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FI ELD OF THE | NVENTION  This inventi dhnssmed{aesemlaeﬂad:d ansm ssi on appar at us

for a wirel ess conmunication systen1ac preambl e of claim 1.
Furt her, tW®&9%39thtion relates to a a wirel e%%T/EP98/06619
connunlcatlon system according to the preanb

m 21. il

further, the present invention relates to a nethod to transn1t data packet s
in a wirel ess conmuni cgj according to the preanble of claim28.
BACKGROUND OF THE | NVENTHIGNSHEEX HASaBEENRS M ssion appar atus, nobile unit
and method to transnit§ dat a_ PLAEES I N aj wirel ess conmuni cation systemis
known from EP 0 794 6J' . —a+Rg—aid error control nmethod and apparat us

for wireless data c aly 794 1 A2 discl oses
an error control net t4/\” el esgﬂggt %ttgr anssm’Eg?g& i gi t al
nobi | e communi cati on systen1|nclud|ng a step of obtalnlng, during data

communi cation, statistical information including transm ssion error
informd®i on at a receiving side, further a step of ~determining an error

cont rol strbaff]gﬁ BRI KA TON

This invention relates to an intelligent packet
retransmissioh scheme, and in particular to an

15 intelligent packet retransmission scheme that aims at
improving the utilization of wireless links in

environments where so-called fading phenomena prevail.

BACKGROUND OF THE INVENTION

20
In wireless commﬁnication systems radio waves propagate
through space as travelling electromagnetic EM waves. The
energy of signals exists in the form of electrical E and
magnetic H fields. Both electrical and magnetic fields

25 wvary sinusoidally with time. The two fields always exist
together because a change in electrical .field generates a
magnetic field and a change in magnetic field generates
an electrical field. Thus, there is a continuous flow of
energy from one field to the other.

30
Radio waves arrive at a mobile station in a wireless
communication system from different directions with
different time delays. They combine via wvector addition
at the receiver antenna to give a resulting signal with a

35 large or small amplitude depending upon whether the

incoming waves combined to reinforce each other or cancel



la of at |east one paraneter of the error control strategy which are
optimum for transm ssion path conditions at that time, based upon the
obtained statistical information, and a step of using the determ ned error

control stwadegnighnd/ or the at | east one paraneter for the ergefp 130\
during data conmunicati on, Further, in US-A-4,939,731 there is described
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request for repeat of a data packet in case it i5 recelv herrors that
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hi gher tha p errmg n . redeterm ned jinterval of data
t ransmi ssi (r){:r%?e tégﬂ%:ét e@n}1{.la|e g)lggrr%%n;égg%gjﬁOM}gaﬁFfr“ﬁe@q iR eVRKd Ot e of
dat a t d@nsnirssobnign weadds ¢l $o pehkegedd/THus P ehange 4he shBaRehtial
frequency. In wreless communi cation systens radi o waves propagate

t hrough sp@@®Phktudgyand Rhasecfturiyadiiionenendvébe Hiegmakr gy of signals
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In the mobile radio case, the fading and Doppler shift
occur as a result of motion of the receiver through a
spatially varying field. Further, it also results from
the motion of scatterers of the radio waves, e.g., cars,

20 trucks, vegetation. Thus, the effect of multipéth
propagation is to produce a received signal with an
amplitude that varies quite substantially with location.
In addition, at UHF and higher frequencies, the motion of
scatterers also causes fading to occur even if the mobile

25 set or handset is not in motion.

Fig. 19 illustrates the overall fading characteristics of
a mobile radio signal. Here, the rapid fluctuation cauéed
by the local multipath is known as fast fading or

30 Rayleigh fading.

Fig. 20 shows the basic mechanism underlying this fading

phenomenon. As mobile telephony becomes more and more

popular, the subécriber’density in particular in cities
35 is continuously iﬁcreasing. Thus, using a mobile station

in such an environment gives rise to the amplitude and
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This means that the received signal is the sum of many
identical signals which differ, e.g., only in phase and
to some extent also in amplitude. This eventually means
that the sum of the identical signal turns out to be very
close to zero and that the signal strength also comes

very close to zero, the worst case fading dip.

As shown in Fig. 21, another kind of fading results from
shadowing effects, i.e. the use of the mobile station in
an environment with obstacles. According to Fig. 21 there
may exist hills H and buildings B between the
transmitting antenna T and the receiving antenna R of the
mobile station MS so that the received signal is
decreased in strength.

The fading caused by shadowing effects is called log-
normal fading since the logarithm of the signal strength
takes the form of a normal distribution around some mean
value. Typically, the distance between two minima or
fading dips is some 10 to 20 meters. A fading effect
being strongly related to the log-normal fading is the
so~-called rice fading. In particular, in systems that

rely on a free line of sight between the sending antenna

r



20 trucks, vegetation. Thus, the effect of multipath propagation is to
produce a recelved signal with an anplitude that varies quite
substantially with |ocation. In addition, at UHF and hi gher

frequenci egsp dgpA31Pt i on of scatterers al so.causes fadi ng Fca/Er®8ME618VEN
If the nobile 25 set or handset is notjin notion. Fig. 19
illustrates the overall fading charactetistics of a nobile radio

si gnal . 5Her®e, ahﬁerleamldrifrhglcamIEEnma Rausieils efflertt ecdwra) whieh paid i s

known as fast fading or, 30 Fi 20 shoms the basi c
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PCT/EP98/06619 3 phase fluctuation
expl ai ned abbFRalas D&iRH FeEEegtess, radi o waves arrive fromdifferent

directijgns so that the signal takes nore than one path fromthe
transmtting antenna T to the receiving antenna R The signal is not
recei ved dll':’IeJ:thyrf,r chnedmsantm Fiighg BHht thaathdnd phenomenom ot her

di rections to B6, ral
signal(s)lﬁﬁéﬂfégﬁ t = Slg%%g Fgf%HﬁFQwW§%#vgaa%§ﬁ§%ﬁer%?|g%%. ﬁ?h
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??E% f adi nchigRer the ﬂseqalrmmy;ntﬁieg.hﬂjhennuhlaelaﬂterrm@hbndl ng results
Finally, as shown in Fig. 22 the transmission of data
packets leads to the phenomenon of time dispersion. Time
20 dispersion, too, has its origin in reflections but
contrary to the multipath fading reflected signals come
from objects far away from the receiving antenna R, i.e.
in the order of kilometers. Time dispersion leads to
inter symbol interferences where consecutive symbols
25 interfere with each éther so that it is difficult on the
receiver side to decide which actual.symbol has been
detected.

Since reflected signals come from objects far away

30 instead of a single transmitted pulse there may be
received a plurality of distinct pulses according to the
long distances and associated delay times. Therefore in
case, e.g., the sequence 1, 0 is sent from the
transmitting antenna as shown in Fig. 22 in case

35 reflected signals arrive exactly 1 bit time after the

direct signal, the receiving antenna will detect a value



.shadowi ng effects, i.e. the use of the nobile station in an environnment
with obstacles. According to Fig. 21 there 25 may exist hills H and
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Further, aecRgUendilts bE. allowhef IHitspben Nto theedddhiihi he signal

strength versus distance is the path | oss I ch occurs when the

recei ved Shpaackesoms actrdio lindpd AdERer i lesanoifndnformatiiost ance

bet ween the, 15_t 1} td e n | Vi antenna R._The

i gher e § reatEasy B nefy Sl Yl S andiif tek 8ot R ah el iR,
in Fig. 2Z3mbessibleniissi casef idaidrops padeet 1 lestisain thegdresoaenon of
time dispersion. Tinme 20 dispersion, too, has its origin in reflections but
contr&?y to the multipath fading refl ected signals cone, from obj ects
far away f r AYS | : | 4 | | ometers.
Ti me di spefrcg?%{ﬁg?gggs@tegiggpfl?%? %[r?‘{j1 séjfnbg?f?'%tn e féequ%rt}\%gsg\{k%%% c%nkésecut I ve
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levels. These mechanisms are, e.g., forward error

-

correction, power control, frequency hopping and

20 retransmission.

According to the invention, in particular the case of
retransmission in case of data loss and the improvement
of the underlying schemes are considered. Here redundancy

25 may be added to the data to be transmitted which allows
to detect transmission errors at the receiving side. The
amount of redundancy is determined such that the -
detection of bit errors is enabled, but not the
correction thereof. In case the receiver detects such a

30 bit error, it requests the transmission of the responding
data once again. This is usually achieved through a
negative acknowledgement sent to the sender. Further,
acknowledgement must be sent for every transmitted data
item over.the unreliable radio link. These

35 acknowledgements can be put together and acknowledge



receiver side to decide which actual synbol has been det ect ed.

Since reflected signals cone fromobjects far away 30 instead of a single
transm tted pul se there may be received a plurality of distinct pul ses
accordi ng y@ dopgsrs | ong distances and associated del ay ti meeT/EPISOEIDr €
I n case, e.g., the sequence 1, O ié,sent fromthe transmtting
antenna as shown in Fig. 22 in case 35 eflected signals arrive exactly 1
bit tirfe aktidhamhea numbereqf sighal items raxcfgdFhgdateerimemi | | detect a

val ue Vm%99/21318

PCT/ EP98/ 08EPFT3%SHY -1 from the refl ected signal at the sanme tine as it
detects a value of 0O fromthe direct wave so that both synbol s
interfere. As outlined above, all_ wi reless sistens have to cope with
10 the unr ShienRPRAPEiAtE Wae Phdfsnding ameneuisedgement sisgdechdes or
a row of bj ?ﬁi S 1.0 e I ' A .0 link. Also,
the | oss o?§§1cnéé§i8% t%%i%ﬁ%%%gegfbf4§¥%§§%§%igégﬁégﬁéﬁgth maki ng
comuni@at iaformatbpnsankd edlayasrpetridmyed Updethe eerd aisex htkahol d. 15
To overcone the problem qof varying signal strength nunber of

mechani snsh&se Gt e RN AAS c%ggpocﬁnce éﬁ%vé??ﬁ°ﬂ%§ﬁ9?ﬁ%%5n%§ns are
e.g., for L orgﬁﬁéign- o] 1GH & Ob et (e pipg and 20
retransm g%&rﬁﬂ%sskgglors I ng toltshe\ﬂiaé;?\}ent i on,vlen&p%%ﬁlf%gtﬁg case of
retransnm shiamalied cisethe datee lway amdespediniovevefrethe typmd ofie

under |l yi ng schenes are cgnsi dered. Here redundancy 25 nay be added to the
dat a tg bgd'ﬁlls FRER - WHVER AP ORE dat@oﬂi&e‘&’fgfﬁéﬁgm@sq%t%}?ors at

the repei ViRgeyHisl d THee notdrdd+eh bedundaneynés gakerddngsresgch that
t he detection of bit errors is enabled, but not the
connection is lost in case the duration of disturbance

becomes too long.

SUMMARY OF THE INVENTION

20
In view of the above, the object of the invention is to
achieve an improved utilization of a radio link channel
accessed by multiple users in a wireless packet-oriented
transmission system{

25

According to one aspect of the invention this object is
achieved through a transmission apparatus for a wireless
communication system having the features of claims 1, 7
and 18, respectively.

30
One important advantage of the invention is that the
invention provides a mechanism for improved utilization
of wireless data links in environments which have to cope
with fading phenomena by distinguishing different

35 disturbances of the radio link. Thus, it is possible to

achieve an impact of different fading effects on to a
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correction thereof. In case the receiver detects such a 30 bit error, it
requests the transm ssion of the responding data once again. This is
usual | y achi eved through a negati ve acknow edgenent sent to the sender.
Further, WOKAWBM edgenent nust be sent for every transnit tRET/ERIBH661
item over the unreliable radio |ink. Tﬁ?se 35 acknow edgenents can be put

t oget hey and gckno 6 ei t her

w.edqd s
a nunbeP of*% {:anpfrg.eﬁssgg n Schels: 25 t%lﬁr?sﬁﬁﬁf‘zi%?"}l.331?ﬁesé’|5’rﬁf%ﬁ)ri ate way

of sendi ng gekennkedserEnd ksndeoirdedi seaebdnee tdhd henampeals pf addi tional
signalling informati on and del ay experienced by the end user that has to

t aken i nt o thevefor.Once the acknow edgenent in retransm ssion schene is
specified every data loss is handled in the sanme way irrespective of the
type of disturbance. Even worse, data not crossing a certain threshold are

not treateabtAbl Sidemtdge cofpkeice DPREREicoN i #1958t iR gasudie
duration of disturbance becones too | ong. SUVMARY OF THE I NVENTION In

vi ew oft0t herepbydctesk tohjacsPeFific iWwiEaless icomyntaasionasystpeoved

utilizatio adi_o J i el C b i pl ers in a

W rel ess pg%‘%tétl?%&i g’n é(#%%g?ﬁegsiagﬁfsﬁ%ggnm *h%c%%rgiﬁﬁg?lolgne aspect of
t he i nvent itorah$ing telkjcedin idatahpeokbidy cegbhmplie ayisvénsstbe aEry atus for
a wreless comunicatiqgn system having the features of claimland a rel ated

transm ssi GFERRFRSd PRSI FRALE erEho®, System or the ATM wireless

communication system.

15
Further, the benefits of the invention grow with the
increase in transmission rate as here the use of radio
link resources for other users in case of the detection
of long lasting disturbances allows for the transfer of

20 an increased amount of data.

Overall, according to the invention retransmission
attempts are only made in case there is a chance for
success.

25 _
Also, according to another aspect of the invention this
object is achieved through a mobile unit for a wireless

communication system according to claim 31.

30 Thus, the mobile unit according to the present invention
is adapted to take into account that disturbances may
occur on the radio channel link in the mobile unit to the
respective transmission apparatus and that information on
the kind of disturbance may easily be derived from the

35 signal received at the mobile unit.

R
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respectively. One inportant advantage of the invention is that the
I nvention provides a nechanismfor inproved utilization of wreless data
links in environnments which have to cope with fadi ng phenonena by

di sti ngui sWwig@qsisf er ent di sturbances of the radio Iink. Thupcrigpes/fesio
possi ble to achi eve an inpact of diffeggnt fading effects on to a il
retransm ssi on schene as the 7

retranshi s¥heretorvae défdarenth dhsturbanges) st uebaRaylaidgt headtagon

t herefor. An d . e.invention is that it is _not restricted

to a speci %Pg_%?hg#‘ggs\f%%ﬁﬁ ?,ét?#%nlgf%t gﬁcﬁlﬁgmﬁgﬁe'aﬁﬁr’i REto any

syst em wheeQias siof Beds at! AP &Nuddta @ﬁfd@féingxeesplt%egirp/fébéﬁﬁ GPRS
omu

Ceneral Packet Radio Service Systemor the ATMw rel éss c I cation
system  EoMEREioRhéthdseMnapP@3ednto; fhan ixetxanamiit fthehe i ncrease in

transm ssi :ﬁ%% ere f radi.q.link resourc for _other users
I n case ofggﬁg elgg?ﬁoﬁ%bkﬁﬁ%ﬁgﬁrgs??négﬁgﬂéhﬁﬁﬁﬁe oagﬁﬁwfﬁ%ﬁt?ée
transf¥y otramsmicsessad appairitd hat. thedeciéd magcakding 4, t he
i nvention retransm ssion attenpts are only made in case there 1S a chance

for succes¥nsucqegsiylcdadenpPakahotkarspusedionfathempivgention this
obj ect is achieved through a nobile unit for a wireless comuni cation

system according to claim 21. :
Since the acknowledgement message sent by the mobile unit

already contains information classifying the kind of

15 .disturbance, it is possible to immediately reassign
transmission channels within the transmission apparatus
without carrying out additional transmission attempts.
Also, using the mobile unit according to the invention it
is possible to take precaution against different

20 disturbance phenomena with én improved monitoring of
these disturbance phenomena. Also, uSing locatién
specific information on the disturbances it is possible

to enhance the utilization of the scarce radio resources.
25 BRIEF DESCRIPTION-OF THE FIGURES

Preferred embodiments of the invention will be described

with respect to the accompanied drawing wherein:

30 Fig. 1 shows a schematic diagram of the transmission

~apparatus according to the present invention;

Fig. 2 shows a schematic diagram of a mobile unit to
be used within a wireless communication system

35 according to the present invention;



Thus, the nobile unit according to the present invention is adapted to take
into account that disturbances nmay occur on the radio channel link in the
nobile unit to the respective transnm ssion apparatus and that information
on the ki WO#8921¥8t ur bance nay easily be derived fromthe si §GAEPI®0GHIY cd
at the mobile unit. - WO 99/ 21818

PCT/EP98/06619 5 Theref or di fferent “/di sturbances, i.e | ei gh fading,
| 0g- normal FE8di fy, p&OPWDSENE a8RASE deCmetry being ’é?%{é?ﬁﬁyé@ aradhe
nmobile unit. Accordi ege % r t hen
retransmt the in cﬁrfr}rlaét%%npfénét E\ng?ln%légf %g urlba%%gogo% he reléa}?éd 10
transni ssi on apparat&har&nalhelefaﬁbﬁﬁgamgophemqmena,unsuccessful dat a
packet transm ssion attenpts. Si nce the acknow edgenent nessage sent
by the nobile unit al ready contains information classifying the kind of
15 disturpagcey it ShARRSH bR& lelblms'ﬂ&fiburt&aﬁﬁ'ﬂar ‘sholrtQt i3St on
channel s wthin the transn155|on appar at us hout carrying out

addi til®nal transni ssifadingenpts. Al so, u5|ng the nobile unit according
to the invention it is possible to take precaution against different 20
di sturbance phenomena with an inproved nmoni tori.ng of t hese di sturbance

phenonena. pf4$05 USi Badweca imddel ofpedéLviAGOFTRIIQN ANahh8uilt up
di sturbances it is possible to enhance the utilization of the scarce

radi o resources. 28 YR Ft FESEREAVENSYOR T HEOR MEsand  300pMEizer r ed

enbodi nents of the i .be descri bed Wi th respect to the
acconpani ed draw ng %§g§§é¥ky% " Fig. 1 ~ shows a schematic diagram of

the tri&nsm ssi on

Fig. 6  shows an example of amplitude variation over

time according to Rayleigh fading;

