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INTRA•CELL HANDOVER WITH ANTENNA ARRAYS 

Field of the lnyention 

The present invention relates to an intra-cell handover method for use in a 
cellular communication system and more particularly to an intra-cell handover 

S method which utili1.es spatial information from an antenna may. 

Bacground of tbe Disclosure 

Current digital cellular systems employ base stations which distinguish 

between different mobile stations by using time and frequency orthogonality. 
- . . 

Si~ from a mobile station ~to the base station. The signals arc 
10 received in a single antenna or sometimes t\Vo antennas to pin diversity effects. 

lS 

20. 

The receiver processes the. signal· using the time and frequency orthogonality to 

sepamte signals from different users. Handover between chalinels within a base 

station, intra-cell handover, is based on quality measurements from the mobile 
station and the base station. Intra-cell handover is used, for example, to avoid 
channels with strong interfenn. ·Channel allocation, i.e., the selection of the 

new channel, is in most cases done according to a frequency plan. Adaptive 
channel allocation, i.e., assigning a mobile station to a channel based upon 

measured quality information, has been proposed for evolved TDMA systems and 

is used in the digital cordless DECT system. 

Spatial filters me knovln in the an and are used to create spatial 

selectivity, i.e., to reject interference from certain directions and to amplify 
desired signals from other directions. A spatial filter can be implemented with, 
for example, a passive circuit with a ndio frequency, a set of phase shifters of 

analog signals or by signal processing in the baseband. 1be term spatja1 

25 information is used to denote information about how a spatial filter can process 

signals. Spatial information can, for example, consist of the spatial filters that in 

same sense, are optimal tO process signals from mobile stations. The spatial 

information can also consist of the direction-of-arrival of the power from the 

mobile stations. 
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It is desirable to improve the specl:lal efficiency of such systems. One 

way to improve the spectml efficiency of the system is to use arrays of antennas, 
. . . 

e.1., to use a number of· spatially separated antenna elealmts. ·it is then possible 

to distinauisb between .spatially separated users by usin& narrow adaptive antenna 
·. . 

S · lobes. This can be viewed u a way to· utili7.e orthogonality in spatial dimension. 
' .. ' . . . . . . . . : · .. 

Current digital cellular systems employ base· stl!ioDs which use antennas 

with wide antenna lobes of approximatdy 120 or 36() depees. 1be base station 

receives/transmits signals for all mobne swions within lbO lobe. It is hence not 

neeessary to know tlle position of the mobile station. It is, OD the other band, not 

10 possible to.~ mobiles traDsmitting. from other angles. There is heac:e no 

spatial information to take into accouDt mt handover bas to be mlde without 

spatial information. 

A system usinJ an adaptive antenna anay can use a nanow antenna lobe 

to receive/transmit the desired sipals ~ to suWress the undesired sipals. This 

15 adds a new dimension to the.handover stmtegies since spatial. information can be 

used to fit mobiles into an appropriate cJuumel. 

It is necessary to take the spatial distmbaDce situation into account when 

allocating channels· in order to iDcreue specttal efticieocy and to avoid an 

excessive nUm.ber of bandovers. A mobile should •fit• a chaMe1 in the sense 

20 that it is not too disturbed by mobiles already present at the channel in own or 

co-channel cells. At the same time, it is important to chose a cbanne1 where the 

new mobile station will not disturb the mobile station ahr.ady usiq the channel. 

It is also important that the transceiver characteristics for mobiles in their own 
.. 

cell should sometimes be modified as a new mobile is allocated to the channel. 

25 The new mobile station could· <>Ulerwise heavily disturb the other mobile station 

and cause lost calls or low quality. There is hence new information that must be 

taken into account in order to perform a correct handover· 
In addition, the power levels in the system must also be adjusted so that 

the base station power levels (receive/transmit) are approximately equal for all 

30 mobile stations. A too large power differalCC will, in practice, destroy the 
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spatial orthogonality and create problems very sjmilar to the •near-far• problem 

which occun in CDMA systems. 

