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| NTRA- CELL HANDOVER WI ANTENNA ARRAYS Fi el d of the Invention The present

i nventi on Wele108484t 0 an i ntra-cell handover nmethod for use IRCTSEI®DI764 ar
comuni cation systemand nore particularly to an intra-cell handover 5

met hod which utilizes spatial information froman anta array. Background of .
the Disclosure Current digital cellular systens enploy base stations which
di stingui sh between different m)bi | e stations by using time and frequency

orthogonality. Signal SINTRAL Wﬁ.ﬁ m@ ﬁg station.
The-signals are 10 recerved 1na singlé antenna orf n@t ant ennas

to gain di versity effects. The receiver processes the si gnal using the tine
and frequency 3E Bogogal ity .to separate signals fromdifferent users.
Handover betwe in a base station, intra-cell handover, is
based on quality nmeagje é}.&% g*p&, PEEF& ?ﬁ W mciﬂa
Intra-cell handover .Is ‘use or exa e, 10 avol channe

strong int erferwﬂdmdmmmim&bﬂ%mmd more particularlyetocat intra-cell iahdoveew
channel , is.in nmo C s done acg frequency plan. Adaptive
channel al Idcat™ %é&‘ 'ﬂ%mﬁ#ﬁ*@ﬁ%ﬂmﬁ% ra¥hannel based
upon neasured qual | ty i nformation, has been proposed for evolved TDVA
systens and is used in the di gltal cordl ess DECT system 20

Spatial filter Bagkgroundof the'Disclosapet and are used to create spati al
select|V|ty, . e rejec n rference ertain dlrectlons and to
amplify desired si gré‘!@“#wﬂﬁpaﬂ i‘%‘pﬁﬂ ch distingyishy e

i npl ement ed Wi tharwéed! difféREP hﬁ,buesaaaﬁsufushgwum h&wmoiéﬁﬁwency’ a

set of phase shifters of
SgrnalsfromamobﬂestauonpropagatewthebasestaUm ‘The signals are

10 recervedmasmgleantennaorsomeumes twoantennastogamdrversrtyeffects
Thereeerverproeessesﬂnes:gnalumngthehmeand&equencyoﬂhogonahtyto
separate signals from different users. Handoverbetweenchannelswnhmabase
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

15  channels wnth strong interferers. Channel alloeauon, i.c., the selection of the
new channel, is in most cases done according to a frequency plan Adapnve
channelalloeahon, 1e., assrgmngamobdestanonmachannelbasedupon
measured qualrty information, has been proposed for evolved TDMA systems and

' ' 1susedmthed1g|taleordlessDF£rsystem
20 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 dxrecuons A spatxa] filter can be implemented with,
for example, a passive circuit with a radio frequency, a set of phase shifters of
analog signals or by slgnalprowssmgmthebaseband The term spatial

25  information is used to denote information about how a spatial filter can process
sxgnals Spaual mformauon 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.



anal og- si.gnal s or by signal processing in the baseband. T'W:rfsi gpti al
inforrratwgr?‘fog‘sdsed to denote information about how a spatia ?gy?ter can
process signals. Spatial information can, for exanple, consist of the
spatial filters that in sone sense, are optimal to process signals from -
nobil e stations. The spatial information can also consist of the
direction-of-arrival of the power fromthe nobile stations. VID 96/ 00484
'PCr/ SE95/ 00764 2 It is desirable to inprove the spectral efficiency of such
_systems. One way to inprove the spectral efficiency of the systemis to use’

ant enna. e onent & 114 Sxliabigf ind ik WpEin ety OF sl a0t O, |

. separat ed USgdyStoimptove therspectril efificientyco femecymﬁswhmysbfatmaas,be
viewed as a way to utilize org vy. spati di nensi:on LT di qi.tal

cel lul ar sy$:gato 8808 APpmbes of MBM gﬁf”@ﬂﬁ 3‘{ &#’\H"S&’ ntenna
| obes of ap “’I{ﬁpp ﬁﬁﬁ‘%ﬁ? _
recelves/trgﬁmwm%es at’l ons t mtﬂe Imbe It is

hence ng nmmwmmmyuwmmnmmmwms on
t he ot her hand not 10 : 0ssi ble ' to- suppress nobi l.es sm tt from
ot her angl es. %@ gg M c?’i‘gﬂ count

