ENABLI NG REPORTI NG OF NON- REAL- TI ME MDT MEASUREMENTS TECHNI CAL FI ELD 5 The
invention generally relates to the provision of nmeasurenent reports to a
net wor k fworma/muodarl e station. Mre particul arly, the i peeEmrPe@n/oseb@tes to
a nmet hod and conputer program product for informng a first network node of
a W reless comuni cation network of the 10 presence of | ogged neasurenents
froma first nobile station, such a nobile station, a nethod and a conputer
program product for enabling a nobile station to informa first network
node of the w FBRBEENGORHEAREANE o nBPWORkABF TEHe PBPEsEhneeUBEMENEged
measurenents and a 15 network node for enabling the nobile station to

i nform of the presence of |ogged neasurenents. BACKGROUND 20 Mobil e
stations, oftlecHansiied 1@SEr equi pnent, have a need to neasure various
networ k paraneters. Such neasurenents may be stored in neasurenent |ogs and
then reported to the network. 25 The Third Generation Partnership Project

(3GPP) is i5n 1ihe iprReeSS Oiydefianing 2alutdons ol Mimszigg Jrive Tests
(MDT). The intention of the work is docunented in 3GPP Techni cal Report
(TR) 36. 805, nehse amshitl eestcattisonts ér ngsero rgqdineme st NOUE) ensdstriement

| oggi ng 30 fg&ptions are .de criq%%. 2 _A.net wor a&kyytpan request the

: Te DParticular Anventidon re 0 metho .
nobi | e station toFberﬁOFhlsoﬁ% Ioggﬁng'o Peasdrément s.° Thé o Ple station

execut es t he dneggiorguas 1 equested dnpduke Fetwanke omntihecer trairytconst rai nt s,
g IOcatlogetwork node of a wireless communication network of the
10 presence of logged measurements from a first mobile
station, such a mobile station, a method and a computer
program product for enabling a mobile station to inform
a first network node of the wireless communication
network of the presence of logged measurements and a

15 network node for enabling the mobile station to inform

of the presence of logged measurements.
BACKGROUND

20 Mobile stations, often denoted user equipment, have a
need to measure various network parameters. Such
measurements may be stored in measurement logs and then

reported to the network.

25 The Third Generation Partnership Project (3GPP) is in
the process of defining solutions for Minimizing Drive
Tests (MDT). The intention of the work is documented in
3GPP Technical Report (TR) 36.805, where mobile
stations or user equipment (UE) measurement logging

30 functions are described.



5 information availability. Reporting of nobile station neasurenent |og can
be separately configured. This neans that the period of |ogging and that
for reporwongiicam4be di fferent. 10 The nobst inportant uPeTERI@1/061220DT i S
coverage optim zation. For coverage optim zation, the follow ng nobile
station neasurenents (or simlar functionality) are considered: periodic
downlink pilot neasurenents 15 Serving Cell beconmes worse than threshold
transmt power headroom becones |ess than threshold Pagi ng Channel failure,

such as Pagi fg "edmordl (@anmen (PeaH)s tDédsd@okrirler 2@ tBogad®ast Channel
failure The %E"ﬂolfﬁm %fog}tehqo:?ﬁq%rgt iolr}g_m%raisgﬁrein%nq%voeg@ﬁ%t H%%grleconsi dered, but
or

real -time reporting an n-realtime reporting (also known as | ogged or
deferred 25 regparitoinn@kecan dzse thequioced.noPess itdladstieggérns ther non-real -ti nme
measurenents include: .periodical downlink pilot measurenents: radio 30

envi ronnent MEASIHEMEHS, SddH 1&s EoMToR BNt Scannécation

5 information availability. Reporting of mobile station
measurement log can be separately configured. This
means that the period of logging and that for reporting

can be different.

10 The most important use case for MDT is coverage
optimization. For coverage optimization, the following
mobile station measurements (or similar functionality)

are considered:

. periodic downlink pilot measurements
15 o Serving Cell becomes worse than threshold
. transmit power headroom becomes less than
threshold
. Paging Channel failure, such as Paging Control

Channel (PCCH) Decode Error

20 o Broadcast Channel failure

The details of the reporting criteria have not been
considered, but real-time reporting and/or non-real-
time reporting (also known as logged or deferred

25 reporting) can be required.

Possible triggers for non-real-time measurements
include:
periodical downlink pilot measurements: radio
30 environment measurements, such as Common Pilot Channel
(CPICH) Received Signal Code Power (RSCP), Common Pilot

Channel Energy per chip to Noise ratio (CPICH Ec/No),



(CPICH) Received Signal Code Power (RSCP), Common Pil ot Channel Energy per
chip to Noise ratio (CPICH Ec/No), 3 or Tinme Division Duplexing (TDD)
Primary Geonon/@osavrol Physical Channel (P-CCPCH) Recei pet/EBe@nab228ode
Power (RSCP) and Interference Signal Code Power (ISCP), Reference Signal
Recei ved Power (RSRP) and Reference 5 3Signal Received Quality (RSRQ
(connected node only) are |ogged periodically; Serving Cell becones
wor se than threshold: radi o environnment neasurenents, such as CPlI CH RSCP,
CPI CH Ec/ No, %t TTDB @W@@Wl%WQS@DWSRﬁIdﬁ@@SﬁQWN( connect ed node

only), are '%%91 oI i th*l%aﬁerc‘ﬂa%%e‘ie' (p PRI %%%%?R%d\’\%r;é%a han dche

configured thre neasurement | ogging w'n i ng vm ndow'
i n whi ch col |IResteed (RSFS )aragk €ptt aint etrlee AIE)S digs alls € dien Pomaer (Iedre ,abl e to

collect information durj.n 15 cer n perio ore and fter the
occurrence ofS ent = Slg%a?T %%Hveﬁo\ﬁé)ﬁ”eﬁfea%s%% r§§]§et han
threshol d: st riaRsit RREWRAK dead-aamandsradi Q%Wd&@ae%d@%w ments, such
as CPICH RSCP, CPICH 20 Ec/ No, or TDD P-CCPCH RSCP and | SCP, RSRP and RSRQ

(connect ed nede 9P cace Nisgged Mivén UE transnit power headroom becones
| ess than the confsleg td%rl‘als@%lc%mes worde ar%ql%rg %%‘i%%%o %f I l{]‘a% det ails on

t he random access an&r %%dl 0 environnment nmeasurenents, such CPI CH
RSCP, CPlI CH Ee/Na,onatentDR-sGEREH nRSCP sarath Ia§CI€PIRSRIRS(H>r)d (RSRA (connect ed

node only) are Iogged when a random access failure occurs. An exanpl e of
real -time refortiohg 3s TPRiFo FCeSSuRcet and I5CP, RSRE and RSRQ

10 (connected mode only), are logged when the serving cell
metric becomes worse than the configured threshold. A
measurement logging window (i.e. “sliding window” in
which collected logs are kept in the UE) is used in
order to be able to collect information during a

15 certain period before and after the occurrence of
event;

transmit power headroom becomes less than
threshold: transmit power headroom and radio
environment measurements, such as CPICH RSCP, CPICH

20 Ec/No, or TDD P-CCPCH RSCP and ISCP, RSRP and RSRQ
(connected mode only) are logged when UE transmit power
headroom becomes less than the configured threshold;

random access failure: details on the random
access and radio environment measurements, such as

25 CPICH RSCP, CPICH Ec/No, or TDD P-CCPCH RSCP and ISCP,
RSRP, and RSRQ (connected mode only) are logged when a

random access failure occurs.

An example of real-time reporting is radio resource
30 management (RRM) reporting specified in 3GPP Technical
Specification (TS) 25.331 and 3GPP TS 36.331. The

details of non-real-time reporting (deferred reporting)



30 managenent (RRM reporting specified in 3GPP Technical Specification
(TS) 25.331 and 3GPP TS 36.331. The details of non-real-tine reporting

(def erredwoeparmoidag) 4 are not specified, naking it inpes3iHrk@1/062224 he
network to control the reporting. One particular issue is the support of
the non-real- 5 tinme reporting in the network. Not all network nodes may be
upgraded to support reception of the non-realtinme reports, potentially

| eading to the network discarding the received Lo%ged nmeasur enent report.
Currently théXfobidte s@Latifarchadiaid NRay tt ¢ MEREW Lo & He 111G Nfe wé1e Liks

prepared to Qgp§£¥ﬁj%h¢tﬁgggggxﬂg§§l.enent report. SUWMMARY 15 The invention
is therefore directed towards providing neasures that raise the reliability

of providing | ogged nmeasurenent reports to a network froma nobile station.

Anong ot her thin%§, t.his invention enables a nechgnizg%ZO to caontrol the
reporting of e PAGH-Ea® ite Wegdr t41rg.S UK Odrre Cds peét "6F tHé i nvention, a

nobi | e st ati @n nendicgates navain abid infetwefrka hegged 1measuienEModeeport 25 to
a network and delivers the actual |ogged neasurenent report, for exanple

after the nefior kchapdmmdiecatted supPrios tprasared oo ofeddiey & orheemdas ur enent
report. In aqg%@e&é%§%%§, foithe sinventian,. Q%b%%%D%% tjiqn 30 includes a
nmenory arrange for-stori'n reportin &ata such as ata and a processor
t hat cont r ol stitshe redinge athicon cafe idatca lardccio nidaehs crle tdeldpearty. to t he
Currently the mobile station has no way to know if the
10 network is prepared to receive the logged measurement

report.
SUMMARY

15 The invention is therefore directed towards providing
measures that raise the reliability of providing logged

measurement reports to a network from a mobile station.

Among other things, this invention enables a mechanism
20 to control the reporting of the non-real-time

reporting.

In one aspect of the invention, a mobile station

indicates availability of a logged measurement report
25 to a network and delivers the actual logged measurement

report, for example after the network has indicated it

is prepared to receive the measurement report.

In another aspect of the invention, a mobile station
30 includes a memory arranged for storing reporting data
such as MDT data and a processor that controls the

collection of data and controls the delivery to the



5 network of MDT data according to information, such as requirenents,
received fromthe network. One object of the present invention is to nake a
nobi | e 5 woabilowizansure t hat | ogged nmeasur enment reportsParT&Ps@Entsfzzom t he
nobile station to a network node in a reliable way. This object is
according to a first aspect of the 105 nvention achi eved through a nethod
of informng a first networ k node of a wireless comuni cation network of

t he presence of | ogged neasurenents froma first nobile station, the method
conpri si ng: é@¥$%ﬂ S MPAS Gedife BICS CESHES fiong NgRE STt Lt e SIS e Grinect i vi ty

aspects for gﬁg& Iféﬂ%nq%blE%c%H IO 0, relatiqn e the wireless

conmuni cati on netwo Wher e the neasurenments are bei ng perfornmed according
to a reportlng conflguratlon for the first nobile station, storlng t he

nmeasur enment s an .i nter and 20 sendi.ng a not|f| ation the first
net wor k nodec¥§béﬁﬁﬁﬁ§ O&atﬁﬁeg§‘§§n$flpﬁﬁﬁ%ﬂ'%b i“n 61 &é@ to

enabl e t hesf igist: inet Work HROA {0 lr Nehl@ ulrien it lrfelp%%ttlso%r\@ trad request
for a | ogged neasurenent report. This object is according to a second

aspect of thdTLoayeémes awlddis @\F@dlltoﬁlr dgghlr asftvogik molsiel & s teatriedn afodre
informng a fjrst network node of a wireless comunication network about
t he presence of ‘| ogged 30 neasurenents. The nobile station conprises:

This object is according to a first aspect of the

10 invention achieved through a method of informing a
first network node of a wireless communication network
of the presence of logged measurements from a first
mobile station, the method comprising:
performing measurements concerning one or more

15 connectivity aspects for the first mobile station in
relation to the wireless communication network, where
the measurements are being performed according to a
reporting configuration for the first mobile station,
storing the measurements in an internal log, and

20 sending a notification to the first network node
regarding the presence of logged measurements in order
to enable the first network node to respond to the
notification with a regquest for a logged measurement
report.

25
This object is according to a second aspect of the
invention achieved through a first mobile station for
informing a first network node of a wireless
communication network about the presence of logged

30 measurements. The mobile station comprises:
a measurement performing unit for performing

measurements concerning one or more connectivity



a neasurenent performng unit for perform ng neasurenents concerning one or
nore connectivity 6 aspects for the first nobile station in relation to the
Wi rel ess wormumioesvi on networ k, sai d neasurenents bei ngppemPosiyps22accor di ng
to a reporting configuration for the first nobile station, and 5 a control
unit that orders the neasurenents to ke performed, stores the neasurenents
in an internal log, and orders a transmtter to send a notification to the
first network node regarding the presence of 10l ogged neasurenents in order

to enabl e th&SHSEE Aerwsile Addée ™ §AesForRd atd The InaiSlfteari 6@ wilth a
request for %qi'f%%%% TRATUAAERG JeR Ao rTﬂe ML G st RGO RE L, @ third

aspect of the i nvention achi eved through a conputer program product for
i nform ng a fdersfio metdvardc oradegoft ca awirregloess noo maufiicatraagn ometfwor kK about

t he presence of |.ogged asurenent.s. The conputer program product conprises
conput er rea&%ﬁléﬁﬁ%ﬁﬁ%@l diStm ¢ opr if€i%g a set of 20 instructions

causi ng a eont rQhtyiit drnta kil e station to order measurenents concerning
one or nore connectivity aspects to be perforned in and for the first
nmobi | e station inoreleats dhe geEise neimesites & oc bempsirdatines!, 25 net work, said

nmeasur enent s beln%t%%%%okg%dH%%%@ggﬂ@%t%oi%_%%qule aﬁQQLkﬁuEﬁ&fon for the
first nobile station, store the neasurenments i n an 1nternal”’l og, and
orders a transmitter to send a notification to the
first network node regarding the presence of
10 logged measurements in order to enable the first

network node to respond to the notification with a

request for a logged measurement report.

