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INTRA-CELL HANDOVER WITH ANTENNA ARRAYS

Thepreeentmvenuonrelamwanmu'a-eellhandovermethodforusema

_eellular eommnmeanon system and more parueularly to an intra-cell handover

method which utilizes spatial mformanon from an antenna armay.

~ Current digital cellular systems employ base stations which distinguish

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

ngtnalsfromamobﬂestauonpropagatewthebasestaUm ‘The signals are
recmvedmasmgleantennaorsomeumestwoantennastogamd:vemtyeffects
Thereeelverproeessesﬂlemgnalumngthehmeandﬁ'equencyonhogonahtyto
separateagnalsfromdxfferentusers Handoverbetweenchannelsmthmabase
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 wnth strong interferers. Channelalloeanon, i.c., the selection of the
new channel, 1sm most cases done according to a frequency plan Adapnve
channelalloeahon,ne.,asstgmngamobdemnonwachannelbasedupon
measured quality information, has been proposed for evolved TDMA systems and
is used in the digital cordless DECT system. .
Spatial filters are known in the art and are used to create spatial

 selectivity, i.c., to reject interference from certain directions and to amplify

desired signals from other dxreeuons A spatxa] filter can be implemented with,
for example, a passive circuit with a radio frequency, a set of phase shifters of
analogsxgnalsorbyagnalprowssmgmthebaseband Thetermspauzl

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

sxgnals Spaual mformanon can, for example, consist of the spatial filters that in
some sense, are optunal 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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'Itisdes'imbletoimprovethespecual'efﬁciency'ofmch systems. One
waytoxmprovethespecnalefﬁmencyofthesystemnswusemysofantennas,
e.g., touseanumberofspanallysepmtedanwnnaelements Itxsthenpossxble
todxsnngmshbetwemspamnywpanﬁedmbymgmowadapuveanwnna

“lobes. Thxseanbev:ewedasawaytouhhzeoﬂhogomhtymspaualdmmon

Currentdxgnalcellularsystemsemploybasestauonswhmhuseanwnnas |
with wide antenna lobes of approximately 1200r360degmes The base station

'reoelveclmnsmltssngnalsforallmobxlemonsmthmthelobe It is hence not

neeessarytoknowtbepomuonofthemobﬂemnon It:s,ontheotherhand not
posmbletosuppressmobﬂesu'ansmmngﬁ'omoﬂwrangles Thuexshenceno
spanalmformauonmtakemmacewntandlmndoverhaswbemadewnhout
spanalmformanon '
Asystemusmganadaphveantennaamycanuseanamwanmlobe
tomeweln'ansmltthedeslredngnalsandmmppresstheundenredmgnals ‘This
addsanewdxmenmontothehandovumumspamlmformamnmbe
nwdtoﬁtmobﬂesmtoanappropnmchannd. |
ltxsneoessarytotakethespamldnmrbmnmanonmmmmtwhen

| auoeanngchmelsmorderwmusespewﬂefﬁc:encyandwavmdm

excesswenumberofhandovers Amobﬂeshomd'ﬁt'achannelmthem
thatxtmnottoodnsmmedbymobﬂesalmdypmentatthechannelmownor
co-channel cells. Atthesameume,uumpomnttocboseachannelwherethe
new mobile station will notdnsnub_thelmobﬂe_stahon almdy using 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 1o the channel.
The new mobile station could otherwise heavily disturb the other mobile station
anduuseibstcallsorlowquality Thaeishencenewihfotmationthatmustbe
takenmtoaocountmordertoperformaconecthandover |
lnaddmon,thepowerlevelsmthesystemmustalsobeadjustedsoﬂmt

the base station power levels (reoeweltnnsmnt) are appmnmately equal for all
mobile stations. A too large power difference will, in practice, destroy the
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spahalorthogonahtyandcrutepmblemsveryamﬂartothe near-far ""problem
whlchoccursmCDMAsystems
Insystemsusmganadapnveanwnna'aﬁiy,bothmmissimand

| recepuonxsadapnvefortheamybasestanmwhmhxmphesthattheaddmonof-

anewmobﬂestahoneanmodlfybothuansmtandrecaveanmapawnsfor
surrounding base stations. Anotherdlfferenceuthefactthatmulhplenmona
channelmabasestanonusmganadapnvemymnotautomaucally orthogonal.

| ThespaualonhogonahtyxssomethmgthamustbecreatedwuhadapWespaml

filtering and with pmper_channel allocation.

