stations are comiected to a mobile telephone switching office (MSC) 

150. Among other tasks, the MSC coordinates the activities of the base stations, such 

25 as during the handoff of a mobile terminal from one cell to another. The MSC, m 
tum, can be connectedto 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, 

30 which results when the transmitted signal travels along several paths between the base 
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station and the intended receiver. When the differences in the path lengths between the 

base station and the mobile termllial 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 

5 are relatively large, the transmission medium is considered time dispersive, and the 

added images can be viewed as echoes of the transmitted signal, giving rise to 

intersymbol ·interference (ISI). 

Fading can be mitigated by using multiple receive antennas and employing some 

form of diversity combining, such as selective combining, equalgain combining, or 

10 maximal-ratio combinhig. Diversity takes advantage of the facfthat the fading on the 

different antennas is not the same, so that when one antenna has a faded signal, chances 

are the other antenna does not. ISi multi-path time dispersion can be mitigated by . 

some form of eqwilization, such· as 1iilear equalization, decision feedback equalization, 

or maximum likelihood sequence estimation (MLSE). 

15 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 ot RF-propagating entities operatitig in the same frequency band can also 

20 create interference (e.g., through •ea-channel" or "adjacent channel" interference in 

systems providing 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 cmiununicate at mjnimal 

25 effective levels of power. Such ·power control techniqlies· are especially prevalent in 

code-division multiple access (CDMA) systems, due to the reception 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 tenninals within a cell. The directional antennas 

30 (also known as "seetor 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 

5 array antenna, which transmits and receives signals using a plurality of relatively 

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 (B1, Dz, B3, B4, etc.) which radially extend from the base station 220. 

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

communication cell. Although not shown, the phased array can actually 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 

15 beams, B1• Communication proceeds between the base station 220 and this mobile 

terminal 210 using the beam B1, 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 

20 terminal stations within their coverage. Hence, in conventional fixed-beam phased 

array systems, these beams remain essentially idle until a.mobile terminal enters their 

assigned geogr~hic region. Such idle beams propag~te 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 

25 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 "adaptive0 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 

30 at an angle 9 (with respect to the normal of the array) from a target mobile terminal 
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380, and can simultaneously cancel the unwanted signals transmitted by another mobile 

·terminal 370. This is accomplished by selecting (complex) weights (wb w2, .•• wJ 

applied to eaCh signal path (r 1, r2, ••• · rJ from the phase array antenna 300 so as to 

increase the sensitivity of the array· in certain angular directions and reduce the 
. . 

.5 sen8itivity of the array in other directions (such as by·steeiing a null·toward an · 

.·interference source). The desired weighting is selected by iteratively chailging the 

weights through a feedback loop comprising beatttfottning .unit 340, summer 330 and_ 

controller 320. The· feedbaCk loop functions ·to maximize signal-to-interference ratio at 

· the output "x" of the beamformiiig unit. RF beainforming is an alternative way to 

10 obtain. fixed bemDforming. Application of an adapdve phased array·amenna to the 

radio communication system shown in Figtire 1 would result iii 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 in Wireless/Personal 

15 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 

mobile terminals in both the fixed and adaptive.beamforming cellular radio· 

communication systems can be determined by measuring the signal strength in the 

20 uplink direction on each beam.. The beam direction yielding the strongest received 

signal can be used to indicate the probable location of the desired mobile. 

As can be seen from the foregoing. there are inany tYJ'es of antenDa 

arrangements which are used and/or contemplated for use with transceivers in . 

radiocommunication systems. However,· conventional transceivers are inflexibly 

25 designed for use with a particular antenna arrangenierit and diversity combining 

technique. e.g .• some transceivers in use today are desigiied to work only with single 

antennas (no diversity), some transceivers are designed to work only with a pair of 

directional antennas with a: sp·ecitic type of diversity combining technique, while still 

other transceivers may be designed.to work only withantenna·arrays. Moreover, in 

30 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 

5 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 c0nsuming hardware changes. In some cases, the. 

expense associated with such hardware changes may make the desired improvements 

economically unfeasible. 

10 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 objectiv~ of the 
present invention is to take advantage of the flexibility in operation of the traµsceiver to 

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

15 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 

20 allows the transceiver unit to operate in conjunction with plural 4ifferent types of 

antenna structures and information processing techniques. For example, switclting 

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 

25 ways. For example, a network operator can adjust the types of antenna structures 

connected to the transceiver in order to implement new frequency plans. Altei:na.tively, 

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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Moreover, other exemplary embodiments of the present invention take 

advantage of the flex.ibility of the8e novel transceiver unitS to render other operating 

functions more efficient. For exalliple, decoding of an access btlrst on a random access 

channel can be perform.Cd in par8llel wiih locating the remote terminal using a reduced 

5 number of radio processing circUits ·by selectively switching some of the radio · 

processing circuits to each antenna beam of an array to perfotm the scanning (locating) 

function. The scanning frequency can'beselected so that all ofthe beams are polled 

during the· time ·in which an aecess bmst is received on the sector antennas. 

