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·INTRA-CELL HANDOVER WITH ANTENNA ARRAYS 

Field of the lnyentiQD 

The present invention relates to an intta-cell handover method for use in a 

cellular communication system and more particularly to an intta«ll handover 

5 method which utilizes spatial information from an antenna array. 

Bacgmund of the Disclosme 
Current digital cellular systems employ base stations which disDnguisb 

between different mobile stations by .usin& time and frequency orthogonality. 

Si~s from a mobile station propagaf:C to the base station. Tbe signals are 

10 . received in a single antenna or sometimes two antennas to pin diversity effects. 

15 

20. 

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

separate signals from different users. Handover between· channels within a base 

station, intra-cell handover, is based on quality .. measureritents from the mobile 

station and the base station. lntta-cell hanclover is used, for example, to avoid 

channels with strong interfems. 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 chapnel based upon 

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

is used in the digital cordless DP.Cl' system. 

Spatial filters are known in the art and are used to create spatial 

selectivity, i.e., to !eject interference from certain directions and to amplify 

desireci signals from other ~· A spatial filter can be implemented with, 

for example, a passive circuit with a radio flequency, a set of phase shifters of 

analog signals or by signal ~sing in the baseband. The term spatial 

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

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

same sense, ate optimal to process signals from mobile stations. 1be 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 specttal efficiency of such systems. One 

way to iinprove the spectral eflicimcy of the system is to use arrays of antennas, 
e.g., to use a number of spatiaJJy separated antenna eiements. It is then possible 

to distinguish. between .spadally separated users by usin& narrow adaptive antenna .. 

S · lobes. This can be viewed as a way to utim.e orthogonality in Spatial dimension. 
. . 

Cunent digital cellmar systems employ base stations which use antennas 

with wide antenna lobes of approxhnately 120 or 360 degrees. 1be base station 
: ·: . ·' 

receives/transmits sipals for all mobile saations witmn the lobe. It is hence not 

neeessary to know the position of the mobile station. It is, on the other band, not 
. . . . : . . . . . . . . 

possible to suppress mobiles transmittiq from other angles. There is hence DO 

spatial information to take into accouiit anci handover bas to be mlde without . 

spatial information •. 

A system using an adaptive antama array can use a nanow antenna lobe 

to receive/transmit the desired signals ~ to suppress the undesired signals. This 

adds a new dimension to the handover stratepes since spatial information can be 

used to fit mobiles into an appropriate channel. 

It is neceslary to lake ~ spatiaJ disturbance sinwtkm into account when 

alJocating channels in order to inmase spectral efficiency and tO avoid an 
excessive nmnber of handovers. A mobile should •fit• a chaniael in the sense 

that it is not too disturbed by mobiles ahaldy present at the m•nnel in own or 
. . .. 

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

new mobile station will not disturb_ the mobile. station abady using the channel. 

It is also important that the ttansceiver chancteristics for mobiles in their own 

l,s ... 

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

The new mobile stati~ could. otherwise heavily disturb the other mobile station 

and cause lost calls or low quality. 1bere is hence new information that must be 

taken into account in order to perform a comet handover. 

In addition, the power levels in the system must llso be adjusted so that 

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

m mobile stations •. A too large power differmcc will, in practice, destroy the 
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spatial orthogonality and create problems very similar to the •near ... far• problem 

which occurs in CDMA systems. 

In systems usina an adaptive antama array, both transmission and . 

reception is adaptive for tbe array base Slldon ·which implies that the addition of 

S a new· mobile station can modify .both trmsmit and receive antenna patterns for 

surrounding 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 CJeBted with adaptive spatial 

filtering and with proper channel allocation. 

10 Summary of the Disclosum 

The present invention discloses an intra-cdl handover method which 

extends known handover algorithms by utiliDng ·spatial information from in 

antenna array. In addition, the present inventioa provides a decentraliml 

adaptive channel allocation solution where each base station allocates mobile 

15 stations to suitable cbannfts by taldni the interfenince situation into account. 

Furthermore, the present invention discloses· a method fOr modifyina the array 

transceiver, i.e., a method for Jinld"I a mobile. Slllion to an ·alnady used 

channel, when a new mobile station is introduced. 

1be present invention has at least thRe main advanlaps over the prior art. 

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

distributed in a proper way amongst the cbannels. Second, network Signalling is 

minimized since the inventive solution is decmbali7.ed for each base station. 
. . 

Finally, all transceivers using a cbamiel are modified diJectly so as to lake the 

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

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

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

whether an intra-cell handover should be made is based on conventional 

informadon 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 performed, wherein the ~e station is handed off to a 

dWmel where it does not disturb other conmmons too much. ·However, for all 

ch•nm:ls where the quality. is aboVe a pndetmDined Ievel, a relative uplink 

disturbance on the new mobile ._ is compu1ed fiom .·measurements. Then,· a 

S relative uplink distmbance on the mobile stations that me ilnady presmt on the 

cJvmnel from the new. mobile statiCJn are computed using measmen.ts. The 

downlink disturbance from mobile assisted bandoff meumemmts is then 
·, .· ':·· . 

