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INTRA-CELL HANDOVER WITH ANTENNA ARRAYS

Theprewntmvenuonrelatestoanmua-eellhandovermethodforusema
eellulareommumeauon systemandmoreparhcularlyﬁoanmtm—eellhandover

method which utilizes spatial information from an antenna array.

Current digital cellular systems employ base statlons which distinguish

_betweendxfferentmobﬂestauonsbymgumeandfrequencyoﬂhogonamy

S:ggalsfromamo_l_aﬂestaﬁonpropagagetothebasestahon The signals are

received in a single antenna or sometimes two anwnnastogain diversity effects.

Themewerproeessesthemgnalumgﬂ\eumeandfrequencyorthogonahtyto

| separatesxgnalsfromdlfferentusers Handover between charinels within a base

station, intra-cell handover, is based on quality measurements from the mobile
station and the base station. Inu'a-eellhandoverxsused for example, to avoid

‘channels with strong interferers. Channel allocation, i.e., the selection of the

new channel, xsmmosteasesdoneaeeordmgmafrequencyphn Adaptive
channelalloeahon, 1e assxgmngamobﬂestauonmaehannelbasedupon
measured quality mformauon, has been proposed for evolved TDMA systems and
is used in the digital cordless DECT system.

Spaualﬁltemareknownmtheartandareusedmcreatespaﬁal
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 radio frequeacy, a set of phase shifters of
analog signals or by signal processing in the baseband. “The term spatial
information is used to denote information about how a spatial filter can process
sxgnals Spaual information can, for example, consist of the spatial filters that in
some sense, are optimal to process signals from mobile stations. The spatial '
information can also eonsxst of the duecnon-of-amval of the power from the
mobile stations.
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It is desirable to improve the spectral efficiency of such systems. One
waytoxmpmvethespec&alefﬁmcyofthesystammwusemysofanwnnas
e.g., touseanumberofspauallyseparatedanwnnaelements It is then possible
todunngmshbetwemspauauysepamedumbyumgnamwadapnveantmna

“lobes. Thxscanbev:ewedasawaytouuhuonhogomhtymspamldmmon

Cuxrentdngltalcellmarsystemsemploybasestanonswhtchuseanwnnas

_ thhwxdeantennalobsofappmnmawly lZOorBﬁOdegmu ~ The base station
'recelves/u'ansmnssxgnalsforallmobﬂestanons wnhmthelobe It is hence not

necssarytolmowtheposmonofthemobxlestahon Itls,ontheothuhand not
possxblewsuppressmobﬂesm:mltungfromotherangles Thaelshenceno
spaualmformauontoukemtoaocountandhandoverhasmbemdewnhout
spaualmformauon ' ' .
Asyswmusmganadapnveanwnnaarmymuseamrwwanwnnalobe
tomexvel&ansmuthedesxredngnalsandtomppmtheundemedugnﬂs This
addsanewdnmensmnmthehmdovermmspamlmformanonanbe
usedtoﬁtmobﬂesmtoanappropmtechannel ' '
ltxsnecessarymtakethespaualdmxrbaneemnummtommtwhen
alloeatmgchannelsmordertomcrusespem:lefﬁclencyandtomxdan
excesswenumberofhandovu's Amobﬂesbould'ﬁt'acbannelmmesense'
thatn:snottoodxsmrbedbymobllsaltudypmtatthechannelmownor
co-channel cells. Atthesamenme,ltumpomntwchoseachamelwhmthe
new mobile statlon will not disturb the mobile station a.lready using the channel.
Itxsalsolmportantthatthemscewercharacwusucsformobﬂumtheuown
cellshouldsomenmesbemodlﬁedasanewmobﬂexsallowedtothechannel
The new mobﬂe stauon could otherwise ha\nly disturb the other mobile station
and cause lost ealls or low qualxty There is hence new mformauon that must be
takenmtoaoeountmorderwperformaoorrecthandover "
lnaddmon,thepowerlevelsmthesystemmustalsobeadjustedsomat
the base station power levels (mcelveltransmxt) are appronmately equal for all
mobxlestahons Atoolargepowerdlfferencewxll mprachce.datroythe
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spaualorﬂlogonahtyandcmteproblemsvuysmﬂarwﬂ)e *near-far" problem
whxchoccursmCDMAsystems
Insystemsumngmadaphveanwnnaamy,bothuansmsmonand

