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A I\/ETHOD FOR DENSI FYI NG A TRANSM TTER AND RECEI VER

NETWORK FOR M:&b:ﬁn L EPHONY The present invention relates to a
met hod fof densi ng a5 transmtter and receiver network FEHSEMBMLE

t el ephony. Al t hough the present invention can be applied to

di fferent types of mobile tel ephone systems, it will be described in
the following with respect to a GSM nobil eltel ephone system 10 The

capacity of a nobile tel ephone systemis restricted lgax i nterferences
bet ween different ArMEERAD t(RQR DINSIFYING.A TRANSMETTER AND REGEEVWER tter .and

receiver unit includes an ant REPWORK FOR MOHBIIE YEBIEPHONYand recei vi ng
signals to and froma nobile 15 t el ephone. Comruni cation is effect ed on
di fferent predeter- m ned frequencies, i.e. channels.

di fferent type%hef prasentemm!etmmrebattﬁ(m isntethod fém:oiﬂnsmém a

pl anni ng @ antgufanPetdP dna F}?éééﬁ‘ézaﬂe‘twbﬁkzeor MUBL Lé PEe1 Spndriynment s.

| nt erference between two channel s on one and the sane frequency is one
type of interference. In the case of the GSM system this type of
i nterference npathough théaprésentainvention aen rhstayel i=d cdigalififferenthe

fulfilled speddhedy BF HObALE ERIEPGRY Shetinsl T 1B, Oq Sdckined pii 25

oor here 1's

bei ng | ost, gekéﬂwwg with respegt B?rPerG%aeb&fleu F?E?P’é?%c%'ﬁtsm-
caused byld he carr| er

The capacity of a mobile telephone system is restricted by
interferences between different transmitter and receiver
units. Each transmitter and receiver unit includes an antenna
for transmitting and receiving signals to and from a mobile

is telephone. Communication is effected on different predeter-
mined frequencies, i.e. channels.

Pwo different types of interference must be taken into
account when planning an antenna network, particularly in
20 municipal environments. Interference between two channels on
one and the same fregquency is one type of interference. In
the case of the GSM system, this type of interference means
that the carrier signal must be stronger than the interfer-
ence signal by more than 9 dB. When this criterion is not

25 fulfilled, speech gquality is poor and there is a risk of the
call being lost, i.e. broken-off.

The other type of interference is caused by the carrier
signal being disturbed by a closely adjacent channel. The
30 different permitted channels are numbered in the GSM system.
For instance, channel 72 may be disturbed by either channel
71 or 73. In the case of this type of interference, the
carrier signal must not be weaker than a closely adjacent
channel by more than 9 dB in the GSM system.
35 .
When planning a network of antennas operating on different
channels, it is necessary to take the aforesaid interferences



signal .being disturbed by a closely adjacent channel. The 30 di fferent
pernitted channels are nunbered in the GSM system For instance,
channel 72 may be di sturbed by either channel 71 or 73. In the case
of this type WOYAFTBFference, the carrier signal nust eisessieaker
than a cl osel'y adj acent channel by nore than 9 dB in the GSM system
35 When pl anning a network of antennas operating on different
channel.s, it is necessary to take the afopesaid interferences
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degrees. Each antenna is supplied with one or more channels
and forms a so~called geographic cell. The antennas belonging
to a base station are supplied with different frequencies.
The base stations are positioned in accordance with a
15  pattern, in which the cells form an hexagonal configuration.
' Which channels are transmitted in which antennas is deter-
mined by the frequency pattern chosen.

A typical frequency pattern is a 4/12-pattern. In this case,
20 all available freq\iencies are used once on four base stations
including twelve cells. Positioning of the base stations and
the cell frequencies' are repeated in a repetitive pattern
with the cells forming said hexagonal configuration, so that
each cell that has one particular fregquency will be spaced
25 as far as possible from an adjacent cell that has the same
frequency. In other words, this requires at least twelve
channels are needed to obtain a 4/12~pattern with one channel
per cell. Each cell can be supplied with two channels,
provided that twenty-four channels are available.
30
When capacity is deficient, a denser frequency pattern can
be chosen. One such frequency pattern is a 3/9-pattern,
meaning that all available frequencies have been used once
on three base stations which include nine cells. Thus, in
35 order to increase capacity in comparison with a 4/12~pattern
with twenty-four channels, twenty-seven channels are used
with each cell being equipped with three channels. There is



A typical frequency pattern is a 4/12-pattern. In this case, 20 al |
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‘access to thirty-six channels would mean that three channels
15 can be used with each cell.