~ and- handover r&w ing an
adapti ve ant%ﬁ?ﬁ?WaW%t ennafsl obe~. 'l'ﬁeﬂfé?&ﬁdhs

rwmveﬁﬂansmtssngnalsforallmobﬁestahonsmthmthelobe It is hence not
neeessarytoknowtbepomuonofthemobﬂemnon It:s,ontheotherhand not
10 posmbletosuppressmobﬂesu'ansmmngﬁ'omoﬂwrangles Thuexshenceno
spanalmformauonmtakemmaccwntandlmndoverhaswbemadewuhout
spanalmformanon '
Asystemusmganadaphveantennaamycanuseanamwanmlobe
tomeweln'ansmltthedeslredngnalsandmmppresstheundenredmgnals ‘This
15 addsanewdxmenmontothehandovumumspamlmformamnmbe
| nwdtoﬁtmobﬂesmtoanappropnmchannd. |
_ ltxsneoessarytotakethespamldnmrbmnmanonmmmmtwhen
.alloeanngchannelsmordertomcrusespeeuﬂefﬁcwncyandwavmdan
excesswenumberofhandovers Amobﬂeshomd'ﬁt'achannelmthem
.20 thatxtmnottoodnsmmedbymobﬂesalmdypmentatthechannelmownor
co-channel cells. Atthesameume,uumpomnttocboseachannelwherethe
newmobﬂestahonwﬂlnotdlsnubthemobﬂestahonalmdyusngthechannel
It:salsoxmpomntthattheuanscewerchamctensncsformobﬂwmmwown
ceﬂshouldspmeumesbemodxﬁedasanewmobﬂe_ualloatedwthechannel
25  The new mobile station could otherwise heavily disturb the other mobile station
| anduuseibstcallsorlowquality T‘haeishencenewihfotmaﬁonthatmustbe
takenmtoaocountmordertoperformaconecthandover '
lnaddmon,thepowerlevelsmthesystemmustalsobeadjustedsoﬂmt
the base station power levels (reoelvelu'ansmnt) are appmnmately equal for all
30  mobile stations. A too large power difference will, in practice, destroy the



to recelve/transn1t the desired signals and to suppress the undesired
signal s. TWQ91W9484 adds a new di mensi on to the handover ses RGHEEISOPSE| al -
information can be used to. fit nobiles into an appropriate channel. It is
necessary to take the spatial -di subance situation . into account when _
al l ocating channels in order to increase spectral efficiency and to avoid
an excessive nunber of handovers. A nobile should "fit" a channel in the
sense 20 that it is not too. disturbed bg nobi | es. al ready present at the
channel in own or co-channel cells. At the“same tine, it is inportant to

chose a channel where the new nobile station wll| not gmsturb the nPeml e
station al r eadgpatial egth emabmmammmm

~transcei ver charagt stic MAMGS in their own cell shoul d soneti nes
be nodified asvg“%bﬂ# éD ted to the channel . The new nobil e
station could othi sqn lmh%ﬁ pbbth trdnainissioncamd cause
There S

| ost calls or- Iowquallt ence neW|n ormatlonth st be
t aken i nto acc@eseplon ive for mw t he

88$; : gxg:ss (gﬁ@ﬁ#%@]tﬁnm pro>E<iJ|'Hﬁ'El FMF equf%wg&tﬁegr‘l e

stations. A toeummgbwnﬁdnﬁermmﬂmﬁmmmmm ipleugerssona WO
96/ 00484 /S /M64 3
spatial orthogehanmel jn abase station-using gn MEWﬂm pat r%'i‘PE

probl em whi ¢h ofie Yplia1bréigbndliéy i Binething that must be created with adaptive spatial
ﬁltenngandwlthpmperchannelallouuon

10  Summary of the Disclosure :

B Theprmtmvennondxsclomanmm-cellhandwermethodwmch
extendsknownhandoveralgomhmsbynﬁhmgspaualmfmmahonfmman
'antennaarray lnaddmon, presentmvenhonprovxdesadewnu'ahud

_ adapuvechannelauoeauonsoluhmwhaemhbasestauonallouwsmobue

15 stauonstostutablechannelsbytahngﬂlemwrfmceammnmmmmt
Fnﬂhermm,thepmtmmumduclomamethodfmmodlfymgthemy
tmnscewer,n.e..amethodforhnhngamobxlestahontoanalradyused
channel, when a new mobile station is introduced.

| The present invention has at least three main advantages 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 channels. Second, network signalling is
minimized since the inventive solution is decentralized for each base station.
Fmaﬂy,anu'anscelversusmgachannelmmodlﬁeddu'ecﬂysoastonkethe
new chsturbanee sxtuanon into account. As a result, the quality for the old mobxle

25 stanonsmllnotdegmdeasanewmobﬂestauonnsmmduced
" According to one embodiment of the present invention, a decmon 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



In systems u5| n& an adaptive antenna array, both - arg%f ;35 J68n IS
adaptlve ary base station which inplies that the addition of 5 a
new nobil e statlon can nodify both transmt and receive antenna patterns
for surrounding base stations. Another difference is the fact that nultiple -
users on a_channel in a base station using an adaptive ay are not auy
orthogonal . The spatial orthogonality i-s sonething that nust be created

wi th-adaptive spatial filtering and with groper channel alltio. 10 Sunmma

~.of. the Disclosnure The present i nvent ion disclose an intra-cell handaver -

- channel s. Sec

thle! thbbie Sion B/ hanBédPoffabiaon from

net hod whi Chr"ﬁ WW
an antenna a n a on, .t e-bresent rnvention provides a

decent r al i zecthanksedtwhere mw disturt athen connectionsioovinuche Howeverafor all at i on
al | ocates nobile 15 t,0 suitabl & channgl.s takin
mterferencemm&a MM _’p_é@é‘ﬁ‘f’gﬁ'ﬂ@ntion

di scl oses a r@hﬁ&?n{up héw mﬂkri&m d{ﬁi'ehs\heﬁeatsa'l'ﬂih Qd for
linkin a nobiTe sta |on% an-.alrea y used:c annel when a new nobi :
station isnt :elauviluphnkdmbmmm anobiilestations Shat mdmdumtmﬂug

over the prior art. First acit t§)

i ncased si nced'#B'Eﬁl f@@t‘hﬁ%ﬂm%%m%% st the
MW siid hahidoffomedsiftnenbyss ithaent i ve . -

solution: is dec Ter -eac ase . statlon FI naI Iy aI I transcel vers

using a channcalculated wd:dekahemdqwdmhs The best:

o e iichR sl t“eﬁmwmaﬁﬂ%m

one enbogh Meng, siinatibh WM&G@M& ifl tRASEEVES usifg the selected channel
and the old channel are modified according to the new disturbance situation.