The object is according to a third aspect of the

15 invention achieved through a computer program product
for informing a first network node of a wireless
communication network about the presence of logged
measurements. The computer program product comprises
computer readable storage medium comprising a set of

20 instructions causing a control unit in a mobile station
to
order measurements concerning one or more connectivity
aspects to be performed in and for the first mobile
station in relation to the wireless communication

25 network, said measurements being performed according to
a reporting configuration for the first mobile station,
store the measurements in an internal log, and
order a transmitter to send a notification to the first
network node regarding the presence of logged

30 measurements in order to enable the first network node
to respond to the notification with a request for a

logged measurement report.



order a transmtter to send a notification to the first network node
regardi ng the presence of |ogged 30 neasurenents in order to enable the
first networkimots’to respond to the notification wth acrageasosfer a

| ogged neasurenent report. 7 The invention has nmany advantages. Through
sending an indication, the reliability’in the reporting is increased. The
risk of losing a neasurenent report is 5 lowered. It also enables the
network to only request reports when these are avail able. The network does
not have to keep track of the presence of |ogged neasurenents and can

therefore useyid § RLaGass! MG CARAN Lidhd:OlaeQl.nNGh B0 LY I8 1oLO Accor ding
to a variation of the invention a'notification is re eateéﬁy eing sent if
no request i smreceitied, IheAcedridiong itty arf whicherpvartiiatg drs of t he

i nventi on | ogged neasurenents are rﬁﬁaLned inthe internal log if no

request is r NPEFCd . ThEcddr'di Rf tOYEE anSREM WFEE &t iF6R 5T tHie

I nvention the ol | et i,0n Ol NRAKY RRNES th® ReRIORY, Ifedidle mode.
According to a further variation of the invention, the notification
conpri ses an femdirdat ivdreroft Negse aafe aveessbtlechidlcodye tvsed: Is\petsh@ ofti r st

nobi | e stati Qﬁ%@%% %%é%a%Q%%ﬁn%fd%. f%%é%@d% %%pQ%%ge%pcord!ng t o anot her
vari ation of € inventron, e notificationis sent “as a radi o resource
control nessage,suwhineh taynde cannadicfriesd e ssage tselatddag stiog
capability for other activities.
10
According to a variation of the invention a

notification is repeatedly being sent if no request is

received.

15 According to a further wvariation of the invention
logged measurements are retained in the internal log if

no request is received.

According to yet another variation of the invention the

20 collection of measurements is performed in idle mode.

According to a further variation of the invention, the
notification comprises an indication of type of access
technology used by the first mobile station when

25 gathering data for said report.

According to another wvariation of the invention, the
notification is sent as a radio resource control
message, which may be a modified message relating to
30 the connection of a mobile station to the network. The
message may especially be a radio resource control

connection setup complete message.



30 the connection of a nobile station to the network. The nessage may
especially be a radio resource control connection setup conpl ete nessage.

8 Accordiwg@2n/lon&7vari ati on of the first aspect of thePCmEPR411LO6222¢ he

met hod further conprises the step of determining a point in tine when to
send the 5 notification based on at | east one notification timng
criterion. The notification timng criterion may be based on one or nore of
the follow ng properties: nobile station 10 nenory consunption, battery

| evel , availability of neasurenents and | oad in network. According to one

variation of fhe fdirst @spee wfrithe donvwentd@n.ritthe nethed fur tdher
conprises receiving the 15 reporting configuration froma network node.
Accor di ng t o iowenracnat itdve ofetthivsl Jegdme raspestr,1sielse téontsitele wiiit of t he

nobil e station s further arraqged to rec%e%et%h%e%epqﬁk;ng configuration

froma netmoretf&“H@&@Q'?hﬁglﬁetﬁﬂ}§1ﬁ5337prOV|d|ngC%he reporting

confi gur at bomatay ike tilke tHassid et war K daede .onAs nant idilcersiain wenithgmay be a
further network node, where the first and further 25 network nodes use
different typéstéfri&écess technol ogy. Another object of the invention is to
enabl e, by a wireless comuni cation network, a nobile station to provide
| ogged neasurenent reports to a network node in

The notification timing criterion may be based on one

or more of the following properties: mobile station
10 memory consumption, battery level, availability of

measurements and load in network.

According to one variation of the first aspect of the
invention, the method further comprises receiving the

15 reporting configuration from a network node.

According to one variation of the second aspect, the
control unit of the mobile station is further arranged
to receive the reporting configuration from a network

20 node.

This network node providing the reporting configuration
may be the first network node. As an alternative it may
be a further network node, where the first and further

25 network nodes use different types of access technology.

Another object of the invention is to enable, by a
wireless communication network, a mobile station to
provide logged measurement reports to a network node in

30 a reliable way.



30 areliable way. 9 This object is according to a fourth aspect of the

i nvention achi eved through a nethod of enabling a nobile station to inform
a first nwoworikiomade of the wirel ess comuni cati on net wech/epottilos22ps esence
of 5 | ogged neasurenents, the nethod conprising providing, froma network
node, a first nobile station with a reporting configuration for sending

| ogged neasurenent reports in order to enable the nobile station to send a

notification to the first network node regarding the 10 presence of |ogged
measur ement s. T $LGKCECt S $CEEEEHAING X & & oM h agdgedt odf Hise i nventi on

achi eved thraugh a;n t‘e%%rfge%%e.t%fro g‘?ﬁ ra?'m%%%o HRICaIs0R, network for

enabling a first nobi station t nforma first network node of the
Wi rel ess commeiiidat isarm tietwarck ioff ctrire aprfesenc evcafvdréggedieneds whenent s, t he

networ k node conprising a cantral processor arranged to provide the first
Tobi | e stat i 61 N oo AP LG ConFIeGTEat 6 FOF SHASETRE Pie nobi | e 20

station tossand@dNadfshicalion &,0 e rfdihely retmwerik inede egariding the
presence of |ogged neasurenments. This object is according to a sixth aspect
of the inventfirom faumeheiondr @ogchi évéd st Owih le somputosr W28 hpreogr am pr oduct

for enabling il e statd.on to.informa fiy.st t wor k f the

W rel ess com"%r%%%%ﬁn ncr?gtfll rulga%flo{%hgroﬁr Zsseélrﬁiézlgog%lg géieg%%%gg%ﬁneetrn%nts, t he
conput er pr ogreaidrsoduc o reX I tics iamg bd eC afeu trelb ireadablta ot arvagenied um
conprising a set of instructions causing 30 a network node in the network
to: notification to the first network node regarding the

10 presence of logged measurements.

This object is according to a fifth aspect of the
invention achieved through a network node of a wireless
communication network for enabling a first mobile

15 station to inform a first network node of the wireless
communication network of the presence of logged
measurements, the network node comprising a control
processor arranged to provide the first mobile station
with a reporting configuration for enabling the mobile

20 station to send a notification to the first network

node regarding the presence of logged measurements.

This object is according to a sixth aspect of the
invention furthermore achieved through a computer
25 program product for enabling a mobile station to inform
a first network node of the wireless communication
network of the presence of logged measurements, the
computer program product comprising a computer readable
storage medium comprising a set of instructions causing
30 a network node in the network to:
provide a first mobile station with a reporting

configuration for enabling the mobile station to send a



provide a first nobile station with a reporting configuration for enabling
the nobile station to send a 10 notification to the first network node
regar di ngwohelpresence of | ogged neasurenents. The repolPCirmp2aanfizgur at i on
may here specify that the 5 first nobile station shall perform neasurenents
when in idle node. It should be enphasbzed that the term
"conprises/conprising” when used in this specification 10 is taken to
specify the presence of stated features, integers, steps or conponents, but
does not precélAdde 1Hé ipresend@cort dddi 1icd 06Tk orvelcor wsrel iG1chénef eat ur es,

i nt egers, st%,se%@gp%r}eﬁltoﬁgg%rd e%tégﬁe%%%%of. 15 BRI EF DESCRI PTI ON OF THE

DRAW NGS The i nvention w now escribed in nore detail inrelation to
t he encl osed drawi ngs, in which: 20 fig. 1 schematically shows an
architecture of a wireless co ni cat.i on network conpr.ising radio network
control |l ers, Haseé SSCAt10Ts Cand roiate St ﬁiaiyo%,ref i8S TghdWé ta Biock
di agr am of saniafdrang@nert dith ta PRIHE 1SRl hls eakniiRlenmr, seme of
the 25 funct i.%nlal i t% according to the invention,

1 e mode.

It should be emphasized that the term
“comprises/comprising” when used in this specification
10 is taken to specify the presence of stated features,
integers, steps or components, but does not preclude
the presence or addition of one or more other features,

integers, steps, components or groups thereof.
15 BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in more detail in

relation to the enclosed drawings, in which:

20 fig. 1 schematically shows an architecture of a
wireless communication network comprising radio network
controllers, base stations and mobile stations,
fig. 2 shows a block diagram of an arrangement in a
mobile station that can implement some of the

25 functionality according to the invention,
fig. 3 shows a a block diagram of a portion of a base
station that can communicate with mobile stations and
implement some of the functionality according to the
invention,

30 fig. 4 schematically shows signals exchanged between a
mobile station and network in a first basic variation

of the invention,



fig. 3 shows a a block diagramof a portion of a base station that can
comuni cate with nobile stations and inplenent sone of the functionality
accor di ngvoaotiheiisnventi on, 30 fig. 4 schematical |y showsTaipgmalos22exchanged
between a nobile station and network in a first basic variation of the
invention, 11 fig. 5 shows a flow chatt of a nunmber of nethod steps being
performed in a network node of the systemaccording to a first enbodi nent
of the invention, fig. 6 shows a flow chart of a nunber of nethod steps 5

bei ng perforfdd-irm & i 12e 191041 ICoYR Tdc €8T di RGgMRe 1t ke fie$ocemiedisnent  of
the inventi O’Pyeifni e %%raatiinc%l In)étm%gs %i n%l S t%c@ g ‘i’n bet ween nobil e
r%ngy i fntg%e ffirst e%%o

station and net ode In a variation o iment, 10 fig. 8
shows a fl| owachartdiofy aonumfer saf emetchidchestteps hdiend npemrfraromed 1 n a net wor k

node of the system according.to a ,second enbodi nent of the jnvention, fig.

9 shows a fldwShdr 76 % ndmyer GF ftethod SEERSE Héng'SH FEFSin a

mobi | e st abi o 1RCLYediMGnid Lihe alaopaaend (e R, fi ighe J ryention, fig.
10 schematical |y shows signals exchanged between nobile station and network
in a variatidarsft ehwosegend edbddienemvenftiign,11 shows a flow chart of a

A R A R R R S
mobile station and network node in a variation of the
first embodiment,

10 fig. 8 shows a flow chart of a number of method steps
being performed in a network node of the system
according to a second embodiment of the invention,
fig. 9 shows a flow chart of a number of method steps
being performed in a mobile station according to the

15 second embodiment of the invention,
fig. 10 schematically shows signals exchanged between
mobile station and network in a variation of the second
embodiment,
fig. 11 shows a flow chart of a number of method steps

20 being performed in a network node of the system
according to a third embodiment of the invention,
fig. 12 shows a flow chart of a number of method steps
being performed in a mobile station according to the
third embodiment of the invention, and

25 fig. 13 schematically shows a computer program product
according to the invention comprising a computer

readable storage medium in the form of a CD ROM disc.

DETATILED DESCRIPTION
30
In the following description, for purposes of

explanation and not limitation, specific details are



fig. 12 shows a flow chart of a nunber of nethod steps being perfornmed in a
nobi |l e station according to the third enbodi nent of the invention, and 25
fig. 13 swbenmtiotml’l y shows a conputer program product 2CT@mPAIING51200t he

i nvention conprising a conputer readable storage nediumin the formof a CD
ROM di sc. DETAI LED DESCRI PTI ON 30 12 $et forth such as particul ar
architectures, interfaces, techniques, etc. in order to provide a thorough
under standi ng of the invention. However, it will be apparent to those
skilled in thketaftorthats e disnPerthiicon 15 ey e tecaetticGed Lint Satiivees

enbodi nent s rt fr t:he ecifi LS.+l er instances,
detail ed desf:t:é?gqtnﬂgl%s i e\%e%m -lEIng)\%nd%%e\c/fioc s(\r,oq%td%c& ttsh ,or}zg)(r?l1 nmet hods are
omtted so asnneirstenchscurd tthe desemitptonon Hofvetviees,i nventiildnbas t h

unnecessary detail. 10 The Third Generation Partnership. Praqject (3GPP) Long
Ter m Evol ut i GRPELTE)" &oaﬁgjé)lsﬁ = (@i%ll&gh@oﬁﬁ}nit@ﬁﬁ esﬁ'g]tvt?r?st(ll‘?é]s

recently b%e&av PRl izedt isuRPant igtg HarchM Lt Re iR &%@%Od@%@%ﬁﬁ&&%n(”*t)-
LTE and 15 Hi %g Speed Packet Access (HSPA) are sonetines called "third
generati on" (R¥Gsecomantiicat idortasyst-erd adear e netrenews,y dediand st andar di zed
by the 3GPP. dE@%ﬁggi%gl%c!ofﬁ %tl'lqrf}%o%n RS 13880 ol utjon of the
current wi deband code division nmultiple access '( 20 speci fications.
An LTE syst emai$esisortrkoganaltcfar eguencyodi Hos ioas ditet igpleex (OFDM) as a
mul ti pl e access technique (called OFDVA) in the downlink (DL) from system
nodes to usepescrlptlo of' the invention with unnecessary detail.
10
The Third Generation Partnership Project (3GPP) Long
Term Evolution (LTE) standard for wireless
communication systems has recently been finalized,
supporting bandwidths up to 20 megahertz (MHz). LTE and
15 High-Speed Packet Access (HSPA) are sometimes called
"third generation" (3G) communication systems and are
currently being standardized by the 3GPP. The LTE
specifications can be seen as an evolution of the

current wideband code division multiple access (WCDMA)

20 specifications.

An LTE system uses orthogonal frequency division
multiplex (OFDM) as a multiple access technique (called
OFDMA) in the downlink (DL) from system nodes to user

25 eguipments (UEs). UE is the term used for mobile
stations in LTE and WCDMA. An LTE system has channel
bandwidths ranging from about 1.4 MHz to 20 MHz, and
supports throughputs of more than 100 megabits per
second (Mb/s) on the largest-bandwidth channels. One

30 type of physical channel defined for the LTE downlink
is the physical downlink shared channel (PDSCH), which

conveys information from higher layers in the LTE



25 equi pnents (UEs). UE is the termused for nobile stations in LTE and
WCDVA. An LTE system has channel bandw dths ranging fromabout 1.4 MHz to
20 MHz, awo 28uppodrs t hroughputs of nore than 100 nmegabiPC3/Eper1196200d
(Mo/s) on the | argest-bandw dth channels. One 30 type of physical channel
defined for the LTE downlink is the phygsical downlink shared channel
(PDSCH), which conveys information fromhigher layers in the LTE 13
protocol stack and to which one or nore specific transport channels are
mapped. Cont PEICHORdr Pdteicon angl donvieyed I9y:Ca PhysirtCalsPesiitiie contr ol
channel (P y ical. d | Jnk ral; ¢ (-Pg(:g?%l). LIE S
channel s are é%b?%ﬁga(?ﬁég§§§5 %gghﬁ%%EF%Spggﬁﬁﬁggtﬁ%%Q%ﬁéflg .211 v9.1.0,
Physi cal Chanmnelve yasad bivb du lcaityisdrr,a lamprig ndt lem tspdcidhiacatelonUoski)ch ar e
here incorporated by reference. 10 _An | M- Advanced co ni_catjon stem
Uses an. i ne ok Dt bt GRG ) P e by ST VG of Tan (1 HSPA,
or other cemMuRinGatlion gy HeMfi®ed VB mapd meding iteliepheny fildMbionl n the

| MI advanced system (which may be called a "fourth generation" (4G nobile
15 comuni cat(Ién SystZdr) Vbdndwi diys iefa 1100 awe lend nicattyei larte dsei ng

consi der ed. Eﬁ%n_Ggﬁh%&oggk%ﬁ%ﬁ%a%Q%n%kEwhﬁ%PA’&%C%%ﬁ%h%%%ﬁ! rated
specifications, and specifications that standardize other Kinds of cellular
Wi rel ess comuniredtdremcey.stens. 20 In an OFDVA comruni cati on system the
data streamto be transmtted is portioned anong a nunber of narrowband

subcarriers that are transmtted in parallel. In general, a resource bl ock
devot ed tQoa parmrCll@alded $oamud iRaHIGGUlRSs tRIMTBEN O Pariicilar
subcarriers used for a particular period of ‘time. Different groups of
subcarriers camtyealsedFat mdilftfiaesiite tsiupsy sftem dilffSer erft ausérlsl, Because
each subcarrigr,,is narrowband, each _carrier experden mai.nl.y fl.at fadin
whi oh 30 makéB Tt Gaei gt ol IR 15 Aefbadi it dith LbchriSF L icFoM
comuni cat i oneSysthens, armermgasan ked itMT Relvanced system (which may

be called a "fourth generation" (4G) mobile

15 communication system), bandwidths of 100 MHz and larger
are being considered. The 3GPP promulgates the LTE,
HSPA, WCDMA, and IMT specifications, and specifications
that standardize other kinds of cellular wireless
communication systems.