In systems usina an adaptive antama may, both uansmission and . 

teeeption is adaptive for the array base Station ·which implieS that the addition of 

5 a new mobile station can modify .both transmit and ieceive antenna patterns for 

surrowiding base stations.· Another difference is the fact that multiple users on a 

channel in_ a base station using· an adaptive array are not automatically orthogonal. 

The spatial orthogonality is something that must be created with adaptive spatial 

filtering and with proper channel allocation. 

10 Summary of tbe DiscJosme 

The present invention discloses an intra-cell bandover method which 

extends known handover algorithms by utilizing spatial infomlalion from in 

antenna array. In addition, the present· inventioa provides a decentralized 

adaptive channel allocation solution where each base station allocates mobile 

15 stations to suitable channels by taking the interferelice situation into accounL 

Furthermore, the pwt invention discto. a method for modifying the array 

transceiver, i.e., a method· for linldng a mobile. llatiorl to an·· already used 

dJannel, when a new mobile Slation is introduced. 

1be present invention has at least three main advantages aver the prior art. 

20 First, the capacity of the cellular system is incJaied since mobile stations are 

distributed in a proper way amongst the channels. Second, network signalling is 

minimized since the inventive solution is decentralir.ecl for acb base station. 
. . 

Finally, all transceivers using a cbanDel are modified directly so as to take the 

new disturbance situation into account. As a rault, the quality for the old mobile 

25 stations will not dCgrade as a new mobile station is introduced. 

According to one embodiment of the present invention, a decision on 

whether ID intra-cell handover should be made is based OD conventional 

information and/or a prediction of increased spatial disturbance. If it is 

determined that the powef level deviates too much from a nominal value, an 
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. intra-cell handover. is perfonDed, wherein the mobile station is handed off to a 
. · .. ·. . . . 

channel where it does ~· distmb other connections too much. However, for all 

channeJs where .the qUality is 8boVe a pndetermined lwel, a relative uplink 

disturbance on the new mObne 8'Btion is computed flom ·JlltlUUIWllts. Then, a 

S !dative uplink disturbance. OD the ~ gtations that are already JftSClll OD the 

channel from the oe.v.•mobile llllion are computed using meummts. The 

downlink disturba.nce .. ~ ~misted handoff measunments is tbm 

calculated to check the aisling downlinks. The best dJannel is then selected 

taking conventional intra«ll bandovel" informaticm in., account togetba' with the 

10 information ca1cuJated above. Finally, ill transceivers usin& the selected channel 

and the old channel me moctified acconting to the new disturbance situation. 

Detailed Descriptign of the Dn: • . . . , .. ·.· -WlllP 
ne present, inveatipn will now be described ·in men detail with reference 

to prefem4 emhcwti~ts of, the mvmtion, given only by way of example, and 

is mustratec1 in tile .acCompanying drawings, in which: 

. Figure l mmuatel a cau~ ~ decmon a=on6na to one 

embodiment of the pmeat inveaitioa; 
. . . . ......... . 

Figure 2 illustrates chaDnet. allocation according to one embodhrat of the 

present inven~; aDcl . 

20 Figure 3 mustraU:s channel Jfnldna according to one embodiment of the 

present invention. 

Detailed Desc;rjptjon of the Disclosure 

1be present ~on discloses an Intra-cell handover method which can 

be divided into three main. steps: ICHO-decision; channel a1location; and channel 

25 lin]cjng. Briefly,. the ICB<>-decision step determines whether an intra-cell 

handover is necespry. When a handover is ~· the channel allocation step . 

determines an. appropriate. channel for the mobile station. After the mobile has 

been handed off IQ the new channel, the transceivers of the mobile stations which 
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. · are presently using the channel are modified· in the c1Wmel linldng step so u to 

take the new interference· situation into account. The present invention can be 

combined with, for example, a conventionil fixed frequency plan, a slow 

adaptive chinne1 a1loCation or random freqUency bopping. Each of the individual 

S steps will be described· in more detail below. 
· · The present invention dciacribes ·several ways ·to mbanM capadty. The 

first way, that 'is more conventiOml, is to use the antama array to nduce the 

cluster size, i.e., the frequency reuse distance. T1lis implies that there is only 

one mobile station per charinel hi a cell and that the interference originates from 

10 users in other cells. 1be second Wa.y is to allow multiple users in a chamel 

where the antenna may is used to orthogonalize the users. The intafenmce will 

then oripate both from co-channel ·m01>ne stations inside the cell and from other 

cells. The present ·invention also ·coven ICHO in cases where combinations of 

the techDiques are used. 