mepmtmmmmbedascﬂbedmmoredeuﬂmthrefermce
mopteferredembodnmtsofthemveunon,gwenonlybywayofenmplz and
15 ﬂlumwdmtheaooompanymgdrawmgs,mwhnch o
anmelillumwsaeuunmshandwadecmonmdmgwone
_embbd:ment of the pment mvennon, -
Fxgure2illumchannelallouuonacoordmgtooneembodmmtofthe
preseat inveation; and |
20 , anure3lllusuahuchannelhnlnngaccordmgtooneembodmenwfthe
pmentmvumon. |

Thepmtmventlondxsclosaanmm-cellhandovermethodwhlchm
bedmdedmtothreemmnsteps ICHO-decmon channel allocation; and channel
25  linking. Bneﬂy,theICHO-decmonswpdewrmnuwhetheranmna-cell
handover is necessary. Whenahandoverunewssary thechannelallouuonstep.
determmesanappropnatechannelforthemobﬂemuon Afwrﬂlemobﬂehas
beenhandedofftothenewchannel themseavemofthemobﬂestanonswhxch-



whet her an*intra-cell handover should be made is based on conventi onal

i nf or mat i o'W 4610084 a predi ction of increased spatial disturbROTSEIVI0764 i S
determ ned that the power Ievel devi at es .t oo much fronta nom nal val ue, an
WD 96/ 00484 PCT/ SE95/ 00764
4 intra-cell handover is peformed, wherein the nmobi l e station is handed off
to a channel where it does not disturb other connections too nmuch. However,
for all channels where the quality is above a pedm ned level, a relative
upl i nk di sturbance on the new rmobi l e statidh is conputed from ts.
Then, a 5 relative uplink disturbance on the nobile stations that are

alr eady pr esentarelpmhml)chmmﬁe chanme! tane: modifiedini the channel linking

Stepraouascto
usi ng measurene The dpvvnbl nk d1 st urbance from bil e 5.5| St ed har%soff
measurenent is est

channel is the n %r&iﬁbﬂ ﬂm}éffu
i nf or mati on |nto account ’ &ﬂnﬁéi I nformati on”ca cmmf e?lo%ove

Finally, all tﬁnhpuwachumumxﬂuapnnhlllnﬂmn tfrequescyrisopping d Eatheobthe individual
venti on va 1| S Yl GhAcseibsgn O AGBLLBRAM i th rf or once Lo prf or T ed
?FPﬁgtpg?éz ?h EEZ ecé%ﬂ%gﬁﬁlng ﬁﬁgmnngs *ﬁﬂﬁ%‘a§3%§lgure fﬂgFF%strates
cautious hando\isst way; ﬂnbsmmodvammnl,anwusetheanwnnamytoredweme .
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
10  users in other cells. The second way is to allow multiple users in a channel
- where the antenna array is used to orthogonalize the users. The interference will
then originate both from co-channel mobile stations inside the cell and from other
cells. Thepresentmvennonalsoeova'slcncmmwhuecombmauonsof
thetechmquesmused - '
15 Theltxﬂ}damnoncan,ﬁxwuumnﬁg.henuﬂevuﬂlknuwnladummmn
- based upon scalar quality measurements from the mobile station and the base
station. (hwemmnmeofakmomm|adumpwxsdcsnﬂnﬂnnInSMTHﬂd
specification 05.08. Additionally, the algorithm can use a cautious strategy
. where the spatial information is used to predict a deterioration in transmission
D 20  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.e.,
direction-of-arrival, spatial filtess, ., 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 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-
30  type systems, for example, the BCCH carrier must be distributed over the entire



. enbodi nent of the present invention; Figure 2 il lustrates channel _

al | ocat i oWOR6MB484i ng t o one embodi ment of t he present i nveMOTSESA0764 20

Figure 3 illustates channel |inking according to one enbodi nent of the

present invention. Detailed Description of the Di.sclosure The present

i nvention discloses an intra-cell handover nethod which can be divided

into three main steps: | CHO decision;.channel allocation; and channel 25

linking. Briefly, the | CHO decision step deternines whet her an intra-cel

handover is necessary. \Wen a handover is”necessary, the channel allocation

step determ nes an g@g;oprlate channel for _the nobjle station. After the
tennaclobe and,

‘mobi | e haahbe@ﬂlﬂhh cnl@!@“?d&lﬂBﬂQDQQdﬁﬂﬁﬂhnblIe
sLati ons ot o8 mouCuibP AR e BOCH s M g o e b ooyed o

channel [i nkummmwmwmmml nt o
account. T resent i nvention can be conbined with, for exanple, a

