DESCRI PTI ON TI TLE SOUNDI NG REFERENCE SI GNAL ARRANGEMENT [ 0001] This
application clains priority fromU. S. Provisional Patent Application No.
61/ 006, 63%0 2hedosdisen January 8 , 2008, 1and U. S. Provi si @0alEPRavANI148
Application No. 61/006,901 filed on February 5 , 2008. The discl osures of
the prior applications are hereby incorporated by reference in their
entirety. FIELD [0002] Sone of the enbodinents relate to an uplink (UL)
transm ssion of a universal nobil| ®ERSERIETIMONI cati ons system (UMIS)
terrestrial radio access network (UTRAN) |long termevolution (LTE) . Mre
specifically, some of the enbodinents relate to sounding reference signal
(SRS) transm ssion and configuration. BACKGROUND [ 0003] Wreless

comuni cation networks are well knowgig: constantly evol ving. For exanpl e,
uni versal nobile tel ecomruni cati ons system (UMIS) is one of the

t hi rdgeneration (3G cell phone technologies. Currently, the nost comon
formof UMIS uses w deband code division nultiple access (WCDMA) as the

under|lying air interface, .as, standardized the third generation
part nérship project ( ING REFERENCE SIdﬁﬁL ARRANCEMENT

[0001] This application claims priority from U.S.
Provisional Patent Application No. 61/006,634, filed on
January 8, 2008, and U.S. Provisional Patent Application No.
10 61/006,901 filed on February 5, 2008. The disclosures of the
prior applications are hereby incorporated by reference in

their entirety.

FIELD

15  [0002] Some of the embodiments relate to an uplink (UL)
transmission of a universal mobile telecommunications system
(UMTS) terrestrial radio access network (UTRAN) long term
evolution (LTE). More specifically, some of the embodiments
relate to sounding reference signal (SRS) transmission and

20 configuration.

BACKGROUND
[0003] Wireless communication networks are well known and
constantly evolving. For example, universal mobile

25 telecommunications system  (UMTS) is one of the third-



[0004] Currently, UMIS networks worl dw de are being upgraded to increase
data rate and capacity for downlink packet data. In order to ensure a
further cwopewwasiseness of UMIS, various concepts for URTHHPOG/05@EHRSN

evol ution (LTE) have been investi gat ed to achi eve a high-data-rate,

| ow at enc and acket pt| ss technal o 0005 SGPP LTE
(long te Tond> q g}?él Oaglﬁsoj e&u%et“r#w't

Gener ati on Partnershl p Pro ect to |rrprove the UMIS nobil e phone standard to
cope W t IRy efpéﬁiw@fe ML, &Bafs Vdfdetb?e’lcbr ePeet Phel uden i ApHdvitg
efficiency, |lowering costs, inproving services, nmaking use of new spectrum
oppor t uniadaesss andWbepiler i@tsegrtalueis onuwiteh 1yt her open stahdafdse, Theed TE
project is not a standard, but it will result in the new evol ved rel ease 8
of the UMESstaantadadi bicl udengtnbstl ygorienwhol by epdensiastsiangroject

nodi fications of the UMIS system [0006] A characteristic of so-called "4G’
net wopks d3raipydi ng Evol ved UMIS is that they are fundanental ly based upon
transm ssion control protocol /internet protocol (TCP/IP) , the core

protocol ternet, wt ilt-on hi her rvices su

voi ce, [QQ%‘E] r%essrgcgll Yg. [ 5@% n%uﬁd fg r‘@?ﬁfg‘% Csi g%]a? (%ﬁ&l)ngmay be
typi caIIy transmtted with a wide bandwi dth for a node B#i . a base
stati on) FEHNE t he bERET$BTDULEE 2unt £CERING oF 2R3Cr&Nsnt 0¥ i P Frlom*a user

equi pnrent (UE) . However, due to the
packet data. In order to ensure a further competitiveness of

UMTS, various concepts for UMTS long term evolution (LTE)
10 have been investigated to achieve a high-data-rate, low-

latency and packet optimized radio access technology.

[0005] 3GPP LTE (long term evolution) is the name given to
a project within the Third Generation Partnership Project to
improve the UMTS mobile phone standard to cope with future
15 requirements. Goals of the project include improving
efficiency, lowering costs, improving services, making use of
new spectrum opportunities, and better integration with other
open standards. The LTE project is not a standard, but it
will result in the new evolved release 8 of the UMTS
20 standard, including mostly or wholly extensions and
modifications of the UMTS system.
[0006] A characteristic of so-called "4G" networks
including Evolved UMTS is that they are fundamentally based
upon transmission control protocol/internet protocol
25 (TCP/IP), the core protocol of the Internet, with built-on

higher level services such as voice, video, and messaging.



restrictions on the maxi mum UE transm ssion power, the channel quality
indication (CQ ) neasurenment accuracy rmay be degraded when the SRS signal

i s degrad®o,2oeumshisas when a UE | ocated near edge of thePcelHP20mwanEAstsSs t he
SRS. This degradation of the SRS may cause errors to arise in the optinmm
RU assi gnngnt and in the nodul ati on and codi ng schenme (MCS) sel ection.

Ther ef or 4009 Hbr oveneavBdiAgt He faransin ssiem bf (BRE) SRS Y r B theiUR Hel ps to
achi eve the maxi num user throughput. Accordingly, the SRS nay be designed
t 0 enabl e el t calvariec s chedudlé nigaadd: dalst Tornk addpt 8t i(onef.or aPUSEE f or
UL data transm ssions. The SRS is also used as a reference signal (RS) for
cl osed | copgiaser controind PCrhior beetcth physdwcade uphhik shaved ebannel
(PUSCH) and a physical uplink control channel (PUCCH) . [0008] In the

current lkenasRactsy afrdihe SRS aresemstat (gal ] y earkiaur able Ky de UE,

for exanple as part of a radio resource control (RRC) signaling. In
partigul ar, .t he y ecif QHs, atd i t upld
com‘ru%i cateisotﬁlsecttg%t e r?ggeccléley égdglexaerIUteE,r (%?fﬁlzsggsslsﬁ%[nhe%fgﬁ%&day Hbﬂeékused
to nodi fy.the bandw dth (BW. used by UE, such as to request for .either
= nar oW B demant S BT of (T bi Ve BaPat Fng Cbandar Ry Wien
adj usti ng thebandwi dth, the SRS transm ssion ideally should not puncture

the PUCCHSEGGH WHitht iy SBPs6188Ehr Wi tIFH P5r%i stemt pusehen & Uk

located near edge of the cell transmits the SRS. This
degradation of the SRS may cause errors to arise in the
10 optimum RU assignment and in the modulation and coding scheme
(MCS) selection. Therefore, improvements in the transmission
of the SRS from the UE helps to achieve the maximum user
throughput. Accordingly, the SRS may be designed to enable
channel aware scheduling and fast link adaptation for PUSCH
15 for UL data transmissions. The SRS 1s also used as a
reference signal (RS) for closed loop power control (PC) for
both physical uplink shared channel (PUSCH) and a physical
uplink control channel (PUCCH).
[0008] In the current LTE, aspects of the SRS are semi-
20 statically configurable by the UE, for example as part of a
radio resource control (RRC) signaling. In particular, the
UE may specify wvarious attributes as part of an uplink
communications to the node B. For example, changes in the
SRS may be used to modify the bandwidth (BW) used by the UE,
25 such as to request for either a narrowband or a wideband SRS

BW for a given operating bandwidth. When adjusting the



[ 0009] The UE may al so adjust the duration of the SRS. For exanple, the SRS
may be defined as being either "one shat" transm ssions or indefinite

t ransm sswongowdsats2i s valid until otherw se di sabl ed or pamtEPRoI0s018ESSI ON
ends. The UE may further adjust the period for the SRS. For exanple, the
peri od be 2 , 5, 10, 20, 40, 80, .160,. or ms. . The UE may further
adj ust ?ﬁéﬂﬁ@%QQ?ﬁrﬁﬁ%déRé 5§8P§@l§ﬁHQ?(ﬁééﬁﬁEXS?h%El@e§8Fi§ G GT eat er
detail bel ow éOOlO] Also, it has been decided that a cyclic shift of the
SRS sequéite PYCTHIRE N by WBiBRt SNaY t aFRY beCPOssIBItE td iBrdicatte?3, or
8 , different cyclic shift values using the 3- bits. However, the question
that ari $850dHs how to maxi m ze the cyclic shift separation between the SRS
resources. [0011] Another problemthat arises due to the abovedescri bed

UE- based [g@g@91om z@atd ofk afad hel SRS 4$uSUPPREL HNPa€0d8- breenRased bandw dt h
assignnment with maxi m zed cyclic shift separation. [0012] To provide an

ef | cient. as3i gnment. of; SRSs Wiith dLEfecent, { ransnd 51 on. banduidths, . one

conventi on ene presents-a assi gnme ased on orthogona

vari abl e spreadi ng factor . ). .code assignnent wiith a.tree .structure.
ALt hough TG B SUa i e ST o oot 0 BVBE P19 SO B Spriat e
that other tree-based assignnents,such as Wal sh codes are known_and nmay
used in gﬁ@gﬂq%ﬁ%ag}%%b}e or until the session ends. The UE may

further adjust the period for the SRS. For example, the
period may be 2, 5, 10, 20, 40, 80, 160, or X ms. The UE may
10 further adjust the SRS to include a cyclic shift of 3 bits,
as described in greater detail below.
[0010] Also, it has been decided that a cyclic shift of the
SRS sequence is indicated by 3-bits. It may be possible to
indicate 23, or 8, different cyclic shift wvalues using the 3-
15 bits. However, the question that arises is how to maximize
the cyclic shift separation between the SRS resources.
[0011] Another problem that arises due to the above-
described UE-based customization of the SRS 1is supporting
code-tree based bandwidth assignment with maximized cyclic
20 shift separation.
[0012] To provide an efficient assignment of SRSs with
different transmission bandwidths, one conventional scheme
presents a bandwidth assignment based on orthogonal variable
spreading factor (OVSFEF) code assignment with a tree
25 structure. Although the present discussion refers to OVSF,

it should be appreciated that other tree-based assignments,



[ 0013] OVSF and ot her tree-based codes may support both hoppi ng-based and
| ocal i zed-based nmultiplexing for SRSs Wi th a narrower transm ssion

bandw dt hwolaey/ashs2syst em bandwi dth in order to maxi m z@CTHP20098560148

t hr oughput performance in various cell deploynent scenarios. Mreover, the

conventi onal schene be adapted to achieve an _efficient SRS hopping
met hod baséd orf'§ hewgﬁng}tlchf:ﬂ egf Br&nche¥"sf tHE OVBEY codactr el er,

this conventional schene does not take into account the current SRS
assunpt i GisS¥ade e -3GPP. For exanpl e, the schene may not work properly if
the SRS transm ssion puncture the PUCCH region or if certain BWoptions are
al | oned 0013HRS. SUYMVARY J[ 0014¢ r Sot=ofbd hed envadisments beerodevelmepad in
response to the present state of the art, and in particular, in response to

the probligysianrdieeds diu thecart zdhatabayennot s yetxbegn rhul Iskssolmed, by
currently avail abl e communi cati on system technol ogi es. Accordingly, sone of

the egbod| f@ﬂé%vpﬁfntgg}{%%@?oho Rroviide na seunding %g&%gﬁ%%n%%ﬁéh
arrangement nethod, apparatus, and a conputer program enbodi ed on a
conput er -.r eadabl e dium_J0015] According one, enbodi nent, a method is
o ovi ded To. PRaFLdeter AR HE Bn Ui nkheas SEESTEPBaC, ree yPET o dbase
station, the created uplink nessage conprises a sounding reference signal
based on VZdcédked ditld THERMELRSA S nclrddsrios. oreover,  the

conventional scheme may be adapted to achieve an efficient
SRS hopping method based on the switching of branches of the
10 OVSE code tree. However, this conventional scheme does not
take into account the current SRS assumptions made in 3GPP.
For example, the scheme may not work properly if the SRS
transmission puncture the PUCCH region or 1if certain BW
options are allowed for SRS.
15
SUMMARY
[0014] Some of the embodiments been developed in response
to the present state of the art, and in particular, in
response to the problems and needs in the art that have not
20 yet been fully solved by currently available communication
system technologies. Accordingly, some of the embodiments
been developed to provide a sounding reference signal
arrangement method, apparatus, and a computer program

embodied on a computer-readable medium.

25  [0015] According to one embodiment, a method is provided to

include creating an uplink message to be transmitted to a



receiving uplink scheduling grant signal via downlink fromthe base station
in response to the transm ssion of the aiplink nmessage. The nethod i ncl udes
transm t twoQoesrise base station uplink data transm ssi GeTEPI@OnNSINE t O t he
recei ved uplink scheduling grant signal. [0016] According to another

enbodi ment, a nethod is provided to include receiving, froma nobi].e

stati on, %47 uplidtk Hessdge Cé&?ﬁ%dtsi%ghéﬂ%&l?ﬁcﬁ%‘ﬁge Féjérgiﬁlé@%iagr%u 1"6tat i on
bandwi dt h. The nethod includes transmtting uplink scheduling grant signal
vi a downliSie 156 Aeh & 1| 25194t idh . 2CTIRS KEd & -ncl ife 1 VI, U d9%om t he
nmobi l e station, uplink data transm ssion responsive to the transmtted
upl i nk scteegulviimy grahinki gealdUl00b7]9Accor diiggato \arot Hewvnémbbdifment , an
apparatus is provided to include a transmtter configured to transmt to a
base st attlen aaereatesdt uphi nk nessagaseonps i sikg arsasndissgonef @f ende
signal. The apparatus is also provided to include a receiver configured to

recei ye upliink sehedyd ng giane id@naln vhaidowddiin iftiamd he hage it ion.

The transmitter is further configured to transmt to the base station

uplink d tar 1 551,0N p ive ta.the §g%% ved, uplin chedul;i gr ant
si gnal . ?%%Tﬁfﬁggg%f |%gd%§§aﬁgﬁﬁ§§l%%bg |ﬁ%nt,15%g§%pg¢a582 (S praeg%ed to

i ncl ude %ghﬁﬁﬁé%%héﬁﬁf#é&“é%é&é’Jﬁﬁ%ﬁXer anupl i nk nessage conprising a
soundi ng Fesour ¢e signa

[0016] According to another embodiment, a method is
provided to include receiving, from a mobile station, an
10 uplink message comprising a sounding resource signal
allocation bandwidth. The method includes transmitting
uplink scheduling grant signal via downlink to the mobile
station. The method includes receiving, from the mobile
station, uplink data transmission responsive to the

15 transmitted uplink scheduling grant signal.

[0017] According to another embodiment, an apparatus is
provided to include a transmitter configured to transmit to a
base station a created uplink message comprising a sounding
reference signal. The apparatus is also provided to include
20 a receiver configured to receive uplink scheduling grant
signal via downlink from the base station. The transmitter
is further configured to transmit to the base station uplink
data transmission responsive to the received uplink

scheduling grant signal.