Provided that twenty-four channels are used in a 4/12-
pattern, capaciﬁy can be increased by switching to a 3/9-
pattern without needing to build new base stations. A 3/9-

20 pattern, which requires twenty-seven channels, cannot be used
to the full when only twenty-four channels are available.
However, this means that the frequencies are repeated more
frequently, which leads to quality impairment.

25 Another method employed in this regard involves the use of
microcells. Microcells are small base stations of limited
range, placed on the walls of buildings for instance, about
5-10 metres above street level. A large number of microcells
is able to relieve a superordinate network, i.e. the standard

30 base stations. One drawback with microcells is that they
cover only a small area, which results in a variation in
signal strength on the part of a user who moves quickly
between the cells, since large variations in signal strength
occur when turning round street corners. Another drawback

35 resides in the cost of each microcell. The indoor coverage
afforded by a microcell is also poor.




a nunber of different measures can be taken. The first step in this

regard is to add a channel, provided that further channel s are
avadilable. In the case of a 4/12-pattern, the . access to thirty-six
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Provi ded that twenty-four channels are used in a 4/12- pattern,
capacity can be increased by switching to a 3/9- pattern w t hout
needing to build new base stations. A 3/94 20 pattern, which requires
twenty-seven channel s, cannot be used to the full when only

twenty-four chhenptesent iaventibh&olves theipyobden ofiimankesly fhetease
frequenci es a&ggrwsasa%ameoﬁ the naeeaﬂe%tmnm'&& fégﬁaeagfggﬁkb y
(0] e use

i mpai r ment . Anot her_ [ret this re I“nv
of mi cr 8¥8RF sWikR R otbrited, FPEI Pf b%‘é%l%i%lﬁ ’B‘Ielﬁ “m t ed

range, placed on the walls of buildings for instance, about - 5 10

metres atgove %"e‘ragfeé&y@llnvénltgﬁﬂ%mgia‘e&sr@ LOmgthSa %r deh§i

relieve a supero nat e networ he stan ard ase sta g One -

drawback wi t hanFERRERiFLer andreceiysy network £ax mBH Je aF%lrﬁBh‘er'eﬁa &hi ch
results in a wetwdkkomeing comprisgdalofsibasegidtayidnze yitidh oéach UR&VeWnO

nmoves qui ckl ythree &5%1‘9,@%8&9 G8beSeicHd Chr aﬁuﬂ%u)ﬁ‘ﬂr kh)%t@%d' IL(}!S %aok 35

strength en turnln roun Stree corner st
resides in th@esa'sss@f%mninnacpaea statiipn bedosging, ke &he three geldgded

by a m apcel |ope‘i'a&|e§Ooﬂ0ﬁlutually differei® Thahhéls, i.e. frequenc:.es,
PCT/ SE96/ 0011

i nvention sol &5‘5 e ﬁ'g tl)?%?ﬁ:o °%k dlé'fgf %C?%%es_stal}tloqsn&atv&emgg gh’y of
t he network wctirfﬁsrenaegrpwew@%mathe cells, so that each of said

cells the four base stations operates at different frequen-
cies, wherein base stations are so placed in relation to each
15 other that the cells form an hexagonal pattern with base
stations of different frequency-sets being placed in a
repetitive pattern, i.e. a so-called 4/12-frequency pattern,
wherein base stations are placed generally equidistantly from
one another aleong two or more generally parallel and straight
20 1ines, wherein each alternate base station in a first line
has a given first freguency-set and each other base station
has a given second frequency-set, wherein each alternate base
station has a given third frequency-set along a second line
and each other base station has a given fourth freguency-set
25 along said second line, wherein by virtue of the hexagonal
pattern the base stations along one line are displaced in
relation to the base stations on an adjacent 1line by a
distance corresponding generally to half the distance between
two base stations lying along one and the same line, and
30 wherein the method is characterized in that a first densifi-
cation is achieved by causing a centre base station that has
a first frequency-set and is located in a generally rhomboi-
dal pattern whose corners consist in the four base stations
that are located nearest the centre base station and have
35 mutually the same freguency-set, i.e. a second fregquency-set,
to change its frequency-set to the same frequency-set as said
base stations located in the corners of said rhomboidal

'mmsm-:r (RULE 81)




area, wth a limted nunber of avail abl e channels. 5 The present
ianhtion thus relates to a method for densifying a transmtter and
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di stance bet ween two base stations |lying al ong one and the sane |ine,
and 30 wher @&iguriec Intdtllagtiratehaaace2li strduchureéaaceording tenai 4712~
cation is achi ¥ causing a centre base station that has a first
frequency-set and is located in a generally rhonboi - dal pattern
whose corners consist in the four base stations that are | ocated

near est ti% cerfignrieage illastrates dparty of3the culiluatimctiresineFigure 1
frequency-set, jn OlafeitCoRdhd [ CHHCRRYCAC bensisicatPofi1380%dtetted 1n a
frequency-set to the Same .reqhenqg-set as sal . hase statlons ﬁopated
in the corners s s§agroinonegprdance with the invention; and

Figure 3 illustrates part of the cell structure in Figure 1
20 in larger scale, in which densification is effected in a
first and a second stage in accordance with the invention.