20
In an OFDMA communication system, the data stream to be
transmitted is portioned among a number of narrowband
subcarriers that are transmitted in parallel. In
general, a resource block devoted to a particular UE is

25 a particular number of particular subcarriers used for
a particular period of time. Different groups of
subcarriers can be used at different times for
different users. Because each subcarrier is narrowband,
each carrier experiences mainly flat fading, which

30 makes it easier for a UE to demodulate each subcarrier.

OFDMA communication systems are described in the



14 literature, for exanple US 2008/ 0031368, which is herein incorporated by
reference. FIG 1 depicts the architecture of a WCDVA system 10, 5 which is
a typi calwoeblwdoaz47comruni cati on system Radi o network eomurediiesz2¢ RNCs)
12, 14 control various radi o network functions, including for exanple radio
access bearer setup, diversity handové#, etc. In general, each RNC directs
calls to and froma UE, such as a nobile 10 station (MS), nobile phone, or
other renote termnal, via appropriate base station(s) (BSs), which

communi cat e Wiitde rédety <ot Herr ttxesigle FOwWIOi0R 00BIL3 68 fériwdr d)s and upl i nk

(UL, or reverse)..ch | S, = Flgly is showmn coupled to BSs 16,
18, 20, and f%%ﬁ{l %21%?)5@5(#&%%?%#5 t(%n%és' 22, 24, 26. The architecture
of an LTE systemdiffers fromthat of aWCDMA systemin that the RNCis

| acki ng as a separate node. Instead, the BS, aor eNodeB as is t name of
the  LTE adi 3 Bacd SEACOR Tias “Som (R HHE Finét oS of 126 e DR

integrateds and dras an iRtarfacedan 1comidiinkaticen Wt iy atdaer, eNedeBs. Each
BS, or eNodeB in an LTE system serves a geographical area that is divided
into one or merte2%k centro)lleans RRECs), 1BS 26 icondhyovin vas ivans g dliove

ant enna SeCt%% w%%kS%’ %ﬂhﬁﬂmﬁaQD%ﬁu. %%y%%uﬂ%k%ﬂ%ﬁE;Q%d% l%c %s%he BS 26,
al t hough a sector or ot her aréa served Sl gnéfl s'froma BS can al so be

cal l ed a cel beameraddittipgn diar<BS ingy hiselovere tdran ame camieenng teec30
transmt signals to a UE. The BSs are typi calﬁ}lgg coupled to their

cor r espondi nGNRNEL 15y tde ditddtSe ¢ X ENEPHGITE 4 syt @&l of MSE US nks,

m crowave 1hi nks,t i€4C. (MENe IPbile phone, or other remote terminal,
via appropriate base station(s) (BSs), which
communicate with each other through downlink (DL, or
forward) and uplink (UL, or reverse) channels. In
FIG. 1, RNC 12 is shown coupled to BSs 16, 18, 20, and

15 RNC 14 is shown coupled to BSs 22, 24, 26. The
architecture of an LTE system differs from that of
aWCDMA system in that the RNC is lacking as a separate
node. Instead, the BS, or eNodeB as is the name of the
LTE radio base station, has some of the functions of

20 the RNC integrated, and has an interface for

communication with other eNodeBs.

Each BS, or eNodeRBR in an LTE system, serves a
geographical area that is divided into one or more

25 cell(s). In FIG. 1, BS 26 is shown as having five
antenna sectors S1-S5, which can be said to make up the
cell of the BS 26, although a sector or other area
served by signals from a BS can also be called a cell.
In addition, a BS may use more than one antenna to

30 transmit signals to a UE. The BSs are typically coupled
to their corresponding RNCs by dedicated telephone

lines, optical fiber links, microwave links, etc. The



RNCs 12, 14 are connected with external networks such as the public

swi tched tel ephone network (PSTN), the internet, etc. through one or nore
core net wwpkonowesty such as a nobile switching center (ROotU/EPh@aoy22and/ or a
5 packet radio service node (not shown). It will be understood that the
arrangenment of functionalities depictéd in FIG 1 can be nodified in 3G LIE
and ot her comuni cation systens. For exanple, 10 the functionality of the
RNCs 12, 14 can be noved to the eNodeBs 22, 24, 26, and other

functional i tiFd%$Scar -be nsvEd WG GHED HEdEs S e In WOk XS SUMN | al so be
under st ood t hat b [ | £i.pl m te sto
transmt inf %%n&?lleo %%?tga%w%gcglgl ;ts%gce oro}lgfé%,twgﬁj}st(#g@qdi E?%r ent
transmt ant émnasnean send réespect vee dif frerentcopid ofe tsicgrkalnodesi,gure 2 is
a bl ock diagramof a structure 31 of an eNodeB or eNB, i.e. of, a base

m. o ) .
station BS. THIE 26 &t Mobtidfe S¥1 SWhiiCH €Tty Hi d&I° o INE ) BSS Y& T8, 20,

22, 24, 26sapd ather-ssueh ddanssd tiddg pedestdytyhe network 10 may be used
for conmunicating with nobile stations by inplenmenting the nethods to be

described below. It will also be appreciated that the functional 25 bl ocks

depicted in Kigy.e,2,ca n%%r%%’g%}d”%%la%“%ree%rﬁr%@%%% In avariety of

equi val ent ways, and that many of the functions N be performed by one or
nore suitabl yuprcagroamied idisgidieali csiegndln priocessafas: ard notdier ddndwn
electronic circuits. 30 16 programmed digital signal_ processar. The

control proceSsor B2 Fitda ¥ TGS T SYECET Fes FOOn G Cditd ot her
signal s fromuyarirQus dew-0es 1 heSRGt une 3k FBor ) mRhie ty, in Figure
2, the control processor 5 3Z is as shown exchanging information with a
schedul er andhseledodeBs33,2,whideh Zteceinde tdicgi tfalnalcods 1tid ise toeansmi tt ed
to respecti ve mobi | e st at i Qns. or {0 be bcr oaqlc%%torfkr.or?ta Sliilt %ql e data

move other hodes 1hn . W1 S e
generator 34.7 The séjhe&)ul er cand ‘Sel ect or h’:??, i nmpl"énent's resource “%Fock and

understood that a base station can use multiple
transmit antennas to transmit information into a
15 cell/sector/area, and those different transmit antennas

can send respective, different pilot signals.

Figure 2 is a block diagram of a structure 31 of an
eNodeB or eNB, i.e. of a base station BS. This

20 structure 31 which is typical of the BSs 16, 18, 20,
22, 24, 26 and other such transmitting nodes in the
network 10 may be used for communicating with mobile
stations by implementing the methods to be described
below. It will also be appreciated that the functional

25 blocks depicted in Figure 2 can be combined and re-
arranged in a variety of equivalent ways, and that many
of the functions can be performed by one or more
suitably programmed digital signal processors and other
known electronic circuits.

30
The eNB structure 31 is operated by a control processor

32, which typically and advantageously is a suitably



10 resource element (RB/RE) scheduling and selection in an LTE system for
exanpl e, and inplenents code allocation in a WCDMA HSPA system for

exanpl e. Wbheotoni34el processor 32 is configured to noni POT/EPR@10522k@ad on

t he base station, which can be determ ned for exanple sinply by counting
the RBs and REs to be transmtted in a6sub-frame, frame, or group of them
A processor such as the control processor 32 can al so be configured as a
traffic analyzer that determ nes the 20 load on a BS by nonitoring the BS
buf fer st at u®rgrgrmesow midtk ldatanied \K?afotqeﬁﬁoﬁor &g [capite Bandwi dth to be

transmtted o@ess% nected ;! %%d%%s Qirr%lc%t'v%% Qe ;number  of

RBs and REs bei ng an recently tr Smtte di scussed above, the |oad on
25 a BS can @Insb ottélectetsetgmiarle;d fhmedfaanotumedrwnimrs o itthe cannedted nobil e
stati ons, HSPA, or. equi val ent Sé;stem ba ed on the nunber of

al | ocat ed chaarjmel 24t |Sdﬁ1pc1c}(fel'§y Based %O <t He ercr‘ﬁnrjféf &1 &dESSHE processor

32 i npl enent s;20tiker; St@RsOfe i ?QB@OQ%MH%Ql% daser izbednkehaw, 17
I nformation fromthe schedul er selector 33 is provided to a nodul at or

35 that uses anke siedfesyteat iSon w@lgene@@evesmmlé@lowosfd@n@o i table for
the particul gr, a%%%e%ag' gteoryp%tc%h b%%”%'t%uo*}l% % medubator 35 in an

LI E systemis dul ati on “si gnhal gener at ed by the
nodul at or 35 br&apirda\ﬂtdédoﬁroaassjujtta&tilee dl’aa:dal @emlerr(amdr 372 .t hathegenerates a
wireless signal that is transmtted through at | east one transnmt antenna

38. Wr el ess SSRgRRILE T ARNs mSE&d ©Fo by el“@“sﬂsat CTReae PdtuPEE by at

| east onepeceigke 2rt enRa 3% ”P@t/R@r O\é'c@l%%iutﬂ%e SlonRalis dq the o agi o
circuit 37 and a denodul at or 36 The artisan wil understand that the sane

ant enna can B&Eused tieor, tioansmiagwilen amdl rlerpel@tme@ms aodes adfltogratdome in a
UE. 15 in a WCDMA/HSPA system, for example.

The control processor 32 is configured to monitor the

15 load on the base station, which can be determined for
example simply by counting the RBs and REs to be
transmitted in a sub-frame, frame, or group of them. A
processor such as the control processor 32 can also be
configured as a traffic analyzer that determines the

20 load on a BS by monitoring the BS buffer status, e.g.,
how much data is waiting for available bandwidth to be
transmitted to all connected mobile stations in
relation to the number of RBs and REs being and
recently transmitted. As discussed above, the load on

25 a BS can also be determined based on the number of its
connected mobile stations, or in a WCDMA, HSPA, or
equivalent system, based on the number of allocated
channelization codes. Rased on the determined load, the
processor 32 implements other steps of the methods to

30 be described below.



It wll be understood that the control processor 32 can be configured such
that it includes one or nore other devices depicted in Figure 2, which can
be i npl emeotzed/toy34dedi cat ed programred processors or ot ired/EPaditiabizeo 20

| ogic configured to performtheir functions. The conbination of the data
generator 34, schedul er and selector 33, and nodul ator 35 produces DL
frames or sub-franes to be transmtted. The nodul ator 35 converts the
information into nodul ati on synbols that 25 are provided to the radio

circuit 37, WhifeHTIaR3Ces S69™ & Srsdicatilen sywbaics Ssivoene’ ortSnore suitabl e
carrier si 9n?rﬁ)gz&'d]%daQoLlaEWl%@ofrO%Sexc??b%l %,setsg%gﬁa% & GnfaGUldhn %he

i npresses th ulation synbols on a nunber of subcarriers.
nodul at ed subearragre si goalud a30 car e itgmarls riutittedd ltchrfough hiche ant enna 38. 18

Figure 3 is a bl ack diagram of, an .arrangenent 40 in a nmobile station that
can i npl enenPATECHoNS o THNGSE RBodVIATS. of Thé et Gt o be

descri bed Beh@wuiltcom 135 he appred ated dihats the drwicticeralailacks depi ct ed
5 in Figure 3 can be conbined and re-arranged in a variety of equival ent
ways, and thdthemapgugatiilpe fshnerilonsneartss por frbeme Iy adivg & nsr e

sui tably progr i.gi tal_  si I ssar. More r, i_.Qns anong
and i nformati éﬁwﬁﬁ&ed aorsutsal}%%gﬁg%r&%%g} b%ﬁrt Ué@&rﬁ&%o%a%%&%%%&se%depi cted
in Figure 3 cawibelaldsersddmnian waritous ways shd terablté raugbbidte 1staatd on t o

i npl enent ot her net hods involved in the operation of the nobile station. 15

As depicted ITFiTgEre™s,t &MsBiICe St-at of SESS veg & IBL Tradicg Sitghal

through anganfenpai4l and divpically dwm-eenysr g thle Jecelved Jadio signal
to an anal og baseband signal in a front end receiver (Fe RX) 42. The
baseband si graltengiaspéctitaltl protvapes hnose anained s20 o ithcerragd o hat has a

bandwi dth BY,..and .t he shaped baseband sl anal generated by fhe filter 44 is
converted fromanalog to digita ormby an "anal og-at o-di gi tal""converter
(ADC) 46. 25 uhhe rditgintd zed thasebanchesisgnalnniss daur thermsspeatoral | y shaped by
a digital filter 48 that has a bandw dth BWsync. which corresponds to the
bandwi dt h of ‘SPAEHEGH P&t iPo SiEGFaIts o Syl £Gt%a dded iR ch& L si gnal .
The shapedssi gnal generated by the filter 48 is 30 provided to a cell
search unit 50 that carries out one or nore nmethods of searching for cells
as speci fi ed IftowitlHe bgantnideulsaro ccormngrti cétsl orgystlemr cg.eg.s,0r3GZ2L TEN

be configured such that it includes one or more other
devices depicted in Figure 2, which can be implemented
by dedicated programmed processors or other suitable
20 logic configured to perform their functions. The
combination of the data generator 34, scheduler and
selector 33, and modulator 35 produces DL frames or
sub-frames to be transmitted. The modulator 35
converts the information into modulation symbols that
25 are provided to the radio circuit 37, which impresses
the modulation symbols on one or more suitable carrier
signals. In an LTE system for example, the radio
circuit 37 impresses the modulation symbols on a number
of OFDM subcarriers. The modulated subcarrier signals

30 are transmitted through the antenna 38.