25  [0018] According to another embodiment, an apparatus is

provided to include a receiver configured to receiver an



al I ocati on bandw dth. The apparatus includes a transmtter configured to
transmt uplink scheduling grant signal7 via dowmlink to a nobile station.
The receiwenro¢siiset her configured to receive, from thePoohliPR@9ss@EES ON,

uplink data transm ssion responsive to the transmtted uplink scheduling

grant signal.. [0019] According t.o another enbodjnent, an apparatus
providedqﬁgjﬂﬁ£lUH%£§a??anéﬁ¥%Jpﬁﬁjﬁ%ang fd?“FV%ﬁ§hitF?ﬁ@uggea a$BSst at i on
a created uplink nmessage conprising a sounding reference signal. The

appar at usdioSE G181 Uil dl ¢letei vithg mRRE-F161S reRel ViRg apliaae sSEiedd i ng
grant signal via downlink fromthe base station. The transmtting nmeans for
transm t tdong itrareshi te torarhmnibaseprdtaki orchuplihkngata atrtanshiyssiorvia
responsive to the received uplink scheduling grant signal. [0020] According

t 0 anot hefoweriiodi Newt , aamapprs atdusatiiorpr ovi ded t oecatiade Bs r eaaittiong
means for receiving an uplink nmessage conprising a soundi ng resource signal

al  ocat i oy randcdt hzo Thecappar atrtesmalig imod udessaatraAsmibliing nrans for
transmtting uplink scheduling grant signal via downlink to a nobile

station. The sacelvjng feans: far {ecehyi ngytromthe mohile statdon,,gplink
dat a trangﬁ%sgﬁbnj?esponsivéaio t he transnﬁ?teg upliﬁggsghe uf%%g gggﬁt
si gnal . %@%%g g§§gﬁdin9 to anot her enbodi nent, a conputer program

[0019] According to another embodiment, an apparatus is
provided to include a transmitting means for transmitting to
10 a base station a created uplink message comprising a sounding
reference signal. The apparatus also includes a receiving
means for receiving wuplink scheduling grant signal via
downlink from the base station. The transmitting means for
transmitting transmits to the base station uplink data
15 transmission responsive to the received uplink scheduling

grant signal.

[0020] According to another embodiment, an apparatus is
provided to include a receiving means for receiving an uplink
message comprising a sounding resource signal allocation
20 bandwidth. The apparatus also includes a transmitting means
for transmitting uplink scheduling grant signal via downlink
to a mobile station. The receiving means for receiving, from
the mobile station, uplink data transmission responsive to

the transmitted uplink scheduling grant signal.

25  [0021] According to another embodiment, a computer program

embodied on a computer-readable medium is provided to be



enbodi ed on a conputer-readable nediumis provided to beconfigured to
control a process to performa nmethod. gThe net hod i ncludes creating an
upl i nk neweag®/asoishe transmtted to a base stati on conpPCIEPQ/0S@undi ng
ref erence signal based on accessed data. The nethod incl udes receiving

upl i nk schedulin%¥grant signal vi a _downl i nk fron1£he base station in

r esponse T TR TFAnS T 616 °Gf & hB GpFPAk GresRaged T Fhé Mt oo al sd e
includes transmtting to the base station uplink data transm ssion

responsi e HEGlecta s eedrept itk sehedbinhghgrandesitgn&le. TOE2): tA&sor di ng
to anot her enbodi nent, a conputer program enbodi ed on a conputer-readabl e
medi um i $qr evildetk t ¢the loonf cgupedsingcaont solndipgocesseronper faoromad

nmet hod. The nethod i ncludes receiving an uplink nmessage conprising a

soundi ng Heesaurge siqgrmaledldaocat | amdardwiadt hi.nclThelawettwac iviclqudes ink
transmtting uplink scheduling grant signal via downlink to a nobile
statign. sthedetihed dnelwudesdaceid rbw oM thembid & sfatd i dplimk
data transm ssion responsive to the transmtted uplink scheduling grant

si gnal . SCRL P : NGS: [ 3] . o der. far. t he
advantagEEEEEH%%ECE%bgggaggggxgglggégéad| yggﬁdé%%?%g%,%%S§%€§°partlcular
description.of, the enbodinents, briefly describ above w || .be rendered by
referencgmggng%é%i ?(9%§#ﬁxﬁ%m§l%n%%h CRY #?Igg?rgégg F&aﬁﬁgnaﬁlgﬁﬁgﬁ
nderstandingsthat t hese dramﬁngﬁxgepk%g

drawi ngs. U . .
data Lransmission responsive received uplink

scheduling grant signal.

10 [0022] According to another embodiment, a computer program
embodied on a computer-readable medium is provided to be
configured to control a process to perform a method. The
method includes receiving an uplink message comprising a
sounding resource signal allocation bandwidth. The method

15 includes transmitting wuplink scheduling grant signal via
downlink to a mobile station. The method includes receiving,
from the mobile station, uplink data transmission responsive

to the transmitted uplink scheduling grant signal.

20 BRIEF DESCRIPTION OF THE DRAWINGS

[0023] In order for the advantages of the embodiments to be
readily understood, a more particular description of the
embodiments briefly described above will Dbe rendered by
reference to specific embodiments that are illustrated in the
25 appended drawings. Understanding that these drawings depict

only typical embodiments and are not therefore to be



only typical enbodinents and are not therefore to beconsidered to be
limting of its scope, the enbodinents oM || be described and expl ained with
addi ti onawozp@isfisei ty and detail through the use of theCaEpernasiing
drawi ngs, in which: [0024] FIG 1 is a high level schematic diagramof a
UMTS system .[0025] FI 2.1s,a high_level schematic diagram of a user
equi prrenthfﬁléj@cf@rd!ja%gb% HH AN eAbohi bt SCPBG626] EI G GIECR TERY

bandwi dt h all ocation in accordance with an enbodi nent; [0027] FIG 4 is an
SRS bandwicdt Aeaf T beati éf e o tur e o lith axEbridedivel wePRCahlenbydiareht ;
[0028] FIG 5 is an SRS bandw dth allocation configuration in accordance
with an eldoedilmentyrop@d29th&l Gisé icsf at8RS &ranspiszyiog bdrmwdid, in
configuration table for various transm ssions accordi ng to channel

bandw dt khi[@@}30] FIG 7 is an SRS bandw dth allocation in accordance with
an enbodi ment; [0031] FIG 8 is a process flow diagramfor SRS bandw dth

al l ocati gpoaqy accordange ;wi th enmbadirent.; 32] H DA 8B t hod
for SRS gand‘\l/!lvi dth acfil ocatllyor?1 i}??%ccorgdgncgtcvk\ﬁe%rhcga% ed: a(%aneﬁ?; [SO?SD?S:IFGS
| OA and 10B.are charts to conpare sounding errors using different m ni num

soundi ng Pef&Ence signal s
[0025] FIG. 2 is a high level schematic diagram of a user
equipment in accordance with an embodiment;

[0026] FIG. 3 is a SRS bandwidth allocation in accordance

10 with an embodiment;

[0027] FIG. 4 is an SRS bandwidth allocation configuration
in accordance with an embodiment;
[0028] FIG. 5 is an SRS bandwidth allocation configuration
in accordance with an embodiment;

15  [0029] FIG. 6 is a SRS transmission bandwidth configuration
table for wvarious transmissions according to channel
bandwidth;

[0030] FIG. 7 is an SRS bandwidth allocation in accordance
with an embodiment;

20  [0031] FIG. 8 is a process flow diagram for SRS bandwidth
allocation in accordance with an embodiment;

[0032] FIGS. 9A-9B is a method for SRS bandwidth allocation

in accordance with an embodiment;



bandw dt hs in accordance with an enbodi nent; [0034] FIG 11 is a nethod for
handl i ng of dynam cally varyi ng PUCCH bandw dth in accordance with an
enbodi merw 2000h8f 3235] FIG 12 is an exenplary table il PastEPa0NO1ENE
handl i ng of dynam cal ly varyi ng PUCCH bandwi dth nmethod of FIG 11 in
accordance with an enbodi ment. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI ME 3[]003(ﬂ1qst- WLOP bend eddH yaGRdetstood tRat CORR2 EDNFONERHS Df t he
present enbodi nents, as generally described and illustrated in the figures
herei n, mayds apsangeddahte dest gmed imuma wodedvapi etgyfofencd f erigmals
configurations. Thus, the follow ng nore detail ed description of the
enbodi memas:dfi ddres apparcaidisiarsystwargh aind oretdanchenft ;t he enbodi nents, as
represented in the attached figures, is not intended to limt the scope of
t he enbog ts, cl ai,me but i ely re nf at i ect
enbodi nei?d?ﬂ[ 003@%5@ Thglf egtsur%s,ﬂegct}ﬁ{:t tf%gs, Hégaggggag}gr ?{s%n?d?{sl%%fl%&he
enbodiL nent s descr] hr oughQut .thi s specificat.ion may be conbined in any
U bl o SRR 1Y e TR e 0 AR oo ) e aiice 2nd
t hroughout this specification to "certain enbodi nents,” "sone enbodi nents, "
or sini| d003&hgudyes mearis tivat an partamnilaary f datiree, istlrsdtnarte,nopr the
characteristic described in connection with the enbodi nent isincluded in at
| east onéneerdiadigrent. dhusyi@ppear aacesngf RPhECHhbases i'tith ceetladd of
enbodi nents,” "in sone enbodi nent, "

FIG. 11 in accordance with an embodiment.

10 DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0036] It will be readily understood that the components of
the present embodiments, as generally described and
illustrated in the figures herein, may be arranged and
designed in a wide variety of different configurations.
15 Thus, the following more detailed description of the
embodiments of the apparatus, system, and method of the
embodiments, as represented in the attached figures, is not
intended to limit the scope of the embodiments, as claimed,

but is merely representative of selected embodiments.

20  [0037] The features, structures, or characteristics of the
embodiments described throughout this specification may be
combined in any suitable manner in one or more embodiments.
For example, reference throughout this specification to
“certain embodiments, ” “some embodiments, ” or similar

25 language means that a particular feature, structure, or

characteristic described in connection with the embodiment is



"in other enbodinents,” or simlar |anguage throughout this specification
do not necessarily all refer to the same group of enbodi nents and the
descri bedwbeatunsessz structures, or characteristics nay PeTEradoNsd48 N any
sui tabl e manner in one or nore enbodi ments. [0038] In response to the above
descri bed and otJ;er needs, enbodi rrent@ gr,ovi de an_arrangenent for soufgdi ng
ref erence'$i Suppor thiSTF meSd FruReY e S hi f t T8epar 4PP6ATBBEREeY ISRS
resources. |In another enbodi nent, an equation for calculating the actual
cyclic sHifft REAFEeT or 18i PrRE‘EAD SRS BETRM dths, ~ af oAGTRI Rt 18 mitoi‘ent
SRS signaling schene is disclosed. In particular, the SRS arrangenent in
sone of then enbodi nembsdcaanbe, Buiolrt wgiinpt ht eegeage ethaotbavuSRIsignal s
are based on existing denodul ation reference signal (DM RS) signals. As
descri beddarilfilcatrielreake Bt @ecexsati gyelicrshett tseparatsaare rEbuye
provided for 8 parallel cyclic shifts, and support for code-tree-based
bandwsdt hyrassihgpABRENLS QY ded. Mieovesqa the SRS, ragspisshels| n At her
enbodi ments can prevent "puncturing" the PUCCH regi on or otherw se attenpt
to transm i f : UCCH, ,Si 134l jrent s
may pr evcragrﬁa t Cgtresfrj}RLS§%1Igt rcgsren%%irjyln%%urﬁ%;\mgg %%r{i st erﬁyslgll?slc:lta-lar Ha% g%g{h%gng?p%gfoegg]
FIG 1 il] ustratesbaoof‘{W'§1 system 100. In particular, the UMIS system 100

i ncl udes Oné"or More node B " s110 that define one or nore cells 101, and
mul tiple user .
[0038] In response to the above described and other needs,

embodiments provide an arrangement for sounding reference
10 signals supporting maximum cyclic shift separation between
SRS resources. In another embodiment, an equation for
calculating the actual cyclic shift wvalue for different SRS
bandwidths, along with an efficient SRS signaling scheme is
disclosed. 1In particular, the SRS arrangement in some of the
15 embodiments can be built wusing three criteria that SRS
signals are based on existing demodulation reference signal
(DM RS) signals. As described in LTE, release 8, a maximum
cyclic shift separation may be provided for 8 parallel cyclic
shifts, and support for code-tree-based bandwidth assignment
20 is provided. Moreover, the SRS +transmission 1in other
embodiments can prevent “puncturing” the PUCCH region or
otherwise attempt to transmit over a RB reserved for the
PUCCH. Similarly, other embodiments may prevent the SRS from

puncturing persistent PUSCH allocations.

25  [0039] FIG. 1 illustrates a UMTS system 100. In

particular, the UMTS system 100 includes one or more node B’s



equi pnents (UEs) 120 associated with one or nore of the cells. The radio
interface between the UE 120 and the Node-B 110 is called UU 130.

[ 0040]

The node WO2M®/8ai820 known in the LTE as enhanced node BCOEP2MBY5G188 a term

used in UMIS to denote the BTS (base transceiver station)
with glo
110 uses

nmobi | e stSAYIGHENES e,
cel lul ar
but may havdd g.0 ddremuridcat e ntiettf adse beddeeeBs thE0 .U 0041 |arnf ddiet iNorod -5y,
node Bs 110 have m ni mum functionality,
Net wor k Qarnit ridd lcerl)led Howe\agr.,

In contrast

bal systens for nobile conmuni catiaons M base s-ati ns, node B
]aéuvﬁh% &5 Y anSpor 1 eBRhBI GV SThéS;fodé“ﬁfl%EFhB tdé¥Tadi o

frequency tnansnitteQUéF) and receiver (s) to communicate directly with the

Es 1000 \#fssIF f Feéhy @rdurtd i °TEn ¢hi Shyype of

networ ks, the UE 120 nmay not conmunicate directly with each other

Speed Downlink Packet Access (HSDPA) , where some logic (e.g. _
rett agsmigeAen) i andhed om fhe B9de Bl fon lapers £esponse ddms,

[ 0042
bel ongi n
differen
sof t
10
15
20
25

The utilization o

WCDMA technol ogy 1n t owWs ce

BERC & o0l ap arft 'GP 19006 e Caid 1 SaeRey T 5 Fac he

whol e network can be inplenmented with just one frequency pair

transceiver station). In contrast with globdal systems for
mobile communications (GSM) base stations, node B 110 uses
WCDMA as air transport technology. The node B 110 includes
radio frequency transmitter(s) and receiver(s) to communicate
directly with the mobile stations, i.e. UEs 120, which move
freely around it. In this type of cellular networks, the UE
120 may not communicate directly with each other but may have

to communicate with the node Bs 110.

[0041] Traditionally, the node Bs 110 have minimum
functionality, and are controlled by an RNC (Radio Network
Controller). However, this is changing with the emergence of
High Speed Downlink Packet Access (HSDPA), where some logic
(e.g. retransmission) is handled on the node B 110 for lower

response times.