Theprmtmvenhondxsclomanmﬂa—cellhandwermethodwhch
extendsknownhandovualgonthmsbynﬁhmgspaualmfmnonfmman

 antenna array. lnaddmon, thepresentmvenhonprovxdesadewnu'ahud

adapuvechannelaﬂoeahonsoluhmwhaemhbasestahmﬂloaﬂmobﬂe
stauonstomutablechannelsbytahngﬂlemwrfaenceammnmmmmt
Furthermore, thepmwntmmumduclosesamethodformodlfymgthemy
transceiver, i.c., a method for linking a mobile station to an already used
channe!, when a new mobile station is introduced.

The present invention has at least three main advantages over the prior art.
First, the capacity of the cellular system is increased since mobile stations are
distributed in a proper way amongst the channels. Second, network signalling is
minimized since the inventive solution is decentralized for each base station.
Finally, allu'anscelversusmgachannelmmodlﬁeddu'ecﬂysoastotakethe
new chsturbanee sxtuanon into account. As a result, the quality for the old mobxle

stanonsmllnotdegmdeasanewmobﬂestauonnsmmduced

_ Accordmg to one embodxment of the present invention, a decision on
whether an intra-cell handover should be made is based on conventional
information and/or a prediction of increased spatial disturbance. If it is
determined that the power level deviates too much from a nominal value, an
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_.mm-eellhandovuxsperformed whmnthemobﬂestauonxshandedofftoa

channelwherentdo&notdlstm'botherconnecuonswomuch However, for all
channelswherethethtyxsaboveapredmnedlevel arelauveuphnk |

'dxsmrbanceonthenewmobdemuonncomputedfmmmaanements Then, a

relaﬁveuphnkd:snnbaneemthemobﬂemuomthatarealmdyprmtmthe
channelﬁnmthenewmobnlesmmnmcompuudumgmmu The
downhnkd:smbancefrommobﬂeasmswdhandoffmusurememsuthm
calczﬂatedwchecktheensnngdownlmh 'l‘hebestchannelnsthenaelecﬂed -
taking conventional intra-cell handover mformanon mo aecount togethu with the
information calculated above. Fmally,allmseewersumngtheselectedchannel
andtheoldchannel_mmodlﬁedaccmdmgm_thcinewdumbancemmon

mepmtmmmmbedascﬂbedmmoredeuﬂmthrefermce
mopteferredembodnmtsofthemveunon,gwenonlybywayofenmplz and
ﬂlumwdmtheaooompanymgdrawmgs,mwhnch N

anmelillumwsaeuunmshandwadecmonmdmgwone

_ embodunent of the puuent mventxon,

Fxgure2illumchannelallouuonacoordmgtooneembodmmtofthe

present invention; and

anure31|lusuawuhannelhnhngawordmgtooneembodmenwfthe

present mvenuon

Thepmtmventlondxsclosaanmm-cellhandovermethodwhlchm
bedmdedmtothreemmnsteps ICHO-decmon channelallocatlon,andchannel
linking. Bneﬂy,theICHO-decmonswpdewrmnuwhetheranmna-cell
handover is necessary. Whenahandoverunewssary thechannelallouuonstep.
determmesanappropnatechannelforthemobﬂemuon Afwrﬂlemobﬂehas

_beenhandedofftothenewchannel themseavemofthemobﬂestanonswhxch :



WO 96/00484 _ PCT/SE95/00764

10

15

5

" are presently using the channel are modified in the channel linking step so as to
‘take the new interference situation into account. ‘The present invention can be
* combined with, for example, a conventional fixed frequency plan, a slow

adapuvechannelanomuonornndomﬁequencyhoppmg Each of the individual

| stepswﬂlbedesaibedmmoredetailbehw

" The present mvenhon_deacnbs-several ways to enhance capacity. The
first way, that is more conventional, is to use the antenna array to reduce the
cluster size, i.e., the frequency reuse distance. This implies that there is only
one mobile station per channel in a cell and that the interference originates from
users in other cells. The second way is to allow multiple users in a channel

'. whmihemmmmykuéedworthogmﬁuthenm. The interference will

then originate both from co-channel mobile stations inside the cell and from other

cells. Thepremtmvennonalsoewa’slammmwhuecombmauonsof

thetechmquesmused
TheICHO-demman,formmple,bemadethhknowntechmques

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

20

25

30

station. One example of a known technigue is described in ETS/GSM

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

where the spatial information is used to predict a deterioration in transmission
quality. For example, it is possible to detect that two mobile stations MS1 and
MS?2 are moving close to each other, as illustrated in Figure 1. The mobile