15 The ICHO-decision can, for eump1e, be made with known Udmiques . 

based upon scalar quality measmements from ·the mObile station and the base 

station. One example of a known tecJmique is described in ETSVGSM 

specification 05.08. Additionally, the algorithm can use a cautious strategy 

where the spatial information is used to predict a deterioration in transmission 

20 qualit)r. For example, it is posst1>le to detect that two mobile stations MS 1 and 

MS2 are moving close to each other, as illustrated m Figure 1. 1be mobile 

stations can be conDected to ·the same cell or they might be connected to different 

·cells. This detection is straightfOrward pven the spatial cbaracteristics, i.e., 

direction-of-arrival, spatial filters, •• , or the mobile stations. For example, the 

25 algorithm can track the angle flom where the signal arrives and detect that an 

angle difference between to mobile statiOlls is too small. As a leSUlt, an ICHO­

decision· can be made to ~ eithet of the mobile stations MSl and MS2 to 

another channel. A1'I ICHO decision can also be made in order to free a widelobe 

channel from a user that can be proceued oli a narrowlobe dvmnel. In GSM-

30 type systems, for example, the BCCli carrier must be distributed over the entire 



. ' 
W096/00484 PCl'/SE95/00764 

6 

cell in a wide anten11a.10be and hence the BCc;:H carrier~ a widelobe channel. 

A mobile station uaing the BCCH carrier's traffic slots maY then be moved to an 

ordinary carrier Where the. clownlink may be transllllued in a narrow antenna 

lobe, hence the D01ation .-rowlobe m,nnet. 1be ICHO decision may thus. 

S reduce the interfermce level in the Sf*D· An IQJO decision may thus imply 

that the mobile station is linDd. to a cbannel fDletber with other mobile stations. 
The power of the llKtile •stations presently ... ope,rating .on the .channel, i.e., old 

mobile stations, must JlOl drown the siinaI from the new mobile stations and it is 

necessary for the mobile station to reguJate its upUn]c power toW'ards a aominal 

10 value. 1be base stalion downlink power is analogously set to a nominal value. 

The channel a11ocation, i.e., -~ choice of a proper new channel, can be 

made as follows. f'~ tb.e uplink power level o( the mobile station is checked. 

If the power level of a .ID<tile ·.station ~ by •.least a pmdetermined amount 

from a nominal value, the mobile station ·is labeled as •MS With ·extreme power 

15 lever and kept on a wiclelobe channel .for the time being. The channel allocation 

should also take the stability of the spatial infonnadon. into accounL A mobile 

stalion having time variations in the measured. spatial iDfonnation can be kept in a 

widelobe channel or 1eaeraUy treated witll _c:autioa in Older to reduce interference 

levels. 

20 · ne uplink~ can be measured by the base Slation. For each· 

chameJ the distmbance power that will affect die base SUdion receiver for. the 
-

new mobile station caused by the existing disturba'1ces. on the channel can be 

measured. This disturbance power is then compared to the power and path loss 

of the new mobile station to. fomi a signal-interference mtio. 1bis quantity is 

25 denoted a; where j is the number of the channel. The mobile stations Connected 
to other base stations act as uplink distmbances and will thus effect a;. .· 

For each channel, the disturbaDce power that will affect the base station 

receivers for the_ old mobile stations caused. by .. the disturbance from the new 

mobile station is measured. 1bis disturbance power is conipared to the power 

30 and path loss of the old mobile stations to form a. signal-interference ratio for 
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each old mobile station. 1bis quantity is clmoted -iJ where} is the number of 

the channel and i is the number of the mobile. 