10 BRIEF DESCRIPTION .OFTBE DRAWINGS 

The foregofug objects, features and advantages of the present invention, as well 

· as other features, will be more readily under8tood upon reading the foJlowing detailed 

· description in conjunction with tiie·drawings in which: 

Figure 1. shows a conv~tional·radio communication system including plural 

·· 15 base stations and a mobile telephone switching office; 

·Figure 2 shows a conventional ·base station which uses a phased array with a 

·· fixed beam.forming processor; 

Figure 3 shows a block diagram of a base station which uses a conventional 

adaptive phased array; 

20 Figure 4 shows a fleXt"ble base station trimsceiver which uses a phased antenna 

·array with a fixed beamforming circuit and sector anteilDas according to exemplary 

aspects of the present llivention; · 

Figure S(a) depicts an exemplary switching ~nfiguration for the transceiver of 

Figure 4; 

25 Figure S(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 

30 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 according to an exemplary embodiment of the present 

invention; 

Figure 9 is a flowchart illustrating.parallel decoding and scanning according to 

5 an exemplary embodiment of the present invention; and 

Figure 10 illustrates a method of dividing the fixed narrow beams into two 

groups according to an exemplary embodiment of the present invention. 

DETAILED DESCRIF.rION 

10 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 .provide a thorough 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 

15 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 discussed herein are described 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 

20 slots. How~ver, 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 techniques described 

25 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 

30 frequency. One skilled in the art would recognize that many radio receivers may 
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handle the same cmier frequency~ The radio trailsmitters ·and receivers can be 

designed ~rding to ~ell kn~Wn. techniques, e.g., transmitters 410 may includ~ 

amplifiers, upconverters, filters, analog-to-digital converters, etc. and receivers 420 

will inCiude amplifiers, do~dnverters, filters, digitaJ-to-analog converters, etc. 

5 These devices are controlled by, and -pass iriformation to and from-,_ control unit 430 
~. . . 

which includes a central processing unit (not shown)~ melnory (not shown) and a signal 

processing device-440.'' Signal-proce8siiig device 440 provides the neeessary software 

functionality for processing both signals to be transmitted and signals that are received 

via transmitters 410 and receivbrs 420, -respectively. For example, signal processing 

10 unit ·440 can provide the signal encoding, modutation, scrambling and channel filtering 

functions,.etc. which may be n~sarydepending upon the-chan1lel configuration (e.g.; 

access methodology, bandwidth, ·etc.) as Vim beappreeiated by those skilled in the art. 

LikewiSe, signal processing cirCliitry 44o can aJSo perfomi-Cbannel filtering, 

· demodwation, decoding aDd descrambling tasks on received ·signals. For CDMA . 

15 - applications, for example, signal processing unit 440 may include the functionality of 

one or more RAKE receivers to-despread receiVed signals which have been spread 

-and/or scrambled usbig cOdes bi a known maD.ner. · 

The signal processing deviee 440 caii be implemented, -8.cc0rding to exemplary 

embOdiments of the present invention, using a flexible ASIC approach wliich allows the 

20 signal-processing functions to be selectively changed-ta accommodate the antenlla -

arrangement and signal-processing desired by the network operator. As will be 

described more fully below, these types of changes in configuration may be niade very 

rapidly, e.g., for ·every timeslot· in the air interface frame -structure, or only 

periodically, e.g., if the network operator deeides to add a new antenna structure, 

25 The transcei,;er unit 400 may have any number and type of antenna arrangement 

connected thereto. Ho\vever, ·:for the purposes of illustrating the pres~nt invention, 

transceiver unit 400 is connected tO two directional" sector antennas 450 and an· antenna 

array 460 for N antenlla lobes. As is well understood. in the art, an antenna array has a 

number of elements~ sometimes called partial antennas, which may be different bi 

30 number than the number of antenna lobes that are produced. Antenna lobes are often 



W099/52311 PCT/SE99/00S24 _ 

-9-

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 

5 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 be8Dlfoimer, such as a Butler matrix. As 

10 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 connectiOn.s under the supervision of control unit 430. This aspect 

15 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 

20 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 

25 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 

30 antenna arrangements. 
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By allowing the antenna structures to be interchaligeably·connected to the 

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 tise only an adaptive array antenna, which 

·.·provides for higher spedral efficiency 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, one antenna may be 

10 positioned in a corridor of a building, which antenna is switched through a single radio 

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

moving around in the building, then receiver diversity ·can easily be obtained by routing 

two of the distribu~ antennas through the same radio receiver 420 using receive 

switch 490. LikeWise,·transmit diversity can be 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 trm:isceiver unit according to the present invention can be used 

in multiple different applications. 