' stations can be connected to the same cell or they might be connected to different
cells. This detection is straightforward given the spatial characteristics, i..,

direction-of-arrival, spatial filters,.., of the mobile stations. For example, the
algorithm can track the angle from where the signal arrives and detect that an
angle difference between to mobile stations is too small. As a result, an ICHO-
decision can be made to move either of the mobile stations MS1 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. In GSM-

type systems, for example, the BCCH carrier must be distributed over the eatire
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cellmawxdeanwnnalobeandhencetheBCCHmnawndelobechannel
AmobﬂestauonusmgtheBCCHmsmfﬁcslotsmaythenbemovedtoan
ordmarycamerwhetethedownhnkmybemnmmdmanamwanm
lobe, heace the notation narrowlobe channel. ‘IheICHOdecmonmaythus
reducememwfermcelevelmmesym AnICHOdemuonmaythusxmply
thatthemobﬂestauonuhnkedwachannelwgetberthhothermobﬂemums

-Thepowuofmemobﬂemnmspmﬂyopmungmthechamel ie., old
-mobllestauons,mustnotdruwntheagnalfromthenewmobﬂestahmsandltis
| .nmsaryforthemobﬂestaumtoregulmmuphnkpowumwardsammnal

value. Thebasemuondownhnkpowuuanalogouslyaettoanommlvalue
- The channel allocation, i.e., ﬂlechmceofapropunewchannel can be

~ made as follows. First, the uplink power level of the mobile station is checked.

If the power level of a mobile station deviates by at least a predetermined amount
from a nominal value, the mobile station is labeled as *MS with extreme power
level" and kept on a widelobe channel for the time being. The channel aliocation
should also take the stability of the spatial information into account. A mobile
stanonhawngumevamuonsmthemmdspanﬂmfmnonmbekeptma
wxdelobechannelorgeumﬂyﬂutedthhaubonmordubredwemmfmce
levels. : _ _
’l‘heuphnkcham@msucsanbemmedbythebasem For each

new mobile station caused by the existing disurbances on the channel can be
measured. Thlsdxstmbancepowensmencomparedtothepowerandpathloss

~of the new mobile station to-form a mgnal-mterference ratio. This quanuty is

denoted a; where j is the number of the channel. The mobile stations connected

to other base stations act as uplink disturbances and will thus effect a;. -

For each channel, the disturbance power that will affect the base station
receivers for the old mobile stations caused by the disturbance from the new
mobile station is measured. 'Ihxsdlstmbancepoweuseompamdtothepower
and path loss of the old mobile stations to form a mgnal-mwtference ratio for
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eacholdmobxlestauon Thmquanutyxsdenotedpuwhmjxsthenumberof
thechannelandusmenumberofﬂxemoblle
' Thedownhnkchmcmmcsmnotmmmbleatthebasestanon The

.algonthm shouldhenceusememuementsﬁomthemobﬂemon, such as
" Mobile Assisted Handover measurements. Thedlsmrbancenmuonxs, however,
' remproeal_mthesensetha;aclmmdwhueuphnkmmmmsdonotmterfm

in a base station is a channel where downlink transmission from that base station
toonemobﬂestanonmnnotdxsmrbtheothermobﬂasgmﬁmﬂy In other
words, abasestanonwxllseeﬂlemobdemonltlsdxsmwmgasadxsmrber
Thlsfactxsuuhudmthechannelanouhonandhnhngtoopumzeperformance
and quality. |

 “The mobiles will also see other base siations that the first base station
cannot take into account. ‘The signals from these other base stations will, on the
other hand, usually be weaker than the signal from the first base station. This

" implies that the parameters a; and §;; can be used to pick a suitable channel.

Theyshmﬂdalsobeeombinedwithconvenﬁmalchannelalloaﬁon information
such as mobile station interference measurements. The parameters a; and p,.,

be computed below.

Fxgurezillummanexampleofchannelalloamnweordmgmone

'embo&mtoftheptmtmvennon. ‘In Figure 2, a cell border 50 separates two

cells 52 and 54. Each cell has a base station BS1and BS2, respectively, which

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

the base station BS1 and can be allocated to an arbitrary channel C1. In addition,
a second mobile station MS2 is serviced by the base station BS1 and can be
allocated to the same channel C1 since the antenna array can make the mobile
stations orthogonal in both the uplink and the downlink. As illustrated, a third
‘mobile station MS3 has 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
BSZmllvxewmesecondmobﬂestauonMSZasadxsturbanoemchannelCI and

| mll_thusallmtetheth:rdmobﬂesuuonMS:’oadxfferentchannel,-mchasCZ
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Inthxsuample afourthmobxlemuonMS-twnlactasannphnk
d;sturbancefortheﬁrstmobﬂestauonMSlmthenplmkmtheﬁrsthasemon
BS1. Whmﬂlefomhmobnemuonmperformsdownhnkmmmts,the

mobﬂemﬂdetummethatchannelCludnsﬂnbedbytheﬁrstbmstauonBSl
Thefounhmobﬂemonreportstbememmentswmemdbasemuon