19 Typically, such nmethods involve detecting predeterm ned primary and/or
secondary synchroni zati on channel (P/SSCH) signals in the received signal.
5 The di gwoi2asadiobgeband signal is al so provided by thePADEPA@E 11062220 di gi t al
filter 52 that has the bandwi dth BW), and the filtered digital baseband
signal is provided to a processor 54 that inplenents a fast Fourier
transform (FFT) or other suitable algorithm 10 that generates a
frequency-domain (spectral) representation of the baseband signal. A
channel esti FBGUGIE vnilts 56 recd ves98iaghalls afy ritthe SpredesSori 54 and

generates a I i-nat ef.ar, h . r.al rriers, i d cells j
based on conﬁ&%qugngec%lﬁ%m'e‘tr?%ts%ﬁallgp&r%glv\éﬁ&eg]e%&%?cgﬁr 0 I]ll.??lji%t 58, which
al so provi desmbuch reorts olf aha tinviemg iionf aomite o stoo itthkel predeessdr: 54. The

estimator 56 pravides the channel estimates H. to decoder .60 and a
si gnal power “ﬁé—& &t IFER TGP WS e &é]@oésélflcéd,m\ﬁ?ri %’Srogﬁsgo FEECE N
signals fremithe iRReeeSsUardde IrEMirably L orf-igu-edd0 iextyr act

information fromradio resource control (RRC) nmessages or other nessages as
descri bed belVewi&id fpiccalivz 125 tyegesat é5Csitdrdl Sesubjodettheo furt her

processing inthe . mobile stati %r}f%r}?ntedsrﬂ)%e The estd mator, §2, gener at es
recei ved si gnéJI power measur ement s €.g., estimates of reference signal

recei ved powerrogRSRRed reeaitead ssubedr rirerccpewears .SiMorsiogral, to i nterference
ratio 30 (SIR), etc.). The estinmataor 62 can generate estinmates of RSRP,

reference si GRARSECENFed ™ aal iFty (RSROME rélevéd Sisghar severgerc
i ndi cat or 10REJ! ) @¢@IM8dnal blocks depicted in Figure 3 can be

altered in various ways to enable a mobile station to
implement other methods involved in the operation of

the mobile station.

15 As depicted in Figure 3, a mobile station receives a DL
radio signal through an antenna 41 and typically down-
converts the received radio signal to an analog
baseband signal in a front end receiver (Fe RX) 42. The
baseband signal is spectrally shaped by an analog

20 filter 44 that has a bandwidth BWg, and the shaped
baseband signal generated by the filter 44 is converted
from analog to digital form by an analog-to-digital
converter (ADC) 46.

25 The digitized baseband signal is further spectrally
shaped by a digital filter 48 that has a bandwidth
BWeyne, which corresponds to the bandwidth of
synchronization signals or symbols included in the DL
signal. The shaped signal generated by the filter 48 is

30 provided to a cell search unit 50 that carries out one
or more methods of searching for cells as specified for

the particular communication system, e.g., 3G LTE.



20 subcarrier power Si, SIR and other relevant neasurenents, in various
ways in response to control signals provided by the control unit 58. Power
esti mat eswgenarai®d by the estimator 62 are typically 5prPasa®2ein/052224 her
signal processing in the nobile station. The estimator 62 and channel
estimation unit 56 may both be measur&éfent providing units of the
invention. 10 The estimator 62 (or the searcher 50, for that nmatter) is
configured to include a suitable signal correlator. In the arrangenent

depi cted in FRivguhce 13,y t KelCEoMetHIoamilit Vg ice 85 SGtacIe Hfr SSebsranticsl | y
everything n fJ.gur r: 5 T r 2stimati on
ni €56, " and stk o KR o The et i o A B Ehy i el ddes bot h
met hod and celdH)i deniatly (ifhorchreefrercencedsisgralalext racti on and cel | -specific
scranbling of reference signals). Conmunication between 20 the searcher 50
and the control unit 58 includes cell identity and, for exanple, cyclic

prefix conbi guealdiQn + iPhe eeRletRlnURiilgna8 Gan deleriRe A ¢ afeseveral
possi bl e estimati on nethods is used by the estimator 56 25 and/or by the
esti mat or 62 AD6r 4fedsurerantid adn ftiHd edetectidd tedlas( Hhe angadidton, t he

contr ol “”itB'%o&.%!jc@héy?ﬁ‘i%kééd%? EE%@PBgsébg%rSESEQE %E | npl ement a
correl ator funcfi6n, can receive in drmati on sirgnal e y the network and
can control thevdnleof frd iames cafedtdoe 30 FaaRX idDlen2hts a fast
Fourier transform (FFT) or other suitable algorithm
10 that generates a frequency-domain (spectral)
representation of the baseband signal. A channel
estimation unit 56 receives signals from the processor
54 and generates a channel estimate H;,y for each of
several subcarriers i and cells j based on control and
15 timing signals provided by a control unit 58, which

also provides such control and timing information to

the processor 54.

The estimator 56 provides the channel estimates H: to a

20 decoder 60 and a signal power estimation unit 62. The
decoder 60, which also receives signals from the
processor 54, is suitably configured to extract
information from radio resource control (RRC) messages
or other messages as described below and typically

25 generates signals subject to further processing in the
mobile station (not shown). The estimator 62 generates
received signal power measurements (e.g., estimates of
reference signal received power (RSRP), received
subcarrier power Si, signal to interference ratio

30 (SIR), etc.). The estimator 62 can generate estimates
of RSRP, reference signal received quality (RSRQ),

received signal strength indicator (RSSI), received



The control unit 58 provides appropriate information to an encoder 64,

whi ch generates nodul ati on synbols or simlar information that is provided
to a tramsgizbtieidsront -end (FE TX) 66, which generates &CTER2@INi0S22ON 5
signal appropriate to the comunication system As depicted in Figure 3,
the transm ssion signal is provided td0the antenna 41. The control unit 58
with the encoder 64 is suitably configured to generate RRC and ot her
nmessages sent by the nobile station to the 10 network as descri bed bel ow.
Finally ther §Wb§a§rﬁ@r¥owwﬂ cso)nnééf{edaflé Ph@eéoﬁﬁﬂ@}faﬁﬁlt 58 in order to

st ore neasur %%%%Bge%%t Lontral, unit, er. bl ocks of ,the nobile

5

15 station can be i npl emént ed by one or m)re sw?) bl'y programmed el ectronic

processors, cdldnedts @I@vafdeldoglyct@&te}@nt&tod unhat 5er.od¢esses i nformation

stored in one or, nore nenories. t ed ahove, (%92 nobi | e station includes
t:%ﬁy S

the menory 6F7SAZRS Igteéﬁeﬁéjttle\?iekm 55 R d & %s 6Te &Yﬁ’elrcallﬁe of

information s{erade fimehicanalighisl Hieodmmany 64 ehothetype of
information storage functionality is suitable for carrying out the methods

and recei Vi n@t@ﬁdo@enéﬂﬁ]@t io%g 19 o1 PrRales @h@élf)@ésﬁﬂtléé@tb@lnowmlﬁ
cooperation wd pna%/S %I %%”trw?%'su%'&en@ angd ;$q rrﬁt%x%cfmt%% by the

control unit. For exa an be us 0 collect data for

M ni m zi ng oflnli)reln\teoﬁests (MDT) under t he control of the control unit 58
and possibly other electronic processor(s) in the nobile station and to 30
deliver the data to the network according to software executed by the

control unipt (18} ARG inRfQ MR O(%Ia%@'!eorsera%%%% $0f eae)v ed fir amdthg ynet wor k.
The stored 22 information can include programinstructions and data t hat

enabl e t he comst coinfugivress too linpdlusigent sthie afpetchedened ve rdedertidyed bel ow.
It wll be appreciated that the control unit typically includes tiners,
etc. S5that facilitate its operations.

In the arrangement depicted in Figure 3, the control

unit 58 keeps track of substantially everything needed
15 to configure the searcher 50, processor 54, estimation
unit 56, and estimator 62. For the estimation unit 56,
this includes both method and cell identity (for
reference signal extraction and cell-specific
scrambling of reference signals). Communication between
20 the searcher 50 and the control unit 58 includes cell

identity and, for example, cyclic prefix configuration.

The control unit 58 can determine which of several
possible estimation methods is used by the estimator 56
25 and/or by the estimator 62 for measurements on the
detected cell(s). In addition, the control unit 58,
which typically can include a correlator or implement a
correlator function, can receive information signaled
by the network and can control the on/off times of the

30 Fe RX 42.



Now a first basic variation of the invention will be described with
reference al so being nade to fig. 4, which shows signals exchanged between
a first mebi2be/1B43t ati on MS and a first network node NRCTiE®Peo1@/054220 fir st
network node nay be a base station or a radio network controller. As
mentioned earlier the invention is prdvided for 15 controlling the
reporting, here non-real tine reporting, of nmeasurenents froma nobile
station to a network node. At a mininmum control of non-real-time reporting
may 20 conpril$€ CORHTGUr aildn X PReFSEESMERPs oG 15¢ 9 dgdedmatrlioggér ng of

| 09ging_events, angLePorti Rg ok |0%: G b phaMS & SChERRU ¢ picture of
a non-real -tinme neasurenent procedure. te that the network node NN or
net wor kK node samtiiltay e chenagriitome rtha thase pstoatiiden! such 2xaasmanteNMB or a
radi o network. control ] er__( RNC) eaﬁgg%$ on access technol.ogy. In both

,d
cases the nodé U1y pitCal™y fée t GEEIPE S5 S pgicds8Y S Fi g, 2.

Initially theifdi-9t ReHWRIK Rede ol IRShaNGe 8lilhels 38 aNB arfs RNC)
configures the non-real -tinme neasurenents. The first network node thus
sends a conf idgiigttiesh 16f Fignaceal, thhee brdasiiemamt s si@niede ifSi rst nobi |l e

station, 23 st . . Ih r nt,s ca far bid.e tion being
ei t her conneé?g ﬁgg%ﬁz?Zﬁ%%éggnggbéﬁﬁon?P%F%%éﬁé%lornggigg ﬁ% idle
node. The confhiegumnatdden a4 tike swhiakd ysteatifdyureyl e demererccb Rearri ed out

usi ng dedi cat ed signaling when the nobile station is in connected node even
though the adfifalChEdsHFSTERES ey e Yprorired ish SRREYM ¢dd€, or may be

done or caprigRd QU Wd RIQadeRs Sy StiemIf eHEBY QR 4 he Gh case it
is expected that the
67 connected to the control unit 58 in order to store

measurement logs.

The control unit 58 and other blocks of the mobile

15 station can be implemented by one or more suitably
programmed electronic processors, collections of logic
gates, etc. that processes information stored in one or
more memories. As noted above, the mobile station
includes the memory 67. As an alternative it may

20 include some other type of information storage
functionality. The memory 67 or other type of
information storage functionality is suitable for
carrying out the methods and receiving and generating
the signals to be described below in cooperation with

25 the control unit 58 and software executed by the
control unit. For example, the memory can be used to
collect data for Minimizing of Drive Tests (MDT) under
the control of the control unit 58 and possibly other
electronic processor(s) in the mobile station and to

30 deliver the data to the network according to software
executed by the control unit(s) and information and/or

requests received from the network. The stored



10 nobil e station, when in idle node reads the systeminformation directly.
The configuration can be sent in a dedi cated RRC nessage, | ogged

measur enewo 20ovfoidpar at i on. The configuration typically ®ergrout/052220
measurenents to be made by the nobile station 15 concerning one or nore
connectivity aspects in and for the fkest nobile station in relation to the
first conmunication network, which connectivity aspects may include one or
nore of the foll ow ng: neasurenent object (e.g. frequency and/or Radio
Access Techndlldggy ™20 1ORATRY R&C iKe Fekidrers tasten Gt oggppesedatd neasure),
reporting qu it 10 f Si | Regej v Rower. ((RSRP) or

Ref erence Sigﬁgf é%§¥%%éﬁ%h§%?ﬁg%%Fég£§iEﬁ%§§h¥21]ﬁi%$§b§%'e.g. peri odi ca
or event tri ggehed)s. tPhéecarisrolibgdotedsor. 32 mEy lhére aprovicde t25!
configuration data to the schedul er andéé_lector 33, which in turn treats

the data thr dUgH pé&EF GERTE r &€0dr d&PBICEK Yard G&SE6r ¢e"Earémett Sschedul i ng

and sel ectironel cede 1ald-0catiiren Lepending on type of network. The
configuration nmay also include a timer or 30 tinmer value indicating for how

| ong the configuration is valid. The configuration may thus only be in

force a limted tim. the treated data s 4hen modulgted by hhe 24

nmodul ator 35 onto a suitabl e carrier, Wwhich 1s then transmtted as a

Wi rel ess si gralsday tae wiadi ocdigrewide 3 v detiey anicenna 38.g.0r,this way it
can be seen that the control processor is arranged to provide the first 5

mobi | e stati ORIt FYHE Pepdrtiong*Confidgar SIS The T¢difi diiati®n is then

received by theGoptnal W & 38 .0ft the il ke Rt aid, onnd@r thestancg nobile
station 28. The configuration may here be received via the 10 antenna 41,
front-end receitverk42odgnalaog Hfe lat &as44 stADC 6,0 rdisgirteall of inlettero %2,

processor 54C%p% %ﬁﬁp@gr 60. When the nobile station MS has received the
configurationi perfbrns measurenments according to 15 the received

measur enent configuration and stores the nmeasurenent results in the nobile

station internal log. It thus collects neasurenents according to the
confi gurati odS S 16Tk Te&Lurtéife Aty Shgy Be 1SoPreete® ot 9Fat her ed

t hrough t@% %Q%E&@lﬂﬁﬁ& 5%% reporting, here non-real time

reporting, of measurements from a mobile station to a

network node.

At a minimum, control of non-real-time reporting may

20 comprise configuration of measurements to be logged,
triggering of logging events, and reporting of logs.
Fig. 4 shows a schematic picture of a non-real-time
measurement procedure. Note that the network node NN or
network node entity may be either a base station such

25 as an eNB or a radio network controller (RNC),
depending on access technology. In both cases the node

will typically use the structure 31 depicted in fig. 2.