[0042] The wutilization of WCDMA technology in the LTE
allows cells belonging to the same or different node Bs 110
and even controlled by different RNC to overlap and still use
the same frequency (in fact, the whole network can be
implemented with Jjust one freguency pair) to achieve soft

handovers between the cells.

t he

and are controlled by an RNC (Radio
this is changing with the enmergence of Hi gh

to achi eve



handovers between the cells.[0043] Since WCDVA often operates at higher
frequencies than GSM the cell range is3considerably smaller conpared to
GSM cel | swoana/osurski ke in GSM the cells' size is not ceaIER2109(050148
phenonenon known as “"cell breathing”) . This requires a |arger nunber of
node Bs 118§?nd car ef ul Iannln% in 3G (UMIS) networks. However, the power
requi remsBOBbn theGrodd0BY2 10T4R8 t RESUELE20 {us el Fefli prgifiduedra Sfuch
| ower . [0044] Because LTE is enhanced with a radi o technique called

E- UTRAN, thede @&8Y,(etlgs edB) tdQoemysbeocapdblrebdty kandlliemg acadicoedesaur ce
managenment and radi o access control within a cell in which the apparatus
provi des aoverage s, Thenappatat use mayn bessM,or texxanpkelan edNBze aidbaset
station or a radio network controller (RNC) . Therefore, node Bs 110 nay

per form tasks 48l ated g4 &sousce ienageentycadm sskanngagtnol , sghedul i ng
and neasurenents related to channel quality. [0045] The no e Bs 110 may

furthsr ind ef#‘éé"‘f%&g{g&s éf‘ L ady ?dé' Bk ¢opnegly ns.13G. Sihe physi cal

| ayers of t I nc ort ogonal requency division nu tlp e access

( OFDWVA) and | t i nput and rmul | e- out data.transm ssi on.

For exarpte, Ttn (HES) BTy be. SUGTFor ol THCY r sndnt €51GH End "ol ngl e

carrier frequency division nmultiple access (SC-FDNA) may be used for uplink
the nodé Bs 110 and the UE 120 JYuser edquipment) are much

lower.

[0044] Because LTE is enhanced with a radio technique
10 called E-UTRAN, node Bs (e.g. eNB) 110 may be capable of
handling radio resource management and radio access control
within a cell in which the apparatus provides coverage. The
apparatus may be, for example an eNB , a base station or a
radio network controller (RNC). Therefore, node Bs 110 may
15 perform tasks related to resource management, admission
control, scheduling and measurements related to channel
quality.
[0045] The node Bs 110 may further interface with UE 120
via radio link connections 130. The physical layers of the
20 LTE includes orthogonal fregquency division multiple access
(OFDMA) and multiple-input and multiple-output (MIMO) data
transmission. For example, in LTE, OFDMA may be used for
downlink transmission and single carrier frequency division
multiple access (SC-FDMA) may be used for uplink
25 transmission. Because the transmission frequency band may be

divided into multiple sub-carriers orthogonal to each other



transm ssi on. Because the transm ssion frequency band nay be divided into
mul tiple sub-carriers orthogonal to eath otherin OFDVA, each sub-carrier
may transwotoazisaisto a specific UE 120. A s a result, merCTiEPk@oASHess nay
be acei ved by assigning subsets of sub-carriers to individual UEs 120.
However, .SC- FDVA ma% be a éyge of discrete Fourier transform ‘(:S%FEB .

pr e- coded "OFIVA e hefe? A8 SAERICECIRBVA e/ Uttt i 22C%i hgl & drtc
nodul ati on, orthogonal frequency domain nultiplexing and frequency domain
equal i zatUfonl2P0046RsTHe AcEelB, 1100+t PECRREl Udks &¢ antehnad (mot

depi cted) connected to several conponents, including power anplifiers and
di gi tal sisgnaniprocesberss(abfo not-aepiictied) to ThednvdduBl11Ecan Xer ve
several cells 101, also called sectors, depending on the configuration and
type of antwenna., [OO4TMComy nk Nng Wbl BEGdikcretthe FURri2G raughdfprm
corresponds to the nobile station in GSM systens and nmay be any devi ce used

directly tyrmn gnd usesdtorseamypheate. By exampl ec-theaURai20tGan ke a
hand- hel d tel ephone, a card in a | aptop conputer, or other device. The UE

120 connegty,to the base staliqn. bhe abovesdeseri bed NadenB, 110y a3,
specified in the §6¥ser?es oP’speéi?featlons. It rougﬁ%@ cgryespon gj%o t he
nobi | e st at.i.qn.in ) 048] Furthernor.e, .as will be described in

1t p%§ f%SM %ﬁ“ﬁ?nagéﬁ%y JomaL egualization.
further detai 5él"ow, Fie "Uts t NSt g réceive 'sever al nessages to
the node 110 B . One of the messages being transmtted, as
[0046] The node B 110 typically includes an antenna (not
depicted) connected to several components, including power
10 amplifiers and digital signal processors (also not depicted).

The node B 110 can serve several cells 101, also called

sectors, depending on the configuration and type of antenna.

[0047] Continuing with FIG. 1, the UE 120 roughly
corresponds to the mobile station in GSM systems and may be
15 any device used directly by an end user to communicate. For
example, the UE 120 can be a hand-held telephone, a card in a
laptop computer, or other device. The UE 120 connects to the
base station, the above-described Node-B 110 as specified in
the 36-series of sgspecifications. It roughly corresponds to
20 the mobile station in GSM systems.
[0048] Furthermore, as will be described in further detail
below, the UEs 120 transmit and receive several messages to
the node 110 B. One of the messages being transmitted, as
discussed below, includes an SRS 102. The SRS 102 may be
25 configured based on data received from the node B 110 or by a

user interface or both. As a result, the message including



di scussed bel ow, includes an SRS 102. The SRS 102 may be configured based

on data received fromthe node B 110 ot5by a user interface or both. As a
result, twe n@#sage i ncl udi ngt he SRS 102 can be transm PCe&Pe@ObE4®0de Bs
110 fromthe UEs 120. [0049] The UE 120 typi caIIy handl es the tasks towards

the core netvvork cl uding: nobili te/ n n ses ion
managenert?e a?%%aéﬁt ey b@w @n%eF ”rrg tnr‘P ecoﬁ’sr e%i) nélrf?lj1 ocol s
are transmtted transparently via a Node-B 110, such that the Node-B 110
does not Wlfadgd,- use or understand the protocol information. The UMIS
back-end beconmes accessible via a variety of neans, such as a GSM UMIS

radi o netf@p4% (CSMeedge nadi o-gecessl nehwotke b GERAN) tas MM Sotva-Hestytal

radi o access network (UTRAN) , and evol ved universal terrestrial radio

access netowr knd G MTRAN) nk1 uMi Ry Wlddia inmbihen @@Q@@ndcéyM@cdﬁﬂ}ol

wor | dwi de i nt eroperab| lity for m crowave access . Users of non-UMTIS

radi oz netyor I{Tq'%//e;fjﬁge[h#é}lvﬂ deg, y E%ef%‘l tﬁm}{nBS!enﬂén'cm OGterf'l%raElggtSV@{eki he

W th dlfferent se€curity depen ng on’the trustworthin
net wor k be| used,.t o make the. connecti on GSM UMIS pet wor ks may

use an iM% ergr astpodldsmﬁ ot WHeret Frﬁuttﬁé‘ﬁisinggﬁteﬁegn %%a%%%?re%v@ Vof' the

system e covered by a single s stem However, users nay access the
UMTS net\)%}rqg W d WMSadhdt st herPsi M iarBt 4ERnBPEgi 88 Tt 6PREREN e USie AR MAX

connection one way, for exanple,
understand the protocol information. The UMTS back-end

becomes accessible via a variety of means, such as a GSM/UMTS
10 radio network (GSM edge radio access network (GERAN), UMTS
terrestrial radio access network (UTRAN) , and evolved
universal terrestrial radio access network (E-UTRAN)), WiFi,
ultra mobile broadband (UMB) and worldwide interoperability
for microwave access (WiMAX). Users of non-UMTS radio
15 networks may be provided with an entry-point into the IP
network, with different levels of security depending on the
trustworthiness of the network being used to make the
connection. Users of GSM/UMTS networks may use an integrated
system where all authentication at every level of the system
20 may be covered by a single system. However, users may access
the UMTS network via WiMAX and other similar technologies to
handle the WiMAX connection one way, for example,
authenticating themselves via a media access control (MAC) or
electronic serial number (ESN) address and the UMTS link-up

25 another way.



aut henti cating thensel ves via a nedia access control (MAC) or electronic
serial nunmber (ESN) address and the UMI& |i nk-up another way.[0050] In LTE,
Rel ease 8w 200v8ais2 | nterface, called the evol ved uni vePSaIEPR@v08EYS | al
radi o access (E-UTRA) coul d be used by UMIS operators depl oying wreless
networks. While the E-UTRA is still being refined, the current E-UTRA

syst ens d98Y t hdgonaTEs r eeiedese diSvi stBR muli | pécadéesss (CFbMVY e t he
downlink (tower to handset) and Single Carrier frequency division multiple
access ( SGHDMA) drorve s luptenke aindi @hpleagso matbtepke-(ErpiRANulcouglde aut put
(MMO) with up to four antennas per station. The channel coding schene for
transpor tudalddckg USITBUrdiee o g asdlaycogt entricrsfsr ee=uaditat | ¢ While
pernmut ati on pol ynomi al (QPP) turbo code internal interleaver . [0051] The

use of ordrhogonalrA requency dakirsf o MAdd, Pl e (ArPME Utk zS ¥ tamnwher e
t he avail abl e spectrumis divided into thousands of very thin carriers,

cach en &4l ifaneniodde n&AGN LAyl AR fAd Q-ddhe gimgpal), enabl es

E- UT e much nore flex eie inits use ctrumthan the ol der CDVA

based systens, used i.n the 3G protocqgls, . COMA networ ks, typical require

| ar ge bl gcébi?s do?wrglplerb}i runm 1o bgo a%‘?%@%?gb ?Bdegéﬁ\éggr r |a§¥f,%etro Er‘%;)xelleiquilte i hi gh
chip rates, and thus maxi m ze efficiency. OFDM has a Link spectral

ef fi ci en& ‘grigatemtiar 1Dk c s Q/ﬁ?e‘r?%%ifr?efd Ghiq pplink and employs

multiple-input/multiple-output (MIMO) with up to four
antennas per station. The channel coding scheme for
10 transport Dblocks is turbo coding and a contention-free
quadratic permutation polynomial (QPP) turbo code internal

interleaver.

[0051] The use of orthogonal frequency division
multiplexing (OFDM), a system where the available spectrum is
15 divided into thousands of wvery thin carriers, each on a
different frequency, each carrying a part of the signal,
enables E-UTRA to be much more flexible in 1its use of
spectrum than the older CDMA based systems used in the 3G
protocols. CDMA networks typically regquire large blocks of
20 spectrum to be allocated to each carrier, to maintain high
chip rates, and thus maximize efficiency. OFDM has a Link
spectral efficiency greater than CDMA, and when combined with
modulation formats such as 64 QAM, and techniques as MIMO, E-
UTRA is typically more efficient than W-CDMA with high-speed
25 downlink packet access (HSDPA) and high-speed uplink packet

access (HSUPA).



nodul ation formats such as 64 QAM and techniques as M MO, EUTRA is
typically nore efficient than WCDVMA with hi gh-speed downl i nk packet access
(HSDPA) awo 2hivgis7speed upl i nk packet access (HSUPA) . [ O®BZJEPRovItOBE4E TE,
version 8 , the subcarrier spacing in the OFDM downlink is 15 kHz and there
is a maxi num of 2048 subcarriers avail abl e. Mbile devices nust be capable
of recei \[Bﬁéﬂall 2048 s ubtar ryersiout Sa bhSeSyPatiréacheé®aghnY ST
transmtting 72 subcarriers. The transmission is divided in time into tine
sl ot s of iat domn0i5km ss add skbtr aames d¢hedwr at  ore 1m@xpmem, AL r &did® franme
is 10 ms long. Supported nodul ation formats on the downlink data channels
are quadratiye mplkase- shiftakeyi ng 1PSKy, dbiquadratute anptabadee of

nodul ati on (QAM and 64 QAM [0053] Continuing with the current

speci fi catdn figfy tder upbh ok supubtir-pbexi ngitSG RDMA: | stHsedn ardqQR3K or 16
QAM (64 QAM optional) nodul ation. SC-FDVA is used because it has a | ow

peak-5o-avernage power fatio,(PAPR) pFach;aphil e deyvi ce. nay,iocl yde jaf
? ? ual I%/%

| east one ansmitter. rough virt patial division nultiple

access ( ). ., System capacity in_the ink directiaon_cap be increased
dependi n?lc}fr%qerge tnbet™of lélnRC}/enﬁé?eat SFEES bade STAEGH" [80?4]““7’ n ST
particular, LTE uplink transm ssion schene tycfj cally uses SC-FDVA. Wil e

OFDVA nmay* e @&+ dpt i fima b 60 ul £ P I MSthe A TE Hequi F&hents A déwili9 i,

OFDVA properties
Supported modulation formats on the downlink data channels

are quadrature phase-shift keying (QPSK), 16 guadrature

10 amplitude modulation (QAM) and 64 QAM.

[0053] Continuing with the current specification for the
uplink, multiplexing SC-FDMA is used, and QPSK or 16 QAM (o4
QAM optional) modulation. SC-FDMA is used because it has a
low peak-to-average power ratio (PAPR). FEach mobile device
15 may include at least one transmitter. Through virtual
MIMO/Spatial division multiple access (SDMA), system capacity
in the uplink direction can be increased depending on the

number of antennas at the base station.