- recephon:sadaphveforthemybasestahonwhchxmphsﬂmtheaddmonof

anewmobnestauoncanmodlfybothnnsmtandmaveanwnnapawnsfor

‘surrounding base stations. Another difference is the fact that multiple users on a

channelmabasestanonumganadapuveamymnotaummaueallyonhogonal.'

| Thespaualorthogonahtyxssomethmgthatmustbeauwdmthadapuvespaual

ﬁltenngandthhpmpuchmnelallomnon

The present invention discloses an mtn-cell handover method wluch
extendshlownhandoveralgonthmsbynﬁlmngspauzlmfmuonﬁoman .
antenna array. lnaddmon,thepruentmvenuonpmwdesawentrahzed
adaptive channel allocation solution where each base station allocates mobile
stations to suitable channels by taking the mwrfmee smnnon into account.
Fnrthermore,thepmentmvenumduclwamethodfmmodxfymgtheamy
tmnscewa,x.e.,amethodforhnhngamobxlemontomalmdyused
channel,whenanewmobﬂemonummduced.

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 inveative solution is decentralized for each base station.
Fmﬂy,aﬂmmvmumgachannelaremodsﬁeddxmﬂysoaswnkethc

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

According to one embodiment of the present invention, a decision on
whetberanm&a-cellhmdovershou_ldbemadenbasedonoonmuoml
information and/or a prediction of increased spatial disturbance. If it is
determined that the power level deviates 100 much from a nominal value, an
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mua-cellhandovensperformed wheremthemobllestanonlshandedofftoa

channelwherextdoesnotdlsuubothereonnecnonsmomuch ‘However, for all
channelswherethequahtyxsaboveapredemmmedlevel arelauveuphnk |

-dxsmbanceonthenewmobﬂestanon:scompmedfmmmemnements Then, a

relauveuphnkd:sunhanceonthemobﬂemmthatmalmdypmtonthe
channelfmmthenewmobﬂestauonarecomptmduangmeamrements The
downlmkdxsmbancefrommobxlemstedhandoffmeasmememsuthm

:ealclﬂatedwchecktheensungdownhnks Thebestchannelnsﬂ)enaelected

taking conventional intra-cell handover information mto aeeount together with the
information calculated above. Fmally,allmaeewersusmgtheselectedchannel
and the old channel are modified according to the new disturbance situation.

'I'hepresentmvenuonwﬂlnowbedescribedmmoredeuﬂmthreferenee
toprefexredembod:mentsofthemvennon,glvenonlybywayofexamplemd |
mustranedmtheaceompanymgdmmgs,mwhwh o

anmelillusmwsaeaunoushandoverdeanonaeeordmgmone

‘embodiment of the present inveation;

Fxgmzmummmdmouummdlngtomeembodmemofthe

'praent invention; and

FxgureSillusnawSchannelhnhngaeeordmgwoneembodmemofthe
presentmvenhon.

The present mventlon dlscloses an mtra-cell handover method which can
bedmdedmtothreemmnsteps ICHO-decmon channelalloeatlon,andchaxmel
linking. Briefly, the ICHO-decmon step determines whether an intra-cell
handover is necessary. Whenahandoveruneeessary theehannelalloeeuonstep_
detexmmesanappropnauechannelfoz'themobnemuon After the mobile has
beenhandedoffwthenewchannel thetranseewenofﬂlemobﬂes!auonswhxch
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are presently using the channel are modified in the channel linking step 5o as to