E covent i onal hﬂcé mhbpsm& %momwc@us on or

oo el g ﬁ?f%%@%%#“%*x&%ﬂ?' @g@mgm@g@m

ways to enhanggt ginnebile statioirislinked twa\chatried togetherwith mmbﬂ@ﬁhons s to

" use the antenna array to reduce the
Thepowerofthemobﬂemumspmﬂyopmungonthechamel ie., old
lnobmeSHMnns,nnunnotdnmwnlhesunnlﬁnnnthe:nmrnmbﬂesﬁhmnsand1mis

. necessary for the mobile station 0 regulate its uplink power towards a nominal
10 value. Thebasemuondownhnkpowuuanalogouslyaettoanommlvalue
 The channel allocation, i.e., the choice of a proper new channel, 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

15 kwd'andkqnontlwuhkbedendibrﬂwtmnebang The channel allocation

" should also take the stability of the spatial information into account. A mobile
stanonhawngumevamuonsmthemmdspanﬂmfmnonmbekeptma
wxdelobechannelorgeumﬂyﬂutedthhaubonmordubredwemmfmce
levels. : _ _

20 'l‘heuphnkchamﬂmsucsanbemmedbythebasem For each
* channel the disturbance power that will affect the base station receiver for the
newmobﬁestanoncausedbytheemungdlsnnbancuontheclmnnelmbe
measured. Thlsdxstmbancepowensmencomparedtothepowerandpathm
~of the new mobile station to form a sgnal-mterference ratio. This quanuty is

25  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. fnmsdumubmuzlxnwnxscommauﬂtothepowmr

30 and path loss of the old mobile stations to form a mgnal-mwtference ratio for



cluster si.ze, i'.e., the frequency reuse dlstance I's inmplies that there
is only o¥O8P04B¢ station per inacell and that the iR TYWe4:
originates from 10 users in other .cells. The second way is to allow:

mul tiple users in a channel where the antenn array is used to orthogonalize
the users. The interference wll then originate both:from co-channel nobile
stati- inside the cell and fromother cells. The present invention also
covers ICHO in cases where onbintions of 4he techniques are used. 15

The | CHO deci sion can, for exanple, be made with known techni ques based

UPon, SOa1 2 gl i AN SEARD Tl i Ml i) R o

speci fi cati on theckihnel shd ik@ahﬁmbeﬁbﬁﬂﬁhﬂdﬁlet hm can use a cauti ous

strategy where the spatlal i'nformatign is used to predict. a d tion in
transm ssi on 20 dawnlink charaetegisties aneinot megsrable ap thecbase station: HERe ¢ wo

Fioure 1. a%hi%@ﬂ“ﬁ%‘%ﬁ@‘ i Bl ok e el lion, et gy 700 1

m ght be @nnaMolsile Assisied mmmmnwss mmwnm&mlwhmrd
gi ven the spat i al characteristics, e., dirctj on of arr| val , mfatl
filters,.., offeciprocaliythe msatmraschmﬂ!m m?%

sk he 3ol uarls %“@@WW@?&@ T rﬁéﬁﬁ‘?@‘gﬁgﬁg

deci si on can he ofi@dsobile station will istrdistirti the otk ithebiles significantif) InrthdyS2 t 0

anot h er channel. An | CHO decision can also be made in order to free a
wi del obe chanm-rbmmm&%mmye’ém s dissbet:hannel .
' he RCCH. g3

ot TR AP e o B oo =
and quality. '
Thenubﬂaswﬂlahosu:o&ulbmwahumnsﬂmtﬂm:ﬁnntnmesunon
cannot take into account. ‘Thesupnhiﬁunlﬂuseoﬂuxlumesummnsvnﬂ on the
other hand, usually be weaker than the signal from the first base station. This
15  implies that the parameters a; and §;; can be used to pick a suitable channel.
~  They should also be combined with conventional channel allocation information
" such as mobile station interference measurements. 'l‘hepammetmc,andﬂu '
be computed below. - :
o Fxgurezillummanexampleofchannelallounonaceordmgmone
D 20 embodiment of the present inveation. In Figure 2, a cell border 50 separates two
~ cells 52 and 54. Each cell has a base station BS1 and 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
25 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
30 'Mll_thusalloutethethxrdmobﬂemuonMS:’oadxfferentchannel,-mchasCL




WO 96/ 00 | ' S p 95/ 00764
6 cell |4&§Wantenna | obe and hence the BCCH carri er i!cg’s%@l;ﬁbe

channel . A nobile station using the BCCH caner's traffic slots may then be -
noved to an ordinary carrier where the downlink may be transmtted in a
narrow ant enna | obe, hence the notation narrow obe channel. The | CHO
decision may thus 5 reduce the interference level in the system An ICHO
decision may thus inply that the nobile g8tation is. linked to a channel
together with other nobile stations. The power of the nobile stations

_ presently op_eratl %ﬁgﬁ eha Mﬂea&hﬂnmlﬁnw ligl/st not
romt e nobi

drown the signal e stations and i1t Is necessary for the
~ nobi | e statldmmmdotﬂwaﬁmud)ﬂemwummmmmwmm ue.