[0054] In particular, LTE uplink transmission scheme
20 typically uses SC-FDMA. While OFDMA may be seen optimum to
fulfill the LTE requirements in downlink, OFDMA properties
are less favorable for the uplink. This is mainly due to
weaker peak-to-average power ratio (PAPR) properties of an
OFDMA signal, resulting in worse uplink coverage. Thus, the
25 LTE uplink transmission scheme for frequency division

multiplexing (FDD) and time division duplexing (TDD) mode is



are less favorable for the uplink. This is mainly due to weaker
peak-to-average power ratio (PAPR) properties of an OFDVA signal, resulting
i n wor se wpl2zomoseseer age. Thus, the LTE uplink transm seCcorErPsaona4$ or
frequency division nmultiplexing (FDD) and tine division duplexing (TDD)
node i sbased on SC-FDVA (single carrier frequency divj.si.on nultiple access)
with cycliaE S et x>t Sgﬁl%%l §aﬁ£€78rbg??8ile ABRIProperi 8 idoipar ed to
an OFDMA signal, and the PAPR characteristics are inportant for

cost - ef f EGAE )déSlitgh BICIUE Fowdr XanplSGifetE sS5ignals $evEDMR iSiggndiAPR
processing has sone simlarities with OFDVA signal processing, so

par anet erdrzatdgniesf dowpdrad ando updi nkOTBHAbeshanabni zedd [ @055]) PRiEY e are
different possibilities howto generate an SC-FDVA signal. For exanpl e,
when di saeitetre dteuriisari da ansf ampsraead fard hegonal £ faequencie digh $ifONE

mul ti pl exi ng (DFT- SOFDM) has been selected for E-UTRA, a size-MDFT is

firstsappldid taua bfack of M nodul gtiopuayabghs: FhesesPSK. nke Q¥Mand 64

QAM are used as uplink E-UTRA nodul ati on schenes, the latter being optional

for the 20, - Tt for nodul at.ien s l.s, i t he
%Sgol%rnlm%hg Vg]?{}%i S rrrr%%%%g ontghghgava?/ a%C%SSqE‘-Q‘Ié Y

frequency e result bl e su arriers. In

E- UTRA upl.ink, .onl.y |l acali zfed tr nsrp' ssiof)n n _gonsec tive sub-.carriers is
R&r eterrZzation o ,ﬁown ink .an qp 1q Ca arqﬂ¥lze .
al | owed. “An point” 1 nverse fast fourier trans ormn(l ) ere Mis

then perforned as in OFDM foll owed by the addition of the cyclic prefix
and par allP@PSk o d&rgug are different possibilities how to generate an

SC-FDMA signal. For example, when discrete fourier transform
10 spread orthogonal frequency division multiplexing (DEFT-S-
OFDM) has been selected for E-UTRA, a size-M DFT is first
applied to a block of M modulation symbols. Then, QPSK, 16
QAM and 64 QAM are used as uplink E-UTRA modulation schemes,
the latter being optional for the UE 120. The DFT transforms
15 the modulation symbols into the frequency domain. The result
is mapped onto the available sub-carriers. In E-UTRA uplink,
only localized transmission on consecutive sub-carriers 1is
allowed. An N point inverse fast fourier transform (IFFT),
where N>M is then performed as in OFDM, followed by the
20 addition of the «c¢cyclic prefix and parallel to serial
conversion.
[0056] The DFT processing is, therefore, the fundamental
difference between SCFDMA and OFDMA signal generation. This
is indicated by the term DFT-spread-OFDM. In an SC-FDMA
25 signal, each sub-carrier used for transmission includes

information of all transmitted modulation symbols, since the



conversion . [0056] The DFT processing is, therefore, the fundanental

di fference between SCFDVA and OFDVA sighal generation. This is indicated by
t he ter mbRoesemd- OFDM | n an SC- FDVA si gnal, each sulpctareéoesused for
transm ssion includes information of all transmtted nodul ati on synbol s,

since thei nput data stream has E}een spr ead bB/ th]ﬁ DFET transform over the
avai |l abl & - T3 ef STEFA B8Rt PESE B4, Peatht stbCartit8s tof Mar GEDVA

signal only carries information related to specific nodul ati on synbol s.
[0057] Sithi9 a3 13l SCHEDMRe Pat akiet er ilZatG Ui rate B UTRASupPiRRk stuct ur e
is simlar to the downlink. For exanple, an uplink radio frane consists of
2 0 slotsafrids of saea®hPMand ibrsubferahe censisss ioffo2meltaps. deiafpid nk,
data is allocated in nultiples of one resource block. Uplink resource bl ock
Size in tthe doeeduenc ynaditaiti drs skwsuls-.carriers, i.e., the same as in

downl i nk. However, not all integer nultiples are allowed in order to

si mpl bt yg)@?QDFT s‘ﬁgﬂl%lg‘,ar%i nééc—sr;%gﬁh RrOGRSSING . (and typygald Yyrnl y

factors , and 5 ar we plink transm ssion tinme interval is

1 ms (sane .as downlink) .. [0058], User ta js carried _on the physical
ipl | k. SRATEA TGRS CUSEHE THACT S e AL BY + d 2t PTG recaUr ce
bl ocks, transm ssion bandwi dth and the frequency hopopi ng pattern in tlhe

case wheWFPUSCH T76HH g 3% & etks fife 20 slots of 0.5 ms each, and

subframe consists of 2 slots. In uplink, data is allocated
in multiples of one resource block. Uplink resource block
10 size in the frequency domain is 12 sub-carriers, i.e., the
same as in downlink. However, not all integer multiples are
allowed in order to simplify the DFT design in uplink signal
processing, and typically, only factors 2, 3, and 5 are
allowed. The uplink transmission time interval is 1 ms (same

15 as downlink).

[0058] User data is carried on the physical uplink shared
channel (PUSCH) that is determined by the starting resource
blocks, transmission bandwidth and the frequency hopping
pattern in the case when PUSCH hopping is enabled. The
20 physical uplink control channel (PUCCH) carries uplink
control information in the absence of UL data, e.g., CQI
reports and ACK/NACK information related to data packets
received in the downlink (in the presence of UL data, control
signals are transmitted on PUSCH time multiplexed with UL
25 data). The PUCCH 1is transmitted on a reserved frequency

region in the uplink.



physi cal uplink control channel (PUCCH) carries uplink control information
in the absence of UL data, e.g., CQ reports and ACK/ NACK i nformati on
rel at ed twodeesospmwekets received in the downlink (in thecpmres@nosoias UL
data, control signals are transmtted on PUSCH tinme nmultiplexed with UL
data) . The PUCCH is transmtted on a reserved frequency region in the
uplink.[dﬁééﬁ]Ir1ﬁﬂuaﬁhﬂi HRlieker 6AEBTSNGRal SE¥RAUEt LT URPHITK réfldmdnce
signals are used for channel estimation in the receiver of node B 110 to
denodul ate feortirad  andndata aimnmeles. Onrt hatihelr  kandpathenr ef er erice
signals provide channel quality information as a basis for scheduling
deci si ongdae itthe base sbaki oB (Lle. vededdndd@®)atal seoatd ed aahdnnelta
soundi ng. The uplink reference signals are based on CAZAC (const ant

anpl i t ude-rzer@1aut 0 6Rr kekalijtoR) SEAUENCES: ObCOMPHEEN s38aLaR Rased ZAC
sequences. [0060] For uplink physical |ayer procedures with E-UTRA the

upl i nk physiGal; | ac}e’lﬂdlipéfceﬂ%’fc?ﬁn%wo#e needgd. (,Ear .exapl e,c Wl 1in
non- synchroni zed random-access, the random access nmay be used to reqﬁ%st
initial access, as part of. handover, when transiting.fromidle to

connect edeCor 15 edbtHbT | RAETpT F kL Y neht oni ZatPoR LS0M | &Ry, SARA ti pl e
random access channels can be defined in the frequency domain wthin one

; y
access pé&tiodSIn GrHEH 1% prbvE dePa Bhf FPEFERECRUABEP P PAROMTEEC &S

opportunities. . .
CAZAC (constant amplitude zero auto correlation) sequences or

computer search based ZAC sequences.

10 [0060] For uplink physical layer procedures with E-UTRA,
the wuplink physical layer procedures may be needed. For
example, with non-synchronized random access, the random
access may be used to request initial access, as part of
handover, when transiting from idle to connected, or to

15 reestablish uplink synchronization. Similarly, if multiple
random access channels can be defined in the frequency domain
within one access period in order to provide a sufficient
number of random access opportunities.

[0061] The random access procedure uses open loop power

20 control with power ramping similar to WCDMA. After sending
the preamble on a selected random access channel, the UE 120
waits for the random access resgponse message. If no response
is detected then another random access channel 1is selected
and a preamble is sent again.

25  [0062] For wuplink scheduling, the scheduling of uplink

resources 1is done by node B 110. The node B 110 assigns



[ 0061] The random access procedure uses open | oop power control wth power
ranping simlar to WCDVA. After sendinglthe preanble on a sel ected random
access chwaionrzetyosrtse UE 120 waits for the random access PesErrae/ofBEssage. |f
no response is detected then another random access channel is selected and
a preanble IS sent a 0062] For | i nk schedul i ng he schedul i ng of
upl i nk r éSgUCes %/aoﬁfée% rh%%er%s‘f’i‘iﬁgeﬁ’héonc}@@ éJElsiolaésiaGﬁsdé}‘ﬁt%n}?
time/frequ ency resources to the UEs 120 and inforns UEs 120 about which

t ransni s$iFen ¥4 mdt@ 1t ovlysel Senedl FagodeEPSTBAS &P 8EFI-ng Stqli@ddiﬁrié}ﬁ cally
schedul ed uplink are conmmunicated to the UEs 120 via the PDCCH in the

downl i nk.dediighemd aypdrfesitgmal | hgecadyhenusedlas sehé¢dubed. ,uphittihe agase of
persi stent scheduling. The scheduling decisions may be based on Quality of
Servi ce (Quiurparsanet ets, the bufsf er2Gt at as,thepl ApdCChannehequalvirilyi nk .
measurenents, UE capabilities, UE neasurenent gaps, etc. [0063] Uplink Iink

adapt @tl agdsset rAl gﬁmlsﬁigortaqu = rel wadaptd e ,modulatd o and
channel Ing rate, adaptive transni ssion bandwi dth ‘can be used.

Sinilarl yof UpLL oK dﬁﬁ“gcﬁ@%a%gﬁw beoneeded h9 i el i g, L h

a
transmn ssi ons rom ferent Ues 120 wwth the recei'ver w ndow o tyhe node B

110 . Th nod nds th roprlat ng-.con roI co[ggrands o the
UEs 120 |% Steh 8ovvn E Q orman e U éjrsiZOP%(r)a%{ ap f especti veft

transmt timng. , , o
status, uplink channel quality measurements, UE capabilities,

UE measurement gaps, etc.

10 [0063] Uplink 1link adaptation methods, transmission power
control, adaptive modulation and channel coding rate, and
adaptive transmission bandwidth can be wused. Similarly,
uplink timing control may be needed to time align the
transmissions from different UEs 120 with the receiver window

15 of the node B 110 . The node B 110 sends the appropriate
timing-control commands to the UEs 120 in the downlink,
commanding the UEs 120 to adapt respective transmit timing.
For hybrid automatic repeat-request (ARQ), the node B 110 may

request retransmissions of incorrectly received data packets.

20  [0064] The 3.9-generation mobile telephone  technology
provides a digital mobile phone system that is based on 3G
but with expanded capabilities close to the expectations of
4G. Feasibility and standardization are being studied with
the objective of achieving a smooth transitional link between

25 the current 3G and future 4G.



For hybrid automatic repeat-request (ARQ , the node B 110 may request
retransm ssions of incorrectly received2data packets. [0064] The 3

. 9- gener awvoanowmshiske t el ephone technol ogy provi des a di gctrair2emiosdies phone
systemthat is based on 3G but with expanded capabilities close to the
expectati an of 4G Feasibility and standardi zati on are being studied with
the obj edWOA of RefifEing BOENE6t hEEFansi-t i dna&RS| |Gk Betamssht t RBOcurny ent
3G and future 4G [0065] Referring nowto FIG 3 , a SRS arrangenent 300 in
accor danceasitdarare ewbodi rment emsopresent ek Poesexbaple, FOG <Xandlgstrat es
an enbodi ment of generating an SRS bandwi dth tree. In particular, FIG 3
i1l ustratmess.a subseatl ot tdie ssuppor teath SRmMdrandw At kgeddraacicey dance sMd h
sonme enbodi ments. In all cases of the SRS arrangenent 300, a m ni mum SRS

bandwi dt hhdrsiulidort edrd©, be thows RBe1RUt hergore, iwbhcthese spegifdea
exanples, two to four SRS bandw dth options are provided for channel

bandw: dt I er 6 . ] t Lnui i G t SRS
arra\rll\%engn%t %‘% oﬁ%ﬂggﬁéﬁ?ﬁ iér\iﬂg%zu%ls%(@gtdth%gsﬁ tagcg%?g?ggti%%%et%%ﬁ SRS
bandw dt hs ,ar r qposed _f or ch _of the_l arger eration bandw S, such
as bandwe&%osdeldrfeég%ér t hah ig?M-CrfseFSorogxgcr{% e?ggi st Batdw' hgé{i]O lras

| arger room for PUCCH and persistent. PUSCH and | eaves a maxi num SRS

bandwi dt o ™8but SBB% of2tHe Tt al BW FAMEbREr ast® aPSecohdiset TS SRS

Furthermore, with these specific examples, two to four SRS
bandwidth options are provided for channel bandwidths larger

10 than 1.6 MHz.

[0066] Continuing with FIG. 3, the SRS arrangement 300
optionally includes (at least) two alternative sets of SRS
bandwidths are proposed for each of the larger operation
bandwidths, such as bandwidths greater than 10 MHz. For
15 example, first bandwidth 310 has larger room for PUCCH and
persistent PUSCH and leaves a maximum SRS bandwidth of about
80% of the total BW. In contrast, a second set of SRS
bandwidths 320 may be configured with smaller room for PUCCH
and persistent PUSCH, and has maximum SRS bandwidth of up to
20 96% of the total BW. The first bandwidth 310 may be used in
embodiments due to the greater room reserved for PUCCH and
for persistent PUSCH. It is also noted that the final
decision on the number of SRS bandwidth schemes may depend on
the handling of dynamically varying PUCCH bandwidth (BW), as

25 described in greater detail below.



bandw dt hs 320 may be configured with smaller roomfor PUCCH and persi stent
PUSCH, and has maxi mum SRS bandwi dth of3up to 96% of the total BW The
first barmoi2dedns3®® may be used in enbodi nents due to tRETEPREVASOIAOHOM
reserved for PUCCH and for persistent PUSCH It is also noted that the
final decision on the nunber of SRS bandw dth schenes may depend on the
handl i ng 8 6 Gynameapdyt vai{ahg PRecAbardwidtIr(BW T , c¥Sldesenibéd iim
greater detail below [0067] In particular, the actual anmount of cyclic
shift in symyls may bee ca:ladedta@@dacaocdtdQHGO tEquativen1dn, bel delreel at es
to a tinme domain generation of the cyclic shifts. cyclic_shift_val ue_SRS x
SRS | engtde 1Gt@dd ashi ftitmesyithalis) SRS exa(then Hf wWhier etdie paessifds cyclic
shift values (cyclic_shif t _value SRS) are, 0, 1,..., and 7 .
Corresponding cyclic shifts can be generated by utilizing the basic
properties of discrete Fourier transformation; a cyclic shift of 1 can be
gener at edyioyl inulshiipfity ivied teh SRt h sel éimtleofgtﬂhe sequence discrete Fourier

t ransf or mat b?%%tg fg(ggﬁn BLD/ R _where j_= sqrt(-1)_and Nis the length
of sequence i C shi of Equation 1 can be realized in
frequency—dvnmvw—nm—t—l—mm—ng héEat h) el ement of the SRS sequence discrete
Fourier transformation with exp(j2 pn x Cyclic_shift _synbol® SRS /
SRS | ength) = exp(j2 pn X

where the possible cyclic shift values

10 (cyclic shift value SRS) are, 0, 1,.., and 7. Corresponding
cyclic shifts can be generated by utilizing the Dbasic
properties of discrete Fourier transformation; a cyclic shift
of 1 can be generated by multiplying the nth element of the
sequence discrete Fourier transformation with exp(j2uln / N),

15 where j = sgrt(-1) and N is the length of sequence. Thus, the
cyclic shift of Equation 1 can be realized in frequency
domain by multiplying he nth element of the SRS sequence
discrete Fourier transformation with exp (j2nn b
Cyclic shift symbols SRS / SRS length) = exp (j2nn X

20 cyclic shift value SRS / 8).