Fig. 7 shows a log—nérmal distribution according to

20 _ - the long-term fading phenomena;
Fig. 8 shows basic¢ path loss relative to free space in

urban areas after Okumura;

25 Fig. 9 shows base station height/gain factor in urban

areas as function of range;

Fig. 10 shows the mobile station antenna height/gain
factor in urban areas as a function of

30 frequency and urbanization;

Fig. 11 shows a basic flow diagram of the
retransmission scheme according to the present
invention;

35



apparatus according to the present invention; Fig. 2 shows a

schematic diagramof a nobile unit to be used within a

Wi rel ess communi cati on system 35 according to the present

i nventi on; WO 99/ 21318

PCT/ EP98/ 05G1G 2018 9 5 Fig. 3 CShous the
angl e geonetry being related to radio:LC) channels in a wirel ess
conmuni $at iRy sys2emstiows the GSM gend¢ihal apakkeits refdifcds 8gvpBenePpR;
Fig. 4 shows a Rayl eigh distribugion for short-term 10 f adi ng;
Fig. 5 shows a nodef€bFXFREE ¥ield in an built up ar ea
at a frequency of 100 MHz and 300 MHz, respectively; 15

Fig. 6 shows an exanple of anplitude variation over time

accordi ng tRidRayl®i ghsiads ngypicallirpuFingshoenaailosy-wibtiyth the
di stribution accordin o 20 t he Iong-tern1fadiqg phenonena;
Fig. 8 shows basic4%$r9?%§§a}eﬁﬁﬂkﬁ$t{9@+8es§§¥ﬁ§qrFP S ur ban
areas ghter Okunura; i3] RbstFhfled9in FQYS Pase station height/gain factor
i n urban areas as function of range; Fig. 10 shows the
nobi | e station antenna hei ght/gain factor in urban areas as a
function Of}:-‘ig 14 shows the log-on procedure as one example of
GPRS mobility management with data packet
transfer according to the invention;
15
Fig. 15 shows the GPRS routing updating process as
another example of GPRS mobility management
with data packet transfer according to the
present invention; .
20
Fig. 16 shows an embodiment of the present invention
according to which the mobile station derives
location specific data to evaluate the chances
for a successful transmission without repeated

25 re-transmission attempts;

Fig. 17 shows a high level block diagram of a wireline
ATM network;

30 Fig. 18 shows an ATM wireless communication system
using the retransmission scheme according to

the present invention;

Fig. 19 shows a graph of signal level versus distance

35 from the transmitting antenna;



30 frequency and urbani zati on; Fig. 11 shows a basic flow

di agr am of the retransm ssi on schenme according to the present

i nvention; ' WD 99/ 21318

PCT/ EP98/ m2%13185 Fig. 12 shows the GSM general packet F&d/eF886¢}Pce
GPRS reference nodel; Fig. 13 shows typically routing
scenar | the C ervice GPRS 10
i1l ust e%\ﬂ'é g _SLEOWS a t%ucafs% rﬁ?"b%eéll gglgon gi"%’ % as one
exanpl e of fadln@PEEbmmbsblty nanagenent with data packet

transfer according to the invention; 15  Fig. 15 shows the GPRS routing
updati ng process as anot her exanple of GPRS nobility
managenent . pa ﬁﬁﬁﬁ r r

pr esent |nveﬁf| showsl§r£§§%éa hgﬁgﬁgﬁge glﬁé%%% ﬂ ﬁ6¥%£ent

I nvention fadymgunmbm@sto whi ch the nobile station derlves

| ocatign specific data to evaluate the chances for a
succed® ul transnission wthout repeat ed 25 re-transm ssi on

i‘&ﬁfﬂ‘é{in Fig. 201 9 shbusShY® &rbbgk bV elinkd 0GksHe285M Al G-y8&ehi ne
single pulse is 1n1t1ally transmitted, and a
typical environment where time dispersion
occurs.
15

DESCRIPTION OF PREFERRED EMBODIMENTS

In the following, different aspects of the inventive
retransmission scheme and the application thereof will be

20 described as follows:

Firstly, a transmission apparatus in the most general
form suitable for the application of the inventive
retransmission scheme will be described. Secondly,

25 another aspect ef the present invention is related to a
mobile unit roaming in the wireless communication network
and being adapted to set up acknowledgement messages
indicating the related tranemission apparatus about the
kind of disturbance. Thus, it is possible to avoid any

30 retransmission in the transmission apparatus when the
acknowledgement already contains information about
possible disturbances. Thirdly, different scenarios of
the application of the inventive retransmission scheme in
a GSM general packet radio service_GPRS wireless

35 commuﬁication network will be discussed taking into

account different aspects of communication, i.e. data



30 Fig. 18 shows an ATM w rel ess conmuni cati on system usi ng
the retransm ssion schene according to the present invention

Fig. 19 shows a graph of signal |evel versus distance 35 from
t he transmpigdopgsmnt enna; WO 99/21318 PCT/EP98/06619_
PCT/ EP98/ 06619 5 Fig. 20 shows a typical environment where Rayl eigh
fadi ng occurs; Fig. 21 shows a ézpical envi ronnment where | og-nornma

f adi ng dccransifer ang gobilditghdwgnapgenreiftoctrespechivailypeFowrthhy case

| . - SNI0%E . A adbie
? ypi cal envB rﬁ%fpg%ﬁ‘égé HS ?)r#e SC&+ é; ;)}élbgllaé# 1V PR darkein ggﬂ'@ﬁr Scheape
DESCRI PTI Caind- t2REFERERPmENBIIrVEYSaratus lahd MoBDléovhig, adiddrRifaiy

aspects of the inventive retransm ssion schene and the application

t her eof wi tlo FheofesEr pPEd seransl | agpect of the sinyentionatoriarsiAEM
apparat us | S A A . f htahlg f |l icatiqn of the
I nventive Wiz r:%ér%né%@gﬁ%%lagc oenrrelqém F&ge g‘?‘crk?%e%gg%gggﬁgl V,l anot her
aspectl®f rhepactsebd bpeeitfien éxamplesethierefore. Nobile unit roamng in
the wirel ess conmmuni cati on network and being adapted to set up

acknow edgenent messages i ndicating the related transm ssi on apparatus
about the pj 4 Kigndsof,.di gt WERRRAEER 1 dNY$agirhnd dggﬁ% voi d any 30
retransm sg‘llgn ilndsf}ﬁewt ransm!BSS| onl appa?gt us %nen {e%& 1r:Ba%knowl edgenent
al ready cottranssiss bonatpparatiolg 10 being related to the first

aspect of the invention. Here, the transmission apparatus
15 10 comprises a sending.and receiving unit 12 to transmit
data packets to and from at least one roaming mobile unit
14 connected to the.transmission apparatus 10 via a radio
link 16. Further, the transmission apparatus 10 comprises
a transmission monitoring unit 18 connected to an output
20 of the sending and receiving unit 12 to determine whether
a transmission between the sending and receiving unit 12
and the mobile unit 14 has been carried out successively.
A transmission channel assignment unit 20 is connected to
the transmission monitoring means 18 and serves to change
25 the assignment of radio channels between the transmission
apparatus 10 and mobile units 14. Further, the
transmission channel assignment unit 20 is connected to a
channel status unit 22 and table, respectively, and also
to a request table unit 24, respectively. The function of
30 the channel status table unit 22 is to store the status
of the radio link supported by the transmission apparatus
10, e.g., as available or blocked. Also, the request
table unit 24 serves to manage request of mobile units 14
for an up link and down link radio channel, respectively.
35



possi bl e di sturbances. Thirdly, different scenarios of t he application
of the inventive retransm ssion schene in a GSM general packet radio
service GPRS wireless 35 comrunication network will be discussed taking
into - aWOWRI3MB f f erent aspects of communication, i.e. daP&T/EP98/06619
WD 99/ 21318 43 PCT/ EP98/ 06619

Nt .- respect

12 5 transfer _and_nmobility na&zﬂagege i vel {v_. Fourthly, the
appl i cali oFbftREeLPAJOMINE R ¢ 2AURLSLOBh Qb Trangmy ssieon r ansni ssi on

appar at us APRELE 4 tacﬁfc?&iﬂaggto thie? _J&éﬁfsin%ﬁt-%%\‘,ifﬂ?iggpﬁ@ of

the i nventi to an ATM W r el 8ss communi cati on networ
descri bed wWeadcidilbedes@ecttltics sprdj f it maymdesassemetiothat a radlig. 1

shows a schemmti c, di agr.am accar di to_a transm ssi Qn apparatus 10
being rel a mJ}foc}t11"18n1g"|lr gor t%%s‘ggE? BACKRE iTRARTTLAS1AN &5 t he

transm ssi ‘?}5@5_ hesl btwdbfOnPr §Ses thes el i eIV L+.12 to
transmt e ata gacket s to and frgm at | east i{)%a{rigé% %3 \rff‘bbr%%ntfﬁlet '
14 conhct eeridingeandamadissistiony appatail@s Mhnireg anoaniad operatkonb.

Further, th transn%s%i on apparatus 10 gon%rfi ses . gﬁransm Ssi.on
- noni tori ng4@Hi? BBCEGhRef S TY TP BEESaY 20 2 hESCeREHIT Hhd-Recei vi ng
unit 12 topderai naivhatdhar and ehér aealisy Ahderdeenvihg 3&{!@% ngzand
receiving unit 12 and the nobile unit 14 has been carri’ed out

successi veMpile thet tzasemis piror apnétoxdnigmmit UBi waiks sfawnnected to

the transm_ss§i o Ltoring ag rves, £ o ghange.25 .the
assi gnnent a&ﬂq%@%ﬁghg\ﬁ%\e ’sr%%?s'\}eéﬁnt Eg ?ﬁgﬁs%]s‘sigﬂ pgrt&ﬁﬁgraa’f’ust}i‘ﬁ and
nobi | e13ini tyakemiysibar monitoringransti 18 orimachsays deemtinast 20

I's connected to a channel status unit 22 and table, respectively, and
al so t ¥hethemeat dpip Pagkat Jurapsppssdionehas theenusadass sfuBoort he

channel st t-apl i & 22 4S sLQ t S . f t% radi 9.1 ink
support ed %;Of'he rglﬁg% rg'ssl on ap%gera uég’ t&%fo,ttq’le#gs.r?lgggg\l}m (-(\)e{lr)“?I-EejéJ'gjr'nb
bl ocked. Ausdt tI® feguhetr detdminimesnthe2éhsgroesféop AnBagegROfiest of
nobile units 14 .for an %p l.i nk and 8omn link radi o channel_,
respectiveFF;?E?sm1331°n of the same ata.paq et. An example for
20 such an evaluation would be that after several
retransmissions it is - assumed that any further attempts
again will not be successful so that any further
transmission attempts would lead to an additional loss of
radio resources. In this case, the transmission
25 monitoring unit 18 will activate the transmission channel
assignment unit 20 to switch the communication path to
another mobile unit 14-2, ..., 14-n, and radio channel,

respectively.

30 As shown in Fig. 1, several ways to implement such a
reassignment are possible. A straightforward approach
would be to scan the radio link channel 16-1, 16-2, ...,
16-N sequentially. Another option would_bé to
additionally connect the transmission channel assignment

35 unit 20 to a general status table unit 22 so as to avoid

a reassignment to a radio channel that is currently being



WD 99/ 21318 : PCT/ EP98/ 06619 5 1In the
follow ng, the function of the transm ssion apparatus 10 according to
the present invention will be described. To this end, it nmay be assuned
t hat a radwm99rz13ig nk channel for the data packet transm ssiPOI/EP9S/06619

est abl i shed between, e.g., the nDbileéiELt 14-1 and the 10 sending and
receiving unit 12. During normal oper data packets are

conti nubusiblockedn & eedmimetorthbis maylbe ethark t alhobidred urhiet seadi ng
and rece|V| unit 12 MHE#E the ran i on nitorin un|t 18 waits
for SdfermoAIragh SYRAY odi| Beh Lhtmat

transni ssi UvAPDEbIE M WHdt 18 %ébhﬁ@l&‘a\dﬁtéﬁﬁﬁéﬁ is MelhgEga data
packet transm ssion has been successful or If this Is not the
case, the tfemsotbeiromppliicatioms. unit 18 further det erm nes the chance
for a successful retransm ssion of the sanme data packet. An exanple for
20 such an evaluation would be that after several retransm ssions it
is assyped Adaihony fiw tHaf, af f epdt sach mdddile Winitnel Baesuccessful so

t hat any further transm ssion attenpts would |l ead to an additional |oss

of r adias s egnadces.queud Mk, ch2g, .the ANarsmistom 28&quesitist domganni t
18 will activate the transnrsS|on cgannel assignnment unit 20 to switch

the conmunitatdbakpand dewn 1 RORGi| FeFRCUYVely, at the, sidg
radio channgt ,itne mbfﬁﬁeemdﬁ’ﬂy Fur%ﬂexAs 1§P%é”a':ﬂ18b1?%e %‘?1‘5.963!. g \\Bys to

I npl ement such a reassi gnnment are possr le. A straightforward approach
woul d be tmuﬁramommammmahlngrWathahhelSeadmnq1am§ receiving imit 12
sequen I 1,y. _Anot i on_woul d, be, to addi tiopal 0. t the

tr ansrr'? sr df c’ﬁ%ﬁng AR AT O BEAUE S et L%‘F f{'}&e{%‘?rétum t

t2)(2al ﬁg as tueMdd to taler mmama aniadizy enpge thahsnd LHssntly

apparatus 10. This allows to achieve a further speed up
of communication between the mobile unit 14 and the
transmission apparatus 10 since the transmission channel

20 assignment unit 20 may select the mobile unit 14 to be
connected next either directly by skipping mobile units |
where no request preﬁails or by using priorities assigned
to different requests so as to avoid any delay for high
priority communication requests.

25
As already outlined above the first aspect according to

- the present invention is based on an approach where a

transmission of data packets is repeated until it is
determined that further retransmission will not be

30 successful in case a prespecified time since the first
transmission attempt.has elapsed. On typical example
would be that a disturbance is not caused by a short-term
Rayleigh fading effect, but by a longer lasting log-
normal fading effect. Here, in case a data packet could

35 not be transmitted for longer than a prespecified time

duration, e.g., 20 milliseconds, the transmission



S —————

WD 99/ 21318 PCT/ EP98/ 06619 5 bl ocked.
A reason for this may be that a nobile unit 14 Is, e.g., currently in

t he st andbywodre3@nd t hus not avai l abl e or that a speci f PCT/ERI/QH619
channel is reserved for other applicgions. 10 As shown in Fig. 1, to
each nobile unit 14 there is assig ue [err]l, [err]2, .
[erﬂlﬂt% sﬂ@ﬂiﬁQ%RﬁgtgnﬂGr%%1WOU1@pa$§HW@a%bﬁﬁwﬁh¢|ﬁﬁﬁﬂﬂﬁnﬂﬂu 1d

respectivel iasqf o]t&?%ékde Ofld(y'ﬁ'ﬁf??ig‘éc‘é cfs A:n(gtggégl \?rlr?gsase b| I e

unit 14 is FAing-C i‘ng W € sen ing a

it may feeddilyhamoecasi Qog-ampemad fadiihe .difif et®@8& the queues to the
request table unit 24 of the transnlsS|on apparatus 10. This allows to

achi eve a f&ﬁﬁﬂﬁm%%%éﬂnuﬂonl LoRing MiAEc 48 &FHtIRRS £he nobile unit 14
and the —— oAlloflsshon RRAMAISdD: ShA! Rl 2oL salgn hannel 20

assi gnnent uni may sel ect e unit connect ed next

eltherIDrennmﬂﬂaeskndplhgvmnbﬂapsmm;sthe reimerien ivog r 8 quedl Jprss@dhds or

by using pr|0r| i es asa %ned to d%fferent requests so as to avoi d, any
r

del ay for hPgw e WSO FOF OFARMi EEEFBRSIESS trxes thus %WR%@Nlng
outlined abeyg t&faﬁémgs%aege@f&ﬁaghae b the t%ﬂéﬁi%%&dnnve”t'on 'S

based on an approach where a transm ssion of data packets Is repeated
until it isappaunkitesnifedonisidenalhys Tetmakanﬁhn@nfmrst acpaiEt 30

S Tormr b Abcaetiio PE; BREL s Fa bBeR, 1% 41 “egui oil SHAD R |
not cauppd By:khowPedgbRbit red@%ﬂ&ﬂ%]\{bﬂﬂbn&cﬁﬂl@tunﬁﬁt 1@y a8-d

| asting | og- nornal fadi ng effect in case a data packet could 35
not be trandm tsherter t@ﬁgeﬁﬂﬂﬁﬁV%&%régpééﬁﬁuaban¢ﬁs lastur &-idn, e.g.,