The base sta wnljd n wer na us set, t 0,4 nom nal vaI The'
channel all owr o%@wm%@m‘ (TAsurements,, de
as fol I ows. ighife willetetiihe' tha eNiinel €Y 3 2 ffit it seioni BT, cked.

If the power level of a nobile-statron deviates by -at l'east a predeterni ned

amount f Som Thedounti: mobile station reportsithe aneasurementsito thesecond base Mnmth
~extrene per l.evel... and Iobe ch nnel I me bei ng.
The channel ﬁ%‘t@ﬂaﬂn Mﬁ’é‘&gt‘ﬁ@\ﬂ‘t Wo?ﬁ?’h I al

i nfor mat i on igyRves, G 8k foufth Tabbile stitich MSA i¥ qufu gn the
neasured spatial information can be kept ‘i n a w-del obe chan general ly
treated wthmmmmmrmmmwmmmmémmne

The uplink statlon?g stmied by,.t Wt 'Rsnatgwit,&e
' 10 stat:onMS40mﬂdbeasmgnedtoclmnelCl The first base station BS1 would .
thendeﬁectancwdlsmberfortheﬁrstmobﬂemhmmchannelCI ‘Asa
_mnlt,theﬁrstmobﬂemhonMSIshwldthmbe reallocated to another channel
bytheﬁrstbasesnuonBSllftbemmfuenceausedbythefourthmobﬂe
station is too high. = . :
15 o Thepruentmvennonanalsouseastoppungmmwhnchmdxmxfa
: channel.sshe_avﬂyloldedmce;a-mobﬂqmshonl_dnotb_eaddedxfanyofme
users on the channel is too close to a quality limit indicating 2 possible handoff.
Channelhnhng thehnhngofthenewmobﬂesnuonwthechannelan
beperfomedasfollows. 1t is necessary to modify the transceivers for the old
20  mobiles using the selected channel and the transceiver for the new mobile station
that is going to be introduced on the selected channel. -'I'hespau;lﬁltersusedm
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 the disturbance situation on the channel. As a new mobile
25  station enters the channel, the disturbance situation 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 channel should also be modified as
a disturber is removed.
| | FxgureSﬂlusuawnnexampleofchamelhnhngaccordmgmone |
.30 embodiment of the present invention. In this example, the mobile station MS1 is




channel. the di sturbance power that will affect the base station receiver
for the neWOMSHM8 station caused by ‘the existing disturban

channel can be neasured. This disturbance power is then conpared to the
power and path |oss of the new nobil-e station to forma signal-interference-
ratio. This quantlty s 25 denoted [err] where [err] is the number of the
channel. The 'nobile stations connected to other base stations act as uplink
di subances and will thus effect [err] For gach channel , the disturbance
power that will affect the base station receivers for . the old nobile -

st at'i ons caused t he .mohi | at,i on i sur ed.
This distur banggggwc? %%@%M@W ﬁﬁ&’éﬂ’ﬂd@%s t he
ol d nobile sta filters/ if' the drafisceivets fod the mObRE Slatibad ME1 id MS2 Ml ke 84
PCT/ SE95/ 00764 each old nobile station. This quant Ity is denot ed [err]

\_/Itﬂerg ['elr_r] kl s be ladaptedrse thas theyrare spatially| orthogonal; SIn: spaﬁdﬁiu_?lhl e.
e downlin station e
al gorithm shou?ﬁ&%ﬁ% ﬁ@@%@ﬂ%%ﬁﬁ%@mﬁ ¥ \bbi | e
Assi st ed Hsndomepmtmm mnngahlﬁemmﬁw Wﬂfdﬂ?rocal
in the sense that a channel where ual M ‘ons do not int emre i'n a base

station is a c pexf 1Si mobile swation MS3 beging using achanneh; t o

vordeh base M M*M&@%W%W&%W 88"

di.sturber. . ' base station BS1. However, the nulling of the mobile station MS3 can be
performed based 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
classtﬁedmtopowerclasssandusedspaualsectors For example, mobile
stanonsmthappmnmatelyequalpowerlevelsandwensepamedspahalﬁltexs
could share the same channel. |

15  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(8,), ..:a(8;s) can be used with pencil
beams in the directions -60°, -55°, ..., 60°. The filter could, for example, be a

D 20 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

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 fraction of the nominal power level. The

30 DOA’s for the chosen channel are thea occupied by the new mobile station and




.10 This dct.is utilized in the channel allocation and linking to optimze
per f or maMWO96#006B4qual i ty. The nobiles will also see other HISEMNISANs ¢
the first base cannot take into account. |he signals fromthese other base
stations will,. on the other hand, usually be weaker than the signal from
the first base station. This 15 inplies that the paraneters [err] and
[err] can be used to pick a suitable channel. They should al so be conbi ned
wi th onvenio channel allocation |nforn3§|on such as nobile station
interference .nme-. The paraneters aj [err] will be conputed bel ow

et ikt FRuDE oSBT foe HRhan " Phe fLST AL1,00yAC itk oW ol 20
two cell's 52 sagdn 3¢ sinfply the“stk bf Fersit Gsing! Thus, thefelisthk WSneed ®BPCt | vel y,

