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(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-



25 telecommunications system (UMTS) is one of the third- 2 generation (3G) cell phone technologies.
Currently, the most common form of UMTS uses wideband code division multiple access (W-CDMA)
as the underlying air interface, as standardized by the third generation partnership project 5(3GPP).
[0004]Currently, UMTS networks worldwide are being upgraded to increase data rate and capacity for

dowrlink packgl gl ca el *aayie pldiher eampetlueness ot yMIn. yeloun goneepts for

UMTS long term evolution (LTE) 10 have been investigatedto achieve a hig -aféta-rate,n\%w-latency

and packet optigizes ragin-gccsss §epsolognJ00ORI3EEHR L Th fongterms exalutign) 4s g name

given to a project within the Third Generation Partnership Project to improve the UMTS mobile phone

standard to copecwitls futyre-tomaguireraentsheoalaraidhe prajgct inclide impseringefficiency,
lowering costs, improving services, making use of new spectrum opportunities, and better integration
with other opesatstaddartiszdhe bYE pigjectisinet a gtaredart;i bot itpaiti resultln the pews evalved
release 8 of the UMTS 20 standard,including mostly or wholly extensions and modifications of the
UMTS sy$tem(3GFP) .

[0004] Currently, UMTS networks worldwide are being
upgraded to increase data rate and capacity for downlink
packet data. In order to ensure a further competitiveness of
UMTS, wvarious 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 hetter integraticn 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 Eveolved 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.



[0006]A characteristicofso-called"4G"networks including Evolved UMTS is that they are fundamentally
based upontransmissioncontrolprotocol/internetprotocol 25(TCP/IP), the core protocol of the Internet,
with built-on higher level services such as voice, vide3o, and messaging. 3 [0007]A sounding reference
signal (SRS) may be typically transmitted with a wide bandwidth for a node B (i.e., a base station) to
find the best r? e unit (RU) faor a transmitting from a user equipment (UE). However, due to the 5
restrictions on Maxinﬁjm°’?}Elﬂéﬂgm?%%f&f%ﬁf’er,Stﬁ@%nﬂ%ﬁ&daliﬁ%d%ﬁtiow eGP LY
measurement accuracy. may be degraded,when the. signal is degraded, such as when a UE
located near e%ﬁaenésﬂ & t‘?&r?sgmﬁs 1§ %R%‘.n'{gﬁé%g:e%ragétign of i%ee %Rg m%y’ca%s%aesrer}ors to

arise in the 105%@[4% RU.assignmgnt apd in the.modylation and cgding schg@je (MCS) selection.

Therefore, improvements in the transmission of the SRS from the UE helps to achieve the maximum

user throughpyt- ARrdingly thecpRe Maybedasignedto gnable chsnaetawasascheduling and fast
link adaptation for PUSCH 15 for UL data transmissions. The SRS is also used as a reference signal

(RS) for ctoseddeap povisontml (PE)dor hathi physicakuplindaahareskdhanneldRESCHY laad a
physical uplink control channel (PUCCH). [0008]In the current LTE, aspects of the SRS are semi-
channel quality indication (CQI) measurement accuracy may be
degraded when the SRS signal is degraded, such as when a UE
located near edge of the c¢ell transmits the SRS. This
degradation of the SRS may cause errors to arise in the
10 optimum RU assignment and in the modulaticon 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 1is 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 variocus 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



20 statically configurable by the UE, for example as part of a radio resource control (RRC) signaling. In
particular, the UE may specify various attributes as part of an uplink communications to the node B.
For example, changes in the SRS may be used to godify 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.Whgp _adjusting the 4 idth, the SRS transmission jdeally should not puncture the
. hgan )lJ.'hatC% r#%e kﬁ&dm{:tﬁaé’nsmls.s_lon t%éiﬁ{o illl%/gs T ur}%l'tlzur

PUCCH region, which-may alsoOccur with a persistent P May also adjust the

duration of the.§RSpheER example the,RRS May.pe gefiped,as being:gither, "ope,shot ' rgasmissions

or indefinite transmissions that is valid until otherwise disabled or until the session ends. The UE may
further adjust thgspearjod 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. [(RIEHRAIso Thbasbegaecided thaha eydicshili afthe SRS seayenes is ingigated by
3-bits. It may be possible to indicate 23, or 8, different cyclic shift values using the 3- 15 bits. However,

the questdn tlkatansas, is Hiowy BRBHaxiayzdthedayicshiftseparatign beétkeen thenSRShesources.
[0011]Another problem that arises due to the above- described UE-based customization of the SRS
is supporting detnfreédsdsutEbandwitil Bssigrimenenshimakienizetloytlic 20vetift Separation.