20 [ 1 d t
F{ﬂfkpggfgg%%§%y fﬁ:ﬁliﬂigké% %& Anotherng%¥équlslte in this case

is that data packets have a small size such as, e.g., 53
byte ATM cells in an ATM wireless communication system.
20
As can be seen from the above, the first aspect of the
present invention relates to a case where the
transmission apparatus 10 only réceives a standard
acknowledgement message from the mobile unit 14 without
25 any specific information on the quality of the radio link
between the transmission apparatus 10 and the mobile unit
14. Thus, it is necessary to repeat a transmission at
least several times to determine the successive of a
retransmission attempt.
30 _
According to the second aspect of the present invention
it is proposed to avoid such attempts by providing a
mobile unit ouﬁputting acknowledgement messages
| containing information with respect to the quality of the
35 radio link. Here, it should be noted that of course such

information usually can only be derived at the side of



5 nmonitoring unit 18 would assune that the effect would | ast | onger,
~e.g., 100 mlliseconds and thus classify the di sturbance as | og- nor nal
fading. In case the transm ssion nonitoring unit 18 activates the
transm ssi wosAde! assignnent unit 20 after 20 10 m ||| sepefgpodighéso

el apsed, the remaining 80 mllisecond may be used for other il
retransm ssion tries thus inproving the transm ssion performance of the
transm$si dhe molpper anit 10! csbnder ably hexrersiiee t HEsublr HeSPETAg
according to the [nvention work, it is required that the 15

acknow edg 1TLeREVER TS M??émﬁﬁg‘ﬂ% Gat Renfheckedh athorter tinme
I nterval s as di sturbances |last, e.g., every 10 m | liseconds. Another
prerequisite in this case is that data packets have a small size such
as, e.g., MH¥y. 2 showsAmn exbadiment ATManimodidss wnhtubidcaldadrdingem
20 As can .he seen fr.omthe aboyve, . the first, aspect of the resent

i nvention %(9 értqb% $8°oqnd, 28RGGY eo%/ hEhe inve %sﬁbﬁcﬁpﬁéﬁfamw&%nl y
recei VBG aisifowdddeion aBOROWIRSIGSARahgHBS 93ee dHOM EDerTaki] l&f}%t 14

w thout 25 any specific information on the quality of the radio i nk

bet ween t h&eQeii&eal ssi gpadppaitdr (BN 18ckpeviliedgentsinte message 14. Thus, it

5 necessark Al GRERL: B! FANVHS Y indh o1 o AHRAEYENS' 1B SR iy

determ ne the successIve o ransm ssio

to the sec@idy.aspect of the present invention it is proposed to avoid
such attenpts by providing a nobil e unit outputting acknow edgenent
nessages containing information with respect to the quality of the 35

2000113 DR TN 2 RO MEBEL pOLiR P Sl g B 11T 1
PCT/ EP98/ 08&t@ling tandereaukikvdngniunild, 26i hoe tannsmtiar edabe packelts to
receiving ang $Sh 'LRESghshAT st o 2HEPRatdE 1B Further: the
mobile unit 14 comprises a signal tracing unit 28 to
trace the course of the signal received by the sending
20 and receiving unit 26. Further, the mobile unit 14
comprises a@ transmission analyzing unit 30 receiving the
traced signal as input and used to determine whether a
disturbance has occurred during signal transmission.
Also, the transmission analyzing unit 30 is adapted to
- 25 quantify the kind of disturbance. In addition, an
acknowledgement set up unit 32 received the output signal
of the transmission analyzing unit 30 and is adapted to
provide an acknowledgement message cbmprising the kind
and amount of disturbance that has occurred during the
30 transmission of a signal. As shown in Fig. 2, the
acknowledgment set up unit 32 may send the
acknowledgement back to the transmitting apparatus 10 via

the receiving and sending unit 26.

35 The major difference between the second aspect of the

present invention over the first aspect described with -



Fig. 2 shows an enbodi rent of a nobile unit 14 according to the second
aspect of the invention which may provide 10 information about the strength

and charackghbgbisgs of a ~ received signal with an acknow ‘%ﬁi@ﬁ%ﬁm

nmessage retransmttted to the transm ssion apparatus 10,
Fig. 1. 15 As shown in Fig. 2, the nofjie unit 14 conprises a sendi ng

and recei V'f‘@s%@btt %tplérar_ﬂsn% %%%tep&%e{r%bi e inddd.fromthe

transm ssi on paratus 10 Fuf e uni Elgﬁnﬁplses a
signal tracimfoumattize twith respectt Heo cobeskinl WP ¢igpakbanes Me by

t he sendlnthO and receiyin It 26. Further, the nobile unit 14
conpri ses a Iﬁ?aﬁg‘?ﬂ’soéﬁo ﬁ‘g?{}gl g sSafge SEeFEEE?MQ%é)Y ther mebd 1s gnal
as input anghieedqt @ deiwsstaq \ﬁ/@%&m&l@smn gieS i £ ymg%&ﬁet 20 i s

during signal transm ssion. Al so, the transm ssio
adapt ed t o 2Zsagemasistiyon rpRrandtus ditstho bdetect! a atidtuxlbané8 of the

k d t i1_32 i ved the out put | f th
T anam G5 OEGha! PR 15 BOLAAAGE S dieateRY - Tihe qomRrary, in

acknowl edgesmee ERssRanEATBayShEAL! tdddgle inatedamRiy &isﬁh%%% nce
that has occurred during the 30 transm ssion of a sign own i n

2, the e Kebaneagidnd doy nbeunpbléza niyitehd sheown imcRhgwl Edg@rmnt

back to th t he.recgivi and sendi ng

onit 26, HS TRESHERAME AIPBLEatR B e Rcibndidpan Bhet he

present|lﬂﬁrumgmlQ%QbﬁJMbﬁitéflﬁgp@ﬁlﬂkiﬁﬁﬁﬁydlmmkﬁlately acti¥lte
EP98/ 06619 5 Trespect to

99/ 213
Fi g. ;igiSQJﬁﬁa%§é9993ﬂﬁaQ%s%r??éﬁsﬂﬁSSlonlﬁhénnaﬂl¢muﬂt$avzngect to
the kind OﬁﬂﬁégéégaQ&efégfhnsmls%gg @9%%@E§§§”§8Ft s%%%%é%ransmtted

by the nob 14" a repea T ransm s By the

transn1SS|mm&nmmlasmsnﬂbﬁﬁlmmmncy witdhsinurileacei ebleke Honmadh Dcshappe
is no Ionger Jiecessary. To the contrary, in

20 In the following details and principles underlying the
transmission analysis unit 30 according to the invention
will be discussed. To this end, also the background
theory underlying the inventive approach will be briefly
summarized as far as the present invention is concerned.

25
It will be explained how the transmission analysis unit
30 and the mobile unit 14 may detect the Rayleigh fading.
According to the present invention, two estimates are
provided to determine such a Rayleigh fading, i.e. the

30 estimation of the distance between two fading minima and
further, a level crossing rate of a received signal at a

specified level.

Generally, according to the second aspect of the

35 invention, a first order estimate of the distance between

two fading minima is



case an acknow edgenent nessage indicating a disturbance S

transmtted by the nobile unit 14 showmn in Fig. 2 to the transm ssion
apparatus 10 shown in Fig. 1, the transm ssion nonitoring unit 18 may
I medi at elWOA&8R13t8t e 15 a reassignnent of a transm ssion cPROTVERISIO6AIL
savi ng unnecessary retransm ssion | es and further inproves

transm ssion efficiency within the w ess commruni cati on system 20
In theS5following details dnd #rf &i pl es underlying thél) transm ssi on
analysis unit 30,according to the inyentjon wi || be discussed. To this

end, al so YherBadkdrodie wavendSngthdRt | {hagRFheionadn i TelapEeBach wil |

be briefly | a r t LN i i acerned. 25
't i1 pebes BRI R bR pYy | P SREREAD aERRAC  anfRREqRT
mobi | e univaidatdwriedest tdhRaRdgiglghf4dihgy. whereAdtos dihget antilte ipy esent
i nvention, two estinmates are provi ded to determ ne such a Rayl ei gh
fading, i.&het Rdmep tRJIMPVat FBroMOh RNYi Ye¥RLENFE \een two fading mini ma
and 0 further, a level crossing rate of a received signal at a
speci fied | evel. - Generally, according to the second aspect of the 35
i nvent i on,Hartei, r ¢herdiestastenbeewsfernt hewdi mianme Het vadsout d=1607f adi ng
mnim is W0, 99/ 21318 . . _
PCT/ EP98/ 068%e ©-9-/ s 8°munlc‘f—a!”[%‘?-r?¥5tt%héf"-e i3 (M2 0adBS engt h
of the RF g geag-f i 6t £8§ minidbSedeldepbvedtinamdd &o sshowenach
typi cal anplitude variation due to Rayleigh fading, where the time unit
i s t he £oreGSd myetens oagh 960 Miks | Wnyle. hege a wekus anheoyddrance
bet Weel% tV\*l/(:)omsgldr}l?td Sisabé)ﬁécgf_‘:}.gdz'Cargcording to the present
invention any value is suitable that allows for a clear
distinction. Assuming that a mobile is moving at a

velocity v and that the_wavelength of the radio signal is

A, the time between two fading minima is determined to

20 z=z/(2v)=§ (2)

Thus, assuming the distance of 16.7 cm for a GSM system
at £=900 MHz and‘éssuming that a mobile receiver is
driving with a speed of 50 km/h, the time between two

25 fading dips will be approximately 10.7 ms. Assuming that
the speed is 5 km/h, the duration of a mobile station in
such a fading minima can be estimated to 16.2 ms. For a
wireless communication system operating at 5 GHz the
duration would be 2.16 ms. These figures give an

30 impression on the effgcts of Rayleigh fading and thus one
can regard the effects of Rayleigh fading as short

disturbances of up to 20 ms duration, as outlined above.

Thus, according to this first order estimate for the

35 Rayleigh fading phenomenon the transmission analysis unit



for, e.g., GSM Communi cation Systtemat f=900 MHz. The size of fitting
mnim could be estimated to s= 1.67 cm for GSM systens at 900 MHz.
Wil e here a value according 15 to s=d/ 10 is specified, according to the
present WO 9I2MS8 on any value is suitable that allows for BCEfERS§/06619.
distinction. Assum ng that a nobile is |ng at a velocity v and that

the wavel ength of the radio sugqgl i éggihe tinme between two fading
mnim s it hedete gmEng ay el?ﬁusfa AntRgCRAE @Tsietetmareds. 7
cmfor a Gasyst&H betv@er[(ﬂ?& 23 300 rdSSiwE NOs t hale? €y Fecei ver is

driving with a speed of 50 t he tlne between two 25 fading dips wll
be approxi@Meﬂge&ﬂfiad;th&ﬁﬂh@h@ ‘vhaue, ngyspbedZOsmil&d$ecbhds

duration of a b|Ie ati-o such a _ fadi can be es i mat ed
Lo 16, 2" m ool tRed® BV ot ot RuRReR: HSy AU EIP B ERRSIRP b S SEGHP ¢ he
duration wey ﬂ\-r bgo 2w%§1rrﬁ:om516§§e f { BEbemadiith aih&ﬂcatmrge%%i@rufgtéhée

ef fects of el gh fading and thus one can regard the effects of
Ray| ei th fauﬁ ry Beyikdgh fadingtpheassenapfang absoothe dinmtmn as

outl i ned above. us 0 der estl e for the
35 Rayleig%qﬁﬂﬁ?@ Eﬁﬁhgﬁﬁﬂb e9%$§H§ @g§fhé géy?b% Sufidse VO
99/21318 transmission apparatus 10 showrPGH BEFP§/066&3n ﬁhméﬁh&téﬂy
determ ne a Rayleigh fading in case an esti mated dur ati on between ftwo

fadi ng m nicgrty toter weRssignmenteofed MasH @ rekanBRd Waithouk. g., the
20 m|lisecond I HF& ase, the acknow edgenent set
up uni %Bé%&?? %g%%$§§gmﬁ£$ rna%?o% n Fcating the distance 10 of a
Rayl ei gh fadi ng phenonena and also t he duration bet ween two Rayl ei gh

fading mnima. In this ca
g However, as wf?i

be shown in the following, the second
aspect of the present invention may also be implemented
with an improved estimation approach relying on thé
characterization of the Rayleigh fading with improved

20 accuracy. In particular, this improved estimation
technique relies on an anélysis of the received signal as

follows.

In general, a received signal s(t) is expressed as a

25 product of two parts, the signal subject to long term
fading m(t) and the signal subject to short term fading
r(t).

[

st) = mit) . x(t) (3)

30 For the analysis of different fading effects it is
assumed that at every receiving point there exists N
plane waves of equal amplitude of which the Z-axis is
perpendicular to the X-Y-plane as shown in Fig. 5. This
Fig. 5 also shows the path angle geometry for the i-th

35 scattered plane wave. In case the transmitted signal is

vertically polarized, i.e. the electrical field vector is



transm ssion apparatus 10 shown in Fig. 1 can imedi ately carry out a
reassi gnnent of a radi o channel w thout repeated retransm ssi on
attenpts. 15 ~However, as will be shown in the follow ng, the second
aspect of {Heeogmisment i nvention may al so be inpl enment ed PCT/RPS8/06619_

i nproved estimation approach reringdggpthe characterization of the
Rayl ei gh fading with inproved 20 acc C In particular, this inproved
“estimat$on alignexdhalqng téle &s-asispn ahal )fs’jeslcbfcd)mponenftisveat dilgmal as

foll d d :

product of W%\aﬁe”erﬁélﬁaéﬁféﬁ, BEE R0 SPTETHFAL EhsdthEar $hand
th I o] t

30 For thERERTSATSTERI Py %ﬁéaﬁfaﬁﬁfgﬂagﬁe 3#%6%@ Hy. J&%ﬁ%d hat &t
every rece'vﬂgwgﬁeg LEYREHAS bing pRIBHE YA el esUud amligude o

which th per pen omn in
Thi s qumﬁié&seqamawidnuahnﬂébangléqymnuﬂxwgf@larke is- od®l as
scattered plane wave. In case the transmtted signal is vertically
polarllgd i.e. the electrical field vector is WD 99/ 21318
PCT/ EP98/ 06619 5 aligned along #he Z-axis, the field conponents at the
recei ving nobile station arg=He leterical field Ez{4hhe magneti c
field Herr], and the magnetic fiiedd Herr]. These conponents at the
receiving point are expressed in the yconpl ex equi val ent baseband form
using O arke's nodel as 10 H= - == Z sing,e'*
7 i=1
E, & '
2 E:cosai
7 i=1
where:
15 oy = phase angle relative to the carrier

plane

Eqo = amplitude of the N plane wave, and

7 = intrinsic wave impedance which is giwven

as

20 n = £ = 3770hms

in which pgo = free-space magnetic permeability (4mx10~
7yH/m and Eo = free—spaqe'electric permittivity

(8.854x10"12) F/m.

25 Using this model, short- and long-term fading effects,
respectively, may be analyzed by applying the central
limit theorem observiﬂg that a; and ®; are independent
so that E,, Hy and Hy are complex Gaussian variables.

Considering the RF version of equation (4) for the field

30 intensity E; to



[err] where: 15 [err] = phase angle relative to the

carrier pl ane E[err] = anplitude of the N

pl ane wave, and = intrinsic wave i npedance which is

gi ven WO 921318 55 20 [err] i POIERBOpRR, | =
free-space magnetic perneability (4[err]x10- 7)H mand E[err] =
free-spgce electric permttivity 8. 854x10-12) F/ m 25 Using this
nodel , Short- and | ong-term fadi ng ef ts, respectively, may be

anal yzed by applying the central ¥ limt theoremobserving that [err]
and [err] are independent EsEs Dae’BéPr], Het5) and Herr] are

conpl ex Gaussi an vari abl es. Corsi dering the RF version of equation (4)

for the fi 30 . -kn it err VIO 99/ 21318
PCT/ EP9S/ o?&f’b Peah " 1¥E S i Hven as

N N
Re[E,]=E, ) cosw fcosp,—E, Y sino fsing, (6)

i=l i=

N¢ Né
Let A,=E, Y cos¢,andd,=E, Y sing,,then Eq.(6) can be written as:
]

i=l =

10 Re[E,] =A_ cose_ t -A_sinw t. (7)

Since ¢i is uniformly distributed between 0 to 2%, the
mean values of A; and Ag are zero and the mean square

values of A and Ag are

15  B(ac?) = Ea.?) - E°22N =p,

i.e. the mean received power at the mobile unit. Since Ag

and Ag are uncorrelated, E[A.A,] = 0.

20 Thus, the density of A, and BAg follows a normal

distribution, and the envelope of AC and Ag is given by:

r =(a.*+a,2)” (8)

The square root of the sum of the square of two Gaussian

25 functions is the Rayleigh distribution shown in Fig.5.

I .2 -
p(r) - F_e( r )./(ZPO) (9)

o

where:



[err] ' The real part of E[ferr] is given as [err] Si nce

[err] is uniformy distributed between 0 to 2[err], the mean val ues of
Alerr] and Alerr] are zero and the nmean square val ues of Alerr] and
Alerr] are wo9921318 [err] i . e. the megrpSasioN
power at the nmobile unit. Since Alerr] and Alerr] are uncorrelatéﬁg
[er]r = 0. 20 Thus, the density of A€ and Alerr] follows a nornal

di stribgtion, dth el f d | ' ;
istribgtion, an ezenvel o of s ALRE! hed t L%%Sélgwgkvg%f% [err]

The square root of_the_?bnlof the square o an—2 ions is
the Rayleigh distributbfponed dub§e8tSto short-term fading and

r2 is the instantaneous power,

This Rayleigh probability density function describes the

10 first order statistics of the signal envelope of signals
shown in Fig. 3, in particular over distances short
enough for the mean level to be regarded as constant.
First order statistics are those for which a distance is
not a factor, and the Rayleigh distribution gives '

15 information such as the overall percentage of locations
or time for which the envelope lies below a specific

value.

| Further, the Rayleigh distribution allows for a

20 quantitative description of the rate at which fades of
any depth occurs and the average duration of a fade below
any given depth. This information is not only valuable
for selecting transmission bit rates, word length and
coding schemes in wireless communication systems, but

25 also allows to provide information on average fade
duration below a specified signal'leVel and thus an

analysis of received signals according to the invention.