Initially the first network node (for instance either
30 eNB or RNC) configures the non-real-time measurements.
The first network node thus sends a configuration of

non-real time measurements to the first mobile station,



20 ordering a neasurenent performng unit, such as estimator 62, to perform
measurenments according to the configuration. The neasurenent perform ng
uni t t herwpenfionom®t7measur enments and sends these to the ®OmEPRI1106I200 58.
When receiving neasurenents, the control unit 25 58 then stores these in an
internal log in the nmenory 67. After having been collected p, the | ogged
nmeasurenents are delivered to the network node entity. The nobile 30
station thus perforns reporting of the non-real-tine measurenents, step 70.

Two al t er nat iSF€PwfPs IS EFEEITRYIGGgEd medSUverfdmt ¢ WAl e descri bed
later. 25 T%R'actaﬂolr% R %‘i&%g‘f fcof’d?aql% cé;%rdoﬁ%q ntgh%éﬁﬂ%t rQls it 58

providing data to the encode nodul at1on "and thereafter to the
transm tter focontredndREE)f arr tredmsMiissiRRE \idd et hedant @hrea 41. It can thus

be seen 5 that the cont.rol QL[}mi 58 r.gers the transmtter front-end to send
the report. P SHINEHE e Ve FéEaliChed St FEE THE FEgortS f§TSF Hon- real -tine

nMeasur enents @y iRet NRCeSSAY e LoErespendnia ite thersam nepsark node as
the configuration of the nmeasurenents. For exanple, the nmeasurenents may be

confi gured usitagiam éNBINhenees beghaadengviedy e usdidaheo aRNC21i . e. a
nobi | e stati R

than the one | ta%%%eh%%é;%vgd&fy{ %(raee E)eﬁ%%glﬁe% {igg%ﬁﬁo%%i%%%%grgﬁgi%&:ﬁgt ;son
of this genemal decorcept datrdiedpessi biieht hatoaalcmhi & styatdean i s
pre'conf'gur%%f&fﬁ%tf&h,'inpﬁgﬁk%¢%$@é11§'YE(§¥325¥$%a%%%ﬂ Q%LPrehand and
10 mobile station, when in idle mode reads the system
information directly. The configuration can be sent in
a dedicated RRC message, logged measurement
configuration. The configuration typically sets out
measurements to be made by the mobile station
15 concerning one or more connectivity aspects in and for
the first mobile station in relation to the first
communication network, which connectivity aspects may
include one or more of the following: measurement
object (e.g. fregquency and/or Radio Access Technology
20 (RAT) that the mobile station is supposed to measure),
reporting quantity (e.g. Reference Signal Received
Power (RSRP) or Reference Signal Received Quality
(RSRQ), measurement type (e.g. periodical or event
triggered) . The control processor 32 may here provide
25 configuration data to the scheduler and selector 33,
which in turn treats the data through performing
resource block and resource element scheduling and
selection or code allocation depending on type of
network. The configuration may also include a timer or
30 timer value indicating for how long the configuration
is valid. The configuration may thus only be in force a

limited time. The treated data is then modulated by the



20 woul d therefore not need to receive it fromthe network. Now a first
enbodi nent of the invention will be described in nore detail with reference
al so bei yormade10287to fig. 5, which shows a flow chart @eCTEP2UTvE220f

met hod steps being perfornmed in a network node in the formof a base
station or radio network controller anéd to fig. 6, which shows a flow chart
of a nunber of correspondi ng nethod steps being perfornmed in a nobile 30
station. 26 In this first enbodiment the first network node, for instance
the base stafio6R1EECproviddds & repdriilfg Ceantlicgur atileh ti¢ &hwdbil e station
M5, for inst i i:l ti , 7 hi s,.r rting 5
configuratio%ﬂﬁgsgpg&Fgeﬁgtgpghg‘#%%%tEﬁ%%%ﬁeh§iggﬁokaﬁ%%o? g?%9§ enabl e

t he network t30 send the equesihaf &8 .a Inoghed measurement breperen tthatthe fir st

nobil e station and receive such a report as response.. The canfi guration
Ty set out WS CHAEREL SO hrE o e AF6 HUELISd PSR e Sure St 5 ar e to

be nade and hewinepertHdngH wittd ke dmade.orthe o epertiigg &anrfi guration may
al so specify that the nobile station is to perform nmeasurenents when in
idle node. This reporting configuration is thus sent to the nobile station

28. It 15 m r rti l.Larly b rfar in a a S
descri bed abﬁggpfﬁmﬁgﬁgf%gﬁ%Pogfhghgﬁ}§%K%§§$%i§)rﬁé%igﬁﬁﬁg¥?hZH¥ﬁVention
in an RRC nessage narechddgged thedsur,erfent icenfingur atobdn.e 2@ aEHenmobi | e

station thus receives such a reporting configuration fromthe network node,

step 76, and “therd MFeor s Uteds ire fent $e4¢c iditrg St Schivs & P96t ti ng

confi guratiponntsteR 48, e reasy enealis Jray W th advaniage beperforned in
i dl e node. As neasurenents 25 are perforned they are then being stored in

an internal m@dsdrenenuilted, Stlépr802, Thiroassasur ertersind ogaralerbeé Opr ovi ded
t hrough the nenory 67 connected to the control unit 58 of the nobile
station. In this way data is gathered in the log. At a suitable tinme, which
time may 30 beesetchy nidna lrepartiing oonfiagurnaldedreor thke sel ection of which
may be set by the reporting configuration, a notification is then sent to
the first negw@ﬁngéﬁélon 1t performs measurements according to
15 the received measurement configuration and stores the
measurement results in the mobile station internal log.
It thus collects measurements according to the
configuration, step 69. The measurements may be
collected or gathered through the control unit 58
20 ordering a measurement performing unit, such as
estimator 62, to perform measurements according to the
configuration. The measurement performing unit then
performs measurements and sends these to the control
unit 58. When receiving measurements, the control unit

25 58 then stores these in an internal log in the memory

67.

After having been collected p, the logged measurements

are delivered to the network node entity. The mobile
30 station thus performs reporting of the non-real-time

measurements, step 70. Two alternative ways of

reporting logged measurements will be described later.



27 fromthe first nobile station, step 82. The notification is a
notification of the presence of |ogged neasurenents and perhaps al so of the
presence Wb 2a1l0gyed nmeasurenment report and i s sent in ecidEP2i0/0522enabl e
the first network node to respond to the notification with a request for a
| ogged neasurenent report. The notifigation may be sent in an RRC nessage
and therefore the control unit 58 may provide such a nessage to the encoder
64 for nodul ation and thereafter 10 transmi ssion by the transmtter
front-end 66 TWPa PR Yaritt@iad 140, lsn e Ao Idntiod meomt e URitits O 8nobi | e
station may fj : n i u : t first

net wor k node,ﬂﬁﬁlgﬁ%%ggggﬁgs%%w% %%%ﬁg%%o%%ng?h gﬁ%%g%ﬁcﬁto%egggge.
Thereafter t héefrnaagttelb tnohiblee tstaatsinarn tray fsemd -amdRRE Gonnecti on Set up

Conpl ete nessage. It i.s this |latter rressaglﬁ thIat may include a bit
posi tion, | odged SHEESurEnents AFaidrahe? that fraSPedh"Set’s 26 he contr ol

processor 32 tofytt hecnetmrts1nede tt en Jreeeivesd he pebdifriteat i d-a the
antenna 39, radio circuit 37 and denodul ator 36. As the network node

recei ves the agst it é&thicorkhfer gip¥e -nobi | e station, step 72, it thereafter
sends a request for a | ogged 25 neasurenent report as a response to the
notification, step 73. It is here possible that such a request is only sent
as a responset chaulat iNdreaticoncallti Zegl tdhas ateorrdipng ttiod ke fnionst

enbodi nent possible that a request for neasurenent is only sent if there is

a 30 prior ndtfli CatiCome A LR Y HuS 90 P thé CEE TS Bats&d G 1€ Fecept i on of
a notificabi on fremdhe FidisloMBIdR SLatinen ¢ oF ithirs Hils b reredi ment it
is furthernmore the 28

measurements. For example, the measurements may be

configured using an eNB, but the reporting may be made

to RNC, i.e. a mobile station can use a different RAT

to report the logged measurements than the one it

15 received the configuration from.

As a further variation of this general concept it is

possible that a mobile station is pre-configured, i.e.

it is provided with the configuration beforehand and
20 would therefore not need to receive it from the

network.

Now a first embodiment of the invention will be
described in more detail with reference also being made
25 to fig. 5, which shows a flow chart of a number of
method steps being performed in a network node in the
form of a base station or radio network controller and
to fig. 6, which shows a flow chart of a number of
corresponding method steps being performed in a mobile

30 station.



sane network node that provides the configuration and sends the request for
a neasurenent report. The request nmay be sent in the formof an RRC nessage
provi ded wo 20tietosaiedul er and sel ector 33 from the cont POII/ER2@os2260r 32
for being treated, for instance code allocation in WCDVA. Thereafter the
treated data is nodul ated by the nodukator 35 and transmtted to the nobile
station via the antenna 38. In this way it can be seen that the control
processor 32 is arranged to 10 cause the sending of the request. The

request is iANt A& S séntsEEiofEME SetnS f 14 SRROCUFE AT 6Y0f&ti 1P TRequest
nmessage. Here it i i bl et i It r ri.able in this
nessage nane nfbéﬁééﬁ%%%h?} 5h3§%§31€%q¥%eEﬁ%ﬁﬁfgﬂgghf¥%ﬁm?ﬁél recei ves the
request as aacesponse ttiont he rotobiidat isar,tishepis84.fothe nseguest tihe recei ved

in the contrg* unitcig Vi a antenn% 41, froqﬁ;enqﬂreceiver,42, anal og filter
44, ADC 46, diditali e 52, Pr 6lesSEEr54 tand "déc 5GE° 63 9The control 20

unit 58 then serds e ilePald @B% A despeNSe d Fitthe nemiast ststteR86. It is
here possible that such a report is only sent as a response to a request.

It is thus aceordidsy to Emebilier Sheemssdiordnttopossidhiee neisaesa fegort is only
sent i1 INers dobe Ridaol LGNSt L 23 STRASUATEN! fioplifl o S ficlst!

enbodi nent t he “repor as soon as it 1s possi .tfﬁg'report i's
sent usi ng thedeneaddr b64udhr ansrigctrer afsr entreand e .amtheant enna 41. The
reporting is in the first enbodi nent sent in an RRC UE i nformati on response

message i n a S8 SENNASH Rafey ISSHMEISREPGTt PRIog v Snétivor® R&de t hen

recei ves the |-Q968d JTRISW e MR @R A% 1R KESPRNSR JDO ke Hgauest, step
74, which report may be received in the sane way as the notification. The

control processortiing mgs tar bangedlss tIher ecgiord ittlve doodgent nagdasur ement
report as a response Lo the s equest, The node can Lhen perf grim.a sui tabl e
activity such das chang I'ts-“coverage based on one Or nore sucC reports
recei ved fromewafireus nimbivhenstiat iioNs mbdle. This reporting

configuration is thus sent to the mobile station 28. It

15 may more particularly be performed in the same way as
was described above in relation to the first basic
variation of the invention in an RRC message named

logged measurement configuration.

20 The mobile station thus receives such a reporting
configuration from the network node, step 76, and then
performs measurements according to this reporting
configuration, step 78. The measurements may with
advantage be performed in idle mode. As measurements

25 are performed they are then being stored in an internal
measurement log, step 80. This measurement log may be
provided through the memory 67 connected to the control
unit 58 of the mobile station. In this way data is
gathered in the log. At a suitable time, which time may

30 be set by the reporting configuration or the selection
of which may be set by the reporting configuration, a

notification 1s then sent to the first network node



Here it is also possible that nmeasurenents are made and al so that reporting
is made before a conplete configuration has been received. The nobile
station Y 2borioizagt ance start the previously nenti onedPCirmProians22®d t hen
perform coll ection of measurenents in idle node, periodically or
event-triggered. Then as soon as it edAfers connected state, it may notify
the network of available |ogged neasurements. These may be reported upon
receiving a request fromthe network. If the 20 nobile station then again

enters idl e FI@8 Ghe ey sdgdioPidentStadd o Férforsm -nmeasur ement s accordi ng
to the confi Qn%rtﬁ%'l%%t § e J rf%rorglr}chftlrg%a%lfr ecrﬁ%”tp%e@%%cteh% n end when the

ti mer val ue expires an I nal nmeasurenent report "being notified and
possi bly al sao2ycoeimeg sserinehies rext dermedshe Imobidfe tStcatdirenenget © £
connected. It i.s here further pOSSI ble to | ater recei.ve a hew

configurati oft 1O9E5§ MFOSHAORS S SEiogitalfd Ssert SHEtween TSt &%t ati on 30

and network RGN toRe Maldtatidn ok thhice fild st pbeditierte 30 In this
variation, the nobile station indicates the availability of | ogged

measur enent s o6 ittHe aré mo ik, Lt r aggiveséndiong ca lr@@‘tqefdi dgrisyirementthe net wor k
node, step 8%”ep%§,f the b 'f‘%c%ttg norfha $,PELEQr %R%g@a%%‘ér IEnts in

i dle node, the i ndication can be a part 0 connec i on setup
procedure. | tanma)thf@&eﬁom@dltfnleed:dﬂ%@orremg;e 5rse hraityi @qdvadteheumlnraectl on of a
nobile 10 station to the network. As such it may be an RRC Connecti on

Request or RRESEGHiTect SHeSEREE EImpt et@%ﬁ?%@tlﬂél ARl CErRRENE it i s

possi bl e 49 uyserarsResial RRENESSagen: ey means Ihat dde iindingation may
be provided in an RRC Conneéection Request nessage, an 15 RRC Connecti on

Set up Conpl etterteessadgd,. dm RRE Comsdc tendr IRacori |t@@r aftur@rt Oorpllet e nessage
or an RRC Conne t| on Reesft a%ltl ssrérrent rﬁ@hectomec for instance t hr ough
an addi ti onal® t p05|at| on provi éled *for IS pur pose qtUhese nmessages.

This may be @d@éage to the first network node, which responds with

an RRC Connection Setup message. Thereafter the first
15 mobile station may send an RRC Connection Setup

Complete message. It is this latter message that may

include a bit position, logged measurements available,

that has been set.