otherwise disabled 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.
10010] Also, it has been decided that a cyclic shift of the
SRS sequence is indicated by 3-bits. It may be possible to
indicate 2%, or 8, different cyclic shift values 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 is 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 wvariable
spreading factox {OVST) code assignment with a tree
25 structure., Although the present discussion refers to OVSF,

it should be appreciated that other tree-based assignments,



[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
(OVSF) code assignment with a tree 25 structure. Agthough the present discussion refers to OS/SF, it
should be appreciated that other tree-based assignments, such as Walsh codes are known and may
used in the altgrré%tive. éOOJ@?S SF gng other tree-bgseg rE:odes ana¥nsupport both hopping-based and
localized-based' multipﬁexing OF SRSSWITh 5 & harrower transmission bandwidih thal the” Vstem
bandwidth in Qrdeg 1o maxjmize the user throughput performance in various cell deployment scenarios.
Moreover, the conventional scheme may be adapted to achieve an efficient SRS hopping method

based on the fygig)ing efranclics otihie-10 QYSE sade free. Jipwever, this gopyentiopal scheme

does not take into account the current SRS assumptions made in 3GPP."For example, the scheme
may not work jsppery; ifithe2R aiansaHssiopduIKd e the RYGGH reqipnyf egréain B\options

are allowed for SRS. 15 SUMMARY

5 a narrower transmission bandwidth than the system bandwidth
in order to maximize the user throughput performance in
various cell deployment scenarios. Morecover, the
conventional scheme may be adapted to achieve an efficient
SRS hopping method based on the switching of branches of the

10 OVSF code tree. However, this conventional scheme does not
take into account the current SRS assumptions made in 3GPP.
For example, the scheme may ncot work properly if the SRS
transmission puncture the PUCCH region or if 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, somerof 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



[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 emb%c%g% on.a computgr-readable medium. 25 [0015]According.to one embodiment, a
method is provide 6 |n&ﬁ%e’creaﬁn&%%aﬁa?lnIél%els%ageeigsba fransmhited 0 a6 Oa%rédg’[%%on, the

created uplink/pessage COMRYIses asounding referencesignalbased onaceessed fatgIbe method

includes receiving uplink scheduling grant signal via downlink from the base station in response to the

transmission afdbe H,tuplinkupessages diasmethed gghides dansmittingdo thehase staiopyplink data
transmission responsive to the received uplink scheduling grant signal. [0016]According to another

embodiment, &heetheces pshwdédrto include sgeaigiag, fromcaenobiterstaticry iam1 Oafplinkhenessage
comprising a sounding resource signal allocation bandwidth. The method includes transmitting uplink
scheduling graftisighamaashsenlink ieteerirobile SnatindThetmeatiiod kolode s redeieingaffem the

mobile
station uplink data transmission responsive to the received

uplink scheduling grant signal.
[0016] According to another embodiment, a method 1is
provided to include =xreceiving, 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 1is
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 bhase 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



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 fro thq{base station. The tranimi'tter is further co 1;! ured to transmit to the base station
kN mes 8 %U%

uplink data tranSmitssion re%%%%%ﬁ/e t6 & réSeived uSIinkSs%%ré ﬁg grraenstos“f‘d:r?aﬁ. ZSSfO%ri According

to another embadigelts 81 appArRisJA Provided tgdpaludea reseivel canfiguied fodecehver an 7

uplink message comprising a sounding resource signal allocation ban The apparatus includes

a transmitter cepfiguead-tostransmitiylink;scheduling graphsignat vig downlipk to; 3 mabilg station. The
receiver is further 5 configured to receive, from the mobile station, uplink data transmission responsive

to the transmitteaviplink scheduwingr@ianl sigrala fALO]According teanether embodinentan
apparatus is
- 5 configured to receive, from the mobile station, uplink data
transmission responsive to the transmitted uplink scheduling
grant signal.
[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 uplink scheduling grant signal via
downlink from the base station. The transmitting means for
transmitting transmits to the base station 4uplink data
15 transmission responsive to the received wuplink 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 alsc 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



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 uplink scheduling grant signal via downlinléfrom the base station. The transmitting means for
transmitting transmits to the base station uplink data 15 transmission responsive to the received uplink

scheduling grant sgglal. éOOZOéAccordin to another embodiment %n apparatus js provided to include

a receiving eSS ECSViRG aR iRk mEs SRER S RprisingPS SheRBing r&SSUIRE signdPSlocation
20 bandwidth.gq%gqpaga&% é\lso includes a transmit_ILilnlgkmeans for tr%gs@e:ttin gggpnk §%ggguling

