This invention relates to the technical field of nobile radio
eqmmnl cation. Mirre specificly the invention rel aLg a-frethots . foKTﬂﬁJ
effiiscient and flexible use of the frequency spect Ufmé ﬂ.HFévéﬂ 1SBFRY for

comuni cation in a tine division multiple access nmbi‘l« ______%Q_L.O—

csfiuni cati on systemETHE | FORTEOMMUNIGPT TR 3heSh YR GEh Obak Station and
a nobile station faotiaxirdpxcasysfid vsmc FREQG&?I&:PfH(S : equency
spectrumavail able in a tinme division nmul ti,pl e access npbil e radio

conmuni cat|5‘r+ssy’s’t‘\é?ﬁ‘t1°n relates to the technlcal field of mobile radio
communication. More spec:.flcly the invention relates to methods
for efficient and flexible use of the frequency spectrum
5 .available for communication in a time division multiple access
‘mobile radio communication system. The invention also relates to
a- base station and a mobile station for flexible and efficient
use of the frequency spectrum available in a time division
multiple access mobile radio communication system.

10 BACKGROUND OF THE INVENTION

Many mobile radio systems of various kinds are known and in use.
The frequency band available for connections in a mobile radio
communication system limits the capacity of mobile radio systems.
Two base stations or mobile stations transmitting on the same
15 radio channel of a FDMA system or on the same time slot of the
same radio channel in a TDMA system may cause interference to
each other. This kind of interference is sometimes called co-
channel interference because the interference comes from the same
radio channel. If the interfering mobiles or bases are suffi-
20 ciently close in relation to radio propagation properties the
signal strength of the signals relating to one of the connections
will not be siszi-ciently stroriger than the interfering signals
relating to the other connection. The information on the
connection forwarded with the signals transmitted will then be
25 more or less illegible. If the interfering mobiles or base
stations are 'sufficiently distant from each other. however, the
signals relating to a connection will be sufficiently stronger
than the interference signals of the other connection. The
information of the connections will the be easily understood.

30 In order to be able to use the same radio channel in FDMA systems
and in TDMA systenms also the same time slot of a radio channel
for more than one connectlon, some mobile radio systems are
therefore made cellular systems. The geographical area to be '
covered by a system is then d1v1ded into smaller areas .called =
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10  BACKGROUND OF THE | NVENTI ON Many nobi +£adi-0_systens of
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‘will the be'e
10 ~ cells in dlfferent clusters may use the same radio channels. Thus

there may be snnulteneous multiple use of a radio channel. Such
multiple use is sometimes called channel re-use. The distance
between cells using the same radio channel is sometimes called
re-use distance.

15 Many different shapes and sizes of cell clusters are known to
those skilled in the art, e.g. 3-cell, 4-cell, 7-cell, 9-cell,
12-cell and 21-cell clusters. Somewhat simplified the largest
call handling capacity for a cellular TDMA system is achieved
when using the smallest cluster providing sufficiently low co-

20 channel 1nterference.

Athough the frequency plans described provides the important
advantage of plural use of. t_edic channels, often called frequency
or channel re-use » such fixed fequency plans are cumbersome to
- do. Due to geographical vafiations,,the cells, or zones covered
25 'by each base station ant‘enna,-'_will vary in size and shape. The .
coverage area of the 'sys'tem 'will thus normally be covered by
several different combinations of the known cluster combinations.
Commonly, the cluster configuration, or decisions of which re-use
patterns to be used, must be made by the aid of complex computer-
"30 analyzes of the topography in the system.

Also other dis_advantages' are inherent in the use of fixed
frequency plans. Normally, the number of desired connections in
a cell varies with time and one cell may not be able to handle
all desired connections because all channels and all time slots
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30 In order to be able to use the sane radio chanﬂehﬂaﬁﬁH}UH$Q§E§Ns
and.in TDVA systems al so the same time slot f a ragi o chBERGRCED for
nmore than one connection, some nobile radi o systens taFe= therefore
made cel |l ul ar systens. The geographical area to be covered by a

systemis then divided-into smaller areas call ed
2°9 MAY 1996on TDMA channels alotted to the cell are occupied. A% the same
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or all of the_av able r gno channelilaT% the sa%k?%lus%er :l g% su%stan-
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t1a11y less than the total capacity on all channels allotted to

5 that cell according to the fixed frequency plan. Thus all desired

connections can not be handled by the cell cluster in Splte of

the fact that there is at least one free channel or at least a

free time slot on a rad;o ‘channel which could have been used for

the desired connections had this not been forbidden by the fixed

10 frequency plan.

One way of reducing the above mentioned disadvantage of fixed
frequency plans is not to distribute all radio channels available
for connections in a mobile_radio communication system, but to
reserve a couple of radio channels. All channels but the reserved
15 are distributed according to a frequency plan. The reserved radio
channels may be temporary used by any cell requiring more
channels than the channels'permanently allotted to that channel
in accordance with the freqﬁency plan. Such temporary use of a
- reserved channel is then subject to not causing co-channel
- 20 interference for an other cell already using that reserved radio
channel. While this method of reserving and temporary allotting
some radio channels provides more flexibility as regards variable
connection handllng capaczty than a fixed fregquency plan for all
' available radio channels, the total handling capacity for the

25 whole system may decrease.

A more profound method of  obtaining high traffic handling
flexibility in a various areas of a cellular mobile radio system

is to completely abolish frequency plan and let all radio
channels available for connections be a commom resource to all

30 cells. Any cell may use any radio channel availaﬁle for connec-
tions provided there is sufficiently low co~channel interference

from others using the_same’radio channel. This way of using the
available radio channels is sometimes called "dynamic channel

_ allocation”. While this method ceftainly affords advantages as
35 regards changing call handiing capacity for a cell this method
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Normaliy a conventional frequency plan nmeans d|fferent nglok-514~qﬁ@mnnelé

are allotted to a cluster of adjacent or neldghbour ; cel S achig two -
cells in the same cluster may use the sanme radio ll—ehannel— Each=r adi 0
channel used by the base station or a nobile of one cell in a
cluster, is dlfferent from every channel used b a base or nmobile in
an other cel31$4 IW%ﬁIE?Gg§éFag%mrr%¥ s other |3FRAGY%BRE to be
cl ust ers nayfwpthekedissassedi Regbannel s. Thus there may be

si mul taneous nultiple use of a radio channel. Such multiple use is
sonetines called channel re-use. The distance -between cells using the
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advant age oquwzefal mﬂsscmﬁtimhs) cﬂ:mhisssﬁn emeanls egher etipanspission ois

channel re‘QEﬁteéﬁﬁﬂtéaxﬁﬁeﬁeHHSPéyiB'Qnﬁaﬁég £HPRE SQPELR of a call or no

10 . information to be forwarded on an ongoing connection.

Another way of saving battery power in a mobile station is to
control the strength of transmitted radio signals in response to
measured signal strength at the receiving base station. If the
signal strength at receiveing base station is neglected, a mobile
15 must always transmit radio signals with a strength sufficient for
a worst case condition, e.g. when the mobile station is located
at the borderline of a cell. For most locations such a signal
strength is unnecessary high. If the strength of received signals
_ are measured a base station may send power control messages to
20 the mobile permitting a reduction of the mobile transmit power
' whenever an excessive signal-ievel is detected.

Some cellular mobile radio communication systems using digital
modulation of radio signals transmitted have now come in commer-
_ cial wide scale use. Oneftype of mobile radio communication
{ . 25 system used in USA is specified in the document EIA/TIA, Cellular
System, Dual-Mode Mobile Station - Base Station Compatibility
Standard, 1IS-54, puhlished.by'ELECTRONIC INDUSTRIES ASSOCIATION,
Engineering Department, 20017Eye'Street, N.W. Washington, D.C.
_ 20006, USA. This system has both FDMA radio channels for radio
30 signals with analog modulation and TDMA radio channels for radio
signals with digital modulation. For an exhaustive information on
this system reference is given to the mentioned publication the

subject matter of which is incorporated herein as a reference.
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do. Due . to geographical variations, the cells, or zojiegy€eweEresAOREEN by

each base station antenna, will vary in siz®& and shape. Thgss LACED coverage
area of the systemw ||l thus normally be covered by ¢t Fferent
conbi nati ons of the known cluster conbinations. Commonly, the cluster
configuration, or decisions of which re-use patterns to be used, nust

be made by {FheapamEuksRpan dbebtak celdular, syshan ahbrewlatad eskhyisi m
]g he Zyst em type onfCAa tﬁ%bei&oogiaedwameéﬁﬁ&m%eggglt fgatbgﬁnﬁf. @5e in
2 el | vari cEURPPR- FRISARYSSHD A3 Fhise Lise HB hee dOGUERG Beconnengation
desired connesMi From EPSEATE| GSMhapudlished By Eurepeant Yelecommunication
3 5 standardization Institute, ETSI B.P. 152-F-06561 Valbonne Cedex,
DR France. For an __é:tha_us’tive_ information on this system reference is
given to the mentioned puhlication'the subject matter of which is

incorporated herein as a reference.

Both the systém .according to PIA IS-54 and the GSM system are
10 TDMA systems with many radio channels disposing separate

frequency bands. In a TDMA mobile radio system one ocbvious way of

using the radio 'chanhels.allotted to a cell would be to use one

and the same time slot of one and the same radio channel allotted

to the cell for a particulaf connection as long as possible, i.e.
15  until termination or handoff of connection . This is also done
' according to the mentioned EIA/TIA IS-54 standard.

In a conventional TDMA system where the same radio channel and
time slot is used throghout a connection any co-channel inter-
ference will last as long' as the time both the connections last
20 because the transmissions occur more or less simultaneously on
the same radio chanhel._ This means a worst case situation must be
considered in frequency _'.él'anning and cell cluster design.
Frequency hoppiﬁg' ha_s'-"'beén' éuégested to circumvent this.

- According to: one opt:lonal embodlment of the GSM system, time
25 slots on plural of the rad:l.o channels alotted to the cell are
| used for one and- the same connection. Any base and mobile

transmits a sequence of radio Signal bursts. Each burst is

confined to a time slot, but the bursts are distributed on a

plurality of radio chanriéié._ ‘This affords advantages also as far
30 as multipath propagation is concerned.

Embodiments of a GSM system with frequency hopping are discussed
in the article _"I-!igh performance cellular planning with Frequency
Hopping", by Didier Verhulst and Colin Rudolph, published in
Proceedings DMR IV, 26-28 June 1990, Oslo, Norway, the subject
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on TDVMA channels alotted to the cell are occupied. At.the _sane ____.______,_ _tinme
the nunber of desired connections in an adjficent cell0f caipt 1, | B ,\gﬁf- bour
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any cell i ri channel s- tha e, anne

2ot ted to Bt tHnarElcle alde et fncs, ot TRITHR 1 reblhreaten can dp
tenporary ustact @lso be emsisagedthannel is then subj ect to not causing
co- channel 20 interference for an other cell already using that reserved

radi o
1o Another type of digital mobile radio communication systenms

somewhat different from the above described systems using time

division multiple access radio channels is the broadband code

divison multiple access type systems, abbreviated CDMA. In normal

broadband CDMA systems all the radio signal transmissions

15 relating to different connections involving the mobile stations

are not separated in time slots or in different narrow band radio

channels. Also in a normé_l broadband CDMA system there is no

fixed frequency plan. Instead the base and mobile stations both

in the same cell and in surrounding cells deliberately transmit

20 radio signals relating all connections simultaneously on the same

wideband radio channel. As a consequence the co-channel inter-

ference in a CDMA system will be very high in relation to such

interference in previously described TDMA systems. More precisely

' the interference level in CDMA systems will normally be several

25 times as high as the level of the desired radio signal relating
to the connection. o

The reason why a CDMA system can cope with this high level of co-
channel interference is the wide bandwidth of each radio channel
used. The wideband radio channel in CDMA will normally have a
30 bandwidth equivalent to ‘several of the narrow bandwidth radio
channels used in TDMA or FDMA systems. The wide bandwidth allows
for a high degree of channel coding. Such coding makes it
possiblé for the mobile and base station receivers to recognize
the desired signal from all other signals even though the
35 interference level exceeds the level of the desired signal. A
| feature of the CDMA systenis "is that the number of connections
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channel While this method of reserving and tenporary gld-otting
radio channel s provides. nore flexibility as % egards va!ﬂllab‘Bé“F‘rT Hhs BEEN l
connection handling capacity than a fixed frequency pl; an 1 orkdlilss

avai |l abl e radi o channel s, the tot al handling capacity For THe ?5 ------- wrrrﬂ &
system may decrease. re profound nmet hod of  obtaining hig
traffic handPFﬁBltted ’P’ﬁ&!’%i’-ﬂl Ri ?WW‘&cﬁz}P?%é&d% lipigedcby the qu’é of
rﬁdl 0 ISyst errt:ng slotkyragin! tehahneghol rastéaqatiecyarl aghrﬁiﬁd¢tca%idc1lrtlfwll<s
channel s av a nnections m resource. to cel l's
Ay ool T mayt H83EE, Yo PR CRakSBEn, daveds BF 1o SBRhESL  nfergpgpnes® stin
provi ded thepermittlihigl thenmbbilevand-basanstativrerfeceivers to detemutottheix

using tge s 0 | . This way of using the avail able radio
,channelg |sa§§ﬁ% h § ggﬁﬁgd "dynam ¢ channel allocation". Wiile this
nmet’hod certainly affords advant ages as- 35" regards changing call handling

‘capaci ty forrr ael¢épMA 8ySBeRPUpower control and discontinous transmission
' reduces the average total power of interfering signals. Thus,
discontinous transnuss:.on_ means reduced co-channel interference

and increased capecity in a CDMA system, since the capacity

10 generally depends on the average interference level. This is an
advantage CDMA systems share with some fregquency hopping TDMA

systems in relation to prJ.or art TDMA systems without frequency

-hopp ing.

Some different types of mobile radio systems similar to CDMA are

15 discussed in the article "Slow Frequency Hopping Multiple Access

| for Digital Cellular Radiotelephone", by Didier Verhulst, Michel

Mouly and Jacques Szpirglas, published in IEEE JOURNAL ON

SELECTED AREAS IN COMMUNICATIONS VOL SAC-2, NO 4, JULY 1984,

pages 563-574, the subject matter of which is incorporated herein

20 as a reference. Various types of systems with somewhat different

frequency hopping protocols, implementation of discontinous

transmission'and power control are mentioned. One system protocol

called "random SFHMA" ‘does not have reuse cluster and each user

has his own personal sequence that is uncorrelated with the

. 25 sequences of the others. However, co-channel interference from

mobiles in same cell is not avoided. According to the slow

frequency hopping scheme, 'ebbreviated SFH, the mobile stations do

not transmit separated radio signal bursts in time slots of

frames on TDMA radio channel_s but transmits more "continously"

30 without burst separations of a length corresponding to time

slots. The hopping pa'ctern for transmission from mobile stations

is part of the channel codlng used to suppress the co-channel
1nterference. '

A slow frequency hopping scheme mentioned to be convertible for
35 use in combination with TDMA is discussed in the article
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the recei vi AYPBESE ﬁ&%e%n °q§ fiﬁiﬁ fs Bgfana?ggte?gnﬁtéﬁéé? agc% ein Saaee
_.st ation is uhgheanadyzangnppsglble performance of this systemn, %Ilscon%mo%
transmission and power control are assumed to be implemented. In

this article the mlnlmum cluster size mentioned is the 3-cell

cluster.

10 A method and "apparatus __for frequency hopping in a cellular
'radiotelephone system is disclosed in PCT patent application WO
91/13502. The object is to increase the number of available
carriers to hop betiveen " in each coverage area. Instead of
permanently allocating to each coverage area (cell) within a

15 reuse diameter (cluster) a fraction of the carriers available
within the reuse d:.ameter, all or almost all of the carriers are
allocated to each coverage area at non-coinciding time intervals.
The hopping is performed in at least rough time-synchronism from

_ sector to sector and from cluster to cluster to avoid same

- 20 channel 1nterference and adjacent channel interference within
reuse dlameter. The method relies fundamentally upon sharing a
carrier among various coverage areas synchronously in time but
does not require a slotted TDMA channel structure. Thus the cells

_ within a cluster are allowed to share available frequencies while ,

- 25 still malntalnlng a re-use . pattern. The re-use pattern is
maintained on a frame basis,' i.e. the hopping may be viewed as
using a new frequency plan: for each frame. This method has the
drawback of requlring synchrom.zed base stations, in particular
within each cell cluster, but also to some extent between

30 adjacent clusters. Another disadvantage is that no cell can
simultaneously serve a number of mobiles corresponding to the
total number of radio channels available to the cluster. Any call
can only serve a number of mobiles corresponding to the number of
radio channels _.simult'aneously ‘available to that cell, which is

35 only a fraction of the‘_to_t:al'_i'_xumber.



15 must always transmt radio signals with a strength sufficient for

a -worst case condition, e.g. when the nobil e station is [€atet—— t
borderline of a cell. For nost |ocations such a signal TH‘@t‘?ﬁigt g ?EEN
unnecessary high. If the strength of ‘received signals ar e"hBadtFRd_a

base station may send power control nessages to 20 t he nobiI'e permttl ng
a reducti on BRIEFe DESCRIPTIONOR (THROIBNVENTIONMhenever an excessive signal
| evel is detected. Sorme cel lular nobile radi o conmuni cation systens
using digital nodul ation of radio signals transnitted have, now come in
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mhlch IS incorporated herein as a reference
: bands in order to increase the systems ability to handle a
10 varying number of desired connections in varying parts of the

area covered by the systems.

Although prior suggested mobile radio systems may use some kind
of frequency hopping in combination with some embodiments of
_,various methods like discontinous transmission and transmission
15 power control, they have not incorporated embodiments of
frequency hopping and other methods, the basic principles of
which are known per see, in way affording the maximum capacity
for handling connections in an individual cell and simultaneocusly
the maximum flexibility_' 1n sharing the connections to be handled

20 between adjacent cells.

It is one object of the'pz_'ee:ent invention to provide methods and
means providing a very _'high maximum number of simultaneous
connections any cell in a TDMA mobile radio system can handle
without i'ncreas'ing the total ‘frequency band(s) available for all

. 25 connections in the TDMA -_mobil'e radio system.

Another object of the present invention is to provide methods and
means providing a very' flexible sharing of total numbers of
connections handled by adjacent cells in a cellular TDMA mobile
radio system. =

30 A similar object of the prese'nt invention is to make the maximum
number of simultaneous connections each cell in a TDMA system can
handle 'substantially dependent upon the number of connections
sin'\ultaneously_ handled by adjacent cells, whereby one cell can
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5 . The pan European digital cellular system ab r@ﬁisaﬁﬂd.‘%% BEER
type of digital nobile radi o comunicationieystens in {se i nREFLACESuUr op
This systemis specified in the docunent Reconmendati on
ETSI/ TC GSM published by European Tel ecommunication 5 St andar di zat i on
Institute, ETSI B.P. 152-F- 06561 Val bonne Cedex, France. For an

exhaustive cohwemiténtilyundertakestonhandtecsubstantially glore sigulta@neous
ment L oned PUBhned idhd MEnai PEAE! lhﬁinsoc{vé‘ﬁ £8r a celNCDEPANA! @dils

‘herein as a referenc ystem accordi to TIA IS—54 £an
the GSM syshapdded 1the sapgp nupheXy sProyided gope | Q:Fer%aﬁﬁy@ imul-
di sposi ng GQﬁmy handlld Q@& @imathhedus Tohlddtivns Ehandithes yaixdmum

gget gb\é;gugﬁMX'age when aLisJ.I nc%ltlse t{aerli(ale (i:r;x%nnsealmse %um%t tred to a cell would

Yet another object of the present invention is to reduce if not
completely avoid the need for any type of planned sharing of
radio channels. ' '

Still another object of the present invention is to provide

10 methods and means whereby the absence of any conventional
frequency ;Slan in a cellular TDMA mobile radio system need not
cause too severe co-channel interference problems.

In brief and simplified, one might say that methods and means for

communication in accordance with the present invention are based

15 on the inventive insight that a TDMA system with frequency

| hopping, using frequency hopping sequences or schemes avoiding

co-channel interference within a cell, but allowing co-channel

'~ interference between adjacent cells, avoids the need for

frequency planning and affords a very great capacity and

20 flexibility, in particulaf- when discontinous transmission and

certain transmission power control is implemented. In fact power

control of mobile 'statfi.oné is necessary when a method according

to the invention is implémented in a system requiring high
capacity and flexibility.

25 An important element of méfthods and means according to the
present invention is 'frequﬁenc':y hopping, which may also be
described as frequent change of the radio channel used for a
connection, which in the following often will be called channel
hopping.' A base or mobile station involved in a connection does

30 not all the time transmit its radio signal bursts relating to a
particular co'nhection in the same time slot of the same radio
channel. Instead the bursts of radio signals relating to a
particular connection are .diétributed_ on the time slots of a
plurality of radio channels in accordanve with particular hopping
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-and the sanme tine slot of one and the sanme radi o channel . :
the cell for a particular connection as |odd as possibl:g, D
term nation or handoff of connection . This is al so dore. . accorm ng ‘to
the nentioned EIA/ TIA | S-54 standard. In a conventi onal TDVA system
where the s%r%%radl o] channel and

sl d th
connecti on RER 1B FEAVERCES Accord%.gge‘ﬁ etqﬁ ::.?wgi o&rﬁgﬂgfgssaﬁq]gons
time both thn dheadneocellasr derveddyathe shmet basenssatbon never simel -

or less simdtanco %'f%yti)gnsmnéo r:\:éﬁgef %gpqr[ Eigr At hé’ﬁ‘é‘eé? " h'.timge %g%ta c'VP "tHe

case situation nus e uency planni'ng a
cluster desispme radioFchanpedy HoWsvier raa@ sskaetordinoover cehlef a

t hi I
this. 5 oSS ﬁ‘ﬁfurall‘lﬂ%ﬁ QB QR s y@@é‘i\drﬁ?n%r%sﬁ'i‘ﬁ &R S¥SiE&N bl

.25 the radi o chanpel he cell are

used for oné”hrfé‘? eane, kadip hanpel sigultanechzinotithe one of ithe, kyrsts,

sequence of gfadaonhild Htatién E&cihzbuaajacént cellC@Y | th¢ same idyStem.
bursts are Iurallty of

| , b i, b
channet s, THOWeNdR, 58 Tebiie, iBYoiied 18 3 onngReioh ipphe GEft transnits

propagatlona:segnenneunf bursts relating to a particular connection so that
10 all of them coincide on a radlo channel with one burst in a
sequence of bursts from one other mobile involved in an other
connection in an adjacent oell, Another way of expressing almost
the same aspect would be to say that among a large number of
bursts transmitted from one mobile station in one cell not more
15 than a small minority coincide on any radio channel with any
' burst among a large number of bursts transmitted from a different
mobile station in an adjacent cell. Still another way of
expressing almost the same thing would be to say that a mobile
station in one cell selects radio channels and time slots for
20 transmission independently of a mobile station in an adjacent
cell. One might also say the channels on which mobile stations
transmits in one cell is ﬁncorrelated to the radio channels on
which mobile stations transmit in an adjacent cell. Thus
coincidence on any radio channel for bursts transmitted from two
25 particular mobiles in adjacent cells involved in connections is
1nfrequent-and incidental. However, when there are many mobiles
involved in connections in two adjacent cells, coincidence of
bursts transmitted from one particular mobile station in one of
the cells on any radio channel with any burst transmitted by any

30 mobile in the adjacent cell is more frequent.

According to another aspect of the present invention two or more
adjacent cells of a cellular TDMA system may all use some radio
channels, and a majority, if not all, of the radio channels any
of two adjacent cells may use, the adjacent cell may also use.

35 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates a cellular mobile telephone systemn.
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Figure 4A and 4B illustrates one basic difference between
conventional comniunicatio'n’ in a TDMA system and communication in
a TDMA-—FH system with channel hopping.

Flgure 5A and 5B 111ustrate TDMA-FH in two cells and the co chan-
nel 1nterference situation in TDMA-FH. :

Figure 6 shows why the commonly used "worst case" design of
cluster sizes may be oml_tted when using TDMA-~FH.

Figure 7 shows fractional loading of a cell.

Figure 8 shows a block diagram of a mobile station to be used for
communication in a prior art TDMA system or a TDMA-FH system
according to the invention.

Figure 9 shows a block diagram of a base station to be used for
communication in a prior art TDMA system or a TDMA-FH systenm
according to the invention.

Figure 10 illustrates a comparison of degrading quality in a CDMA
system and a comparable TDMA-FH system according to the inven-
tion. o '

Figures 11 and 12 illustrates the ability of comparable CDMA and
TDMA-FH systems to incre'as_e the capacity of certain cells if the
capacity is reduced in 'o.ﬁher": cells.

DETAILED DESCRIPTION OF THE DRAWINGS

Figure 1 111ustrates ten cells Cl to C10 in a cellular TDMA
mobile radio system. For each cell Cl to C10 there is a corres-
ponding base station,abbreviated BS, denoted Bl to Bl10. The BSs
are situated in the centre of the cells and having omnidirec-
tional antennas. Ten mobile stations, abbreviated MSs, are also
shown. They may be small light-weight battery powered portable
stations or more bulky, vehicle installed statiohs, powered by
the vehicleS'electric power system. The BSs are moveable within
a cell and_from'one_cell_to another. A mobile switching centre,
abbreciated MSC, is connected to all the BSs by cables or any
other fixed means, like ‘a radio link. Some of these cables or
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but the article also mentines that "plain 3 cell clustgrrgarcdaer Has Befact
al so be envi saged". 10 Anot her type of13igital nobll e ragis: ~cED §
comuni cati on systens somewhat different from thé=above-deseribed
systens using tinme di vi'sion multiple access radio channels is the

br cadband code di vi son nul tiple.access type systens, abbreviated
D i nopeans are Omisied. Tn e Bt For Blapl iy, Hhe B8 S are0
transm ssi ogenhectedebgt caples cdifflﬂnnstto?mrm' éd)@b&lrwltémudm meltwork
stations are _nqt _separated in t.i ots.or i i fferent narrow band
radi o °5h5nﬁéﬁ£a§ﬁ ?gxfﬁ §°W@PN&FQEF%QH§55%QEB£A systemthere is no

fi xed frequency plan. Instead the base and nobile stations both '

in
the same CehliraRg bBerdtiBH'fhBInSEila SEatPGRa! LY B M dorlhet WidHl Ehe
signals relating-alT connections sinultaneous]y on the sang | W deban
radi o %hannﬁl'-?‘easpaltoﬁgeﬁhﬁn%léstﬂé by -transrissigref radio ignals ite and

CDMA syst enyubbpthen'aip Padilol Biktladlg Ofird® €HEN differdrt cpaSéctatiions.
previ ously deicr bed T syétens. Nbre.géecls Yo e |nterfenen%g
Pevel °i'n URRLSGhOBR;caiie. arFal pomBeniEREres Links qn,othar fogmuaieation
| evel of thpatihsi mexy riodi seti giml betwaéhngne mobibet btatdonedridnan other
The reason phys; fe BMRe ¥R £ GAD Syiten’! dA11Y Rl H1sbHE's& i to mobiles
10 in an other system or subscribers in the fixed network. For the
purpose of this application they are all called connections
irrespective if they originate in a mobile or end in a mobile.

The drawing in figure 1 is a simplification. Normally the system
will comprise more cells and base stations. There may be umbrella

15 cells each covering an area also covered by a group of micro
cells. Also the number of mobile stations will normally be much
larger. Base stations located in the vicinity of the cell borders
and with sector antennas are also common. Some cell may be served
by more than one base station. Several other MSCs with connected

20 base stations will also normally exist and the mobile stations
are usually free to commﬁhicate also via these.

Figure 2A illustrates two SQparate frequency bands available for

a cellular mobile radio system. A possible configuration

according to_IS;54 of radio channels within the frequency bands
25 is also shown. IR '

One frequency band has a range from about 825 MHz to about 845
MHz and contain radio channels used for transmission of radio
signals from the mobile stations to the base stations. The other
frequency band has a range from about 870 MHz to about 890 MHz

30 and contains radio channéIS'_used for transmission of radio
signals from the base stations to the mobile stations. Each radio
channel has a banwidth of about 30 kHz which means there is room
for 666 radio channels in each direction of transmission.
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channel interference is the wi de bandw dth of each radjo_ cﬁanheL,4\‘8f;N L
used. The wi deband radi o channel in CDVA wilkl nornallylhgve hfgpr "t = i
bandwi dt h equi val ent to several of the narrom/bandmndth,radln o
channel s used in TDMA or FDMA systenms. The wi de bandwi dth al | ows for

a hi gh degree of channel coding. Such codi ng nmakes it possi bl e for
the nobil e Fhe Faddoschanselsciay he used gt dhnea differenfcways, Ag anyirg

fromall ot hgfafdighabRagielst mugahstasg@éal twﬁitermémebrew%w@
| evel of the desi red Slggaa Th ature og E ens is tgat

t he number e ana og control ¢ ne s are used for

permtted vmsﬂgrra]alingammimg kcadd setupt fmmnmmnthwnseonoén incoming

time S'sOt S0 GRS add' &2 hdd it &g AW 4O 'the 'M5 while not

' communicating on any traffic channel. The MS will be tuned to an

analog control channel;as_long as it is not involved in a call or

other connection over aﬁ'analog-or digital traffic channel. The

analog control channels are located at the centre of the

10 frequency bands. Thus the analog control channels from mobile to

base stations are the ones located closest to 835 MHz while the

control channels for transmission from base to mobile are the

ones located closest to 880 MHz.

_ The analog traffic channels are used for telephone calls and
15 other analog connections involving a mobile station. In addition
to speech relating to one call, the radio signals transmitted on

an analog traffic channel may carry some signalling associated

with the call. A normal telephone call or other bidirectional
connection involving a mobile station, requires both transmission

20 from the base station and transmission from the mobile station.
Thus for a normal telephone call one analog traffic channel in

each direction is required.

The radio channels used fdt-digitalltraffic channels are divided

in time slots. A frame on such a radio channel may comprise three
25 full rate time slots, Tf134'Tf3, as illustrated in figure 2B, or

six half rate time slots Thl - Thé, as is illustrated in figure

2C. A normal telephone call, or other full rate connection,

requires one full rate time slot Tf per frame for transmission

from base to mobile and one full rate time slot Tf per frame for
30 ‘transmission from mobile to base station.

The slot format for information on a digital traffic channel is
slightly different in different directions. Fig 2D illustrates
the format for trénsmisSion from mobile station, while figure 2E
illustrates the format for transmission from base station. The
35 time slot formats commonly include 260 bits reserved for data
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permtting the mobile and base station recasvers to de sﬁm&b
desired signals. In a CDVA system power contr "-“--"- eH-sean HROHS
transm ssion reduces the average total power of interfer| ng signals.
Thus, di sconti nous transm ssion neans reduced co-chanpel interference
and mcreas&(tameﬁwxﬁslpnn 32Chikssyferma dimitaheverbiicatian vodcee cgiqr
depends on idgeav 13! Si#.srfafealﬁa& as?,wcqat@aaaontmlaaumanﬁ SHPN,

e AL, e b oo St e Btk "

:jlnf I ﬁreent : t )ggeﬁ; (#OMF Iﬁ-dnad:mHommems ss'Jaltu.bar toothP\Fase cstidt ionli bueilasies
arti W C A

o oA Rt o B PLOGRE s PRl B ik G i Sramp £ih0 R, ddifor-

Jacques Szpmaglimm. phei slet i forsst foomuthenbase StSELIE@TEtPARERSnPQ@ﬂe

- COVMUNI CATI QY3 £l Sfefuadl 4 ]#JLKJ.‘Eggﬁock whidiPOES PésSebvwédd ifor St

matter of which'is incorporated herein 20 as a reference. Various types
of systens WS&®.sonewhat different = frequency hoppi ng protocols,
I mpl enent ati on of discontinous - transm ssion and power control are

ment i oned. One syst.em prot.ocol
A cellular system is based upon reuse of the same radio channel

10 in different cells. In a conventional cellular system, with a
fixed frequency plan, '_all_' the available radio channels are
divided into channel groups, which in turn formes a cluster. To
each cell within a particular cluster is alotted a unique group
of channels. Thus no two cells in the same cluster are alotted

15 the same channel. Howevéf, ‘corresponding cells in different
clusters are allotted identical groups of radio channels if a
fixed frequency plan is impleinen’ced.

Figures 3A to 3E illustrate conventional frequency plans and
clusters of cells. Figure 3A illustrates a 3-cell cluster, figure

20 3B a 4-cell cluster, figure 3C some cells of a cellular system
with a 7-cell cluster, figure 3D a 9-cell cluster and figure 3E
illustrates a 21 cell cius__ter. Ndrmally, a cellular systenm
comprises many more cells than illustrated in figure 3. Such a
system may be arrived at. if one of the pattern of cells il-

25 lustrated in figure 3 is repeated to fill the total geographical
coverage-zone of an mobile telephone operator.