Figure 1 illustrates a conventional 4/12-pattern of the
aforesaid kind. The reference numeral 1 identifies a base

25 station, each of which is surrounded by three hexagonal cells
2, 3, 4. The cells thus form the aforesaid,héxagonal pattern.
The numerals 1 to 12 shown in the centres of the different
cells refer to the channel group, or frequency—-set, transmit-
ted in respective cells. Each channel group may consist of

30 one frequency or of two or more frequencies, depending on the
number of frequencies available to the net operator.

The present invention relates to such a network for mobile
telephony. The network is thus comprised of a large number
35 of base stations 1, each having three cells 2, 3, 4, the
directions of which are mutually spaced by 120 degrees,
wherein belonging to a base station the three cells operate
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5 . pattern; by arranging further base stations inwardly of the
confines of said rhomboidal pattern; and selecting the frequency-sets
of respecti veWP@RNa¥ base stations so that the frequengyrREosmors
frequencies of their cells will deviate fromb5 t he frequency or
frequencies of the cells of the nearest base stations. The
invention will now be described in nore dgtail wth reference to

exenpl i fying enbodi ments thereof and also with 10 reference to the
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ref erence nu dentifi b lon, ch of S
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s

may con?st oﬁr%‘ﬂ"en%é”ﬁmncy or of two or nore frequenC| es, dependi ng

on the

The base stations are placed generally equidistantly from one
another along two or more generally parallel and straight
lines. Such lines are referenced 5 and 6 in Figure 1. Each

15 alternate base station along the first line 5 has a given
first frequency-set and each other base station along said
line has a given second frequency-set. Each alternate base
station along the second line 6 has a given third fregquency-
set and each other base station has a given fourth fregquency-

20 set. As a result of the hexagonal pattern, the base stations
that lie on a first line 5 are displaced in the longitudinal
direction of the line in relation to the base stations on an
adjacent second line 6 by a distance which corresponds
essentially to half the distance between two base stations

25 that lie on one and the same line.

It has been said in the aforegoing that the base stations are
spaced generally egquidistant from one another along two or
more essentially parallel and straight lines. It has also
30 been said that the mutual displacement of base stations along
adjacent lines corresponds essentially to half the distance
between two base stations that are located on one and the
same line. Figure 1 illustrates an ideal 4/12-pattern. In
practice, a base station consists of a mast which carries
35 antennas. It will be understood that it can be difficult, or
quite impossible, particularly in densely built-up areas, to




nunberiof frequencies available to the net operator. The present

invention relates to such a network for nobile t el ephony. The network
is thus conprised of a |arge number 35 of base stations 1, each having
three cell.s 2, WO9M27HHe directions of which are nutual | BCBSE6Rei1DY
120 degrees, wherein belonging to a base station the three ceIIs
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R to change its frequency-set G to the same fregquency-set R
as that of the base stations 11-14 at the corners of said
15 . rhomboidal pattern.

The four different freguency sets of the base stations are
referenced G, R, B and S in Figure 1. In addition to base
stations having the fregquency-set R and located in the
20 corners of the rhomboidal pattern, base stations 23-26 are
also found on respective pairs of opposite sides of the
rhomboid. These have the frequency-sets S and B respectively.

Naturally, each rhomboid in the 4/12~-pattern formed by base

25 stations that have mutually the same frequency-set can be
chosen to densify the network within the rhomboiad.

According to the invention, further base stations 15-22 are
arranged within the rhomboid 7: see Figure 2. Figure 2 shows
30 the rhomboid of Figure 1 in larger scale. The frequency-sets
G, R, B and S of respective further base stations 15-22 are
selected so that the frequency or frequencies of their
different cells will differ from the freguency or frequencies
. of the cells of the base stations nearest thereto.
35
It has surprisingly been found that a 4/12-network can be
~densified in this way without incurring the interference



direction of the line in relation to the base stations on an adj acent
second line 6 by a distance which corresponds essentially to half the
di st'ance between two base stations 25 that lie on one and the sane |ine.
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frequency- set cover Rat qyadtaraphiid safeaqwhich- sSiké SmhQléebe tdmre the area
frequency-set Biyered by each original cell, within which area the base
station concerned will be the strongest base station and
dominate over the cells of surrounding lying base stations.
15
Thus, as a result of this densification, a larger number of
base stations, and therewith cells, will be available for
communication within the densified area.