The downlink cbaracteristiCs ate not mfasurabte at the base station. The 

algorithm should hence use measmements fmm the mobile station, such as 

S Mobile. Amsted Handover measumnents. 1be disturbance situation ·is, however, 

reciprocal in the sense that ia Cbamel where uplink transmissions do not interfere 

in ·a base station is a cbanDel Where downlink 11'Usmission from that base station · 

to one mobile station will Dot disturb the other mobiles· significantly. In other · 

words, a base station will see .the mobile station it is disturbing as a disturber. 
10 This fact is utiliad in the.channel allocation and Jinlring to opdmim performance 

and quality. 

The mobiles will. a1So see ·otijer base stations that the fint base stalion 

cannot take into a=unt. The signals from these other bUe stations will, on the 

other hand, usually be weaker than the signal tiom the first base station. 1bis 

15 · implies that the parameters crJ and -iJ · can be used to pick a sui1able channel. 

" They should also be combined with conventional channel allocation information 

such as mobile station interference measurements. 1be parameters Cl.i and liJ will 

be c:Omputed below. 

Figure 2 illustrates an aample of channel allocation according to one 

J 20 embodiment of the present invention. ·Jn Figure 2, a cell bonier SO separates two 

cells S2 and 54. Each cell bas a base station BSl ·anct BS2, iespectively, which 

have antenna arrays. In ·this example, a first mobile station MS 1 is serviced by 

the base station BSl and c&n·be allocated to an arbitrary channel Cl~ In addition,· 

a second mobile station MS2 is serviced by the base station BSl and can be 

25 allocated to the· same chamlel Cl since the·antenna array can make the mobile 

stations orthogonal in ·both the uplink and the downlink. As illustrated, a third 

mobile station MS3 bas the ieconcl mObile S1ation MS2 in the same angle sector 

as viewed from the second base station BS2. As a result, the second base station 

BS2 Will view the second mobile station MS2 as a distmbance in cbannel Cl, and 

30 will thus allocate the third mobile station MS3 a different channel, such as C2. 
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In this eaample, a fourth mobile '1ation MS4. will act u an uplink 

disturbance for the first mobile station. MSl in the uplink to the first base station 

BS!. When the fourth mobile station MS4 performs doWl@lk measurements, the 

mOblle will determine .ibat chaQnel. Cl is disturbecl .by the fi"1 base l1alion BS 1. 

s 1be fourth mobile station leports the measuremepts to the second base station 
BS2 which will • · tbe fourth mobile station to·a channel other tban Cl 8SS1p ' ' ' ' ' .. ·· •,'' ' .. ·· ' ' ' ' • 

However, if the fourth mobile station MS4 is not capable of maldna sufficient 

MAHO ·measurements; the second base station can allocate the foUrth ·mobile . . . . . . . .. :.. . . . . 

station to a channelbased ...iy on ~ measuremmts· AJ a result, the mobile 

10 station MS4 couldbe .asNned to dJannel Cl. The. first m. station BS1 would 

then detect a new disturber foi' the first mobile station on channel Cl. As a 

JeSUlt, .the first mobile. station MSl should tbea be .. reaUocated to another channel 

by the first base station BSl if tbe interference Caused by the fourth mobile 

'station is too biah• 
IS The present invention can also 111e a stopping criteria which indicates if a 

channel is heavily loaded siJM=e a mobile .. llltioa should ilOt be added if any of the 

users on. the channel is too close to a quality limit indicatina a pOssible handoff. 

Channel JinJdng, the HnJdng of the new mobile statiop to the channel can 
' ' 

be performed u follows. .Jt is necessary to. modify the uansceivers for the old 

20 .mobiles using. the .iectec1 channel and the transceiver for the new mobile station . 

that is going to be :introduced OD .the ~ .. ne.t. The spatial filters used in 

the receivers·and ·transmitters.in the array bale Siad.on • computed with a 

steering .vector containing information about. the ~ signal .and using 

information about the ~ situation on the channel. AJ a new mobile 

25 station enters the channel, the disturbance situatiOJ1 is changed and all of the 

spatial filters must .be recalcUlated to take. the· new information into. account. The 

transceivers for the. mobile stations on the old .cbannel should also be modified as 

a disturber is removed. 