As an illustrative example it is assumed that 252 out of the
totally 666 radio channels_aécording to figure 2a were awailable
for use as digital traffic channels while the rest were used for
30 analog control channels 'a'nd:analog traffic channels. Assuming a
fixed frequency plan, each cell would dispose of 84 such radio
channels in a 3-cell cluster system, 63 such radio channels in a
4-cell cluster system, 36 such radio"_'channels in a 7-cell cluster
system, 28 such radio charine’ls in a 9-cell cluster system and 12
35 such radio channels in a 21-cell cluster system.
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cal | ed ""random SFHVA" does not have reuse cluster and GaCﬁ'*Tj’SGF --------- =S
hi s.own personal sequence that is uncorrel atéd with th | TBIG sequehce:s'—bff ,
I

the others. However, co-channel interference from bi | &&i-rrvgadme ceI
I s not avoi ded. According to the slow frequency hopp| ng Schene,
abbfeviated SFH, the nobile stations do not transmt separated radio

si gnal bur stGenerally clusters with manymseb\rs Teans ddiep ayleddadle pymber of
transmts m¥£d1&°?:h'a%‘é‘i'sy ?59 towséoyﬁa{was eapaiaif-%en%daﬁoe% |&pokR11s.

correspondin o tinme ots. _The hoppin tern transm ssion from

nobi | e stati ters mithyr feyr qq;el%hﬂﬁ‘h’é* B&l RVakiable BupheEsLof hradio
co-channel chanhél€r haseres. be snared\ biy0FelreqWRIIAS. honmengusmgnmusters

g}egtchgsr}:gg }[Oﬁv:t Clga%/'gg%:éR&s 'means theusae\rezlar]gecon%gzt'gf' raélo %nr'agls per
cells becomes less than when using a cluster with fewer cells.

Thus, from this aspect large clusters means less total call

handling capacity for the system. From a capacity point of view

it would be desirable to have the smallest possible cluster

10 sizes. This is so since this will increase the number of channels

per area and thus the system capacity. In prior art TDMA systems

small cluster sizes are however not permitted by the high

marginals required against co-channel interference from adjacent
cells.

15 Generally, big clusters ilith-many cells of a certain size means
a greater distance between base and mobile stations using the
same radio channel than small clusters with few cells of the same
size. Another way of expressing this would be to say that big
clusters have longer re-usé distance than smaller clusters. Thus

20 - generally clusters with many cells normally means less co-channel
interference. Thus from a pure co-channel interference point of
view, big clusters are preferred in TDMA systems with fixed
frequency plans. | '

Figure 4A and 4B illustrates one principal difference between a
25 conventional TDMA system and a TDMA-FH system using frequecy
hopping. Both systems use six TDMA radio channels, RF1 - RF§,
each having_'three time slots, Tfl - Tf3, per frame. Four frames
are shown on each radio channel. In the conventional systenm,
according to figure 4A, the timeslot Tfl of each frame of the
30 radio channel RF1, with the highest center frequency, is assigned
to the connection C11, the timeslot Tf2 of each frame to
connection C12, and the timeslot Tf3 of each frame to connection
Cl13. For the radio ch_'éhnel RF2 the timeslots Tfl to T£3 of each
frame are assigned to the co_nnections C21 to C23 respectively.
35 The timeslots Tfl to T£3 of radio channels RF3 to RF6 are in the
conventional system assigned to ‘the connect1ons c31 to C63
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8 ) “Cel lular Efficiency with Slow Frequency Hoppi ng—Ararysts
‘Digital SFH 900 Mbbile Systent by Jean-LouiX? Dornstetter [pAthS SHEETHHE BFEN

Ver hul st, published in | EEE JOURNAL ON SELECTED AREAS | N REPLACED
COMMUNI CATYTI ONS VOL SAG-5, NO 5, JUNE 1987, pages 835-848. the 5  subj ect
mat-t er of which is incorporated herein as a reference. "~ Wen anal yzi ng

possi bl e perrespestively: fhusydnekhedropuantional systemqanyi parsicudar of
power Ccontr GhéEomiéCEEsns CPE tdTieIRNWiYs disposes khe 8hhkeCtEmbN8lot of

m ni mum cl ust.e e nent,ioned is the 3:cel ., cluster 10 A net hod
andI appar a? ffsh?r oglai‘Petfﬂgﬁlé’y ‘ﬁ@d}ﬂeﬂg yntil Ei‘?ﬁ?atls a %%q.t'elﬁﬁ‘kﬁfémg of
systemis dimadisedhannedT '-’]Eménélﬁbf' iimata ocol@ention®ll/ THMA2 .sy'Buem)bd:mlc?]
is to igcre er. 0 [ ) relLe [ c
cover s ar et fEoRd Piactoritld 8 Sopignifflte dau BoRfRRTOATERe CoRBED
(cell) withinatias ofr eaisvadienwhanneld uandr p stimecsioh, otthise combimation
available = remdihihd GHendfes GhErE!eirnsht26nobFDhinddts e e CEORIEES

are al 'ocat'e verage area at non-coinciding tine intervals.
The hoppi ng $X°Berforned in at |east rough time-synchroni smfrom

In a TDMA-FH system using channel hopping, according to figure
10 4B, the timeslot Tfl of the first frame of radio channel RF1 is

assigned to connection C31. However, the timeslot Tfl of the

second frame of radio channel RF1l is assigned to connection C41,

the timeslot Tfl of the third frame of RF1l is assigned to

connection C51, and the timeslot Tfl of the fourth frame of RF1
15 is assigned to connection C11.

The timeslot Tf2 of the first frame of radio channel RFl is

assigned to connection ca2 . Whereas the timeslot Tf2 of the

second frame of radio channel RF1 is assigned to connection C52,

the timeslot Tf2 of the third frame is assigned to €32, and the

20 timeslot Tf2 of the fourth frame of RF1 is assigned to C22. The

| timeslots Tf3 of the first to fourth frames of RF1 are assigned
to connections €63, C43, C23 and C33 respectively.

The timeslots Tf1l, Tf2 and Tf3 of the first frame of radio
channel RF2 are assigned to connections C41, C52 and C13

25 respectively, whereas the timeslots of the second frame of radio
channel RF2 are assigned to connections C21, Ci12 and C43
respectively. The rest of the assignments are evident and will
therefore not be explicitly mentioned.

Comparing the frames of ‘radio channels RF1 to RFé6 in figure 4B
30 reveals that the corresponding time slots of succeeding frames of
radio channels are assigned d:ifferen'tly. All connections are
assigned different réd_io channels in different frames. In the
particular example of - figut'e 4B -no connection is assigned the
same radio channel and timeslot in succeeding frames of the same
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sector to sector and fromcluster to cluster to avoid same 20 _ channel

interference and adjacent channel interfereasgce wthing =" teuae\ dF l;ier.
The nethod relies fundamental |y upon sharing a _'Ce?r" mnﬁ VAT | dus
coverage areas synchronously in tinme but does nbt requirea; slot-t-dd
TDMA channel structure. Thus the cells within a ciuster are allowed to

share avai | ateidsid rchannel esNahicomnegtiaon iis asshgnedi ageacowbinstiont efh.a
The re-use RaldiY Q:ua%mel ar{@'ankahn@eh% %eﬁﬁﬁﬁﬁgbﬁﬁbﬁan%e& diPfn qm& Wime

may be vi ewed new frequency plan_for eac

as
met hod has Period °€IrHWb’5%J< Srameam nﬁgesien@ﬁpan.cp@aws&sienstla .a&ﬁgnehi a
particul ar set of tfdur essubifitionsiséera Hréqee xs@ytamismﬂe mbﬂoeztomeame

30,028 20 chdat eLSeclIahST lsaathage Lol MRk 1o ERalat Rine ey,
nunber of radlg) afm)ndhstheafbublmd:qedmgcﬂnaaua ofAapycradio chanre=ln, @nlg.
channel s of Ko i JS e P AR oM HTN e same Jd.0
fraction of the total nunber.
' Figure 4B is one of the simplest way of assigning radio chan-
nel/time slots in one frame 'c_liffei'ent from an other frame to the
10 connections. In preferred embodiments of the present invention
many more radio channels than six are used, whereby any connec-
tion for the total time period of plural succeeding radio channel
frames, may be assigned different radio channel time slots in a
plurality of succeeding frames. Thus each connection could be
15 assigned a scheme including a segquence of a plurality of
combinations of radio channels and time slots. In this appli-
cation such a sequence of combinations of radio channels and
time slots is called a channel hopping scheme. It might also be
called a frequency hopping scheme or pattern. According to figure
20 4B a succeding burst pertaining to any connection is always
transmitted on a different radio channel than the preceeding
"burst pertaining to the same connection. This is not a necessary
in all embodiments of the invention. Instead two adjacent burst
pertaining to the same connection may be transmitted in the same
25 time slot of adjacent frames on the same radio channel. 1In
cellular bidirectional mobile radio communication systems radio
channel hopping should preferably be implemented in both
directions. If figure 4B illustrates the radio channel time slot
combinations used for one direction of communication, e.g. from
30 mobile to base station, then_' the pattern of radio channel time
slot combinations used for the other direction could be the same
as figure 4B but using other radio channels of course. However,
for certain reasons it might be preferred not to transmit radio
signals and éimultaneously- receive radio signals at a mobile
35 = station. Then a different pattern than that of figure 4B should
be used for the other direction of communication.

This Sheet Has Been Re{ilaced

(AU




BRI EF 'DESCRI PTI ON OF THE | NVENTI ON Al t hough t new TDMA-syst-eas
with frequency hoppi ng and CDVA nolyd e radi o cofr 5@;al;:nmrms;yszgmd'
af fords substantial advantages over prior FDVA Bnd TOMAsdstiens

wi t hout frequency hopping there 5 is a need for even et erent
use of the frequency bands avail abl e for connections in the nobile

radi o systerfdia canwentional TDMAnsysien twitthontil freguencyomdppidig ngthe
capacity. Thelfid SsfdvfL %ursbts eGihiiRy & OHHRFIbRs b%thL_ecuif ﬂ%ytbé

avai | abl e frequency S.In order to increase the systens abi

to handle ain fe’&%@y’?ﬁgt%nfﬁ‘?l%fs%&%ﬂ RMESHR ReT kN ing e y?%ﬂ%ﬁ%ns

of the of ar eela0\wt cretiyet AEstrnbes Due to the :ﬁhbhOltﬂihtprs@éceeding
tens may use Sone,

honpi g i n GO : PEREALAINGONE AnistPie iy are transnfttea®di tHe sane

time slot of the same radio channel, the bursts of one connection
in one cell will be interfered by the bursts of one connection in

the other cell.

Figure 5A and 5B illustrate a co-channel interference situation
10 when using different channel hopping schemes in two cells of a
cellular TDMA mobile radio communication systen.

Figure 5A illustrates how the bursts pertaining to 18 connections
c11, €12, Ci3, c21, c22, c23, C31, C32, C33, C41, Cc42, C43, C51,
C52, €53, C61, C62 and C63 are transmitted in time slots of six

15 radio channels RF1l, RF2, RF3, RF4, RF5 and RF6 during a time
period of four frames in a first cell. All time slots of all
frames of all radio channels are used in the first cell.

Figure 5B illustrates how the bursts pertaining to 18 connections

c1i, C12, ci3, c21, c22, C23, C31, C32, C33, C41, C42, C43, C51,

20 c52, C53, C6l1l, €62 and 063 are transmitted in the time slots of
the same six radio channels RF1, RF2, RF3, RF4, RF5 and RF6
during the same period of four frames in a second cell. All time

slots of all frames of all ré_d’io channels are used in the second

cell. Thus during a frame the same six radio channels are used by

- 25 both cells. All the six radio channels are common to both cells.

Comparing figures 52 and 5B reveals that the first burst
pertaining to connection C11 in the first cell coincides on the
radio channel RF5 with the first burst of connection C41 in the
second cell, the second burst of Cl1 coincides on radio channel

30 RF6 with the second burst of connection C51, the third burst of
_ connectlon Cl1 001nc1des with the third burst of connection
connection C21 on radio- channel RF2, and the fourth burst of
connection Cll1l coincides w1th the fourth burst of connection C31

on radio channel RFl. The first burst pertalnlng to connection
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vari ous methods |ike discontinous transm ssion and t a|q_ﬁ§’lc$$| on:z mlﬂ
v ch

power control, they have not incorporagped enbofi mentss -of g

f fequency hopp| ng and ot her nethods, the basic princlptes—of

are known per see, in way affording the nmaxi mum capacity for
hapdl i ng connections in an individual cell and sinultaneously t he
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connections I'n ferad |o s stem not h obj
the pré&sent Wikienthen tRird busgticofe %n °°nnecﬁé3ﬂse%5 Bﬁl nxéé)%lo
very flexi blcﬁmﬁbﬁél nmt hﬁaakhwrtmnstmfburst of connectiions Qidndtaihdides

adj acent cells ;h?%? la:ﬁJx'%_l\@e#bé&r?hec jon ¢ ct%] ® S${&BhanneBGkr2 A

simlar objéf't ionis e maxi mum
nunber of sinultaneous connections each cell |n a TDI\/A system can

Generally the bursts pertaining to one connection in one cell do
not always interfere with the bursts pertaining to one and the
10 same connection in the other cell as may be the situation in
conventional TDMA. Instead the bursts of a connection are
interfered by bursts from connections which may vary from frame
to frame. According to flgure 5 no time slots are unused.
However, if there were only a few connections in each of the
15 first and second cells, so that no bursts were tranmitted in many
time slots, some bursts would not be interfered at all. |

The co-channel interference situation in figures 5A and 5B is a
simplification. Normally the number of cells re-using the same
radio channels will be many. Some of them vill be closer and some

20 be located at longer distances. Unsynchronized base stations are
also possible. In figure 5 synchronization is provided for
simplicity of the drawing. The number of radio channels used by
each base station wouid”norﬁally be more than six. In a bidirec-
tional communication system, e.g. a cellular mobile radio system,

25 radio channel time slot'hcpping schemes according to figures 5A
and 5B could be used for one direction of communication, e.g.
from mobile stations to base stations, and similar or different
hopping schemes used for the other direction of communication,
i.e. from base to mobile stations.

30
Figure 6 illustrates estimated co-channel interference in TDMA
systems and the reason why TDMA-FH according to the present
invention enables a change from "worst case" design of cluster
sizes in conventional TDMA, to a design based on the statistical
35 average of the co-channel interference from several connections.
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handl e” substantial |y dependent upon the nunber of connefErons. ... ... SEEN
si mul t aneousl y handl ed by adj acent cells, vgyereby one ceITH‘§ EET 22‘53

10 conveni ently undertake to handl e substantialily no EPLA

si mul t aneous connections than the maxi num average for a cell if all
celds handl ed the sanme nunber, provided sone adjacent cells sinul-
t aneousl y h&fhie esbddd siunve aireothecfigurei didustratese pessihide c8-channel
average Wheqﬂérf@féﬁcgafgkesiﬁerééﬂg %‘i’ﬂhﬁ. bursts, Bl Y€d Ot@fﬁl&&lﬂ%@f&d

of the present 1nvention Is duce i npl ete y avol
need for anyl® y%rﬁlplﬁmeds%ﬁﬁﬁﬂ% gertain radio chanhels.

As is illustrated in figure 6, different bursts are subject to

5 different co-channel interference. The first burst Bl experiences
the lowest interference of all six bursts. The second burst B2 is
subjected to the highest interference, the level of which is
indicated in figure 6 by an upper, "worst case" level, dashed
line. The co~channel interference for the bursts B3 and B5 is

10 about the same and slightly higher than that of Bl. The co-
channel interference for B4 and B6 is almost equal and higher
than that of B3 an B5. The average of the individual interferen-
ces for the individual bursts is indicated with a 1lower,
"average", dashed line in figure 6.

15 In a conventional TDMA system, without frequency hopping, the
bursts pertaining to a particular connection are transmitted in
the same timeslot of the samé radio channel, at least until
handoff. Thus, in figure 6, the bursts Bl to B6 would pertain to
different connections. Although succeeding bursts in the same

20 time slot of a radio channel may experience somewhat different
co-channel interference e.g. due to mobile station movements, the
change in co-channel interference from one burst to the suc-
ceeding burst,' pertaining to the same connection, is normally
small. Thus, for a conventional TDMA system, without frequency

25 hopping, figure 6 may somewhat simplified also illustrate the co-
channel interference situation for six different connections. In
a conventional TDMA system without frequency hopping the expected
"worst case" level is a design criteria when deciding the number
of frequency groups in the frequency plan for the system. I.e the

30 sYstem is designed as if all timeslots and radio channels should
suffer from the maximum interference level, which in reality is
very unlikely to occure.

In TDMA-FH according to the invention the situation is different
because the radio signal bursts of a connection are not transmit-
35 ted on only one and the same channel but on dJ.fferent radlo
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radi o channel s. Still another object of the pf | EBEAL mventnén IS
to.provide 10 nmet hods and neans whereby 2de absenceiof an"y s'¢onviedt i onal

frequency plan in a cellular TDVA nobil e radi o system fmeed not ‘cause
t oo severe co-channel interf.efence problens. o In brief and
sirplified, one mght say that nethods and neans for conmuni cati on

in accor dancehmnnlme'rpleemt;snmmaommge tigageparticular wonneetdon will
i nsi ght that ¢ ge ID¥RreY %&@Hﬂiﬁ S.eqé‘@ﬂfe'cted to k@fffé‘ﬂent's'a?&\;ﬂt%qugf'cﬁo-

hoppi ng sequences or schenes & hannel Tnterference Wth
a cell, but €haspedg ldﬁ-a,rrfaamce. S°me|ﬂf thEPeﬂF@e nane\cand aafFherst teelless

avoi ds the negédnf Q'irerage co-Chanpeqy mk@ﬁfb@ﬁnéﬁd Thue' $ord a’ TDMAGFEAsysten

A I A AR TN IS TIC T N L
In fact powefigure 6cmalyr @ertfairnhid etisé asamesconneetionar filthengh aebardt,
oy abe 1 H, TR B 7 AIBLET™R, b fos ANBIAR Ebndulllipe oty
accor di ng t ocSthenger 1nterference than the average the probability that the
proceeding burst, Bl in figure 6 and succeeding burst, B3 in

10 figure 6, will also be subjected to co-channel interference
substantially stronger <than ' average, is very small. Thus,

although the information in one burst might not be possible to

understand all by itself, the information in the preceeding

and/or succeeding burst very often can be understood, whereby the

15 total quality for the connection might not be too severely

degraded.

Error protective coding of information to be transmitted in
bursts and interleaving of information in bursts are advantageous
and might be very important in combination with TDMA-FH according

20 to the invention. If e.g. information is interleaved on two
bursts, one of which is subjected to very strong interference and
the other subjeted to none or very little interference, after the
de~interleaving process only half of the bits will be erased.
With efficient error correcting coding it might be possible to

25 correct these erased bits and recover the information transmitted
in the burst subjected to severe interference. Interleaving over
more than two bursts increases the likelihood of recovering
information transmitted in a severely interfered radio signal
burst.

30 The channel hopping according to the invention, together with
interleaving and error correcting coding, performes interference
averaging. Thus, the minimum cluster size is now constrained by
a statistical average of: the interference level instead of the
"worst case". The statistical average interference level is

35 depicted as the lower dashed line. As seen, the average inter-
ference level is expected to be much lower than the "worst case".
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present invention is frequency hoppi ng, which nay al so be M THIS cg_eﬁc
as_frequent change of the radio channel usgg for a c nnect‘égﬁ%&? BREN
in the following often will be called channel hoppi n=~A-ba

nobil e station involved in a connection does 30 not all the tine

transmt its radio signal bursts relating to a particul ar connection

in the sarreAc'cm'ds.m taf thee prasentadinvention,c fregeiencyn plleath inge dlustiess

of radi o si | particul ar connection are distributed
on the ti maﬂggo?’s (;Efaq"taﬂq’ o pduerdél ity of radio channels in accordanve with

parti cul ar hoppi ng schenmes or sequences. According to the
is?\éf?f)irloﬂev'gﬁa' iﬁtﬁ_&-?bk&ﬂée averé&iﬁ& s HS attbnatiasiy¢dbbaihéa By usinge
any kind of channel hopping. If the channel hopping within cells
5 arranged in a cluster is synéhronized, e.g. according to PCT
patent application W0/9113502, interference averaging is not
obtained unless additional steps are taken. The reason is that
such synchronized hopping in a cluster of cells causes any two
interfering mobiles to hop from one channel to the other channel
10 simultaneously. Thus two mobiles interfering on one channel prior
to the channel hop will hop in the same way and therefore

interfere also after the channel hop.

Figure 7 shows the principles of an embodiment of the invention
that both eliminates stiffness in connection handling capacity
15 and removes the need for frequency clustering. This embodiment
might be called fractionally loaded cells or base stations. This
imply that the maximum number of simultaneous connections per
cell when all cells serve the same number of connections is
substantially less than the total number of time slots on all
20 radio channels availiable for connections at a cell. Fractional
loading could also be expressed as limiting the average number of
simultaneous connections per cell to be substantially less than
the average number of time slots on all radio channels available

at a cell.

25 The figure depicts a subset of ten radio channels Rfl to Rf10 at
base stations in neighbour cells. Each radio channel is divided
in frames of three timeslots. The figure shows a fractional load
of 60% on the base stations. Thus, the number of simultaneous
connections are only 60% of the total number of time slots on all

30 radio channels available for connections. This can easily be
concluded, since four out of the ten radio channels are un-used
in every timeslot. Note however that a burst of a connection may
be transmitted in a timeslot on any of the availiable radio
channels. Comparing the radio channel time slots used by the two

35 base statlons reveals that some of the bursts of a connection may
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taneously transmt radio signals in the sane tine slot_of the _.sanme

radi o channel. However a nobile station ipgpne cell off,ar -—.5- -:Gel. Igrhar "TDVA

nobil e radio systemmay transnmt one of its bursts

i on th safe radio
channel sinultaneously with one of the bursts ofar mabng- staton in
an, adj acent cell of the sane system However, no nobile involved in a

COeCt | or b8 SAeefebielt aRILESother sasecueot S dame eomael ongsee oo
SQ
Mth one bulsterfezed. Buriny, & trend sopbl tLBRTLESEADE Batb 2adld CnanARME
:a In nggt ot herar?huseaomyeaﬁotm ¢ells, =stnechinecslots@f hi?mﬁ/aﬁagfi“’e?bPﬁggiﬁg
€S t
almst aFe Bs da% SBRE! ¢ Q_glil q”ﬁey t odﬁ@yséﬁat tifenglotsarge soméecradio

|
smal | ®i nor chanoeilschte gggaﬂﬁeé&eﬂ g’%ﬁ&%ié: nw?&ﬁexg%alr 1ov;e€¥rr§[c¥§.onst £38n?
| arge nunbegogl 3y SEﬁebi'éﬂiahM?d ﬂdsﬁlhaelllﬁtwr ént practiashi nermakly onuph

an adj acent ceI . Still, anot her pL sin
. g al nost the sane
t hi ng woul dlewero fragtiens érﬁoﬁﬁrﬁéerred'steé?(on%?n one cell selects radio

channels and tinme slots for 20 transm ssion independently of a nobile

LB on | FRaBUSA pogaspe Sy, M sBplertest sa e tomatovay i

Fn-one I's_uncorrel at ed
channel s onsignal Wuo dntnﬁémmatt@ﬁ%otf%sﬁignﬂﬂs ﬁeSBJ"XEé lfr8@I Fer#ﬁag

co ncigence 8% Y Ledd PofidanaeledtamdbdcE! SThe 2estiimaeedf rsigrialo €5 inter-
particul ar Besres Th adjacent cells involved.in

i nfrequent fesenas datigq fopidhfe m%? ;ﬁdg%nﬁgﬁgﬁm%@?e' Btations are

: compared with a des:Lred s:.gnal to interference ratlo. When

another connection set up in a cell or handoff of a connection to

a cell is desirable, a check is done to find out whether there is

15 available in the cell another possible mobile channel hopping

scheme free from coincidence on every radio channel with every

other of the mobile channel hopping schemes already in use in the

cell. If there is a possible mobile hopping scheme free from

coincidence, the desired cdnhection is established by set up or

20 handoff using the possible mobile channel hopping scheme in the

cell only if the estimated signal to interference ratio for

signals received from certain mobile stations involved in connec-

tions equals or exceeds the desired ratio. Said certain mobile

stations would normally include all mobile stations involved in

25 connections in the cell where the desired connection is es-

tablished. Decisions whether to set up or handoff a connection or

not in the cell may then be taken by a base station for the cell

or by a mobile switching ‘centre. According to a preferred

embodiment said certain mobile stations also include all mobile

30 stations involved in a connection in a second cell adjacent to

the cell where the desired connection is established or in any

cell adjacent to the cell’ where the desired connection is

established. Decisions whether to set up or handoff a desired

connection or not in any of the adjacent cells may the be taken

35 by a base station controller for the base stations of the
adjacent cells or by a mobile switching centre.
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i nvol ved in connections in two adj acent cells, coincidence df b
transmtted fromone particular nobile statgen in one of THtSrn@‘i&té] ’HSbQEEN U

any radi o channel with any burst transmtted by any 30 molfli | e i AEFh&aCED
adj acent cell is nore frequent. Accordi ng to anot her aspect of
present invention two or nore adj acent cells of a cellular TDVA
system may alh usembinatiani ovith chehaedelloppinga dnterleaving nand aldrror

of the radio Bﬁ@&%'ﬁr?a@édigﬁl 1£04s! g%egdpglenéh&ef&%%%ﬁﬁgw%%

cell may al s OF THE, DRAW N ure

i | lustrates gtatiom or aebiscls & Aqans Lo¥seepFrolling the co-channel inter-

12 ference. Thus, by forcing the load at each base station to be
5 lowered, the C/I-constraint may be controlled, allowing unity

cluster size, i.e. the total frequency band is reused at all base
stations. In this way the cumbersome frequency planning commonly
required in TDMA systems may be omitted.

Figure 8 and 9 are block diagrams of embodiments of a mobile
10 station and a base station for communication on TDMA radio
channels in a cellular mobile radio system. The base and mobile
stations are designed for a system according to EIA/TIA 1IS-54
standards but also for transmission according to the invention in
a TDMA system without analog traffic channels. Since com-
15 munication on analog control channels may be done substantially
according to standard and the invention relates to hopping
between digital traffic channels the part of the base and mobile
stations used only for analog control channels and analog traffic
channels according to EIA/TIA IS-54 are not illustrated.

20  Normally, a base station is designed for serving many mobiles,
i.e. updating/monitoring and handling connections involving many
mobile stations. However, in order to make a more eliglible
drawing, figure 9 only illustrates parts of a base station for
handling three simultanecus comnnections in different time slots.

25 Thus the base station his only three channel controllers 1, 2,
| and 3, each of which handles one of three connections. Further-
more the base station has only one RF modulator and power
amplifier receiving bursts from the channel controllers. Normally
a base station would have may RF modulators and power amplifiers,

30 each modulator receiving bursts from up to as many channel

" controllers as there are time slots in a frame.

In the figures, the blocks of one base station controller
corresponding to similar mobile station blocks are assigned the
same reference number, but with an apostrof '. A very brief
35 description of purpose or operation of ‘each block accordinq to
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Fi gure 2A to 2E illustrates two frequency bands avail abl ¢
cel’lkul ar nobile radio system a conflguratl@rﬁof radi o chjannel s :

L _;.'f;'.'.ﬁ?ur .

wi thin the frequency bands and tine formats on radi o cha

BAto 3E illustrates vari ous clusters of cells associ ated 5 with
frequency pl | d tes f

bet ween . %ﬁ%ﬁt iI(é; ‘gﬁﬁﬁn c%at §§Xé+' L"{F%MA %§ffe$§§ %@%nﬁﬁ%&tl%ﬂe
in a Thssuredybaying tsimilamepurpese ngnd operatigor argessoervise
illTustrate TONGSELREat Wo cel s and the co chan- 10 nel interference
5|tuat|on I n TDVA-FH. Figure 6 shows why the comonly used "worst
case" design of cluster sizes may be omtted when usi ng TDVA- FH.

gl gure 7 shovxs %PFEEHOWDﬂmamgglﬁf tmélﬁhdlule staa@weoﬁvehews theb|é?t§3<log
I agram I statio 0, be us I in rJ

arth sysﬁ?ﬁ f s?%t‘@#?’mp °nﬁc%‘6tnﬁ’?1 6&3’ ‘EPlce'
Figure 9 showiata hb@céudedigfmd reoth ddd usttraited tiathesunrdef Dnto a bit data
o oot ohtednl” v flide MRV AL Syl PHCBARG o the  Toma

according to 1he 1 nlen Xiis gure 1 arrson of
degr adi ng quatinciple. CDNW SPEECQV% afaDERcoHphY aine then-baseysatation

accordi ng to ddijrdi¥ENtncoming {dfFital information into data packages of the
10 same type as the SPEECH CODER 101 in the mobile station.

According to the EIS/TIA 1IS-54 standards there is a fast
associated control channel, FACC, and a slow ass_ociated control
channel, SACC. The FACC generator 102' in the base station is
used during the signaling of control and supervision messages to

15 the mobile station. When preparing a handoff the base station may
transmit on FACCH radio channel time slot hopping information,
e.g. similar to GSM or the identity of a hopping scheme, to be
used by the mobile station for its connection after handoff. The
FACC generator 102 in the mobile is used by the mobile during the

20 signaling of control and supervision messages. A FACCH message
transmitted by a base or mobile in a timeslot of a frame replaces
the speech or data from that base or mobile in that frame.

The SACCH is a "continous control channel® in the meaning that a
fixed number (12) of bits is reserved for the SACC in each burst
25 relating to a connection. The SACCH GENERATOR 103' in the base
station, is used by the base when exchanging signaling messages
with the mobile. Before a handoff the base may transmit on the
SACCH hopping information of a kind described 1later, e.g.
according to GSM or the identity of a radio channel and time slot
30 hopping scheme, to be used by the mobile for the connection after
handoff. SACCH GENERATOR 103 in mobile station is used by the
mobile when exchanging sighaling messages with the base.

There is a CHANNEL CODER 104 and 104' connected to each of blocks
101, 101' etc to 103'. A CHANNEL CODER manipulates the incoming
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Figures 11 and 12 illustrates the ability of conparabl-e -COMA.and... _
TDVA-FH systems to increase the capacity of2gertain cells wfthe: 25_ :
capacity is reduced in other cells. . DETAI LED :DESCRI'PT} @ :OF THE
DRAW NGS Figure 1 illustrates ten cells O to a0 in‘a cellul-ar- TDVA
mobi | e radio system For each cell ClL to Cl0 there is a corres-

pondi ng based&tax iigh, exdervtat nmakesergerodetesgtios Bnd cpraeRtdorn posgible.

situated in ihR Cﬁé&ﬁ@n?&mé hﬁsé&' |a§‘é“1£btﬁ\?d’ld\91&i€l déﬁé@ding for:t ';ﬁ‘b’?ﬂectmg
ant ennas. Ten nobile statlons ahbrevi ated Mss, are als shown
oy Do onal | IMPAREANS (ARCRRLER, i ket cAPBBFRLSIAde. and ceYel 3t TAduRAARCY

bul ky, vehi clcheckst @RCGdwhResei thhé . parveptathlly signiflikantebitkesn eting tdpeach
ot her 5 A mSSHEE R My ook ke e Yged £l Fomgliing AR Fneck
all the BSs by cables or any other fixed neans, like a radio |ink.
Some of thesg gabE@FoR 105 is connected to the CHANNEL DECODER 104 associated
with the SPEECH CODER and FACCH GENERATOR. The SELECTOR is
controlled by the MICROPROCESSOR CONTROLLER 130 so that, at
appropriate times, user information over a particular connection

10 is replaced with messages Qvér FACCH.

The 2 BURST INTERLEAVER 106 interleaves data either from the
speech coder 101 or from the FACCH generator 102 over two time
slots. The 260 data bits, which constitute one transmitting word,
are divided into two equal parts and allotted two consecutive

15 time slots. The effects of Rayleigh fading will be reduced in
this way.

The output of the 2 BURST INTERLEAVER is connected to the input

of a MOD 2 ADDER 107 so that transmitted data is ciphered, bit by

bit, by logical modulo-two-addition of a pseudo-random bit-
20 stream.

Data transmitted over SACCH is interleaved by the INTERLIEVER 22

BURST 106 over 22 time slots, each consisting of 12 bits of

information . Two SACCH messages are interleaved in parallel i.e.

the second message is deléyed 11 bursts compared to the first,
25 according to the diagonal principle.

SYNC WORD DVCC 109 is a store for sync words and digital
verification colour codes, DVCC. A 28 bit synchronization word is
used for time slot synchronization and identification and also
for equalizer training. Different slot identifiers are defined,
30 one for each time slot and another three are reserved for future
development. The DVCC is a 8-bit code which is sent by the base
to the mobile and vice~versa. The DVCC is used for assuring that

the right radio channel is decoded. —
- This Sheet Has Been Replaced
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13 ) means are omtted in the figure for sinplicity.” The :NSCFs=alks0
connected by cables or links to a fixed pu8ic tel ephone: net Wor AL BIgIN a
simlar fixed conmuni cati on networKk. Duri ng operatlon g et | e
stations will be in contact with the 5 flxed part of the systemby
transm ssion of radio signals to and tion of radio signals from

t he -di fferePﬁm’H aPhothe state T@Feﬁpﬁﬁét 8 b s tuey kIRdBn AL Runshs are
l i nks or genearited i DAL base stdtion 'BURIE @Nnmdmtmn Ortge nobi | e

d bi | '
et up ¢ ﬁ”na'%r%c‘“ Hpeeic eibhal pedl I8 oont (e mChotRyraRIny, 3] b1
network. FoDAdg 12 bipsr SACCHY 28&i bitppb¥ia,i A2 thids a¢edadl DVEC! @hd 12
connecl O“Sdelmlahééf eBPest h&@oﬁlﬁx? OreHl "éisfre | E}é‘t MeBmat0’s rp%f?:ﬁfﬂecﬂ

- nobi l e rawvi ng 1 n |saS|rrp| I cati on.

system EIM'HDCO:F@TMe ADr & c‘é?!‘%r%dcba%e%t pursiks. %eaﬁﬁy Séé:CH is
unbrella  replaced with data generated by the CONTROL CHANNEL MESSAGE

GENERATOR 132'. The transmission of a burst in a time slot of a
radio channel is synchronized with the transmission of bursts in
10 the other two time slots, if any.