20 The mutual positions of the further base stations and their
positions in relation to the original base stations is not
absolutely critical, and can be varied. The number of further
base stations can also be varied.

25 According to another preferred embodiment of the invention,

however, the further base stations 15-22 are eight in number.

The further base stations 15-22 are arranged within the

rhomboid 7 in a rhomboidal pattern vhich is concentrical with

the rhomboid 7 and which has a side length which is essen-

30 tially half of the side length of the larger rhomboid. Thus,

~ in Figure 2, the base stations 15, 17, 19 and 21 form the
concentrical smaller rhomboid.

According to this embodiment, the fregquency-set of respective
as further base stations 15«22 in the concentrical rhomboidal
pattern is the same as the frequency-sets in a rhomboid
formed by the coriginal base stations, this rhomboid being
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frequency- orientated so that the add:.tional base stations 15, 17, 19
10 and 21 in the corners of the smaller rhomboid have the first

frequency-set, i.e. the frequency-set G that the base station
10 had originally.

A typical distance between the original base stations is

15 about 1,000 metres. As a result of the aforedescribed
densification, the distance between the base stations in the
densified area will be about 500 metres.

Figure 3 illustrates a highly preferred embodiment of the
20 invention in which the network is further condensed or
densified. Figure 3 illustrates the region concerned in
Figure 2. This further densification around the first-
mentioned centre base station 10 is achieved by causing the
_ 'base station to revert back to its original first frequency-
25 set G. In addition, a further eight base stations 28-35 are
arranged inwardly of the aforesaid smaller rhomboid, i.e. the
rhomboid defined by the base stations 15, 17, 19 and 21. This
further densification of the network is achieved in accor-
dance with the same principles as those applied with the

30 first densification.

The further densification is thus achieved in a rhomboidal
pattern which is concentrical with the smaller rhomboid and
which thus becomes the smallest rhomboid. The smallest

35 concentrical rhomboid has a side length which is essentially
half the side length of said smaller rhomboid.



set of the base stations |ocated in respective corners of the
rhoimboid, it is possible to choose the frequency-sets for the 5 further
base stations which differ fromthe frequency-set of the centre base

station 10 amwlodtrerreor ner base stations 11-14 and whi C%&l’g‘j"ﬁ"i om
t he nearest base stations 15-26, I ncludi ng the further base ons
15-22. 10 I n speech communi cation, the cell of each base station wl]l
cover a geographic area which is snaller than the area covered by each
original cell, within which area the basd® station concerned will be

t he strongest S L QI_ ' ' e over. the cells of surtounding
| yi ng base st% ?Oggéﬁﬁéﬁgy S‘&%hag, rzf%%z?c&gé'ﬁ £39 n'tlh?r%a(idetﬁgsf?i fiﬁﬁbﬂ?sa

| ar ger nunberplced in the smaldesingongenty feakwihomboddnd pattermdsathel abl e
for  comaun&ahkoRnd t Fidpldiyflanstid | 8 A FhombAW cdh€aiting! the
positions of the .furth;r base s%atlons egd thel'lxr . pQsitiqQgns 1n
relation to t &i nN2SE.sFLEEAPPENs RIS o Thomboid, being,| digpiaceq)
and can $%e vgramailléihewdthbheromf cointciiding witibasehet afirsts mentdbaedbe

vari ed. 25 ,ﬁ&%;rdjiﬁgh,; HRALRE, ' t t [ i on,
however, the ?'brt er base ds)t ati tcl;%g alg%t% gﬁg?g‘%?‘i:tgsﬁuw ‘é:P. Lfie Hs%e
further base EXAYIHY BR®E-are arranged within the rhonboid 7 in a
rhonboi dal pattern which is concentrical with t he rhonboid 7 and

which has a g LWehad - l.al_l f .of .skkde_| ength
of the Iarge&%oﬁ%ﬂa&}%u@doade%%?n%?%g‘t}Pgeb, .spﬁé&%gsgﬂgt épls(}%%o’i%,i 17,
19 and 2@ forlpaseestationgo@Bont 39 caB2smnd ed4r Hanbthe. corners of cthei ng

to this embodimgiiest hdrbRAde hayes 8hidf sbESRECEFddquelicy~dat! RIer base
stations 15-22 in the concentrical rhonboi dal pattern is the sane as

t he frequency-sets in a rhonboid formed by the original base
.stations, thiktrhesb@urpndisipgly been found that this high degree of

densification also avoids the interference problens mentioned
15 in the introduction, despite the fact that the distance

between the additional base stations 15~21 and 28-35 in the

aforedescribed example is as short as about 250 metres.