Figure ~ musuates an example of channel linking according to one 

30 embodiment. of the present invention. In this ~le, the mobile S1ation MSl. is 



PCl'/SE95/00764 

9 

using channel Cl wheii the mobile station MS2 ii lllOcated to channel Cl. 1be 

spatial filters in the transceivers for the mobile stations MSl and MS2 must then 

be adapted so that they are spatially orthogonal. In other words, the spatial filter · 

·for mobile station MSl should null out the mobile' statiOo MS2 and vice versa. 

S The present invention performs this nullin& in one instanlalleOUS step without 

performing measurements. When the mobile station MS3 hrcins .using a channel, 

the mobile station MS3 will be measmed alid viewed as a new disturber from the 

base station ~1. However, the n•iJHng of the mobile station MS3 can be 

performed ~ upon spatial interference measurements. 

10 According to one embodiment of the present invention, a simple channel 

allocation method can be used. In this method, the mobile station can be 

classified into power classes and used spatial sectors. For eumple, mobile 

stations with approximately equal power levels and well separated spatial filters 

could share the same channel. 

15 According to another embodiment of the present invention, a simple 

algorithm using fixed filters can be used for cbannel allocation. In· this aample, 

assume that a number of filters with pencil beams have been pmcomputed and 

stored. For example, filters a(81), a(&i), •• ~a('2s) can be used with pencil 

hrams in the clirections -60°, -55°, ... , 60°. 1be filter could, for example, be a 
) 20 Hamming window multiplied with the array steering vector for the desired 

direction. Each filter is referred to by the dim:tion of its pencil beam, its 

direction-of-arrival (DOA). 

A suitable channel can be found as follows. A DOA is considend as used 

by the mobile station if the J?OA itself or one of its two closest neighbors bas 

25 been successfully used during the last ten bursts. All channels where the quality 

is good enough are scaooed to find a channel where the DOA used by the new 

mobile station are neither disturbed by mobile stations in. other cells or used by 

mobile stations in own cells. Typically, a DOA is judged as disturbed if the 

output power from the filt.er is above a fraction of the nominal power level. The 

30 DOA 's for the chosen cbannel are then occupied by the new mobile station and 
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link the mobile station to the ·channd. The .spatial transceiver for the new mobile 

station is simply the set of filters it is using, Thus, there is ,thus no need to 

. modify the transceivers of the olcl mobile station on the channel. 

According to ono embOdiment of the pesm~ inventioQ., an ~ced 

S algorithm for channel aUOcation can be ..-1. The mobile to be reallocated can 

be characteri7.ed .by a spatial ·m. ._m. W, a·~ matrix Rand a 

power P. The J accesst"ble dlanne1s are chatacteriad by their spatial filter 

matrices, WiJ, i • 1, ... , ~ whn~ is tbe·number of mobiles on channel}, by 

their covariance .matrices, Jl;, 8lld by ~the~· of .the mobiles PiJ. 

10 The expected power of the disturbance on .the new mobile station relative 

its useful power is . 

The expected disturbance pOwer on the old mobile number I using cbmme1 j flOm 

the new mobile is 

One ehoice is then tO pick the channel J0 where 

15 Another solution is to measure the maximum disturblnce that will affect 

any of the old mobiles and let· 
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·J 0 .• arg min{ o.; + ~ij} 
j j 

Conventional scalar information should also be used. For eumple, a heavily dis­

turbed cbanne1 should not be further loaded according to the previously 

mentioned stopping criteria. 