_ BSthxchwxllasmgnthefomthmobﬂemuontoachannelotherﬂnnCI

However,xfthefomhmobﬂemuonM&unotapableofmahngsnfﬁmt '

.MAHOmeasmments,themdbasestanonmanmthefmmhmobile

station to a channel based only on uplink measurements. As a result, the mobile
station MS4 could be assigned to channel C1. The first base station BS1 would .
thendeﬁectanewdlsmberfortheﬁrstmobﬂemhmmchannelCI Asa

. mnlt,theﬁrstmobﬂemhonMSlshmﬂdthenbe reallocated to another channel

bytheﬁrstbasesnuonBSllftbemmfuenceausedbythefourthmobﬂe
station is too high. = . :
mpruentmvennonanalsouseamppmgmmwmchmdnmxfa

~ channel is heavily loaded since a mobile station should not be added if any of the

users on the channel is 00 close to a quality limit indicating a possible handoff.
Channellmhng thehnhngofthenewmobﬂemonwthednnnelan
beperfomedasfollows. 1t is necessary to modify the transceivers for the old

‘mobiles using the selected channel and the transceiver for the new mobile station

that is going to be introduced on the selected channel. The spatial filters used in
the receivers and transmitters in the array base station are computed with a
steering vector containing information about the desired signal and using

_information about'thedismtbmesimaﬁononthechannel As a new mobile

station enters the channel, thedlsnubanceslmanonxschangedandallofthe
spaualﬁltersmustberecnlcmatedtotakethenewmfomauonmmaceount The
transceivers for the mobile stations on the old channel should also be modified as
a disturber is removed.

o Fxgum3ﬂlusuawcanexampleofchannelhnhngaccordmgmone |
embodiment of the present invention. In this example, the mobile station MS1 is
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using channel C1 when the mobile station MS2 is allocated to channel C1. The
spatial filters in the transceivers for the mobile stations MS1 and MS2 must then
be adapted 5o that they are spatially orthogonal. In other words, the spatial filter

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

Thepraentinvenﬁonpafmmsﬂ:isnuninginoneinmmeousmpwiﬂmt_
performing measurements. When the mobile station MS3 begins using a channel,
the mobile station MS3 will be measured and viewed as a new disturber from the

' base station BS1. However, the nulling of the mobile station MS3 can be

performed based upon spatial interference measurements.

According to one embodiment of the present invention, a simple channel
allocation method can be used. In this method, the mobile station can be
classlﬁedmtopowerclasssandusedspaualsectors For example, mobile
stanonsmthappmnmatelyequalpowerlevelsandwensepamedspahalﬁltexs
could share the same channel, |

* According to another embodiment of the present invention, a simple
algorithm using fixed filters can be used for channel allocation. In this example,
assume that a number of filters with pencil beams have been precomputed and
stored. For example, filters a(8)), a(B,), ...a(6;s) can be used with pencil
beams in the directions -60°, -55°, ..., 60°. The filter could, for example, be a
Hamming window multiplied with the array steering vector for the desired
direction. Each filter is referred to by the direction 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 has

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 fraction of the nominal power level. The
DOA’s for the chosen channel are then occupied by the new mobile station and
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*fink the mobile station to the channel. 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 old mobile station on the channel.

- According to one embodiment of the preseat inventioq,an.advane'ed
algorithmforchanne’lallbeaﬁonanbeused “The mobile to be reallocated can
becharactenzedbyaspanalﬁltamamxw acovanancemamxxanda
powerP 'I'helawsiblechannelsuechmcwnndbymurspaualﬁlm
matrices, Wu, i =1, .., M; where M, is the number o_f mobiles on channel j, by
their covariance matrices, K, and by the power of the mobiles 7,;. |