>

According to one preferred embodiment of the invention, the
20 centre base station and the additional base stations grouped
around the centre base station have a transmission power
which is essentially the same as the transmission power of
remaining base stations. This means that interferences
between two mutually adjacent base stations that have the
25 same frequency-set will be effectively avoided because each
cell is strong within its own area. The network will also

provide highly effective indoor coverage in built-up munici-
pal areas. '

30 According to one preferred embodiment of the invention,
densification in an area outside and adjacent to the first-
mentioned rhomboid 7, extending between the original base
stations 11-14, is achieved in the same way as that described
above inwardly of a rhomboid of the same size as and border-

35 ing on the first-mentioned rhomboid. Naturally, the network
in any area whatsoever located outside the first-mentioned
rhonboid can be made denser in the aforesaid manner.
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9 di spl aced parallel with the first-nentioned rhonboid 7 and

having a centre base station which has said second frequency- set,
namely the fre¥{RW&Set R that the centre base station . REIISESMOMIA
rhonmboid is forned, for instance, by the original 5 base stations 10,
36-38; see Figure 1. Al of these base stations have originally the
frequency-set G In the case of thislenbodi nent, the snaller
rhomboid is orientated so that the additional base stations 15, 17, 19

10 and 21 i nIthdasobeens safidt he thel Aforegoimyi thatvthe heelative posi-
frequency-set, Jj B?etﬁé %%%ng‘ﬁaéf&nfuh@lt rE?ﬁrEaég Ic¥her anakPifind

originally. | St ance t ween e origlnal base stations is
15 ~ about 1, 0GTRANEG @9 the griginpl hese ﬁé’-aéﬂGF‘édE§8r pgeV¥aried and that

densi fication, thee ndinbegnog bettiven bYdue Ratishat cansalsot be variedensified
area wll be about 500 netres. Figure 3 illustrates a highly

pref erred "enbodi nent of the 20 i nvention in which the network is further
condensed or Howeyensi fthed afprgdeecuibed pretarred nembadingnts A% EerY n

Figure 2. This fﬂﬁéx‘%%htqe@.hi:bcat lﬁﬁ:s&! @mltfheatubat 'of the NFetws¥le dana

centre base station 10 is . cau se st
revert back to 3% B FETHK cf%ﬁ"ﬂ‘?lﬁ r??ytg§5net‘§%fk d:n ﬁ°&E§PPF8n"1%P
further eight Dedee sfwemQBPBGVMQ;S a highlyandenisé nnetwbykofin ehich

af oresai hgnal |5t riperancd. proslemeare avoildedTboi d defined by the base
stations 15, 17, 19 and 21. This further densification of the network

i s achieved in accor- dance with the sane principles as those applied
with the 30 fAccordimgsitbi onei preferred embodiment of the invention, one

or more of the centre base station and the further base
stations grouped therearound and also other base stations are

15 caused to transmit and receive signals on tilted antennas
where the lobe points obliquely downwards, so as to limit the
range of respective antennas.

This embodiment can be applied when disturbances would
20 otherwise occur, for instance due to two cells being too
| close together because the antennas cannot be positioned in
any other way. For instance, it may be difficult to choose
optimal positions for the base stations in a densely built-up

area.
25 _
The embodiment can also be used in those instances when one
or two of the additional base stations cannot be placed
anywhere at all, for instance due to the presence of water-~
ways in municipal built-up areas.
30 '

The densification of an existing network according to a 4/12~

pattern has been described in the aforegoing. It will be

obvious, however, that the inventive method can be applied

equally as well to densify conventional 4/12-patterns when
35 building a completely new network.