Depending on the state of operation two kinds of bursts are gene-
rated by the mobile station BURST GENERATOR 110. The voice/traf-
fic channel burst is configured by integrating 260 bits DATA, 12
bits SACCH, 28 bits SYNC, 12 bits Coded DVCC and 12 delimiter

15 bits according to the time slot format specified by EIA/TIA
Is-54.

Three full rate time slots make up one frame. The 20 mS FRAME
COUNTER 111 updates the ciphering code every 20 ms, i.e. once for

20 every transmitted frame. A pseudo random algorithm is used for
ciphering. The CIPHERING 112 is controlled by a key unique for
each subscriber. KEY 113 comprises a sequencer, updating the
ciphering code.

In order to cope with multipath propagation etc., causing time

25 dispersion, an adaptive equalization method is provided by the
EQUALIZER 114' in the base station, to improve signal quality.
Synchronization with the BURST GENERATOR 110' is provided in
order to find the time slot associated with the right received
channel. A correlation in the equalizer adjusts to the timing of

30 the received bit stream. Syncword and DVCC are checked for
identification reasons.

The mobile station also has an EQUALIZER 114, providing an
adaptive equalization method to improve signal quality. A
correlation in the equaiizer adjusts to the timing of the
'35 received bit stream. The base station is the master and the
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15 ‘cel I's each covering an area al so covered by a group of—ficro

cells. Also the nunber of nobile stations v@g!l normally beTﬁﬁﬁ%””ﬁ . -3 BEEN
| arger. Base stations located in the vicinity of the ceIU borde,s = and
Wi th sector antennas are al so common. Sone cell nmay be served by Hore

t han one base station. Several'other MSCs with connected 20 . base stations
will al so norplpile ekationndst thensdiave sregansting framertimingy | The rwebibe

conmmuni cat e Qiﬁelahaeéﬁgffzer finds éﬂéﬂﬁﬁ%dﬂ&ﬂd kﬁﬁﬁh@tgﬁdt§9néﬁgaﬁ§§35 the
frequency bﬁ?ds available fo el L ular “nobil e 10 'S n;ﬁf
e e codiEet enprator. synaiqrdandLDVel r o Rherked Rx JaeBtLeLFation

t he frequencyedssns. 25 I's al so shown. One frequency band has a
range from about 825 MHz to about 845 MHz and contain radi o channel s
used for transm ssion of radio signals fromthe nobile stations to

~the bas® st &XhenRF MODULATOR 122 mébdelptesytbendarzdes rfxegpienoym fimuitthe
870 Mz di
to ﬁﬂ%%ﬁradlofﬁz §HE%UE§E? §?ﬁ&ﬁt€%zé§ 194 ?é€8fa§n Segﬁéﬁ§mﬁﬁ/4‘D‘

transmssio rom ase statlons o f
stati ons. ERPSKamethod (Péﬁ&n w31l fiked ,a Dififierent H2llyoencodedQuadrature

{reans there prrag@Oshiftt KefPhgPOOThRE! LeERANGEe Sihpl £66 NeRat eohtSFm®tion is
ransmSSIOndlfferentlally encoded, i.e. 2 bit symbols are transmitted as

10 four possible changes in phase; +/- pi/4 and +/~ 3pi/4.

The POWER AMPLIFIER 123 amplifies the signals from the RF
MODULATOR 122. The RF power emission level is selected on command
by the MICRO PROCESSOR CONTROLLER 130.

The TRANSMITTING FREQUENCY SYNTHESIZER 124' in the base station

15 generates the transmitter carrier frequency in accordance with
commands from the upuPC 130'. When radio channel hopping is
implemented, the micro processor pPC 130' calculates or reads
which radio channel to be used for each burst in accordance with
hopping information stored in a microprocessor store and the

20 hopping information transmitted to the mobile station intended to
receive the burst. The micro processor uPC 130' then sends timed
instructions the TRANSMITTER SYNTHESIZER to generate a sequence
of carrier frequencies in accordance with the frequency hopping
sequence or scheme to be used.

25 The TRANSMITTING FREQUENCY SYNTHESIZER 124 in the mobile station
generates the transmitter carrier frequency in accordance with
commands from the the uPC 130. When radio channel hopping is
implemented the uPC 130 reads or calculates a sequence of radio
channels to be used in accordance with the selected radio channel

30 time slot hopping information recived from the base station on
either the control channel dﬁring call setup or on one of the
associated control channels during a handoff. The uPC 130 sends
timed commands regarding the desired radio channel to the SYN-

THESIZER.
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14 ) ‘The radi o channels may be used in three different_ways. ,
anal og traffic channels or as digitalggraffic channie ﬁ—HQrSl—F}%TQ l?@E t
control channels. The anal og control channels are used fo ;silpg.ne} ng
during call setup, for notifying the M5 on an incom ng i ‘F Lpaghngy—:
and for nonitoring the status of the M5 while not conmuni catl ng on

any traffic ThenRECEIMENGVSFREQUEREY t SYNTHESIZER 125' adnal dihecabasel station
channel as | ed al t ﬂp? [

over an anal%g %?éaéél téti'éI e]c% ¥'§£\é'ha%ér‘£¥fe€' fré&uencgnaﬁgg%% ¢! Wlen
channel s ar ectmcanda £rom¢lwemmmfpxtmessgr uP¢réa|Qéncthand§ropmesser

anal og cont r&étéi‘ﬁﬂﬁ&lsswﬁiem f@ééi@eiocarrierb@é%ét@é@%z&%i‘cﬂﬁ titeSslot
| ocat ed_cl osest to MHz t he control channe] s

transmsi oni‘F rﬁﬁ%@%“?ﬁ vﬁiég) p@pgrxggt p,gformatlon stored in a m:.croprocessor

store, e.g. according to a radio channel time slot hopping
scheme, and sends timed instructions to the SYNTHESIZER 125'.

In the mobile station the RECEIVING FREQUENCY SYNTHEZISER 125

generates the receiver carrier frequency in accordance with the
10 instructions 'from the micro processor u130. The appropriate radio

channel being read or calculated by #4130 in accordance with a

radio channel time slot hopping scheme or other kind of hopping

information received from the base station on either the control

channel during call setup or on one of the associated control-
15 channels during a handoff.

Radio signals from antennas are received by a RECEIVER 126 in the
mobile station and a separate RECEIVER 126' for each antenna in
the base station. The radio frequency carrier from a RECEIVER is
demodulated in a RF DEMODULATOR 127 or 127', generating an inter-
20 mediate frequency. In the IF DEMODULATOR 128 the intermediate
frequency signal is demodulated, restoring the original pi/4-DQP-

SK-modulated digital information. The received signal strength is .

measured by the SIGNAL LEVEL METER 129 and the value is sent to
the micro processor controller 130.
25 . '
The SYMBOL DETECTOR 115 converts the received 2-bit symbol format
from the EQUALIZER 114 to a single bit data stream. The DEINTER-
LEAVER 2 BURST 116 reconstructs the speech/FACCH data from the
MOD 2 ADDER 107 by assembling and rearranging information from
30 two consecutive frames. SACCH data, which is spread over 22
consecutive frames, is reassembled and rearranged by the
DEINTERLEAVER 22 BURST 117.

The convolutionally encoded data from a DEINTERLEAVER is decoded
by CHANNEL DECODER 118 using the reversed principle of coding.
35 The received cyclic redundancy check, CRC, bits are checked to
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ones l'ocated cl osest to 8380 MHz. The anal og traff”g T@hﬂﬂﬂﬁ g%%EEN-”

used for tel ephone calls and 15 ot her arsal og connectio | nvc;;liwg Qg

nmobil e station. In addition to speech relatingto : N___J
radio signals transmtted on - an analog traffic channel rray carry

some signalling associ ated with the call. A normal tel ephone call or
other bidireletermine if anyoprteribasi seerredy '&hmiﬂa‘w‘g‘?PEﬁehlﬁ rkaxr

boL hI tr a{ls {M&&é Opaceft fufﬁlﬂéﬂ'xﬁ&.@e ba&eeéttat :m aaﬂstiﬁeeﬂbﬁs mwbrem §1¥%
noplil e Sta oanor el e nec e ra IC
channel in %anne%aeﬂddp‘%ggﬁ ‘P irec s ?P@ I%ﬂ%"o

used for di dimglyraffic channels are di VI ded intime slots. A frame on
such a radi o channel may conprise three 25 full rate tinme slots, Tf1l -
Tf3, as illustrated in figure 2B, or six half rate tinme slots Thl -
The, a$ is iTheiSRERCQH DECAUDER 149 processes theoreseivedcgabacin agcoxngance

other full rpig, CQIRECEpRBCh §:ode1:'r eSS oINS fv‘ﬂﬂlf at th' n?eﬁéf&té_é R&le

frame for transni ssion rom base to_nobile and one rate tine

slot Tf per ¥9cgikvedsperrh sighaly Ihe,aneles fdgnpd i8 Bbﬁél%l’ Anhkapced by
filtering technique. The FACCH DETECTOR 120 detects messages on

' the fast associated control channel and transfers the information

10 to the MICRO PROCESSOR CONTROLLER 130. During a handoff, the MS
may receive the identity of the hopping patterns to be used in
the next connection on this channel.

Messages on the Slow Associated Control Channel are detected by
the SACCH DETECTOR 121 and the information is transferred to the

15 MICRO PROCESSOR CONTROLLER 130. During a handoff the mobile
station may on this channel receive the identity of the shifting
schemes to be used in the next connection.

The radio base station activity and the mobile station communi-
cation is controlled by the MICRO PROCESSOR CONTROLLER 130°' in
20 the base station. Decisions are made in accordance with received
messages and measurements made. When hopping is implemented a
sequence of combinations of a radio channel and a time slot
channel shifting schemes are determined for each of the transmis-
sion directions for each mobile station served and involved in a

. 25 connection.

The mobile station activity and the base station communication is
controlled by the mobile station MICRO PROCESSOR CONTROLLER 130,
which also handles the terminal KEYBOARD DISPILAY 131 input and
output. Decisions are made in accordance with received messages
30 and measurements made. For each timeslot, the transmitter and
receiver radio channels will be determined according to the
hopping information received and information stored in a
microprocessor store. The mobile station KEYBOARD DISPLAY 131
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slightly different in different directions.3Fig 2D il | ustrat s .2waD the__"_

The sl’'ot format for information on a digital traffic ci'n\gmﬂ&t-?is'

format for transm ssion fromnobile station, while figu 4=
illustrates the format for transm ssion from base station. The 35 tinme
slot formats comonly include 260 bits reserved for data

15 tpenfarnsi She information exghgngel besweenckheonses apdcsher base
code, DVCC, di#abiba.for a sl'ow associated control channel, SACCH, and
28 bits for synchronization and training data, SYNC. The - slot fornmat

fromthe nmobile station to the base station includes 5 two 6 bit bl ocks
for guard ti CONTROLACHANNED MESBAGE, GENERATOR 132ngknepatébecehttrolochahnel

fromthe b asﬁeééé‘&égnarc%otr%‘ingo@g %rders received from the micro processor
5 controller 130. The CONTROL CHANNEL MESSAGE DETECTOR 133 detects
received control channel messages and send them to the MICRO

PROCESSOR CONTROLLER 130.

The TIME SWITCH 34 in the mobile station connects either the
transmitter or the receiver to the MS antenna. The timing is

10 synchronized to the receiving and transmitting sequence by the
MICRO PROCESSOR CONTROLLER 130.

A tight power control algorithm may be used to reduce the
transmitter power on the radio channels in the connections with
mobiles located close to the base station. In this way the inter-
15 ference from these connections to other connections will also be
" reduced, which in turn will give increased capacity. From a pure
capacity point of view, the best thing would be to reduce the
transmitter power levels to a minimum. However, the reduction in
the transmit power level should be a compromize between the
20 reduced signal quality and the resulting increase in capacity.

The base station can decide if a moible shall lower its power by
measuring the quality of the received signals felating to the
connection with the mobile. Such quality measurements can be

) measures of the signal strength, C/I and bit error rate. The

25 measurements made, may be translated into a power control command
in several different ways. One example could be to compare one of
the gquality measureménts to a desired value and command an
decrease in the mobile transmit power if the measured value is
above the desired value. If the measured value is below the

30 desired value a command to increase the mobile transmit power may
be transmitted. The power .control- command may be transmitted on
either the SACCH channel or the FACCH channel.

_
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station includes a 12 bit block which is reserved for futurf USeS,, 5 BEEN

A cellular systemis based upon reuse of tRB® sane radio chaknr‘”qu#‘h,

mmrwanasovmsvmetl

different cells. In a conventional cellular system with a
frequency plan all the avail able radi o channels are di vi ded |nto

channel groups, which in turn formes a cluster. To each cell within a
particul ar gualisy measugenenks Rt themignals tyansmdktedsfrom the dasgo

cells in thausdepé! Baken e Beéathfemdbts fihe t&memsxbﬂmeIdSegewalermethods
e |

el or) BkisE,  faronE 112150 tnese, Bethiianalits or baSe, SEAkIRA. pover
Fi gures 3A conitirol. omler ekamplevisttihatalthier mgbddeytpansnitall meastinesients

o oo bS  Thaveesd) | LnSiEARESsRoll (G Eiddif! B0 cheOHhgefhatsdf dpftciPlth

one ce a celfular
cluster, fi§uwra Fyalwate| the| ugaénrenentsg@ml Fjusts | itgstranspis power

cel | cl ust Choctiefiilg ¥otaCfiveh Urtet Al AnothedTRKbRE1 e BAVCHEX tiiehlobile

than illustrate figure” 3. s em ma arrived i f one
of the patt dtFedt @é’lallélaiqeﬁ 2%13 metad%%r % And &rensfer; a é’ﬁ&\eé} £9%: ARy
the total ggngireplsecdr decreadéclahtbase taansuit powelrepTeNd sopaiobadly

10 desirable that the base station, in any case, makes the actual
decisions on whether or not to increase the base station transmit

powver levels.

To speed up the power control of the mobiles, it may be permitted
to let the mobiles take a more active part in the desicion of

15 their own transmit power levels. By measuring the quality of the
signals received from the base station, the mobile can be able to
predict the quality on its own transmitted signals when received
at the base. Thus, if the mobile detects a sudden improvement or
degradation of the quality of the signal transmitted from the

20 base, it may decide itself to rise its own power level. It is
important, however, that the base station has the ability to make
a fast re-adjustment of the mobile transmit power level in order
to minimize the risk of a mobile unintentionally performing a
dramatic increase or decrease of its power level.

When implementing methods for communication according to the
present invention in some TDMA mobile radio communication system,
e.g. according to GSM or IS-54, normally oniy minor amendments
may be necessary. Much of the procedures for call set up and
- 5 termination and handoff may be similar to those in a conventional
TDMA system. Some amendments are of course necessary. At call set
up or handoff of a call already previously set up, the base
station in a prior art TDMA system, without channel hopping,
informs the mobile station on a fixed radio channel and a fixed
10 time slot to be used for_the_call to be set up or handed over.
When using channel hopping according to the present invention,
some other method of synchronizing the transmitter and receiver
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As an illustrative exanple it is assunmed that 252 out of the——— 1o .
666, radi o channel s according to figure 2a wege avail abl ef| ™S §r use” &5EN
digital traffic channels while the rest were used for 30 analloy~EoHer ol
channel s and anal og traffic channels. Assum ng a fi xed frequency

pl an, each cell would di spose of 84 such radio channels in a 3-cell
cluster system the sightr tdime shotmrd thenrdght raddecchanpélisi®regpsined 8¢

im0 Skl e B, S BorfRcRithe APt trec-
21-cel | clustdonalst @sg. normal telephone calls and data communications.gBoth
base and mobile stations must therefore not only transmit but
5 also receive radio signals in the right time slot of the right
radio channel. Normally the base station will be master in this
process and send radio channel and time slot hopping information
to the mobile station. In a TDMA-FH system with channel hopping
the hopping information is then sent instead of of merely
10 information on a fixed time slot on a fixed radio channel.

When implementing the present invention in a cellular TDMA mobile
radio system designed for optional channel hopping, e.g. GSM,
even less modifications are normally required. One fundamental
difference between the GSM system and a TDMA-FH system according
15 to the present invention is that no fregquency plan is required in
a system according to the present invention. However, this
fundamental difference does not exclude the possibility that a
method of determining radio channel and timeslot according to GSM
can also be used in a system according to the present invention
20 with only few amendments.

According to the random frequency hopping mode in GSM, a mobile
and base station transmits their bursts in timeslots of a
sequence of radio channels that the station derives from an
algorithm. The radio channel hopping sequences are orthogonal

25 inside one cell, meaning that no collisions occure between
communications in the same cell. The radio channel hopping
sequences are independent from one cell to another.

The hopping sequences are generated dependent on three different
parameters:
30 a) The set of radio channels to be hopped on
b) The hopping seed of the cell, which allows different
sequences in adjacent'_or neighbouring cells
c) The index offset, to distinguish the different connections
of the cell using the same set of radio channels to be
35 . hopped on
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CGenerdlly clusters with many cells neans the available nu
radi o channels has to be shared by a | argessunber of cells.
with few cells nmeans the avail able nunber of radio chia

HiS SHIC) USt2 BEEN
nel BERKBCED be

T
n

shared by fewer cells. Thus using clusters 5 wth nore
average nunber of radi o channel s per cells becones | ess than when
using a cl uSthars wiadedmsiing ded |GSM, the mdiy ¢hannehiandispime slogcopping
i ”Ealrhsféﬁﬁftfdﬁ akefitl lfrom th?a’ifgéé‘gtﬁa%@ tﬂoﬁﬁiet ie S¥sé ClletF N
a capacity point of view I't woul d be desirabl e to have the snall est

possi bl e c| fequencies; the hopping seediandt the dindex 9fkSe%ase t he nunber

of channel s . per area and thus the systemcapacity. In prior art TDVA
syst ens smal | _cluster, si are however not mtted b he_ hi

oo nal s 1 FAGR k3senapo RORELR AFat IR AL AlGer ERR A s PtotAg . TPLs to
cells. 5 15theCalegoaithm bire al set s ninbersmandal seedf Bepending wypae the
means te ' e lel L O, '

sams radi o Sesth EReChASORIERR aPitYEELs W MR Bie Ryfibdhy Y SLLY duting
-si ze. Anot h&he\egebf Oé’xmlmr_iﬁg tOnlky woumbere ifxyomathehssebi gre generated.
clusters hayg deQait ' ¥eédtd dicalila@cethBanasgsliehmCl st Qjénerﬁ%@l different

generally clusters with many cel | s nor mal I@/ neans | ess co- channe
i nt er f er enc SCTHRNCEF o MEFSTRREE Y 125 Reed mildt Al Johg, Siegueiice genexgted
bi g chost er byarthepraligoritthn anyDdE Wind erombeéirsh i & set appears substan-

tially as frequent as any other number in the set. Thus, for
those not informed on the seed the numbers in the set appears to
be selected at random. The sequence generated repeats itself
after some time. The length of the sequence is depending upon the

15 algorithm used, and can be made longer than the average duration
of a telephone call

Mobiles served by the same cell (base station) receive the same
seed and using the same algorithm they would generate identical
sequences. However, different mobiles served by the same cell

20 receive different index offset in their hopping information from
the base station. Each mobile station adds their individual index
offset to the number generated by the algorithm, wheréby the
mobile stations will get different numbers.

Assuming the set includes N radio channels which are given
- 25 individual numbers 0, 1, ...N=1, pl30 inputs the seed and the
number N in the algorithm and starts executing the algorithm. A
sequence of numbers, none exceeding N-1 are then generated. To
each number generated by the algorithm the u130 adds the index
offset modulo N. The number obtained by this addition is the

30 number of the next radio channel to be used.

As an illustrative example say that the set includes N=8 radio
channels that the station may be hopp to. The random generator
could then generate a sequence 2,6,4,0,3,1,6,... for a given
hopping seed. The following eight different hopping sequences for
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frequency pl ans. Figure 4A and 4B illustrates one jon @ T
-di fference between a 25 conventional TDMgeéystem and a - DVA- FHs:sy,§I"é@[
F1l

usi ng frequecy hoppi ng. Both systens use six TDVA ra !
- RF6, each having three tinme slots, Tfl - Tf3, per frame. Four franes
are shown on each radio channel. In the conventional system accordi ng
to figure 4/eight tdiEféventf carnestiilons aie dfhe hsaté cellli comldnnthemrFbe
with the hlgg@?é gater frequency, is assigned to the connection C11,
the tinmesl ot each frame to connection Cl2, and the tineslot Tf

3 of each fr5ﬁ€e¥0058ﬁﬁ§ct|on @E?Piﬂﬁ sahenedi o channel RF2 the
tinmeslots Tf1 to §f 3 of each frere g'c, ﬁgSlgn,e,d to the connections C21
to C23 gespectlvely 35 The tlneslot Tf §f3 of radio channels RF3 to
RF6 are”in the conventi onal sﬁ%ﬁeﬂﬁﬁiﬁﬁ éh d ‘t°0 the connections C31 to

4,0,6,2,5,3,0,..
5,1,7,3,6,4,1,..
6,2,0,4,7,5,2,..
7,3,1,5,0,6,3,..
0,4,2,6,1,7,4,..
1,5,3,7,2,0,5,..

C63

10

dd\(ﬂhNNH

Comparing the eight sequences shows all radio channels are used
simultaneously but no sequence coincides with any other sequence,
i.e. no two mobiles hop to the same radio channel at the same

15 time.

According to GSM there should be a frequency plan. The set of
radio channels sent to a mobile served served by one cell is
therefore different from all sets of radio channels sent to any
mobile served by an édjacent cell or an other cell in the same
20 cell cluster. None of the radio channels included in any set sent
to a mobile station served by one cell is included in any set
sent to any mobile station served by an other cell in the same

cell cluster.

If radio channels in a TDMA-FH according to the present invention
25 would be determined in a way simular to the way in GSM, using
radio channel sets, seed, index offset and an algorithm, at least
some of the radio channels included in the set sent to a mobile
'in one cell would also be included in the set sent to a mobile in
an adjacent cell. Preferably the majority if not all of the radio
30 channels included in any set sent to any mobile in one cell would
also be included in sets sent to mobiles in adjacent cells.

The invention is not limited to embodiments where the time slots
and radio channels of hopping sequences are determined by channel
set, hopping seed and index offset according to GSM. However,

lmd}hsB&quimmd
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17 ‘ respectively. Thus, in the conventional systerﬂ any pan—tﬂ%ﬂ‘tcaf
of . the connections O 1 to C63 alwaysafli sposes the Sane, re ‘sHgE  of
the same radi o channel until there is a handoff. Assigning of ST AdT
channel tine slots in a conventional TDVA system could 5 t herefore be

descri bed as assigning to each connection one conbi - nation of a
radi o channeacepeding o thet invers icmhioppting) shall namamm mpath@talgast
until termn 0 I . he connec- tion. In a
TDVA- FH systgirlnbu?f)(r%h’gﬁg%ggulhoppl ng, according to figure 10 4B, the

{imesl ot Tf 1)chopRiNgi Seguences/ sehemes EarhsonpeCckionssinvolvingsiobikes da
connection Cghe Haumuer celile orTesledpriblsedl somewhat ds.mi‘iﬁtr g,ma (Bi.u:sts

radi o cgannel RF1 i,s assi ned tQ connection e ti

of the ?hird FRBFRiLtedr eﬂgﬁkﬁﬁﬁi %Fved(%& E%ﬁn%é??ogaE81, °PhemUSt
ti mesl ot Tflnet tbdnkide Iinf thee sameREimel Blot iof ahe game tadimmhmn.

at. 2) hopping schemes/sequences for connections involving mobiles in

adjacent cells, or expressed somewhat differently, for mobiles

served by adjacent base stations, may only coincide occasionally

10 and shall be uncorrelated or have low correlation with each
other.

In a system similar to IS-54 the hopping information may be
transmitted from the base station to the mobile station on the
control channel during the setup of a call, or on one of the

15 associated control channels, FACCH or SACCH, during a handoff.
‘'Most connections are bidirectional, e.g. normal telephone calls
and data communications. The hopping information may therefore
indicate both radio channel and time slot combinations to be used
for the sequences of bursts of radio signals to be transmitted by

20 the base and mobile stations for the purpose of forwarding speech
or other information relating to the connection. Instead of
specifying complete sequences, the hopping information from a
base may be an identification number or code of a scheme or
algorithm stored in all base and mobile stations. The hopping

25 information from a base station may also indicate where in the
scheme the mobile should start if it should not start at the
beginning of the scheme.

An algorithm or a scheme has normally a finite length, i.e.
includes or generates only a finite number of radio chan-
30 nel/timeslot combinations. Normally a call lasts for so long time
that the number of radio signal bursts transmitted from the
mobile station, for the purpose of forwarding the information
relating to the call, exceeds the length of the scheme. However,
a base or mobile station may use the hopping information for
35 hopping cyclically. When the station has transmitted a burst in
accordance with the last combination of radio channel and time
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The timeslot Tf2 of the first frame of radio channel RFﬂ’ﬂs

to'.connection C42, whereas the tineslot Tf Z3gf the i secend; ;fyamé"‘ N
radi o channel RF1 is assigned to connection C52, rﬁé:PFne&EeL?IL_ of
the third frame is assigned to C32, and the 20 timeslot Tf2 of the
fourth frame of RF1 is assigned to C22. The timeslots Tf3 of the

first to fouslotfdabscatedrkFatartheasendnef the schemeorvecgenesrateéd, 1343an

€23 and C33 dif&egfﬂ:hﬁe*:ﬁe mogfﬁﬁtﬁﬁﬁéﬂiés s rg;)?t st :inofthédgoﬁ%g§5tlgn

frame of are assigned to connection
Cl3 25 r&%e@@ﬁiel ghapnelcand: kdme ﬁégtoiydécatﬁé gérshdinr §he schemeio
channel RF2 are assigned to connections C21, Cl2 and C43

respectlvel . The_rest of the a nnment s are evi de and_wil | ] .
heref or o nACHREALES, £o1 pe ARCRTRER Schidmes Ugad, by AGbie Stations in a
radi o annatel RFareo %hr‘oﬁnmd ebyBa Mase rettzion t bat the ewllespeddang
time slots o c | f d anngls gn
dlfferently'é¥§$a§§ﬁ B%?Fgﬁggg?gg of a ba ?g%e @ ffgéen %ﬁé chggné S
in differentassumed. therehare 13 rqﬁwq|QhAQneb&amwathbl¢ ggrecqenegtlons.
connect i on 'ﬁo@é%%%f@ é£ﬁeme cycléé‘nf’of Fudr %@?ﬂo@@én@aw thén be as

succeedi ng franes
follows.

10 A': 1,4,7,10,13,3,6,9,12,2,5,8,11
B': 1,6,11,3,8,13,5,10,2,7,12,4,9
c': 1,8,2,9,3,10,4,11,5,12,6,13,7
p': 1,12,10,8,6,4,2,13,11,9,7,5,3

In a first cell a mobile may transmit according to one of the

15 following synchronized cyclic schemes A01' to Al2' obtained by
cyclic permutation of the basic scheme cycle A'.

AO1' 1;4:77;10;13:3;6:;9712;2:5:8711:1:4:77:10713737;6;79;12;2;5;8;11;

A02' 2:;5:;8711;1:4:7:10;13:3:6;9:;12;2;5:8;11:1;4:7;10:13:3;6:9:12;

AO03' 3:;6:;9:12;2:5:8;11:1:;477;10;13;3:6:9:12:2;5:8;11;1:4;7;10;13;

20 AO4' 4;7;:;10;13;3;6;9;12;2;5;8:;11:1;4;7:10;13;3;6;9;12;2;5;8;11;1;

AOS5' 5;87;11:1;4:;7:;107:13:3;679;12;2:5:8:11;1:4:7:10713;3;6;9:;12;2;

AO6' 6:;97;12;2:;5;8:711;1;4:7;107;13;37;6;9:12:2:;57;8;11;1:4:;7;10;13;3;

AO07' 7:107;13:;3;6:;9:12:2:5;8:;1171:477:10;13;3:6:9;12;2:5;8:11;1;4;

A08' 8:;11:;1:;4:7:;10:13:3:6:9712:2:5;8;11;1;4:7:10;13;:3:6;9;12;2;5;

25 A09' 9:;12;2:;5;871171:4:7:10713;3;6;9712:;2:5:8:;11;1:4:7;10;13;3;6;

Al0' 10;13:3:;6:;9;12:2;5787;11717477:10;13;3;6:9;12;2;5;8;11;1;4;7;

o Al1' 11;1:4:7:10:;13:;3:6:;9:12;72;5:;8711;1;4:;7;10713;3;6:9:12;2:5;8;

Al2' 12;2;5:;8;11;17;4:7:;10;13:;37:6;97;12;2;5:87;11:1:4:7:;10;13;3;6;9;

Al3' 13:3;6:;9:12;2;5;87117174;7:;10;13;3:;6:97;12;2;5;8;11;1;4:7:10;

'30 In a second cell adjacent to the first cell a mobile may transmit
according to one of the following synchronized cyclid schemes
BO1l' to Bl2' obtained by cyclic permutation of the basic scheme
cycle B',
BO1' 1:6;11:;3:;8713:5710:2;7:12:4:9:1:6711;3;8;13;5;10;2;7:;12;4;9;
35  BO2' 2;7;12;4;9;1;6711;73;8;137;5710;2;7;12;47;9;176:11;3;8;13;5;10;
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18 - radi o channel. No connection is assigned one co

gm-or—a
radi o channel and a tinme slot rem ning unchggged during the - %E;T;:AS&EEN
period of plural franes. Instead each connection is assigned LAGRD

of four conbinations of a frequency and a tinme slot for use 5 in tour
succeedi ng franes. Thus the corresponding tine slots, e.g. Tf2, in
the four sucsesli ng;8¢ase5;D0; 2w; X2 9 ;Q&014;3;8;83;5710;2; RAR; 4y lusedl;
by di ffer ent pn Q i. I:l .. * [ 2 . (3 .l [ 3 . L] - L] L 4 .L r . . L) Q L] e
si npl est vvaymg ags%ggrﬁgiga%{%' %%'ag '-1C°e'2|'7'12ﬁgl'?f?‘h€'s o %éﬁnd%n'g'rbﬁrzéf?réag'
different frBoShn5010eR:7 it 1161173 78:330R¢d0731%:13 14 3813 3:8:13;

enbodi ments Rhei hg, P PSeEl1d IWAIG DY :12:4:9:1:6;1173:8;13:5;107257;12:4:9:1;
5 BO7' 7:;12:;4;9:;1;6;11:3;8;13;5:10;2;7;12;4:9:1;6;11;3;8;13:5;10:2;

BOS' 8;13:;5;10:2:77:12;4:9:1:6:11;3;8;13;5;107;2;7:12;4:9;1;6:;11;3;

BO9' 9;1;6;11:3;8;13:5:;10:2:7:12;47:9:1:6;11;3:8;13:5;10:2:;7:12:4:

B10' 10:;2;7;12:;4:9:1;6;11;3;8;13;5;10:227;12;479:1;6;11;3;8;13;5;

Bl1l' 11;3:8;13;5:;10;2:7:12;4:9:;1:6;11:3;8:13;5;10;2;7:12;4;9:1;6;

10 Bl2' 12:;4;9:;1:;6:;11;3:;8:;13;5:10:2:;7;12:;4:9;1:6;11;3;8;13;5:;10:2;:7:

B13' 13;5;10:;2;7:12:4;9;1;6;11;3;87;13:5;1072;77;12;479;1:;6:;11:3:8;

In a third cell adjacent to the first cell a mobile may transmit
according to one of the following synchronized cyclic schemes
CO01' to Cl2!' obtained by cyclic permutation of the basic scheme
15 cycle C'.
CO1' 1;8:2:;9:3;1074:11;5:12;6;13;7:1:8:279:73:10:;4;11;5;12;6;13;7;
C02' 2:;9:3;10;4711;5:12;6;13;7;1:8:2;9:73710;4711:;5712;6;13;7;1;8;
CO03"' 3;10;4:;11;5:;12:6;13:;7;1:;8:2;9:3;10;4;11;5712;6:;13;7;1:8:;2;9;
CO4' 4:;11:5;12;6:;13;7;1:8;2:9:371074711;5712;6:13;7:1:8;2:9:3:10;
20 C05' 5:;12:;6;13;7:1:8;2;9;3:10;4711:57;12;6:;13;7:1;8:2:;9:3:10;4;11;
CO06' 6;13:;7;1:;8;2:;9:3:;10;4;11;57;1276;13;7;1:8;2;9;3710;4:11;5:12;
CO07' 7:;1:8;2:9;3;1074:11;5712;6713:7771:87279:3710747112;:5;12;6:13;
CO8' 8;2;9;3:1034;11:5;12:6;13:7;1:8:2;9:3;10;4:11;5:12;6;13:7:1;
C09* 9;3:;10;4:11;5;12;6;13;7;1:8;2;973:71074:;11;5;12;6;13;7:1:8;:2;
25 Cl0' 10;4:;11:5;12:6;13;7;1:;8:2:9:3710;4;11:5712;6;13;7;1:8;2;9;:3;
Cll1l' 11;5;12;6:;137;7:1:8:2:9:3:1074711:5712;6;13;7:1:;8;2:;9:3;10:4;
Cl2' 12;6;13;7;1:;8;2;9;3;10;4:;11:;5;12;6:1377;1:8;2;9:3;10;4:11;5;
C13' 13;7;1:8;2:;9;3;10;4:11:;5;12;6:13;7;1:8:;2;9:3;1074;11;5:12;6;

In a fourth cell adjacent to the first cell a mobile may transmit
30 according to one of the following synchronized cyclic schemes

DO1* to D12' obtained by cyclic permutation of the basic scheme

cycle D'. P

DO1? 1:12;10:8:6:4:2:13311:9:7:5:3:1:12:10:8:6:4:2:13:11:9:7;5;3:

D02' 2;13:;11;9:;7:5:371:12;10:8;674:2;13;11;9;7:553:1;12;10;8;:6;:4;
35 DO3' 3:;1:;12:;10;8;674:2713:11;9:7;5:321:127;10;8;6:4;27;13;11;9:7;5;

DO4!* 4:2;13;11:9;7:5:3;1;12;10;8;6;4:2:13;11;9;7:5;3;1;12:10;8;6;
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‘many nore radi o channel s than six are used, whereby any Oﬂ*
for.the total tinme period of plural succeediong radi o chapnel
may be assigned different radio channel tine slots in a
succeedi ng franes. Thus each connection could be 15 assigned'”%??ﬂﬁnﬂnr
I nel udi ng a sequence of a plurality of conbi nations of radio

channel s and®o8'm® i3 :3 792 2110 7811165 4a@plB+11:9:7:5 622 7d0¢B 67 4eqadBel 14177

conbi nati Ongygfe r@.q.g.q@aq]&ebs-,agd:, 1;12; 1?*%-34-@&3' 5109“7@3 3; fhfémﬁi 183
hoppi ng schene uenc pi Ng scheme
or pattern. Wcor"dﬁvéttlolfzu&@r'é 16747233 W1 Qpclietfidid ¢ Bar'#‘ Eegfﬁrgfﬁb'ltlow
?Ry C?nnect Im'hs‘%;\@a&ls :11; 9t-t7r 85371} 1271078 % ;o ;2;an0ml ; eavltrsv shﬁf%rﬁlq,
an the pr in u r n a ohpegt Lon, is
ot a. ecbs By 971513131387 1D R8 AEATAS T Ry VR AT RERR6 TR LS Bhip (R
adj acent bumDo0* 10 8:634:221181;03 007t H£3 SRR XOTEs64GR 7 A y1bed t 7 ahisdvi 1t 1ed
n the same T s 01189109608 4 A 692 53378 2046, 610NN 1

cel l ul ar rect|dndl hmiintcation
channel ho@ﬂﬁdgl2§ﬁ@UBd5 Brérddaplyo; bé5 3kﬁﬂl§ﬁéﬁt§d5 ﬁhz b%ihl 937;5:3:1;

di rections. pylysf iygung ;487 bl-gw-ﬁb?iomﬁsi@fbqzc-fmbeb sl-a?lﬁi@h% 08 1654723

conmbi nations used for one direction of communi cation, e.g. from
nobil e to base station, then the pattern of radio channel tine sl ot
conbi nat i ona stedy of the echemed AOAli o DDB! drévealw timle any two athemes

2;93;3‘*?(32@&«@%%%%%34:%& WESRAN LR, s A0E pP Hiang one il or
and S|nultaaesabbpeneéasumimadMhezhgnabsmatimeﬁbbt$ein a frame on a channel
m mobiles in the first cell may use the same scheme,e.g. A07',
without any coincidence of bursts transmitted from other mobiles
15 in the same cell provided they transmit in different timeslots.
Thus up to maximum 13 x m mobiles in the first cell may transmit
according to the schemes A0l1' to Al13' without co-channel
interference from other mobiles in the same cell. Since there
were 13 radio channels available in the first cell the maximum
20 number equals the total number of time slots available on all
radio channels in the cell. Obviously the same is true for each
of the ssecond, third and fourth cells.