In particular, an improved approach to estimate

30 disturbances accordihg to the invention is to
characterize the Rayleigh phenomenon with the level
crossing rate, N{(R), of the received signal at a
specified signal level R. This signal crossing rate is

defined as the average number of times per second that



[err] wher e: WD 99/ 21318

PCT/ EP98/ 06619 22 5 2P[err] =
2l err] is square power of the conmponent subject to
short-tern&Pﬁﬁgﬁgﬂ%nd r2 is the instantaneous?ﬁaaﬂ?&%““ﬁ

This Rayl eigh probability density functZXQm describes the 10 first order

par i ou o Bert 7 ot g, SR PEr8agRsIANE Jeval iR rttive,b0ing

regarded agiGustash, i.e.FiFsd @rder statistics are those for which a

di stance is not a factor, and the Rayleigh distribution gives 15

i nformati on such as the al | e e of locations or time for

whi ch the envel ope |ies géﬁgﬁTacggggi P%g val ue. an) Further, the
Rayl ei gh distribution allows for a 20 quantitative description of the rate
at which fades of any depth occurs and the average duration of a fade
bel ow Hhe 1 Y}_S'('R(;leﬁt)h-is'rmtﬁel?éﬂhﬁapwbdrﬁimﬁyoaéﬁs‘ﬁﬂaﬂaﬁi ction! O
selecting transmssion bit rates, word [ength and codi ng schenes in
wirel el co¥mkiandi n systens, but 25 also. allows to provide information

on average fade duration bel ow a specified signal |evel and thus an
anal ysis of received signals according to the invention. I n

parti cul ar Usdmg neqased oapANeach tieeatveraige Akvel StvbbaneRy Apcor deng to
the invention is to characterize the Raylei gh phenomenori with the |evel
crossi ng raedelNR) shewnt @ Fdki vEdigignal at a specified signal |eve
R This signal crossing rate is d%%kped as the average nunber of tines

d that
per secon a NR = . gngmezf (11)

15

Since 20° = means square value, therefore rms = 20 is
the root mean square value. The level crossing rate for,
e.g., a vertical monopole antenna can then be given as:
NR = 27f pe?=nn, (12)
20 where:

R R

Thus, p is the ratio between the specified'ievel and the

rms amplitude of the fading envelope, and

25 fm = %
n,= J2rf,
n,= pe®

ng is the normalized level crossing that is

30 independent of wavelength and vehicle speed,

v = speed of vehicle, and



WO 99/ 21318 PCT/ EP98/ 06619
23 5 the received signal crosses the level in a positive going

direction, i.e. r > 0. [err] where p(R, r) is the joint
pr obabi | i t wolegnaaisy function 10 of R and r. Usi ng equat POIVEPISN6619 he
average level crossing rate at a | e R shown in Fig. 7 is [err] 15
Since 2[err] = means square val ue, the rerms = [err] is t he root
‘mean sqgfare val ue. Thk keegekrdeassiagelanhgthor, e.g., a vertical
nonopol e antenna can then be given as: [err] 20 where: :

R R Thus, p is the ratio between the specified |evel and the

rms anpl i tugde, of L0e J 240 EPYALARS sif and BY4ing unit 30 of the

invention uses an approximate expression for N(R) as:

NR = J2n % -p (13)
10
Using the above results the average duration of fades
below the specified level R can be found from
' probir £ R
Tl = 7R = 14
E[7,] (R N (14)
e -1 e? -1
15 (R = = 15
: \/2n'fw, n,p (13)
An approximate expression for T(R) to be used by the
transmission analyzipg unit 30 is given as: .
A_p
(R) v on (16)
20

Using the formulas and approximations outlined above, a
calculation of the level crossing rate at a level of -
10dB and the calculation of the average duration of a
fade for a digital communication system at 900 MHz and a

25 vehicle speed of 24 km/h may be carried out as follows.

'Thus, at

3x10° 1 667
900 MHz, 1 = —— = —mV =667m /s, f = —
o 900x10° 3 /s Lo 1
3
n,= J27f = 50.
30 From Fig. 7, nr=0.32 at -10dB.



NR is the normalized level crossing that is 30 | ndependent of

wavel engt h and vehi cl e speed, v = speed of vehicle, and

WD 99/ 21318 PCT/ EP98/ 06619

[err] = caMQ W28 el engt h. Preferably, the transnissi ORCE@XPV%%%
unit 30 of the I nvention uses an apppgexi mate expression for N(R) as:

[err] éso Usi ng t he above k&@ﬂ__lﬁég?&hg Féerag%odulgaaélegpsof f ades bel ow

the specified | evel R can be Fom [err] &n approxi mat e
expression for [err](R) to be used b\é,,i he 0:Hansm ssion anal yzing unit 30
IS given as: [err] R=

p = 0294
7R = %Eo,%ig_% = 0.0061 sec = 6.1 ms
Using the approximate expressions we get:
10 fading level = p=-10dB
.2('3 logp = -10
p = 1071z 03162
N(R = 27x G—fzxoslsz 11585 fades / sec
3
7(R) = 3x;.67 0‘321—;-52 = 0..0063. = 6.3 ms.

15
Using the techniques and formulas outlined above, the
transmission analysis unit 30 of the mobile unit 14
according to the second aspect of the present invention
allows for an estimation of the Rayleigh phenomena with

20 improved accuracy. Thus, this implementation of the
second aspect of the present invention allows to avoid a
faulty reassignment of a radio channel due to a

misinterpretation of the conditions in the radio channel.

25 As shown in Fig. 9, the second kind of fading to be
identified by the transmiésion analysis unit 30 shown in
Fig. 2 is the log-normal fading resulting from shadowing
effects, i.e. the use of the mobile unit in an
environment with obstacles, e.g., an environment as shown

30 in Fig. 21. '



20 Using the fornulas and approxi mati ons outlined above, a

cal culation of the level crossing rate at a | evel of - 10dB and t he

cal cul ation of the average duration of a fade for a digital

comuni cat ivpg osgmM at 900 MHz and a 25 vehicle speed of 24depesisBeiobe
carried out as foll ows. Thus, at rr]

3 WD 99/21318 PCT/ EP98/ 06619
[err] 5 Here,Usihent he.gppr consdideeipgeaspersomre diestuibBing a

fading |l evel = p=-,10dB . . \ err 15 Usi ng the
t echni ques ﬁﬂﬁmﬁﬁﬁﬁﬁt%P%u%%?he&na@ﬂmfffﬁﬁe eh¥idonment the duration

10

15

20

25

30

35

may be derived from equation (2) with d=0.2 meters and
v=5 km/h to approximately 144 ms. Further, a mobile unit
14 roaming with a train driving through a tunnel would be
disturbed for a duration of a few seconds. Overall, the
facts generated by log—nofmal fading cause much longer

disturbances of the communication than Rayleigh fading.

Thus, according'to the second aspect of the invention it
is proposed to identify log-normal disturbances as long
lasting disturbances so as to use radio resources for
other transmissions where no disturbances prevail. Thus,
the utilization of wireless links in environments which
have to cope with fading'effects is improved

considerably.

To give an impression how much data can be additionally
transmitted on a radio link during a time interval that
is equal to the duration of the above-referenced log-
normal disturbances in the following some calculations

are made.

A system transmitting data at 9.6 kilobit per second
would transmit 120 byte in 100 milliseconds; accordingly
a system transmitting data at 2 megabit per second would
transmit 25 kilobyte in 100 milliseconds; finally, a
system transmitting data at 155 megabit per second would
transmit 1.9 megabyte in 100 milliseconds. Thus, the
consideration of log-normal disturbances according to the

invention becomes more and more important when increasing



transm ssion analysis unit 30 of the nobile unit 14 according to the
second aspect of the present invention allows for an estimation of the
Rayl ei gh phenonena with 20 inproved accuracy. Thus, this i B5 j on of
t he sWOMR1HSpect of the present invention allows to avg&'ﬁa ﬁdf’aul ty
reassi gnment of a radi o channel due to: m sinterpretation of the

condi tiong,in L qﬂgg@g 3 SO highbd pidt t cond ki nd
of fa ng%l}})e _béﬁgrﬁﬁg.g%n“ I dé%(yjyt he transm ssﬂllo% ana y& S%]?% 30 shown
in Fi geithin whedlessnaromhuhidatd oresaydternsf r om shadow ng

effects, i.e. the use of the nobile unit in an environment with
obstacles, e.g., an environnent as shown 30 in Fig. 21. WO
99/21318 qne next case to be considered ad¢dr&Rg @66the DnvéRESonhen
e.g., conS|J%r|ng a person disturbing a conmmuni Cation Iink 1n an office
envi r onners tiiee dpaihi doss phegonenday.i il § rphergmenioon qyuns t wheno. 2

nmet ers_and v:5,knt£ t.0 a roxinatel¥q1'4 ne. FEurther, a,npbjile unit
14 rod®i nFhe tFeGeLvG %Qﬁgb?ﬁpgﬁﬁh Ly e N s fB‘l%lié?u?Bed f or
a durati Oﬁx%réaﬁi}%gf]%@t%c%éahbeﬂ hthe triRshstaeney alfshPyrhegipor mal

fadi ng cause nuc ger di sturbances of the communication than
Rayl ei gh fiaditige mobileTlmammapitcrgilen tSysltrm sardnhgs poamigig tmebile

| asting QMR plAcoSrOR e LekllEl lnikr g AR, o8t CiilliReSn’ BE0

transm ssigisr ¥EeEe REiditsthebasens thieeatdnsiitting sildkee arid | tmation of
wireless links in environnments which have to cope with fading effects
i s i npbovertkelvibgsisdsieabl §espectived Yy BB Y r EX8iC0 SRARE neRBedata can

be 2! 11 1AL L opmect AT 402048l ke Bl P iberval tha
di sturbangaswép dbasdiay weaogisedeataluhd atolmibe unit 14 is inversely
proportional to the square of a distance d between the
transmitting apparatus 10 and receiving mobile unit 14,
20 respectively, and also inversely proportional to the
square of the transmitting frequency f. This leads to a

space attenuation power loss of

.LS ~ d—2 . f—z

(17a)
25 or in [dB]
Lg{(dB) = 33.4(dB) - 20 log (fmpz) - 20 log({dypm),
(17b) |
where

33.4 (dB) is a constant of proportionality.
30 |
It should be noted that this simple formula is wvalid only
for land mobile wireless communication systems nearby the
transmitting station. A better approximation due to a

non-ideal ground plane is that the mean signal strength

35 decreases with d~4.



are made. A systemtransmtting data at 9.6 kilobit per second

woul d transmt 120 byte in 100 mlliseconds; accordingly 30 a system
transmtting data at 2 negabit per second woul d transmt 25 kil obyte in
100 mIliswowedssigfinally, a systemtransmtting data atpdfErssngsddi t

per second woul d transmt 1.9 negabyte in 100 mlliseconds. Thus, the
consi deration of |og-normal disturbances according to the 35 invention
beconess nore and nore i nportant when PIRyr easi ng WO 99/ 21318

PCT/ EP98/ 06619 5 t he o athﬁéfregueniy t o, achi eve hlgher bit rates
within wr Rﬂ%;%%mnﬁﬁ?gﬁt ESRIPRAR AR der ed

accordi ng tg theyi §VeaLeSNin a Izseébewaﬂa eass Riasengg. Thi s phenonenon
occurs when 10 the received signal becones weaker and weaker due to an

i ncr easi ng coimgtldrcat edi wespimicak amedelsi kg ansdkiantuspropagatiiont he nobil e

communi cat Lon st.em and the ro uni t LN _other terns,
with the pgﬂ'? %ssshimgngﬁsﬂ()#’evﬁe@oﬁ e‘g&?h& gglpé)ﬁlscfa%e?’\?&geﬁef'ﬁe
transngti eepSidecaN0nbiel5ma6C e/ igedi €6, cATRAM e etNe FRopyaxfdse
. Space case | is assumed that for a given transmtting antenna the

power denspﬁy'-h deessed ian the wohan uarb-wzban iandreery proportional .
h t tus 10
ocepvi g BB oy 265 ALARE S prvad ARAILILDIRIPIL U0, 10 o

recei vi ng r'éspective porti onal

to the digdairbDicé hdeteandwn tasagotdeqgeney the Hnvehtdda.t o a
space attenuation power |oss of [err] 25
or in [dB]

15 -According to the invention in case the actual mean value
and the actual signal strength significantly differ from
the predicted mean vélue and signal strength, this should
be an indication for disturbances and thus to the re-
assignment of radio resources to other users of the

20 wireless communication system.

Various experimenters have found that the natural land-
made objects effect radio propagation, and they use the
following characteristics to classify land object types:
25 Dbuilding characteristics such as density, height,
location and size. It should be noted that no single
model is universally applicable in all situations and
that the accuracy of a particular model in a given
environment depends on the fit between the parameters
30 required by the model and those available for the area
concerned. Generally, the goal is to predict the mean
signal strength in a small area and the variation and

signal strength as the mobile unit moves.

35 One such prediction model that may be used within the

framework of the present invention is Okumuara's model



wher e 33.4 (dB) is a const ant of proportionality. 30 It should

be noted that this sinple formula is valid only for land nobile

Wi rel ess comrunicati on systens nearby the transmtting st

better appﬁ@??ﬁ%Fﬁ%n due to a non-i deal ground plane is tégiﬁﬂﬁﬂgaﬂgan
si gnal strength -35 decreases with d[élc; WD 99/ 21318

PCT/ EPO& 06619 ;o bast on the pre-space p J.h 2ss bE'@W%‘é‘H ﬁl’?é nce the
mat hemat’l cal nodéllng of propagation 0 waves In real world

envi ronnment pcints ecHnphtezesd,. enpiri cal nndels to predict propagatlon
| osses have been devel oped. The enpirical and sem - 10 enpirical nodels
may be used to cal cul ate the propagation path |l osses in the urban,

sub- ur ban a?ur ?Hzaélcula‘fnvhhowtﬁréﬁs‘i\%ﬁ% aé[}‘eﬁ?é?;geqn?‘??;@%l ng to

t he dis ance detecfion according to the inv

t he i nventi oaliue caf eAyhd fadduadbtastmedalfyom Fignd® tsleowingala gixpral
strength significantly differ from the predicted nean val ue and si gnal
strengt¥ t Btorsthudiagrampd sagpddenl cbei bhef Sragsirargantessandnthusst o t he
re- assi gnnment _of radio resources o other users of the 20 wirel ess

conmuni cat | SASsPRIRN attenyabign BXPRFLNENTS LHRR eSPBGRJI ithan tweban
patural | andyes offCqAAEESHR AN drid howiapaga: y%., - ajpdsH %ﬁ&@&ﬁhe

follow ng c aracterlstlcs to class j ect
characterlsé@@acﬂﬁﬁeaandennatwgﬂghtﬂhTe—zoomo@mdcmbhﬁﬁesanteﬂﬁashould
be noted that no single nmodel is universally applicable in al
situations hedght himaBmt hdnpacdw s yfwhchipar oifc ke frodghencya (girvethe
envi ronnment depends on_the fit between the parameters
15 range 100-3,000 MHz) and the distance from base statlon
(1-100 km). Correction factors as shown in Figs. 9 and 10
are applied to account for antennas not at the reference
heights. The basic formulation for the model is used in
the transmission analysis unit 30 then is
20 Lyy=L,+A,,+Gp+G,,dB (18)
where:

Lsg is the median path loss,
Aqu(f,d) = median attenuation relative to free space

in an urban area (refer to Figs. 4, 8)

25 Lf = free-space loss
Gpy = base station antenna height gain factor, cmp.

Fig. 8, and
Gry = mobile antenna height gain factor, cmp.
Fig. 9.
30 _
Additional correction factors, in graphical form, are
used to account for street orientation and transmission
in suburban and rural areas and over irregular terrain.
These cqrrecfions are added or subtracted as necessary.

35 Irregular terrain is further classified as rolling hilly



30 required by the nodel and those available for the area concer ned.
Cenerally, the goal is to predict the nean signal strength in a snal
area and the variation and signal strength as the nobile unit noves.
35 One suckygbesiizeg i on nodel that may be used within the pPOTAIPOE/0E o Of
the present invention is Okunuara's nodel WD 99/ 21318

PCT/ EP98/ 06619 5 that is based on the -space path | oss between the

poi nts 5f itkerain, isolated peountainy, demexrsl tshopihgsiterzathysaadunit
30 the val ue of err] (f obtained fromFig. 8 showng a pre- 10
stored di aM&sgﬁﬁéeéet%(ﬁﬁTree-space loss. Alerr] is t he medi an
attenuation relative to free space in an urban area over quasi snooth

terrain with, e.g., a base station ef fective antenna hei ght hTe=200m
and nobi | e ZddEbhanal mddsiightthdermay3ive Mompdred wof Okumur®fst he

frequency (in,the .15 range 100-3, 00 nd_the di.syance from base
station (m‘{q@izﬁohﬁr"ﬁe. %@%lnf@crfq% S?gcyg‘?? o iRdn F’E’ - G310
are appbi eqq {m, aEeHRen AMAN . GNNaBaPebNal, Rl NEfEIeNCEee aMifighise The
basic fornulation for the nodel is used in t he transm ssion analysis

unit 30 th&pdelseprp deschifp|dcd:in, e.g.,| fidmgless tandmPeéinsonmt h | oss,

' an ur bt PRE ParEbh BRI [ S5utE SAd WY HFPREs,  prephice) ose

- Hall. It is to be noted that these models can be used

accordingly within the framework of the invention and

15 thus they are incorporated here by reference.