whi ch have antenna arrays. In this exanple, a first mobile station MSL is
serviced by miodifystbe ransceiversefi therold mobilestationonthe chaspely arbitrary

bace stal an' 13 ol S5¢ Al . e S Gy A AR ™Y, 1

ant enna ?’ W@Mﬁoﬁéﬁib@ﬁﬁdormﬂﬁbﬂbwbemw| i nk
and the ownllnk As illustrated; a thlrd rmblle station MS3 has the second

mobi | e stati dunmmcwnud]bymnd J¥, & eovariapee matixR:and & econd base
mobi | o st at | SAHRE wmmmwm 930 el Bl ", o2c0"
al I ocate the sdttiead, Wpid & 5f L, M)whisie M, idithé Aumbér 6f'@Obiles orb ciinely, 63-
thexrcovanancematnces,R, -and by the power of the mobiles 7.
10 'I‘heexpectedpowerofﬂxedututbanceonthenewmobﬂemuonrelauve

1tsuseﬁ11powerxs

oy dof LraceVing

Theexpecteddnsunbancepowerontheoldmobﬂenumbuiusmgchannel}fmm
thenewmobﬂe:s -

- o . | B g
desr tracelW; ;8 ;)
Pi,j = R T

Onechoioeis'mentopickmechmeu.wm

= argnin{a pi,j}
i 7 P

15 o Anothersoluhonastomamrethemanmumd;smrbancethatmnaffect
~ anyof the old mobiles and let
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8 In thiswaadss a fourth nobile station M54 will act asPENSEN/I07S
dirbance for the first nobile station MS1 in the uplink to the first base
station BS1. Wien the fourth nobile station M4 performs downlink
measurenents, the nobile will deternmine that channel Cl1 is disturbed by the
first base station BS1. 5 The fourth nobile station reports the to
the second base station BS2 which will-agsign the fourth nmobile station to
a.channel other than d. However, if the fourth nobile station M54 is not
capabl e of makin suffici.ent IVAHO measurenents, the second base station can
al locate the fourth nobile station to a channel based only on  uplink
measurenments. As a result, thedoN a8y ?&twm coul d be assigned to
channel d. The first base station BSl j\/oul t hed detect a new di st urber.
for the first nobile station on.channel O. As a resut, the first mobi | e

station M5l siCutiventidtah s¢atarrinforination cnb\nd)akomzhuedcmmm, aheavily dis- base

ﬁ;[ SLI 025881 [ f&mf erence camwe fomt h bi | e, st ?'Elr??elrlsat 00
Shoul d ot he TieHeped SABRRE sl UL Y RUTRG Shanmel .”‘Sbl 00 ol ose 10 a

quality limt indi cAtdording teone einbodinrentiof the pPesentiniventions iangpdvasced| i nki ng
g;cteggapgvgm%e ta |on t o m@changglﬂ aﬂf erf&%”ﬁ@%‘”ﬁ&ﬁ#ﬁﬂ It is
;g: ﬁgt ?g ggaln@r oduce% mwgﬁﬁ‘%ﬁ%ﬁ“{] %pat | aI te"hr%g used in

the recei ver s modified 2Therspatial ﬂmmmfmmmumﬂwmmced with
2 denoted W,, ..., W), and the new mobile is denoted Wy,,,. First, the average
cross-correlation for the existing mobiles is computed wherein for notational
10  simplicity the correlation matrix of channel J, is denoted Ry.

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

The average cross-correlauon for the new mobile, with the associated comlauon
matrix denoted R, is

ﬁxd(x + 1) = 13\7,,,1

The correlation matrix forthechannelaﬁertheaddmon of the new mobile can be
approxlmated as

ﬁnow = ﬁold +R
15 It is then possible to '_oomputé new spatial filters as
Wy =R-2 Rog(d) 4=1,..., M+1

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



steering_yc - Or contalnlng |nfornat|on about the desired S|gnal anqgafing
i nformati t he di sturbance situation on the channel® _ nobi | e
.25 station enters the channel, the disturbance situation is changed and
all of the spatial filters nust be recalculated to take the new i nformation
into account. The transceivers for the nobile stations an the old channel
shoul d al so be nodified as a disturber is renoved. Figure 3 illustrates an
exanpl e of channel |inking according toigne 30 embodi ment of the preésent
invention. In this exanple, the -nobile station M5l is WD 96/ 00484

Fgr{:ﬁgg%?om% ‘?’he -spa?mm*-terb% %l versW%%ﬁﬁwat °

sta}1 i ons :\/Blaﬂmmd:ﬁiwduktshbﬂdhrbdommwlsmet f thmbmimtemmwdwé
ort hogona I n ot er wor J he spatia ter for i statjon 1
shoul d nul | Sheretp WMME \PFE'@N/ ‘eh TgPesent

:’T'g\al.gﬂf' IG?TQHFEWEG no%% ?ri}e%h%egl ns USI ng %%anne ﬂg'[ he

nobi | e s$at i spirivaid scope ahmdeﬂ;ankmvénmdudoulm&dmnﬁdﬁmher fromthe
base station BSl1. However, the nulling of the nobile station MS3 can be
performed based upon -spati al interference neasurenents. 10