[0068] More generally, it can be seen in the SRS bandwidth
arrangement 300 illustrated in FIG. 3 that the SRS signaling

dealing with BW allocation and cyclic shift assignment may be

based on the following properties:

25 ¢ 1-2 (N) bits included to signal the selected SRS

bandwidth;



cyclic_shift_value_ SRS/ 8 ) . [0068] More generally, it can be seen in the
SRS bandwi dth arrangenent 300 illustratéd in FIG 3 that the SRS signaling
deal i ng wvohoBwWsaiskocati on and cyclic shift assignnment may/HEreodasads on the
followi ng properties: 1-2 (N) bits included to signal the selected SRS
bandwi dth; C bits included to signal the bandw dth position in the code
tree; Three it incteadedctodsiignal simmasle] et ebdaggeliichskiobt thon SRS
signals of different bandwi dth; and Possibly, also include Mbits to

i ndi cate the frequencydmwsiitdegn of the code-tree. [0069] A s descri bed
above, an SRS arrangenent may be generated based on three criteria. For

exarple, the SRSsianalpiony Bt hased an existing QM RS 5ignahs.c.a def i ned

by LTE, release partl |scus ed above e genera
description of th E eBGPP eff| i ent n of DFT-S- OFDM
i s better achi evé%”l‘g&; rfg %gg%%lst hefcsﬁjef%%??lﬂgeka ‘i‘?”e?% Do er
transforns (DFT) , which corresponds to the nunber of allocated RUs * 12,
is fabtorized® ntkrpssisnat,| mbhber oficprdee Hunbéts. The DETiicatthe HHEE
sizes are limted to nultiples of the primes 2, 3 and 5. Wth respect to

the SRS, the recefeaesrsiwpafitie LOHE prot ocabsttaet her include the
requi rement that the repetition

[0069] As described above, an SRS arrangement may be
generated based on three criteria. For example, the SRS
signals may be based on existing DM RS signals, as defined by
10 LTE, release 8. In particular, as discussed above, in the
general description of the LTE of the 3GPP, efficient
implementation of DFT-S-OFDM is better achieved by requiring
that the size of the discrete Fourier transforms (DFT), which
corresponds to the number of allocated RUs * 12, is
15 factorized into a small number of prime numbers. The DFT in
the LTE sizes are limited to multiples of the primes 2, 3 and
5. With respect to the SRS, the recent version of the LTE
protocols further include the requirement that the repetition
factor (RPF) of 2 may always used to allow DM RS sequences to

20 be reused with SRS.

[0070] Taking these additional requirements into account,
examples of the supported Dbandwidth options in this
embodiment are listed in Table 400 in FIG. 4. In particular,
Table 400 includes a column of possible PUSCH resource
25 allocation size in terms of resource blocks (RB) and a second

column indicating that a corresponding SRS BW may be allowed



factor (RPF) of 2 may always used to allow DM RS sequences to be reused
with SRS. [0070] Taking these additionab requirenents into account,

exanpl es WO 200v08318pport ed bandwi dth options in this enbedirmPraosase4si st ed
in Table 400 in FIG 4 . In particular, Table 400 includes a col um of

possi bl e PUSCH resqurce allocation size in. ter f resource bl ocks (RB)
and a secdhd’tofu itﬁiﬁ chtingr thAtta éB?FéébSHﬁi%&vﬁs B@\Pﬁaf@éﬂp;q'owedi n
view of the requirenents specified above. For exanple, bandw dth

al | ocat i &/ AritH fod P Nufirdrl BTS RBS et e 9@ sUpPertedOowi t RESRSadge 't he
requi renent that one of the RPFs equals 2 . It should be appreciated,
however, supatontalyl ew400 SRSFIGie 4tps dxenptanyrément ewhoft tdree of the
abovedescri bed conditions, and that additional SRS bandw dth sizes nay be
used accwrliangetioal be 2addi ti Dnaldrehdangede r equi neenenicsl , ashspecet | ed Haor
future communications. [0071] In addition, the current LTE specifies that a

maxi mym @l shbftiseparati on is prewicdedyf orneighty paral tigd G
shifts. In particular, as described above, cyclic shift of the SRS sequence

S our T e S LM P at a0 o D e HONEY @lag [RANKERNL 15008, LRGN GHES Jhat use

3-bits to represent the cyclic shift do not maxim ze the cyclic shift

separation between the SRS . resources. [0072]. Therefore, in anather
orbod; el e GRS | BRGUR Mg HRpORa G Lie oGRS baRdeat e el 97

mul ti pl e of number of , ,
as specified for future communications.

[0071] In addition, the current LTE specifies that a
10 maximum cyclic shift separation is provided for eight
parallel cyclic shifts. In particular, as described above,
cyclic shift of the SRS sequence is currently indicated by 3
bits. However, conventional technigques that use 3-bits to
represent the cyclic shift do not maximize the cyclic shift

15 separation between the SRS resources.

[0072] Therefore, in another embodiment, the SRS length may
depend on the SRS bandwidth, which is a multiple of number of
RBs that consist of twelve frequency pins. The sequence
length 1is, therefore, given as 12/RPF multiplied by the
20 number of RUs (RPF=2). A maximum separation between eight
cyclic shifts, therefore, results in an SRS sequence length
that is divisible by 8, which occurs when the SRS BW is a
multiple of 4 RBs. Accordingly Table 500 in FIG. 5 further
modifies Table 400 to accept only those numbers of RBs that
25 are divisible by 8. As a result, Table 500 may designate

acceptable SRS bandwidths that would support eight



RBs that consist of twelve frequency pins. The sequence length is,
therefore, given as 12/RPF nultiplied by the nunber of RUs (RPF=2) . A
maxi mum swpan@rasors2bet ween ei ght cyclic shifts, thereforel/EPe@alosE4g n an
SRS sequence length that is divisible by 8 , which occurs when the SRS BW
is amltiple of 4 RBs. Accordingly Table 500 in FILG 5 further nodifies

Tabl e 4060 UM THISE nuinbRr3 Y RBECt AEE1AFE dIRvi'SBl €Wy 6 . As
a result, Table 500 nmay desi gnate acceptabl e SRS bandw dths that woul d

support déghttsisapdtatesls rés Srsses FEHVEv et heiddsiated -maxi mum cycli ¢
shift separation, as described above in Equation 1 . [0073] Referring now
to the tHOOEBcri trerfcardirst etbwabovethor taidesciredebRS canfrieguzioen,fdrt 1S
further desirable to provide support for a code-tree-based bandw dth

assi gnment . gkRiRakt | sRbarqodsi geseribed ahoves arparhewbands ang, s Wirdeband
SRS BWmay be supported for a given operating bandw dth. Different

operatio - - a | ist LI » o] e i .G 6
and t esgj II(?)\(?flchegs p%“ln%g %t r%grrlsr% s%?%énn%%%%m% %$%£ c}gﬁﬁ {jggrag%l i gﬁs%%éal&%leﬁltE UTRA
channel gandwi dths .. I.n accordance v%nht& t he above described condi tjons,
when consi defidid 1 i’ delEnd TIHHE SRS Bardwitt B Preferai e 209 @
upper - bounded with the nunber of RBs in the given channel bandw dth, m nus

two RBs tHatsRaré r éSer vell oY PUSCHS Wkér sy’ héPpi ng t- ot &8 T dm%

puncture of the PUCCH region by the SRS transm ssi on.
bandwidth. Different operation BWs of E-UTRA are listed in

the top row of Table 600 in FIG. 6 and these correspond to
10 transmission bandwidth configuration Ngx 1in E-UTRA channel
bandwidths. In accordance with the above described
conditions, when considering the wideband SRS, the SRS
bandwidth preferable upper-bounded with the number of RBs in
the given channel bandwidth, minus two RBs that are reserved
15 for PUCCH, thereby helping to protect from a puncture of the

PUCCH region by the SRS transmission.

[0074] Referring now to Table 700 in FIG. 7, compatibility
with the O0OVSF-based code assignment may be also taken into
account when selecting the SRS bandwidths. In particular,
20 Table 700 4dillustrates an exemplary configuration for SRS
bandwidths in which the size of a higher row, such as row
710, (as provided in the left column), is evenly divisible by
any of the smaller SRS bandwidths 720, 730, and 740 in any of
the lower rows. As a result, the support for the tree-based
25 Dbandwidth assignment may be achieved since every larger BRW

option is divisible by any of the narrower BW option.



[0074] Referring nowto Table 700 in FIG 7 , conpatibility with the

OVSF- based code assi gnnent may be al so2taken into account when sel ecting

t he SRS baiodwsodishs2 | n particul ar, Table 700 ill ustrat e®CampPeooeopiias y
configuration for SRS bandw dths in which the size of a higher row, such as
row 710, égs provided in the left colum), is evenly divisible by any of
the smal I8078Rs gandwimerer20comBetibadl 740 Withangnofotdfe Pedes . As a
result, the support for the tree-based bandw dth assi gnnent may be achieved
since every lmpgeve®Wopbigh ithai ahsvdtéchyr anyd obhthecharriewersBWor
option.[0075] Furthernore, conpatibility with an OVSF based code is

i nproved dHy wrRh theocabovendeschibeddcharactarsti€sther prthacdBdes of

al | ocati ons achi eved according to the principles of the enbodinent. In

particul ahe i BrBddihitAn.t 0 SUPP At Ao Ende- triee, sdhec psesent SkSoaltocation
configurations are built using existing DM RS signals while providing

maxi mym yo%i(g—cu%@,“ t%%Pag%is%tf Ok 8 pé?‘ff%%&#i&a{c'é&néﬂﬂ 1d,0076], Some

of the enbodi ments provide nmaxi mum cyclic shift separation between aéiacent
clic Shift (CS).resources whi orti code-tree based bandw dth

ansi gnreti 1ot O BT PHGEauEngll AU PR cane I TS TRGYaRTLeT A0 TN can

continue to be used to avoi d addi ng additiaqnal soundi ng-only reference

si gnal s. AClthe Samd (558 T AHE Ne S di diftis ldiSse 1 96ed heéeitt Sor ovi de

optim zed estimation accuracy. [0077] In another enbodi nent, a m ni num SRS
bandwi dt §007%6] Some of the embodiments provide maximum cyclic shift

separation between adjacent Cyclic Shift (CS) resources while
10 supporting code-tree based bandwidth assignment for signaling
savings. At the same time, the existing DM RS can continue
to be used to avoid adding additional sounding-only reference
signals. At the same time, the embodiments disclosed herein

provide optimized estimation accuracy.

15  [0077] In another embodiment, a minimum SRS bandwidth is
provided. For example, possible values for the minimum SRS
bandwidth include 2 RBs and 4 RBs, as described in SRS
bandwidth Table 400 of FIG. 4. Thus, the minimum SRS
bandwidth is basically defined by sounding error rather than

20 the channel bandwidth. As illustrated in FIGS. 10A and 10B,
charts 1000 and 1010 compare the sounding error between the
sounding reference signals of 2 and 4 RBs. In particular,
chart 1000 in FIG. 10A corresponds to an expected value of a
signal-to-interference plus noise ratio (SINR) estimator,

25 whereas the chart 1010 in FIG. 10B corresponds to Standard

deviation of signal-to-noise ratio (SNR) estimator as



provi ded. For exanple, possible values for the m ni num SRS bandw dt h
include 2 RBs and 4 RBs, as described 28 SRS bandw dth Table 400 of FIG 4
. Thus, twe 2néwismsen SRS bandwi dth i s basically defined IpgTSRAIdiON4€r I Or
rat her than the channel bandw dth. A s illustrated in FIGS. 10A and 10B,
charts 1000 and 1010 conpare the sounding error between the sounding

r ef er ence Bigndl’s Of 2Pard A V&8s, Sﬁaﬁﬁaﬁﬂrﬁ“}e%ﬂe“ﬁﬁg%% FESSToa
corresponds to an expected value of a signal-to-interference plus noise
rati o (SINRL estamatorh Wher €288 t hedehar PO1OI0SPRCFFEL fEeBSésikr €Spénds to
St andard devi ation of signal-to-noise ratio (SNR) estimator asfunction of

i nput SI MR dhesdimeasugesent shgerperaald ynsuggesifihanteded fwirehceke 13- dB
hi gher power spectral density of a 2 RB sounding signal, there are no

si gni fi carturdiififeeraaneesadyn. soondsngeaccur acy. bEi Sud esul theayabe dimad o the
fact that with a 4 RB signal, a w der processing gain can be used to

conpepsat,g rower 4 Pewers PR, al Q@ﬁéktbro€Q@§Qﬂge@dﬂh d¢dh ope emsbedigwent,
the m ni nrum SRS bandwi dth may be 4 RBs to provi de adequate sounding quality
whi | e redugi lignal o power, fLequi Lenent s . jE0Q78], Referning,paw o KL.G 8,
a process ﬁﬁc%\%%{l agr a?n %oo%ion accoE?dance W tﬁ so#e of the gﬁgogl%éntlsn IS
now presented. In . particular, the flow.diagram800Q.illustrate e
bl act o7 bSTHERiTE hoad 8 7H0: 4 TE 50 LAt 2 b et T 6% TheFBE 20 may
receive radi o resource control (RRC si,nalin% , ,

provide adequate sounding duality whille reducing signal power

requirements.

10 [0078] Referring now to FIG. 8, a process flow diagram 800
in accordance with some of the embodiments is now presented.
In particular, the flow diagram 800 illustrates the
interaction between a node B 110, a UE 120, and a user 125.
The UE 820 may receive radio resource control (RRC) signaling
15 840, which is SRS configuration signaling. This signaling
can be either dedicated (UE specific) or broadcasted (cell
specific system information). The UE 820 may optiocnally
receive configuration data 850 from the user 125 describing
desired configuration settings. The UE 820 uses the data 840
20 and 850 to create an uplink message 860 to the node B 110
containing a SRS allocation as disclosed herein. The node B
110 may then respond with the UL scheduling grant signaled
via DL (e.g., PDCCH) 870 in reply to the request by the UE
120 in the wuplink message 860. In response to the UL
25 scheduling grant in the UL message 870, the UE 120 may

forward to the node B 110 UL data transmission 880 for which



840, which is SRS configuration signaling. This signaling can be either

dedi cated (UE specific) or broadcasted2g¢cell specific systeminformation)
The UE 828O0reago/msptszonal |y recei ve configuration data 85@CTmeromwhsouser 125
descri bi ng desi red configuration settings. The UE 820 uses the data 840 and

850 to cr nk nmess 86 to t he node B 110 contai ning. a SRS
al | ocat i gl(ﬂq% J@?&&tﬁ&%ﬁ%& eéjlff(?r}?a;}lat‘i?e 55 WAL he UL
scheduling grant signaled via DL (e.qg., PDCCH) 870 in rep]ﬁ% to the request

by the UPMZOdWiiHeaplShk misld@geas860en rdspareste o itife L SciidBul i ng
grant in the UL nessage 870, the UE 120 may forward to the node B 110 UL
data tramsy ¢ aror@8@umed Wi chitadresnliitnle ddaptaatdom/cschedul (5iy devitsirchs
have been done based on transmtted SRS. Alternatively, the node B 110
(e.g. eNB)yr nay beimciond i gudedsteeht ansomnhaadhppaver controk (PE) cawoand or
a timng adjustnment command/ update to the UE 120. However, the node B 110,

baseds upgidie SRS HEeasdHenent 1 o My s begcapbhguned skg fﬁ@ash&@ﬂﬁa'ﬂtt infast here
is no reason for the signaling. It should be appreciated that these si gnal s

are trangjat a l; ¢ Si 1 dop.e |- f t 0
, a dedi c%ge%&gf Si gng‘%/?ngbg 8%FBR& é%??églgéfr%wéoﬁ% é%ggéﬁ-% atq{r?g?hod

900 confi ure to pro %hth %ve desccrllab& StI%S BV\é ||OC%tll on |s now
descri bed 41 pargtl cu PH S BiW a1 ocat i on e ©800 ||9|[cfau§es the
step of baS| ng the SRS SI gnhal s on

transmitted using dynamic control signalling, for example DCI

format 0, a dedicated RRC signaling.