Finally, another problem to be tackled by the
transmission apparatus 10 for a Wireless communication
system according to the invention is to estimate time

20 dispersion phenomena shown in Fig. 22. As outlined above,
a radio signal follows a plurality of radio paths bécause
of multipath reflection. Since each path has a different
path length, the time of arrival for each path'is
different so that the effect is a smearing and spreading

25 out of a signal referred to as delay spread or time
dispersion, as shown in Fig. 22. In a wireless digital
communication system this delay spread'causes intersymbol
interference, thereby limiting the maximum symbol rate of
a digital multipath channel. In particular, the main '

30 delay spread is defined to

) _[:tD(t)dt

T om (19}
L Dit)dt

where:



G err] = base station antenna height gain factor, cnp. Fi g.

8, and GRU = nobil e antenna height gain factor, cnp.
Fig. 9. 30 Addi ti onal correction factors, in graphical form are
used to acWUIW21BH street orientation and transmi ssion PETARDR0G62% and

rural areas and over irregular terrain. 8] These corrections are added or
subtracied as necess 35 lrregu terrain.i.s further classified as
rolli ngghi Iy Ble) °gp §§’ngflﬁ y probibility density function
PCT/ EP98/ 06619 5 terrai i sol ated nountain, general sloping terrain,
and ni xed Iand-se%?%aiﬁxﬂdt = 1additional nodels that may be conpared
to Ckunuara's nodel s have been proposed by Sakagm and Kuboi, Hata, 10
M F. Ibrahemand J.D. Parsons, and WC. Y. Lee and these nodel s are
descri bed ipn 0., WL Ss rsonal . Communi cation System K Garg
and E. WI I?&d e??%n?%%@a q_%ﬂﬂpf%F %f%to be noted that these nodels can

be used Exfiserpegit ighy within the framework of the invention and 15 thus

they are incorporated here by reference. Finally, another problemto
be tackl ed by the transm ssi on apparatus=10 for a w rel ess

conmmunt@at i on system accor di ng togﬁhé*FHVention is to estimate tinme 20
di spersi on phenonena shown in Fig. 22. As "sut | i ned above, a radio
signal fol kpwseaplurality of radio paths because of nmultipath
reflection. Since each path has a different path |l ength, the tinme of
arrival for each path is different,sq that thé effect is a snearing and

spreadi ng 25 out of a signal refw?r%d?{00a§ BefaAFspread or tine
di spersion, as shown in Fig. 22. In awreless digital
Dit) = 0 elsewhere.

15 Here[ in case the mobile unit may not cope with the
dispersion phenomenon, e.g., through diverse reception at
the receiver side, this-féct may again be retransmitted
to the transmitting apparatus 10 through the
acknowledgement message so as to achieve a reassignment

20 at the transmission side for a better use of radio

resources.

A typical example for such a case would be the GSM system
where the net bit rate over the air interface is 270

25 kilobit per second leading ﬁo a bit time of 3.7
microseconds. Thus, one bit corresponds to 1.1 kilometer
so that in case there is a reflection from one kilometer
behind the mobile unit, the reflected signal will have a
2 kilometer longer path than the direct one. This means

30 that the reflected signal will mix a signal combining two
bit times later than the wanted signal with the wanted

signal.



comuni cation systemthis delay spread causes intersynbol ' I nterference,

thereby limting the maxi num synbol rate of a digital multipath
channel. In particular, the main 30 delay spread is defined to [err]

wher e: WO 9921318V\0 99/ 21318 PCT/EP98/06619
PCT/ EP98/ 06619 : 31 5 D(t) is the
del ay probability density function é%r] and the typical exanples

are 5 Expondhte @bovep first and second ordear models tniber msed 15

Here, in case the nobile_uni 0 Wt h.the di spersi o .
phenomenony %&. he g ﬁ@ﬁgap®b2§%cﬁﬁégéfgﬁﬁ 55E1§g1ﬁhfqgﬁﬁgéeﬁns%ﬁ§ this
fact may amabA 1Re el f anaet bedn dedeOribedir #RIF HliNwvaPRar abks viD

t hrough t he acknow edgenent nessage so-as to achieve a reassignnent 20

at the trahbfoymadniandenf hea Wakiky 18E bher gzaddo chanrelr sdgeady
in the mobile unit so that the acknowledgement

10 retransmitted from the mobile unit 14 to the transmission
apparatus 10 may provide information about the kind of
disturbance on the radio channel, if any. Thus, in the
case of a disturbance the transmission apparatus 10 may
immediately react to the existing transmission conditions

15 avoiding unnecessary retransmission attempts.

Further, while in the above the present invention has
been described in a general way with respect to the
different fading phenomena that may arise in a wireless

20 communication systems, in the following specific examples
of such a wireless communication systems and the

application of the invention thereto will be described.

The first example is related to the_standardization of
25 the GSM General Packet Radio Service GPRS according to
the European Telecommunication Standards Institute ETSI.
GPRS is a new GSM service that provides actual packet
radio access for mobile GSM users. According to the GPRS
system radio resources are reserved only when there is
30 something to send, and the same radio resource is shared
by all mobile units in a cell providing effective use of
the scarce resources. GPRS facilitates a variety of
application,'such as telemetry, train control systems,
interactive data access, charging systems, and internet

35 Dbrowsing using world wide web.



A typical exanple for such a case would be the GSM system where the net
bit rate over the air interface is 270 25 Kkilobit per second leading to a
bit time of 3.7 m croseconds. Thus, one bit corresponds to 1.1

Kil ometer WO9H3i%hat in case there is a reflection from one PGIVERYB06619_
behind the nobile unit, the reflected ﬁ%gpal w |l have a 2 kil oneter

| onger path _than the direct one. This mgéans 30 that the refl ected signal
will i a SCHTI2E¥nbPnERE CGAFCULtpPvitrRe &SPhmatwonk, t Bhevopexhsignal

wth the wa | ' .
BCT/ EPO8/ O6%?S%PRS $5988hpted to offea\f\oc%%%%?ﬁ%rpt%% apshandand daka
second or denerpaeatls ©sihg psedocols osutheassTiOmtimrand Hi bier ept f adi ng

henonena in the nobi | e uni av een described. This allows to derive

Pnformﬂionpégaﬁﬁy%ﬁﬁri%beopﬂéhgkeékgacﬁﬁﬁﬁ&tgﬂrQﬁﬁ@ network he nobile

unit so tha&ntf&%mé%eeggm%d%égtﬁawS%hhg%fchﬂ“ ép@mgﬁ 5 S fnd!
e I ntorna 0] he g

to the transm ssion apparatus 10 nay provi rona i nd
of @ st aobgeps: opf t mebiddity ctermgement mmpt Bwisadaptéhe case of a
di sturbance the transm ssion apparatus 10 may i medi ately react to the

exi sting transm ssion conditions 15 avoi di ng unnecessary retransm ssion

attenpts. As showrd hen, Fgil e2in tihe ebrYephbReR! €38Nt HYeL c%?é
been described_in a genera may'wﬁth respec? toethe n%??fg%gﬁg adi ng
phenorena t h@Plementedecargordiite e sthe possenitcdniventsisheproviinid he

fol | owi £ | h i r el i cat | t
Lo Ched “BESIL SKAIPLES rrom Ine AL ToE S TR M BpER ke
The first egeREl edisiielahed 1a.t Musd AneRe dhdakisoR OHAbr& fes GV Grner al

Packet Radi o Service GPRS according to t he European Tel econmuni cati on
St andar ds | #5€irt §-& ETPublic pphyqrk 5l aver GSMEswavie padkagpsoliPdesnd

actual packet rnagi o S r-fggﬂ rs. _According.to GPRS
system radi%'?géouArlg%%' a‘?%ﬁgeggrg\%é onI%&ﬁ%#%§P§ i IT'Gs8 _t{qe H}_:%S
services. :

20 In the GPRS protocol layering the physical radio
interface consists of a flexible number of TDMA time
slots, i.e. from 1 to 8, and thus provides a raw data
rate of almost 200 kbit/s. A media access control MAC
utilizes the resources of the physical radio interface

25 and provides a service to the GPRS logical link control
protocol LLC between the mobile unit 14 MS and the:

serving GPRS support node.

The most important features that are offered by the

30 logical 1link control protocol LLC are the support of
point-to-multipoint addressing and the control of data
frame retransmission being a prerequisite for the present

invention, as outlined above.

35 In particular, LLC data frames contain fields for control

and addressing, respectively. Usually, only a protocol



30 sonething to send, and the sane radi o resource is shared by al

nmobile units in a cell providing effective use of the scarce resources.
GPRS facilitates a variety of application, such as telenetry, train
control swgbbBi31s interactive data access, chargi ng syst aigvemees1o

I nternet 35 browsing using world w de web. WD 99/ 21318

. PCT/ EP98/ 06619 :3@4 33 5 Contrary to the

ci rcui t 5swiidénEhitieet Whirdd,d témdopheatdata fieldf aERRSnicY watkadt Betb0a0f f er
connection to a_standard data net wor k, usi ng protocals such as TCP/IP

and X. 25. I|§ingle BAG ifxame. TRéspfatd iRl JAr¥nceasEsts ofineiRt-

I nfrastructyyte j@nito S Chi I agh ept of
mobility na% %g%{i: st be adgg?egk%%a fﬂ%@%ﬁﬁﬁﬁ%}gg q‘iéc,?:[?he GPRS
packet ori emedpendentemechan e trentesthemmye dibffeoenite neteserk layertion

provi de a bearer service fromthe bqundary of . a data network to a 15
GPRS mobi | PXRFPCOL GRKA URHeS (CUPE HOMHAr - RRIDEC LNk copneckigns

publ i ¢ 10et wark baygl FRISIENCRaEYAEsE ihidkhet efofRecilishy (FEFS specific

applications w t he GPRS servi ces. pr ot ocol

| ayering t HBopbgsLEIE .radi o interface consists of a flexible nunber of
TDVA time slots, i.e. from1l to 8, and thus provides a raw data
rate of al nost 200 kbit/s. A nedia access control MAC utilizes the

resources afsifig phvSistHudBte £8keubree AandddoRtDYhAS abSAL Vi 68et 0 the
GPRS | ogical link control protocol LLC between the nobile unit 14 M5

aﬂd t he fo%etbeggamgmhﬂwm ia@df}. GPRS momélﬂn@@mnt?éqmon eat ures
3 ' ' L
SupportSor SYSEem kst Hhe houtihdbr WBELHUINR R FO7 80 ont s iropy Te

suppor poi nt- to- poi ressi-ng an
frame retransit ssaon Thdisn@rofl@neqehsbee dioridé® phesekhe twd nvention, as
outl i ned a%%@%lems, data packet routing and mobility management.
Accordingly, the inventive retransmission scheme outlined
above is applied to these routing tasks as follows:
20 _
In particular, as shown in Fig. 12 with the GPRS wireless
communication system the intra operator structure
consists of support'nodes, that is the GPRS gateway
support nodes GGSN and the GPRS serving support node
25 SGSN. The main function of the GPRS gateway support node
GGSN involves the interaction with the external data
network. The GGSN already mentioned above updates the
location directory using routing information supplied by
the GPRS serving support nodes SGSN about the mobile
30 stations path and further routes the external data
network protocol packet encapsulated according to the
GPRS standard to the GPRS serving support node SGSN

currently serving the MS.

35 As shown in Fig. 13, the main functions of the GPRS

serving support node SGSN are to detect new GPRS mobile



35 In particular, LLC data frames contain fields for control and
addressing, respectively. Usually, only a protocol WO 99/ 21318
PCT/ EP98/ 06619 5 identifier field and the data field are ljwrf??ﬂignt 0 a
single LLOV@PHEBIBThis data field may consist of point- {0~ POl -
protocol PPP data frames providing a 3% a- I ndependent nechanismto

exchangg different ,n Lk, | : to nj \ :
poi nt - t(§;- pé‘HﬁE% %ﬁ gfr)]\rll\ﬁ'eéc%t i%ﬁ‘;]lﬁe g%rg%ﬁe% lg%% }éhlgh%b%]f%%e?%t 8lf'net
engi neer i Nnrd@bsterinkottd d BIFRS mobilesing thel étM8ctivr eHeorGPREa franes

outlined above, one of the naiz prohl ens_in a GPRS nDbi|f comruni cati on
15 syst em iZFHBLEESri ARGt QY FNPLERERS /I icAn PACKRSS 1Yo/ frompther 4.

This probl eipgangecd igdeqiddo the BiRks gerolh CHRpRUAa HAEkeEaERU I N
and nobi | ity nmanagement . Accordi ngly, the 1nventi retransm ssion
schene out lkewss a reoore icf apploedtion leSechouEPRE madidd esudbt| avs: 20

In particular, as_ shown in Fig, 12 with hpe %ig%%wﬁreLess conmmuni cati on
syst em®he MhtiRsdger dt& Ssecrr‘g'c(f%r%rea' Ty ofFegefF6% #JRs2StRat is
the GPRS g%ﬂ@)/baﬁﬁn%‘f%?tprdhmgeéh%@s@ﬁ%ﬁﬁ? SERGi agf %yﬁéf@@ggemde

25 SGSN. The nain ction of the GPRS gateway support “no
i nvol ves t 863Nt eanctearive t(whetkerxaenea GRR3 mobihet wmmik Ihem&ESN

al ready nentioned ab updat es_i he | ocation directory using routing
infornatioﬁ“§pr€b8d%§§S néﬁ%ﬁf%;FS serving support nodes SGSN about the

nobil e 30 stations path and further routes the external data net wor k

protocol packet encapsul ated according to_the GPRS standard to the GPRS
servi n§5sugpprshewteisGaig. 1Zurvihbip $&he/iGRRS Heopkle communication

system three different routing schemes and thus three
possible applications for the present invention exist:
mobile-originated (path 1), mobile-terminated when the
GPRS mobile unit 14 is in its home network (path 2), and '

20 mobile-terminated when the GPRS mobile unit 14 has roamed
to another GPRS network (path 3).

According to the example shown in Fig. 13, the GPRS
network consists of multiple GPRS gateway support nodes
25 GSN and an inter—operator.backbone network. This intra-
operator backbone network connects the support nodes of
one operator using operator-specific network protocols
that can be different for each operator. Using these
inter-networking capabilities, the GPRS gateway support
30 node GGSN may be connected to data network and also to an
inter-operator backbone network that connects the GPRS
networks of different operators using one standaid

protocol.

35 The main benefit of this architecture is its flexibility,

scaleability and inter-operability, i;e. each operator



35 As shown in Fig. 13, the main functions of the GPRS serving support

node SGSN are to detect new GPRS nobile WO 99/ 21318
PCT/ EP98/ 06619 35 5 units 14 in its service
area, to hawoberi3sg process of regi stering this GPRS nobirca/rrsiss184 NS
in the GPRS registers, and to sengé ecei ve data packets to/fromthe

%b ort node SGSN keeps a record

GPRS units 14. Also, the GPRS.serying
of a locdti SRBIIMALeTPRS MRbiindividual paokbaneiretverksasiing amga. The

GPRS regi st S . el d 1sGh, t RS _servin

suppor t nod_?r@&g%%gN %grnf 1855 %%?ﬁgﬁgg] Sﬂﬁ%@%ﬁ&@%ﬂiqpﬁﬁamgs
join the GCPREeneimpl &mentsl Asisipvwonliy Bng ckimmon thtrotbhel1GPRRI@bI | e
communi cati gn ' %%sten1three different routing schenmes and thus three

possi bl e apptSETORETRSPL IRF Preeht 1P nFoRNES T irkess due to the
mobi | e-ori gi (B2t Rnb) «JHRH6; to1 gl naned dhen ddign packBRRTDI | e unit

14 is in its hone network (path 2), an "20 nobi I'e-term nat e en the GPRS
mobi | e 10i t pbtasol opreposed ty EDSher FGRRBenst vin kegpat thd) present
According to the exaggle shown in Fj network cqnsists of

._13..th RS . .CQNs;
mil tiple GPREFARYE §&8§0FFH§R§%?§SaééNt&é§ Y ARPL L6 Fedd akikkbbKe
network. Thighd ffectiveORRAldH m@kéeaau&@éfso&&w%@eﬁhgrb%éupport

nodes of one operator using operator-specific retwor rotocol s

that can becgifsficienablyr each operator. Using these i nt er - net wor ki ng
capabilities, the GPRS gateway support 30 node GGSN may be connected to
data network and also to an I nt er--operat or backbone network that

connect 55 t hasGifown ifneFwerkanf fidhetRBt seRIAH ISt USF NEheneiatiandard
pr ot ocol . 35 The main benefit of this architecture is its flexibility,
scal eabi | i t PewPTat cERBpEFRS MafWork ereggipleseratptbnetwork of a

data network. For example, in the internet, the GPRS
gateway support node GGSN acts like an IP-router, behind
which the entire GPRS network is hidden. Thus, the

20 routing mechanism in the data network is exactly the same

as with the normal internet receiver case.