The further densification is thus achieved in a rhonboi dal pattern

whi ch is concentrical with the smaller rhonboid and whi ch t hus
becones the smal |l est rhonboid. The small est 35 concentrical rhomboid has
a side | engt hwolohs#riss essenti al | hal f the side | engt id

omal ler Thonbord. "W 67/ 27715 . 9 oiseidioin
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frequency-set of respective additional base stations pl aced in the
smal | est concentrical r honb0| daI pattern %% the sane as the

frequency-sets . .n. a.r nb nt ai |ng t he basg sta I ons,
this rhonboi d* rﬁl}gﬁ F&I P(?anfl?ﬁcrbi’ego%ﬁ%\’%l €X' he
first nentioresube to armambex @ﬁeaamphafwnggaBMImm@mrabfoniwwﬂlt he

first fr d SO
t hat the addlkﬁlona dgtsets?g?f%-%gaggaﬁ% ﬂ@%&ﬁ% ﬁEh?ﬁeQ{g%ﬁlg%s of
t he I CFAGABSE PRy SEESPELEe &t % -basepstations |qr s
surprisisgly de¥is fanddrithatreyard ‘I:mqthdagrmnﬁ1ons fotteadi by Opttacticd S0
avoi ds the i ier,__f‘n %&r obl ems nmentioned 15 - in the introduction,
despite the fac the di stance bet ween t he additional base
stations 15-21 and 28-35 in the af oredescri bed exanple is as short as

about 250 netfiRs.inventiorGSEYA bt OtNeErefvrd abé efowsiiul ¢t N ivitdd1eo
Invention, t htehe aforedescribed and illustrated embodiments thereof, since
10 variations and modifications can be made within the scope of

the following Claims.




20 centre base station

ase stations grouped

around.the centre base sta nlsS|on power which is
essentially the same as th Em uyﬂm remai ni ng base
stations. Thiwomsaymst hat |m ed betmeen two nuPGESESOBEE acent

base stations that have the 25 same frequency-set will be effectively
avoi ded because each cell is strong within its own area. The network
will also ' provi de highly effective imsdoor coverage in built-up

nuni ci - pal areas. 30 According to one preferred enbodi nent of
the invention, densification in arclI¥8 outsi de and adjacent to the
f-irst- menti oned rhonboid 7, extending between the original base
stations 11-14, is achieved in the sape weg as .t hat d%icrlb
inwardly of a khonbdi dedhodhfunBeRpiLyind 4aq RN Eter a’?%grgﬁef“%r
first-nentionedetiorbofor hobileal telephunynetsaddk networki heidng aewprised

what soeveg, | oc ak el?agéj tsg:'aQ:q.ohgewlfxiéﬁ leaBihh o8 Q‘.Ciiree celié‘ WHSE S agpBcbEon@de

denser in the 97/ 2

pCT/3596/00111are mutually spaced by 120 degrees, wkfreln a PPsﬁa§t5%%ﬁ"sa|d
|ntLhe afoae?obagohbﬁh%the tiee ailiree pedils operates s afutiiad lyadédffexentns
W regar 0_ea e r

stations can b&gﬁﬁpfgé'a%' €g&Janﬁﬁ$ %ﬂﬁgglﬁo§£fﬁaéyﬁtfd&¥ dagplrent

: further base stat]ons
~can al so be vabhé&.sSatl°nsr%ﬂﬁﬁmﬂﬂtqﬂiéyaﬁéfgﬂégﬁF|?ﬁﬁ?ﬂﬁQﬂV sAets 18 £RE
. enbodi nengs areeueey so thathadchtof Séai® eells sthelefioufi baseostatiohe

net wor k and P ¢
wih < “ine srafebieie? WRRGARE CBRMOlG, el By diheacAy Cerce
‘interference pegel @wspépgegvépdgglatzon to each other that the cells (2,

3, 4) form an hexagonal pattern with base stations of
different frequency-sets being placed in a repetitive
15 pettern, i.e. a so-called 4/12-frequency pattern, wherein
base stations are placed generally equidistantly from one
another along two or more generally parallel and straight
lines (5, 6), wherein each alternate base station in a first
line (5) has a given first fregquency-set and each other base

20 station has a given second frequency-set, wherein each
alternate base station has a given third frequency-set along
a second line and each other base station has a given fourth
frequency-set alcng said second line (6), wherein by virtue
of the hexagonal pattern the base stations along one line (5)
25 are displaced in relation to the base stations on an adjacent
line by a distance corresponding generally to half the
distance between two base stations lying along one and the
same line, characterised in that a first densification is
achieved by causing a centre base station (10) that has a
30 first frequency-set (G) and is located in a generally
rhomboidal pattern whose corners consist in the four base
stations (11-14) that are located nearest the centre base
station (10) and have mutually the same frequency-set, i.e.
a second frequency-set (R), to change its frequency-set to
35 the same frequency-set (R) as said base stations (11-14)
located in the corners of said rhomboidal pattern (7); by
arranging further base stations (15-22) inwardly of the

necmen'sﬂasr (RULE 91)