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 

terminal •. 

One such potential for reconfiguration of transceivers aceording to the present 

invention exists where a network operator is able to reeognize 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· 8ystems and radio in the local· loop (RLL)• systelllS; 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 density is low, RLL systems may be provided 

II 
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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 

S dynamically reassign resomces to provide greater capacity. For example, consider a 

flexible transceiver as described above connected to an antenna may. During the day, 

when most subscribers are mobile, i.e., 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 

10 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 

15. 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 

20 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 

25 .. flexible transceiver can use the information from the relatively large number 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 I radio 

transmitter) are used to support the same connection, since the base station now has a 

30 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 reassignment to support connections with 

other mobile termhials. 

It will be apparent io those skillCd in the art that the flexible transceiver 

5 according to the present invention can be configured and _reconfigured in numerous 

ways to optimize radiocomnniniCation smite and. reduce hardware costs. The table 

illustrated as Figure 6 summar~ some ·of the possible configuration options. Along 

the vertical axis of ihe table, each of the exemplary eight radio receivers 420 available 

in the flexible transceiver are listed; while '.aJ.ong the horizontal axis, each of eight 

10 timeslots are identified~: The a8signment of each radio receiver 420 during each 

timeslot is indicated within the table. 

Therein, durilig a first tbneslot (TSO), all eight of the radio receivers are 

assigned by the base station to sttpport communications over the random access channel 

(RACH). As wm be appreciated by those skilled in the;art,·the introduction·ofnew. 

15· mobile terminals into the· cell (ot 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 uiiit desiring 8ccess sends a: short access b0rst ·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 teririinal 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 mvention can be used to perform parallel scanning and decoding of RACH 

messages ·using fewer radio receivers~ 

30 

" 

During the Iiext timeslot (TSl), two mobile terminals are supported by the 

flexible transceiver. Specifically, mobile MSl is received by connecting four of the 

radio receivers 420 to antenna beams in the direction of MSl, while mobile MS2 is 

·I 
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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 connec:ted to the radio receivers and standard 

S 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 

10 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 TSl and TS2, to convey that 

combinations of different service support is also possible using the flexible transceiver 

15 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 

20 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. 

25 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 

30 appropriate beam or beams for handling the traffic channel. 
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However, this appto8.cll has the drawback that it require5 a dedicated radio 

receiver for. each antenna beam. . As the number of antenna beams increases, so too 

does the size, cost and eomplexity of the transceiver unit. 

Using the flexible t:nlnsceiver described in ·the foregoing exemplary · 
' ' 

5 embodiments, the number of radio receivers needed to scan for a remote terminal's 

location can be reduced .. Cons.ider ~e exemplary transceiver illustrated in Figure 7 

operating in a GSM system. Therein, iik~ reference numerals have been used to refer 

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

has four radio receivers 420 whicll are used, tO both receive and decode the access burst 

10 and to scan for a plurality of beam.s fol'. the r~ote ·termirials location. To accomplish·· 

these objectives in parallel~ two_ ?f the ra(iic) receivers 420 (i.e., RXlA and lB) have 

been selectively switched by control·unit430 v~a antenna switch'490 to be connected 

with a respective sectQr antenna 450. These receivers will process the received signal 

for decoding by llllit 700 of control unit 430 to o~taiil the information in the access · 

15 . burst transmitted by the remote terminal on the RACH. The other two radio receivers 

420 (i.e., RX 2A and 2B) are eaeli sequentially comiected 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 reeeivers RX2A and 2B will be connected to 

20 beams 1 and 2, durmg a second time period radio receivers RX2A and 2B willbe 

connected to beams 3 and 4, during a third time period radio receivers RX2A and 2B 

will be connected to beams 5 and 6 and during 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. 

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

II 

the receiver processes the received signal 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 ewluation by the beam selection unit 710 as described below. After 

•. 

I . 



,.;-.·. 