The basic schemes may be assigned to 3-cell clusters or 4-cell
clusters in a way similar to a frequéncy plan in order to reduce
25 co-channel interference from mobiles in different cells. However
there is an inherent fundamental difference between assigning
basic schemes like A' to D' and assigning radio channels to cell
clusters according to a fixed frequency plan. When assigning
schemes according to the invention each cell is still entitled to
30 use every radio channel for connections. Thus when assigning such
schemes the maximum connection handling capacity for any cell is
not reduced compared to a situation when no schemes are assigned.
Using the schemes, and having a base station in a cell with enogh
transceivers means the cell can actually handle as many simul-
35 taneous connections as the total number of time slots on all the
radio channels available and there is no co~channel interference
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35 station.

be .used for
19
radi o signa

Then a different pattern than that of figure
the other direction of conmuni cggion.

In a conventional TDVA system wi t hout frequency
bursts pertaining to connections of one cell may be

REPLACED

interfered by the radio signal bursts pertaining to connections of a

cell at reus
pertaining t

the sane radio ¢ anne

frdinsnabitesDim the samef gedllt hUsingcprepenEchenes meanssall co-
n.QﬂnQ%HényTE%cEr%Qﬁpétf¥3ﬂ”hé aitfcells an&'ﬂﬁr§5ﬁﬁd93g

t he bur st one connect i on

will be int eRPERcALighankecallsivherely the, Ganneckiqn handling gapgeity of a

cell.
5

10

15

20

25

30

35

cell becomes dependent upon the number of simultaneous connec-
tions in adjacent and other more distant surrounding cells. Using
the schemes means any two mobiles in adjacent cells can cause co-
channel interference to each other only during a small minority
of the bursts transmitted. This is an advantage in certain
situations, e.g. when the power contrel of a mobile is not good
enough. Comparing any two schemes AQl' to D13' reveals that any
two schemes for different cells, e.g. A03'and C07', have low
correlation to each other but any two schemes for the same cell,
e.g. B02'and B06', have high correlation to each other.

In the embodiment of a system illustrated in figures 2, 8 and 9
in accordance with the EIA/TIA IS-~-54 standards, the control
channels are analog and base and mobile stations do not transmit
bursts in timeslots on the control channels according to the TDMA
principle. 1In a future development of a system according to
EIA/TIA IS-54 the control channels could also become digital
channels, divided in time slots where base and mobile stations
transmit bursts, possibly according to channel shifting schemes.

Figure 10 illustrates how the guality may be degraded in TDMA
system, without a fixed frequency plan and implemented methods
according to the invention, compared to a CDMA system as the
number of subscribers served by the system is increased. The
curves are based on simulations of two such systems under
equivalent' conditions. As seen, the quality is expected to
degrade more slowly for the TDMA system according to the
invention, which illustrates that a "softer" capacity may be
obtained in such a TDMA system than in the CDMA system.

The reason that TDMA-FH with communication methods according to
the invention performs better when over-loading the system is
that the channels connected to the same base station are
separated in time/frequency while in CDMA systems they interfere
with each other. Adding one more subscriber in such a TDMA system
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Fi gure 5A and 5B illustrate a co-channel interference srfggarl oI =—when

usi.ng di fferent channel hopping schemes ingaw cells of, S LT i) I*uL'arlf
TDVA nobi | e radi o communi cati on system Fi gure.5A.i ?Fﬁ%{t‘_‘gj@@es hqw
the bursts pertaining to 18 connections Cll, Cl2, C13, 21, "CrF~
C23, C31, (C32, C33, 41, 42, 43, b1, C52, C53, C61, C62 and C63

are transm twill | mdti nénstreaseofths xintérference (ﬂcfrnnany Ia‘therRFﬁubﬁﬁiber

RF4, RF5 i oe. ' '
coll A Cfoshitedtid Kb iid Bine bage BELLHND oY laustFiberd Bohhbdteq to
the fi rst cesurrounqu bageressgtwnastvalbs mﬁﬁeﬁe fremt sther t tneressed

18 connecti Oﬂ&erferen@ 111% Cbaanc@ lené2 Zintgﬁfe:.@ﬂce Coproduzed by the

42, C43, C51 t tt d the t
S 8 Cadaiélonal GubsRtingrs’ wild bR rRANCORPY Ahe | Igus tp e

during the Sﬁéﬁgmubﬂan talls{r athe ||te&tﬂd:(imgd c:aidreaﬁd tirrre cdotlisamiel
Guring a 1r ARETTESEEhEe PP TOnga8 GekTENA Dy BESREEL" o5 noth carlo.
Al the six radio channels are commpn to both cells.
In the CDMA systems, one additional subscriber will degrade the
quality for all subscribers in the system. In particular, one
10 additional subscriber in the CDMA system will cause an increase
of the interference level in its own cell where the path-loss is
normally small compared to the path-loss to neighbouring cells.

The above phenomena also explains why the TDMA system will
provide a geographically more flexible sharing of the radio

15 recources than a CDMA system when a capacity peak is required in
one or several of the cells.

Figure 11 and 12 show how the connection handling capacity for
each of certain cells, e.g. along a free-way during rush-hour,
can be increased at the expence of a capacity reduction in the
20 surrounding cells. The figures are based on simulations of a
TDMA~-system according to the invention and a CDMA system under
equivalent conditions. As seen in figure 11, the CDMA system may
increase the capacity to 120% along a line of cells if the
capacity in all surrounding cells is reduced to 30%. In the
25 system according to the invention the capacity may be increased
to 200% along the line of cells at if the capacity of the
surrounding cells is reduced to 65%, as is illustrated by figure

12.

Although the invention has been explained in connection with

30 certain embodiments of TDMA cellular mobile radio system the
invention is not limited to such embodiments of systems but
methods according to the invention may be implemented in other
cellular mobile radio communication systems within the scope of

~ the invention.
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Compar i ng figures 5A-and 5B reveal s that the first bugs—m" __’ Y 2L ,Q g

to*connection Clilgdd: ' |1 coinci on the ' aﬁ
RF5 with the fi rgm‘&mﬂmmw’tjﬁct i on C41dﬁ1 t he T se EBH‘H‘L 7*‘:55
second burst of N radi o channel 30 RF6 With the second

burst of connection C51, the third burst of * connection C 1l coincides
with the third burst of connection CIXEMsCcti on C21 on radi o channel

e el o8h b BISTIRE roun moBR0RCFRATH SkbrhS) TRETSEI B, FiFep, g
pertaining ta secondt adjacent cells and plural TDMA radio channels, a method
of transmitting radio signals pertaining to connections involving

5 mobile stations, comprising the steps of: '
transmitting to each of a plurality of mobile stations served by
the first cell or the second cell, at set up or handoff of a
connection involving the mobile station, radio channel and time
slot hopping information pertaining to the connection involving
10 the mobile station, the hopping information enabling the mobile
station to determine a sequence of combinations, each combination
including a TDMA radio channel and a time slot on that radio
channel to be used for transmission from the mobile station, the
hopping information transmitted to different mobiles served by
15 the first cell causing different mobiles served by the first cell
| to determine non-coinciding sequences of combinations of one of
the TDPMA radio channels and a time slot on that radio channel,
the hopping information transmitted to different mobiles served
by the second cell causing different mobiles served by the second
20 cell to determine non-coinciding sequences of combinations of one
of the TDMA radio channels and a time slot on that radio channel,
the hopping information transmitted to mobiles served by the
first cell and the hopping information transmitted to mobiles
served by the second cell causing mobiles served by different
25 cells to determine sequences of combinations including a
plurality of common radio channels, the hopping information
causing any sequence determined by a mobile served by the first
cell to have low correlation with any sequence determined by any
mobile served by the second cell, and the major part of the
30 sequence determined by one mobile station served by the second
cell to be free from coincidence with the major part of the
sequence determined by any mobile station served by the first

cell; and
transmitting from any mobile station having a need for transmis-~
35 ‘-sion of information pertaining to a connection, radio signal

bursts distributed on the time slots of plural radio channels in
accordance with a sequence determined from the hopping in-
formation received, each burst transmitted from any of the mobile

is Sheet Has Been Rerlaced

TN




a1l in the second cell coincides on the radio channel. RFﬁ with™ ‘Fﬂ'le

fir,st burst of conn i first ggell, the second Lv;ﬁ,purst'Of
Cl1 coi nci des on ragm'mmmﬂ““"mu th the second bur &t i :\3‘ .
connection C61, the t'hird bur®t ©f "connection Cl1 coincides 5 with the

thisrd burst of connection connection C51 on radio channel RF1, and
the fourth hststiochscbedagt confifhédctionametime slotvidmdtsepivatéd bnrtime
of connectio 1Iﬂﬂ r el {s

pert ai ni ng tgr‘(g)éhe conn%&ﬁgg%gﬁﬁa %& t&-ansmitt ?@o}"ways |%msef e’r“gl’I:le
with the bur%t@tpentandunglgblogetanuheheameoconsaﬁtleonnect|on in the

other cell as nmay be the situation in conventional TDMA. Instead the
bursts of a connection_are interfered bursts from connections
whi ch may vafy & makhedaccording to clais. 1A6'%%F%Pr‘h he, sagiances used: bypany

slots &g e umsieile in theH@igsy ,céntﬁ%laumemeﬁéytaahewa@rw:cttmswﬂal

h of th | | t hat b t it
CnCmany | nunker oF 31 BPScRRE Ik tadiar Sniiberd CevaL st EtS, s LS
The co-channséll ramdf étsnadjacentit ceblsnofi the cEDBA systéB feratransmission

sinmplificati € e I h s radi o
channels wi | I%H@%§§i£ o%g o€&¥ﬁ élgé?fg %érf%gé?h 6sgﬁn gblon%é
| ocat ed at | onger dlstances. Unsynchroni zed base stations are

3. A method according to claim 1 wherein a majority of the radio

10 channels included in any sequence used by any mobile station in
the first cell are also included in a sequence used by a mobile
station in the second cell.

4. A method according to claim 1 comprising the further steps of:

estimating at base station signal levels for signals received
15 from mobile stations served by the base station;

comparing the estimated signal levels for the signals from the

mobile station and a desired signal level; and

controlling from the base station the output powers of mobile

stations served by the base station for the purpose of reducing
20 differences betweeen the estimated signal levels and the desired

signal level. '

S. A method according to claim 1 comprising the further steps of:
estimating at base station signal quality for signals received
from mobile stations served by the base station;
25 comparing the estimated signal quality for the signals from the
mobile station and a desired signal quality; and
controlling from the base station the output powers of mobile
stations served by the base station for the purpose of reducing
differences betweeen the estimated signal qualities and the
30 desired signal quality.

6. A method according to claim 1 comprising the further steps of:
estimating at mobile stations signal levels for signals received
from the base station serving the mobile station;
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al so possible ni zation is provided for
sinplicity of the t“\m ﬂl& ﬁﬂm“‘oer of raggo channels us e
base station moul 6 nore than six. In a bidired} ‘ﬁf%péf "'°BEE
comuni cation system e.g. a cellular nobile radio system{i_25 L4 HED

3

i
iy
e

channel tinme slot hopping schenes according to figures 5A and 5B
coul d be usedohpartng dtrehéimsobile cs*tmnnmtémmaet@ signal levebstgor! the

ised for 1 neSSONBISaNHRIYSR of Fob i Barvins’ Bhbe statiof’Hhd Ch GpETERa

nobi | e st ati shgnal3level; analgure 6 |Ilustrates estinated co- channel
interferenc Ey& ég&g§3 CEREIRBH
t he presenteré&ug naéhf?%n ena es ac an e ron1" asgbfdeQ% %18

clusterS  statioms GFARGMALAY oA EEnTS £90c3) gwpa&seaneﬁeeﬁe ‘ot "the
statistical esbimat¥Qradgnal 1&eeloov8RntRe tekerbar zavelfrom several

connecti ons.
7. A method according to claim 1 comprising the further steps of:
estimating at base station C/I for signals received from served
mobile stations;

10 comparing estimated C/I for the signals received from served
mobile stations and a desired C/I;
determining whether another connection involving a particular
mobile station in the first cell is desirable for the purpose of
connection set up or handoff;

15 checking if there is another possible radio channel time slot
hopping sequence available in the first cell free from coin-
cidence on every radio channel with every other of the hopping
sequences already in use in the first cell; and
if another connection to a particular mobile in the first cell is

20 desired and there is a possible hopping sequence free from
coincidence, establishing the desired connection and using the
hopping sequence in the first cell only if the estimated C/I for
signals received from certain mobile stations involved in connec-
tions matches a desired level.

25 8. A method according to claim 7 wherein said certain mobile
stations include all mobile stations in the first cell involved

in a connection.

9. A method according to claim 7 wherein said certain mobile
stations include all mobile stations involved in a connection in
30 the second cell.

- 10. A method according to claim 1 wherein the average number of
simultaneous connections per cell is restricted to substantially
less than the average of the total number of time slots on all
radio channels availiable for connections at a cell.
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21 The s m “mlmm“ll figure illustrates possihle co-channel
i nt.erference for S|$“l nu rsts, B& to B6, transm gz SHEET Hal BEEN

i
certain tinme slots of* cérthin"radi 6 channels. As itp 1] gl abep 1 N
figure 6, different bursts are subject to 5 di f f erent lee—channe
I nt-erference. The first burst Bl experiences the |l owest interference

of all six lar.stas mehod anoordingttdzlsim 1 wheraihn diiiedvterdde rhimbexsiof

i nterference,, V. ' ' ' i ngll i '
upper, "V\or%tlmtc‘gg:e eﬁ°§/seg°“34a2sﬁ?§f s pexr c?}%gﬁ %%tes%ci‘o{%ggn%g Qf’gt g?flgéjsesncoef
for the bur &#he Baverages of the taotpduinumbexaed Hime| BdRtsy on ghdl magio

that of Bl. c-f{]&‘i\rﬁl's availall@ ! tnd (11e R dritfedticyl B6 is al nost
equal and hi gher than that of B3 an B5. The average of the

i ndi vi dual interferen- ces for the individual bursts is indicated
with asl onen2. In a celdlanage'rpMAanbbdlei radio syster fncludilig a Ifirst and

convent| onala -Is_%n%ygﬁi%@cevﬁ@ Q:%'flsf Eﬁﬁuﬁfﬁi‘a@ﬁ?&&%&i‘g channels, a method
of transmitting radio signals pertaining to connections involving
mobile stations, comprising the steps of:

transmitting to each of a plurality of mobile stations served by
10 the first cell or the second cell, at set up or handoff of a
connection involving the mobile station, radic channel and time
slot hopping information pertaining to the connection involving
the mobile station, the hopping information enabling the mobile
station to determine a sequence of combinations, each combination
15 including a TDMA radio channel and a time slot on that radio
channel to be used for transmission from the mobile station, the
hopping information transmitted to different mobiles served by
the first cell causing different mobiles served by the first cell
. to determine non-coinciding sequences of combinations of one of
20 the TDMA radio channels and a time slot on that radio channel,
the hopping information transmitted to different mobiles served
by the second cell causing different mobiles served by the second
cell to determine non-coinciding sequences of combinations of one
of the TDMA radio channels and a time slot on that radio channel,
25 the hopping information transmitted to mobiles served by the
first cell and the hopping information transmitted to mobiles
served by the second cell causing mobiles served by different
cells to determine sequences of combinations including a
plurality of common radio channels but the major part of the
30 sequence determined by one mobile station served by the second
cell to be free from coincidence with the major part of the
sequence determined by any mobile station served by the first
cell, the hopping information allowing two sequences determined
by two mobiles served by the same cell to include corresponding

35 timeslots in succeeding frames of a radio channel; and
transmitting from any mobile station having a need for transmis-
sion of information pertainM a connection, radio signal
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| nnection are transn
sane tinmeslot of th ‘ﬂ‘r Hiﬁnel, ate4 east until
Thus, in figure 6, & B6 woul d pertain to

bursts pertaining tF E
connections. Al t hough succeeding bursts in the same 20 time slot of a

radi o channel may experience sonewhat different co- channel

i nterf er encen@rgts difstpibubeldeofit the Cin® \sIGHE D Plaral rad:.@haheﬁnéms in
co- channel |nterf rence f{] m qQne_bur st torélq?e Suc £ Eﬁ bur st _
pertai ni ng t?° ?‘Pf'é [RE ¢ ctd offSIPENGG (R "sf“é‘r%ﬂ TR, “$%8r pping ' in

conventi onal fd’ﬁwtig;ntmewedpmadh dyprstc gratsmiktpegi ﬁgqualmrcef ¢heemobile
somewhat si"BehdiSfsabelny iRl WA it time s1EPUNE! sePhPLLE] Ol Ceime

situation for SIx | f ere connecti ons . onvent on
syst em® t hotromr éamen@yaqqﬁﬁﬁwg t harak pé@taé'!fmltted fmmstthss sanec, Bpbile

a design crigestforhgnqdeeldtifigt 86 tH8D8SAme conne&tibhgquency groups in
the frequency plan for the system |.e the 30 systemis designed as if

all timeslots and radi o channels shoul d suffer fromthe naxi rum
interferencerd evin ,a Wellular r'EDNA mobide radio wystemlinkduding acfirst and

Ao RS Ayt TS W B k) BRGRARS s, g motg

on only one @tld:mmmmmo signadscpertaining etm gonnections involving
10 mobile stations, comprising the steps of:

transmitting to each of a plurality of mobile stations served by

the first cell or the second cell, at set up or handoff of a

connection involving the mobile station, radio channel and time

slot hopping information pertaining to the connection involving

15 the mobile station, the hopping information enabling the mobile

station to determine a sequence of combinations, each combination

including a TDMA radio channel and a time slot on that radio

channel to be used for transmission from the mobile station, the

_ hopping information transmitted to different mobiles served by

20 the first cell causing different mobiles served by the first cell

to determine non-coinciding sequences of combinations of one of

the TDMA radio channels and a time slot on that radio channel,

the hopping information transmitted to different mobiles served

by the second cell causing different mobiles served by the second

25 cell to determine non-coinciding sequences of combinations of one

of the TDMA radio channels and a time slot on that radio channel,

the hopping information transmitted to mobiles served by the

first cell and the hopping information transmitted to mobiles

served by the second cell causing mobiles served by different

30 cells to determine sequences of combinations including a

plurality of common radio channels, the hopping information

allowing a sequence determined by a mobile served by the first

cell and a sequence determined by a mobile served by the second

cell to include the same radio channel during the same frame, the

35 hopping information causing the major part of the sequence

determined by one mobile station served by the second cell to be
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in the preceriid¥iance with a sequence determined from the hopping in-
formation received, each burst transmitted from any of the mobile
stations being confined to one time slot and separated in time
from the succeeding burst transmit_ted from the same mobile
10 station and relating to the same connection.

14. In a cellular TDMA mobile radio system including a first and
a second adjacent cells and plural TDMA radio channels, each
divided in time slots grouped in frames, a method of transmitting
radio signals pertaining to connections involving mobile
15 stations, comprising the ste;}s of:
transmitting from each of a plurality of mobile stations involved
in connections radio signal bursts distributed on a plurality of
radio channels in accordance with a radio channel time slot
hopping scheme, each burst transmitted from any of the mobile
20 stations being confined to one time slot and separated in time
from the succeeding burst transmitted from the same mobile
station and relating to the same connection, all of the hopping
schemes used by mobile stations in the first cell being free from
coincidence on any radio channel with any other of the hopping
25 schemes used for transmission from a mobile station in the first
cell, all of the hopping schemes used by mobile stations in the
second cell being free from coincidence on any radio channel with
. any other of the hopping schemes used by any mobile station in
the second cell, one of the hopping schemes used by mobile
30 stations in the second cell coinciding on any radio channel with
at least one of the hopping schemes used by a mobile station in
the first cell, the major part of every hopping scheme used by a
mobile station in the second cell being free from coincidence on
any radio channel with the major part of any hopping scheme used
35 by a mobile station in the first cell.
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and/ or succeedi ng b often can be understood, preby-the 15
total quality for t mﬂH “ﬂ[l ht not P@ t oo severeﬂ )TH:"S SHETT dgqr
Error protective co on to be"transnmittediin REPL s B

and interleaving of infor rrat ion in bursts are advant ageous======u=gaft
be very inportant in conbination with TDMA-FH according 20 to the
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efficient erégcpgl ?%i ing coding it mght be possible to 25 correct

t hese erased écover the information transnmitted in the

burst subjected to severe interfer ence Int erl eavi ng over nore than
two burgts ifgreasem HZ:?%' 4P 914 “Gherein e Eﬁoﬁ 588 scheme
transmtted :inasev I nter ered ralo si gnal % BBb §0 ?ﬁ

channel hoppPﬁgdabio?cFP%u% ﬁ?f@’?@l@é’nf'-hsnfl?%Ee?‘PH i,qqlfpdes more than half
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averagi ng. Thu t he ster ze J.Ss noy const a| ne
Vot ot Sal H3RacATAE Mend Hetanil Fon A ABhoHReF ret! aajacenf to
the first cell of the TDMA system for transmission from mobiles
10 of radio signals pertaining to connections.

17. A method according to claim 14 wherein a majority of the
radio channels included in a hopping scheme used by a mobile
station served by the first cell are also included in a hopping
scheme used by a mobile station served by the second cell.

15 18. A method according to claim 12 or 13 wherein any channel
hopping sequence used by a mobile station in the first cell have
low correlation with any channel hopping sequence used by any
mobile station in the second cell.

19. A method according to claim 12, 13 or 14 comprising the
20 further steps of:
estimatihg signal to interference ratio for signals received by
mobile stations served by the first or second cell;
comparing the estimated signal to interference ratio for the
mobile stations and a desired signal to interference ratio;
25 controlling output power of stations for the purpose of reducing
differences betweeen signal to interference ratio at different
mobile stations and a desired ratio.

20. A method according to claim 12, 13 or 14 comprising the
further steps of:

30 estimating at base stations signal to interference ratio for
signals received from mobile statiohs in the first and second

cell; -
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determining whether another connection involving a particular
mobile station served by the first cell is desirable for the
purpose of connection set up or handoff;

checking if there is another possible mobile channel hopping
scheme available in the first cell free from coincidence on every
radio channel with every other of the mobile channel hopping
schemes already in use in the first cell; and

if another connection to a particular mobile in the first cell is
desired and there is a possible mobile hopping scheme free from
coincidence, establishing the desired connection and using the
possible mobile channel hopping scheme in the first cell only if
the estimated signal to interference ratio for signals received
from certain mobile stations involved in connections equals or
exceeds the desired ratio.

21. A method according to claim 20 wherein said certain mobile
stations include all mobile stations in the first cell involved
in a connection.

22. A method according to claim 20 wherein said certain mobile
stations include all mobile stations involved in a connection in
the second cell.

23. A method according to claim 1, 12, 13 or 14 comprising the
further steps of:

checking at mobile stations involved in connections served by the
first or second cells whether there is a need for transmission
from the mobile of information pertaining to the connection; and

transmitting from mobile stations involved in connections served

by the first or second cell radio signal burst only when there is
a need for transmission of information pertaining to the
connection.

24. A method according to claim 1, 12, 13 or 14 wherein the sum
of the durations of all radio signal bursts transmitted from any

This Sheet Has Been Re laced

[T




obt ai ned unl ess aHllllll IHHHIIIHIIHAHIHre taken The reaso“‘ %Hﬁchat - gesh

synchroni zed hoppi hg inta ¢l uster of cells gpuses any t mt@rferl g
mobil es to hop fromone channel to the ot her channel 1= m.,u, tareouSt
Thus two nobiles interfering on one channel prior to the channel hop
w kI hop in the same way and therefore ) interfere also after the

channel hop.mobile statignrand pémsirii}ﬁ; ﬂrd e ipairtd cull aan conneditiont isf 1é8¢

Lvent on s enan 1B B8 ShET Rl e bbbl MR BB NECHE" A ' tne
enbodi nent duratim‘tghofbspeaeiSehetwaen|'ohal byrsbaded cells or base

"stations. This i nply that the nmaxi mum nunber of sinultaneous
connecti ons per cell when all cells serve the sane nunber of

connections 4%. In a celljatanTRMA yokide magia systemingdngddndop firgt and
slots o al |a g88cond’ Al jacdimneb31svand i erd10r TORANAWE N cl¥nreleE | each

SRy R g R
t han r&m@ves;hgnamsrrbpem:blmng sitat s conmEdtionk 0 ineolveirsy mobile
%Zlnlnglblsel?fags%aaeféﬁﬁ ?gﬁprls{n‘gasegg%‘e?gggéffz ﬁe?;lﬁ;ghroielt Fg rggl:g radi o
channel is dixansmitting from each of a first and a second base station
10 serving mobile stations in the first and second cells respec-
tively, radio signal bursts distributed on a plurality of radio

channels in accordance with channel hopping sequences, to mobile

stations in the first and second cells respectively, and per-

taining to connections involving the mobile stations in the

15 cells, each burst transmitted from the first or second base
station and pertaining to a connection being confined to one time

slot and separated in time from the succeeding burst transmitted

from the same base station and pertaining to the same connection,

all of the hopping sequences used by the first base station for

20 transmission to served mobile stations being free from coin-
cidence on any radio channel with. ahy other of the hopping

sequences used for transmission from the first base station to

served mobile stations, all of the hopping sequences used by the

second base station for serving mobiles being free from coin-

25 cidence on any radio channel with any other of the hopping
sequences used by the second base station for serving mobiles,

one of the hopping sequences used by the second base station for
transmission to mobile stations served by the second base station

coinciding on the same radio channel with at least one of the

30 hopping sequences used for transmission from the first base
station to a mobile station served by the first base station; and

the major part of every hopping sequence used for transmission

from the first base station to mobile stations served by the

first base station being free from coincidence with the major

35 part of any particular hopping serquence used for transmission

from the second base station to the mobile stations served by the

second base station.
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60% on the base s bl m ui fle nunber si mul t aneoug 'HIS SHEET HAg pepy
connections are ot taI number” of time slots_on df8PLAZA - .
radi o channel s avail abl e for connections. This can eaS|Iy Tpe T s m—
coricl uded, since four out of .the ten radi o channels are un-used in

every tineslot. Note however that a burst of a connection may

transmtted in a tlnes t on apy of th vai | i abl e radi
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not
5 radio channels availiable for connections at a cell.

27. A method according to claim 25 wherein the average number of
simultaneous connections per cell is limited to 20% or less of
the average of the total number of time slots on all radio
channels available to a cell for connections.

10 28. A method according to claim 25 comprising the further steps
of:
measuring signal level for signals received by mobile stations;
reporting from mobile stations to base stations signal levels
measured;

15 comparing the measured signal level for the mobile stations and
a desired signal level; and

-controlling output power of base stations for the purpose of

reducing differences betweeen signal 1levels estimated at
different mobile stations and a desired signal level.

20 29. A method according to claim 25 comprising the further steps
of: _
measuring signal quality for signals received by mobile stations;
reporting from mobile stations to serving base station measured
signal quality;

25 comparing reported quality and a desired signal quality; and
controlling output power of base stations for the purpose of
reducing differences betweeen signal quality at different mobile
stations and a desired signal quality.