'I‘heexpectedpowerofﬂxedututbanceonthenewmobﬂemuonrelauve
1tsuseﬁ11powerxs '

oy dot Erocol R

g Theexpecteddnsunbancepowerontheoldmobﬂenumbuiusmgchannel}fmm

thenewmobﬂe:s

- . . | H .
s, ,def trace(W;, 4,5 ]
= = 1’1..1

Onechoxcexsthentoptckthechannell where
i - " _

o = argna n{a pi,j}
E P

Another solution is to measure the maxxmum d;smrbance that will affect
any of the old mobiles and let
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Jo = arg:;in{ aj; + ‘}"“ﬁ

| 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 embodiment of the preseat invention, an advanced
algorithm for channel linking can be used. This example shows how the spatial

| ﬁltersforthemobilespresenﬂyuﬁngchannell,andforﬂlenewmobﬂembe

modified. The spatial filter matrices for the M mobiles using the channel are
denoted W,, ..., W), and the new mobile is denoted Wy,,,. First, the average
cross-correlation for the existing mobiles is computed wherein for notational
simplicity the correlation matrix of channel J, is denoted Ry-

Reg(1) = RozgWy di=1,..., M

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

matrix denoted R, is
Ryg(M + 1) = Ry,
The correlation matrix fér the channel after the addiﬁon of the new mobile can be
approximated as | -
| Roew = Rora + &
1t is then possible to '_computé n§w spatial filters as
Wy s'é;:;wfa,d(i) i=1,...,M+1

The foregoing treatment has assumed a unique R; per channel but it is
straightforward to incorporate a dependence upon sampling phase.
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wmeaparﬁcularembodimemofthepmtimnﬁonhasbemdmﬁbed_

and illustrated, 1tshouldbeunderstoodthatﬂ1epmtmvenuon1snothmmd
thereto since modifications may be made by persons skilled in the art. The

present apphcauon contemplam anyandall mod:ﬁeauonsthat fall within the
5  spirit and scope of the underlying invention disclosed and claimed herein.
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SHEET HAS SEEN

THIS SHERT CED

1. Anmua-cellhandovermethodmaoellularcommumeaﬂonsysﬂem
havmg adaptive antenna arrays, comprising the steps of
' nmsunngspanalmformanonmthananwnnamy,
dewrmxmngwhetheranmn'a-cellhandovaudwrablefora
mobile stauon based upon said measured spatial information; and
' handing over said mobile station from a first channel to a second
channel when desirable. | |

2. Anintra-cell handover method according to claim 1, wherein the
measured spatial information is used to predict an interference situation that
wouldfesultfromvaﬁouschannelanmﬁondecisions.- o

3. Anmtra-cellhandovetmethodawordmgtoclmml 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 handover method according to claim 1, wherein the
measuredspaﬂalmformauonuusedtomodlfymscewersofmobﬂestauons
usxngtheﬁrstchannel |

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

'compnsmg 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:

i This Sheet Has Been Replac

HIIIIH |

I
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computing. the relati,vé uplink interference on the mobile station.

14

A Anmua-ceuhandwermethodacoordmgtoclmmﬁfnrther
comprising the step of: .
oompunngtherelanveuphnkmmfemcemothermobﬂestauons
5 eausedbymdmobﬂemnon_

. Aninﬁa-eql}hamwa_mmng;ocmmm
comprising the step of:
‘computing medownhnkdnsmrbancemcheckensmg downhnks

.9, Anm&a-cellhandovermethodaocmﬂmgtoclmm7ﬁmher
10 compnsmg the step of:
computmg the downlink d:stnrbance to check existing downlmks

10. Anmu'a-cellhandovermethodaccordmgwclalm2 wherein said
seoondchannelxssalectedusmgmdcomputedmformahon.

11.  An intra-cell handover method in a cellular communication system

15  having adaptive antenna arrays, comprising the steps of:

detexmmngwhetheranmm-cdlhandwaumry

musunngpowerlevelofmobﬂestanonwmchneedstobehanded

off;

asmgnmgsmdmobﬂestauonwachannelbaseduponsaxd
20  measured power level; .

computing the relanvenphnkdmnbanoeonthemobﬂestanon,
computing the relative uphnkdnsmxbance on other mobiles from
said mobile station; - '
- eompunngthedownﬁnkdismrbancmcneckexisﬁngdownnm;
25 ~ selecting 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 measurements from said mobile station.

13.  An intra-cell handover method according to claim 11, wherein
scalar quality measurements are used when determining whether the handover is
necessary. - o

14. An:ntra-cellhandovermethodacoordmgtoclalmll wherein a

handover is performed when two mobile statlons using the same channel move
too close to each other.

15.  An intra-cell handovermethodaocordmgtoclalm 11, wherein said
uphnkd:smrbmcexsmeasuredatabasestauon