20 The control processor 32 of the network node then
receives the notification via the antenna 39, radio
circuit 37 and demodulator 36. As the network node
receives the notification from the mobile station, step
72, it thereafter sends a request for a logged

25 measurement report as a response to the notification,
step 73. It is here possible that such a request is
only sent as a response to a notification. It is thus
according to the first embodiment possible that a
request for measurement is only sent if there is a

30 prior notification. It may thus only be sent based on
the reception of a notification from the first mobile

station. In this first embodiment it is furthermore the



20 position or variable named | ogMeasAvailable. It is also possible to
create a new type of RRC nessage that is dedicated to notification. Qher
types of wossiblogssressages are Cell Update, URA Updat e, PHam®oMa052200 UTRAN
Compl ete and UTRAN Mobility Information Confirm 25 Measurenent Report. As
an alternative it is possible to proviéle the indication in an UE

I nformati on Response nessage. If the nobile station has perforned
measurenents in RRC Connected Mbde, a special RRC nmessage (e.g. UE

| nf or mati on ISEdicc &STHR) oM ogle 30 edx PersiicieSofthe CRfemuTRRC e ssidge (e. g.
Measur enent rt . UE i tyl nfor i y ed.l.n fi.r st
enbodi nent tE@%ﬁ&&%&@é&n%&?i%?ﬁ%@up fﬁ@%%logt%é iTsheus}KIeegl.%elsft t he

net wor k node ndge enatensupporther €cept iodn aof RRONTesaladte meoveasur enent s, it
will sinply ignore the indication fromthe bile station. Note that the
timng of the 'en&icg]?ﬁtdiu_c}r?rcgﬁl béS @tcéﬁprﬁ r?’gd fg';?"!s t?]‘r?e_cr%]ﬁirloé station based on
at | east one gioldddseat i3on fAdmiRg neyf ithersitem, Hirs iefdteldordmy be a
criterion based on one of nobile station nmenory consunption, battery |evel
or sone ot herlflastedri.onNGine WAIDYE: -t Hare need tierditégt itae aftesmdaié sbhi | e stati on

may i ncl ude i,ndj i i t echnal r 0. PA, LTE,
cdma2000, et %E)djatqﬁé:%?#ecabg}urtg%en%g%%grcgﬁ e%%tdce)%)é\#as.m -Eee%ie% I ci‘:a i on may
i nclude an i mditddatd e aafi cry pe soft hac eeserinec t¥sal agy tised vhay tihe danr st nobi | e

station when gathering data for the report. The first network node 15 may

use this infGFTEEON 6 d&ter MR o FE OGET SO8c eidy & St e It (Hoar
measur enens (.¢ e GapRAlE off decodingddie ABSt nackcSyntiax iNotatd on One

(ASN. 1) format used for neasurement report). 20 The first network node then
det er m nes i ffiinstslkowod ineqire stenitogged ME&s Wikeerdtogmait i@n iReadetsér m nes i f

it should send a request far measur ement s based an. at | east .one reporting
Lo . message,. %g 1t 1S5 POsSSl to Wse a bit ?OSlthH or
timng criterion, st'ep . I'T the network node supports reception of the

non-real - ti Na25 amaasuriementis, madiselyd hamed dororERiRep oda rRekerr seanf i guri ng
the nmobile station, it can use the current load in the cell, current |oad
in the system connection to the centralized data base to store reports and

various otBeract s & o detiermae A 30 Syidabhe tidpdastance to request
the nobile station to transmt a nmeasurenent | og. The reporting timng
criterion mayeshhus see toaséd o torfe cert imor,e sofert Wg . The request 1is
received in the control unit 58 wvia antenna 41, front-
end receiver 42, analog filter 44, ADC 46, digital
filter 52, processor 54 and decoder 60. The control
20 unit 58 then sends the report as a response to the
request, step 86. It is here possible that such a
report is only sent as a response to a request. It is
thus according to the first embodiment possible that a
report is only sent if there is a prior request for
25 measurements. In this first embodiment the report is
then sent as soon as it is possible. The report is sent
using the encoder 64, transmitter front-end 66 and
antenna 41. The reporting is in the first embodiment
sent in an RRC UE information response message in a

30 section named LogMeasReport.



32 properties load in the cell, load in the system and connection to the
centralized data base. The request is then sent, step 73. The request to

t he nobi IwWwOosvHriod¥7can be sent using a special RRC ness&ge/EPoo11/052206i ng an
5 existing RRC nessage. The request nay be sent in a radio resource control
message concerning the capabilities i£9the nobile station, such as

ueCapabi I i tyEnqui ry or uel nformati onRequest. In the first enbodi nent the
nmessage uel nformati onRequest is 10 used. Finally the nobile station, upon

recei vi ng thé&'hfedeésto ko Haden $ich AET-SAess- tihee Lpsaser éﬁ?@ﬁtu_r@&eél,t wi |
transmt the ﬂe%gecdﬁrgg%s%%g%%ts% tQ the nel rﬁécn%g% 15/4e,ntm;hti iy, Step 86.

The transm ssi ca using a specia séjage, or by using an

exi sti ng RRCmessages(e by reeCdpabi lint yRes pense waVeasurtérent Report). In the
first enbodi nent, t.he nmessage_ uel nformati onResponse is_used, which is a

response to 20 %tHe Fadi%d r eSOl CETESAT BIF MESSLGe ‘ComhHiSsidng A HEY equest .

I f the nobisl & StraldaR has datr @vainakh g ke thas JLROL RO AR Hata as
avail abl e for transm ssion, but 25 has not received a request to transmt

| ogged neasurtemérmtes redquepdy Tdge a0 dSe irdion ¢ hiele Bierdiogat icors Leitelpdie
periodically, or. _after_ | S t.q.a differen | 1. IS SO nmeans
t hat | ogged r?g;%sllﬁé:rt?'er?tusctha%% %&?%e&%rseﬁgr‘{er%%% %%Sr e é)inn-g%ei r?%{ he 30

i nternal | ogmoanrd stuuls re@oreporteceanted iffrond vieequest miodinecei ved. 33 As a
further variation of the first enbodinment it is possible that in order to
avoi d congestS™ig$ignal i ng radi o bearers (SRBs) with | arge measur enent

| ogs, a special SRB for non-real -tine neasurenent reports can

Here it is also possible that measurements are made and
also that reporting is made before a complete
configuration has been received. The mobile station may
for instance start the previously mentioned timer and

15 then perform collection of measurements in idle mode,
periodically or event-triggered. Then as soon as it
enters connected state, it may notify the network of
available logged measurements. These may be reported
upon receiving a request from the network. If the

20 mobile station then again enters idle mode, it may
again continue to perform measurements according to the
configuration. The performing of measurements may then
end when the timer value expires and a final
measurement report being notified and possibly also

25 being sent the next time the mobile stations gets
connected. It is here further possible to later receive

a new configuration.

Fig. 7 shows some signals sent between mobile station
30 and network node in one variation of this first

embodiment.



5 be used. This neans that the report may be transmtted on a signaling
radi o bearer dedicated to transm ssions of |ogged neasurenent reports. As
yet anot hwo 20mwviosdds7on of the first enbodinent it is 10 2CTEPp@sHFZRE t O
omt the indication fromthe nobile station conpletely. In such a solution,
the network and nore particularly the3fetwork node may sinply ask different
nobi |l e stations to provide | ogged neasurenents based on information
available in the 15 network. For exanple, if the nobile station

capabi | i ti es Ife. 5§18 Varhe thohi/|l éhst §106A & $hak IRRC 106vrédtesd tsde and has
indicated th it r - | L e neasyrenen r wn in the
net wor K, for%ltvr?sltlé%ggqgﬁ} ?ﬁgqﬁgig:et% rqlteetav@\glrk n?)lges, q?hg%%e?lve\gﬁ%r}%éy 20 sinply
ask the nobi lthrstaih erntdo npr evinde igny dtdgge d omedsumerentrk @ione, udi ng
measur enents | ogg earlier in Idle node). After the network and here the
first networ K d% ttas 25 received an indication that the nobile station
has | oggedsneasurenents avail able, or has otherw se determ ned that the
mobi | e station m ght have | ogged neasurenents avail abl e, the network

sel ects a suiltfaihe aebddicon ted iogqliest Pelid dragge d e asasemsnes tsr gm t he 30

mobi [ e stati %-1e' fmoto'l%(:’: Q%tevqrnl&i%%tti'to%a% | n%et raiio%’e &e %Eﬁﬁtf iorfStannet wor k.
node, does not support reception Ofl e non-real -tl measurenents, It
will never regresiorirketiogges tnpaguioerentre .f Tamnishe rohi e dstfdtddon. It is
possible to %?8:Hg§éggé“¥3fgﬁiﬁé1€§'yﬁé connection of a mobile
10 station to the network. As such it may be an RRC
Connection Request or RRC Connection Setup Complete
message. As an alternative it is possible to use a
special RRC message. This means that the indication may
be provided in an RRC Connection Reguest message, an
15 RRC Connection Setup Complete message, an RRC
Connection Reconfiguration Complete message or an RRC
Connection Reestablishment Complete message, for
instance through an additional bit position provided
for this purpose in these messages. This may be a bit
20 position or variable named logMeasAvailable. It is also
possible to create a new type of RRC message that is
dedicated to notification. Other types of possible
messages are Cell Update, URA Update, Handover To UTRAN
Complete and UTRAN Mobility Information Confirm
25 Measurement Report. As an alternative it is possible to
provide the indication in an UE Information Response
message. If the mobile station has performed
measurements in RRC Connected Mode, a special RRC
message (e.g. UE Information Indication) or an
30 extension of a current RRC message (e.g. Measurement

Report, UECapabilityInformation) may be used. In the

first embodiment the message RRC Connection Setup



5 scenarios. It is for instance possible to use broadcasting by the network
instead. This is done in a second enbodi nent of the invention. The second
enbodi mrerwoabitttees47nventi on will now be descri bed with refT@Epemamsizeé ng nade
to fig. 8 which shows a flow 10 chart of a nunmber of nethod steps being
performed in a network node in the foBim of a base station or radi o network
controller and to fig. 9, which shows a flow chart of a nunber of
correspondi ng met hod steps being perfornmed in a nobile station. 15 In this
second errbodi%@@tﬁ)tlec‘}ﬁ?e Ifetierk dodénef o tiestiameeler Ko S5ade ts tsaoire t16,
provides a r ' c L.guratiqn.f [ ti 1 fQr g ance
Phe firat mobiT S arari o 58" erén 0. Arouoh Trane fti g 20 TAE Y

confi gur at i on g rtcher hrohinlde csttatonorf.r ofthe: heploidlog. 1st a&ttiaan onheotecei ves t he
reporting configuration fromthe network nade, step 96, and .t hereafter
per f or s neawgrréﬁtes SHEEEiGHg 6 thI%S Pepart i ST AT G %é/t ep 98.
The nmeasur ememes iy 1l $@ hele Witk advantage 25 beperdarmed diny dl e node.
As measurenents are perforned they are then being stored in a measurenent

| og, step 10G1MSEdf & ittee ivdcoid idgnd flitestl cenbedi Mentes copdeatien n t he sane
way. 30 However, n in _t i t t i i fication.

I nstead the ?jrssetd %\é{t ior %ﬁ‘co g%%g%a%g%%ﬁgmgq}eén&g/g"t%ofr%ru%%é:g%&r’errent reports
to a group obamhirdye 1e3%®1stoat isens idthetrs Aaction.t Wotwhiadls ogreoiap ithed udes t he
first nobile station, step 92. It thus sends a request for neasurenent
reports in aBo&dddSt e ey be [Sedirads %8 Mequedtcipéi®nglsent to al |
mobi | e st abi a0y iidd 3 drf $rV i@l Yoo cHNS e rdaneg . ky ougivat he gont r ol
processor 32 ordering the data generator 34 to include the request in a
broadcast beiadardde., Fie .dattdegesersatremeds smaye tehew lilscltede ilkke request in
the data to %ebri%%q%%scti,onf orvvariorllct hi S, %%tant lctar%elosch%dl{l er, %r}d 10

sel ector 33 for treatent, {6H owe&uby odut’ati on 'of the tFéated data in

t he nodul at orac3% sand doharsmicss iR Dbt eamidusat edrand tsreatied datea by the
radio circuit 37 via the antenna 38. 15 As a npbile station, like the first

nobi | e st ati &t HHeddinesad@cH & rFéGuesSP oty -a T@teoédé?%:t ,neéitwé)ﬁkl@g,dei t then
sends a reRonLt, A% R 1eSRONSE L Lhe Proadeast ikl iss her e possidliedt hat
reports are onl'y sent as such responses. This neans that unl ess a broadcast
with a the particular measurements (e.g. is capable of

decoding the Abstract Syntax Notation One (ASN.1)

format used for measurement report).

20 The first network node then determines if it should
request logged measurements, i.e. it determines if it
should send a request for measurements based on at
least one reporting timing criterion, step 88. If the
network node supports reception of the non-real-time

25 measurements, which it would normally do when
configuring the mobile station, it can use the current
load in the cell, current load in the system,
connection to the centralized data base to store
reports and various other factors to determine a

30 suitable time instance to request the mobile station to
transmit a measurement log. The reporting timing

criterion may thus be based on one or more of the



20 request is received, no reports will be sent by the nobile station. The
networ k node then receives the report as a response to the broadcast, step
94, and a9 20hierierform a suitable activity based on omeT@mP20Mm08222LChH
reports. The report is here typically received by 25 the control processor
32 via the antenna 39, radio circuit 37 and denodul at or 36. The signals
exchanged between a network node and a nobile station in a variation of

this second enbodi mrent 30 are schematically shown in fig. 10. 36 Here the
network, in FHOPRSTHSSE l@ashde $that iconl brioadcast $hehsviedgiestd step 92.

This may be done thAroygh | *%%e”%%%t%%@%%ﬁd%é:%s%%'s'e | ayel Ijerg]?:lie%ett Lign that

the nobile station may transmt non-real - nmeasurenment reports in a
current cell .thNot ecriat stthe Fet.wdhke ewriauestmay ude tlodidwr reenttilomad i n t he
cell, current load in the system connection to a centralized data base to
store report $ENEVETGus ot e PR Ca8ESRide &%s vt A€ S iFve

instance tg hroadcast rar M dshdiccatrinen fof, Smbing Hatdedns ito gt ransm t
measur ement | ogs. The broadcast indication can be done using any existing
Syst em | nf or F&Gion IRESIEFE (OVINB/rSIHBIE Sea ISy stoarmelmfigimaticon Bl ock (SI B2 -
13) or using Y r. .Mes o de. message desi gned
and 15 dedicé?g%&$%§ﬁﬁf% 6&f§%§%. 5%% %§%§f§PﬁgSP%QRggoadcasted

i ndi cation, sicepphdd,]ittheE phirdye st ataTort omay tdetn®agure ta Juwi tcadel e tinme to
report | ogged neasurenents, based on at |east one 2Q report timnm ng
criterion, wWHER P8I Yray- e IEESEF ort Sdid G Ce ReRYS e grioper ti es
nobi | e stabi graEenory consunption, battery level, availability of
measurenents, or by various other factors. It is also possible that the
network, and here the first network 25 node, nmay ask the nobile station to

report the I%qggq_ne% urement,s i di ately. Wen t.he nohile statiqp has
. . Hg & mobile statlofl, on rece1v1nﬁé he Lques
determned a'suitabl e’ tine to transmt | ogged neasurenment’s, i.€. has

determined to transmit non-real-time measurement data, will

transmit the logged measurements to the network node

15 entity, step 86. The transmission can be done using a
special RRC message, or by using an existing RRC
message (e.g. ueCapabilityResponse, MeasurementReport).
In the first embodiment the message
ueInformationResponse is used, which is a response to

20 the radio resource control message comprising the

request.