According to one embodiment of the present invention, an advanced 

5 algorithm for channel linking can be used. This example shows bow the spatial 

filters for the mobiles presently using ~el J0 and for the new mobile can be 

modified. The spatial filter matrices for the M mobiles using the channel are 

denoted Wh ... , W1io1 and the new mobile is denoted Wu+i· First, the average 

cross-correlation for the existing mobiles is computed wherein for notational 

10 simplicity the correlation matrix of channel J0 is denoted Raw· 

Rxcr(i) =Rold fiJ. i = 1, ••• , If 

The average cross-correlation for the new mobile, with the associated correlation 

matrix denoted R, is · 

The correlation matrix for the channel after the addition of the new mobile can be 

approximated as 

R.new = Rold + R 

15 It is then possible to compute new Spatial filters as 

·-1 6 i w J. = Rnew-·xd ( ) i .. 1, ••• , If + 1 

The foregoing treatment has assumed a unique ~ per channel but it is 

straightforward to incorporate a dependence upon sampling phase. 



W096/00484 

12 

While a particular embodiment of the present invention bas been described 

and illustrated, it should be Under$tOOd that the present invention is not limited 

thereto since modifications may be made by persons skilled in the. art. 1be 

present application Contemplates any and au modifications that. fall. within the 

S spirit and sc0pe of the underlyq invention disclosed and clahned herein. 
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I CLAIM: 

THIS SHEET HAS BEf;N 
REPLACED 

1. An intm«ll handover method in a cellular communication system 

having adaptive antenna arrays, comprising the steps of: 

measUring spatial informB1ion with an antenna anay; 

determiniq; whether an intm«ll handover is desirable for a 

5 mobile station based upon said measUred spatial information; and 

handing over said mobile station from a first cbannet to a second 

channel when desirable. 

2. An intm~ handover method according to claim 1, wherein the 

measured spatial information is used to predict an interference situation that 

10 would iesult from various channel allocation decisions. 

3. An intra«U handover method according to claim 1, wherein the 

measured spatial information is used to modify trmisceivers for said mobile 

station and other mobile stations operating on the first and second channels. 

4~ An intm«ll baDdover method· according to claim 1, wherein the 

J 15 measured spatial blformation is used to modify transceivers of mobile stations 

using the first cbarinel. 

20 

S. ·An intm«ll handover method according to claim 2, further 

comprising the steps of! 

measuring power level of said mobile station; and 

assigning said mobile station a channel based upon the measured 

· power level and measured spatial information • 

. 6. An intra-cell handover method according to claim 2, further 

comprising the step of: 
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computing the relative uplink interference on the mobile station • 

. 7. ·. An in~ handover method according to claim 6, further 

comprising the step of:· 
Computing the ~ uplink interfetence on other mobile stations 

S caused by. said mobile station. . 

8. An intra-cell :handover method according to claim 2 further 

comprising the step of: 

computing the downlink disturbance to check existing downlinks. 

9. An intra-cell. handover method acco.rding to claim 7 further 

10 comprising the step of: 

computing the. downlink disturbance to check existing downlinks. 

10. An intra-cell handover method. according to claim 2, wherein said 

second channel· is selected using said computed information. 

11. An ~ handover method in a cellular ex>mmuniCation system 

lS having adaptive antenna .,_ys, comprising the steps of: 

off; 

determining wbetba' an intra-cell handover is necessary; 

measuring power level of mobile station which needs to be handed 

assigning said mobile station to a channel based upon said 

20 measured power level; 

25 

computing the relative uplink disturbance on the mobile station; 

computing the relative uplink disturbance on other mobiles from 

said mobile station; 

computing the downlink disturbance to check existing downlinks; 

selectini best channel using said computed information; 
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modifying spatial filters of all transceivers using the selected 

channel and the old channel according to new disturbance situation. 

12. An intra-cell handover method according to claim 11, wherein said 

downlink distUrbance is computed using Dasurenients from said mobile station. 

13. An intra-cell handover method according to claim 11, wherein 

scalar quality measurements ue used when determining whether the handover is 

necessary. 

14. An intra-cell handover method according to claim 11, wherein a 

handover is performed when two mobile stations using the same channel move . 

too close to each other. 

15. An intra-cell handover method according to claim 11, wherein said 

uplink disturbance is measured at a base station. 