30. A method according to claim 25 comprising the further steps
30 of: _

checking at base stations, serving mobile stations involved in

connections in the first or second cells, whether there is a need

for transmission from the base station of information pertaining

to a connection; and
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interfered. During a | ots of some radijorghannel’ s T
are used by both ceI_ImmmC“ﬂuml Il s of ggone radio éhannei.fs-f-. T ael
used by one cell only,*ard don® tfme"slots of some radio==5-——¢hahRels afe
not used by any cell. H gher or |ower fractions than 60% ar e
theoretically possible but in practice normally nuch: | ower fractions
?L e Prfrerr%arfslﬂiteh% from the Iilli@{éigﬂ?ti?mdi:ag s&%{{daefﬂdmiﬁfeﬁlteﬂibﬂs
e foll ow : £ si gnal , i nterference rati,o signal s
Fecei ved 1 ofiired nin genneqftidE dn g £ret, 8 ferBha’sall adlg Stonar
signal to irdwarst pertairinierne the icormectiion sndiyawhenctheredisr anmeedi for
stations ar s Ut . i s Si i ' C I en
not her - conrEtT DAL £10H, £ AESERFELSh PBEked th il 260 Ceid Cdonfibebion”
cell is desirable, a check is done to find out whether there is 15
available in the cell another possible nobile channel hopping schene
free from coincidence on-every radi o channel with every ot her of the
nobi | e channel hoppi ng schenes already in use in the cell. If there
is a possible nobile hopping schemé free from "'Coi nci dence, the
desired connection is established by Tag&hdéfH. Been®eplacedtandof f usi ng t he
possi bl e nobi |l e channel hoppi ng scheng} | cell only if the
estimated signal to interference rati oumm“u “II, lgnal s received from
certain nobile stations involved in co - ions equal s or exceeds
the desired ratio. Said certain nobile




stations woul d normally include all nobile stations involved in 25
connections in the cell where the desired connecti%

B‘Hméct-r DHABIREEN
‘eer

t abl i shed. Deci sions whether to set up or handoff
not in the cell may then be takaBSTRACE base statio
by. a nobile switching centre. According to a preferred

said certain nobAlgeehiebi poR edMMULRCA¥dENakh AOPbMR cBPLuLAkations
involved in a cormesiLBPNRADIO SeSPRPM OoSihkcaghgqgeRicyonorpING the cell where

the desi re%&@ﬂaacﬁganmbﬁn@ﬁtf%@ IcMfiPicad®idRYin a cellelbr gdMAC@ObilQ
the cell where the desired connection |% abl.i shed Dec#)sr ons

whet her a&P GPmBENkGABLPR Sygtem wit Chanr{?&ni’@ ABF o MISES PRSEN ISk
the adj agfy¥ire! 6atiyns herbrshbkenadio sibmnaa llamstst dni ¢himeostlodisl ef faor

Egﬁtgj ase S]:[ aéalx 1éy0f thed:l.o chan%@l%ce{ﬁ lezlaédgﬁcgyw; HDBhIa?m%‘i" th%lgﬁglg
schemes, all of the schemes used by a base and mobile stations in

a cell being free from coincidence on any radio channel with any
other of the schemes used for transmission within the same cell,
a scheme used by a mobile station in one cell occasionally coin-
10  ciding on a radio channel with a scheme used by a mobile station
" in an other cell, the major part of every channel shifting scheme
used by a mobile station in a cell being free from coincidence on

any radio channel with the major part of any chanriel hopping
scheme used by a mobile station in an other cell, signal to

15 interference ratio or other signal characteristics such as signal
strength or bit error rate for signals received by mobile sta-

tions are estimated and compared, the output power of stations

being controlled, the existence of further possible channel
hopping schemes in a cell, free from coincidence on every radio

20 channel with every other of the channel hopping schemes already
in use in that cell, is checked, and when another connection to

a particular mobile is desired and there is a possible mobile
scheme free from coincidence, the desired connection is estab-
lishing using the possible channel hopping scheme in the cell,

25 only if the estimated c/I for:certain'mobile stations involved in

-

connections exceed a minimum level.

No drawing can appropriately accompany the Abstract

/

et Has Been Reﬁaced

T i



I n coihbi nati on with channel hopping, interleaving and error

protective coding it is seen that the fractional |oading of base

station or cells is a nmeans for controlling the co-channel inter-

ference. Thus, by forcing the |oad at each base station to be 5 | ower ed,

the Cl-constraint may be controlled, alq g unity cluster size,
I.e. the total frequency band is reused at all base stations. In this

way the cunbersonme frequency planning commonly required in TDVA

systens may be onitted. Figure 8 and 9 are bl ock diagrans of

enbodi nents of a nobile 10 station and a base station for comunication

on TDVA radio channels in a cellular nobile radio system The base

and nobile stations are desi gnedfor—a-—system according to EIA/TIA

1S54 standards but also for fransm ssion agcording to the invention
i n a TDVA system wi t hout an Since com 15

muni cation on anal og control cha ! bstantially

according to standard and the i [ Qppi ng bet ween

digital traffic channels the p ' stations

used only for anal chaqanel s

according to EIA

M10




20 Nornally, a base station is designed for serving many nobiles,
| .*e. updating/nmonitoring and handl i ng connections invol ving many

nobil e stations. However, in order to nake a nore eliglible dr awi ng,
figure 9 only |IIustrates parts of a base station for handl i ng three
si mul t aneous comnections in different t@ff@slots. 25 Thus the base
station has only three channel controllers 1, 2, and 3, each of which
handl es onpe of three connegjgQpsgg Furt her- nor eg e station has
only one RF nodul at and po aggel fieg,tecei VI ursts he
channel controll ers8é rmal I \;}ﬁs ab st aé?ém woul ggﬂav ;ﬁq@mﬁ

nodul at ors and power
‘up to as many channe

2ach nod sts from
s ther L lLots o) a frane.

In the figures, the bl ocks of one base ptation|controller
corresponding to similar nobile station| bl ocksjare assigned the sane
reference nunber, buf with an apostrof |. A vefy brief 35 descrj ption of
pur pose or operationjof each bl ock aceof ding t# v
Channel [1]2]3}---~=--~- 666 1123 f~======"- 666
30 kHz Fﬁg) 2a
Tt 1 Tf 2 T3
Fig. 2b

One frame = 1944 Biis (1972. symbols) =40 ms. (25 frames per secondL

Th 1 Th 2 Th3 Th 4 Ths Thé

. One slot
Fig. 2c - g
6 6 16 28 122 13 12 : 122
7
G| R| Data / Data SACCH|CDVCC Data
27k
Slot format mobile station to base station (traffic channel)
Fig. 2d
28 12 130 12 130 12
W% _ RSVD
S SACCH Data cbhvcC Data 00=00

Slot format base station to mobile station (traffic channel)

Fig. 2e



EIATIA 1S54 will be given first. Correspondi ng bl ocks are assumned

having sim | ar purpose and operation unl ess othervise ment i oned.

A SPEECH CODER 101 in the nobile station converts the analog 5 si gnal
generated by m crophone subjected to the h n voice, or dat a
received froma not illustrated data souafaninto a bit data stream
divided into data packages, according to the TDVA principle. The
SPEECH DATA CODER 101' in the base station converts incomng digital
information into data packages of the 10 . sane type as the SPEECH CODER
101 in the nobile station. According to the EIS/ TIA 1S-54
standards there is a fast associ ated control channel, FACC, and a

sl ow associ ated contr ol

Fig.3a n

°° "~ Fig. 3¢




channel , SACC. The FACC generator 102' in the base station is used
during the signaling of control and supervision nessages to 15 the nobil e

station. Wien preparing a handoff the base station may transmt on
FACCH radi o channel time slot hopping information, e.g. simlar to
GSM or the identity of a hopping schene, t 1)2 used by the nobile
station for its connection after handoff. The FACC generator 102 in
the nobile is used by the nobile during the 20 signaling of control and
supervi si on nessages. A FACCH nessage transpmitted by a base or nobile
in a tinmeslot of a frane repl aces t he speech or data fromthat base
or nobile in that frane. The SACCH is a "continous control channel”

in the neaning that a f* ﬁmg nunber (12) of bits S reserved for the
SACC in each burst 25 el at \ng to a connection. The CCH GENERATOR 103

v’

in the base st gti om—t frargroy-st ng-
messages with t{RF1nPpBi4l @ag Chhgctzas&a 11€ jatf on
t he SACCH hoppijng +h+ewn T e sy Y= H-Y=Te B L
according to GSH or t{mwai PBALi Ch3anCs| | G CiaTeos| Obs [Xhg
hoppi ng schene, to bq u fhe Prggqf‘inr atler
handof f. SACCH GENERA ' [ ¥zt CrolCQbi | €
when exchangRagliai gn’ﬁaﬁ S gjéga 3t PO [Vss) €81 | Gz | G
Channels o, Ca1 C43]C41|Cs2 | Ca3|Cs1 §Ca2]Cus
RF5 | Cs1 | Cs2 | Csa | Cs1| Cs2|Csa | Cs1|Cs2| Csa|Cs1|Cs2 | Css
RF6 }Ce1|Ce2 | Ce3 | Ce1 | Ce2| Ce3 | Ce1 | Ce2 | Co3 | Co1 | Co2 | Cea
\. -
TH T2 T8 TH T2 TB TH T2 TB TH TR THB
TDMA
Fig. 4a
_ f4 Frame | ~ Siot
¢ . / 4 A -\ i /
' RF1 | C31]C42| Ce3 | Ca1 | Cs2 | Cas | Cs1| Caz | C23 | C11 | C22| Ca3
RF2 | C41|Cs2|C13| C21 | C12| C2a | C11|Ce2 | Cs3 | Cs1 ] Caz | Caa
' C|C
Radio | RF3 }C21]|C12|C43{C31]Cs2]C13]Ca1|Ca2]Ce3|Ce1 | Cs2]C23
Channels

RF4 | Cs1]Ce2]C23 ] Ce1 | C22|Cs3]C21}C12|C33]C31]|Ca2|Ci3
RF5 }C11|C22]Ca3]|Cs1 | Ca2]|C33|Cs1]Cs2]Cas]Ca1]Cs2]Cs3
RF6 | Cg1]C32]Cs3]C11|Ce2{Cs3{C31]Ca2|C13{Ca1|Ci2]|Css

\ ' Lt
T T2 TIB Tt T2 T T T2 T3 TH T2 TH t

TDMA - FH

Fig. 4b




There’is a CHANNEL CODER 104 and 104' connected to each of bl ocks
101, 101" etc to 103'. A CHANNEL CODER nani pul ates the incom ng

27 : data in order to nmake error detection and correction
possi bl e. The mechani sms used are convol uti onal encoding for
prot ecting important databits in tHgQpeech code, and cyclic
r edundancy check, CRC, where the perceptually significant bits in
t he speech 5 coder frame, e.g.12 bits, are used for conputing a 7-bit
check. A SELECTOR 105 is connected to the CHANNEL DECODER 104
associ at ed
f4 Frame Slot
Ve Y . ==\ ) /

RF1 |C31]Ca2|Cs3|Ca1|Cs2 043_ Cs51]C32|C23|C11]C22]Ca3

RF2 |C41|Cs2]C13]|C21|C12]C23|C11]Cs2|Cs3|Cs1]Ca2|Cas

i RF3 | C21 | C12]Ca3|Ca1|Cs2|C13]|Ca1|Caz | Cas|Ce1|Cs2|Cas
Radio b -

Channels

RF4 | Cs1|Ce2 | C23 | Ce1 | C22]Cs3 | C21 | C12 | C33| C31 | Caz| Ci3

RF5 | C11]C22C33|Cs1|Caz|Ca3|Cet|Cs2}Ca3}C21|Cs2|Cés

RF6 | Ce1|Ca2|Cs3|C11]Ce2| Ces| Ca1|Ca2|Ci3| Ca1 | C12] Css

-
N
T T2 T3 TH T2 T3 T T2 TE T T2 T3 t
Time slots
Fig. 5a
f4 Frame . Slot
Pl s —_N\ N\ / :

RF1 | Ce1|C22{C13]|Ca1|C12]Ce3|C11]|Caz | C33| C31]|Cs2|Cas

RF2 1Cs1]|Ci2|Ca3]Ca1|C22|Ca3|C21|Co2|C23|C11|Ca2|Cs3

, RF3 | C11]|Cs2|Cs3|Cs1|Caz2|Ca3|Cs1|Cs2|Caz|C21]Cs2]Crs
Radio

Channels

RF4 | C21]C32|Ce3|C11|Cs2 C13| Ce1|C22 | Cs3 | Ca1 | Ce2 | Ces

RF5 JC41|Cs2 | Ca3|Ca1]|Cs2|Caz|Ca1|Caz]C13|Cs1|C12|Cas

RF6 | C31|Ca2|Ca3|Cs1]Caz|Cs3|Cat1]C12]Cs3|Ce1]|C22]|C2s

T T2 T3 TH T2 T3 TH T2 TR T T2 T3 t
Time slots

Fig. 5b



wi th t'he SPEECH CODER and FACCH GENERATOR. The SELECTCR is

controlled by the M CROPROCESSOR CONTROLLER 130 so that, at

appropriate tinmes, user information over a particular connection 10 is
repl aced with nessages over FACCH. The 2 BURST | NTERLEAVER 106

i nterl eaves data either fromthe B84 coder 101 or fromthe FACCH
generator 102 over two tine slots. The 260 data bits, which
constitute one transmtting word, " are divided into two equal parts
and allotted two consecutive 15 tine slots. The effects of Rayl eigh
fading wll be reduced in this way. The out put of the 2
BURST | NTERLEAVER i s connected to the input of a MOD 2 ADDER 107 so
that transnmtted data is ciphered, bit by bit, by Iogical

nodul o-two-addition of a pseudo-randombit- 20 stream ' Dat a
transmtted over SACCH is interleaved by the INTERLI EVER 22 BURST
106 over 22 tinme slots, each consisting of 12 bits of i nformation
Two SACCH nessages are interleaved in parallel i.e. t he second
nmessage i s delayed 11 bursts conpared to the first,

"Worst Case”

" Inter-
ference
_________ s D SYSRERRE) SRR | Average_
1 1 B | - [ ] r—
Bt ' B2 ' B3 ° B4 ' B5 . B6



25 according to the diagonal principle. SYNC WORD DVCC 109 is a
store for sync words and digital verification colour codes, DVCC. A
28 ‘bit synchroni zation word is used for tine slot synchronization
and identification and al so for equal i zer training. Different sl ot
identifiers are defined, 30 one for CT#. @re sl ot and another three
are reserved for future devel opnent e DVCC is a 8-bit code which
is sent by the base to the nobile and vi c§ versa. The DVCC i s used
for assuring that ftﬁe rﬁrgme rad| 0 channel decoded.

28 /

RF1 Caz Car| | 051 Ca3 C22{Ca3

RF2 |Cs1|Cs2 Co1| |Ca3]|C11]|Cs2 C1

RF3 C121Ce3 | Ca1 Cos| Ce2 | Cs3] Cs1 § C32| Ca3

RF4 | Caq Ciz3|  |Cs2 Ca2 Ce1 Cos

C C : C G
Radio RF5 ]C2q 43| Ce1 {. C13|Ca1 63 Cs2|Cia

Channels ﬁRFs Ce2 Cs1|Ci2| Css | Co1 C33|C31 | Ca2

RF7 1Cs1|C22|C23 Cs2] | Ce1|Ci2 Ca1 Ce3

RF8 Ca2 C11]C22|Ca3 Cs2{Ca3 Ce2

RF9 }C11 Cas Ca2 Ca1 Ca1 Cs3

RF10] Cg1 Css Cs2| Cs3 C22|C13 Ci2
\ - ' -
T T2 TI3 TH T2 T3 TH T2 T TH T2 TRt

Time slots

t4 Frame Slot
/ a v \ /

RF1 Cs1 Cis Ci21Ce3 Ca2 Csi C43

RF2 | Cs1]C22|Cas Cg2 | C33{C11 | Cs2 | Cs3

RF3 |C11 C31]Ca22 | C11|Cs2 C21 | Ca2

RF4 C12]Cs3}C41 | Ca2| C33 021_ Co3 Ca2

. C Cs2{C Ca|C
Radio RF5 62 52 { C23 22 [ Ca3

Channels

RF6 |Co1|Ca2|Cea|Co1] Cs1 Ca1]Ce2|Ci3

RF7 C11|Ce2 | C13| Ce1 | C32 | Cs3 | Cs1 Ce3

RF8 | Ca1 Cos3 C32}Ca3 | C31 Cis C12]Css

RF9 Cs2{C33|C21 | C12]Cea | Ce1

RF10| Ca1 | C42 Cs1 | Cs3 | Ca C22Co3

TH T2 T TH T2 T3 TH T2 T3 TH TR TH
Time slots Fig_ 7



Dependi ng on the state of operation, two kinds of bursts are
generated by the base station BURST GENERATOR 110'. The
voi'ce/traffic channel burst is configured by integrating 260 bits
DATA, 12 bits SACCH, 28 bits SYNC, 12 bits Coded DVCC and 12 5
delimter bits according to the tine slot glggat speci fied by
EIATIA1S-54. In a control channel burst and SACCH I S

repl aced with data generated t he CONTRCL

GENERATOR 132'. The transm s&%n of a burst

of a

©
radi o channel is syﬂc zed Wb Wt stsfin 1& the
other two tinme sl ot Lfxgny. \ at e Jof€ opérati on
two ki nds of bur &3&dne- t at ijor} BERS
'GENERATOR 110. TRe voj £eEt|r af - corff igufed by
integrating 260 bits DA'I"A 12 YNC, i s
Coded DVCC and 12 delt r 15 ' f o mat
specified by EIA/TIA - & 55+ 0 rate ting s make
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causi ng
order to

updating the
quality.

an adaptive equalization nethod is provided by the
to i nprove signal

in the base station,

In order to cope with nultipath propagation etc.,
Synchroni zation with the BURST GENERATOR 1@)/49s provided in

KEY 113 conprises a sequencer,
di spersi on,

each Subscri ber.
cipheri ng code.

time 25
EQUALI ZER 114'
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29 ° nobile station is the slave regarding frame timng. The nobile
station equalizer finds the incomng timng and synchroni zes the bur st
generator. Syncword and DVCC are checked for identification reasons.

5 The RF MODULATOR 122 nodul ates the carrier frequency fromthe

TRANSM TTI NG FREQUENCY SYNTHESI ZER 124 a‘:ng%g to the pi/4-D QREX
nmethod (pi/4 shifted, Differentially encode adrature Phase Shifre

Keying). This technique inplies that information is differenti al

'Y
encoded, i.e. 2 bit synbols are transmtted as 10 four possible chaa%if
in phase; +/FT : . TThe POIERTAVPLTFI ER 123 aﬁBl'i"f s
the signals MODULATOR 122. The RF power em ssion | dvel is

sel ected on
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by the M CRO PROCESSOR CONTROLLER 130. The TRANSM TTI NG FREQUENCY
SYNTHESI ZER 124" in the base station 15 generates the transmtter

carrier frequency in accordance with commands fromthe PC 130'. Wen
radi o channel hopping is i npl emented, the mcro processor pPC 130
cal cul ates or reads whi ch radi o ch&h§édo0 be used for each burst i‘n
accordance with hoppi ng i nformation stored in a m croprocessor stoke
- and the 20 hoppi ng information transmtted to the nobile station .
i ntended to receive the burst. The nmicro processor pPC 130' then O
sends tinmed - i nstructi ons the TRANSM TTER SYNTHESI ZER to generate all.
sequence of carrier frequencies in _accordance with the equency .
hoppi ng A" S gqus pAne.-t o bp used.. .- [2F The NG -~
FREQUENCY ;/’/'E ] $Xle .AObifi-é st-atiofr”  _.--"'generates e
transmtte %///) [ ’rjcy_,i q a.cc,r.dan_qe‘\'/vi h _.-~CONnBRdS from\tird
t he pPC l%;,; annel.\tigpg\ng-i’s .  iaplenpatfed t he .pPCN\L3(
~reads or ;/f"-/ 5 ( - .etiannsts tof be-used in..\"~

accordance p#

”

Z ..--time sl.gt" hopping™

NS
N
NN

informatio Z 2227 2 t Lhe”control---
channel du f/f/,f;//fg :Z "ong- Of JA1E Jt'ed control
channel s d{ -_i 2 '
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ti med" conmands regarding the desired radio channel to the SYN-

THESI ZER. 30 The

'RECEI VI NG FREQUENCY SYNTHESI ZER 125" in the base station - generates the
receiver carrier frequency in accordance with commands fromthe mcro
pr.ocessor pPC 130'. The m croprocessor 12/6EPer ni nes whi ch receiver o
carrier to be used for which tine slot 5 in accordance with hopping =
i nformati on stored in a m croprocessor store, e.g. according to a

radi o channel tinme slot hopping schenme, and sends tined instructionst

to the SYNTHESI ZER 125'. T




In the nobile station the RECElI VING FREQUENCY SYNTHEZI SER 125
generates the receiver carri er frequency in accordance w.th the 10
“instructions fromthe mcro processor pl30. The appropri: ate radl o P
channel being read or cal cul ated by pl130 in accordance w ?’IAY ~radi o
channel tine slot hopping schene or other kind of hoppj n ﬁggr mat i on
received fromthe base station on either the control = - channel during
cal | setup or on one of the associated control- 15 channels during a
handof f . L ennas are received by a RECEI VER 126
in the g “ | VER 126' for each antenna in
t he base statgggmd; &ghﬂnf ' 1 ER is

denodul at ed TF¥SEER 'ﬂ”w HOPPI M ot % nter- 20

nedi ate frequivicy. m\nartth@nl EeDEH@UEAT@Relzscthcaht@eﬂédpét @obile radio

fS [< equgnlcy sh géa&mitxﬁdi%aaﬂul ﬁ&@éi,s;;&ﬁtfqumgtﬁagnwaﬂnaal r@ldtdsDEB- methods
-nmodul at ed digi ved gi gnfq;

nmeasured by t ergSI gﬁ&fg ‘]%TI%Z?SBE stehec’?/al ue i s ﬂé A& §pecu‘ﬂ1
micro pr8cessHraid@ieofosr cﬂ?%“nisa"-m“ ml' e WEPMEBALYEETPC TR L iPEe CRPRRSS S

the recei ved mblite spaiol cémnntication sfstom.t MheEThiANtABR dlisb relates gl e

bit data st reémas@%ﬂ@lmiEBnd a mobkEAVER AURSE Flox{Mieo %l UeEScidit
speech/ FACCH data }_r q_'rge

?requency spectrum available in a time division
multiple access mobile radio communication systen.

10 BACKGROUND OF THE INVENTION

Many mobile radio systems of various kinds are known and in use.
The frequency ‘band available for connections in a mobile radio
communication system limits the capacity of mobile radio systems.
Two base stations or mobile stations transmitting on the same
1s radio channel of a FDMA system or on the same time slot of the
same radio channel in a TDMA system may cause interference to
each other. This kind of interference is sometimes called co-
channel interference because the interference comes from the sane
radio channel. If the interfering mobiles or bases are suffi-
20 ciently close in relation to radio propagation properties the
signal strength of the signals relating to one of the connections
will not be sufficiently stronger than the interfering signals
relating to the other connection. The information on the-
connection forwarded with the signals transmitted will then be
25 more or less illegible. If the interfering mobiles or base
stations are sufficiéntly distant from each other. however, the
signals relating to a connection will be sufficiently stronger
than the interference signals of the other connection. The
information of the connections will the be easily understood.

30 In order to be able to use the same radio channel in FDMA systews
and in TDMA systems also the same time slot of a radio channel
fi'<__>_r more than one connection, some mobile radio systems are
f:iterefore made cellular systems. The dgeographical area to be
covered by a system is then divided into smaller areas called



MOD 2 ADDER 107 by assenbling and rearranging information from30 two
consecutive frames. SACCH data, which is spread over-22....- —cQonsecutive

frames, is reassenbled and rearranged by the DELNTERLEAVER\ZZ BURST
117. The convol utional Iy encoded data from a DEI I\ITEI% BAVERDIG
decoded by CHANNEL DECCDER 118 using the revelsed- pr I pl'e of

coding. 35 The received cyclic redundancy check, CRC;, bits are checked to
31 determne if any error has occured. The CHANNEL DECODER 118 f or

the FACCH furthernore detects the distinction between speech
cells and mobiles in a cell communicate with a base station for

that cell. Some or all of the available radio channels are
distributed among the cells according to a frequency plan.

Normally a conventional frequency plan means different radio

5 channels are allotted to a cluster of adjacent or neighbour

cells. No two cells in the same cluster may use the same radio

channel. Each radio channel used by the base station or a mobile

of one cell in a cluster, is different from every channel used by

a base or mobile in an other cell in the same cluster. However,

10 cells in different clusters may use the same radio channels. Thus

there may be simultaneous multiple use of a radio channel. Such

multiple use is sometimes called channel re-use. The distance

between cells usihg the same radio channel is sometimes called
re-use distance.

15 Many different shapes and sizes of cell clusters are known to
those skilled in the art, e.g. 3-cell, 4-cell, 7-cell, 9-cell,
12-cell and 21-cell clusters. Somewhat simplified the largest
call handling capacity for a cellular TDMA system is achieved
when using the smallest cluster providing sufficiently low co-

20 channel interference.

Athough the frequency plans described provides the important
advantage of plural use of radio channels, often called frequency
or channel re-use, such fixed fequency plans are cumbersome to
do. Due to geographical variations, the cells, or zones covered
25 by each base station antenna, will vary in size and shape. The
coverage area of the system will thus normally be covered by
several different combinations of the known cluster combinations.
Commonly, the cluster configuration, or decisions of which re-use
patterns to be used, must be made by the aid of complex computer-
30 analyzes of the topography in the systenm.

Also other disadvantages are inherent in the use of fixed
frequency plans. Normally, the number of desired connections in
a cell varies with time and one cell may not be able to handle
all desired connections because all channels and all time slots



channel and FACCH information and directs the decoders—accq . dingly.
‘5 The SPEECH DECODER 119 processes the received dat g, accd"ﬂance N
with the speech coder algorithm VSELP, and gener at es| t he £éce|ved
speech signal. The analog signal is finally enhancedr{ Yoo 2 9iM ngg&g

t echni que. The FACCH DETECTOR 120 det ect s; nessages On=rw:x- -thé fast

associ ated control channel and transfers the |nfornat|on 10 to the M CRO
PROCESSOR CONTROLLER 130. During a handoff, the MS may receive the
identity of the hopping patterns to be used in t he next connection on

t hi s channedn TDMA charvedisageotdedt fe Shewcaliioarat edo\uied ol AtCHarenalamsr e
detected byrime thd HRimPAYCHrDEEELHER doindd¥hdrie innhAr B8 A08nt Scélrlaflﬁxf g red

to the 15 . During a handoff the nobile
station naw%%ﬁﬁwﬁ@r%ﬁer’r r 8B¥| VRq_]tLh’e" 1%(9‘?“ uphgr sﬂ?Ytl?‘?lgs"‘bStan“
schenes to timligeddss thanntke tobakctapacity on allThBanadla doldisE: tstda ttioon

activigy a%é@%e‘i‘ibhlzéo)?&fﬁ % eaam.slméd fre eﬁay 0.5 ThAB &Pl IRk iPedt he
M CRO PROCESS ase statjon. Decisiqgns are

made in Euxﬁﬁqﬂﬁﬁﬁgqmq|$qneeepvg& handled by the cell cluster in spite of

the fact that there is at least one free channel or at least a

‘free time slot on a radio channel which could have been used for

the desired connections had this not been forbidden by the fixed
10 frequency plan.

One way of reducing the above mentioned disadvantage of fixed
frequency plans is not to distribute all radio channels available
for connections in a mobile radio communication system, but to
reserve a couple of radio channels. All channels but the reserved
15 are distributed according to a frequency plan. The reserved radio
channels may be temporary used by any cell requiring more
channels than the channels permanently allotted to that channel
in accordance with the frequency plan. Such temporary use of a
reserved channel is then subject to not causing co-channel
20 interference for an other cell already using that reserved radio
channel. While this method of reserving and temporary allotting
some radio channels provides more flexibility as regards variable
connection'handling capacity than a fixed frequency plan for all
available radio channels, the total handling capacity for the
y 25 whole system may decrease.

A more profound method of obtaining high traffic handling
flexibility in a various areas of a cellular mobile radio system
is to completely abolish frequency plan and let all radio
channels available for connections be a commom resource to all
30 cells. Any cell may use any radio channel availaﬁle for connec-
tions ﬁrovided there is sufficiently low co-channel interference
from others using the same radio channel. This way of using the
available radio channels is sometimes called "dynamic channel
.allocation”. While this method certainly affords advantages as
35 regards changing call handling capacity for a cell this method



messages and neasurenents nmade. When hopping is inple
sequence of conbinations of a radio channel and a ti
shifting schenmes are determ ned for each of the trans
directions for each nobile station served and invol ve 9
connecti on. The nobile station acj ivity and tWe=base:sStati-on.. ..
conmmuni cation is controlled by the nobile stati on M CRO PROCESSOR
CONTROLLER 130, whi ch al so handles the term nal KEYBOARD DI SPLAY 131
I nput and out put. Decisions are made in accordance with received
messages 3@lso ameamn®adisadeantagesicasFategaxde tothies] Gispedts tnanstot ber

and ;ﬁ&q._uh\éetr drig%gsggaﬁggé_s w ll be determ ned according to the

hoppi ng i nformation recelrved and i nformation stored in a
m croprocessor store. The nobile stati on KEYBOARD DI SPLAY 131
Power conservation is an important aspect of small light weight

portable battery powered mobile stations. In an normal telephone
5 = call pauses in the speech are frequeni: and quite long in relation

to a radio channel time slot. Transmitting radio signals when

“there is no information to forward is only a waste of battery

power. Discontinous transmission means the transmission is

interrupted when there is a pause in the speech of a call or no
10 information to be forwarded on an ongoing connection.

siEetAc "“:'M'Q‘.h o !
SI O

trca2g MAY 1996

Another way of saving battery power in a mobile station is to
control the strength of transmitted radio signals in response to
measured signal strength at the receiving base station. If the
signal strength at receiveing base station is neglected, a mobile

15 must always transmit radio signals with a strength sufficient for
a worst case condition, e.g. when the mobile station is located
at the borderline of a cell. For most locations such a signal
strength is unnecessary high. If the strength of received signals
are measured a base station may send power control messages to

20 the mobile permitting a reduction of the mobile transmit power
whenever an excessive signal level is detected.

Some cellular mobile radio communication systems using digital
modulation of radio signals transmitted have now come in commer-
cial wide scale use. One type of mobile radio communication
25 system used in USA is specified in the document EIA/TIA, Cellular
System, Dual-Mode Mobile station - Base Station Compatibility
Standard, IsS-54, published by ELECTRONIC INDUSTRIES ASSOCIATION,
Engineering Department, 2001 Eye Street, N.W. Washington, D.C.
20006, USA. This system has both FDMA radio channels for radio
30 signals with analog modulation and TDMA radio channels for radio
signals with digital modulation. For an exhaustive information on
this system reference is given to the mentioned publication the
.subject matter of which is incorporated herein as a reference.



PO |

32 perforns the information exchange between th¢reser—amd=—the
base station. CONTROL CHANNEL NMESSAGE GENERARIGRCHMENT SHEET
generates control channel nmessages according to orders r i BaY 1996
fromthe mcro processor 5 controller 130. The CONTROLD@BIANNEL:-t.« worrerernnn
MESSAGE DETECTOR 133 detects recei ved control chan Ssages and——
send themto the M CRO PROCESSOR ROLLER 130. The TI ME
SWTCH 34 in the nobile station connects either the transmtter or

the receiver to the M5 antenna. The timng is - 10 synchroni zed to the
recei vi ng ame tpamsEntdpesn skigitae dplhvlar systelelaBBﬁei?m&Sm is a

CO\”_RO-LERtJy%Qz of dl%itaftﬁlbgmepggﬁiocﬁg gJaI S c ann f@ﬂs bﬁnuﬁgg tJ.%

reduce the

ower

connect i on&ugope- Thls Sﬁﬁbﬁ!‘esslik%ﬂ%fdlﬁﬁ éé’eti‘e E’ﬁ'é“%%*e %%ﬂmnmdartﬁom s
way the iniegsM from ETSI/TC GSM, published by European Telecommunication

5

10

15

20

25

30

Standardization Institute, ETSI B.P. 152-F-06561 Valbonne Cedex,
France. For an exhaustive information on this system reference is
given to the mentioned publication the subject matter of which is
incorporated herein as a reference.

Both the system according to TIA IS-54 and the GSM system are
TDMA systems with many radio channels disposing separate
frequency bands. In a TDMA mobile radio system one obvious way of
using the radio channels allotted to a cell would be to use one
and the same time slot of one and the same radio channel allotted
to the cell for a particular connection as long as possible, i.e.
until termination or handoff of connection . This is also done
according to the mentioned EIA/TIA 1IS-54 standard.

In a conventional TDMA system where the same radio channel and
time slot is used throghout a connection any co-channel inter-
ference will last as long as the time both the connections last
because the transmissions occur more or less simultaneously on
the same radio channel. This means a worst case situation must be
considered in frequency planning and cell cluster design.
Frequency hopping has been suggested to circumvent this.

According to one optional embodiment of the GSM system, time
slots on plural of the radio channels alotted to the cell are
used for one and the same connection. Any base and mobile
transmits a sequence of radio signai bursts. Each burst is
confined to a time slot, but the bursts are distributed on a
plurality of radio channels. This affords advantages also as far
as multipath propagation is concerned.

Embodiments of a GSM system with frequency hopping are discussed

.An the article "High performance cellular planning with Frequency

Hopping", by Didier Verhulst and Colin Rudolph, published in
Proceedings DMR IV, 26-28 June 1990, Oslo, Norway, the subject



15 ference fromthese connections to other connections=wl 1"
reduced, which in turn will give increased capacity. Fronia pure
capacity point of view, the best thing would be to reduce th?l W\\{ 1996
transmtter power levels to a mninmm However, the reducti o Bn
transmit power |evel should be a conpronige between the--20 ~ reduced

signal quality and the resulting increase in capacity. ~ The base
station can decide if a moible shall lower its power by neasuring the
quality of the received signals relating to the connection with the

mobi | e. Susiatiexl pfywivich Ui dngorporated herein aspaspefereice.hdccoydihg
strength, &o @yl Bitisld Orffécﬁ'@ency‘eh%ﬁéxng n@ﬁfb‘f&éﬂaﬂé\kﬁﬁéﬁh s "BYcPeas

transl at ed |né a po [ cont conma in sev rent me S.
One exanpl &M@ 8?&' bBP Copm ez 1110 ‘E'SttﬁFe (ﬁlze and tﬂ%rﬁua gxi F@ﬁBﬁP to a
desi red vapldenaitigeonThed maximum conrecticr ihmﬁllengobmap.acurtansbet:omes\er
if theg rreaa%ee\f\é%ueelﬁmdmea an&tha\bqeh%tde&bﬁ%ﬂf aﬁkesntiﬁow%raﬁéﬁy%@d

value is belowth esired_value a conmmand,to I ncrease the
transmit p&\kﬁ’ §f°rds ingrepped s max iy Tﬁ%%‘é%@f Ydthr AVEHnFRAYLREEY be
transn tt e¢loster sizesi tTite sned lesECldlaisterncsize imeedtigatedhdsn®icell

sbut the article also mentines that "plain 3 cell cluster can in
fact also be envisaged®.