. calculated to check the cxistina downlinks. The best channel is then selected 

taking conventional intra-cell handover infomadon into ICCOUDt together with the 

10 information calculated above. Finally, all transceivers using the selected channel 

and the old channel ate modified acc:mding to the new disturbance situation. 

Detailed Pmrnjption of tbe Drawim 
The present invention will now be described in more .detail with Jeference 

to peferred embndimmts of the invention, &iven only by way of aampte, ·and 

15 illustrated in the accompanying drawings, in which: 

Figme 1 mustntes a cautious handover decision according to one 

. embodiment of the pamt iaveDtioa; 

Figure 2 musuates channel allocation .accontiDI to one embodhrmt of the 

present invention; ... 

20 Figure 3 mustzates channel 1ln1dng accordina to one embodimmt of the 

present invention. 

Delailed Desqjptjon of tbe Disclosure 

1be present invention discloses an intra-cell handova- method which can 
. . 

be divided intO three main steps: ICHo-decision; cbanne1 aDocation; and channel 

25 Hnking. Briefly, the ICB<>-clecision step determines whether an intra-cell 

handover is necessary. When a handover is necessary, the channel allocation step 

determines an appropriate channel for the mobile statk,n. After the mobile has . 
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are presently using the cliannel are modified in the chaftnel linkina step so as to 

tab the new interfaence situation into accounL 1be present invention can be 

combined with, for aample, a conventional fixed frequency plan, a slow 

adaptive chinnel allocation or random frequency bopping. Each of the individual 

S steps will be descn"bed in more detail below. 

The present invention describes several ways to enhance capacity. The 

first way, that ·is more conventional, is to use the antenna array to ·ieduce the 

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

one mobile station per cbarinet m a c:eU and that the interference ori;inates from 

10 users in other cells. 1be second way is to allow multiple ums in a channel 

· where the antenna array is used to orthogona1i:e the users. The interference will 

·then originate both from co-cbanne1 mobile stadoos inside the cell and from other 

cells. ~ present· invention also c:oYers ICRO in cases where combinations of 

the techniques are used. 

15 1be ICRo.decision can, for eumple, be made with known UChniques 

based upon scalar quality measurements from the mobile station and the base 

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

. specification 05.08. Additionally, the ·algorithm can use a cautious strateJY 
where the spatial information is used to predict a deterioration in transmission 

20 · quality. F~ example, it is pom"ble to detect ·that two mobile stalions MSl and 

MS2 are moving close to each other, u mustratec1 in Figute 1. 1be ·mobile 

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

cells. This detection is stiaigbtforward given the spatial cbaracteristics, i.e., 

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

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

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

decision· can be made to move either of the mobile stations MSI and MS2 to 

another channel. An ICHO decision can also be made in order to free a widelobe 

channel from a user that. can be processed on a narrowlobe channel. Jn GSM-

30 type systems, for example, the BCCH carrier must be distributed over the entire 
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cell in a wide antenna lObe and hence the BCCH carrier is a widelobe channel. 

A mobile station using the BCCH carrier's traffic slots may then be moved to an 

ordinary carrier where the downlink may be transmitted in a narrow antm>na 

lobe, hence the notation narrow1obe channel. The ICBO decision may thus 

S reduce the interference level in the system. An ICHO decision. may thus imply 

that the mobile station is Jinked. to a chfnnel together with other mobile llations. 

The power of the mobile stations presendy .open.ling .on the channel, i.e., old 

mobile stations, must not drown the sipal from. the new mobile stations and it is 

necessary for the mobile station to iegulate its uplink power towards a oominal 

' 10 value •. The base station downlink power is anaJopus1y set .to a nominal value. 

1be channel allocation, i.e., the choice of a pvper new channel, can be 

made as follows. . Pint, the uplink power level °'the, mobile station is checbd. 

If the power level of a. moJ>ile station deviates by at. least a predetermined amount 

from a nominal value, the mobile station is 18beled as •us With extreme p>wer 

· 15 1eve1• and kept on a wide1obe channel for the U. being. The channel allocation 

should also take the stability of the spatial information into accounL A mobile 

station having time variations in the measmed. spttial iiaformation can be kept in a 

widelobe cbannel or generally treated witll caution in order to reduce inlafeimce . 

levels. 