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

combmed wnth for example, a conventional fixed frequency plan, a slow
adapuvechannelalloanonornndomfrequencyhoppmg Each of the individual

| s&psmﬂhedmn’bedmmoredetaﬂbelow

'rhepmentmvenuonducnbeuevmlwayswenhanceupamy 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
" where the antenna array is used to orthogonalize the users. The interference will
"'mmongmmbom&omeo-chmelmobnemmmmecenmdﬁomomer
“cells. ThepresentmvenuonalsocovaCHOmumwhuecombmanmof

the techniques are used. :
| The ICHO-decision can, for example, be made with known techniques

| baseduponsealarquahtymas\nemmtsﬁomthemobﬂemuonandthebase

station. One example of a known technique is described in ETSI/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.e.,
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 be'tweeli't_o mobile stations is too small. As a result, an ICHO-
decision can be made to move either of the mobile stations MS1 and MS2to
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 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
ordmarycmiawmmedownnnkmaybemsmiwinamm
lobe, hence the notation narrowlobe channel. ’IheICHOdecmonmaythus
reduce the interference level in the system. AnlCHOdeastonmaythusmply
thatthemobﬂemhonuhnkedmachmndwgetberthhothumobﬂemnons
Thepowerofthemobﬂestauonspmenﬂyopmhngonthechannel ie., old
mobile stations, must not drown the signal from the new mobile stations and it is
necessary for the mobile station to regulate its uplink power towards a pominal

value. The base station downlink power is analogously set 10 & nominal value.

* 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

.fromanom:mlvalue,themobﬂestauonnslabeledas'MSmthememepower
level” andkeptonamdelobechmnelforthenmebung Thechannelallocauon

- shonldalsotakethembdltyofthespaual_mfo:mnonmtoawount_. A mobile

20

station having time variations in the measured spatial information can be kept in a

| ﬁddobechannelorgmnyuuwdwithuuﬁqninmwmdnée_inwrfmce.
levels. |

'l‘heuphnkcthhcscanbemeamedbythebasestauon Foreach

| channelthedxsmrbancepowerﬂ:atwmaffectﬂlebasemmmverf«the

newmobﬂestanonauwdbytheensungdxsmbancuonthechannelmbe
measured. Thlsdxsmrbancepowe:nthencompa_redwthepowaandpathloss |
of the new mobile station to form a signal-interference ratio. This quantity is :
denoted g wherejisthenumberofméchannel The mobile stations connected
to other base stations act as uplink disturbances and will thus effect a;. ©
For each channel, thedxsturbancepowerthathllaffectthebasesmnon
recelversformeoldmobﬂestauonsmsedbymedxsturbanceﬁomthenew
mobile station is measured. This disturbance power is compared to the power
and path loss of the old mobﬂestanonstoforma,s;gn_al-mwrfermcemnofor
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eachold mobxlestanon Thxsquanutylsdenotedp,., where;xsthenumberof
thechannelandixsthenumberofthemobﬂe B :

| 'I'hedownlmkchamcmsucsarenotmmbleatthehasestauon The
algonthmshonﬂdhenceusemmmentsfromthemobﬂestanon,mchas

: MobﬂeAss:sﬁedHandwermusmements. The disturbance situation is, however,

remprocalmthe'sensethatachannelwhaeuphnkmsmsmonsdomtmmfm

_mabaseétauonisa'channelwheredownﬁnkuansmissionﬁomthatbasemﬁon |

toonemobxlestanonwxllnotdxshnrbtheothermobﬂesngmﬁmﬂy 1In other |

‘words, abasestanonwﬂlseethemobﬂemuonulsdlsuubmgasad;snuber

Thmfactxsuhhzedmthechannelaﬂoahonandhnhngtoopumzepuformance
and quality.
nemwﬂuwmumseeotherhasemonsthatﬂwﬁrstbasem
cannot take into account. mngnﬂsﬁommmbasemumswm.mme'
other hand, usually be weaker than the signal from the first base station. This

*implies that the parameters a; and §;; can be used t0 pick a suitable channel.

Theyshbtﬂdalsobeoombinedﬁthoonvenﬁomlchannelanoaﬁoninformaﬁon

suchasmobﬂestauonmmfmmeasurements Theparametersa andﬂ,.,

be computed below.
Fxgure2nllusu'atesaneumpleofchannelallouuonmdmgtoone

'embodxmentofthepmentmvenuon In Figure 2, aoellborderSOsepamtutwo .

cells 52 and 54. Each cell has a base station BS1 and BS2, respecnvely,wh:ch
have antenna arrays. Inthxsmmplc,aﬁrstmobﬂestauonMSlxssemcedby
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 anteana array can make the mobile 3
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
BS2 will view the second mobile station MS2 as a disturbance in channel C1, and
will thus allocate the third mobile station MS3 a different channel, such as C2.
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In this example, a fourth mobile station MS4 will act as an uplink
disturbance for the first mobile station MS1 in the uplink to the first base station
BSI. wmmefmmhmobnemmpufmmdowmkmmu,me
mobile will determine that channel C1 is disturbed by the first base station BS1.