10 Another type of digital mobile radio communication systems
somewhat different from the above described systems using time
division multiple access radio channels is the broadband code
divison multiple access type systems, abbreviated CDMA. In normal
broadband CDMA systems all the radio signal transmissions

15 relating to different connections involving the mobile stations
are not separated in time slots or in different narrow band radio
channels. Also in a normal broadband CDMA system there is no
fixed frequency plan. Instead the base and mobile stations both
in the same cell and in surrounding cells deliberately transmit

20 radio signals relating all connections simultaneously on the same
wideband radio channel. As a consequence the co-channel inter-
ference in a CDMA system will be very high in relation to such
interference in previously described TDMA systems. More precisely
the interference level in CDMA systems will normally be several

25 times as high as the level of the desired radio signal relating
to the connection.

The reason why a CDMA system can cope with this high level of co-.
channel interference is the wide bandwidth of each radio channel
used. The wideband radio channel in CDMA will normally have a
30 bandwidth equivalent to several of the narrow bandwidth radio
channels used in TDMA or FDMA systems. The wide bandwidth allows
for a high degree of channel coding. Such coding makes it
possible for the mobile and base station. receivers to recognize
the desired signal from all other signals even though the
35 interference level exceeds the level of the desired signal. A
feature of the CDMA systems is that the number of connections



33 The quality neasurenments of the signals_transmtted fron1the
base must be based on neasurenents in the nDmeewr'everal

exi st. for utilizing these nmeasurenents for base stﬂ’lon pQM@rNA1|§§f
control. One exanple is that the nobile transmt al asurenent s
directly, on either SACCH or FACCH, to the base staPhQﬂL_mthh_Ln

turn eval uate the neasurenents and adjust’s its transmt power

according to a given criteria. Another exanple is that the nobile

itself evaluates the nmeasurenents and transfer a request for an
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be perm ttgdrmitting the mobile and base station receivers to detect their
5 desired signals.

In a CDMA system, power control and discontinous transmission
‘reduces the average total power of interfering signals. Thus,
discontinous transmission means reduced co-channel interference
and increased capacity in a cpMA system, since " the capacity

10 generally depends on the average interference level. This is an
advantage CDMA systems share with some frequency hopping TDMA
systems in relation to prior art TDMA systems without frequency
hopping.

Some different types of mobile radio systems similar to CDMA are
15 discussed in the article "Slow Frequency Hopping Multiple Access
for Digital Cellular Radiotelephone"™, by Didier Verhulst, Michel
Mouly and Jacques Szpirglas, published in IEEE JOURNAL ON
SELECTED AREAS IN COMMUNICATIONS VOL SAC-2, NO 4, JULY 1984,
pages 563-574, the subject matter of which is incorporated herein
20 as a reference. Various types of systems with somewhat different
frequency hopping protocols, implementation of discontinous
transmission and power control are mentioned. One system protocol
called "random SFHMA" does not have reuse cluster and each user
has his own personal sequence that is uncorrelated with the
25 sequences of the others. However, co-channel interference from
mobiles in same cell is not avoided. According to the slow
frequency hopping scheme, abbreviated SFH, the mobile stations do
not transmit separated radio signal bursts in time slots of
frames on TDMA radio channels but transmits more "continously"
30 without burst separations of a length corresponding to time
slots. The hopping pattern for transmission from mobile stations
is part of the channel coding used to suppress the co-channel
interference.

A slow frequency hopping scheme mentioned to be convertible for
35 use in combination with TDMA is discussed in the article
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prior art syste W 1t hout channe]l ho
station on &% xéHtF'ﬁ tbﬁaﬂﬁﬁ?'m%dciau??%gds%e me'f"'rjr?é‘e%lrg{ t{'}‘% f or
the call tochestet.up or handed over. When usi ng channel hopp| ng

according to the present invention,

10 A method and apparatus for frequency hopping in a cellular
radiotelephone system is disclosed in PCT patent application WO
\ 91/13502. The object is to increase the number of available
carriers to hop between in each coverage area. Instead of
permanently allocating to each coverage area (cell) within a
15 reuse diameter (cluster) a fraction of the carriers available
within the reuse diameter, all or almost-all of the carriers are
allocated to each covérage area at non-coinciding time intervals.
The hopping is performed in at least rough time-synchronism from
sector to sector and from cluster to cluster to avoid same
20 channel interference and adjacent channel interference within
reuse diameter. The method relies fundamentally upon sharing a
carrier among various coverage areas synchronously in time but
does not require a slotted TDMA channel structure. Thus the cells
within a cluster are allowed to share available frequencies while
)} 25 still maintaining a re-use pattern. The re-use pattern is
| maintained on a frame basis, i.e. the hopping may be viewed as
using a new frequency plan for each frame. This method has the
drawback of requiring synchronized base stations, in particular
within each cell cluster, but also to some extent between
30 adjacent clusters. Another disadvantage is that no cell can
simultaneously serve a number of mobiles corresponding to the
total number of radio channels available to the cluster. Any call
can only serve a number of mobiles corresponding to the number of
radio channels simultaneously available to that cell, which is

35 .only a fraction of the total number.



sone ot her method of synchronizing the transmtter and receiver

34 to the right time slot of the right radio-channel . is._required
for , the communi cation to be possible. Mst conhections- are bidirec-
tional, e.g. normal tel ephone calls and data communi.cations. Both i
base and nobil e stations nust therefore not onl y transmtztgltMA‘B 1996 aI so

recei ve radio signals in the right tine sPot of the rirght - -r.adl.g. .
channel. Nornmally the base station will be nmaster in this process and
send radi o channel and tine sl ot hopping i nformation ‘to the nobile
station. In ppi ng t he hoppi ng
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Although the new TDMA systems with frequency hopping and CDMA
mobile radio communication systems affords substantial advantages
over prior FDMA and TDMA systems without frequency hopping there

5 is a need for even more efficient use of the frequency bands
available for connections in the mobile radio systems in order to
“increase the total connection handling capacity. There is also a
need for an even more flexible use of the available frequency
bands in order to increase the systems ability to handle a

10 varying number of desired connections in varying parts of the
area covered by the systens.

Although prior suggested mobile radio systems may use some kind
of frequency hopping in combination with some embodiments of
_ various methods like discontinous transmission and transmission
18 power control, they have not incorporated embodiments of
frequency hopping and other methods, the basic principles of
which are known per see, in way affording the maximum capacity
for handling connections in an individual cell and simultaneously
the maximum flexibility in sharing the connections to be handled
20 between adjacent cells.

It is one object of the present invention to provide methods and
means providing a very high maximum number of simultaneous
) connections any cell in a TDMA mobile radio system can handle
without increasing the total frequency band(s) available for all
25 connections in the TDMA mobile radio system.

Another object of the present invention is to provide methods and
means providing a very flexible sharing of total numbers of
connections handled by adjacent cells in a cellular TDMA mobile
radio system.

30 A similar object of the present invention is to make the maximum
~-number of simultaneous connections each cell in a TDMA system can
handle substantially dependent upon the number of connections
simultaneously handled by adjacent cells, whereby one cell can



10 information on a fixed tine slot on a fixed radi o channel .
When i npl enenting the present invention in a cellular TDMA rmbt-:l-- e
radi @ system desi gned for optional channel hopping, ,g emam

| ess nodifications are normally required. One fundarrent aI 2 9 (MAfff Qﬂﬁrﬂse
bet ween the GSM system and a TDVA- FH systen1accord|ng 1543 to the. present

invention is that no frequency plan is r&Quired in Can system—aceer—dl ng
to the present invention. However, this fundamental difference does
not exclude the possibility that a nmet hod of determining radio
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chann hoppi n uences are or e one cel
t hat %o cogpfagggﬁs Bep 2kl m%@an%le tb&nﬁﬁﬁ?cﬁ‘ﬂm in the same ceI | .
The radi o channel hoppi ng sequences are independent fromone cell to

another.  yet another object of the present invention is to reduce if not
tompletely avoid the need for any type of planned sharing of
radio channels.

Still another object of the present invention is to provide

10 methods and means whereby the absence of any conventional

) frequency plan in a cellular TDMA mobile radio system need not
cause too severe co-channel interference problems.

In brief and simplifiéd, one might say that methods and means for

communication in accordance with the present invention are based

15 on the inventive insight that a TDMA system with frequency

hopping, using frequency hopping sequences or schemes avoiding

co-channel interference within a cell, but allowing co-channel

interference between adjacent cells, avoids the need for

frequency planning and affords a very great capacity and

20 flexibility, in particular when discontinous transmission and

certain transmission power control is implemented. In fact power

control of mobile stations is necessary when a method according

) to the invention is implemented in a system requiring high
capacity and flexibility.

25 An important element of methods and means according to the
present invention is frequency hopping, which may also be
described as frequent change of the radio channel used for a
connection, which in the following often will be called channel
hopping. A base or mobile station involved in a connection does

30 not all the time transmit its radio signal bursts relating to a
particular connection in the same time slot of the same radio
channel. Instead the bursts of radio signals relating to a
particular connection are distributed on the time slots of a
plurality of radio channels in accordanve with particular hopping
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The hoppi ng sequences are generated dependent on thr
paraneters: 30 a) The set of radio channels to

The hoppi ng seed of the cell, which allows different es
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in adj acent or nei ghbouring cells c) The index ‘ofdetet. & Yo di.sti-Ngwi sh
the different connections of e cel | using™Tfi&=sane~setr—ot
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35 Thus, according to GSM the radi o channel and tinme slot hopping

infornation sent fromthe base to the nobile is the set of
f r equenci eschidhRshepaaread .andcohding dex théf etention, mobile stations

in the same cell or served by the same base station never simul-
taneously transmit radio signals in the same time slot of the
same radio channel. However a mobile station in one cell of a
5 cellular TDMA mobile radio system may transmit one of its bursts
on the same radio channel simultaneously with one of the bursts
of a mobile station in an adjacent cell of the same system.
However, no mobile involved in a connection in one cell transmits
a sequence of bursts relating to a particular connection so that
10 all of them coincide on a radio channel with one burst in a
sequence of bursts from one other mobile involved in an other
connection in an adjacent cell. Another way of expressing almost
the same aspect would be to say that among a large number of
bursts transmitted from one mobile station in one cell not more
15 than a small minority coincide on any radic channel with any
burst among a large number of bursts transmitted from a different
mobile station in an adjacent cell. Still another way of
expressing almost the same thing would be to say that a mobile
station in one cell selects radio channels and time slots for
20 transmission independently of a mobile station in an adjacent
cell. One might also say the channels on which mobile stations
transmits in one cell is uncorrelated to the radio channels on
which mobile stations transmit in an adjacent cell. Thus
coincidence on any radio channel for bursts transmitted from two
25 particular mobiles in adjacent cells involved in connections is
) infrequent and incidental. However, when there are many mobiles
involved in connections in two adjacent cells, coincidence of
bursts transmitted from one particular mobile station in one of
the cells on any radio channel with any burst transmitted by any

30 mobile in the adjacent cell is more fréquent.

According to another aspect of the present invention two or more

adjacent cells of a cellular TDMA system may all use some radio

channels, and a majority, if not all, of the radio channels any

of two adjacent cells may use, the adjacent cell may also use.
35 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a cellular mobile telephone system.



In each base and nobile station an algorithmis stored. Inpu{s to w=ife
algorithmare a set of nunbers and a seed. Depending upoph the™ Eﬁ
al gorithm generates a sequence of nunbers sel ect ed among; r;... . the %et f
nunbers. Only nunbers fromthe set are generated. Di-fferent: seeds
cause the algorithmto generate different sequences. |rrespective--of
seed, in any |ong sequence generated 1012 by the al gorithmany of the
nunbers in the set appears substan- tially as frequent as any ot her
nunber in the set. Thus, for t hose not inforned on the seed the
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Figure SA and 5B illustrate TDMA~-FH in two cells and the co chan-
10 nel interference situation in TDMA-~FH.
Figure 6 shows why the commonly used "worst case" design of
cluster sizes may be omitted when using TDMA-FH.
. Figure 7 shows fractional loading of a cell.
| Figure 8 shows a block diagram of a mobile station to be used for
15 communication in a prior art TDMA system or a TDMA-FH system

according to the invention.
Figure 9 shows a block diagram of a base station to be used for
communication in a prior art TDMA system or a TDMA-FH system
according to the invention.

20 Figure 10 illustrates a comparison of degrading quality in a CDMA
system and a comparable TDMA-FH system according to the inven-
tion.

Figures 11 and 12 illustrates the ability of comparabie CDMA and
TDMA-FH systems to increase the capacity of certain cells if the
25 capacity is reduced in other cells.

DETAILED DESCRIPTION OF TﬁE DRAWINGS
Figure 1 illustrates ten cells Cl to C10 in a cellular TDMA
mobile radio system. For each cell Cl1 to Cl0 there is a corres-
ponding base station,abbreviated BS, denoted Bl to B10. The BSs
30 are situated in the centre of the cells and having omnidirec-
tional antennas. Ten mobile stations, abbreviated MSs, are also
shown. They may be small-light-weight battery powered portable
stations or more bulky, vehicle installed stations, powered by
the vehicles electric power system. The BSs are moveable within
35 a cell and from one cell to another. A mobile switching centre,
abbreciated MSC, is connected to all the BSs by cables or any
other fixed means, like a radio link. Some of these cables or



Assuming the set includes N radio channels which are given 25 ..—indiw-

al

nunbers 0, 1, ...N 1, pl30 inputs the seed and the g'ggqgngﬁimfrﬁnﬁﬁé 1|
al gorithmand starts executing the algorithm A sequence of n her sy
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the algorithmthe pl30 adds the index
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obtained by this addition is the 30 nuimber of the next radi o channel

As an illustrative exanple say that the set includes N=8
channel s that the station may be hopp to. The random gener at or
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be used.
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or a similar fixed communication network.

During operation the mobile stations will be in contact with the
fixed part of the system by transmission of radio signals to and
reception of radio signals from the different base stations.
Telephone calls, data communication links or other communication
paths may be set up between one mobile station and an other
mobile station in the system. Calls may also be set up to mobiles
in an other system or subscribers in the fixed network. For the
purpose of this application they are all called connections
irrespective if they originate in a mobile or end in a mobile.

The drawing in figure 1 is a simplification. Normally the system
will comprise more cells and base stations. There may be umbrella
cells each covering an area also covered by a group of micro
cells. Also the number of mobile stations will normally be much
larger. Base stations located in the vicinity of the cell borders
and with sector antennas are also common. Some cell may be served
by more than one base station. Several other MSCs with connected
base stations will also normally exist and the mobile stations
are usually free to communicate also via these.

Figure 2A illustrates two separate frequency bands available for
a cellular mobile radio system. A possible configuration
according to IS-54 of radio channels within the frequency bands
is also shown.

One frequency band has a range from abdut 825 MHz to about 845
MHz and contain radio channels used for transmission of radio
signals from the mobile stations to the base stations. The other
frequency band has a range from about 870 MHz to about 890 MHz
and contains radio channels used for transmission of radio
signals from the base stations to the mobile stations. Each radio
channel has a banwidth of about 30 kHz which means there is room
for 666 radic channels in each direction of transmission.

of fset modulo N. :rhen..u”ber

to
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traffic channels Io(;l: aes ad:{élet% en‘gxyapéﬁ:
control channels. The analog control channels are used for
signalling during call setup, for notifying the MS on an incoming
call (paging) and for monitoring the status of the MS while not
communicating on any traffic channel. The MS will be tuned to an
analog control channel as long as it is not involved in a call or
bther connection over an analog or digital traffic channel. The
analog control channels are located at the centre of the
frequency bands. Thus the analog control channels from mobile to
base stations are the ones located closest to 835 MHz while the
control channels for transmission from base to mobile are the

ones located closest to 880 MHz.

The analog traffic channels are used for telephone calls and
other analog connections involving a mobile station. In addition
to speech relating to one call, the radio signals transmitted on
an analog traffic channel may carry some signalling associated
with the call. A normal telephone call or other bidirectional
connection involving a mobile station, requires both transmission
from the base station and transmission from the mobile station.
Thus for a normal telephone call one analog traffic channel in
each direction is required.

The radio channels used for digital traffic channels are divided
in time slots. A frame on such a radio channel may comprise three
full rate time slots, Tfl - T£3, as illustrated in figure 2B, or
six half rate time slots Thl - Thé, as is illustrated in figure
2C. A normal telephone "'E:'é'il, or other full rate connection,
requires one full rate time slot Tf per frame for transmission
from base to mobile and one full rate time slot Tf per frame for
transmission from mobile to base station.

The slot format for information on a digital traffic channel is
slightly different in different directions. Fig 2D illustrates
the format for transmission from mobile station, while-figﬁre 2E
jllustrates the format for transmission from base station. The
time slot formats commonly include 260 bits reserved for data
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Hovever, station includes a 12 bit block which is reserved for future
‘uses.

A cellular system is based upon réuse of the same radio channel
10 in different cells. In a conventional cellular system, with a
fixed frequency plan, all the available radio channels are
) divided into channel groups, which in turn formes a cluster. To
each cell within a particular cluster is alotted a unique group
of channels. Thus no two cells in the same cluster are alotted
15 the same channel. However, corresponding cells in different
clusters are allotted identical groups of radio channels if a

fixed frequency plan is implemented.

Figures 3A to 3E illustrate conventional frequency plans and
clusters of cells. Figure 3A illustrates a 3-cell cluster, figure

20 3B a 4-cell cluster, figure 3C some cells of a cellular systen
with a 7-cell cluster, figure 3D a 9-cell cluster and figure 3E
illustrates a 21 cell cluster. Normally a cellular system
comprises many more cells than illustrated in figure 3. Such a
system may be arrived at if one of the pattern of cells il-

25 lustrated in figure 3 is repeated to £ill the total geographical
coverage-zone of an mobile telephone operator.

e

As an illustrative example it is assumed that 252 out of the
totally 666 radio channels according to figure 2a were awailable
for use as digital traffic channels while the rest were used for
30 analog control channels and analog traffic channels. Assuming a
fixed frequency plan, each cell would dispose of 84 such radio
channels in a 3-cell cluster sjstem, 63 such radio channels in a
4~cell cluster system, 36 such radio channels in a 7-cell cluster
system, 28 such radio channels in a 9-cell cluster system and 12
35 such radio channels in a 21-cell cluster systemn.



37 according to the invention hopping shall Ly _neet- ast
the foll ow ng rules: 1) hoppi ng sequences/ scheng g hcee: ngcggn&m ‘
i nvol ving nobiles in the same cell or, expressec sg%ghé(a‘{ 19 |

differently, bursts 5 transnmitted fromnobiles served-by the sane.base

station, nust " not coincide in the sane tine slot. of the-sare-radi-o
channel . 2) hoppi ng schenes/ sequend®s for connections invol ving
nobiles in adj acent cells, or expressed somewhat differently, for
nmobi | es served by adjacent base stations, may only coincide
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each radio channels has to be shared by a large number of cells.

Clusters with few cells means the available number of radio

channels has to be shared by fewer cells. Thus using clusters

5 with more cells means the average number of radio channels per

cells becomes less than when using a cluster with fewer cells.

Thus, from this aspect large clusters means less total call

ixandling capacity for the system. From a capacity point of view

it would be desirable to have the smallest possible cluster

10 sizes. This is so since this will increase the number of channels

per area and thus the system capacity. In prior art TDMA systems

small cluster sizes are however not permitted by the high

} marginals required against co-channel interference from adjacent
cells.

15 Generally, big clusters with many cells of a certain size means
a greater distance between base and mobile stations using the
same radio channel than small clusters with few cells of the same
size. Another way of expressing this would be to say that big
clusters have longer re-use distance than smaller clusters. Thus

20 generally clusters with many cells normally means less co-channel
interference. Thus from a pure co-channel interference point of
view, big clusters are preferred in TDMA systems with fixed
frequency plans.

i Figure 4A and 4B illustrates one principal difference between a
25 conventional TDMA system and a TDMA-FH system using frequecy
hopping. Both systems use six TDMA radio channels, RFl1l - RFS6,

each having three time slots, Tfl - Tf3, per frame. Four frames

are shown on each radio channel. In the conventional systen,
according to figure 4A, the timeslot Tfl of each frame of the

30 radio channel RF1l, with the highest center frequency, is assigned
to the connection Cl1l1, the timeslot Tf2 of each frame to
connection €12, and the timeslot Tf£3 of each frame to connection

Cl13. For the radio channel RF2 the timeslots Tfl1 to Tf3 of each
frame are assigned to the connections C21 to C23 respectively.

35 The timeslots Tfl to T£f3 of radio channels RF3 to RF6 are in the
conventional system assigned to the connections C31 to €63
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In a TDMA-FH system using channel hopping, according to figure
10 4B, the timeslot Tf1 of the first frame of radio channel RFl is
assigned to connection C31. However, the timeslot Tfl1 of the
) second frame of radio channel RF1 is assigned to connection C41,
' the timeslot Tfl1 of the third frame of RFl is assigned to
connection €51, and the timeslot Tfl of the fourth frame of RFl

15 is assigned to connection Cl1.

The timeslot Tf2 of the first frame of radio channel RFl is
assigned to connection C42, whereas the timeslot Tf2 of the
second frame of radio channel RFl is assigned to connection C52,
the timeslot Tf2 of the third frame is assigned to C32, and the

20 timeslot Tf2 of the fourth frame of RF1l is assigned to C22. The
timeslots Tf3 of the first to fourth frames of RF1l are assigned
to connections €63, C43, €23 and C33 respectively.

) The timeslots Tf1, Tf2 and Tf3 of the first frame of radio

channel RF2 are assigned to connections C41, €52 and C13

25 respectively, whereas the timeslots of the second frame of radio

channel RF2 are assigned to connections C21, Cl12 and C43

respectively. The rest of the assignments are evident and will
therefore not be explicitly mentioned.

Comparing the frames of radio channels RF1 to RF6 in figure 4B
30 reveals that the corresponding time slots of succeeding frames of
radio channels are assigned differently. All connections are
.assigned different radio channels in different frames. In the
particular example of figure 4B no connection is assigned the
same radio channel and timeslot in succeeding frames of the same
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radio channel. No connection is assigned one combination of a
radio channel and a time slot remining unchanged during the time
period of plural frames. Instead each connection is assigned a
set of four combinations of a frequency and a time slot for use
in four succeeding frames. Thus the corresponding time slots,
e.g. Tf2, in the four succeding frames of any radio channel, e.q.
RF1l, are used by different connections in the same cell.

Figure 4B is one of the'simplest way of assigning radio chan-
nel/time slots in one frame different from an other frame to the
connections. In preferred embodiments of the present invention
many more radio channels than six are used, whereby any connec-
tion for the total time period of plural succeeding radio channel
frames, may be assigned different radio channel time slots in a
plurality of succeeding frames. Thus each connection could be
assigned a scheme including a sequence of a plurality of
combinations of radio channels and time slots. In this appli-
cation such a sequence of combinations of radio channels and
time slots is called a channel hopping scheme. It might also be
called a frequency hopping scheme or pattern. According to figure
4B a succeding burst pertaining to any connection is always
transmitted on a different radio channel than the preceeding
burst pertaining to the same connection. This is not a necessary
in all embodiments of the invention. Instead two adjacent burst
pertaining to the same connection may be transmitted in the same
time slot of adjacent frames on the same radio channel. In
cellular bidirectional mobile radio communication systems radio
channel hopping should preferably be implemented in both
directions. If figure 4B illustrates the radio channel time slot
combinations used for one direction of communication, e.g. from
mobile to base station, then the pattern of. radio channel time
slot combinations used for the other direction could be the same
as figure 4B but using other radio channels of course. However,
for certain reasons it might be preferred not to transmit radio
signals and simultaneously receive radio signals at a mobile
station. Then a different pattern than that of figure 4B should
be used for the other direction of communication.

at

of
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Figure 5A and 5B illustrate a co-channel interference situation
10 when using different channel hopping schemes in two cells of a
cellular TDMA mobile radio communication system.

Figure 5A illustrates how the bursts pertaining to 18 connections
ci1, €12, €i3, Cc21, c22, €23, €31, C32, C33, C4l1l, C42, C43, C51,
c52, €S53, C61, C62 and C63 are transmitted in time slots of six

15 radio channels RF1l, RF2, RF3, RF4, RF5 and RF6 during a time
period of four frames in a first cell. All time slots of all
frames of all radio channels are used in the first cell.

Figure 5B illustrates how the bursts pertaining to 18 connections

c11, €12, C13, C21, Cc22, €23, C31, C32, C33, C41, C42, C43, C51,

20 c52, C53, C61, C62 and C63 are transmitted in the time slots of
the same six radio channels RF1l, RF2, RF3, RF4, RF5 and RF6

during the same period of four frames in a second cell. All time

) slots of all frames of all radio channels are used in the second
cell. Thus during a frame the same six radio channels are used by

25 both cells. All the six radio channels are common to both cells.

Comparing figures 5A and 5B reveals that the first burst
pertaining to connection Cl1 in the first cell coincides on the
radio channel RF5 with the first burst of connection C41 in the
second cell, the second burst of Cl1l coincides on radio channel
30 RF6 with the second burst of connection C51, the third burst of
connection Cl1 coincides with the third burst of connection
connection C21 on radio channel RF2, and the fourth burst of
connection Cl1ll1 coincides with the fourth burst of connection C31
on radio channel RF1l. The first burst pertaining to connection
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Cl1 in the second cell coincides on the radio channel RF3 with
the first burst of connection C21 in the first cell, the second
burst of Cl1l coincides on radio channel RF4 with the second burst
of connection C61, the third burst of connection Cll coincides
with the third burst of connection connection €51 on radio
channel RF1l, and the fourth burst of connection Cl1l coincides
with the fourth burst of connection C51 on radio channel RF2.

Generally the bursts pertaining to one connection in one cell do
not always interfere with the bursts pertaining to one and the
same connection in the other cell as may be the situation in
conventional TDMA. Instead the bursts of a connection are
interfered by bursts from connections which may vary from frame
to frame. According to figure 5 no time slots are unused.
However, if there were only a few connections in each of the
first and second cells, so that no bursts were tranmitted in many
time slots, some bursts would not be interfered at all.

The co-channel interference situation in figures 5A and 5B is a
simplification. Normally the number of cells re-using the same
radio channels will be many. Some of them vill be closer and some
be located at longer distances. Unsynchronized base stations are
also possible. In figure 5 synchronization is provided for
simplicity of the drawing. The number of radio channels used by
each base station would normally be more than six. In a bidirec-
tional communication system, e.g. a cellular mobile radio systen,
radio channel time slot hopping schemes according to figures 5A
and 5B could be used for one direction of communication, e.g.
from mobile stations to base stations, and similar or different
hopping schemes used for the other direction of communication,
i.e. from base to mobile stations.

Figure 6 illustrates estimated co-channel interference in TDMA
systems and the reason why TDMA-FH according to the present
invention enables a change from "worst case" design of cluster

.sizes in conventional TDMA, to a design based on the statistical

average of the co-channel interference from several connections.

In

BO2'
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channel interference for B4 and B6 is almost equal and higher
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' ces for the individual bursts is indicated with a lower,

"average", dashed line in figure 6.

15 In a conventional TDMA system, without frequency hopping, the
bursts pertaining to a particular connection are transmitted in
the same timeslot of the same radio channel, at least until
handoff. Thus, in figure 6, the bursts Bl to B6 would pertain to
different connections. Although succeeding bursts in the same

20 time slot of a radio channel may experience somewhat different
co-channel interference e.g. due to mobile station movements, the
change in co-channel interference from one burst to the suc~-
ceeding burst, pertaining to the same connection, is normally

) small. Thus, for a conventional TDMA system, without frequency

25 hopping, figure 6 may somewhat simplified also illustrate the co-
channel interference situation for six different connections. In
a conventional TDMA system without frequency hopping the expected
"worst case" level is a design criteria when deciding the number
of frequency groups in the frequency plan for the system. I.e the

30 system is designed as if all timeslots and radio channels should
suffer from the maximum interference level, which in reality is
very unlikely to occure.

-In TDMA-FH according to the invention the situation is different
because the radio signal bursts of a connection are not transmit-
35 ted on only one and the same channel but on different radio
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according to the invention the bursts Bl to B6é illustrated in
figure 6 may pertain to the same connection. Although a burst,
e.g. like B2 in figure 6, may be subjected to substantially
‘stronger interference than the average the probability that the
proceeding burst, Bl in figure 6 and succeeding burst, B3 in

10 figure 6, will also be subjected to co-channel interference
substantially stronger than average, is very small. Thus,
although the information in one burst might not be possible to

I understand all by itself, the information in the preceeding
and/or succeeding burst very often can be understood, whereby the

15 total quality for the connection might not be too severely
degraded.

Error protective coding of information to be transmitted in

bursts and interleaving of information in bursts are advantageous

and might be very important in combination with TDMA-FH according

20 to the invention. If e.g. information is interleaved on two

bursts, one of which is subjected to very strong interference and

the other subjeted to none or very little interference, after the

de-interleaving process only half of the bits will be erased.

With efficient error correcting codiﬁg it might be possible to

) 28 correct these erased bits and recover the information transmitted

in the burst subjected to severe interference. Interleaving over

more than two bursts increases the likelihood of recovering

information transmitted in a severely interfered radio signal
burst.

30 The channel hopping according to the invention, together with
interleaving and error correcting coding, performes interference
averaging. Thus, the minimum cluster size is now constrained by
a statistical average of the interference level instead of the
Mworst case". The statistical average interference level is

35 depicted as the lower dashed line. As seen, the average inter-
ference level is expected to be much lower than the "worst case".

to
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patent application W0/9113502, interference averaging is not
ébtained unless additional steps are taken. The reason is that
such synchronized hopping in a cluster of cells causes any two
interfering mobiles to hop from one channel to the other channel
10 simultaneously. Thus two mobiles interfering on one channel prior
to the channel hop will hop in the same way and therefore

) interfere also after the channel hop.

Figure 7 shows the principles of an embodiment of the invention
that both eliminates stiffness in connection handling capacity
15 and removes the need for frequency clustering. This embodiment
might be called fractionally loaded cells or base stations. This
imply that the maximum number of simultaneous connections per
cell when all cells serve the same number of connections is
substantially less than the total number of time slots on all
20 radio channels availiable for connections at a cell. Fractional-
loading could also be expressed as limiting the average number of
simultaneous connections per cell to be substantially less than
the average number of time slots on all radio channels available

) at a cell. :

25 The figure depicts a subset of ten radio channels Rfl to Rfl0 at
base stations in neighbour cells. Each radio channel is divided
in frames of three timeslots. The figure shows a fractional load
of 60% on the base stations. Thus, the number of simultaneous
connections are only 60% of the total number of time slots on all

30 radio channels available for connections. This can easily be
concluded, since four out of the ten radio channels are un-used
in every timeslot. Note however that a burst of a connection may
be transmitted in a timeslot on any of the availiable radio
channels. Comparing the radio channel time slots used by the two

35 base stations reveals that some of the bursts of a connection may
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Fractional loading may be implemented in the following way. The

signal to interference ratio for signals received from certain

10 mobile stations is estimated. The estimated signal to inter-

ference ratio for the signals received from mobile stations are

) compared with a desired signal to interference ratio. When

' another connection set up in a cell or handoff of a connection to

a cell is desirable, a check is done to find out whether there is

15 available in the cell another possible mobile channel hopping

scheme free from coincidence on every radio channel with every

other of the mobile channel hopping schemes already in use in the

cell. If there is a possible mobile hopp}ing scheme free from

coincidence, the desired connection is established by set up or

20 handoff using the possible mobile channel hopping scheme in the

cell only if the estimated signal to interference ratio for

signals received from certain mobile stations involved in connec-

tions equals or exceeds the desired ratio. Said certain mobile

stations would normally include all mobile stations involved in

) 25 connections in the cell where the desired connection is es-

tablished. Decisions whether to set up or handoff a connection or

not in the cell may then be taken by a base station for the cell

or by a mobile switching centre. According to a preferred

embodiment said certain mobile stations also include all mobile

30 stations involved in a connection in a second cell adjacent to

the cell where the desired connection is established or in any

cell adjacent to the cell where the desired connection is

established. Decisions whether to set up or handoff a desired

connection or not in any of the adjacent cells may the be taken

35 by a base station controller for the base stations of the
adjacent cells or by a mobile switching centre.



fromnobiles in the same cell. Using proper schenes neans-:-al.l-
channel interference cones from adjacent cells and surnoundlngﬂﬁ
di stant cells whereby the connection handling capacity: of a

beconmes dependent upon the nunber of sinultaneous connéc:::: 5 dJlfmys‘CL
adj-acent and ot her nore di stant surrounding cells. Using:™ the schenes
means any two nobiles in adjacent cells @8 cause co- channel
interference to each other only during a small mnority of the
bursts transmtted. This is an advantage in certain situations, e.g.

when the poyg c%%ﬁn%&:égir %1@1[) Eﬂ%ﬁﬁefohoBBQQg, 1Qnter§QQUQH Q%Epaé#z[&' any

two schenes AO| erres er ent

cell's, e.g PPoReghivereding,J& igFeen thatc&PFeFﬁ??@rP’ﬁ} é&éﬁlaﬂh@F hage any
two schenesstatiohorseestlecis a aegnsBOGr aohtE@d 1l ingathee [togichaane! fitex t 0

each ot her'ference. Thus, by forcing the load at each base station to be
5 lowered, the C/I-constraint may be controlled, allowing unity
cluster size, i.e. the total frequency band is reused at all base
stations. In this way the cumbersome frequency planning commonly

'required in TDMA systems may be omitted. :

Figure 8 and 9 are block diagrams of embodiments of a mobile

10 station and a base station for communication on TDMA radio

channels in a cellular mobile radio system. The base and mobile

J stations are designed for a system according to EIA/TIA IS-54

' standards but also for transmission according to the invention in

a TDMA system without analog traffic channels. Since com-

15 munication on analog control channels may be done substantially

according to standard and the invention relates to hopping

between digital traffic channels the part of the base and mobile

stations used only for analog control channels and analog traffic
channels according to EIA/TIA IS~54 are not illustrated.