10 [0079] Referring now to FIGS. 9A-9B, a method 900
configured to provide the above-described SRS BW allocation
is now described. In particular, the SRS BW allocation
method 900 includes the step of basing the SRS signals on
existing DM RS signals in step 910. Then, the SRS BW

15 configuration can be configured in step 920 to provide for
maximum cyclic shift separation. Then, the SRS BW
configuration may be selected to support a code tree-based

bandwidth assignment in step 930.

[0080] As depicted in FIG. 9B, the step of basing the SRS
20 signals on existing DM RS signals in step 910 may include
step 911 of reserving sufficient bandwidth for PUCCH and
Persistent PUSCH. The step of basing the SRS signals on
existing DM RS signals 1in step 910 may further include
adapting the SRS bandwidth allocation according to desired

25 DFT and repetition factor (RPF) sizes in step 912.



existing DM RS signals in step 910. Then, the SRS BW configuration can be
configured in step 920 to provide for gaxi mumcyclic shift separation.

Then, thewBR®BW/BoNnfi gurati on may be sel ected to suppoPCTE&Pe@ddstinee- based
bandw dt h assignnent in step 930. [0080] A s depicted in FIG 9B, the step
of basin% éhe SRS signals on existing DM RS signals in step 910 may i ncl ude
step 911 1808 eseRa iRy BuiF iteento bakdw dt haf BE PBECHNamd Percsingice it tUSCH.
The step of basing the SRS signals on existing DM RS signals in step 910
may furt lemd nd ude addptd ingrtte 1SR bamdwivdidedal | ddat iWGh 1l&dc ardilngleso
desired DFT and repetition factor (RPF) sizes in step 912.[0081] Referring
now to FIEG p2oceasd 1200} n @accandanceod t hisene oatetrheigpbodi 2ENE S iss now
provi ded. The UE 120 includes a processor 220, an interface (i.e. user

i nput 21@narartiranstyi t2en, 240cc8cI@ELI e ,250hq and & dat atstkagage #30.
Data related to the DM RS signals, a desired maxi mumcyclic shift

separ ati %taag%,fafééaé | S0t PLSURROTHS asfé’rga?l %,r e&- Béé?geﬁgi%%%ﬁeac@?ﬂ@mm

my be receiv om anot her source ( ase station) via't celrver

250 or may . i nputted. by the user interface 210 or both, This data
Focel ved Hd Tt hETYSEEr Ve ofiEy i sty L nearFAGe AA0CHEY (HEF BE i6br ed
in the stog%g? devi ce 230. The processor 220 can bhe configured to access

the stor &f¢HI4Hh FRETSPBFAGe BRYI & 236 CFo VEST mM AT upt T Nk $res SEgE Tohat

i ncludes the SRS. .
(i.e. base station) wvia the receiver 250 or may be inputted

by the user interface 210 or both. This data received via
10 the receiver or by the user interface 210 may then be stored
in the storage device 230. The processor 220 can be
configured to access the stored data in the storage device
230 to form an uplink message that includes the SRS.
Furthermore, the storage device 230 may store additional
15 data, as needed, for the ©processor 220 to determine
sufficient Dbandwidth to reserve for PUCCH and Persistent
PUSCH and the corresponding desired DFT and RPF sizes for the
SRS bandwidth allocation. This additional data stored in the
storage 230 may also be provided, for example, by a user
20 interface 210 or may also be received from an outside source
(i.e. base station) wvia a receiver 250, or Dboth. The
processor 220 may then form the uplink message that includes
the SRS bandwidth allocation (using pre-determined cyclic
shift) and forward this uplink message to a transmitter 240
25 for transmission to an outside device, such as a node B, as

illustrated in figure 8.



Furthernore, the storage device 230 may store additional data, as needed,
for the processor 220 to determ ne suf8icient bandwi dth to reserve for
PUCCH anawPeneistsat PUSCH and t he correspondi ng desi r e@CDEP2@@d5RPF- si zes
for the SRS bandw dth allocation. This additional data stored in the

st orage Zg&may al so be provided, for exanple, by a user interface 210 or
may al so [B882leceiRmsteialom af odeSFEELSSUrA®VE . ethBaseRSt dtherPMivisd of
recei ver 250, or both. The processor 220 may then formthe uplink nessage
t hat i nclaides @ heotSRSbandwr df h takl dikidonr{arsémgopr etdetrersicned: teyglt ¢
shift) and forward this uplink nmessage to a transmtter 240 for

transm soor teh AN wwsdlea dewi cesesUed asrathedeuBcH.as dildiustat,ed d n
figure 8 .[0082] However, as described above, the SRS transm ssion should

not " punciyrieid heBUECH: Fegi ot ofQt hebw sguatterpt dordiansmt oven a RB
reserved for the PUCCH Simlarly, in certain cases the SRS may not

t i stent. PUS gL ons. ' | ey
punc greaqqroaafsﬁ]]%@ls. C'A'c@lak%ﬁ[éﬂ NS. o AGERL 'en%%@dﬁﬁé’ﬂperreel@@%gﬁ{bd ot

relates to f l'ing the requir At that ¢ transm ssion

puncture P regi ons, even i ses .i.n ich _the PUCCH bandw dth (BW
Pl udi g st G enits PUSBRTY 0P Bs Bhar al 155 G083] Rer&rr 1AL Ttw £ o
FIG 11, a nmethod 1100 for handling dynamcally varying PUCCH BWi s

present ed©Y nPetepr 49 1602t FYCSRS A EH ssPBRINaY et ifet et edRfFHmERE

puncturing the PUCCH
PUCCH bandwidth (BW), including persistent PUSCH, wvaries

dynamically.

10 [0083] Referring now to FIG. 11, a method 1100 for handling
dynamically varying PUCCH BW is presented. In step 1110, the
SRS transmission may be deterred from puncturing the PUCCH
regions by reconfiguring the SRS transmission in order to
avoid PUCCH puncturing. Because SRS re-configuration

15 typically takes a relatively long time and significant amount
of signaling, especially in the case where a large number of
UEs require SRS re-configuration, step 1110, as illustrated
in Figure 11, may not be sufficient with the dynamically

varying PUCCH BW.

20  [0084] As a result, FIG. 11 illustrates the handling of
dynamically varying PUCCH BW method 1100 by continuing to
broadcast information about the RBs in which the SRS
transmission is not allowed in step 1120. More specifically,
the broadcast may specify that the SRS transmission is not

25 allowed in the RBs allocated for the PUCCH region. Next, in

step 1130, the SRS 1is truncated when the SRS overlaps the



regions by reconfiguring the SRS transm ssion in order to avoid PUCCH
puncturing. Because SRS re-configuratidn typically takes a relatively |ong
ti me and wpgni%dscsat anount of signaling, especially i nPChEPCESASMAEr e a

| arge nunber of UEs require SRS re-configuration, step 1110, as illustrated
in Figure 11, . not be sufficient with the dypamcally varyi ng PUCCH BW
[0084] ALEFESHY . TG 1071 | USEF at BSPPRE hakdfi ng of BTy Rvar yi ng
PUCCH BW net hod 1100 géicontinuing to broadcast information about the RBs

i n whi ch Ty BRS Yor ansti sKissh tihe Adturgatowed iim sstsgp 1A aufsmously
specifically, the broadcast may specify that the SRS transm ssion i s not

al | owed iusittge RBsvahkocateéed feorhnheudRUCEHE thegitonredext ing n sstdeg ibk3F, t he
SRS is truncated when the SRS overl aps thebandw dth that does not support
t he SRS turansdcsisiieon. sTypataihy, a Ukedoss t be towneatdjeen towstep k30

aut ononmousl y using conventional techniques w thout requiring additional

UE- speci G isd@nad 11 dged ThRSSBR i téfs'é%a‘i%ﬂ. ovwarils thgpsBxbAuRRal Imned
SRS BWin step 1131. The supported SRS BWoptions are listed in the

[T ght rostogaldim 1, thes Tadl enS08.deschided aboyadd the dhsaugsion gl F G
5 . In one enbodi nment, only tHe outernmobst SRS signals are truncated, step
1132. A s, a caonsequence, the truncation i acts npei r on the confiqured
She b ( Homse R B L L b A R e T ey & oL AR 1200

depicted in FIG 12 and ,
embodiment, only the outermost SRS signals are truncated,

step 1132. As a consequence, the truncation impacts neither
10 on the configured SRS BW (40RBs, 20 RBs and 4 RBs in this
case in the example of table 1200 depicted in FIG. 12 and
described in greater detail below) nor the applied code-tree
based bandwidth assignment.
[0085] In this way, handling of dynamically varying PUCCH
15 BW in method 1100 provides a practical solution to address
the case when PUCCH and/or persistent PUSCH BW changes
dynamically. As described above, the SRS 1is truncated
towards the maximum allowed SRS BW. The truncated SRS BW may
be a member of existing DM RS set and the SRS BW is multiple
20 of 4 RBs.
[0086] Referring now to the table 1200 of FIG. 12, an
example of the handling of dynamically varying PUCCH BW
method 1100 1is illustrated. The example of table 1200
assumes channel bandwidth of 10 MHz. As described above in
25 SRS bandwidth table 300 in FIG. 3, when using the first

bandwidth 310 scheme to reserve larger room for PUCCH and



described in greater detail below) nor the applied code-tree based

bandw dt h assignnent. [0085] In this wag, handling of dynam cally varying
PUCCH BWWO 20@%d301821100 provi des a practical solution t@Cadoe@sssithe case
when PUCCH and/or persistent PUSCH BWchanges dynamically. A s described
above, the SRS is truncated towards fhe maximum aIIowed SRS ﬁ , Tge

t runcat ed® SRS B Hay" BeCa ABAbEY ofSEXF sPRAg DN IRS S et RAnd2PREIERE BW i s
mul tiple of 4 RBs. [0086% Referring now to the table 1200 of FIG 12, an
exanpl e ofPdte RAndIGIhgtef g PRy &%t #yl PUBEH BWeretRed B10GSTs
illustrated. The exanple of table 1200 assunes channel bandw dth of 10 MHz.
A s descrinyddidasovehée n tBRSebaitiv dehdvadtles 300 i40 FRBs, 320 vikiéh asidnd t he
first bandwi dth 310 schene to reserve |larger room for PUCCH andpersi st ent
PUSCH andkey, usidgclone smxi auho SRSibandet dtbretsabads 80%toke tdhe diatal the
avai l able BW the SRS BWset includes the three SRS bandw dths of 40 RBs, 2

0 RBssancsehs RBs, sandiihis SRS @hh@cékbﬁgléet 160RE@3RONgs ot,0 thhe Qrdigimal
SRS BWset 1210. In this exanple, in table 1200, truncation of the ori gi nal

BWset 1210 %&u5§l€§ﬁﬁysgwt he PYCEH reglon 1@89%&’?; gﬁs PO the, ;SRS BW

set 1210. To addres I's problemaccording to t [ ng o nam cally
varyi ng PLZICZ‘%H BW %Ft;%)d 11%0 leiet rslér%caéﬁd %I@S 1B%x{oset add gartl c;luSJ ar,
the SRS i'$ 1T undat owar he maxi mum a1 o
problem according to the handling of dynamically varying
PUCCH BW method 1100, a truncated SRS BW set 1230. In
10 particular, the SRS is truncated towards the maximum allowed
SRS BW (32 in the depicted example of table 1200), according

to step 1131, as listed in the rightmost column in the Table

500 of FIG. 5.

[0087] As illustrated in table 1200 of FIG. 12, the
15 handling of dynamically varying PUCCH BW in method 1100
provides several benefits, including maintaining the code-
tree based SRS bandwidth assignment, which is beneficial from
the signaling point of view, such as in the situation of a
frequency hopping SRS. Moreover, additional signaling burden
20 is very marginal because the bandwidth needed for the
signaling of the number of RBs that do not support the SRS
transmission 1s quite small. Furthermore, the SRS/PUCCH
handling may be implementation specific because an operator
can control the area in which the SRS can be transmitted, for
25 example, to optimize a persistent PUSCH, because relatively

few items are specified in method 1200, such as the



SRS BW (32 in the depicted exanple of table 1200), according to step 1131,
as listed in the rightnost colum in the Table 500 of FIG 5 . [0087] A s
i Il ustratwo 200/a8aiske 1200 of FIG 12, the handling of dpaarmre@dloyoiv&ryi ng
PUCCH BWin nethod 1100 provi des several benefits, including maintaining

t he codetree based SRS pandw dth assignnent, ich is benefjcial fromthe
si gnal i nd PO viBW:-SSucAds it qtu?@ﬁi ioﬂog?_ﬁr??eqbéﬁEQ hoppi ng
SRS. Moreover, additional signaling burden is very nmargi nal because the
bandwi dt RSféed@®fior tHRNIFYHAP T hy ofReh&cAuMbenJorPRBS fikat 108 st Support
the SRS transmssion is quite small. Furthernore, the SRS/ PUCCH handl i ng
may be i my ermdrttaticdy spedi ficc dedoags el samadpers®So BV are tc ontaysltanhéVdr.ea i n
whi ch the SRS can be transnmitted, for exanple, to optimze a persistent

PUSCH, bgoessie r@i@}éﬂ@ﬂd%ft%\’ bé EBs BE L SPEsthi ednincrahbad 15300, sueh as
thetruncation rules and the applied code-tree based SRS assi gnnment .

Conseque , i hg cificat] i wel 1

doti g (sl & SR B bee T EE By Y 05H R dr ho " Fo per ey st ah
PUSCH, the truncat] of the SRS tr m.ssi ons_t hat over| appi .unsupported
RB bandvi'dh 195 of bhC 1338 5 ToREI GHG et i hor S0 Ut Ui WP E G 1o ot
sent, towards the two ends of the BW Thus, in general, any persistent

al | ocat i G lShd A1+ or*g hat© reyion anb 8yR4ni c TPUSCHIOES ST e r3&gi on

where SRS is sent. Alternatively, in
persistent allocations should be on that region and dynamic

PUSCH UEs on the region where SRS is sent. Alternatively, in
10 order to reduce the SRS overhead, there could be one bit in
the UL grant to inform if SRS symbol is available for data

transmission or if it used by SRS.