. Thefmmhmobﬂestahonrepoﬂsthemmrementstoﬂnesecondbasestauon

BSth:chwillasmgnﬂwfomthmobﬂestauonmachannelothathanCl
However,xfthefwﬂhmobﬂemuonM&unotcapableofmahngmfﬁaent
MAHOmeastmments,thesecondhmstanonananowethefmthmobne
station to a channel-based only on uplink measurements. Asaremlt,themobﬂe
muonMS400uldbeasmgnedtochannelCl. 'l'heﬁntbasestahonBSlwmﬂd

'thendetectanewdnsmrberfortheﬁrstmobﬂemuononchannelCl Asa _
. tesult,theﬁrstmobﬂemuonMSlshouldthenbe tullocatedmanothuchannel

bytheﬂrstbasestanonBSllfthemwrfmcausedbythefounhmobne

_stauonlsmolngh

. Thepruentmvenhonanalsouaeastoppmgmtemwhnchmdxawnfa
chamelmheavﬂyloaded-mamobﬂnmshmﬂdnotbeaddedlfmyofthe

umonthechannélishodosehaquaﬁtyﬁmitindiuﬁngapb&sibhhmdoﬁ

Channelhnhng thehnhngofthenewmobﬂestauontothechannelan
be performed as follows. It:snecessarywmodnfythemswmfortheold

'mobnsmgmmm.mdmemmmfmmemmnem,

that:sgmngtobemtrodueedonthesdecwdclnnnel The spatial filters used in
therecaversanduansmmetsmtheamybasemonmcompuwdmtha
steenngvectorconmnmgmformauonabwtthedesxredmgnalandusmg

_ mformanonaboutmedlsmrbanceamauononthechannel As a new mobile

station enters the channel, thedmwrbanoesmxanonlschangedandallofthe
spatial filters must be recalculated to take the new information into account. The
transoeivers for the mobile stations on the old channel should also be modified as
a disturber is removed. . : |

| Fxgure3xllustra@anexampleofchannelhnhngaccordmgtoone |
embodxment of the present inveation. 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 so that they are spatially orthogonal. ‘In other words, the spatial filter -
for mobile station MS1 should null cut the mobile station MS2 and vice versa.
The present invention performs this nulling in one instantaneous step without
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
classxﬁedmmpowerclaswsandusedspamlsecmrs For example, mobﬂe

stahonsmthappmxm&elyequalpowerlevelsandweﬂsepamedspahalﬁlm'

: eould share the same channel.

Acoordmgtoanothetembodmentoftheprwtmmnon asunple
algonthmusmgﬁxedﬁlmanbensedforchannelalloamn. Intlusexample,

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

stored. For example, filters a(6,), a(B,), ...a(8,) 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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 link the mobile station to the channel. Thespahal transceiver for the new mobile

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

. modifythetranscdvmdftheold mobile station on the channel.

According to one embodiment of the present invention, an advanced
algorithm for channel allocation can be used. The mobile to be reallocated can
bechmctenudbyaspaualﬁlwrmamxw aeovanancemmkanda
powerP TheJaceessiblechannelsmchamcmeythexrspamlﬁlm _
matrices, W;;,, i =1, . M,wherell,xs_thenumberofmobﬂuonchannel;,by
theircovariancemaﬁ'iees,k, and by the power of the mobiles Py, |

'I'heexpecwdpowerofthedlsmrbanceonthenewmobﬂemuonrelauve
1tsusefulpower1s ' :
def 'traéie'[W”'R'jw']--

Cj F

Theexpecteddxsmrbancepowerontheoldmobﬂenumbaiumngchanneljfmm

the new mobile is

der trace(W; yRV; ;]
G ey

One choice is then to pick the ctmnnel.l, where

=argnin{aj+ Bi,J§
B | .12-1

Anothersoluuonlstomamrememanmumdnsnubancethatwﬂlaffect
any of the old mobiles and let
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= qrgl;in{ aj + naxpj_j)
Conventional scalar mformauon should also be used For example a hemly dm-
mrbedcha:melshmldnotbeﬁmherloadedaocordmgtotheprevmusly
mentioned stopping criteria. _
According to one embodiment of the present invention, an advanced
algorithm for channel linking can be used. This example shows how the spatial