20 Normally, a base station is designed for serving many mobiles,
i.e. updating/monitoring and handling connections involving many
mobile stations. However, in order to make a more eliglible
drawing, figure 9 only illustrates parts of a base station for

) handling three simultaneous comnnections in different time slots.

25 Thus the base station has only three channel controllers 1, 2,
and 3, each of which handles one of three connections. Further-
more the base station has only one RF modulator and power
amplifier J_:eceiving bursts from the channel controllers. Normally
a base station would have may RF modulators and power amplifiers,

30 each modulator receiving bursts from up to as many channel
controllers as there are time slots in a frame.

In the figures, the blocks of one base station controller
~corresponding to similar mobile station blocks are assigned the
same reference number, but with an apostrof '. A very brief

35 describtion of purpose or operation of each block according to



In the enbodi ment of a systemillustrated in figures 2, 8 af@$8==15....._0n
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accordance with the EIATIA | S-54 standards, the control F?ffp.'.c-:‘»h’l,agla_{;};;‘_; S
are anal og and base and nobile stations do not transmt bursts in” ==t
timeslots on the control channels according to the TDMA i Paispri2n@i BAK 1096 |
In-a future devel opnent of a system accoagi ng to El AFTFA-S-54 -t He - |
control channels could also becone digita 20 channels, divided in tine ™
sl ots where base and nobile stations transmt bursts, possibly
according to channel shifting schenes. Figure 10 illustrates how

the qual it yEXRATIR dsgsadadlin HOMjiven firsyst €orrespinding blueks are

frequency plah,a0f | t i da itAe u ti ar ed
to a CDHA gyst em ashﬁ}é&gggiﬁg}l%@nbg‘?p%?éés:ﬁﬁgfr%ras ltgg‘r \#elg'\é%% t eeéi'g emis
i ncreased. M§fkioned.  cyryes are based on simulations of two such systens

under equi val ent conditions. As seen, the quality is expected to
degr ade nor QM h SVVEN org o] i I on, .
which ill uslfr%%es ha bgh,, 28;{%' ca g%:qb??%nay a%g'OL §é?l@er8%t glhﬁeg“lxﬁgéuch

a TDM systsignaagenenatedchyanigsephone subjectedrha fhe dymam yoirenporH
W th comurdifiad irscdiRidd dFoaCs Ofisht Nl Justrated data source into a bit data

*stream, divided into data packages, according to the TDMA

principle. The SPEECH/DATA CODER 101' in the base station

converts incoming digital information into data packages of the
10 same type as the SPEECH CODER 101 in the mobile station.

) According to the EIS/TIA 1S8-54 standards there is a fast
associated control channel, FACC, and a slow associated control
channel, SACC. The FACC generator 102' in the base station is
used during the signaling of control and supervision messages to

15 the mobile station. When preparing a handoff the base station may
transmit on FACCH radio channel time slot hopping information,
e.g. similar to GSM or the identity of a hopping scheme, to be
used by the mobile station for its connection after handoff. The
FACC generator 102 in the mobile is used by the mobile during the

20 signaling of control and supervision messages. A FACCH message
transmitted by a base or mobile in a timeslot of a frame replaces
the speech or data from that base or mobile in that frame.

) The SACCH is a "continous control channel®" in the meaning that a
fixed number (12) of bits is reserved for the SACC in each burst
25 relating to a connection. The SACCH GENERATOR 103' in the base
station, is used by the base when exchanging signaling messages
with the mobile. Before a handoff the base may transmit on the
SACCH hopping information of a kind described later, e.q.
according to GSM or the identity of a radio channel and time slot
30 hopping scheme, to be used by the mobile for the connection after
handoff. SACCH GENERATOR 103 in mobile station is used by the

mobile when exchanging signaling messages with the base.

There is a CHANNEL CODER 104 and 104' connected to each of blocks
101, 101' etc to 103'. A CHANNEL CODER manipulates the incoming



the invention perforns better when over-Iloading the systmt5~~_~ that_

the channel s connected to the sane base station are ,| RIPy s;eparatwed 1.n
time/frequency while in CDVA systens they interfere ,"- WI %@er
Addi ng one nore subscriber in such a TDVA system T 2kgenﬁlf|1

42 . will not increase the interference for any ot-her----subscrl ber .
connected to the sane base station. Onl y2§ubscr| bers connected to
surroundi ng base stations will suffer fromthe increased i nterference

| evel . Since the interference produced by the 5 addi ti onal subscribers

wi Il be redyged hy éﬂfexpaéé‘] aﬂc? é&c&h%ete 106 QBH%B&P%GP&A S??Qﬁo]ﬁ
resulting increase I n_ co- nne interference for these cells w be
smal | . The mechanisms used are convolutional encoding for protecting

important databits in the speech code, and cyclic redundancy
check, CRC, where the perceptually significant bits in the speech
5 coder frame, e.g.12 bits, are used for computing a 7-bit check.

A SELECTOR 105 is connected to the CHANNEL DECODER 104 associated

‘with the SPEECH CODER and FACCH GENERATOR. The SELECTOR is

controlled by the MICROPROCESSOR CONTROLLER 130 so that, at

appropriate times, user information over a particular connection
10 is replaced with messages over FACCH.

) " The 2 BURST INTERLEAVER 106 interleaves data either from the
speech coder 101 or from the FACCH generator 102 over two time
slots. The 260 data bits, which constitute one transmitting word,
are divided into two equal parts and allotted two consecutive

15 time slots. The effects of Rayleigh fading will be reduced in
this way.

The output of the 2 BURST INTERLEAVER is connected to the input

of a MOD 2 ADDER 107 so that transmitted data is ciphered, bit by

bit, by logical modulo-two-addition of a pseudo-random bit-
20 stream.

Data transmitted over SACCH is interleaved by the INTERLIEVER 22
) BURST 106 over 22 time slots, each consisting of 12 bits of
information . Two SACCH messages are interleaved in parallel i.e.
the second message is delayed 11 bursts compared to the first,
25 according to the diagonal principle.

SYNC WORD 'Dvcc 109 is a store for sync words and digital
verification colour codes, DVCC. A 28 bit synchronization word is
used for time slot synchronization and identification and also
for equalizer training. Different slot identifiers are defineqd,

30 one for each time slot and another three are reserved for future
-development. The DVCC is a 8-bit code which is sent by the base
to the mobile and vice-versa. The DVCC is used for assuring that
the right radio channel is decoded.



In the CDVA systems, one additional subscriber will degfAEE~Fhe==—

quality for all subscribers in the system In particul dr, BRRCEBe T o

addi ti onal subscriber in the CDVA systemwill cause anjjiinecr €95§ “ bH&iTt e
interference level inits own cell where the path-I osslg_n%émg

smal | conpared to the path-l1oss to nei ghbouring cells. T Rove
phenonena al so expl ains why the TDVA sys%%m w | | provi de a
geographically nore flexible sharing of the radio 15 recourses than a
CDVA system when a capacity peak is required in one or several of the

]gel |'s. Depefidghy €ohl taedlsll:&tﬂwcw fw\el A IQNREA | IinhdEnelt | Bﬂrﬁﬁﬁaﬁi‘éy
or (S rgal C S .g. = rd,Ng SN- nour,
can be i nc‘?%g%g%t%? ?%etq'é%(?? e s%a%é. ?%a%ggls?y&%%% | og'}ildn 't ﬁ%‘%ZO i
sur r oundi ngoieestraffiic [dchanned bursbdscgonfiguned by éntegraking 260 bits

TDVA- syst epapacondi id ths0 shlben!, N\o@N ity adicy, QAVhidsstedadddsvec and 12
eqU|v§Ient C

ner odse 1 AeEiRbEER B1esca3S8baLRg (b0 Re, Eine "B10T Fopkah o TpeR e ten by |

in all surEBAWBIAgISebis IB @edtwiralo GeMmneln unstz5 DATA sangin 3kCSH disig to

the inventj@p14884Cauith ldatiPYglRetdEdL2B9U the CONTROL CHANNEL MESSAGE
GENERATOR 132'. The transmission of a burst in a time slot of a
radio channel is synchronized with the transmission of bursts in

10 the other two time slots, if any.

Depending on the state of operation two kinds of bursts are gene-

) rated by the mobile station BURST GENERATOR 110. The voice/traf-

' fic channel burst is configured by integrating 260 bits DATA, 12

bits SACCH, 28 bits SYNC, 12 bits Coded DVCC and 12 Qelimiter

15 bits according to the time slot format specified by EIA/TIA
Is-54.

Three full rate time slots make up one frame. The 20 mS FRAME
COUNTER 111 updates the ciphering code every 20 ms, i.e. once for

20 every transmitted frame. A pseudo random algorithm is used for
ciphering. The CIPHERING 112 is controlled by a key unique for
each subscriber. KEY 113 comprises a sequencer, updating the
ciphering code.

) In order to cope with multipath propagation etc., causing time

25 dispersion, an adaptive equalization method is provided by the

EQUALIZER 114' in the base station, to improve signal quality.

Synchreonization with the BURST GENERATOR 110' is provided in

order to find the time slot associated with the right received

channel. A correlation in the equalizer adjusts to the timing of

30 the received bit stream. Syncword and DVCC are checked for
identification reasons. '

The mobile station also has an EQUALIZER 114, providing an
adaptive equalization method to improve signal quality. A
correlation in the equalizer adjusts to the timing of the
35 received bit stream. The base station is the master and the
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to 200% along the line of cells at if the capacity of t
cells is reduced to 65% as is illustrated by figure
Al t hough the invention has been explained in connection
enbodi nents of TDVA cel lular nobile radio systemthe

limted to such enbodinents of systems but met hods according to the
invention may be inplenented in other 29 cellular nobile radio

comuni cation systens within the scope of t he invention.

mobile station is the slave regarding frame timing. The mobile
station equalizer finds the incoming timing and synchronizes the
burst generator. Syncword and DVCC are checked for identification

reasons.

5 The RF MODULATOR 122 modulates the carrier frequency from the
TRANSMITTING FREQUENCY SYNTHESIZER 124 according to the pi/4-D-
‘OPSK method (pi/4 shifted, Differentially encoded Quadrature
Phase Shift Keying). This technique implies that information is
differentially encoded, i.e. 2 bit symbols are transmitted as
10 four possible changes in phase; +/- pi/4 and +/~ 3pi/4.

The POWER AMPLIFIER 123 anmplifies the signals from the RF
MODULATOR 122. The RF power emission level is selected on command
by the MICRO PROCESSOR CONTROLLER 130.

The TRANSMITTING FREQUENCY SYNTHESIZER 124' in the base station

15 generates the transmitter carrier frequency in accordance with
commands from the uPC 130'. When radio channel hopping is
implemented, the micro processor puPC 130' calculates or reads
which radio channel to be used for each burst in accordance with
hopping information stored in a microprocessor store and the

20 hopping information transmitted to the mobile station intended to
receive the burst. The micro processor uPC 130' then sends timed
instructions the TRANSMITTER SYNTHESIZER to generate a sequence
of carrier frequencies in accordance with the frequency hopping
sequence or scheme to be used.

25 The TRANSMITTING FREQUENCY SYNTHESIZER 124 in the mobile station
generates the transmitter carrier frequency in accordance with
commands fx:om the the pPC 130. When radio channel hopping is
implemented the uPC 130 reads or calculates a sequence of radio
channels to be used in accordance with the selected radio channel

30 time slot hopping information recived from the base station on
either the control channel during call setup or on one of the
.associated control channels during a handoff. The uPC 130 sends
timed commands regarding the desired radio channel to the SYN-
THESIZER.
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and a second adj acent cells and plural TDMVA r@&di 6 channels,
nmet hed ~of transmtting radio signals pertaining 1.9.2
i nvol vi ng 5 nobile stations, conprising the steps loff)_"_‘ii_;_;.

transnmitting to each of a plurality of nobile stations served by

the first cell or the second cell, at seBOup or handoff of a

connection involving the nobile station, radio channel and tinme
sl ot hopping information pertaining to the connection involving

10 t he
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seconup cel |imstnmictjombifiren ther widrbypxisédssan130. The appropriate radio

channel being read or calculated by pl130 in accordance with a

) radio channel time slot hopping scheme or other kind of hopping

information received from the base station on either the control

channel during call setup or on one of the associated control-

15 channels during a handoff.

Radio signals from antennas are received by a RECEIVER 126 in the
mobile station and a separate RECEIVER 126' for each antenna in
the base station. The radio frequency carrier from a RECEIVER is
demodulated in a RF DEMODULATOR 127 or 127', generating an inter-
20 mediate frequency. In the IF DEMODULATOR 128 the intermediate
frequency signal is demodulated, restoring the original pi/4-DQP-
SK-modulated digital information. The received signal strength is
measured by the SIGNAL LEVEL METER 129 and the value is sent to

) the micro processor controller 130.
25

The SYMBOIL DETECTOR 115 converts the received 2-bit symbol format
from the EQUALIZER 114 to a single bit data stream. The DEINTER~-
LEAVER 2 BURST 116 reconstructs the speech/FACCH data from: the
MOD 2 ADDER 107 by assembling and rearranging information from
30 two consecutive frames. SACCH data, which is spread over 22
consecutive frames, is reassembled and rearranged by the

DEINTERLEAVER 22 BURST 117.

The convolutionally encoded data from a DEINTERLEAVER is decoded
by CHANNEL DECODER 118 using the reversed principle of coding.
35 The received cyclic redundancy check, CRC, bits are checked to
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The SPEECH DECODER 119 processes the received data in accordance
with the speech coder algorithm, VSELP, and generates the
‘received speech signal. The analog signal is finally enhanced by
filtering technique. The FACCH DETECTOR 120 detects messages on
the fast associated control channel and transfers the information
to the MICRO PROCESSOR CONTROLLER 130. During a handoff, the MS
may receive the idenﬁity of the hopping patterns to be used in
the next connection on this channel.

Messages on the Slow Associated Control Channel are detected by
the SACCH DETECTOR 121 and the information is transferred to the
MICRO PROCESSOR CONTROLLER 130. During a handoff the mobile
station may on this channel receive the identity of the shifting
schemes to be used in the next connection.

The radio base station activity and the mobile station communi-~
cation is controlled by the MICRO PROCESSOR CONTROLLER 130' in
the base station. Decisions are made in accordance with received
messages and measurements made. When hopping is implemented a
sequence of combinations of a radio channel and a time slot
channel shifting schemes are determined for each of the transmis-
sion directions for each mobile station served and involved in a
connection.

The mobile station activity and the base'station communication is
controlled by the mobile station MICRO PROCESSOR CONTROLLER 130,
which also handles the terminal KEYBOARD DISPLAY 131 input and
output. Decisions are made in accordance with received messages
and measurements made. For each timeslot, the transmitter and
receiver radio channels will be determined according to the
hopping information received and information stored in a
microprocessor store. The mobile station KEYBOARD DISPLAY 131

e

sts
ance



stations being confined to one tine slot and separated in tine from

the succeeding burst transmtted fromthe same nobile r=====starromrand |
rel ating to the sanme connecti on. 2. A nethod accOordi-e to€rFaf-m 1}
wherein the sequence used by any 5 nobile in the first .cellzi@cmwﬁ%qs
nore than half of the total nunber__of different TDNR®#Fadi o channel's:
available to said first ~cell and i*% adj acent celi§~of“tThe TDVA =~
system for transn ssion fromnobiles of radio signals pertaining to
connecti ons. 3. A nethod according to claim1l wherein a majority

of the radi ger#Qrms M G formatlibACdxbRaRgY SECHANIS ThdS adebYaRll LR Hdse
station in e first cell are also includéd in a sequence used by a nobile

station i n $HR*iRond cell . 4. A method according to claim1
conprising the further steps of: estimating at base station signal

level s Tor &oRPROE CIBARIRE MESSARE GENERETORPIIZ Jdndirates &6htA6h Rdhddieibase
station; messages according to orders received from the micro processor
S controller 130. The CONTROL CHANNEL MESSAGE DETECTOR 133 detects
received control channel messages and send them to the MICRO
*PROCESSOR CONTROLLER 130. :

The TIME SWITCH 34 in the mobile station connects either the
transmitter or the receiver to the MS antenna. The timing is
10 synchronized to the receiving and transmitting sequence by the

'/) MICRO PROCESSOR CONTROLLER 130.

A tight power control algorithm may be used to reduce the
transmitter power on the radio channels in the connections with
mobiles located close to the base station. In this way the inter-
15 ference from these connections to other connections will also be
reduced, which in turn will give increased capacity. From a pure
capacity point of view, the best thing would be to reduce the
transmitter power levels to a minimum. However, the reduction in
the transmit power level should be a compromize between the
20 reduced signal quality and the resulting increase in capacity.

The base station can decide if a moible shall lower its power by

) measuring the quality of the received signals. relating to the

connection with the mobile. Such quality measurements can be

) measures of the signal strength, C/I and bit error rate. The

25 measurements made, may be translated into a power control command

in several different ways. One example could be to compare one of

the quality measurements to a desired value and command an

decrease in the mobile transmit power if the measured value is

above the desired value. If the measured value is below the

30 desired value a command to increase the mobile transmit power may

be transmitted. The power control command may be transmitted on
.either the SACCH channel or the FACCH channel.



conparing the estimated signal levels for the signals fromthe

nobi |l e station and a desired signal |evel; and controlling fromthe
base station the output powers of nobile st atll ppg, Ser

base station for the purpose of reducing 20 diffgrences bétieeensth
estimated signal levels and the desired si gndl.- I evelr mav 1996 ¢ 5

A nethod according to claim1 conprising®the furt heristeps-of ;- 77
estimating at base station signal quality for signals received == from
nobil e stations served by the base station; 25 conparing the estinmated

si gnal qualite/ ghQl i £} néd siir@mentcOst i si?nals tEdtdnfl tteat £ 06 HRE Base
desired signal cgJaI%t¥'dand contro I;\}gg frgmﬁt he _base gt atjon_the
out put po HPSoBRFed On measurepenty iR, BYPAE - hEYCERL PERRPYF ¢ he
pur pose of exigicifeyr utilizingi fthesenmeashrenenta fhr dbasenatatien gpewer
qualities ghtirdA. oRE exanPAe i8GtKdtIRAk HMIB11d Xransmit all mef@sufelBhtWwd

mob1 | & ot aliaRe i gnah FEas ShoRien e, Bu e Base statjonihighilne ™
stati on sertunmg evaduatiel [thes medisyrements and adjusts its transmit power
according to a given criteria. Another example is that the mobile
itself evaluates the measurements and transfer a request for an-:
increase or decrease of the base transmit power. It is probably
10 desirable that the base station, in any case, makes the actual
decisions on whether or not to increase the base station transmit

power levels.

-

To speed up the power control of the mobiles, it may be permitted
to let the mobiles take a more active part in the desicion of

15 their own transmit power levels. By measuring the quality of the
signals received from the base station, the mobile can be able to
predict the quality on its own transmitted signals when received
at the base. Thus, if the mobile detects a sudden improvement or
degradation of the quality of the signal transmitted from the

20 base, it may decide itself to rise its own power level. It is
important, however, that the base .station has the ability to make
a fast re-adjustment of the mobile transmit power level in order
to minimize the risk of a mobile unintentionally performing a
dramatic increase or decrease of its power level.

When implementing methods for communication according to the
present invention in some TDMA mobile radio communication system,
e.g. according to GSM or IS-54, normally oniy minor amendments
may be necessary. Much of the procedures for call set up and
5 termination and handoff may be similar to those in a conventional
TDMA system. Some amendments are of course necessary. At call set
up or handoff of a call already previously set up, the base
station in a prior art TDMA system, without channel hopping,
informs the mobile station on a fixed radio channel and a fixed
10 time slot to be used for the call to be set up or handed over.
When using channel hopping according to the present invention,
some other method of synchronizing the transmitter and receiver
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conparing at the nobile stations estimted signal |evels
signals received fromthe serving base station and a desij BEFLACEMENTSHEET

| evel ;> and reducing at the nobile stations the output pow:zr omkh@
nobile 5 station transmtter in response to a rapid ijnPeeas. af e,
estimated signal |evel over the desired |evel. 7.7 +Hod
according to claim1 conprising the furth® steps of: estimating at
base station C/I for signals received fromserved nobil e stations; 10
conparing estimated C/I for the signals received from served nobi | e

stations andt@ tq{:es E&SﬂtQiﬁe siot of the right radio channel is required for
the communication to be possible. Most connections are bidirec-
tional, e.g. normal telephone calls and data communications. Both
base and mobile stations must therefore not only transmit but
5 also receive radio signals in the right time slot of the right
radio channel. Normally the base station will be master in this
process and send radio channel and time slot hopping information
“to the mobile station. In a TDMA-FH system with channel hopping
the hopping information is then sent instead of of merely
10 information on a fixed time slot on a fixed radio channel.

When implementing the present invention in a cellular TDMA mobile
) radio system designed for optional channel hopping, e.g. GSM,
o even less modifications are normally required. One fundamental
difference between the GSM system and a TDMA-FH system according
15 to the present invention is that no frequency plan is required in
a system according to the present invention. However, this
fundamental difference does not exclude the possibility that a
method of determining radio channel and timeslot according to GSM
can also be used in a system according to the present invention

20 with only few amendments.

According to the random frequency hopping mode in GSM, a mobile
and base station transmits their bursts in timeslots of a
sequence of radio channels that the station derives from an
algorithm. The radio channel hopping sequences are orthogonal

25 inside one cell, meaning that no collisions occure between
communications in the same cell. The radio channel hopping
sequences are independent from one cell to another.

The hoppin-g sequences are generated dependent on three different
parameters:
30 a) The set of radio channels to be hopped on
b) The hopping seed of the cell, which allows different
sequences in adjacent or neighbouring cells
) The index offset, to distinguish the different connections
of the cell using the same set of radio channels to be
35 hopped on
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time slot ~ hoppi ng sequence available in the first cell” .
coi n- ci dence on every radio channel with every other of thé topping’
sequences already in use in the first céPl; and I f anot her connecti on
to a particular nobile in the first cell is 20 desired and there is a
possi bl e hoppi ng sequence free from coi nci dence, establishing the

desired c tio ,L.ng e | Ceij 4 ikl |
only if tﬁ%h'\gés.[ iarra.%gﬂégls k:180F;gﬂ' the sllrag‘gna ?rf&n??\q/gﬁaj r?;éir?)ac%b?téiéfp};oltg{iaee
stations iinEpxmation ceemlecfrom the jhaRe n’é‘?cﬁgg Bopddie AF | ERR) Set ?}J

8. A net hogrageéricliel) theChappifgibestianddile dadexi nffsbt} e stations
include all nobile stations in the first cell involved in a

connect i on. 9. A nethod according tQ claim 7, wherein said certain
nmobi | e In each bgse and |nekile ptapiena ta&fJPEi§hF‘n%I%@fean INpRr R & i on

in 305 thehéaryutitdin are a set of numbers and a seed. Depending upon the
seed the algorithm generates a sequence of numbers selected among
“the set of numbers. Only numbers from the set are generated.
Different seeds cause the algorithm to generate different
sequences. Irrespective of seed, in any long sequence generated
10 by the algorithm any of the numbers in the set appears substan-
tially as frequent as any other number in the set. Thus, for
those not informed on the seed the numbers in the set appears to
be selected at random. The sequence generated repeats itself
after some time. The length of the sequence is depending upon the
15 algorithm used, and can be made longer than the average duration

—

of a telephone call

Mobiles served by the same cell (base station) receive the same
seed and using the same algorithm they would generate identical
sequences. However, different mobiles served by the same cell

20 receive different index offset in their hopping information from
the base station. Each mobile station adds their individual index
offset to the number generated by the algorithm, whereby the
mobile stations will get different numbers.

Assuming the set includes N radio channels which are given
25 individual numbers 0, 1, ...N-1, p130 inputs the seed and the

number N in the algorithm and starts executing the algorithm. A

sequence of numbers, none exceeding N-1 are then generated. To

each number.generated by the algorithm the p130 adds the index

offset modulo N. The number ‘obtained by this addition is the
30 number of the next radio channel to be used.

As an illustrative example say that the set includes N=8 radio
channels that the station may be hopp to. The random generator
could then generate a sequence 2,6,4,0,3,1,6,... for a given
hopping seed. The following eight different hopping sequences for



10. A method according to claim 1l wherein the average nunber of

si mul t aneous connections per cell is restricted to subsLanLEgr'"

than the average of the total nunber of tine slots od akt: : TadkaT
channel s availiable for connections at a cell. /
method according to claim1 wherein the average nunbeT ~of - 28 ;AYIQQB !
si mul t aneous connections per cell is resB®icted to 20% of -1 €8s.: gi R

average of the total nunber of time slots on all radio channel s
avai lable to the cell for connections.
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eight different connections in the same cell could then be

obtained.

Index offset hopping schene
2,6,4,0,3,1,6,..
3,7,5,1,4,2,7,..
4,0,6,2,5,3,0,..
5,1,7,3,6,4,1,..
6,2,0,4,7,5,2,..
?,3,1,5,0,6,3,..
0,4,2,6,1,7,4,..
1,5,3,7,2,0,5,..

N Wy MO

Comparing the eight sequences shows all radio channels are used
simultaneously but no sequence coincides with any other sequence,
i.e. no two mobiles hop to the same radio channel at the same
time.

According to GSM there should be a frequency plan. The set of
radio channels sent to a mobile served served by one cell is
therefore different from all sets of radio channels sent to any
mobile served by an adjacent cell or an other cell in the same
cell cluster. None of the radio channels included in any set sent
to a mobile station served by one cell is included in any set
sent to any mobile station served by an other cell in the same
cell cluster.

If radio channels in a TDMA-FH according to the present invention
would be determined in a way simular to the way in GSM, using
radio channel sets, seed, index offset and an algorithm, at least
some of the radio channels included in the set sent to a mobile
in one celi would also be included in the set sent to a mobile in
an adjacent cell. Preferably the majority if not all of the radio
channels included in any set sent to any mobile in one cell would
also be included in sets sent to mobiles in adjacent cells.

The invention is not limited to embodiments where the time slots

and radio channels of hopping sequences are determined by channel
set, hopping seed and index offset according to GSM. However,
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5 12. In a cellular TDVA nobile radi o system i ncl udi ng a>£LLSFﬁ?ﬂ [+ 5
a second adjacent cells and plural TDMA radi o channels, a fekhod-< SLatt of
transmtting radio signals pertaining to connections i nvol v
stations, conprising the steps of: transmtting to e
plurality of nobile stations served by 10 the first cel
cell, at set up or handoff of a congrection involving the nobile
station, radio channel and tine sl ot hoppi ng i nformati.on pertaining
to the connection involving the nobile station, the hopping

I nf or mati on_enabl.i nobj | e statiion to determne a uence of
combi nat i on8¢€ Bﬁgﬁ“goﬁﬁ ﬁ%fiiPVﬂEFi°“|qﬂﬂﬂiﬂﬁn§%§ $ 2ih¥> qﬁ&liﬁﬁﬁta
time sl ot okhehfibllewing ruleschannel to be used for transm ssion fromthe

mobi I e stat wm%wfng sequehRRy 3enbbe B LBAnbEAIGHE !n81vang A1 3n

nmobi | es served |rst cell cau5|ng ﬁ erent nobiles served by
the first ckhe Same t 6okt PFi neeXRFESSSAN c FARREDRE St ¥onbPHESESns
of onesof 2&ranshhttiﬂh%rundmcbthemnsézweuubyithensaﬁaﬁbaae tstatt ioagi must
channel not EBEnQQ&Q' Oééﬂ?é Qe 5&?@%@ €ﬂe x‘i’éféﬁﬂ‘ ysg.hbhes
served e seco causi n er ent es_serve

second c%wpm mpﬁﬁﬂéeﬁaﬁnm %ardpﬁgngﬁ éeveﬁveeﬂmqmeaq nof
one oﬁdﬁheeﬁﬂwﬁeladyooehe&peéssemdsaméwmmtsdxﬂfentnthgn fadi moblhaasel ,
25 the h f ran t S
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by ¢ hdbsecofdc ahalday ‘Fn&“ﬁﬂb’Fﬁé%t%‘érG‘Ed hayeqi ¥9%r gprelation with each

other.

In a system similar to IS~54 the hopping information may be
transmitted from the base station to the mobile station on the
control channel during the setup of a call, or on one of the

15 assqciated control channels, FACCH or SACCH, during a handoff.
Most connections are bidirectional, e.g. normal telephone calls
and data communications. The hopping information may therefore
indicate both radio channel and time slot combinations to be used
for the sequences of bursts of radio signals to-be transmitted by

20 the base and mobile stations for the purpose of forwarding speech
or other information relating to the connection. Instead of
specifying complete sequences, the hopping information from a
base may be an identification number or code of a scheme or
algorithm stored in all base and mobile stations. The hopping

25 information from a base station ‘may also indicate where .in the
scheme the mobile should start if it should not start at the
beginning of the schenme.

An algorithm or a scheme has normally a finite length, i.e.
includes or generates only a finite number of radio chan-

30 nel/timeslot combinations. Normally a call lasts for so long time
that the number of radio signal bursts transmitted from the
mobile station, for the purpose of forwarding the information
relating to the call, exceeds the length of the scheme. However,

~a base or mobile station may use the hopping information for

35 hopping cyclically. When the station has transmitted a burst in
accordance with the last combination of radio channel and time



cells to determne sequences of conbinations i
plurality of common radio channels but the major pafgep
determ ned by one nobile station served by the secgnd

from coi ncidence with the major part of the egaen
any nobile station served by the first cell,
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all ow ng two sequences determ ned 3 two nobiles seFVEH‘by*FﬁE:éane
cell to include correspondi ng 35 timeslots in succeeding franes of a
radi o channel ; and transmtting fromany nobile station having a need

for transm
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radi o

uPRl

radi o chanpdgorithm the mobile transmits its next burst in the combination
of radio channel and time slot indicated first in the scheme.

According to one embodiment schemes used by mobile stations in a
5 cell are synchronized by a base station for the cell and are

cyclical permutations of a basic scheme. As an example it is

assumed there are 13 radio channels available for connections.
Four basic scheme cycles for four neighbour cells may then be as

follows.
10 - A': 1,4,7,10,13,3,6,9,12,2,5,8,11
B': 1,6,11,3,8,13,5,10,2,7,12,4,9
R c': 1,8,2,9,3,10,4,11,5,12,6,13,7
' D': 1,12,10,8,6,4,2,13,11,9,7,5,3
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In a first cell a mobile may transmit according to one of the
following synchronized cyclic schemes A0l1' to Al2' obtained by
cyclic permutation of the basic scheme cycle A',

AOY!
AOQ2!
A03"?
AQ4!*
AO05?
A06!
A07!
A08'
A09!
Alo!
All*
Al2!
Al3?