[0089] It should be readily appreciated that some of the
embodiments may include a computer program embodied on a
15 computer-readable medium, a compute-readable medium encoded
with a computer program, or similar language may be embodied
as a tangible data storage device storing computer software
programs configured to control a processor, digital processing
device, central processing unit (CPU), or the like, to perform
20 one or more operations or execute one or more software
instructions. A tangible data storage device may be embodied
as a volatile memory device or a nonvolatile memory device,
and/or a combination of a volatile memory device and a
nonvolatile memory device. Accordingly, some of the

25 embodiments provide for a computer-readable medium encoded



order to reduce the SRS overhead, there could be one bit in the UL grant to
informif SRS synbol is available for data transmssion or if it used by
SRS. [ 0088D 2bav/shsal d be readily appreci ated that sone @CTiEreomBOdS meNnt s
may include a conputer program enbodi ed on a conputer-readable medi um a

conput e-readabl e nedi um encoded wi th a Cco nputer program or simlar .
Ianguagevﬁﬁglbé'eﬁﬁﬁﬁpéﬁraspﬁoﬁﬁﬁﬁrblg ﬁﬁ?a E@%r ReVite BtUH Yy cohput er
sof tware pro rans configured to control a processor di gital processing
devi ce, comtiglurgloéesBrRGOuRi PPECPUIONSor the |ike, to performone or nore
operations or execute one or nore software instructions. A tangible data
storage 4609@f nmyndehenbadi edrdsarwokatile irtenohy dew ceidl adwzenMvat atil e
menory devi ce, and/or a conbination of a volatile nenory device and a

nonvol at iJRidemis devicesohecsdi pELY en®@RE rh tishes enhodi-eBts pipMide for
a conputer-readabl e nmedi um encodedwi th a conputer program where the

“mm%”n%f%aﬁ$ﬁﬁ%&HMU$é&ﬁ§”oréﬂﬁﬁﬁﬁ%ﬁm&%m%mgﬁﬁmﬁmg

ordinary s e art mn rstand that sone o

enmbodi nent_s A28 dIS ussed above ma fa ctice th ste n a. different
o or e B RS o PRt Q5 %fﬁ%.gu%“%- ard R L ot
t han those mhlch are di scl osed. Therefore, although sone of the enbodi nents
have beeﬁqﬂﬁﬁqukﬁpb%%%dd&ﬁﬁﬁo§§ﬁlou§hﬁﬁﬁﬁ%ﬁﬁei?%ﬁ%ou?? #elitd be Bispar ent

to those of skill in the
embodiments have been described based upon various

configurations, it would be apparent to those of skill in the
10 art that certain modifications, wvariations, and alternative
constructions would be apparent, while remaining within the
spirit and scope of some of the embodiments being described.
In order to determine the metes and bounds of some of the
embodiments, therefore, reference should be made to the

15 appended claims.

[0091] It should be noted that reference throughout this
specification to features, advantages, or similar language
does not imply that all of the features and advantages that
may be realized with some of the embodiments should be or are
20 in any single embodiment. Rather, language referring to the
features and advantages is understood to mean that a specific
feature, advantage, or characteristic described in connection
with an embodiment is included in at least one embodiment
described above. Thus, discussion of the features and

25 advantages, and similar language, throughout this



art that certain nodifications, variations, and alternative constructions
woul d be apparent, while remaining withen the spirit and scope of sone of

t he enmbodwoentshseng descri bed. In order to determ ne Phe/RPeMed5@EAsl bounds
of sonme of the enbodi nents, therefore, reference should be made to the
appended cl ai.ns. [0091] It should be noted that reference throughout this
speci fi caion t'oH sy jﬁ@ ntQgest BFCSPRfFA Yraﬁﬁgﬁﬁetﬁoéi ol y
that all of the features and advantages that may be realized with sonme of

t he enbodi™&stid S oul d be or are in any single enbodi nent. Rather, |anguage
referring to the features and advantages is understood to nean that a

speci fi c [0092]ur e, Fiachtaninages, ofthehacactebest Feadases) bedviantearrectaron W th
an enbodi ment is included in at | east one enbodi ment descri bed above. Thus,

di scussi o 0fs dthe-ffeatr e anthadrantages RNGhSItE iy rRnguRge ndhroughout
t hi sspecification may, but do not necessarily, refer to the sane enbodi nent

[0092] FI té”{f‘ir%%lee 4 &?Sﬁﬁi%gg feaLures. aduantages, Pd skilled

characteristics sonme of the enbodinents may be conbined in any suitable
manner in_one.or nore enbodi nents. . One skilled in e.rel evant t owll

recognizéj%hg#m§oﬁ§%ﬁv%%% e %di%éﬁ?s ESEO%Elﬁ?ac%gééd ﬁfpﬁouf%gnéﬂﬁ nor e
of the specific features or advantages of .a particular enbodi nent. I n other

i nst ance MRS Tl CPBatleif e AT aRrant’agBsrmyCbe ©r more of the

specific features or advantages of a particular embodiment.
In other instances, additional features and advantages may be
10 recognized in certain embodiments that may not be present in

all embodiments.



recogni zed in certain enbodi nents that may not be present in al

enbodi nents. CLAIM5S : 1 . A nethod, conprising : creating an uplink nessage
to be tranmernewmsdisto a base station, the created uplinkPoegPage/osaapri ses a
soundi ng reference signal based on accessed data; receiving uplink

schedul i n rant signal via downlink fromthe base station in response to

the tran S

on of the uplink message; and transmitting to the base

station uplink data transni ssion responsive to the received uplink

scheduling grant signal. 2 . The method according to claim1 ,

further

conprising: storing the data related to reference signal sequences, to form

a desired cyclli.c ghinfathseparcamicon Sietaween t he reference signal

sequences,

and to support a tree-based bandw dth assignnment, the data being received
froma user i niresdftace; ain fupnm hhembasegst atol e Srandhet ted hed acceersd ng to
claim1 , further conprising: formng the sounding reference signal based

on existifng demdukati opr&gfenengs signaksisssel eebinpgithe soundiRing

reference signal to support a tree-based bandw dth assi gnnent;

andadapti ng

the soundiyg ref€rence si gnaled o provde smpdmyn cyclic shift separation

receiving uplink scheduling grant signal wvia downlink

from the base station in response to the transmission of the

uplink message; and

10 transmitting to the base station uplink

data

transmission responsive to the received uplink scheduling

grant signal.

2. The method according to claim 1, further comprising:

15 storing the data related to reference signal sequences,

to form a desired «cyclic shift separation between the

reference signal sequences, and to support a tree-based

bandwidth assignment, the data being received from a user

interface or from the base station.

20

3. The method according to claim 1, further comprising:

forming the sounding reference signal based on existing

demodulation reference signals;

selecting the sounding reference signal to support a

25 tree-based bandwidth assignment; and



4 . The nethod according to claim3 , further conprising: reserving
sufficient bandw dth at |east for physBeal uplink control channel when
form ng twe 28exnsdisng r ef erence signal based on exi sti ngPdempdetoasiies

ref erence signal signals; selecting a bandwi dth allocation based on a

di screte Fourie transforns and rﬁ etitio factor sizes_when formng, the

soundi ng refe &% natt hased oh 2% stPAGTARABAUPAPPEh r &Per &HEY ElSnal
signals; and configuring the maxi numcyclic shift separation between eight
cyclic sHiPEE WD Gasila Shitd $eiTdiaid 9fef er ence signal sequence | engt h

di visibl e by eight when a bandwi dth of the sounding reference signal is a
mul tiple of four resource blocks . 5 . The nethod according to claim4 |
further conprising: determning sufficient bandwidth to reserve for the
physi cal uplink canig aletthannelcor@inglhe rEtdiad 3cdordineg el rdishriy .,
further conprising: configuring at |east two resource blocks to be reserved

for the physicalscupliimk camtrel cahamnghawidatdhevret badraceor digrg il ai m 4
, Wherein the denodul ati on reference signal signals conprises desired

discrete f %Hﬂ@rcéﬁéPéi [ n3d Hﬁ&%ﬁ'%b?ﬁlkﬁcﬁ9&aSé%?ﬁdlﬁgdgﬂgﬁgf%dkéihe

di screte EOUI’IGI’ transforns sizes are two ree lve.

signal based on existing demodulation reference signal
signals;
selecting a bandwidth allocation based on a discrete
10 Fourier transforms and repetition factor sizes when forming
the sounding reference signal based on existing demodulation
reference signal signals; and
configuring the maximum cyclic shift separation between
eight cyclic shifts to result in a sounding reference signal
15 sequence length divisible by eight when a bandwidth of the

sounding reference signal is a multiple of four resource

blocks.
5. The method according to claim 4, further comprising:
20 determining sufficient bandwidth to reserve for the

physical uplink control channel.

6. The method according to claim 5, further comprising:
configuring at least two resource blocks to be reserved

25 for the physical uplink control channel.



8 . The nethod according to claim3 , further conprising: supporting the
tree-based bandw dth assi gnnment based 8a a sel ection of sounding reference
si gnal bawmowoatdszisen which a | arger bandwi dth is evenl yPdirpseolosoiby a
smal | er bandwi dth. 9 . The nethod according to claim3 , wherein the cyclic
shift separation between possible cyclic shifts js. maxjm zed, and wherein
the cyclic shi’ft isngseﬂlefiEOQ s@aﬁéﬁééngenb?h and®Bn & n St {HE
possi ble cyclic shifts. 10. The nethod according to claim9 , wherein the
cyclic sKiemodus ag igycl i B EHIFRCS nd? L@t of réé@ﬂ@gé f COMPEaSESst &S ed
multiplied with a sequence |length and divided with the nunber of possible
cyclic shiifscsetand onhereei e foumtserarof yeesdiiblierc yeldte s ifaes i end
eight.11. The nethod according to claim1l , wherein a bandwi dth of the
soundi ng ref engnReeisi grtad coOBpPreses Faumikirmumafs foths resoas carbl asks. 12.
The met hod according to claim1 , further conprising : calculating an
actuap ampunrte ofocychicc shift in synbols using equation 1 , which relates
to a time domain generation of the cyclic shifts, cyclic_shift _val ue SRS x
SRS | ength

8. The method according to claim 3, further comprising:
supporting the tree-based bandwidth assignment based on

a selection of sounding reference signal bandwidths in which

10 a larger Dbandwidth is evenly divisible by a smaller

bandwidth.

9. The method according to claim 3, wherein the cyclic
shift separation between possible cyclic shifts is maximized,

15 and
wherein the cyclic shift is based on a seguence length

and on a number of the possible cyclic shifts.

10. The method according to claim 9, wherein the cyclic
20 shift is a cyclic shift indicator received from base station
multiplied with a sequence length and divided with the number

of possible cyclic shifts, and

wherein the number of possible cyclic shifts is eight.



Cyclic shift synmbols SRS = wherein possible cyclic shift values (cyclic
shift value SRS) are, 0, 1,..., and 740 13. The nethod according to claim
12, furtwo 20@m8ris2i ng: generating correspondi ng cycl i c PpshiEPe@oboyo1us i | i zi ng
basi c properties of discrete Fourier transformation; generating a cyclic

shift of 1 by nmultiplying the nth el ement of the sequence di screte Fourier
transformati ort it h @ﬁlﬁ(j?eﬁl d; )<< j t—Qscffjta(cl-n}) Land "MS*€ the 9 engt h

of sequence; and realizing the cyclic shift of the equation 1 in frequency
domai n by aRdt ity i ig t Héient FeItehet  ofe iHe'SRSs édiieiice dicsBretSeFowr i er
transformation with exp(j2 pn x Cyclic_shift_synbols SRS/ SRS |ength) =
exp(j 2 pminigywl i dhwivnt neslawe SR®Jocks). . 14. A nethod, conpri sing:
receiving, froma nobile station, an uplink nessage conprising a sounding
resource signal allocation bandw dth; transmtting uplink scheduling grant
signal via downlink to the nobile station; and receiving, fromthe nobile

statign, uplink data transmi ssiQp respopsiye tq the frapnsmtted i
schedul i ng grant™ si gnaFl. 1?‘ e matﬁod accgrdi r?g to ¢l aim 14, fu:ﬁ)ét eglr(

comprising:
calculating an actual amount of cyclic shift in symbols

using equation 1, which relates to a time domain generation

of the cyclic shifts,

10 cyclic shift value SRS X
SRS length
Cyclic shift symbols SRS =  —---—--—--—-———-———-———-———-————

15
wherein possible cyclic shift values

(cyclic _shift value SRS) are, 0, 1,.., and 7.

13. The method according to «c¢laim 12, further
20 comprising:
generating corresponding cyclic shifts by utilizing
basic properties of discrete Fourier transformation;
generating a cyclic shift of 1 by multiplying the nth
element of the sequence discrete Fourier transformation with
25 exp (j2uln / N), where j = sgrt(-1) and N is the length of
sequence; and
realizing the c¢yclic shift of the egquation 1 in

frequency domain by multiplying the nth element of the SRS



conprising: formng the sounding reference signal based on existing
denodul ati on reference signals; selectédhg the sounding reference signal to
support awone@/isased bandw dt h assi gnnment; and adapti ng PCHEPI@0681118)
reference signal to provide maxi numcyclic shift separation. 16. The net hod

according to claim14, further conprising . configuring the upljnk nessage
to incIudﬁxﬁﬁﬁﬂﬁidgﬁSF&?&FveEOPSFgghyEFEgFfﬁﬁ@?ﬁkgﬁohW+ I éﬁ&gﬁéﬁﬁi7?<The
met hod according to claim 16, further conprising : configuring two resource

bl ocks t &1 iesdrividd sHEealife Hysi dal  FHHIS_AlEBAYr ol Tharfidl (3208 The

met hod according to claim 14, wherein the denodul ati on reference signa

si gnal s imcllude sdeditr edh IdiesSRét € Fourier transforns and repetition factor
sizes of two, three, or five. 19. The nethod according to claim 14, further
conprising: supporting the tree-based bandw dt h assi gnnent based on a

sel ection of sounding reference signal bandw dths in which a |arger

bandwsdt h is evenl w diatdrsid! & I3 shRf:l er bandw dth 20. The net hod
according to claim 14, wherein the

receiving, from a mobile station, an wuplink message
comprising a sounding resource signal allocation bandwidth;
transmitting uplink scheduling grant signal via downlink
to the mobile station; and
10 receiving, from the mobile station, uplink data
transmission responsive to the transmitted uplink scheduling

grant signal.