. 20 1be uplink cbaracteristics can be measured by the base station. For each 

channel the distmbance power that will affect the base station naiver for. the 

new mobile station caused by the existing disturbances on the channel can be 

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

of the new mobile station to fonri a signal-interference ratio. 1bis quantity is 

: 25 denoted aj where j is the number of the channel. 11le mobile stations ~ected 

to other base stations act as uplink disturbances and will thus effect Cl;· · 

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

receivers for th.e old mobile stations caused by. lbe disturbance from the new 

mobile station is m~. This 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 Slation. ·This quandty is denoted -iJ where J is the number of 

the channel ·and I is the number of the Diobile. 

1be downlink cbaracteristics are not measurable at the base station. The 

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

S Mobile Assisted Handover measurements. 1be disturbance situation is, however, 

reciprocal in the sense that a channel where uplink tranmrissioas do not interfere 

in a base station is a cbanne1 where downlink transmission from that base station 

to one mobile station will not distmb the other mobiles ·significantly. In other 

· words, a base station will see the mobile station it· is distmbing as a disturber. 

10 This fact is utilized in the channel allocation and linking to optimim performance 

and quality. 

The mobiles will. also see otl)er base Sladons that the first base stalion 
' . 

cannot take into account. The signals from these other base stations will, on the 

other hand, usually be weaker than the sipal nom the first base station. 'Ibis 

lS · implies that the parameters °J and -iJ · can be used to pick a suitable channel. 

" They should also be combined with conventional channel allocation information 

such as mobile station interference measurements. 'Ibe parameters aj and -iJ will 

be computed below. 

Figure 2 illustrates an eumple of chmmel allocation acconting to one 

.I 20 embodiment of the plaent invention. Jn Figure 2, a cell bonier 50 separates two 

cells S2 and S4. Each cell has a base station mi and BS2, iapectively, which 

have antenna mays. In this example, a first mobile station MS1 is serviced by 

the base station BSl and Call be allocated to an arbitmy channel Cl. Jn addition, 

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

25 all~ to the same channel Cl since the antenna array can make the mobile 

stadons orthogonal in .both the uplink and the downlink. As mustrated, a third 

mobile station MS3 bas the second mobile station 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 disturbanCe in channel Cl, and 

30 will. thus ~ the third mobile station MS3 a different channel,· such as C2. 
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In this.eumple, a fourth mobile atation :t.fS4 will act u • uplink 

disturbance for the first mobile station MSl in tlleupijnk to the ·fint base station 

BSl. When tlie fourth mobile station MS4. perfoims. downlink measurements, the 

mObile will determine ~ channel Cl is disturbed. by .the first bale station BSl. 

' s The fourth mobile station ieports the .measuteme41ts to the second base station 

BS2 which will assip the. fourth mobile. station to a duumel other tluan Cl. 

However, if the fourth mobile.Slation MS4 is DC)t c;apab1e of.maJrina sufficient · 

MAHO ·measurements, the secqnd base stadon can allocate the foUrtb. ·mobile 

station to a channel· based oilly on uplink measmemeots. As a.·!eSUlt, the mobile 

10 station MS4 coulcl be assiped to channel Cl. The first base suation BS1 would 

then detect a new disturber fot the first mobile Sladon on channel Cl •. As a 

result, the first mobile station MSl should tbea be · iallc>cated to another channel 

by the first base station BSl if the intaference .Caused by the, fourth mobile 

station is too high. 

' 15 The present in~tion CID also use a. stopping criteria which .indicates if a 

channel is heavily loaded. m.ce a mobile. saation should· not be added if any of the 

users on. the channel is too close to a quality limit indicating a pOssible ~ff. 

Channel JinJring, the Jinldng of the new mobile station to the cbnneJ CID 

be perforttled u follows. It is necessary to modify the ~vers for the old 

1 20 mobiles using the se1ectecl channel and the tnns.reiver for the new mobile station , 

that is going to be introduced on the se1ectec1 c1uume1. The spatial filters usec1 in 

the receivers and transmiuers. in the may bale station are computed with a 

steering vector coutainina infcmnation about the desired signal and. using 

information about the disturbance situation on the cb..,ael. ·· As a new mobile 

: 25 station enters the channel, the clistmbance situalioo. is changed and all of the 

spatial.filters musi be recaicUlated to take the·.new. information into account. 1be 

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

a disturber is removed. 

Figure 3 illustrates an example of cbanne1 Jinking according to one 

· 30 embodiment of the present invention. In this eumple, the mobile station MSl. is 
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using channel Cl wheil ·the mobile station MS2 ii lnocatecl to channel Cl. 1be 

spatial filters in the transceivers for the mobile stations MS 1 and MS2 must then 

be adapted so that they are spariaJJy orthogonal. ·Jn other words, the spatial filter · 

·for ·mobile station MS1 should null out the mobile· station MS2 and vice versa. 