According to the first example of data routing shown in
'Fig. 13 and being related to path 1, the GPRS mobile unit

25 14 sends a data packet, i.e. a public switched public
data network PSPDN packet data unit PDU to a data
network. The PSPDN PDU data packet is sent using the LLC
protocol over the air interface to the GPRS serving
support node SGSN currently serving the GPRS mobile unit

30 15. In case the GPRS serving support nodes SGSN has
received the data packet error~free) it encapsulates the
PSPDN PDU data packet into the GPRS backbone network data
packet that is sent to the GPRS gateway support node GGSN
handling the traffic from the GPRS mobile unit 14 to data

35 networks. The GPRS gateway support nodes GGSN decapsulate
the PSPDN PDU data packet and forwards it to the



WD 99/ 21318 PCT/ EP98/ 06619 5 may

I npl ement an individual backbone network using any protocol, while

comuni cations with other GPRS operators are inplemented_using only one

conmon pr OWEEes213hi s i nter-operator protocol is connect?SW@gggmﬁ%é to

t he nature of the traffic, e.g., IPy§éEs mai n backbone 10 prot ocol

proposed by ETSI. Further, in case tEe ent .retransm ssion schene is
an

additioﬁ%lI?Rﬂﬁﬂ?%%?F@lﬁ%&QiQ%ﬁwor @xﬁh?elﬂgsn Ve resources may
be 1 Mpr oved ret 20t 085 Yoherd® ABYSBANAITY B4 agBLibORd hs! gpRgol nt

of the data e GPRS netWwor K resenbl es ‘a subnet wor

dat a net wor serRame@xanppert made SGENr amd tlhe GPRS gategaiewuwpRopport
node GGSN acts_|ike an | P-router, £ehind whi ch the entire GPRS network
i s hidden. TO#e GREN20TESRSTg- et ani smin the data network i s exactly

t he sane as with the normal internet receiver case. According to
the first exanple of data routing shown in Fig. 13 and being related to
path 1,10 he FERRG tivbe| examiple5iti4capnbe sakn dhatkthe dinyventiomlmay
swi tched public .data networ k PSPDN

SR 580

network. ThOeP fﬁﬁﬁ%%§lyg 5% gﬁﬁé%ﬁ?ﬂgahéﬁgué&é;ikg@%? over

the air intefacerép bie tFRRPSEDNI PDU datdRatkeBOPetHESN aiHg apbkRy
serving the GPRS nobile unit 30 15. In case the GPRS serV|n8]sup ort nodes

SGSN has  mateides verdithd dand phleredaser aretwerk, i thakcdigs e PR
Lo R bl M e RS SAOLY b RBALEI bR
the GPREs mokiHe puibbid4nio it 86 thbwddka rewéPRS Betewriirsyippor theodes
GOSN decapsyl ol e tion sach ar enssSbaiRa ey Lo  B2LI%Ad Jleple
outlined above so as to detect an errorless data
transmission and switch to another transfer path at a
transmission error is detected.
20
As shown iﬁ Fig. 13, a second example for the application
of the invention is related to path 2 where a host in a
data network is sending a PSPDN PDU data packet to the
GPRS mobile unit 14 located in the home GPRS network.
25 Here, compared to the first example outlined above, the
PSPDN PDU data packet is routed in reverse direction
using the routing mechanisms in the data network until
the PSPDN PDU data pécket arrives at the GPRS gateway
support node GGSN. In the GPRS gateway support node the
30 PSPDN address of the GPRS mobile unit 14 is extracted and
the current location of the GPRS mobile unit 14 is
mapped. Then, routing of_the'PSPDN PDU data packet in the

home GPRS network is carried out.

35 In particular, the PSPDN PDU data packet is first

encapsulated into a backbone network and then sent to the



WD 99/ 21318 PCT/ EP98/ 06619 5
appropriate data network. Thus, the inventive retransm ssi on schenme may
equal ly be applied to the GPRS serving support node SGSN and the GPRS
gat eway SuRpphizig Nnode GGSN, respectively. 10 From thi spceprepgsiogsiol can
be seen that the invention may be appl4ed to successive transm ssion
units during the transfer of the PSP PDU dat a packet between the GPRS
mobi | e 8ni t GPRSasetingasappentomqde BESNscuiee@PRY servingi hhes BBRS t

de, the GPRS_gatewa d d 15 .th i vi it_of the dat
networ k. ACRBPAARy oLt bt OF [RURIEN BUENLBY CFaSe (TG SRRy out

the steps gchehld IddapPoVapEA ids o deh et caBesr HAMESSLK@t BPRS
transm ssion and swfch to anot her transfgr ath at a transm ssi on
error i s deserwdahg 20upporbsnon@sn SGSKi §inaldlyaresesias cidagpbackbonene

G2t a not worRerwoddndt o B BoiaRerl ot B e B P e B Rl I "

14 | ocafged ]%a_ack@t hiosres ERRSt Betth IGPRS mbbite coirared doingether st

exanpl e outTined above, the PSPDN PDU data packet is routed in reverse
directi on MACYRLGY enelbEuPregofcthas seatlanele a®aVe net work unti |
t he PSPDN PDU dat a packet arrives at the GPRS gat eway support node

GGSN. I n the GPRS gateway support node the 30 PSPDN address of the GPRS
nobi | e uni tThé NasAxtéevshpleastiown imeFiglr a8t redettdsortofpath GPRRdDI | €

unit 14 is mapped.  Then, roquting of tge SPDN PDU dat.a packet in _the
home GPRS ndSweAmQst chAenEdcadt to epamphesd,t foneyer + hepaspbRepGyRfit a

packet {55 Thbglile wEl€aPEUhabeddaidu 3H35HBRRARERIE IndtiloEROErRPiNd ©
: home GPRS network must send the PSPDN PDU data packet

over the inter-operator backbone network to the visited
GPRS network. Thus, according to this example there is
involved an additional GPRS gatéway support node to

20 provide the data packet to the roaming GPRS mobile unit
14. Then, the visited GPRS network routes the PSPDN PDU
data packet further to the appropriate GPRS serving
support node, as outlined above with respect to the
second example.

25
Further, packet transmission with retransmission
according to the invention does not only take place with
respect to data transfer according to the examples 1 to 3
illustrated in Fig. 13, but also with respect to GPRS

30 mobility management.

Here, it should be noted that data packets are
transmitted between a GPRS mobile station MS and the GPRS
network only in case the GPRS mobile station MS is in the

35 active state. In this active state, the GPRS serving
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serving support node SGSN currently serving the GPRS nmobile unit 14. O
course, the inventive transni ssion schenme equally applies to this case.
Here, the GPAR9921318servi ng support nodes SGSN final ly renovesPQIEPISH6620NE
network related data and the ori gi nal PDU data 10 packet is sent to
the GPRS nobile unit 14 using the or LLC_praqtocol as outlined
above. 3 QQEQWﬁXS§qQ&9RFén%ﬂﬁmﬁG§NI#QPWiStPEISFéé1%9?%&%08 afidthe js
al most i dentd ﬁé E%B%E ver, here the GPRS 15 nobile unit 14 has
roanmed to another netmork and the home GPRS network nust send the
PSPDN PDU dat a packet over the inter-operator backbone network to the

. visited t k. Th ' to t le th
vl ved an HRRFEEgHE, GARSTAE chhs CHBPOASTOURS: SUBH oV odSt RESHat a
packel. 10 {1i6,081vp0 GRS JTbhts plicket tdda EBAS. midh 1 S¢863 CRRs

network route PSPDN PDU data packet further to t e appropriate
GPRS seil0i ngoeingsippdihe ram;dlag statienedthabevEPREt mobddpecd t abibheMs

second exanple., 2 Fu a smssion with retransm ssion
according t dV¢HE gﬁv&"f‘tq c% tgﬁgnl#@k%eﬁVégg frpport n é%egﬁspo
data transfefngReotHeNGfk iy £xaaplies which 3the GPkBUﬁdlﬂf@ hRiEl 84 13,
but also with respect to GPRS 30 nobility nmanagenent. Here, it shoul d

be noted t hats dhoaapackettharrackett pagima (@At pepacketa iGPREMDbEDethis

75 the adogtioe eegas, ARERATEEBIAL 8 aBeRa R dpfe O ®
WD 99/ 21818 package, the GPRS mobile station IW@TQE%&/ Q&ﬁswcell

39 5 gatewa port node SGSN knows the cell |ocation of the GPRS
nobi l e stati qgaon to the GPRS serv1ng support node SGSN to

establish the active state.

According to the invention, in case the. transmission of

20 the packet paging data packet is not successfﬁl, the
mechanisms for retransmission outlined above may be used
either to retransmit the packet paging data packet or to
reassign the transmission channel to another GPRS mobile
station MS.

25
Also data packet transmission to an active GPRS mobile
unit 14 is initiated by a packet paging data packet.
Here, the data packet t:ansmission according to the
present invention proceeds immediately after packet

30 paging through the channel indicated by the packet paging
message. The purpose of the packet paging message is to
simplify the process of receiving data packets since the
GPRS mobile station MS must only listen to packet paging
mességes'instead of all data packets in all channels.

35



Therefore, in case the GPRS serving support node SGSN wants to send a
data packet to a GPRS nobile station M5 10 being in the standby state, this
GPRS nobile station M nmust be paged. Since the GPRS serving support
node SGSN wooolh9M4s the routing area in which the GPRS nobi | cT/EPIs/ih619.

I's located, the packet paging data pacK%g)is sent to this routing area.
After receiving the packet paging data package, the GPRS nobile station
M5 gives itcontidary toothatenimno dawe CHRS 6BRSI npbsimoutitolid B&GSNA o
establish the active sta

. di to th t LN th
transni ssi of2&# ﬂ?‘f]ﬁ%tp’télgkgﬁ f&ggﬁl}ﬁﬁﬁﬁgaé‘%&@%'%f r}é‘lﬁgggsig&ﬁ‘aste he ©
mechani sns Eﬁ%nh% a\§ thEEHER, 0Wld ilesk abRYESBRUERY 1t ver srt kel tO

retransmt the pac et paging dat a packet or to reassign the
transm ssi oGPRﬁammmmaawneapmmu receivest Aherdatza packet -Al so

dat a packet ansm ct.i ve R bil_e it. 14 | t|at ed
by a'packet pgﬁﬁgpei is I—%ﬁ %ingydgt Elﬂﬁ%aljg][t¥r3ﬁs

accor diyig tﬂob'i@le st&tﬁéﬁnMSI AvRNti 6 Rsecesda 1l vrRi et eﬂ;y afbaéepacket 30
pagi ng t hrough the channel indicated by the packet pagin nmessage. The

purpose of shatjmrkesupayshgmnBSSadd ithe orelatsedn@SM yneibler ocess of
recei vi ng data acket ﬁﬁ”&?sftﬁ?n He I%’Rscﬁrgbb:? Fn%éga‘ta pacgy?énowsy

listen to p MESSdgées | nst al

channel s. 3ge uests usevﬁf9ﬁh31&§3llnk channel through a packet
PCT/EP98/06619 40 Contrary to that, in case
t he GPRS noﬁﬁﬂ@qmn%CQQsﬁa@eﬁsage(kﬁnﬁrﬁﬁiﬁtsFét&Qﬁr%HQﬁN%F%E- BSScess to

the up {4 nky c%h?é@ean'ﬁnﬂ@@ﬁe‘éha%ﬁu%fa{otﬁﬁes%gﬂ%r/n{cﬁ‘}ﬂr%eétﬁh%eMs

GPRS transnlsS|on apparatus receives the data packe is up I'rnk
channel is ahar edrids aa ppackett poofes@PRErd0t nmbskagst diri arepByand ithe use

is allocated b& a base
packet random access message.

Therefore, according to the present invention the

20 retransmission scheme provided to improve radio resources
may also be used within the GSM communication system,
e.g., any base station subsystem BSS being provided
therein, to enhance the resource utilization of a GPRS
network relying on the infrastructure thereof.

25 _
Another case of data transfer between a GPRS mobile unit
14 and different network nodes according to the invention
and being related to GPRS mobility management is the
execution of the GPRS log on procedure when the GPRS

30 mobile station MS is switched on, as shown in Fig. 14.
The main objective of this Iog on procedure is to send
the PSPDN address of the GPRS mobile station MS to the
GPRS network, to report on the current whereabouts of the
GPRS mobile station MS, create entries for the assigned

35 PSPDN address in the routing table of the GPRS gateway



station subsystem BSS in the related GSM nobil e conmuni cation system
Here, the GPRS nobile station M5 requests use of the up |link channel

t hrough a packet random access nmessage. The base station subsystem BSS
15 al | ocat ¥08K21l@sed channel to the GPRS nobile station M5 PCT/ER¥66Knds
a packet access grant nessage in reply t@“the packet random access

: Ther ef di .Q .t.h t i, ti t he 20
ot anei ssi BIPERR ST | 8FEmirtve T 50| ShrEeimaend Stakyskissbe
used W t hi n 4h6cE&8MrexMe tenvelst.em e.g., any base station

subsyst em BSS bei ng provide therein, to enhance the resource
utilization of a GPRS network relying on the infrastructure thereof. 25

Anot her cas f ' fe a ile unit 14 and

di ff erent n‘;%ggkgggla%i’coé%?‘ﬁ%gfgﬂtehﬁﬁeg&&ﬁn PLOGRAYES niSEBG P t o
GPRS nobi | i tinvenagerse et sanditissiopxewlidme Bhet hen®RRSE |9 LRePr ocedur e
when the GPRS 30 npbile station M5 is sw tched on, as shown in Fig. 14.

The nai A0objlergivaloftiftk Letieen bhec &R RS mebidesspation (M@ #spDRhe

dd ft ' ' t . k., t
flher gﬁfr gnt évﬁﬂeérfg g@?do%ﬁgfenn@ﬁs%%%ﬁjés s?gflggrjig'%@f&%r%%{'rggg & eson

for the assiGSMdsB8anBSANYradiedscatetheormtitohgchahhelofspdey GPRS gat eway
WO 99/ 21318 PCT/ EP98/ 0661t

41 5 suppori@FeHeTccBNrinf FoRtexte eShaRiiRhmeRt sthei GRS Imobile
procedures, Jdespeshi vl % : ' , ' o]
pr ocedur e ussir ng tﬁ% s Ylisnvaeh}]?il?/ﬂéﬂ%gtarﬁgr?gtn%r?si%%%Egﬁéh?ha?%%%gg? (%fret he
10 | ogi tal lexthaegedebetheadPRhep6FPRE staktiilsm Whiand 4t IBPRS s&PREnger vi ng

Control chamtEEeBboRogs Sosie rHEL degl R rat o £s b ubanRntor RBeaPRs
Dechenged biesrdeErey SUEINE RS 450 HaeIun BOARG e end
GPRS mobile station MS is updated. Here, the GPRS gateway
support node GGSN may inform a previous GPRS serving
20 support node SGSN to remove the GPRS mobile station MS
from the previous registers. In case the GPRS log on
procedure is succéssful, the GPRS mobile station enters
the standby state. Finally, the GPRS.mobile station MS
can exit the GPRS service by_initiaiing the GPRS log off

25 process.

Another data packet signalling process.with packet
retransmiésion according to the invention is shown in
Fig. 15 and is related to the GPRS routing updating

30 process, in particular for an inter-SGSN routing area. As
shown in Fig. 15, a cell based routing updating procedure
is invoked when an active GPRS mobile unit 14 enters a
new cell. In this case the GPRS mobile unit 14 sends a
short message data packet containing information about

35 its move, i.e. the identity of the GPRS mobile unit 14

and its new location. The short message data packet is



support node SGSN. This registration is forwarded to the GPRS gat eway
support node in which the |ocation of the GPRS nobile station M5 is
updat ed. Here, the GPRS gateway support node GGSN may inform a previous
GPRS ser Vi 4 sr13fgipport node SGSN to renove the GPRS nobi | epgtabosisssidd
fromthe previous registers. In case t GPRS | og on procedure is
successful, the GPRS nobile station ent t he standby state. Finally,
the GPR® mobrrasfierred keroughc FPRStransmésmsrerchamnéysi tict iats ng t he

GPRS | og of a signalling process with
packet E ?§%nsn155|onsgggéngmyﬁéﬁﬁfﬁ 58 ﬁkﬁ%h IS shown in Fi g.

15 and is related to the GPRS routing updatlng 30 process, in particular
for an inter-SGSN routing area. As shown in Fig. 15, a cell based
routing updgppﬁglﬂ¥xﬁﬁHr€e easidy fRRRJItHAENthe RneseniGPRSvenhilon Wi t
14 enters a t bi|e unit 14 sends a
short nessasgaga g”%%% et tgﬁ?gﬁ%éﬁ?ﬁmfggagﬁlon lﬁs%ﬁP£ PECHOFEC i .

t he mdﬂmy:mmms epbore s teagily aaaptauoaen@aé@caéleﬁlsm%s?éﬁort

nmessage dat a_packet 99/ 21318 i
PCT/ EP98/ 06829P2 ?Feﬁ@*%??%g ORtA e apeEetr anshilssicase Hel@el s to its

current CPRErSAbWiNG SUPPDS nBedexdeited succelB¥hiill (A0 Gpggasi |y seen
that the present i nventi on of reassigning a transm Ssion C annel in

case of spe%ervcng)aupp@ntssoda G Jnay switkh adaptmbridel serv@ce s
case a or.i transfer a in case the transm ssion
i s not exedﬁ? gkgﬁ Qﬂﬁ%?jgghél atlo%QQ%lﬁBagéﬁﬁbﬂﬂlﬁﬁﬁ% SECNLREy

swi tch 150 papehde services to anot her GPRS nobile station M5s roaming in
its serving 15 area. As shown in Fig. 15, in case a GPRS nobile unit
14 noves

As shown in Fig. 15, in case a GPRS mobile unit 14 moves
from one routing area to another in the service area of
one GPRS serving support node SGSN, it must again perforﬁ
20 a routing update as shown in Fig. 15a. In case the-
information is transmitted successfully and the updated
procedure is finished, there is initiated another data

packet transfer for a corresponding response message.