Accordi ng to one enbodi nent of the present invention, a sinple channel

al l ocation nmethod can be used. In this nethod, the nobile station can be.



classifiedinto power classes and used spatial sectors. For exa nobi | e
st ati ons wWMQ6/00484 y equal powe | separ at &T ?ﬁf’?“&
filters could share the sane ch Accor di ng to anoth
enmboi ment of the present i nventla&m uﬂum' ﬂ“ﬂMrl thmusing fixed filters
can be used for channel allocati assune_t hat —a—rem iv

of . filters with pencil beans have been precorrput ed and OEEY edToH
filters [err] [err] [err] can be used.w tr}a?oenml beaml|i W hﬁEdLAeEDl ons
-60 -55, ..., 60. The filter could, for e be a 2D SEFTE dow
nul tiplied with the_array sting vector .for the desired direction. Each
filter is referMby the direction of its pencil beam its
direction-of-arrival (DOA). A suitable channel can be found as foll ows. A

DOA is considered as used by the nobile station if the DOA itself or one of
its two cl osest nei dhbor sAib intré2éell handoversmethod isi alcbl}ulasemmunmicugon system st

ten bursts. channel s where the quality.is enough are scanned to
find a channel m@dﬁlﬁ% gmn@tﬁ% tation are neither

di sturbed by nobile. stati ,ﬁ&lﬂc‘#‘ﬂ a?h% stations in
own cells. Typically, Iﬁ ? ged as di stur Eegﬂi t he ofput power from

the filter is above a fr wmamm-cﬂbwmmmm s for
the chosen channel_are, then ccu |e b t he new, il tatlon and WO
' handingoversaid'mobilemﬁonfromaﬁrstchanneltoasecond

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
10  would result from various channel allocation decisions. - .

3. Aninﬁa-cellhandovetmethodawordingtoclaiml,whereinthe
* 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
| 15  measured spatial information is used to modify transceivers of mobile stations
| using the first channel.

5. An intra-cell handover method according o claim 2, further
comprising the steps of: |
measuring power level of said mobile station; and
20 ' 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:

{ This Sheet Has Been R,

HIIIIH T



~link the bile station to the channel. The spatial transceiver,for the new'.
mobi | e st WOWNM i 1miy the set of filters it is using. THRGISEPHMNTES | g

t hus no need to medify—thetransceivers of the old nobile station an the -

channel Accor di n to one Elmodl ment of the present invention, an advanced
I
L

al gori t"m“m m L‘ ocation can be used. The nobile to be
._real | ocat ed zed by a spatial filter matrix W a covariance

matri x R and*a povver P The J accessi bl egyghannel s are characterized by -
‘their-spatial - filter [err] [err] [err] matrices, [err] [err] [err] 1,

..., [err] where [err] ir '
.covari ance matrices, ﬁﬁﬁ & %ww&%# (f&dz’% The-
expect ed power of the di sturbance on the new nobile staion relative its

useful power is def [err] The expected di sturbance power  on the old nobile
nunber | ‘using [er?] fofR %ﬂm tocelaim fo fusthers t hen to

pi ck the chan J [err] arg"[err] [err] + [err] [err] [err] .
15 M#ﬁ%&s to neasure the maxi mum di sturbance that wll
affect any Of the ol d rrﬂhhﬁlﬁﬁg&hd:éﬁhveuphnkmmfmcemothermobﬂestauons

5 eausedbymdmobﬂemnon _

. Aninﬁa-eerl}hamwa_mmng;ochiMW
comprising the step of:
‘computing medownhnkdnsmrbancemcheckensmg downhnks

9, Anm&a-cellhandovermethodaocmﬂmgtoclmm7ﬁmher
10 compnsmgthestepof o
computmg the. downlmk 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 mhnvenphnkdmwammthemobﬂestanon,
computing the relative uphnkdnsmxbance on other mobiles from
said mobile station; - '
- compuﬁngthedownﬁnkdismrbancetpcheckexisﬁngdownl_inks;
25 ~ selecting best channel using said computed information;
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[err] aryoa60p484[ err] + [err]) Conventional scal ar i nf or mECTGR d

al so be used. For exanple, a heavily dis- turbed channel should not be
further | oaded according to the previously nmentioned stopping criteria.
According to one enbodi mrent of the present invention, an advanced 5

al gorithm for channel linking can be used. This examuﬁ“ﬂmnﬁ“mm

spatial filters for the nobiles presently 18ing ch or the
new.nobi | e can be nodified. The spatial filter matrfces for "th& M nobiles
usi ng the channel are denot

denoted [err] First, the MW@%&%%@W \% ex:&ﬁng nobi | es
i s conput ed V‘heﬁlﬁhﬁufﬁﬂ thO bRI eanAd] | nieve disturbidree Gitnatinat i on mat ri x

of channel [err] 1s denoted [err] [err] [err] [err] The average
cross-correlation for the new nobile, with the associated correl ati on

matri x denoted R is;derr

channel after the adurti h"&?ﬂ'ﬁé‘fw"ﬁ%%i@ %pproxma as seaﬂ]
15 It is themmm%mmww&wmmmuwmmmﬂmﬁdﬂm
foregoi ng treatnent has assuned a unique [err] per channel but it is