If the mobile station has data available and has
reporting the data as available for transmission, but
25 has not received a reguest to transmit logged
measurements, it may repeat sending the indication
either periodically, or after it has moved to a
difference cell. This also means that logged
measurements and a logged report may be retained in the
30 internal log, and thus no report sent, if no request is

received.



30 when to send a report, step 106, (or if being ordered to report | ogged
measurenents imedi ately), the nobile station will transmt the |ogged
measur enewo0t1010t33¢ 37 network entity, here the first mem@Erekiloozeo |t
will thus send the report to the network node as a response to the
broadcast, step 104. The transm ssi on3gan be done using a special RRC
nmessage, or by usi ng an 5 existing RRC nmessage (e.g. ueCapabilityResponse,
Measur enent Report) is also here possible to use a special SRB for

non-real -ti n@smaémr@mﬁ VEEPEIeT 19 fortdier Ttig Sdv 6T OLD Erig dst |lr$g SRBs wi t h
| arge measur b'l%gz;ha'% Lhi T Qd"e@b%%' 1d0fco gfe %%”ts' 1S p

directed to s avol ding the use of atl on e th|r e d| rrent of
the inventi orra\dllol breew e ckés?(Bra badt\lm tllar]g'éa nefsenereenbeilngsrade to fig.
11, which shows a flow c nmber of method steps being perforned in

0
a networ k noc‘f’é’qcﬂrallh«§Rﬁ30 r‘ﬁ Poél‘tf&é?ﬁﬁﬁ GIF SSRGS AERNGTE SGRtrol | er

and to figs 12 which shaws @ flowngharnthofredp gl ofe alrespendiang
met hod steps being 20 performed in a nobile station. In this third

enmbodi ment t 9& FoliloE adtiad dRdper ferErs mmelgsiicariest § caddandini@ Stiens
reporting co%ffl Ql%rg%le'do%ea@%&emen@a%ep%Eet% 110, which reporting

configuration

As yet another wvariation of the first embodiment it is

10 also possible to omit the indication from the mobile
station completely. In such a solution, the network and
more particularly the network node may simply ask
different mobile stations to provide logged
measurements based on information available in the

15 network. For example, if the mobile station
capabilities (e.g. if the mobile station is in RRC
Connected mode and has indicated that it supports non-
real-time measurements) are known in the network, for
instance by the first network node, the network may

20 simply ask the mobile station to provide any logged
measurements (including measurements logged earlier in

Idle mode).

After the network and here the first network node has
25 received an indication that the mobile station has
logged measurements available, or has otherwise
determined that the mobile station might have logged
measurements available, the network selects a suitable
occasion to regquest the logged measurements from the
30 mobile station. If the network entity doing this, here

the first network node, does not support reception of



25 may have been received in the sane way as described in the first and
second enbodi nent or which may be provided in the nobile station

bef or ehamio 20hi@tom@asur ement s nay al so here with advant ageThEP2@eanszzeored in

i dl e node. As neasurenents are performed they are 30 then being stored in a
measurenent |og, step 112. 38 In the3third enbodi ment, the network
controls the transm ssion of the non-real-tine neasurenents by indicating
Reporting OV OFF. For exanple, the network may use an existing RRC nessage
(e.g. in 5 uéCspainimOpENGHMSy NeR SSySIEmtsh ofifatiidnBINGdR)Y, ‘& Wewtdedi cat ed

RRC nmessage, Qf, g dbﬁn%%%%%tmerﬁec%s%Q%m he flsh netwark node may thus

provide a reporting on indication to a nobile station, step 107, through 10
sendi ng such a nmessage. Through receiving such a nmessage, the nobile
station thus receives a report&pq_on indi.cati.on fromthe network node, step

114. Once t he Tmotsi PE S§tat it On §1f5nF§6'F§@&lFW§ ﬁ@p@ﬁpﬁﬁg ON i ndi cat i on,
it may then senrethed epart Atr GOHMRIRERY G Gal)1ata g tabl e point of
time, e.g. when the nobile station has no nore nmenory avail abl e,

peri odi cal | y brigeeisastid ngo iVl & hst ansitorw dkeavies Sagiggilhg scampaiogie. Uhnat hi s way

the nmobile station W29 end e PRV rAS o F &3ROS I the reporting on

i ndi cati on.
embodiment of the invention will now be described with

reference being made to fig. 8, which shows a flow

10 chart of a number of method steps being performed in a
network node in the form of a base station or radio
network controller and to fig. 9, which shows a flow
chart of a number of corresponding method steps being
performed in a mobile station.

15
In this second embodiment one network node, for
instance the base station 16, provides a reporting
configuration for a mobile station MS, for instance the
first mobile station 28, step 90, through transmitting

20 the configuration to the mobile station. The mobile
station then receives the reporting configuration from
the network node, step 96, and thereafter performs
measurements according to this reporting configuration,
step 98. The measurements may also here with advantage

25 be performed in idle mode. As measurements are
performed they are then being stored in a measurement
log, step 100. So far the second and first embodiments

operate in the same way.

30 However, now in the second embodiment there is no
notification. Instead the first network node broadcasts

a request for measurement reports to a group of mobile



This may later be followed by the network sending a reporting OFF

i ndi cation, which may typically be done 25 in the sane way as a

nodi fi catworroofioassy of the previously descri bed nmessage®CT/HPR&1 1061220 di sabl e
the reporting and therefore no reports will be sent in this case. 30 The
present invention has a nunber of advahtages. It enables the network to
control the reporting of the | ogged neasurenents. Loss of | ogged
measurenents can be 39 avoided if the network does not support the
reception of SAGH-ES 1 fd Sm¥astreent ¥RITH FHowR Rec ladeswsd ehe network to
perform a nurer, Of funiher Al tees, sych 8s ehanglngof, celducquer age.
Furthernore, if the measurenent's are collected 1 n i1dle node,” the

conmuni cat i orfoav ereatsher emiemnegl esp drmiserifnaee Hretaweers thasé isfhatriagn band nobi | e
station is not disturbed. Further.nore, throu%g_s%ggjg% an indication, the
reliability iTSChé S Epdr GGt SSNEr €58¢d FoTiRe I FER 0 £ AtdsiTg &

nmeasur enent rieporti dis iltgwered.s ki a0 epables kg nefowrdatheonly request
reports when these are available. The network does not have to keep track
of the presemd®csBscaport © rawd idan thige Céfter s aitios préodes singd vegpabi | ity

for other activities. 15.ln_s i f the nv i,on RRC nessages
wer e used. S&@ﬁ %%% aé%éjé}élgggéﬁgggg‘E%H%'rgmég?aﬁhgiﬁg%@PP Techni cal

Speci fi cati oren36.a33k add 2y, 33kn hHotdl vofe Wi hrcafe sheriei nhiencergeor at ed by
reference. 20 There are many variations that can be nmade to the invention

apart from t Hos®SalrFeady arent ifOHEErd s Fedsi B1% Hirat® Fiefecentt et wor k

nodes ar e jgsed 1fQi Rersorang coRfigur atdan AR 1R aIWNG tieROrfs. A 25
first network node may for instance send the requéest and a further network
node may provibge tiree teohfdagur ati gie Imedulisg cgase tanel ftinegtsmause ifour t her

netvor K o RS e S SLPT XBes g, seesfSHINGL Y, Ly [ eren
mobi | e stati @7 wsiangHchese «dinfsf ersent types of access technology. It is here
al so possible that different access networks are
15 As a mobile station, like the first mobile station
receives such a request in a broadcast, step 102, it
then sends a report as a response to the broadcast. It
is here possible that reports are only sent as such
responses. This means that unless a broadcast with a
20 request is received, no reports will be sent by the
mobile station. The network node then receives the
report as a response to the broadcast, step 94, and may
then perform a suitable activity based on one or more
such reports. The report is here typically received by
25 the control processor 32 via the antenna 39, radio

circuit 37 and demodulator 36.

The signals exchanged between a network node and a
mobile station in a variation of this second embodiment

30 are schematically shown in fig. 10.



40 used, where one network node in a first access network is used for
configuration and another node in a second access network is used for

recei vi ngwoepartosi47wher e bot h access networks nay be sulpo@BERoe1o52200 t he
same 5 comuni cation network. It is also possible that the nodes invol ved
in providing configurations and/or regéiving reports are nodes at higher

hi erarchi cal |evels of the comruni cati on network. Such a node can for
instance be a node in the core network, like a 10 server in a core network.
One exanpl e i5$TE MBS NSty Wdnagéméme Bt w I MVIPR s§eFért 197 /an Oper at i ons
and Mai ntena server in i -ab scribed in relation
to MDT and | o%ggggig;%eassu?gl\réerﬁe Ueé%gr’t :éf]%tpl %gvbemﬁzlrl% ﬁ\é%/s%%ul(aém%e realized
that the 15 ithwentghorthies noate brmiaided stte tthice 1dpdeividlc iareaatihe sendi ng of
notifications. and reporti. may f.or exanple also be perfarned in relation
to Automatic N&igHb6T ”I%tglg% s {EARRRM Y2 6 TRA T Hér More 557 e "descri pti on

gi ven ear| isemdane 1eaRinol RGeS Ser Perfiafditngdine metraorh Actind ties of
the invention was in essence a base station. If the node is another node in
t he networ k, DERive o d@ bidyl deal $6 <bdhsr evirded twilthgda igortyeolcegrlocessor, for

i nstance 25 g 'P%Se%l r 1%%[@ nQl (RIOGESSQL, %%’H?l‘él@tﬁ%tn‘ ng wi th the gonty ol
processor of {he base s ation, a'slave’control processor. Such

conmuni cat i onlanay taecperd eromed usicag ta suid aflre owet wathke rc damtrireattioon
interface such as the 51 comunication . interface in LTE. The sl ave control

30 processor SROGTEReR TGN e "ShoveE-TdesEr ite P HGHEESN&MN ty under the
control of ot N JTRSHEN LAY GloANRCeSSANiordl td Wddsre aRRIeGialed that the
nmet hods and devi ces descri bed above can be conbined and re-arranged in a
variety of edwiosal dite Wwaysdcasd timall aele ometdeed Hec alonise UB per feorvmed by one
or nore sui tal;(li;étgrno ram egn rnf%orIgajtqtérne e%is iteaI(M%i réaIIBlgr Qgessors and

ot her known electrom ¢¥&iTeuits (re. g., di SErete |'0gi ¢ "gates T nterconnect ed
to perform asspeemalinZedrfatiei eoc @@ catlizgnospeciifiac a mieegrsated
circuits). Many aspects 10 of this invention are described in terns of
sequences of C&cti &iFy R4t TEHTFAE per-For fedRhy MNEHR IS AFFERes éménts of a

progr ameble computer; systems %p%@quyi ng this invention include, for
exanpl e, nobile tel ephones, pagers, headsets, |aptop conputers and
Upon receiving the broadcasted indication, step 102,
the mobile station may determine a suitable time to
report logged measurements, based on at least one
20 report timing criterion, which criterion may be based
on one or more of the properties mobile station memory
consumption, battery level, availability of
measurements, or by various other factors. It is also
possible that the network, and here the first network
25 node, may ask the mobile station to report the logged

measurements immediately.

When the mobile station has determined a suitable time

to transmit logged measurements, i.e. has determined
30 when to send a report, step 106, (or if being ordered

to report logged measurements immediately), the mobile

station will transmit the logged measurements to the



15 other nobile termnals, and the |ike. Mreover, this invention can
additionally be considered to be enbodied entirely wthin any form of
conput er -woeadablog343t or age medi um havi ng stored therei n aoTappeiopsizat e set
of instructions for use by or in connection with an 20

i nstruction-execution system apparata%, or device, such as a

conput er - based system processor-containing system or other systemthat
can fetch instructions froma nmedi um and execute the instructions. 25 The

control of tREHEHIN erdtidti-oReard/Be tthe ScomatoTgr doeSsorl tofitlHe base
station radi gl ‘@%rnvﬁm o rr%%loﬁrt tHAUS, W L advant ae &b%e%:?%\ﬁ's%ed in the

form of a processor associ ated program nenory 1 nc i Nng conput er
pr ogr am code tfoort hpe idfroramicag tt, he tegn dtOidon dlhiet yt r301 sofi stshencaatr @e unit or
control processor. It should he realijzed that thig control unit or control

processor may &% ¢ S9& P roviP§éd Giln Ttite TFSERIST  Kdr B¥are G K for 42

i nstance i B the frany efkcamaARRlGCcatd .on %mgiaibqﬂi&ty@w@o%@eq rcuit (ASICQ).
The conputer program code may al so be provided on a conputer-readabl e
means, for i ASeanceniontRe®rérim of a data carrier, like a CD ROM5 disc or
a nmenory stick, which will inplenent the function of the above-descri bed
control unit or control processor when being | oaded into the

above- nent i ored ipr @gdrsamhrerRD Y sarid Irrun by sthe precassorsRBOT® rSswelh -conmput er
program product .in the formof a CD ROM 10 disc 118 with such a conputer

pr ogr am code TE2G ¢ TS AEAEHTEAITY JREWH Goh 1 @F BT, BMhidVe@he i nvention has

been deSCfliob%%ni?%s%%l@e%tﬁB%n Midh 1whale g ey 1¢enRsi dered to be nost
practical 15 and preferred enbodi nents, it is to be understood that the
invention is not to be limted to the disclosed enbodi nents, but on the

;?[‘ta[]ary’ ISl ;‘t%ﬁ”rd 41 Louer various ;nodi fications jand 6 “eitc):‘éae' nt
genent s. erefore the Tnvention s only to be Ti'mte y The
towards avoiding the use of indications. The third
embodiment of the invention will now be described with
15 reference being made to fig. 11, which shows a flow
chart of a number of method steps being performed in a
network node in the form of a base station or radio
network controller and to fig. 12, which shows a flow
chart of a number of corresponding method steps being

20 performed in a mobile station.

In this third embodiment the mobile station performs
measurements according to a reporting configuration
that it has, step 110, which reporting configuration
25 may have been received in the same way as described in
the first and second embodiment or which may be
provided in the mobile station beforehand. The
measurements may also here with advantage be performed
in idle mode. As measurements are performed they are

30 then being stored in a measurement log, step 112.