25 Finally, the inter-SGSN routing update shown in Fig. 15b
is the most complicated of the three different routing
updates. Here, the GPRS mobile station MS changes from
one SGSN area to another and it must establish a new
connection to a new GPRS serving support node SGSN. As

30 shown in Fig. 15b, this means creating a new logical link
context between the GPRS mobile station MS and the new
GPRS serving support node SGSN, as well as informing the
GPRS gateway support node GGSN about the new location of
the GPRS mobile station MS. Here, too, short message data

35 packets may be transmitted using the inventive

retransmission scheme.



fromone routing area to another in the service area of one GPRS
serving support node SGSN, it nust again perform20 a routing update as
shown in Fig. 15a. In case the information is transmtted successfully
and the up¥@8H21318 procedure is finished, there is initiateddAROREIRat a
packet transfer for a correspondi ng response nessage. 25 Finally, the
inter-S@§N routing update shown in FigLLﬁag Is the nost conplicated of
the three different routing updat est re, the GPRS nobile station M
changes froms carprise SESNnafaan ola@oabereandddomdiatg et balhies hrarererd on

connection to a new GPRS servi S ort node SGSN. As 30 shown in Fig.
15b, this r'réargsf%%'éa‘t’?ﬁ&e&yn&ﬁn %ﬂfg‘?u’ggF %Fﬁk‘sms%&ﬂe&@ﬁéﬁm 3%k GPRS

mobi | e stat CAEMRANGENGi L thETEPRECHUL AN L 10URSTIM s G5 V! |

as informng gat eway support node GGSN about the new | ocation

of the GERS mpbcketstiati dm MEséleie, isodetsiulied netsagtedhtth®ugh a
ey o Sy 2peated L bR Y IbA S THEHAS magieh  RTHes S 3T SSEE™

43 As capmdi sEEPrhhamihe ¥ VereannaiLdidid Ml ok NYBRYEIN timed, |
great variety of packet transm ssion processes are carriéd out wWithin

t he GPRS nethe Kinventiveh&PRSs cotmanicatdgm syalien assumescddwt tthe

detected, treated.through a 10 re ted_transmn ssio f,the.data packet.
Also, in cagé'Sturk?Wégg r8t Fé_r‘r‘ssrﬁcgﬁg%hseé?é’u sﬁc‘%@%ﬁu}aﬁgfqunger times,
the inventiyve RS §99BHNLEROODSYSt BOhgesuTeSs iRy £8€ing edifead bance is
caused by, e.g., a longer lasting transm ssion error or a |onger

| astingl¥ adi ng effect. 15 To give an exanple, if in the inventive GPRS

network a dat.a pack ot a 1t Qfr t] | _

| onger t han 120 gﬁt@et%é %ﬂ@ige%t’m{r)ﬁ Jaésgfr%ns&%ﬁ%ﬁﬁh%@ gﬂﬁ%u?%%@?%?a t he
transm ssi oda®ld @Wawket casnotDbeOtnéhbmieteritor 4 oflgeatian Heingason
for the disturbance IS ormal fading. Wthin the inventive

, e.g., log-
GPRS net@sdes hHehaengin m%ggttrl}%og? Rﬁonﬁ&“ﬁoéf kGssiamest shat the

duration of the transmission error will last 100

20 milliseconds or longer, as the reason for the disturbance
is, e.g.; log-normal fading.,Within the inventive GPRS
network the remaining time bf 80 ms is not used for
additional retransmission trials, but used to send data
packets of any kind to other GPRS mobile units which are

25 reachable. Here, the amount of data packets that may be
transmitted depends of coufse 6n the use of transmission

rate.

In addition, according to another preferred embodiment of
30 the present invention location specific data may be
transmitted through the mobile station 14 to the
transmission apparatus 10 shown in Fig. 1. In case the
mobile station MS roams in a region in which per se a
successful transmission may not be expected this

35 transmission may be interrupted without the repeated



addi tional retransmission trials, but used to send data packets of any
kind to other GPRS nobile units which are 25 reachable. Here, the anount of

data packets that may be transmtted depends of course on the use of

t ransm ssi awo 99/21318t €. I n addi tion, according to anot hecrmpesessied
enbodi mrent of 30 the present invention | lon specific data may be
transn1tted through the nobile station 14t the transm ssion apparatus

10 shown3i n #F:Hempts oredseon hehe bagdls I%f sthe i bocaBionamspeai ficegi on in
whi ch per se, ﬁgorggiﬂgggssful transm ssion may not be expected this 35

transm ssi on- errupted w thout the repeated WO 99/ 21318
PCT/ EP98/ 06619 44 5 attenpts only on the
basis of the |ocation speC|f|c i nf.or mati on. One such exanpl e
hereto is sHORMR GRER ExamRLke therpfo 1§ shovn asithowaspedt .o Biginls.
region with radio transn155|on to the GSM network the nobile station 14
recei ves | ocation specific information via a cell broadcast channel

CBCH, albrodugashownnhnomhqhaﬁhej BACH aregion witlddrhdes %ﬂ%ﬁ%ﬁfﬁé&bﬂn
identity code BS|IC fron1at | eqst. 15 one hase station sub- syst em BSS.

Therefore, i¥PtHRenEEM @etwork jkhenmebidiestatifen ptécreseivias mati on
bout th t t i t
ﬁe?\l/J\ork ?s avaj #El{)ﬁﬁ Sb%%ﬁ%rﬂﬁ thy&g P}elagta;tc?%jﬁfl\;gkgsgg:laﬁ%sr ecei ves

| ocati on clspmuel | cBiCm‘,orar&mmda‘:asm t:baﬂmﬂe cHatned BURHSYst ein BBS

1 covering th ea in ich it rpans.and. al.so nei ghbori ng base
station sgb§§h& Henpag qﬁ)§§§§%pn 1gent1ty coég BSIC fr%m at least

15 one base station sub-system BSS. Therefore, in the mobile
station 14 always the precise information about the
current location about the mobile station in the GSM

network is available.

20 Further, a mobile station MS usually receives location
specific information from the base station sub-system BBS
1 covering the area in which it roams and also from

neighboring base station sub-systems BSS 2 to BSS 5.

25 The location specific information may be used to estimate
the geographic position of the mobile system MS and also
to transmit the location specific information Eb the
transmission apparatus 10 shown in Fig. 1. According to
the example shown in Fig. 16, the a mobile station MS

30 roams in a cell 1 and it receives direct transmission
information from a base station sub-system BSS1. In
addition, the mobile station MS also receives
transmission information from neighboring cells 2 to 5
via related base station sub-systems BSS2 to BSSS5.

35



25 The location specific information may be used to estinmate t he

geogr aphic position of the nobile system Ms and al so to transmt the
| ocation specific information to the transm ssi on apparatus 10 shown in
Fig. 1. AcCWSW3ls o the exanpl e shown in Fig. 16, the aFfdfH 0%t on

M5 30 roams in acell 1 and it receivaggirect transm ssion

information from a base ati S SS . addjtion_.the
mobi | 6 S5 ot (GBIF \ERaTY e g veRe ggl?@%ﬁ‘g‘si%% 183t %r???’oﬁ%c
nei ghbori ng ;e dsmatiend is shownrehafFad .badse, sAesumiangulrisastens BSS2 to

BSS5. 35 WO 99/ 21318 .
PCT/ EP98/ 068ktiudrs efaridiec ¢oklehd & UIakSoh-8¢ PRodat ilorespecific

information i s shown_j [ syin ; lsatq o] he
cells 1 to 5rea?%e‘iy§7"e§.1§, %%%éﬁ E??reeg:%%}fél%{i&hgﬁd ﬁ#lﬁi‘t?\%%e Lrte

corr espondi 2 ongilt udespertivePly 2, the essimatedelyngtitmdstandt ed

| ongi tude and 10 | atitude of the_nobile station M5_.is 2 and 1.4,

respect 1Qel yatitudepsdothiengreiifi statdant M%) £fbddPRshtl 1he 1 ocati on

i nformation Jjs -1 r mtted to the transm ssion 15 apparatus 10 in

whi ch the1ﬁﬁ?§é§8?%g%g i'ssion quality is determ ned in advance in
conplience with the | ocation I nformati on. One exanple would be that the

nobi | e station M5 is mpving towards a tynnel] wherein transnj ssion
attenpts peARONAEPINSO FRISIRESEPEF <5 FUIRRIERBE! G05e L gehehal | y
avoi ded, 10 jqy@ Pmégxgboa% ithd PSEhALKBHIQYH to ARG NhsHIk4isR-

Further, as outline ove the present invention is not : restrigted_to a
GPRS nel$wor lapmarateg ddudl whipphythe fmridienTiransoisssi ongualstyi &S

system Therefore, . the present L nvention supports,the on-goi
evol ution o ?F%leneaoHQmﬂékg%f?e%§s§9§P T ?5&&r£§ﬁ£&§%@£?ﬁﬂ
support ifiPfoPhaRdband gnd td @b BeSiodlcE oanthhhie theOdei Bé | 8atiordf
cellul ar based radio access. Al so, according to the '
MS is moving towards a tunnel wherein transmission
attempts per se will not be successful and thus should be
20 generally avoided, to avoid any loss in transformation

capacity and time.

Further, as outlined above the present invention is not
restricted to a GPRS network, but may equally apply to an

25 ATM wireless communication system. Therefore, the present
invention supports the on-going evolution of the
worldwide wireless structure.towards increasing support
for broadband multimedia services and the proliferation
of cellular based radio access. Also, -according to the

30 invention there is considered effeétive usage of radio
resources for.the increased demand for broadband services
driven by the usage of on-line services, internet access,
worldwide web sites, wvideo on démand, and multimedia
archiving where ATM virtual connections are the basis for

35 the on-going developments.



30 invention there is considered effective usage of radio resour ces
for the increased denmand for broadband services driven by the usage of
on-line services, internet access, wor | dwi de web sites, video on _
demand, angygnydiigedi a archiving where ATM virtual connepétrgpss/aem_ t he
basis for 35 the on-goi ng devel opnent,s/ WD 99/ 21318

PCT/ EP98/ 06619 5 Fig. 17 shows a htgh-|evel Dblock diagramof a wireline
ATM net wor kFLgrmilng shhewsasi BigbrlavelrNPip ekl dée@gram cufmainwt aeldnesyst em

according t nt ] I QR. r the Rpii.pci pl e. conponents are
the ATM ada%?g{]?lgﬁ:r&gﬂl %’/gfrﬁﬁm?‘?lﬁ ﬁﬁ%ﬁcgprcaﬁcméfﬁ?%eﬁqM swi t ches,
10 transm sgbfuinitiss i@ ds geaema iR StoThBe preddit Sihéehtion.

concentrators and ATM swi tches contain snmoot hing buffers to tenporarily
store arri viggedattdie prpackels ComPQRenbs asei kived ARM|3daptatioad

because in se nt ac enerated by 15
active user]s“agle?cih\%gﬁ?'n Spg%% f‘é??ﬁ%utd’ﬁcgé%%?%égcgd F&Wﬁg’utChﬁﬁt put
sequentlifal | yransniirs Kiesie binksgwaheh caevedhl cmpaters pagkets may arrive
in parallel for the sane outgut, but are delivered to that output
sequenti al | §Lathgsical L£oncepprations And kM Avikehes eantrin packets
stored in s ' by a ﬁ§3¥g ' r.wld_rise d fall in
accordancea%]mﬂ?égg%ﬁzﬁf%gga%gcllg)eét gene% ogeéggt ea\#dr#sl.Vlﬂé %\gﬁﬁpi cal
exanpl e forpaaketpaditetts ¢cammshi beednitediatgly dediecr@dWecAIdedaha

packets. 5 Further,_the control conputers linmt the traffic
Pntensity oBENEaSE (W | FIRESREER £2ip3ChetS. genanated by

guar antjges 2EeifRi HNethrFovet Phs paga30e], buPl Lk WRIHERELYENEoSERY Ce.
a glven user must request a COHI’IQCtIOI’l to the Intended receiver an
t hen the 30CutPhEsiseausHtidl1¥r @il Lnatqasgptof oaf swdtahr,odevehabudhta

o asei gnedTokeEat Aot e £rE FReba x5 hdr tEBfes e dE Rt orbBhing
swi tches arergraeldedred i tthadsbutphitonfed@ent oHL1PY ahRACh ATY data
packet function of time the number of data packets stored in and
20 transmitted by any smoothing buffer will rise and fall in
accordance with end user data packet generation patterns.
A typical example for data packets transmitted that way

are 53 byte ATM data packets.

25 Further, the control computers limit the traffic
intensity on the various links.such that quality of
service QoS guarantees are maintained. For this reason,
prior to receiving service, a given user must request a
connection to the intended receiver and then the

30 admission controller will attempt to find a route through
the network. If such a route can be found, a virtual
connection number is assigned for that route and the
routing tables in the intervening switches are provided
with instructions for routing of each ATM data packet

35 Dbearing that virtual connection number within its cell



35 bearing that virtual connection nunber within its cell WO

99/21318 PCT/ EP98/ 06619

47 5 header. The user is then free to communicate over thi new

est abl i sheWOA¥H3HA connecti on. | p.addition, as shown ?’ﬁ’ﬁ?"@?’”@”-t he
AAL is responsible for converting aHdper's data packet nmessage into a

10 sequegﬁcepgfa M dgha paEhelsSs ameﬁofﬂe@w’%ﬂu&%fg%e .oaf@ﬁl atd](l)?gkets
into conpl et’e messages. Here, a nessage nay e an I ndividual data
packet, cnpnetatespablishped orixtual conniemidien bit stream e.g., voice or

vi deo. 15 Contrary to the packet switched GPRS wrel ess

comuni cation system where each connection enjoys an on demand access
to the 1 eSORCERALELORET AOTsHA in FEGINACH e AdE MMWJRBoR1o
conmuni cati on systemis a virtual connection oriented networ ere

resour ces afex2Gcomveatingned usenhs edaltaspackedsimes bager dtey aar e

tatistjcally shared tipl L Overall ATM
el es Wh vECEANGE: AEVATH, dand d5afBRtS Sl %ox  ters SRAbL ivig dum
connect i ons ghtzp pAeREeBIeRY ompratacallse el PSHed8S ¥i idsdage may

connections sharing a- _common or virtual path VP are called viTtual
channel s. be H®re Mpdivadugl idata tpacket,ccam. slattd arvimbige, or a

adm ssion palicy. since it.decQq es_a_l arge.job into. i ndependent sets
of mich smafPREEQES B4t SETRE CRAgr A FOFCELET (YA v r ol ess
conmmuni cati on systemis strongly related to the elenents of an ATM
network as shown i-n Fig. 17. In particular, three issues nmust be

addr essléd - t GoataR Y ahoAthenPaG kel sUikTheCaGERS Isirelassk.

communication system where each connection enjoys an on

demand access to the resources reserved for that

connection, the ATM wireless communication system is a

virtual connection oriented network where resources are
20 not assigned on an exclusive basis, but rather are

statistically shared among multipie connections.

Overall, an ATM relies on virtual path VP to segregate
the collection of virtual connections into independently
25 manageable groups. The virtual connections sharing a
common or virtual path VP are called virtual channels.
The VP concept is wvital for creation of a viable
admission policy since it decomposes a large job into
independent sets of much smaller tasks.
30 |
As shown in Fig. 18, the ATM wireless communication
system is strongly related to the elements of an ATM
network as shown in Fig. 17. In particuiar, three issues
must be addressed to enable an ATM wireless communication

35 network.



WD 99/ 21318 PCT/ EP98/ 06619 5 The first
I's the reduction or elimnation of the I mpai rnment of a radio |ink

bet ween the nobile unit and - the base station, as extensively discussed
above wi t hwoooismpect to Figs. 2 to 9. The second is the crPci/EP98/06619.

wi thin each cell of a high speed radio {annel t hat .can 10 be accessed on
demand by the base station_and each pobiie unit within this cell.

Final | y,5 anTée et 19t Agdithecaigductinnngire edididat kpmppés thige enpl oynent
of a large ggﬁg{ of, £310RI1:813 $¢ L gk aBe s | : eapacisty user.
15 As outli ﬁe a ](::)13((?31,“:afor%a}gcé)lrJJ ojb(_ggi%?kt Egtpreseﬁctm!f %@%%%nﬁﬁﬁ iagﬁ%n t he
handl i ng i Mg eans e - statien,adi® e¢xhenbétedgn discudeedoabbeeuniittland t he
base station. Wile slow.y vary#ng ﬁhadOM/fa E@g can be avai ded by
handl i ng a RESRCL tocEi@sct it P -t 0P8 &R 1S bher FREALdSN

shadowi ng, 20 {Rewh eLgRpf adhng J¥'% 01 6Ha8pRled Ul ¢! EREANEEPIEM can
I npai rnments that are nuch too dynamc to be treated by cel and of f.
Wil e the pbesedcéssed: ioan demmriddny deber base sfiaigi an 28ndeeachl mobile

d I pti f, ATM. wi r el, ' t it is,, i
adapt ed o S ¥ ERSH CRES CSL B B darmhi s T Or €y s FER o S eht | y
install ed. pand@npBEeake diibIes Ghe bapd dialdrid SEPERNET geamuidr

wi rel ess LAN conmuni cati on system above 10 GHz specified 30 for Europe by

t he Eur opeawfTeimzbheunicedilisoRrsl dplgasdsd highemsigapaeiEySperam$ext.so the 3
| SM bands open by the Federal Communi cati ons Comm ssion FCC in the

Uni ted States according to the 950 MHz band, the 2.4 GHz band, and

the 5.81453 pharglit I eABECEbYRIeY,. Fundher, faeosheyf Ihexeresenwoundrdit1de
1.9 GHz band opened by the FCC for = PCS operations.
is on the handling impairments of the radio link between
the mobile unit and the base station. While slowly
varying shadow fading can be avoided by handling a mobile
connection off to a cell site offering less shadowing,
20 Rayleigh fading and co-channel interference represent
impairments that are much too dynamic to be treated by

cell hand off.