S The present invention pedorms this nulling in one instantaneous step without 

performing measurements. When the mobile Slation MS3 heiins .using a channel, 

the mobile station MS3 will be measured and viewed u a new disturber from the 

base station mt. However, the nulling of the mobile station MS3 can be 

performed biased upon spatial ·interfennce measurements. · 

10 According to one embodiment of the pment 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 example, mobile 

stations with approximately equal power levels and well separated spatial filters 

co~d sbaie the same channel. 

15 According to another embodiment of the presmt inventiQD, a simple 

algorithm using fixed filters can be used for channel alJocation. 1n· this example, 

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

stored. For example, filters a(81), aC8i), .. ~a(8u) can be used with pencil 

beams in the clilections -60°, -55°, ... , 60°. The filter could, for example, be a 

) 20 ·Hamming window multiplied with the may steering vector for the desiied 

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 considered as used 

by the mobile station if the DOA 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 scanned 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 filter is above a fnction of the nominal power level. 'Ibe 

30 DOA 's for the chosen channel are then occupied by the new mobile Slation and 
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link the mObile station to the ·cbannel. The spatial. ttansoeiver for the new mobile 

station is simply the set of filters it is using. 1bus, dKR is thus llO need to 

modify the tnuu1mivers of the old mobile station On the channel. 

According to one embOdimmt of the JR9Clll invention, an ~ 

s algorithm for channel allocation can be used. ne mobile to be nallocated can 

be cbaracteri7.ed by a spatial ·filter matrix W, a· covariance matrix R and a 

power P. The J acces11ble channels are characteri7.ed by their· spatial· filter 

matrices, WiJ, I = 1, ••• , ~ where~ is _the· number of. mobiles on channel j, ·by 

their covariance matrices, R;, and by the PDwel:' ()f 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 channel) from 

the new mobile is 

One choice is then to pick the channel J0 wheie 

Iii 
J 0 = argain{ a1 +}:-i,j} 

j l.•l 

' 15 Another s0lution is to measure the muimmn disturbance ibat will affect 

any of the old mobiles and let 
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J 0 • arg min{ a; + u~J.j} 
j j . 

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

turbed channel should not be further loaded according to the previously 

mentioned stopping criteria. 

According to one embnd;ment of the present inventi~, an advanced 

S algorithm for channel linking can be used. 1bis example shows how the spatial 

tilt.en for the mobiles presently using ~ J0 and for the new mobile can be 

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

denoted W1, ... , Wu 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 10 is denoted R..t· 

1be 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 · 

15 It is then possible to compute new spatial filters as 

flj = .R;!.,Rzd(j) j = 1, •••I If + l 

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

straightforward to incorporate a dependence upon sampling phase. 
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While a particular embodiment of the present invention bas been described 

and illustrated, it should be understood that the present invention is not limited 

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

present application contemplates uy and all moclifiCations that fall within the 

. s spirit and sc:oPe of the underlying invention disclosed and claimed· herein. 
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I CLAIM: 

1. An intia-eell handover method in a cellular communication system 

having adaptive antenna mays, comprising the steps of: 

measuring spatial information with an antenna may; 
. . 

determinina whether an intra-cell handover is· desirable for a 

S mobile station based upon said measured spatial information; and 

handing over said mobile station from a fint channel to a second 

channel when desirable. 

2. An intra-cell handover method accon:ling to claim 1, wherein the 

measured spatial information is used to predict an ·mterfenmce situation that 

10 would fesult from various channel allocation decisions. · 

3. An intra-cell handover method according to claim 1, wherein the 

measured spatial information is used to modify transceivers for said mobile 

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

4. An intra-cell haridover lnethod according to claim 1, wherein the 

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

using the first channel. 

20 

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

comprising the steps of: 

measuring power level of said mobile station; and 

assigning said inobile 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 OD the mobile station. 

7. ·. An intra-cell handover method acco.iding to claim 6, further 

comprising the step of: 

· a>mputing the mlative uplink int.erfele.acie OD 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 according to claim 7 further 
ilO 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. All ·inua-cell. handover method. in a cellular commumCation system 

having adaptive antenna arrays, comprising the steps of: 

off; 

determining whether an intta-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; 

computing the !Clative uplink disturbance on the mobile sta~~; 

computing the !dative uplink disturbance on other mobiles from 

said mobile station; 

computing. the downlink distmbance to check existing downlinks; 

25 selecting best channel using said computed information; 
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modifying spatial filters of all transceivers usina the selected 

channel and the old channel accorcling to new disturbance situation. 

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

downlink distUrbance is computed using measurenients from said mobile station. 

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

scalar quality measurements are used when determining whether the handover is 

necessary. 

14. An intra-cell handover method accon:ling 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-<:ell handover method according to claim 11, wherein said 

uplink disturbance is measured at a base station. 