20 followng clainms. 43 CLAIMS 1. A nethod of informng a first network
node (16) of a W rel ess communi cation network (10) of the presence
50f | oggesormeaswiaments froma first nobile station (28pCTiErPe0IM®SI20E
conprising the steps of: performng (78; 98; 110) neasurenents concerning
one or nore connectivity aspects for 8Be first nobile station in relation
to the wirel ess communi cati on 10network, said neasurenents bei ng perforned

according to a reporting configuration for the first nobile station,
storing (80; ITOGRel ) rcherpessacaifenttsis medw At &oRalrAleg,thgnd 15sendi ng

(82) a nOtifiégﬁ&gﬂlég&d%h%fﬂgﬁg ﬂ3§4¥¥gi—time measurements by

indicating Reporting ON/OFF. For example, the network
may use an existing RRC message (e.g. in
5 ueCapabilityEnguiry or SystemInformationBlock), a new

dedicated RRC message, or a new broadcast message.

The first network node may thus provide a reporting on
indication to a mobile station, step 107, through

10 sending such a message.

Through receiving such a message, the mobile station
thus receives a reporting on indication from the
network node, step 114. Once the mobile station has

15 received the Reporting ON indication, it may then send
the report at corresponding cell at a suitable point of
time, e.g. when the mobile station has no more memory
available, periodically, when the mobile station leaves
logging campaign. In this way the mobile station may

20 send the report as a response to the reporting on

indication.

This may later be followed by the network sending a
reporting OFF indication, which may typically be done
25 1in the same way as a modification of any of the
previously described messages. This will disable the
reporting and therefore no reports will be sent in this

case.

30 The present invention has a number of advantages. It
enables the network to control the reporting of the

logged measurements. Loss of logged measurements can be



node regardi ng the presence of |ogged neasurenents in order to enable the
first network node to respond to the notification with a request for a

| ogged nesioupam®Ni47r eport. 20 2. The nmethod accordi ng t ®CTERROMAD522RwWr t her
conprising repeating sending a notification if no request is received. 25
3. The method according to any previod8 claim wherein nmeasurenents are
retained in the internal log if no request is received. 4. The nethod
according to any previous claim wherein 30the step of performng

measur enent s V9 ik drfrréélel AStHE nsiees f 5UPPRE thhdtifod S&EE3idilng to any

previous claijg n\MPlerI%I (H#elasuq:%we(?l QO'?ﬂ?lrl'sfs%%r\?%e‘r“%‘i%%sor%h%f type of

access technol ogy used irst e station en gathering data for
said report. r&t@or‘kh&on@temf«braceorrmm@rt o fafyprphen eus iclidiikgs whetei n t he
nOtIflcatlonagsc%%%%i%%'%fradua.E%%%%%%% C%%&E%%r@%&%,gef the
5 measurements are collected in idle mode, the
communication over the wireless interface between base
station and mobile station is not disturbed.
Furthermore, through sending an indication, the
reliability in the reporting is increased. The risk of
10 losing a measurement report is lowered. It also enables
the network to only request reports when these are
available. The network does not have to keep track of
the presence of reports and can therefore use its
processing capability for other activities.
15
In some embodiments of the invention RRC messages were
used. Such messages are described in more detail in
3GPP Technical Specifications 36.331 and 25.331, both
of which are herein incorporated by reference.
20
There are many variations that can be made to the
invention apart from those already mentioned. It is
possible that different network nodes are used for
performing configuration and receiving reports. A
25 first network node may for instance send the request
and a further network node may provide the
configuration. In this case the first and further
network nodes may use different types of access
technology, i.e. different RATs. Then the configuration
30 and request may be received by the first mobile station
using these different types of access technology. It is

here also possible that different access networks are



10 7. The method according to claim6, wherein the radio resource control
nmessage is a nodified nessage relating to the connection of a nobile
station twotha/meismor k. 15 8. The net hod accordi ng to clrarmprZoisbeeei n t he
nmessage is a radio resource control connection setup conpl ete nessage. 9.
The nethod according to any previous ébaim further 20conprising the step
of determning a point in tinme when to send said notification based on at

| east one notification timng criterion. 10. The nethod according to claim
9, wherein teePsnaticfticc &icom SRty POt éfi 6n Hilg Basedess 619e O knore of

the fol 'ow ng pr.opeytd s :co%qi;g]ugr %ti%gﬂ %%d”%’ﬁ%rt%f“rog%‘&%pt'i on, hattery level,
availability of measurenents an Y 0ad i°n nét vior k. 1. Thé et ho
accordi ng to aamye gr enitows ke lia msefdurfichre rrecenpriingi ngctolre: sst efheafe r ecei vi ng
(76; 96) thekk&ﬁ?%&k% EF%%@ﬁ%ﬁfgiﬁg} %O@u HS?Q@?Q% %%d%he %%me
5 communication network. It is also possible that the
nodes involved in providing configurations and/or
receiving reports are nodes at higher hierarchical
levels of the communication network. Such a node can
for instance be a node in the core network, like a
10 server in a core network. One example is a Mobility
Management Entity (MME) server or an Operations and
Maintenance (0&M) server. The invention was above
described in relation to MDT and logged measurement
reporting. However, it should be realized that the
15 invention is not limited to this specific area. The
sending of notifications and reporting may for example

also be performed in relation to Automatic Neighbor

Relations (ANR).

20 Furthermore in the description given earlier the
control processor performing the network activities of
the invention was in essence a base station. If the
node is another node in the network, this node would
also be provided with a control processor, for instance

25 a master control processor, communicating with the
control processor of the base station, a slave control
processor. Such communication may be performed using a
suitable network communication interface such as the S1
communication interface in LTE. The slave control

30 processor would then perform the above-described
functionality under the control of the master control

processor.



12. The method according to claim1l, wherein the network node is the first
network node. 5 13. The nethod according to claim 12, wherein the network
node i s awbuntihwidanet wor k node, where the first and fur POErEPR@ENS2220 Nodes
use different types of access technology. 10 14. A first nobile station
(28) for informng a first network nodé (16) of a wi reless comunication
network (10) about the presence of | ogged neasurenents, the nobile station
conprising: a neasurenent performng unit (62) for performng
15neasurenents concerni ng one or nore connectivity aspects for the first

mobi | e statiqq ifnelal Lop.Lo thedineless Commpcation ek, said
nmeasur enment s bei ng perfo according to a reporting configuration for the
first nobil e d2@strafdenh abte veontamo beuricn(is@)X amnrcanged rirangrederin ke

measurenents to .be perforned, store the neasurenents in an jnternal |og,
and_or der . {PRHERL Car (B8 S oA R nGERT LA R GUSGEHS AFe et vor k
node regar di R@ e RIEI/NCR O 1 agged sTRaASWIEMIHS dfnideyr t 0o enabl e the
first network node to respond to the notification with a request for a

| ogged measurr@PERIUrEFotLI 136 115 198 ado HFPICErS SPrigg ram pridduc tknfoe i nf or mi ng
f‘h‘;i Irofgsgﬁg‘é‘%gf‘%q@%%gl&gl@ir%fuﬁs‘” (Lless gumnication netwark (10) about
interconnected to perform a specialized function, or
application-specific integrated circuits). Many aspects
10 of this invention are described in terms of sequences
of actions that can be performed by, for example,
elements of a programmable computer system. UEs
embodying this invention include, for example, mobile
telephones, pagers, headsets, laptop computers and
15 other mobile terminals, and the like. Moreover, this
invention can additionally be considered to be embodied
entirely within any form of computer-readable storage
medium having stored therein an appropriate set of
instructions for use by or in connection with an
20 instruction-execution system, apparatus, or device,
such as a computer-based system, processor-containing

system, or other system that can fetch instructions

from a medium and execute the instructions.

25 The control of the mobile station and/or the control
processor of the base station radio network controller
may thus with advantage be provided in the form of a
processor with associated program memory including
computer program code for performing the functionality

30 of the control unit or control processor. It should be
realized that this control unit or control processor

may also be provided in the form of hardware, like for



46 measurenents, the conputer program product conprising conputer readable
storage nedium (118) conprising a set of instructions (120) causing a
control uwDt20(15®)347n a nobile station (28) to 5order neRSUEPAENS2220
concerning one or nore connectivity aspects to be perforned in and for the
first nobile station in relation to th2 w rel ess comuni cati on network,
sai d neasurenents being perfornmed according to a reporting configuration
for 10the first nobile station, store the nmeasurenents in an internal |og,
and order a tF&ISHC én (66) fogTserd 2@ AFHficeatliodn SPE X e F i rst net work

node regardiq?ﬁkﬁgéﬂkg§%gg%mqg QAH%QQQdI%E?%H&%ﬂﬁﬂﬁ5&%?> der.tR enabl e the

first 15netwo e to respond to the notification a request for a
| ogged neasumernentl sceper toroib.dedl et ko d cofoverablricagla®d Ik idag sst dtoiron to

informa first network node 6) of the wirel ess 20c ni cati on_net wor k
(10) of the ﬁp§§@ﬁ5@ 6P‘F g%éf%.of a data carrier, %qg% a_%&)%OM

5 disc or a memory stick, which will implement the
function of the above-described control unit or
control processor when being loaded into the above-
mentioned program memory and run by the processor. One
such computer program product in the form of a CD ROM

10 disc 118 with such a computer program code 120 is

schematically shown in fig. 13.

While the invention has been described in connection
with what is presently considered to be most practical
15 and preferred embodiments, it is to be understood that
the invention is not to be limited to the disclosed
embodiments, but on the contrary, is intended to cover
various modifications and equivalent arrangements.
Therefore the invention is only to be limited by the

20 following claims.



measurenents, the nmethod conprising the step of providing (68), froma
network node, a first nobile station (28) with a reporting configuration
for sendiwg@ 20oggesd7neasur enent reports in order to 25enabir&prréa/onazbe | e
station to send a notification to the first network node regarding the
presence of |ogged neasurenents. 17. ZbBe nethod according to claim 16,
wherein the 30reporting configuration specifies that the first nobile
station shall perform nmeasurenments when in idle node. 47 18. A network
node (16) of “Ad¥Sel ess communi cation network (10) for enabling a first
nobile station to informa first network node (16) of the w reless
5communi cation network (10) of the presence of |ogged neasurenents, the
net wor k node lcoApnéshng af comfoohipyogessost (BR}warkangéd {bopro¥ide the
first nobile statio %28& with a regortigg cgnfigura%igg for enabling the
mobi | e station YbrSend’ a WBEF Catton netork (16 of the presence
5 of logged measurements from a first mobile station
(28), the method comprising the steps of:
performing (78; 98; 110) measurements concerning one
or more connectivity aspects for the first mobile
station in relation to the wireless communication
10 network, said measurements being performed according
to a reporting configuration for the first mobile
station,
storing (80; 100; 112) the measurements in an
internal log, and
15 sending (82) a notification to the first network
node regarding the presence of logged measurements
in order to enable the first network node to respond
to the notification with a request for a logged
measurement report.
20
2. The method according to claim 1, further comprising
repeating sending a notification if no request is

received.

25 3. The method according to any previous claim, wherein
measurements are retained in the internal log if no

request is received.

4. The method according to any previous claim, wherein
30 the step of performing measurements is performed in

idle mode.



10to the first network node regarding the presence of |ogged nmeasurenents.
19. A conputer program product for enabling a nobile station to informa
first networkimoua7(16) of the 15w rel ess comruni cati onPo@tBROe1H/0620) of t he
presence of |ogged neasurenents, the conputer program product conprising a
conput er readabl e storage nmedi um (118%4conprising a set of instructions
(120) causing a network node (16) in the network to: 20provide a first
nobi |l e station %28) with a reporting configuration for enabling the nobile
station to sendlaenBeiRPeatTonrdon?heCf rEtPHRY WOrR Rode™r efa®dPhy t he

presence of IOggﬁg Hg§§9{8§§9$§'cgéprises an indication of type of

access technology used by the first mobile station

when gathering data for said report.

6. The method according to any previous claim, wherein
the notification is sent as a radio resource control

message.

10 7. The method according to claim 6, wherein the radio
resource control message is a modified message
relating to the connection of a mobile station to

the network.

15 8. The method according to claim 7, wherein the message
is a radio resource control connection setup

complete message.

9. The method according to any previous claim, further
20 comprising the step of determining a point in time
when to send said notification based on at least one

notification timing criterion.

10. The method according to claim 9, wherein the
25 notification timing criterion is based on one or
more of the following properties: mobile station
memory consumption, battery level, availability of

measurements and load in network.

30 11. The method according to any previous claim,
further comprising the step of receiving (76; 96)

the reporting configuration from a network node.
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The method according to claim 11, wherein the

network node 1s the first network node.

The method according to claim 12, wherein the
network node is a further network node, where the
first and further network nodes use different types

of access technology.

A first mobile station (28) for informing a first
network node (16) of a wireless communication
network (10) about the presence of logged
measurements, the mobile station comprising:

a measurement performing unit (62) for performing
measurements concerning one or more connectivity
aspects for the first mobile station in relation to
the wireless communication network, said
measurements being performed according to a
reporting configuration for the first mobile
station,

a control unit (58) arranged to

order the measurements to be performed,

store the measurements in an internal log, and

order a transmitter (66) to send a notification to

the first network node regarding the presence of
logged measurements in order to enable the first

network node to respond to the notification with a

request for a logged measurement report.

. A computer program product for informing a first

network node (16) of a wireless communication

network (10) about the presence of logged
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measurements, the computer program product
comprising computer readable storage medium (118)
comprising a set of instructions (120) causing a
control unit (58) in a mobile station (28) to

order measurements concerning one oOr more
connectivity aspects to be performed in and for the
first mobile station in relation to the wireless
communication network, said measurements being
performed according to a reporting configuration for
the first mobile station,

store the measurements in an internal log, and
order a transmitter (66) to send a notification to
the first network node regarding the presence of a
logged measurements in order to enable the first
network node to respond to the notification with a

request for a logged measurement report.

A method of enabling a mobile station to inform a
first network node (16) of the wireless
communication network (10) of the presence of logged
measurements, the method comprising the step of
providing (68), from a network node, a first mobile
station (28) with a reporting configuration for
sending logged measurement reports in order to
enable the mobile station to send a notification to
the first network node regarding the presence of

logged measurements.

The method according to claim 16, wherein the
reporting configuration specifies that the first
mobile station shall perform measurements when in

idle mode.
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18. A network node (l6) of a wireless communication
network (10) for enabling a first mobile station to
inform a first network node (16) of the wireless

5 communication network (10) of the presence of logged
measurements, the network node comprising a control
processor (32) arranged to provide the first mobile
station (28) with a reporting configuration for
enabling the mobile station to send a notification

10 to the first network node regarding the presence of

logged measurements.

19. A computer program product for enabling a mobile

station to inform a first network node (16) of the

15 wireless communication network (10) of the presence
of logged measurements, the computer program product
comprising a computer readable storage medium (118)
comprising a set of instructions (120) causing a
network node (16) in the network to:

20 provide a first mobile station (28) with a reporting
configuration for enabling the mobile station to
send a notification to the first network node

regarding the presence of logged measurements.

25