According to one preferr " t he invention, one or nore of
the centre base station Em m []"e’ﬂ!‘base stations grouped
t hefrear ound and al so ot her base S 50 are 15 caused to transmt and
recei ve signavesmeis | ted antennas where the | obe poi nt%wﬂ
downwards, so as to limt the range of respective antennas. Thi s
enbodi nent can be applied when di sturbances woul d 20 ot herwi se occur, for
i nstance due to two cells being too cl ose toget her because the
antennas cannot be positioned in any ot her way. For instance, it rray

be difficult éo%f&mgse,f saia g%bmkdﬂﬂsb&tﬁgﬁ%f 5 thsn&aé 1éé€£ﬁtgﬂé%é

densely built-up can

t hose i nst an(,fé?q”ﬁé‘ﬁyoﬁéts of rgspreghive FHE“&%PEH PPE‘Ha?%E%%“%t 615 om)
cannot be pl @Zﬁd:hat than¥vequeney of| frequensiésnez dililyo ddlspPresence of

of an oxi sti ARARETFUR G0 Trethlehy Yy Fyilentleg of il kel T5ibE €8’ O

descri bl i n naaxegtobags gatiens; || be obvi ous, hovvever, that the
i nventive nmethod can be applied equally as well to densify
conventional 4/12-patterns when 35 buil ding a conpletely new networKk.
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12 Al tZhough mekhodvaseoxdingtactlainsk; | charattarized by cising

t f
ﬁzggr Sgogdn?h@;t h”tggf:fjaég% 'Hade) %ﬁ'@iﬁﬂbmﬁbszhb‘er SPEanbin&" the fu)ﬂthgf
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regard to thedrighosisi onscéntricabywpthacsatdl rhomboid, such that said

concentrical rhomboid will have a side length which is half

of the side length of the larger rhomboid (7): placing the

further base stations (15-22) in the concentrical rhomboid

15 pattern so that said further base stations will have a

respective frequency-set which is the same as the freguency-

sets in a rhomboid of original base stations (10, 27-29),

said rhomboid being displaced parallel with the first-

mentioned rhomboid (7) and having a centre base station (12)

20 with said second frequency-set (R), wherein the further base

stations (15, 17, 19, 21) in the corners of the smaller
rhomboid have said first fregquency-set (G).

3. A method according to Claim 2, characterized in that a
25 second further densification is achieved around the first-
mentioned centre base station (10) by causing said centre
base station to switch its frequency-set back to the original
first frequéncy—set (G); in that a further eight base
stations (28-35) are arranged within the aforesaid smaller
30 rhomboid in a rhomboidal pattern which is concentrical with
said smaller rhomboid; in that the smallest concentrical
rhomboid has a side length which is half the side length of
said smaller rhomboid; in that the further base stations (28~
35) placed in the smallest concentrical rhomboid pattern have
35 a respective frequency-set which is the same as the frequen-
cy-sets in a rhomboid defined by the original base stations,

A RN L S SR AT



ci rcunst ances. not therefore be considered
limted to t he af m“ﬂi i am I | ustrated enbodi ments t hereof,
since 10 vari ations a Li catl ®ns* can be made within the scope of
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CLAI V5 1. A nethod for densifying a transmtter and receiver
network for nobile tel ephony, said network;peing conprised 5 of base
stations which each have three cells whose directions are nutually
spaced by 120 dg@geSthontiice] Beanea&ﬁégﬁdém paralheehormm thet heitdEce

encl S

| t tual | ff
ol 3, 7o St i) Homonld S cqtuesd 30 51 n oS SEERERBEonne
frequency- set srhombbédl()?) andl haying a lwentamcbasé statiom|widh kaiflofirstase

stations Eesga&ﬁéya;eél(fd)er 88k iﬁ%ﬂl%@sfuwﬁéﬂ&waﬁ%wf {1)

are so- placedln el ation,to each other that the cell eéﬂ form
an hexago®al paPrethr it4h ipaEhe Goxners qf the smaliest shomkadsd, bave satd
bei ng pl aced i segondperefuencyitset pRYern, i.e. a so-called 4/12-frequency
pattern, wherein base stations are placed generally equidistantly
from one another along two_or nore generally parallel and straight
lines (5, 6), wherdj nethed aceerding taGElaimdi.oF oF 3.f characterized nin (5)

has a given fi ehatf ramcoentset bisd cathtdbher1byseand that aﬁuﬁhéiasbé’se
given seqond fledygRgy- ?fé-uzzwb%f-%’é} SQ%Gped tn%§+£§é&?é eac% é%ﬁﬁé& 5 has

a given third Frequency Set econ I'he an ase
station has a @ipgnppug:tvhich J.s essentxally the same as the transmission

power of remaining base stations.