15. The method according to <c¢laim 14, further
15 comprising:
forming the sounding reference signal based on existing
demodulation reference signals;
selecting the sounding reference signal to support a
tree-based bandwidth assignment; and
20 adapting the sounding reference signal to provide

maximum cyclic shift separation.

l6. The method according to c¢laim 14, further
comprising:
25 configuring the wuplink message to include bandwidth

reserved for physical uplink control channel.



cyclic shift separation between possible cyclic shifts is maximzed, and
wherein the cyclic shift is based on a4gequence |ength and on a nunber of
t he possiwbDeoeysrise shifts. 21. The net hod accordi ng t oPciraiPaood4s018ir t her
conpri sing: providing a m ni nrum soundi ng reference signal bandwi dth with
four resource blocks. 22. An apparatus, conprising: a transmtter
configured to transmt to a base station a created uplink nessage
conprising a sounding reference signal; and a receiver configured to
recei ve uplinkschedulfig §eahedsi girdloiAdiadovr? i nkR1#EBm the bdse€idt i on,
wherein the transmtter is further configured to transmt to the base
station upinioykisdatea transm ssion responsive to the received uplink
schedul i ng grant signal. 23. The apparatus according to claim22, further
conprising: a sirfiage icenftiwgur edsborstobeocthe dat s ekatedvea retergnce
signal sequences, to forma desired cyclic shift separation between

refergncersigrall sgauencesnand to.sy#port a tree-based bandw dth
assignment, the data being received froma user interface or fromthe base

station. 24. The apparatus according to claim 22, wherein the

18. The method according to c¢laim 14, wherein the
demodulation reference signal signals include desired
discrete Fourier transforms and repetition factor sizes of

10 two, three, or five.

19. The method according to <c¢laim 14, further
comprising:

supporting the tree-based bandwidth assignment based on

15 a selection of sounding reference signal bandwidths in which

a larger bandwidth is evenly divisible by a smaller bandwidth

20. The method according to c¢laim 14, wherein the
cyclic shift separation between possible cyclic shifts is

20 maximized, and
wherein the cyclic shift is based on a seguence length

and on a number of the possible cyclic shifts.

21. The method according to <c¢laim 14, further

25 comprising:



processor is further configured to formthe sounding reference signal based
on existing denodul ati on reference signal, sel ect the soundi ng reference

si gnal towveuppasrisa treebased bandw dt h assi gnnent, andpraaapreomlosoisoundi ng
reference signal to provide maxi mumcyclic shift separation. 25. The

apparatus according to claim_24, wherein the processor .if further .
confi gured t o H%¢sh %St FTET ERE baROR ge A FSEeﬁﬁ%?céllgﬁ‘ﬁlli rﬁ%@f@{%dr%

channel when the sounding reference signal is formed based on existing
denodul atiidh rferer émE@EicgnalLcsikgnal s; sel ect bandwi dth al | ocati on based on
a discrete Fourier transforns and repetition factor sizes when the sounding
reference signal is fornmed based on existing denodul ati on reference signa
signals; and maxim ze cyclic shift separation between eight cyclic shifts
to result in a@zxoundi ngpp=efenancesipgnalirequence | ength divisible by eight
when a bandw dth of the sounding reference signal is a nultiple of four

resousce bl ocks.t 26smihe APRATALiIUS REE HHithG Hthitd AlgN2%a heyeith dihey
processor is further configured to determ ne sufficient bandwidth to

reserve fon e physical upllokscontpab.ebangel o 2TouThe APPAAUSA.

according to claim26, wherein tw resource bl ocks are reserved for the
pr ot ocol éﬁgﬂaﬁK %ggfrol

a receiver configured to receive uplink scheduling grant

signal via downlink from the base station,
10 wherein the transmitter is further configured to
transmit to the base station wuplink data transmission

responsive to the received uplink scheduling grant signal.

23. The apparatus according to «c¢laim 22, further
15 comprising:

a storage configured to store the data related to
reference signal sequences, to form a desired cyclic shift
separation between reference signal sequences, and to support
a tree-based bandwidth assignment, the data being received

20 from a user interface or from the base station.

24, The apparatus according to claim 22, wherein the
processor is further configured to
form the sounding reference signal based on existing

25 demodulation reference signal,



channel .28. The apparatus according to claim25, wherein the denodul ati on
reference signal signals conprises desi#ted discrete Fourier transforns and
repetiti omof2eexsrisgi zes, and wherein the discrete Fouri @CTIRPANOOSIIAS Si zes
are two, three, or five. 29. The apparatus according to claim 24, wherein
the processor is further configured to support the tree-based bandw dth
assi gnment basS&S)lec?rfr a el FETON B 'S %ﬁ?ﬁ“ﬁg FefRfentd SPERAI thbandiiSfths in
which a | arger bandwidth is evenly divisible by any smaller bandw dth. 30.
The apparatses! &SEordidtd 586 CI%MMAY4, allterein the cyclic shift separation
bet ween possible cyclic shifts is maxi m zed, and wherein the cyclic shift

i s based on a askEquentee | enghiiaad redcaemgrberi ofal heopossivble @y dimmm
shifts. 31. The apparatus according to claim30, wherein the cyclic shift
is a cycldyelshi fahiiftdiseatsaraviecei ved from a base station multiplied with a
sequence |l ength and divided with the nunber of the possible cyclic shifts,
and wherein the nunber of the possible cyclic shifts is eight.32. The
apparatus according to claim 22, wherein a bandw dth of the sounding

brohigki st SRR LR R
processor i1if further configured to
reserve sufficient bandwidth for physical uplink control
channel when the sounding reference signal is formed based on
10 existing demodulation reference signal signals;
select bandwidth allocation based on a discrete Fourier
transforms and repetition factor sizes when the sounding
reference signal is formed based on existing demodulation
reference signal signals; and
15 maximize cyclic shift separation between eight cyclic
shifts to result in a sounding reference signal sequence

length divisible by eight when a bandwidth of the sounding

reference signal is a multiple of four resource blocks.

20 26. The apparatus according to claim 25, wherein the
processor 1is further configured to determine sufficient

bandwidth to reserve for the physical uplink control channel.

27. The apparatus according to claim 26, wherein two
25 resource blocks are reserved for the protocol uplink control

channel.



conprising : a calculator configured to cal cul ate an actual anount of
cyclic shift in synmbols using equation4i , which relates to a tinme domain
gener at i omoabosdaseiseycl i c shifts, cyclic shift val ue SRSPRTERIIMBATUH Cyclic
shift synbols SRS = wherein pos sible cyclic shift values (cyclic shift
value SRS ) are, 0, 1, ..., and 7. 34. The apparatus according to claim
22, further conprising: a generator configured to generate correspondi ng
cyclic shifts by utilizing basic properties of discrete Fourier

transf or mat i o8 -anotRér agEveater torPTgtredteo Yeridt at e avBpEriie SHiSt of
1 by nultiplying the nth el enent of the sequence discrete Fourier

t r ansf or menicohv Mittilorexp(g 2 pdmcd Npigwher esjionadqrt Compriisamsd MNesst neve

| engt h of sequence; anda realizing unit configured to realize the cyclic
shift of dikereguatic@nrilet ntfiegbency dodairepbyigubhi phying tsheert h eleenment
of the SRS sequence discrete Fourier transformation with exp(j2 pn x Cyclic
shi ft ssynpelie i3RI He SRS dNGE Mout 1@X%P (H A ¥ oty il e sShide trual ue, SRS /1 8).

35. An apparatus, conprising: a receiver configured to receiver an uplink

message 5, five.

29. The apparatus according to claim 24, wherein the
processor 1is further configured to support the tree-based

10 Dbandwidth assignment based on a selection of sounding
reference signal bandwidths in which a larger bandwidth is

evenly divisible by any smaller bandwidth.

30. The apparatus according to claim 24, wherein the

15 cyclic shift separation between possible cyclic shifts is
maximized, and

wherein the cyclic shift is based on a seguence length

and on a number of the possible cyclic shifts.

20 31. The apparatus according to claim 30, wherein the
cyclic shift is a cyclic shift indicator received from a base
station multiplied with a sequence length and divided with
the number of the possible cyclic shifts, and

wherein the number of the possible c¢cyclic shifts 1is

25 eight.



conprising a sounding resource signal allocation bandw dth; and a
transmtter configured to transmt upl#ak scheduling grant signal via

downl i nk WO 2809m8biske station, wherein the receiver is fecrhPeoosfiugured to
receive, fromthe nobile station, uplink data transm ssion responsive to
the transmtted uplink scheduling grant signal. 36, The apparatus, accordin
to claim 35, ﬁ%%reiﬁfe%eaEBGﬁaFHg ret et sF@na?l?E“cgﬁﬁigﬂP%Hef% e ]
fornmed based on existing denodul ati on reference signal signals, selected to
support ®anee-Pdsed Farrdvici idsk i iaRteitce dridiada st 116 95 ovitde Wikt num
cyclic shift separation. 37. The apparatus according to claim35, wherein

t he uplink Mmessagedsimenfdlgurked to i ncl ude bandwi dth reserved for physica
uplink control channel.38. The apparatus according to claim 37, wherein two
resource blocks are reserved for the protocol uplink control channel . 39.
The apparatus according to claim35, wherein the denodul ati on reference

signab signal 53 s conhigurgdatari:BCl Hdeodeshgededi serete Fouri efytdranst or ns
and repetition factor sizes of twd, three, or five. 40. The apparatus
accordi ng. o} -IsaiinrQ:BS, wherein the tree-based bandw dth assignnent is
confi gur eo? to be supported based on a selection of sounding reference

si gnal bandm‘%f@%lculator configured to calculate an actual amount of

cyclic shift in symbols using equation 1, which relates to a

time domain generation of the cyclic shifts,

10 cyclic shift value SRS X
SRS length
Cyclic shift symbols SRS =  —---—--—--—-———-———-———-———-————

15
wherein possible cyclic shift values

(cyclic shift value SRS) are, 0, 1,.., and 7.

34. The apparatus according to «c¢laim 22, further

20 comprising:

a generator configured to generate corresponding cyclic
shifts by utilizing basic properties of discrete Fourier
transformation;

25 another generator configured to generate a cyclic shift
of 1 by multiplying the nth element of the sequence discrete
Fourier transformation with exp(j2nln / N), where j = sgrt(-

1) and N is the length of sequence; and



in which a larger bandwidth is evenly divisible by a smaller bandw dth 41.
The apparatus according to claim 35, wherein the cyclic shift separation

bet ween peean®/s7gclic shifts is maxi m zed, and wher ei RCTIEP2@YOb5G188 shi ft
i s based on a sequence |ength and a nunber of the possible cyclic shifts.

42. The apparatus according to claim 35, wherein_the ovi di a m.nimm
soundi ng refeﬁbﬂﬁﬁg§ﬁﬁﬁﬁ' fdwF At ht T_EednFP gtiFed L £ Eéepﬁﬁﬁﬁiﬁjéa%iFa

m ni mum of four resource blocks.43. An apparatus, conprising: transmtting
means forch rdismItdhL ol al basecsrarrvndamer Babed "YpItilik Yiressddge nth
conprising a sounding reference signal; and receiving neans for receiving
upl i nk sched@intngogr ahe sSRgnadeien dowil $ ke te ofruhe ehage astsdtd ot whrer ei n
the transmtting neans for transmtting transmts to the base station
upl i nk datiat r axenijesinonxr espobstvehi 6tt hgmbecei yrE upl i3Ks sicheghit i ng gr ant
signal. 44. An apparatus, conprising: receiving neans for receiving an

upl i nk MS§Age HONPIHWIING arseunding d esaurce)si gnal al l ocation bandw dt h;

and transmtting nmeans for transmtting uplink scheduling

35. An apparatus, comprising:

a receiver configured to receiver an uplink message
comprising a sounding resource signal allocation bandwidth;

10 and

a transmitter configured to transmit uplink scheduling
grant signal via downlink to a mobile station, wherein

the receiver is further configured to receive, from the
mobile station, uplink data transmission responsive to the

15 transmitted uplink scheduling grant signal.

36. The apparatus according to claim 35, wherein the
sounding reference signal is configured to be formed based on
existing demodulation reference signal signals, selected to

20 support a tree-based bandwidth assignment, and adapted to

provide maximum cyclic shift separation.

37. The apparatus according to claim 35, wherein the
uplink message is configured to include bandwidth reserved

25 for physical uplink control channel.



grant signal via downlink to a nobile station, wherein receiving neans for

receiving, fromthe nobile station, upkink data transm ssion responsive to

t he transwoto@dsuski nk schedul i ng grant signal. 45. A cecpEPee09ps@gs am

enbodi ed on a conput er-readabl e nedium the conputer program being

configured to control a process to perform a_nethod, t?g ng%hod,co ri sing:
ta

creating an uplink MBEs&GPAG BE tFanshitted o A Vdse 6hCeBnpriSsing a

soundi ng reference signal based on accessed data;receiving uplink
scheduHlﬁf%ﬂ%ﬁﬁesﬁ%ﬂé&sv@%@cﬁﬁ@ﬁ?%ﬁdfﬁﬁﬁ1FH@ Pa&& OSPat Ve 1 e¥yeise to
the transm ssion of the uplink nessage; and transmtting to the base
station ublamieldata transni ssion responsive to the received uplink
schedul ing grant signal. 46. A conmputer program enbodi ed on a
conput er -r eadabl e medi um the conputer program being configured to contro
a process to performa nmethod, the nmethod conprising: receiving an uplink

nmessage conprizxsj ng &nhso 'dﬂh&ﬁ§0&&@@r§iﬂ?akpaHﬂgﬁﬂ!9@,b%ﬁ@ﬂ%@hhhhe
transmtting uplink scheduling grant signal via downlink to a nobile

station; ARQRACRNING. Jfamide mobile stating: supkink (data fransmissi on
responsive to the transmtted uplink schedul i ng
include desired discrete Fourier transforms and repetition

factor sizes of two, three, or five.

10 40. The apparatus according to claim 35, wherein the
tree-based bandwidth assignment is configured to be supported
based on a selection of sounding reference signal bandwidths
in which a larger bandwidth is evenly divisible by a smaller
bandwidth

15

41, The apparatus according to claim 35, wherein the
cyclic shift separation between possible cyclic shifts is
maximized, and

wherein the cyclic shift is based on a seguence length

20 and a number of the possible cyclic shifts.

42, The apparatus according to claim 35, wherein the
providing a minimum sounding reference signal bandwidth is
configured to be provided with a minimum of four resource

25 blocks.



grant signal.
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43. An apparatus, comprising:

transmitting means for transmitting to a base station a
created uplink message comprising a sounding reference
signal; and

receiving means for receiving uplink scheduling grant
signal via downlink from the base station,

wherein the transmitting means for transmitting
transmits to the base station wuplink data transmission

responsive to the received uplink scheduling grant signal.

44, An apparatus, comprising:

receiving means for receiving an uplink message
comprising a sounding resource signal allocation bandwidth;
and

transmitting means for transmitting uplink scheduling
grant signal via downlink to a mobile station, wherein

receiving means for receiving, from the mobile station,
uplink data transmission responsive to the transmitted uplink

scheduling grant signal.

45. A computer program embodied on a computer-readable
medium, the computer program being configured to control a
process to perform a method, the method comprising:

creating an uplink message to be transmitted to a base
station comprising a sounding reference signal based on

accessed data;
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receiving uplink scheduling grant signal via downlink
from the base station in response to the transmission of the
uplink message; and

transmitting to the base station uplink data
transmission responsive to the received uplink scheduling

grant signal.

46. A computer program embodied on a computer-readable
medium, the computer program being configured to control a
process to perform a method, the method comprising:

receiving an uplink message comprising a sounding
resource signal allocation bandwidth;

transmitting uplink scheduling grant signal via downlink
to a mobile station; and

receiving, from the mobile station, uplink data
transmission responsive to the transmitted uplink scheduling

grant signal.