~ filters for the mobﬂépr&mﬂyuﬁngch;nnell,andforthdncw mobile can be

modified. The spatial filter matrices for the M mobiles using the channel are
denoted W, ..., Wy, and the new mobile is denoted Wj,,. First, the average
cross-correlation for the existing mobiles is computed wherein for notational
sxmphcxtymecorrelauonmatnxofchannell is denoted R .

éxd(i, =R°14Wi i=1,0..,u

Tbeaveragecross-comlanonforthenewmobﬂe thhtheassocxawdcomlauon

matrix denoted R, is

Rya(M + 1) = Ry,

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

Rpew = Rozg + R
It is then possible to compute new spatial filters as

Wy =Rl R 1) 1=1,..., 841

- 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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While a particular embodiment of the preseat invention has 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 any and all modifications that fall within the
"5 spirit and scope of the underlying inveation disclosed and claimed herein.
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oHEET HAS BEEN

THIS SHEET CED

1. An intra-cell handover method in a cellular communication system
having adaptive antenna arrays, comprising the steps of:
measuring spatial information with an antenna array;
determining whether an intra-cell handover is desirable for a
5  mobile station based upon said measured spatial information; and
| handmgoverwdmobﬂemmnfromaﬁrstchanneltoasecond
channelwhendwrable '

2. Anmua-eellhandovermethodacoordmgtoclalml wheremthe
measuredspaualmfomanonxsusedtoprednctanmwrfmmmauonthat
10  would resuit from_vanouschannelallomnondecmons

3. Aninua-ceuhandovermethodaccordingwclaiml,ivhereinthe
measured spatial information is used to modify transceivers for said mobile
station and other mobile stations operating on the first and second channels.

4. Anintra-cell handover method according to claim 1, wherein the
15 measuredspahalmformauonxsusedtomodnfymmmofmobﬂestanons
using the first channel. '

5. An intra-cell handover method according to clmm 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. Anmua-cellhandovermethodaceordmgtoclmmZ further
oompnsmg the step of:

=: This Sheet Has Been Rep

RN
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computing the relative uplink interference on the mobile station.

7. An intra-cell handover method according to claim 6, further
comprising the step of: N
oompunngthemlanveuphnkmterfmceonothermobﬂemuons
5 caused by said mobile station.

8. Anintra-cell handover method according to clsim 2 further
comprising the step of:
eompunngﬂledownhnkdssmrbancemcheckexlsnngdownhnks

-9 Aninna-eell_handover_methodaoemdingtodaim?flmher
10 comprising the step of:
' compunngthedownhnkdmmﬂ:ancetocheckexxsungdownhnks

10. Anmua-cellhandovermethodawordmgwclalm2 wherein said
_secondchannehsselectedusmgmdeomputedmformauon '

S 11.  Anintra-cell handover method in a cellular communication system
15  having adapnve antenna arrays, comprising the steps of: |
| determnmgwhetheranmua-eellhandwensnmry
mmunngpowerlevelofmobﬂestahonwhchnwdstobehanded
off;
assigningsaidmobﬂestaﬁontoachannelbaseduponsaid
120  measured power level;
comptmngtherelauveuphnkdtstmbanceonthemobﬂe station;
computing the relative uplmk disturbance on other mobiles from
said mobile station; -
compunngthedownlmkdxsmxbancetocheckemungdownlmh
25 _ selecting best channe! 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 disnirbance is computed using measurements from said mobile station.

13. Anmu'a-cellhandovermethodaceordmgtoclaxmllwhmn
_scalarquahtymmurementsmusedwhmdetenmmngwhethertbehandwens

necessary.

14, Anmu'a-ce]lhandovﬂmethodawordmgtoclmmll wherein a
handover is performed when two mobile stations using the same channel move
. too close to each other.

15, Anm&a—cellhandavermethodaccordmgmclmmll wherein said
uphnkdlsmrbancelsmeesuredatabasestauon _