straightforward to incorporate a dependence upon sanpling phase.
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-cellhandovermethodacoordmgtoclalm 11, 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
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12 Wiile a | ar enbodi nent of the present invention hgg&%éé%ﬁﬁy _
described . and illustrated, it shoul d1p2 understood that the present '

cations may be nmade by persons

invention is not limted thereto sin hodi
ﬁ / | ates any and all

skilled in the art. The present appl conte
nodi fications that fall within the 5 MB%cope of the underlying
i nvention disclosed and cl ai med herein. -13€£31:k An intra-cel

handover nethod in a cellular comuni cat{on sy§ avi ng adaptive antenna

Il’lt

arrays, conprising the steps of measuri hg spatial information inside a
sector with an antenna array; det erm ni ng whet her an
intra-cell handover is deS|rhﬂ3t for a bile station based upon said
measur ed sgég informatio ﬂ handi ng over said nobile station froma
first chan fto a second champed when dgsirabl e. a3 2. An
intra-cell nmet hod accprding to ¢laim1l, wiehrein the neasured

spati al
result from

to the sector.

i nterfe situation that would

dover
infermation is used to predict a

qri ous channel bci si ons anong channel s al | ocat ed

aI%ocation d
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15 63 " An intra-cell handover nethod according to claiml1,
wherein the Hﬁﬁ@&Pgd spatial informatigyg is used to nodify sHENEEISII6ders
in transceivers for said nobile station and other- nobile stations operating
on the first and second channel s. 4. An intra-cell handover nethod
according to claim1, wherein the 20 measured spatial information is used
to nodify spatial filters in transceivers of nobile stations using the

first channel. 5. An intra-cell handover nethod according to claim 2,
further conprising the steps of: 25° ' measuri ng power |evel. of
said nobile station; and assigning said nobile station a channel based upon
t he neasured power | evel and neasured spatial information. 6. An
intra-cell handover nethod according to claim?2, further 30 conpri si ng
the step of: This is the replacenment sheet Date : 04 SEP 1996 WO

96/ 00484 - o PCT/ SE95/ 00764
[err] 14 conputing the readve uplink El@e ce on the nobile station. 7.

An intra-cell handover nethod according to claim®6, further conprising the
step of: - ' : '

MS1
C 3 |
- MS3
os1 I inct

MS2

=

BS2




~ Conputing the relative upling mﬁé&ﬁ{ pmm(}fﬂo@t her nobile sttt/ 8?5/ 00764
.caused by said nobile statio c'ﬁln srn&fioriah handover neth aﬁﬁorﬁg’dqg
to claim2 further conprisin : corrputlng t he downl i uIT _

~ di sturbance to check existing downlinks. 9. An intra-cell handover

" method according to claim7 further 10 conpri ?i_n_g-,_t__ne,sj_ap—gi——eerrputi ng
t he downlink di sturbance to check existing downlinks An intra-el
handover nethod according to claim2, whgrein salﬂ mﬂﬂMﬁm

sel ected using aid conputed information.” 11. An mﬂﬂ“‘!ﬂ met hod
in a celluf@aim: system 15  having adaptive antenrta “arfays,

conpri sing € step of: determ ning whether an intra-cell handover is
necessary; measdri ngﬁpnm-deﬁ\lnndwermhddemsa eelludar communicasionssystenbe handed

of f; assig |le station to. a ased upon said 20
'rreasured pgmﬁg@@%}g}"e DO AFAYS ’tclqglpf’é%tﬂ?/ Bf)PFnk di sturbance on the
mobi [ e station; conpydaSiftirigépatifll iafdritatioR inside &l5éckot! with af aBfdnfi By, 10D | es
fromsaid nobile station; computing the dow ink distubce to check eX| sting

downl i nks; 25 determinings whetbex mgmws@elldmdnur is) desirpblenfon acmnblln ed

I nfor rrat ' OQfatlon based upon said measured spatial information; and

handing over said mobile station from a ﬁrst channel to a second
channel when desirable.

10 2. An intré—cell handover method according to claim 1, wherein the
measured spatial information is used to predict an interference situation that would
-result from various channel allocation decisions among channels allocated to the

sector.

15 3. An intra-cell handover method according to claim 1, wherein the
measured spatial information is used to modify spatial filters in transceivers for said

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

4, An intra-ceil handover method according to claim 1, wherein the
20 measured spatial information is used to modify spatial filters in transceivers of mobile
stations using the first Channel, '

5. An intra-cell handover method according to claim 2, further comprising
~ the steps of: | ' | '
25 ' 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 clalm 2, further

- 30 compnsmg the step of:
' This is the rophoomont oheot

Dete: 04 SEP 995' |
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{54) Title: INTRA-CELL HANDOVER WITH ANTENNA ARRAYS

(57) Abstract

An intra-cell handover method in a cellular communication system which utilizes spatial information from an antenna array is

a second channel when desirable.

disclosed. The spatial information is measured with the antenna amray. A determination is then made on whether an intra-cell handover is
desirable for a mobile station based upon said measured spatial information. The mobile station is then handed over from a firstchannel to