W099/52311 PCT/SE99/00524 

.;is-

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 

5 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 a~ time t1 which occurs during the time period when the 

10 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 th.at 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 d~ed by the transceiver. e.g., by recognizing a 

15 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 

20 characteristics th.at were stored based on signals received on antenna beams 1-8 during 

the time t1 to fi. 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 

25 is illustrated in the flowchart of Figure 9. This method is characterized 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 

30 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.decoding function provides the access delay, as well as 

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

a best beam, i.e.' one which poillts most accurately toward the remote terminal, at 

block 910. As mentioned above, this involves retrieVing the correct beam scanning 

5 information from the ·buffer usllig the access delay. The transceiver then transmits a 

traffic channel assignment to the remote termiiiaI at block 912~ which returns an 

acknowle<tgment message., Reception.of the acknowledgment at step 914 can also be 

used to further enhance the beam selection of step 910 by sCanning the antenna array 

and sending additional data regarding the evaluated characteristic(s) to the DOA 

10 algorithm. Finally, the connection switches to the traffic channel at step 916, e.g., by 

employing.a narrow beam in thC downlink and four radio receivers in the uplink to 

perform a tracking procedure. 

The foregoing exemplary erilbodiment describes a technique for performing 

·· .. decodfug and scanning in Parallef at call set~up. However, similar techniques can be 

15 . . applied at handoff as well. The p].'.Qllary differences stemming from the fact that 

handoff signalling is performed over the traffic chaniiel, since the remote terminal is in 

the midst of a connection, rathei: than a control channel or beacon frequency, as in the 

case of call set-up.· This means'tbat the new base station, i.e., the base station which 

. will support the cOnn.ection after the handoff, must decode the handoff signals 

20 ' transmitted by the remote tennillal on its sectOr antennas so that the beams of its 

antenna array can be simultaneously 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 

25 array for the entire sector. 

II 

However, requiring a transceiver to decode the hancloff signalling on the traffic 

channel using its sector antennas requires more signal gain than is typically available, 

e.g., in systems designed in accordance with GSM. Thus, accordi:ilg to exemplary 

embodiments of the present invention, the remote tennina1 can be instructed (or 
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preprogrammed) to transmit the first few handoff acc~s bursts with increased power 

(e.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 

5 illustrated in Figure 10, the narrow beams are divided into two groups, i.e, beams l, 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. 

10 As mentioned above, flexible transceivers according to the present invention 

find similar utility in systems wherein cbanne~ation 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, 

15 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., 

20 wherein transmissions to a mobile are made. first using one spreading/scrambling code 

and theii by a second spreading/scrambling code, e.g., when th~ 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 

25 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 considered to be within the scope and Spirit of ihe present 

invention as defined by the following 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 antenna arrangement for receiving a signal from said at least one 

mobile temllnal, 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: 

antenna 

a switching unit for selectively coupl~ at least one of said plmality of 

elements to one of said plurality of receive processing element.s 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. 

S. 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. 
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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 sign3I processing 

tasks includes radio frequency downconverting. 

8. The base station of claim 2, wherein said first set of sign3I processing 

tasks includes radio frequency downconverting. 

9. ·The base station of claim 3, wherein said first set of signal processing 

tasks includes radio frequency downconverting. 

10. The base station of claim 1, wherein said second set of signal pr0cessmg 

tasks includes channel filtering, demodulation and decoding. 

U. A method for recOnfiguring a base station in a tadiocommunicatiori. 

system comprising the steps of: 

providing said. baSe station with a plurality of receive processing circuits 

and a plurality of transmit processing 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 ciri:uits to handle the transmission of signals by said 

base station to said remote station; 

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 
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number of said plurality of transmit processing circuits handle the transmission of 

signals by said base station to said remote station; and 

subsequently 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 

occurs between connections. 

17. A base station comprising: 

a plurality of receive processing circuits; 

a plurality of transmit processing circuits; 

a plurality of antenna elements; 

i 111111~ 1111~ 11~1IM!I11 ~II 
I 

switching means for selectively connecting receive processing circuits to 

antenna elements and transmit processing circuits to antenna elements; and 

a control unit for sending control signals to said switching means. 

wherein said control unit initially assigns a first number of receive processing circuits 

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

11iiiiilf. ·. 
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supported by said base station: and subsequently assigns a third number of receive 

processing circuits and a fourth number of trallsmit processing circuits to a second 

connection. 

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

connection are the same connection. 

19. The base station of claini 18,. wherein said first number. is· greater than 

said third number' wherein said base station can estimate a location 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 switching' means to connect said fourth number of transmit processing 

circuits to antenna elelllerits based on· said estimated.location. 

21. The base station ofclaini 17, wherein said control unit makes said 

subsequent· assigmlimts ·based upon a change in system load. 

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

assignment 

23. A method for estimating a location·ofa remote terminal in a· 

radiocommication 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 ()f antenna elements to generate a characteristic of said received transmission 

associated with said at least one of said plurality of antemia elements; 

(c) buffering said characteristic; and 
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(d) switching said radio signal processing unit such that said radio 

signal processing unit is connec~ 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 processfug 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: 

an array; 

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 

iteratively connecting a radio receiver to said plurality of antenna beams 

during a time period while said bmst 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 location. 