1;4;7:107;13;3;6:9;12;2:5:8711:17477:10;13:3:679712;2;5;8:11;
2:5:8:11:174:7:10:713:3:6;9:12:2:5;8;1171:;4:7:;10;13:3:6;9:12;
3:6:9:12:2;5:8:117174:7;10:137;3;6;9:12;2;5:8711;174:7:10:13;
4;7:;10;13:3:;6;9:12:2:5:871171;4:7:103;1373;6:9;12;2;5:8;11:1;
5;8711:;1:4:7:;10:13;3:6;9712;2;5:8:11:1;4;7:10;13:3;6:9:12;2;
6:;9:;12;2:5;8:11:1:4:7:20:13:3:6;9:;127;2;5:871171:4:7;10;13;:3;
7:10:13:3:6:9:12;2:5:871171:4:7:10:13:3:6:9:12;2:5:8:;11;1:4;
8:11:1:4:7:10313:3:6:9712:2:5;8211:1;4:;7:10713;:3:6:;9312;2;:5;
9;12;2;5:8;11:17477;10713;376;9712;2;5;8;11;13477;10;13;3;6;
10713:3:6;9:12;2;5;8;11;174:7:10;13:3;6;9712;2:5:8;11:1:4:7:
11;174:;7:10;13;376:9712;275;8711;1:;4:7:10;13;3:6;9:12:;2:5;:8;
12;2:5:87117174:7:10;13;3767;971272;5787;11:174:7;10;13;73;6:9;
13;3:6:9:;1272;5:;87117174:7:1071373:6:9712;2;5;8711:1;4;:;7:10;

In a second cell adjacent to the first cell a mobile may transmit
according to one of the following synchronized cyclic schemes
BO1' to Bl2' obtained by cyclic permutation of the basic scheme

cycle Bf.
BO1'

1;6711:3:8:13:5;10:;2:7:12;4:9:1:6;11:;3;8;13;5;10;2:7:12:4:9;

BO2' 2:7;12:4;9:1:6:11f3:8?13:5;10:2:7712:4:9:1:6:11:3:8:13:5:10:



accordance with a sequence determ ned fromthe hopping.in-_...._.__formation
received, each burst transmtted fromany of the nobi: e—w!_‘;gﬁ “ziﬂ: s
bei ng: confined to one tine slot and separated intine 5 m' tReE! I
succeedi ng burst transmitted fromthe sane nobile staﬁlm)nf‘lahdﬁﬂb i
relating to the same connecti on. 13. In a ceIIuI ar= TDMA hobi'te
radi o systemincluding a first and 38 second adj acent cells and pI ur al
TDVA radi o channel s, a net hod of transmtting radio signals

pertaining to connections i nvol vi ng 10 nobi | e stations, conprising the

steps of: ransmtting tQ each a t, e J
served by BO3' :i’r?elp P10t ﬂ”&r"t’ﬁé 3&5’20&] 1P 5 ?6 {ﬂ),bﬁ Féﬂia égfo f of
a COIBUBEY i 499 ;ilT6oLY i D 1 X8 57301 Re7 s2234 i@t 17 6241 -&fé-ﬁrﬁél'lﬁtﬁj"’mw

sl ot hoppi %gnfga.rlraatzl 90199.{1@1%1%-9 éhfsmllmet.wmmmlwsnma:ﬁ-s mbe
nobi |l e statton,

i nf or nat.ion e i,on
to deterni rRO&’ s%d&er?cg 6? ?:t?rﬂnzﬂgt'llﬁng Sé %@dﬁbphﬁ%&o 2i7; l?hc'l i‘'ng a
TDKA redi o ﬁmnﬁlﬂﬂd%ltsmﬂm.me#hatZImi’a'i 9:1;6 343138k 13 1P 1D 7@ded

Ior ”at”fm ] I, HtBez bjfiﬂ;-%t AL ;3 /8135 t5 110 hPPR123 4i; 0F D 61 ;07
ransmtte | fTerent noblles serv

di fferent n%(!m % WiGiddd3 h§ Jt?ré'ﬁor'ét'gcégfl‘zgo 7136 ?‘g %tﬁz’;’ Qéb SN,
non- coi nci daxgr mneas-oigmmnamamsaas.m. 7127479 1706 LYEMS +130i56
channel s angl p, 14415, 35 9“16*?"711@409%3@“131%3 18:13;55 103 2090RR P 95165

i nformation ransrﬁtte er ent [ s ser e
10 B12' 12:;4;9:;1:6;1 8:;13:5:10;2; 43951:6:11:3:8:13:5;1032:7;

B13! 13;5;10;2:7:12,4,9,1,6,11,3,8:13;5,10,2.7,12,4,9,1.6,11,3,8,

In a third cell adjacent to the first cell a mobile may transmit
according to one of the following synchronized cyclic schemes
CO01' to Cl12' obtained by cyclic permutation of the basic scheme
15 cycle C'.
CcOl' 1:;8:2:9:3:;10:;4:;11;5:12:6;13;7:;1:8:2:9:37;1074711:5712;6;13:7;
CO02' 2;9:;3:;10;4711:;5:12;6:13;7:1:8:;2;9737;103;471175712;67;13:7;1;8;
COo3' 3:10:;4:;11:5:12:6:13:7:1:;8:2:9:3710;4711;5;12;6;13;7:1:8;2:;9;
CO4' 4:11;5:;12:6:13:7:1:8:2:9;3710;4711;5712;6313;7:1:8;2;9;3;10;?
20 CO5' 5;12:;6:13;7:1:8:2:9:3:;1074;11;571276:13;7:1:8;27;9:3710;4711;
CO06' 63;13:7:1:8:2:9:3;10:;4:;11;5712:;6713;7:1:872;9;3:1074:11:5712;
CO7' 7:1:8:2:9;:3:10;4;11;:;5;12:;6;13;7:;1:87279;73;1074711:5:12;67;13;
CO08"' 8:2:;9:3:10;4;11;5:12;6;13;7;1:8:;2;9:371074711:5;12;6;13;771;
CO9' 9:3:10;4:;11:5:12;6:13:7:1:8:;2:9:3710;4;11:5;12:6:13;7;1:8;2;
25 clo! 10:4;11:5:12:6:13;7:1:8;2:9;3;10:4:11;5;12;6;13;7;1}8;2:9;3;
Cl1' 11;5:12:6:13:7:1:8:2:9;371074:;11:5712;6;13;7:71:8:2;9;3;10;4;
Cl12' 12:;6:;13:7:1:8:;2:9:3:10;4:;11:5;12;6713;7;1:8;2;9:371074711;5;
C13' 13:7:1;8:;2:9:3:;10:4:11:;5:12;6;13;7:1:8;2;9:3;107;47;11;5712;6;

S’

In a fourtc.cell adjacent to the first cell a mobile may transmit
30 according to one of the following synchronized cyclic schemes

DO1*' to D12' obtained by cyclic permutatlon of the basic scheme

cycle D',

DO1' 1:12;10:8:6:;4;:;2:;13:11;9;7:;57371712;10;8;674:2;13;11;9:7:5;3;

~D02' 2:13:11:;9:7:;5:;3:1:;12;10;8;6;4;2;13;11;9;7;573:1712;10:8;6:4;
35 DO3' 3:;1:;12;10;8;6;4:;2;13;11;9:;7:5:3:1712710;8;674:2713;11;9;7;:5;

DO4"' 4;2;13:;11;9;:;7:5:3:1:12;10;8;6:4;2;13;11;9;7:;5:371;12;10;:8;6;



by the second cell causing different nobiles served by the second 25
cell to determ ne non-coinciding sequences of conbi nati-aas=et= =

the TDMA radio channels and a time slot on that radif rAAAEME £?3HEEE
hoppi ng i nformation transmtted to nobil es served by“the & rgﬁeh I
and the hopping information transmtted to nobiles MV s&r§ M J el
second cell causing nobiles served by di#®erent 30 réeh#s=*F0“‘der€Tﬁ1ne
sequences of conbinations including a plurality of common radio
channel s, the hopping information all owi ng a sequence determ ned by a

mobi | & ser yad by, ahg 45056; 1816143 269511%76155@09%91&3 %rm%fﬁ g,qpbile

served by the secon o chanhnel "dufi hg
the sanme f 096, &AE2333; 1%«?;7;?'#9 i i 1 ARRii83 8 7 B ARSI Tt 1796 T Bi 1 PAi048 the
sequence DO7' deSeswlnEZ; X0/ 806e 4wRbl3 A ST 603 sBr2EA0hE ; 6 he; ZAacsend; sel |

to be . DO8' 8:;6;4:;2:13;11:9:7:5:3;1;12;10;8;6;472;13;11;9;7;5;3;1;12;10;
5 DO9®' 9:;7:5:371:12:;10;8:;6;4;2;13:11:977:573:1;12;10;8;6;4;2;13;11;

D10' 10:8;6:;4:;2:;13711:;9:7:5;3:1;12;10;8:6;4;2;13;11;9;7:5;:3:1:12;

p11! 11:9:7:5:3:1:12;10;8:6:4#2;13;11;9:7;5:3:1;12:10;8:6;4:2:13;

D12 12;10;8;6:4:2;13:;11;9;7:5;371:12;10:;8;6;4:2;13;11;9;7:5:3;:1;

D13' 13;11;9:7:5:3:17;12:;10:;8:674:;2;13711;9:7:5:3:1;12;10;8;6:4:2;

3

10 A study of the schemes A0l' to D13' reveals that any two schemes
in adjacent cells coincide once but not more during one cycle of
a scheme. Assuming there are m timeslots in a frame on a channel
m mobiles in the first cell may use the same scheme,e.g. A07°',
without any coincidence of bursts transmitted from other mobiles

is in the same cell provided they transmit in different timeslots.
Thus up to maximum 13 x m mobiles in the first cell may transmit
according to the schemes AO0l' to Al3' without co-channel
interference from other mobiles in the same cell. Since there
were 13 radio channels available in the first cell the maximum

20 number equals the total number of time slots available on all
radio channels in the cell. Obviously the same is true for each
of the ssecond, third and fourth cells.

The basic schemes may be assigned to 3-cell clusters or 4-cell

) clusters in a way similar to a frequency plan in order to reduce
25 co-channel interference from mobiles in different cells. However
there is an inherent fundamental difference between assigning
basic schemes like A' to D' and assigning radio channels to cell
clusters according to a fixed frequency plan. When assigning
schemes-accérding to the invention each cell is still entitled to

30 use every radio channel for connections. Thus when assigning such
schemes the maximum connection handling capacity for any cell is

not reduced compared to a situation when no schemes are assigned.
Using the schemes, and having a base station in a cell with enogh
transceivers means the cell can actually handle as many simul-

35 taneous connections as the total number of time slots on all the
radio channels available and there is no co~channel interference
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‘of the bursts transmitted. This is an advantage in certain
situations, e.g. when the power control of a mobile is not good
enough. Comparing any two schemes A0l' to D13* reveals that any
two schemes for different cells, e.g. A03‘and C07', have low
cdrrelation to each other but any two schemes for the same cell,
e.g. BO2'and BO6', have high correlation to each other.

In the embodiment of a system illustrated in figures 2, 8 and 9
in accordance with the EIA/TIA IS-54 standards, the control
channels are analog and base and mobile stations do not transmit
bursts in timeslots on the control channels according to the TDMA
principle. In a future development of a system according to
EIA/TIA IS-54 the control channels could also become digital
channels, divided in time slots where base and mobile stations
transmit bursts, possibly according to channel shifting schemes.

Figure 10 illustrates how the quality may be degraded in TDMA
system, without a fixed frequency plan and implemented methods
according to the invention, compared to a CDMA system as the
number of subscribers served by the system is increased. The
curves are based on simulations of two such systems under
equivalent conditions. As seen, the guality is expected to
degrade more slowly for the TDMA system according to the
invention, 'which illustrates that a "softer" capacity may be
obtained in such a TDMA éystem than in the CDMA systen.

The reason that TDMA-FH with communication methods according to
the invention performs better when over-loading the system is

.4fhat the channels connected to the same base station are

35

separated in time/frequency while in CDMA systems they interfere
with each other. Adding one more subscriber in such a TDMA system



20 stations being confined to one tinme slot and separated in tine
fromthe succeeding burst transmtted fromthe sam
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neighbouring cells, the resulting increase in co-channel
interference for these cells will be small.

In the CDMA systems, one additional subscriber will degrade the

quality for all subscribers in the system. In particular, one

10 additional subscriber in the CDMA system will cause an increase

of the interference level in its own cell where the path-loss is

Y normally small compared to the path-loss to neighbouring cells.

The above phenomena also explains why the TDMA system will
provide a geographically more flexible sharing of the radio

15 recources than a CDMA system when a capacity peak is required in
one or several of the cells.

Figure 11 and 12 show how the connection handling capacity for
each of certain cells, e.g. along a free-way during rush-hour,
can be increased at the expence of a capacity reduction in the
20 surrounding cells. The figures are based on simulations of a
TDMA-system according to the invention and a CDMA system under
_ equivalent conditions. As seen in figure 11, the CDMA system may
J increase the capacity to 120% along a line of cells if the
capacity in all surrounding cells is reduced to 30%. In the
25 system according to the invention the capacity may be increased
to 200% along the line of cells at if the capacity of the
surrounding. cells is reduced to 65%, as is illustrated by figure

12.

Although the invention has been explained in connection with

30 certain embodiments of TDMA cellular mobile radio system the
invention is not limited to such embodiments of systems but
methods according to the invention may be implemented in other
cellular mobile radio communication systems within the scope of
the invention.



49 15. A nethod according to claim214 wherein each hoppi ng scherre
used by a nobile in the first cell includes a pl ural[t-t-_y:_e:f—:r:a:eh-e
channel s included in a hopping scheme used by a nobi. l & MA FHE’”"’*!T‘BFEksecond

cell. 5 16. A nmethod according to claim 14 wherein e g@e

schene used by @ nobite-served by the first cefln+ncl S rmre than
hal f of thﬂ"’m , di f feréat TDVA radi-o—ehanneis=avart abl e
to said fi a I, ﬂ; E nd cell and any other cell adjacent to
the first cell of "thé TDMcvsy;s ‘for transm ssion from nobiles 10 of

radi o signal's pertaining to connectioném 17. A method according to
claim 14 wherein a mgjority of the T3 0 channels included in a
hoppi ng schemslngeddiiviar M3 mobile staiicosyssenc dnbjudirg fa r&irstelahdar e
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the second Cfe tlransmlttz.ng radio signals pertaining to connections involving

5 mobile stations, comprlsing the steps of:
transmitting to each of a plurality of mobile stations served by
the first cell or the second cell, at set up or handoff of a
‘connection involving the mobile station, radio channel and time
slot hopping information pertaining to the connection involving
10 the mobile station, the hopping information enabling the mobile
station to determine a sequence of combinations, each combination
including a TDMA radio channel and a time slot on that radio
channel to be used for transmission from the mobile station, the
hopping information transmitted to different mobiles served by
15 the first cell causing different mobiles served by the first cell
to determine non-coinciding sequences of combinations of one of
the TDMA radio channels and a time slot on that radio channel,
the hopping information transmitted to different mobiles served
by the second cell causing different mobiles served by the second
20 cell to determine non-coinciding sequences of combinations of one
of the TDMA radio channels and a time slot on that radio channel,
the hopping information transmitted to mobiles served by the
first cell and the hopping information transmitted to mobiles
served by the second cell causing mobiles served by different
i 25 cells to determine sequences of combinations including a
o plurality of common radio channels, the hopping information
causing any sequence determined by a mobile served by the first
cell to have low correlation with any sequence determined by any
inobile served by the second cell, and the major part of the
30 . sequence dgtermined by' one mobile station served by the second
‘cell to be free from coincidence with the major part of the
sequence determined by any mobile station served by the first

cell; and

transmitting from any mobile station having a need for transmis-
35 sion of information pertaining to a connection, radio signal
~bursts distributed on the time slots of plural radio channels in
accordance with a sequence determined from the hopping in-
formation received, each burst transmitted from any of the mobile



15 18. A method according to claim 12 or 13 wherein|ja ]
hoppi ng sequence used by a nobile station in the first“cégkuégquENTSHETow

cornelation with any channel hoppi ng sequence used by . il
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station in the second cell. 19. A met hod accor djl

or 14 conprising: tmllm llqu“nu'Inﬂmsteps of : estimating signal to
interference ratio _. I ved 4y nobi |l e stations served by
the first or second*cefl;* " S clnparing the estimated signal to
interference ratio for the nobil e stations and a desired signal to

interference ratio;_ 25 control ling output power of sta ot_the
purpose of stabiiepfigbeing gerfined, k& Nk v‘\'e'é‘lﬁg sg%&nglndt ei)a? e??ér éﬂcgu?%t i 0
at differefiktom thenbuceeetingommrstd trajemiitded afror the samwm mpbide hod
accor ding EQ?E%ase sé r&f’a@ing}‘*:&@m isam@IcbhRectionf urther steps of: 30

estlmatlnga atrons s gna tointerference ratio for signal s
recei ved from nmobil e stations in the first and second cell:’
2. A method according to claim 1 wherein the sequence used by any

5 mobile in the first cell includes more than half of the total
number of different TDMA radio channels available to said first
‘cell and its adjacent cells of the TDMA system for transmission
from mobiles of radio signals pertaining to connections.

3. A method accofding to claim 1 wherein a majority of the radio

10 channels included in any sequence used by any mobile station in

) the first cell are also included in a sequence used by a mobile
station in the second cell.

4. A method according to claim 1 comprising the further steps of:

estimating at base station signal levels for signals received
15 from mobile stations served by the base station;

comparing the estimated signal levels for the signals from the

mobile station and a desired signal level; and

controlling from the base station the outpué powers of mobile

stations served by the base station for the purpose of reducing
20 differences betweeen the estimated signal levels and the desired

signal level.

) 5. A method according to claim 1 comprising the further steps of:
estimating at base station signal quality for signals received
from mobile stations served by the base station;

25 comparing the estimated signal quality for the signals from the
mobile station and a desired signal quality: and
controlling from the base station the output powers of mobile
stations served by the base station for the purpose of reducing
differences betweeen the estimated signal qualities and the
30 desired signal quality.

6. A method according to claim 1 comprising the further steps of:
estimating at mobile stations signal levels for signals received
from the base station serving the mobile station:;



50 conparing the estimted signal to interference ratlo for the
signal s received fromnobile stations and a desired sisghal 0= v ===
i nt erference ratio; . _ ..determming whether another Connectl oio r-’nvol'~V|-'ng a
parti cul ar mobi | e st d by the first cell. is dezlgemherﬁﬁr t.he
pur pose of connect m‘\m MWL dof f; checki ng: i.f:~t:herei-s -anot her
possi bl e nobil e ch sche‘r?e avail able in the first cell
free from coi nci dende 6n every radi o channel with every other of the
nobi | e channel hoppi ng 10 schenes already in use in the first cell; and
comparing at the mobile stations estimated signal levels for the

signals received from the serving base station and a desired

signal level; and

reducing at the mobile stations the output power of the mobile
5 station transmitter in response to a rapid - increase of the

estimated signal level over the desired level.

"7, A method according to claim 1 comprising the further steps of:
estimating at base station C/I for signals received from served
mobile stations;

10 - comparing estimated C/I for the signals received from served
mobile stations and a desired C/I;
determining whether another connection involving a particular
mobile station in the first cell is desirable for the purpose of
connection set up or handoff;

1s checking if there is another possible radio channel time slot
hopping sequence available in the first cell free from coin-
cidence on every radio channel with every other of the hopping
sequences already in use in the first cell; and
if another connection to a particular mobile in the first cell is

20 desired and there is a possible hopping sequence free from
coincidence, establishing the desired connection and using the
hopping sequence in the first cell only if the estimated C/I for
signals received from certain mobile stations involved in connec-
tions matches a desired level.

25 8. A method according to claiin 7 wherein said certain mobile
stations include all mobile stations in the first cell involved
in a connection.

9. A method according to claim 7 wherein said certain mobile
stations include all mobile stations involved in a connection in
30 the second cell.

10. A method according to claim 1 wherein the average number of
~simultaneous connections per cell is restricted to substantially
less than the average of the total number of time slots on all
radio channels availiable for connections at a cell.



i f another connection to a particular mobile in the first cell is

desired and there is a possible nobile hopping schene free frc ,.-’———*—“‘
coi nct dence, establishing the desired connection and usnﬁg L@ rsraTyT SHED
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estimated signal t¢ ﬁl, atiro for signals recei ved zuf Ma, 190,
%{f conngetions equals of -~——exceeds the”

certain nobile sta

desired ratio. accordl ng to claim 20 wherei n said
certain nobile statlons i ncl ude al I m)bl |l e stations in the first cell
I nvol ved 20 n a connection A net hod according to claim?20
wher ei n said-cér ReFhogppareerding t%t"éﬁlb‘n% FhereiR the avsyage spgbepRf

i nvol ved i simudtaneotsomonmections pee celdois restricted to 208.or\lesshof
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checki ng at nDblle atirons 1nvo n connections, served

first or s€banpeds| avahhable te Hdre: Gedl, fREeAORRECEiORRM ssi on from
the nobile of information pertaining to the connection; and
5 12. In a cellular TDMA mobile radio system including a first and

a second adjacent cells and plural TDMA radio channels, a method
of transmitting radio signals pertaining to connections involving
mobile stations, 'comprising the steps of:
transmitting to each of a plurality of mobile stations served by
10 the first cell or the second cell, at set up or handoff of a
connection involving the mobile station, radio channel and time
slot hopping information pertaining to the connection involving
the mobile station, the hopping information enabling the mobile
station to determine a sequence of combinations, each combination
15 including a TDMA radio channel and a time slot on that radio
channel to be used for transmission from the mobile station, the
hopping information transmitted to different mobiles served by
the first cell cauéing different mobiles served by the first cell
to determine non-coinciding sequences of combinations of one of
20 the TDMA radio channels and a time slot on that radio channel,
the hopping information transmitted to different mobiles served
by the second cell causing different mobiles served by the second
cell to determine non-coinciding sequences of combinations of one
of the TDMA radio channels and a time slot on that radio channel,
25 the hopping information transmitted to mobiles served by the
first cell and the hopping informatiocn transmitted to mobiles
served by the second cell causing mobiles served by different
cells to determine sequences of combinations including a
plurality of common radio channels but the major part of the
30 sequence determined by one mobile station served by the second
cell to be free from coinc_idence with the major part of the
sequence determined by any mobile station served by the first
cell, the hopping information allowing two sequences determined
by two mobiles served by the same cell to include corresponding
35 timeslots in succeeding frames of a radio channel; and
transmitting from any mobile station having a need for transmis-
sion of information pertaining to a connection, radio signal



transmtti ng from obile stations involved in connections served 30 by
the first or second cell radio signal burst only when t a need
for transm ssion_ of information pertaining to the camnect 1
24. A method according to claim-1,.12, 13 or 14 whereir the sgm 357 Tt e
durations of all M rsts transmtted from nQo e MAY ]ggs
nmobi l e station an u"m vdm Mﬂ partiguml ar connecti onm Tsnggs\__;_... ....... rff'a
one third of sum of the wuma "I OTR
spaces between the bursts.

of the busts and the dur at' i ofs—<of

bursts distributed on the time slots of plural radio channels in
accordance with a sequence determined from the hopping in-
formation received, each burst transmitted from any of the mobile
stations being confined to one time slot and separated in time

5 from the succeeding burst transmitted from the same mobile
station and relating to the same connection.

“13. In a cellular TDMA mobile radio system including a first and
a second adjacent cells and plural TDMA radio channels, a method
of transmitting radio signals pertaining to connections involving

10 mobile stations, comprising the steps of:
transmitting to each of a plurélity of mobile stations served by
the first cell or the second cell, at set up or handoff of a
connection involving the mobile station, radio channel and time
slot hopping information pertaining to the connection involving
15 the mobile station, the hopping information enabling the mobile
station to determine a sequence of combinations, each combination
including a TDMA radio channel and a time slot on that radio
channel to be used for transmission from the mobile station, the
hopping information transmitted to different mobiles served by
20 the first cell causing different mobiles served by the first cell
to determine non-coinciding sequences of combinations of one of
the TDMA radio channels and a time slot on that radio channel,
the hopping information transmitted to different mobiles served
‘ by the second cell causing different mobiles served by the second
© 25 cell to determine non-coinciding sequences of combinations of one
of the TDMA radio channels and a time slot on that radio channel,
the hopping information transmitted to mobiles served by the
first cell and the hopping information transmitted to mobiles
served by the second cell causing mobiles served by different
30 cells to determine sequences of combinations including a
plurality of common radio channels, the hopping information
allowing a sequence determined by a mobile served by the first
cell and a sequence determined by a mobile served by the second
cell to include the same radio channel during the same frame, the
35 ‘hopping information causing the major part of the sequence
determined by one mobile station served by the second cell to be
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10  serving tati oms s n rstg@and second cell's respec- ~ -
tively, radlo S|gnal bursts distributed on a plurality of radio

channel s in accordance with channel hoppi ng sequences, to nobile
stations in the first and second cells respectively, and per- t ai ni ng
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10 station and relating to the same connection.

14. In a cellular TDMA mobile radio system including a first and
a second adjacent cells and plural TDMA radio channels, each
divided in time slots grouped in frames, a method of transmitting
radio signals pertaining to connections involving mobile
15 stations, comprising the steps of:
transmitting from each of a plurality of mobile stations involved
in connections radio signal bursts distributed on a plurality of
radio channels in accordance with a radio channel time slot
hopping scheme, each burst transmitted from any of the mobile
20  stations being confined to one time slot and separated in time
from the succeeding burst transmitted from the same mobile
station and relating to the same connection, all of the hopping
schemes used by mobile stations in the first cell being free from
coincidence on any radio channel with any other of the hopping
25 schemes used for transmission from a mobile station in the first
cell, all of the hopping schemes used by mobile stations in the
- second cell being free from coincidence on any radio channel with
any other of the hopping schemes used by any mobile station in
the second cell, one of the hopping schemes used by mobile
30 stations in the second cell coinciding on any radio channel with
at least one of the hopping schemes used by a mobile station in
the first cell, the major part of every hopping scheme used by a
mobile station in the second cell being free from coincidence on
any radio channel with the major part of any hopping scheme used
35 ‘by a mobile station in the first cell.
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to nobile stations served By the second base station i\ coi nci.di t he
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the first base station® akd * °* t'he mmjor _part of every hoppi ng sequence
used for transm ssion fromthe first %fase station to nobile stations
served by the first base station being free from coincidence with the

maj or 35 part of any particular hopping serquence used for transm ssion
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second base 3&2&'§§'a mobile in the first cell includes a plurality of radio
channels included in a hopping scheme used by a mobile in the
second cell.

5 16. A method according to claim 14 wherein each hopping scheme
,used by a mobile served by the first cell includes more than half
of the total number of different TDMA radio channels available to
said first cell and second cell and any other cell adjacent to
the first cell of the TDMA system for transmission from mobiles
10 of radio signals pertaining to connections.

) 17. A method according to claim 14 wherein a majority of the
radio channels included in a hopping scheme used by a mobile
station served by the first cell are also included in a hopping
scheme used by a mobile station served by the second cell.

15 18. A method according to claim 12 or 13 wherein any channel
hopping sequence used by a mobile station in the first cell have
low correlation with any channel hopping sequence used by any
mobile station in the second cell.

19. A method according to claim 12, 13 or 14 comprising the

20 further steps of:

) . estimating signal to interference ratio for signals received by

mobile stations served by the first or second cell:;
comparing the estimated signal to interference ratio for the
mobile stations and a desired signal to interference ratio;

25 controlling output power of stations for the purpose of reducing
differences betweeen signal to interference ratio at different
mobile stations and a desired ratio.

20. A method according to claim 12, 13 or 14 comprising the
further steps of:

30 estimating at base stations signal to interference ratio for
“signals received from mobile stations in the first and second
cell;



26. A nmethod according to claim25 wherein the average number of

si nul t aneous connectrﬁﬂs\pgr cell islimted to be substan

t han' t he avera t ot al nurber of time slots on §

channel s ava|I| éﬂ ons at a cell

according to clai me2 @me aver age nunber of

connections per cell is linft to 20% 950 | ess of

total nunber of tine slots on all radio channel s avallable to a cel
for connections. 28. A method according to cIa|n125 conpr|3|ng t he

further ste sj gnal for recei ved
by mobil e §B§P1&H§ é%e es?%ﬂﬂﬁgﬁiﬁ; %%n%gbfvge§¥ SRS % g gogtisﬁons
si gnal | esdlgnals recmaasdrédomlmobléenpaatngnshenﬁe35@k@drsﬁgﬁagnhév§b for

the nobil g ptlediredBhc@Natio; @ desired signal |evel; and control ling
out put power of .base stations for the du0|ggﬂg|faerences

dp 1 nFe)cc):%J.on 1nvolv1ng a
bet weeen §F§E§P1Pé98l¥ eraARQthe

5 mobile station served by the first cell is desirable for the
purpose of connection set up or handoff;
checking if there is another possible mobile channel hopping
scheme available in the first cell free from coincidence on every
radio channel with every other of the mobile channel hopping
10 schemes already in use in the first cell; and
if another connection to a particular mobile in the first cell is
desired and there is a possible mobile hopping scheme free from
! coincidence, establishing the desired connection and using the
possible mobile channel hopping scheme in the first cell only if
15 the estimated signal to interference ratio for signals received
from certain mobile stations involved in connections equals or
exceeds the desired ratio.

21. A method according to claim 20 wherein said certain mobile
stations include all mobile stations in the first cell involved
20 in a connection.

22. A method according to claim 20 wherein said certain mobile
stations include all mobile stations involved in a connection in
the second cell.

23. A method according to claim 1, 12, 13 or 14 comprising the
25 further steps of:
checking at mobile stations involved in connections served by the
first or second cells whether there is a need for transmission
from the mobile of information pertaining to the connection; and
transmitting from mobile stations involved in connections served
30 by the first or second cell radio signal burst only when there is
a need for transmission of information pertaining to the
connection.

24. A method according to claim 1, 12, 13 or 14 wherein the sum
35 of the durations of all radio signal bursts transmitted from any



different nobile stations and a desired signal level. [2F=28=A-pethod
according to claim25 conprising the further steps REfLACEMENT SHEET i
measuring signal quality for signals received by nobil St at iZ)gsMAY 1996
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of reduci ng differ‘entes®bet weeen signal quality at different nobile’
stations and a desired signal quality. 30. A nethod according to
claim 25 conpri.sing,.the further steps._30 of i .. checki ng. at .base
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first or setbad caid sthigbtofr supecof ithey duxations of gthe rbwsts sapdntheom
the base st guiraRiBhsi BEOspEELS bdBFdet HHY bursts.t 0 a connection; and

25. In a cellular TDMA mobile radio system including a first and
5 a second adjacent cells and plural TDMA radio channels, each
divided in time slots grouped in frames, a method of transmitting
“radio signals pertaining to connections involving mobile
stations, comprising the steps of: .
transmitting from each of a first and a second base station
10 serving mobile stations in the first and second cells respec-
tively, radio signal bursts distributed on a plurality of radio
channels in accordance with channel hopping sequences, to mobile
stations in the first and second cells respectively, and per-
taining to connections involving the mobile stations in the
15 cells, each burst transmitted from the first or second base
station and pertaining to a connection being confined to one time
slot and separated in time from the succeeding burst transmitted
from the same base station and pertaining to the same connection,
all of the hopping sequences used by the first base station for
20 transmission to served mobile stations being free from coin-
cidence on any radio channel with any other of the hopping
sequences used for transmission from the first base station to
served mobile stations, all of the hopping sequences used by the
second base station for serving mobiles being free from coin-
) 25 cidence on any radio channel with any other of the hopping
sequences used by the second base station for serving mobiles,
one of the hopping sequences used by the second base station for
transmission to mobile stations served by the second base station
coinciding on the same radio channel with at least one of the
30 hopping sequences used for transmission from the first base
station to a mobile station served by the first base station; and
the major part of every hopping sequence used for transmission
from the first base station to mobile stations served by the
first base station being free from coincidence with the major
35 part of any particular hopping serquénce used for transmission
from the second base station to the mobile stations served by the
second base station.
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i nvol ved in connections in the first or second cell radlo'%ﬁgﬁaﬁcgm {%
pertaining to the connection only when there is a need for,trans
i nformation perta1ﬁ+ﬂg—to 1t he_coanecti on. :
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26. A method according to claim 25 wherein the average number of
simultaneous connections per cell is limited to be substantially
less than the average of the total number of time slots on all
radio channels availiable for connections at a cell.

27. A method according to c¢laim 25 wherein the average number of

simultaneous connections per cell is limited to 20% or less of
the average of the total number of time slots on all radio
channels available to a cell for connections.

28. A method according to claim 25 comprising the further steps
of: .

measuring signal level for signals received by mobile stations;
reporting frbm_ﬁobile stations to base stations signal levels
measured;

comparing the measured signal level for the mobile stations and
a desired signal level; and

controlling output power of base stations for the purpose of
reducing differences betweeen signal levels estimated at
different mobile stations and a desired signal level.

29. A method according to claim 25 comprising the further steps
of:

measuring signal quality for signals received by mobile stations;
reporting from mobile stations to serving base station measured
signal quality:

comparing reported quality and a desired signal quality: and
controlling output power of base stations for the purpose of
reducing differences betweeen signal quality at different mobile
stations and a desired signal quality.

30. A method according to claim 25 comprising the further steps
of: .
checking at base stations, serving mobile stations involved in

‘tonnections in the first or second cells, whether there is a need

for transmission from the base station of information pertaining
to a connection; and

G
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transmitting from the base _sta_itions to served mobile stations
involved in connections in the first or second cell radio signal
burst pertaining to the connection only when there is a need for
transmission of information pertaining to the connection.
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USING FREQUENCY %

A method and means for communication in a cellular TDMA mobile

radio communication system with channel hopping, where base and

mobile stations transmit radio signal bursts in time slots of a

5 plurality of radio channels in accordance with channel hopping

schemes . all of the schemes used by a base and mobile stations in

“a cell being free from coincidence on any radio channel with any

other of the schemes used for transmission within the same cell, -

a scheme used by a mobile station in one cell occasionally coin-

10 ciding on a radio channel with a scheme used by a mobile station

in an other cell, the major part of every channel shifting scheme

used by a mobile station in a cell being free from coincidence on

any radio channel with the major part of any channel hopping

scheme used by a mobile station in an other cell, signal to

15 interference ratio or other signal characteristics such as signal

strength or bit error rate for signals received by mobile sta-

tions are estimated and compared, the output power of stations

being controlled; the existence of further possible channel

hopping schemes in a cell, free from coincidence on every radio

20 channel with every other of the channel hopping schemes already

in use in that cell, is chécked, and when another connection to

a particular mobile is desired and there is a possible mobile

scheme free from coincidence, the desired connection is estab-

lishing using the possible channel hopping scheme in the cell,

25 only if the estimated C/I for certain mobile stations involved in
connections exceed a minimum level.