5. A method according to Claim 1, 2, 3 or 4, characterized
15 in that one or more of the centre base station (10) and the

further base stations (15-22; 28-~35) grouped therearound and

also remaining base stations are caused to transmit and

receive signals with tilted antennas where the lobe points

obliquely downwards, so as to limit the range of respective
20 antennas.

6. A method according to Claim 1, 2, 3, 4 or 5, character-
ized in that the distance between the original base stations
(1) is in the order of 1,000 metres; and in that the shortest

25 distance between two base stations subsequent to densifying
the network is about 250 metres.

7. A method according to any one of the preceding Claims,
characterized by densifying an area outwardly of and border-

30 ing on the first—-mentioned rhomboid (7) extending between the
original base stations (11-14), inwardly of a rhomboid of the
same size and adjoining said rhomboid.



frequency-set along said second line (6), wherein by virtue of the
hexaggnal pattern the base stations along one line (5) 25 are di spl aced
inrelation to the base stations on an adjacent line by a distance
correspondi ngwesm=7aisl y to half the di stance between t \RCTISES50111
stations 1ying al ong one and the sanme |ine, characterized in that a
first densification is _achi eved by causing a centre base station (10)
that has a 30 first frequency-set (G%‘?z? is located in a generally
rhonmboi dal pattern whose corners consi st the four base stations
(11-14) that are | ocated nearest the centre base station (10) and
have nmutually the sanme frequency-set, i.e. a second frequency-set
(R), to change its frequency-set to 35 t he sane frequency-set (R) as said
base stations (11-14) . located in the corners of said rhonboi dal
pattern (7); by arranging further base stations (15-22) inwardly of

t he WO 97/ 27715
PCT/ SE96/ 00111 ' *;:;-i '47 14 confines of said
rhonboi dal pattern (7); and sel cthZ = frequency-sets of respective
further base stations (15-22) SO at the frequency or frequencies of
their cells wll deviate fromtne frequency or frequencies of the
cells of the 5 nearest base stations. - 2. A nethod according to
Claim 1, characterized by using - ei ght further base stations (15-22),
arrangi ng the further 10 base stations within the rhoqpoid (7) in a
r honboi dal pattern which is concentrical with saidjrhonboid, such that
[]

sai d concentrical rhonboid will i¢h i3 half
of the side |length of the | ’ fufther
base stations (15-22) i //
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15 pattern so that said further base stations wll have a respective
frequeney-set which is the sane as the frequency- sets in a rhonboid
of ori'ginal base stations (10, 27-29), sai d rhonboi d bei ng di spl aced
paral | el with WoSTRTMS!t - mentioned rhonboid (7) and haviP¢F/SEIEWMLLr
base station (12) 20  with said second frequency-set (R), wherein the
further base stations (15, 17, 19, ﬂ? 2n the corners of the smaller
r honboi d have saia'(;g':&t e \cy-set (G). 3. A nethod according
to daim2, char I TZ n at a 25 second further densification is
achi eved around the first menti oned centre base station (10) by
causi ng said cent base station to switch its frequency-set back to
t he ori gi nal first 2QUEeNCY.- SE ~— 1.n_tha ' base

statiqns (28-35) are arrafgdq N & R ;' RN B0/ | n
a rhomboi dal pattern_yhj A‘-%}.A .;~j o ‘\ﬁ‘ I g7
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4. A-methdd~dccording to daim1, 2 or 3, characterized in that th

he
centre’'base station (10) and the further base 10 stations (15-22; ZHMK’)
grouped therearound have a transm s- sion power which is st al kepy,

the sane.as the transm ssion power of remaining base st at{ggN
5. A nethod accolPJF to O ai WPRLD INTELLECTHAL PROPERTYQREANZATIOY ed 15
one or nore of the centre base sta
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(57) Abstract

A method for densifying a transmitter and a receiver network for mobile telephony, the network being comprised of base stations
which each have three cells whose directions are mutually spaced by 120 degrees, where at least four different base stations have mutually
different frequency-sets in the cells, and where base stations of different frequency-sets are being placed in a repetitive pattern, ie. a
so-called 4/12-frequency pattermn. A first densification is achieved by causing a centre base station (10) that has a first frequency-set (G) and
is located in a genesally rhomboidal pattemn to change its frequency-set to the same frequency-set (R) as the base stations (11-14) located in
the comers of the thomboidal pattern (7); by arranging further base stations (15-22) inwardly of the confines of the rhomboidal pattem (7);
and selecting the frequency-sets of respective further base-stations (15-22) so that the frequency or frequencies of their cells will deviate
from the frequency of frequencies of the cells of the nearest base stations. .