While the present invention has been described using a

25. general description of an ATM wireless communication

~system, it is easily adapted to the different ATM

wireless communication systems currently installed.
Examples are the 5.2 GHz band called SUPERNET, an ATM
wireless LAN communication system above 10 GHz specified

30 for Europe by the European Telecommunication Standards
Institute ETSI, and also the 3 ISM bands open by the
Federal Communications Commission FCC in the United
States according to the 950 MHz band, the 2.4 GHz band,
and the 5.8 GHz band, respectively. Further, another

35 example would be the 1.9 GHz band opened by the FCC for

PCS operations.
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App! ThisSlicetrilas Been Replaced 75 239 q/q9/fr PCT/ EP98/ 06619

Tel ef onakti ebol aget L ﬁ 1) Cct ober 20, 1999
New Cl ai ns 1. Tra atus for a wireless conmuni cation
system cowWpriogi3ig: a) senqi and receiving neans (1P§TEBIQ6EH: i t

dat a packets to and fromat |le

one roam ng nobile uni t

via at | east one

: ' 8) to determ ne
iThig,. SMEET HAS BEEN {ecei vi ng. neans
bREPLACEDr i ed

(14) COEQeCted to the transm ssion app
radi o ckRannel, b) . transm ssion
whet her a transm ssion between the sen
(12) and the nobile unit (14) has ut successively,
characteri zed by c) transm ssio t nmeans (20)

adapt ed " to reassign a_transm ssign channel .to another .
Tobi | & uni t 1¢14) TRASTEHES {PAn SRPSE AR ORPE of HgTeLess Compyndcatdon

det erm nes an ergsggggﬁ t E6RPTH 8@k and a repeated transm ssion
of the data packet 1Is ! B eval'uated by the transm ssion nonitoring
means (18B). to be not successful. 2. Transni ssi on appar at us
according to claim1 charact.eri zed_i.n t hat the(&%ﬁnsnission channel

assi gnnent means®(20) SieRdifig 2Rd; LIS TRans to transmit

data packets to and from at least one roaming

mobile unit {14) connected to the transmission

apparatus via at least one radio channel,

15

| b) transmission monitoring means (18) to determine
whether a transmission between the sending and
receiving means (12) and the mobile unit (14)
has been carried out successively,

20
c) transmission channel assignment means (20)

adapted to reassigh a transmission'channel to
another mobile unit (14) when the transmission
monitoring means (18) determines an erroneous

25 transmission and a iepeated transmission of the

data packet is evaluated by the transmission
monitoring means (18) to be not successful.
2. Transmission apparatus according to claim 1,

30 characterized in that the transmission channel
assignment means (20} is adapfed to reassign the
transmission channel on the basis of an
acknowledgement received from the mobile unit (14).

35 3. Transmission apparatus éccording to ciaims 1 or 2,

characterized in that it further comprises a channel

/
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2 transm ssion channel on the basis Fisﬁﬂaﬁ&hﬂBMkﬁﬁaﬁnent
af

recei ved fromthe nobil , - paratus according
2o [ HETE
LA d a rea

to clainms 1 or 2, ] nprises a channe
st at us evalwelsbersiseans 3 PETIEPABM6E1S S| ON
channel currently bei ng bl ocked. 4. "Transm ssion apparatus according to
one of the clains 1 to 3, charactei®¥ed in that it further conprises a
transm s&i on requetatmsareyvaliption| meanss \2dde texavoid achkmasdigumért
used for transm sgion dquring .operafi ‘ t hereof. .+ Iransni.ssion
appar at us accor di h§ tao%d:r?é"sg?l%ﬂa&él §Bﬁ§mfl cuff%ngl}ycﬁgﬂgg[ 2’51%’&6% t hat
the transm ssion nonitoring - - nmeans (18) is adapted to continuously
initiate a retransm ssion through the transm ssion channel
assi gnnent nfans TzepsgHiSsion ARRpEetiBe@cHRding Basone ofpitdised. 6.
Transm ssion apPaLaLYR ALY fI LRathtkBiized in SRLACKE! igodyld) that the
prespecified duration s defT'ned as afielg fading duration. 7.
Transm 99i on appaceinps iaesoraitgansmissioh tdeeyudsit mmedns (24t)o th
characterized in that the transm ssiop nonitaring means (18) is

adapted to receiyédﬁﬁtééhhdﬂﬁédﬂﬁﬁﬁananneln§§§3@% #$8th £RE nmobile unit
(14) and to |n|tlekgnggg&sﬁél&gg%%%ﬁgﬁggegﬁgﬁ% t¥RPs@sF on channel

assi gnnent nenas on the contents of the
acknow edgenent nessage.

S. Transmission apparatus according to one of the
15 claims 1 to 4, characterized in that the
transmission monitoring means (18) is adapted to
continuously initiate a retransmission through the
transmission channel assignment means (20) until a
prespecified duration has élapsed.
20
6. Transmission apparatus adcording to claim 5,
characterized in that the prespecified duration is

defined as Rayleigh fading duration.

25 7. Transmissibh apparaths according to one of the
claims 1 to 4, characterized in that the
transmission monitoring means (18) is adapted to
receive an acknowlgdgement message from the mobile
unit (14) and to initiate a reassignment by the

30 transaction channél assignment menas (20) in
dependence on the contents of the acknowledgement

message.

8. Transmission apparatus according to claim 7,
35 characterized in that the transmission channel

assignment means (20) reassigns 'a transmission

[
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8. Transm ssion appSheaﬂiasBaaniadcm to.clai-m7, characterized in

3

that the transm ssion MEBMHHH”IHWSI gn.ment feans -(20) reassigns a

transm ss el in dependemce on the KipggnEdosoe619
W’W% | ok g

di st urban g 1 'ng, ;,Séga fadi'hg, path |oss fading,
respectively. . Transm ssi on appar according to one of the clains 1
to 8, char acterldlealnnalt beﬂedtmsehybaaedstpamdnsnctessn the Kki9d osfa
support node for general packet serw& yst em ( GPRS) 10.

Transmi ssi on ap }atusbancsy dlpt?g‘/%%lgha ﬁ\dg.ng, 1%%#86%“@9—1 fading hat it

is integrated i ’Eé’tﬁ B! %«gﬂlnéw kég?%%t&%l (MSC) of a wireless

comruni cati on -~ System ransm ssi on apparatus according to
claim8 or 9, char acterl zed in that the sending and receiving neans

(18) transfers logical Iink control data frane rising.control and
addr essi ng 4 nf orFERRSR1SS10N ARRAFA g&ﬁ accﬁl“ﬂa\:@np & &f iﬁ'ﬁ%r at us
accordyfg to cl aéi%%z@f 19to 8, %}@aﬁab%ﬁ%d i h@ﬁa{:hﬁts‘i%d DbAL

recei vi ng neans transmts poi nt-to-poi nt protocol (PPP) data

franes. 13. Tretahiesi dBS&HpHEE LsorceostiprpLd rodemtdrora Yeneral

characterized in that the_sendin d r ng nmeans (18) transmts
packet switched %‘Bﬁ?g F&EYLGH t%y gBDN%%lR\Q)

10. Transmission apparatus according to claim 9,
15 - characterized in that it is integrated into a mobile
switching centre (MSC) of a wireless communication

system (GSM).

11. Transmission apparatﬁs according to claim 8 or S,
20 characterized in that the sending and receiving
| means (18) transfers logical link control data
frames comprising control and addressing

information, respectively.

25 12. Transmission apparatus according to claim 8 or 9,
characterized in that the sending and receiving
means (18) transmits point-to-point protocol (PPP)

data frames.

30 13. Transmission apparatus according to claim 8 or 9,
characterized in that the sending and receiving
means (18) transmits packet switched public data
units (PSPDN PDU). |

35 14. Transmission apparatus according to one of the

claims 1 to 7, characterized in that it is a gateway

| | HAS BEEN
O Y F“‘S S§§§Emeo |
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4 14. Transm ssion appar at us accordi ng.te-empe of the clains 1 to 7,
characterized in that it is pees-es IRt WBEEN node (GGSN) of a general
packet radi o service comrunifck P ACEB’St emy( GPRS) . 15. Transm ssi on
appar at us wWeaj244189 to one of el =T=C0 - to 7, charactmIT/RRI8/06619t hat
It is a host in a data networ k ( LAN) Transm’ ssi on appar at us
according to claim8 or 9, characte@ed |n that the sending and

recei vi g means supgdfy hodesniGGESN)ackieta pg\megaﬁlapaqdmﬂ(eta;dio 17.
Transm ssi on apparatus accordin one of the to 7,
characterized i nSEHIi¢e q;gmgugggé&gto&} iysten Zﬁgég‘jt'em (BSS) in a GSM
digital comuni cati on network (GSM supporting packet oriented data
servi ces (GPRS) and that data packets correspond to packet random
access Ir6s s afaesarsmi pat ket a@p@asaé:tgs accondinggés, one ofshphetively.

18. Transm ssi on_apparaju cor t.o claim 14, .Characterized.in
that the sendi ngca-rﬁi‘m%ai EPn cterizg %P tPafbRt S."C.tda]t% PatREts Hei ng

relatedqo GPRS ag@bhgtﬁgrmar‘(myent as | og on and routing update
process, respectlved[ . Transm ssion apparatus according to one of

the clains 1 to 7 characterlzed inthat it is a buffer in a
statistical onc ntrator a _buffer . ttch, a . contral
conputer, a g/or% r%ﬁ)‘?fp%ﬁf’PBna ?féjra - anésag%ééﬁﬁ}lg toA‘ﬁ\}la\‘/ﬂrIﬁe?eég 3
communi cati on nebM¥dactespeetli ¥@l that the sending and receiving

means (18) transmits packet paging data packets.

15
17. Transmission apparatus according to one of the
claims 1 to 7, characterized in that it is a base
station subsystem (BSS) in a GSM digital
communication network (GSM) supporting packet
20 oriented data services (GPRS) and that data packets
correspond to packet random access messages and

packet access ground messages, respectively.

18. Transmission apparatus according to claim 14,
25 characterized in that the sending and receiving
means (18) transmits data packets being related to
GPRS mobility management as log on and routing

update process, respectively. -

30 19. Transmissioﬁ apparatus according to one of the
claims 1 to 7, characterized in that it is a buffer
in a statistical concentrator, é buffer in an ATM
switch, a control computer, and/or an adaptation

layer means in an ATM wireless communication

N

cet Has Been Replaced D

il \||I\\ \\\l .

35 network, respectively.

__//-—*—_f—-' 2.




5 20. Transmi ssion apparatus accordlng to. claim19, characterized in
that the sending and receiving nean$™ ¢ 1{:18) transnits data packets as 53

byt e ATM dat a packets. 21. Mobile unity fnf;a ‘Wi rel ess conmuni cati on
system  WO9%2K8i si ng: a) ‘“secont sending and recei NFHEPIHOSHL- ( 26)
to transmt dat a packets to a ;l:.%rom a transm ssi on apparat us
(10), respectively, b) gnal

means éiﬁto trace the
level of the0. TransmiggieR PEE@F@&P?nﬁ?ﬁ@rgéBSnGQS 8 48d receiving
means (26), eg.b [ I ng means
(30) adapted to Cha%@&:gie%ta ?n *h(?%tal}%an ?’ﬁgst @g&&?@k%gﬂ ved by
t he second recelmeaglsantﬂ.&)enﬂragsn&a:ss d2ta p.adkEdIS as 53 byIEéeAmme a
guantification of the di st ur bance, d) acknow edgenent set up neans
(32) adapted to 98t3packets. ,n acknow edgenent with respect to the
di st ur bance classification and quantification outputted by the
transm ssion anal yzing neans (30) and to send the acknow edgenent
via thd0sec?hd rHMobidiengimiid for a wirmsledsgcopmuaic2)iam sgstemgnce of a

di st ur bance.
comprising:

a) second sending and receiving means (26) to
transmit data packets to and from a

15 | transmission apparatus (10), respectively,

b) signal tracing means (28) to trace the level of-
the signal received by the second sending and
receiving means (26},

20 _

c) transmiséion analyzing means (30) adapted to
identify a disturbance for the signal received
by the second receiving and sending means (26)
and to determine a quantification of the

25 disturbance,

d) acknowledgement set up means (32) adapted to
set up an acknowledgement with respect to the
disturbance claésification and quantification

30 | outputted by the transmission analyzing means
(30) and to send the acknowledgement via the

second receiving and sending means (26) on

occurrence of a disturbance.

B

35 22. Mobile unit according to claim 21,
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22. Mobile unit according to claim21,. characterized in that the
transm ssi on anal yzi ng neans (30) is adapted to identify a Rayl eigh
fadi ng by estimating the tinme between two |ocal mnim of the

recei ved sy l18f3d comparing this time with a pr especi f pETIEPTS/06619.

23. Mbile unit according to claim 21, characterized in that the
transm ssion analysis unit (30) isfé&dpted to estimate the Rayl ei gh
fading 5 phenoebaracrerized in dihsdpprioxi trérsmipsdesi amdbyzing | evel

.crossing rate of the recejved signal t.h respect prespeci fied

anal ysis | evel . ™MeAns Mﬁél elﬁnf’la &e\t,f\gr otr‘?lglég E?'gi’n?ZBaYiel%aﬁﬁéﬁgg zed

in that the trangy sesg@;ﬁu %Stﬁeu@ltme betwin! $18920IAA i #2hLMBEC 3
enone ue 0

| og-nornal fading tracing the [ocal nean va
si gnal recei ek ated:émveécsmgnlaécand neomparingdithg suriimg 263th a of

.the nobile unit (14). 2D, bile unit according to claim 21,
characterized in§¥%%ﬂ??%kg%?aﬁ¥ﬁhy§ion anal ysis unit (30) is adapted to
i dentifyg a path | oss phenonmena on the basis of a global nean val ue of

t he signal received at the second receiving and sending unit (26) of
the nobile 23. uMobillet)unit 28ccpmeiing e tchatordilng to claim 21,

characterized in _that the transm.s al ysis_unit S. adapt.ed to
coti mate a path FHOCaRtEhEnd oh tret Ui Erdndfibsion GhRRYSHE BBER « ne
mobi e unit and yB3®) isreg@seedved WSimSte ObhaPRaAyAIYRCELRThG] (O
phenomena according to an approximate expression for
15 a level crossing rate of the received signal with

respect to a prespecified analysis level.

24. Mobile unit according to claim 21,
characterized in that the transmission analysis unit
20 (30) is adapted to estimate a logéﬁormal fading
phenomena by tracing the local mean value of the
signal received at the second receiving and sending
unit (26) of the mobile unit (14}.

25 25. Mobile unit according to claim 21,
characterized in that the transmission analysis unit
(30) is adapted to identify a path ibés phenomena on
the basis of a gldbal mean value of the signal

received at the second receiving and sending unit

30 (26) of the mobile unit (14).
R Y 1

characterized in that the transmission analysis unit

26. Mobile unit according to claim 21,

(30) is adapted to estimate a path loss phenomena on

35 the basis of the distance between the mobile unit
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[err] 27. Mbbile unit accordlng'to claim 21, characterized
in that the transni ssTiesSheetHp (30) is adapted to estimte the
path | oss phenonena on of Okuruara's nodel . 28. Method to
transmt dwpd”{%%lﬁet s | Ill Mifhﬁ J comuni cat i on syst eRETEBP$IE6L ng

t he steps ataPackets between a transm ssion

transmtting

apparatys (10) an bil e uni ectively, and

b)  det®er nini ngaﬂﬁgtﬂg ﬁeﬁaﬁgidé'&eﬁr??%ﬁf'égpo Pparatus aGEORENY he
transm ssi on appgiatus and the nobile unit has been carried out
successful ly, characterized by the step: C) reassigning a
transm ssi on channel to another nobile unit (14) when it is

determ ned that the tran ssion of ,t he, data packet. was not
successf ul an%l,(ﬂ@)tﬁe?34é’ﬁ’)err?a91éﬁgg§m}l‘b?oaﬁ@ﬂ{ backet is

estimated to be not successful. 29. Mobile unit according to claim28,
characterized in that the sane data packet is

10 27. Mobile unit according to claim 21,
characterized in that the transmission analysis unit
(30) is adapted to estimate the path loss phenomena

on the basis of Okumuara's model.

15 28. Method to transmit data packet in a wireless

communication system, comprising the steps:

a) transmitting data packets between a
transmission apparatus (10) and a mobile unit

20 ' | (14), respectively,

b) deterﬁining;whether_a data packet transmission
between the transmission apparatus and the
mobile unit has been carried out successfully,

25 and

c) reassigning a transmission channél.to another
mobile unit (14) when it is determined that the
transmission of the data packet was not

30 successful and further, a retransmission of a

data packet is estimated to be not successful.

29. Mobile unit according to claim 28,
characterized in that the same data packet is
35 continuously transmitted between the transmission

- apparatus 510) and the mobile unit (14) until a
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continuously transmtted between the transm ssion apparatus (10) and
the nobile unit (14) until a predeterm ned tine has el apsed indicating
a long duration di sturbance on the radi o channel therebetween. 30.
Met hod accey@beegsk® cl ai m 28, characterized in that a dareTEroweds19 S
retransmtted only when the nobile it (14) indicates disturbances on
8 the transm ssi on channel throug acknow edgenent nmessage.

31. Meth®d accor ghmedebermined3dime habaedepardd echdicabangt he long of

di sturbance on th .radi.o channel is determ ned in the bile unit in
dependence onI(Méﬁr?gﬁgpvpﬁ&iﬁ#ﬁﬁ??%ngp LS channe

therebetween.

30. Method according to claim 28,
10 characterized in that a data packet is retransmitted
only when the mobile unit (14) indicates
disturbances on the transmission channei through an

acknowledgement message.

15 31. Method according to claim 30,
characterized in that the kind of disturbance on the
radio channel is determined in the mobile unit in

dependence on local receiving conditions.
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