. me Ik eg8 . credlfing__dal ug messac%e .
grant signal via downlink to a mobile station.”The receiving means for receiving, from the mobile

station, uplink gata{rapgmissionresponsivate the fansmitted Halink schegulipg arang sighal. 25

[0021]According to another embodiment, a computer program embodied on a computer-readable
medium is proyigesktodhe - cesfigurethtacontraka REeERsSs thparaes argwihed nthepathrd includes
creating an uplink message to be transmitted to a base station comprising a sounding reference signal
based on accesseedddtan d hgranethed grdudes seckivingimMinkroschadulirg grantssigoal iia downlink
from the base station in response to the transmission of the uplink message. The method also
includes transkf#PYOLhE paserstatiorropiiic dagntrars misionurbpolisive &5 BereceiviB uplink

scheduling grant signal. 10 [0022]According to another embodiment, a computer program
method also includes transmitting to the base station uplink

data transmission responsive to  the 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 uplink 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 DESCRIPTICN 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 be 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



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 includesgtransmitting uplink scheduling grant signal via
downlink to a mobile station. The method includes receiving, from the mobile station, uplink data
transmission responsive to the trggsr lttedcggllnk ]s_cq%dsuh%n(?ﬁ%@ntt nal. O(?ﬁIEFtlgESCﬁIPTION

OF THE DRAWTIG ?5833]%’ or of the a vgntages 0 embodiments o%%nreadw understood,

a more particuar dgscrption of theembodiments briefly deseiibed ahgve will he-tendered by

reference to specific embodiments that are illustrated in the 25 appended drawings. Understanding

that these drawiiggsidepich e8lygtyPicembodiments and ase sohthereiers taiba w9 nensidered to be
limiting of its scope, the embodiments will be described and explained with additional specificity and

detail through thei gge of the accompanying drawings, in which: 5 [0024]FIG. 1 is a high level
schematic diagram of a UMTS system;
5 [0024] FIG. 1 is a high level schematic diagram of a UMTS
system;
[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
1¢ with an embodiment;
[0027] FIG. 4 is an SRS bandwidth allocation configuration
in accerdance 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;



[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 configlir tion in accordance with an embodiment;
[0028]FIG. 5 is an SRS bandwidth allocation configuration in accordance with an embodiment; 15
[0029]FIG. 6 im S transmission bandwidth configuration table for various transmissions according

to channel ba - [0636fFG P15 P8RS BRn@FfRithiRthfiont ateBRfHe WtRSH 19

embodiment; 20.[0031IFIG; &5 & process flow dizaram for SRS gnduidth allocation i agoordance
with an embodiment;

bandwidths in accordance with an embodiment;

[0034] FIG. 11 is a method for handling of dynamically
5 wvarying PUCCH bandwidth in accordance with an embodiment; and

[0035] FIG. 12 1is an exemplary table illustrating the

handling of dynamically wvarying PUCCH bandwidth method of

FIG. 11 in accordance with an embodiment.

16 DETAILED 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 o©f the
embodiments of the apparatus, system, and method o¢f the
embodiments, as repregsented in the attached figures, is not
intended to limit the scepe 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 sgpecification to
“certain embodiments,” “some embodiments,” or similar

25 language means that a particular feature, structure, or

characteristic described in connection with the embodiment is



[0032]FIGS. 9A-9B is a method for SAS bandwidth allocation in accordance with an embodiment; 10
WO0331FIGS. 10A and 10B are charts to compare sounding errors using different minimum sounding
reference signals bandwidths in accordance with an embodiment; [0034]FIG. 11 is a method for
handling of dynamically 5 varying PUCCH bandwidthlin accordance with an embodiment; and
[0035]FIG. 12 is an exemplary table illustrating the handling of dynamically varﬁ;i?‘r:[g PUCCH bandwidth

method of FIGT AR ofdhntt WiFP&T efbOdRRREYBBETAILEN BESER

[¢]

SIS PHE

PREFERREDtEhI\éBOI_PrIMENTs. 0036y£will be Irr%agi'ly ugl%%rsl,oo,d.that the cqm %I&elrrggnqtf the present

embodiments, as ggner%ﬁy?%esérl ed and Tliustrate

1T II some
in the igures herein, may be arranged and

designed in a wide variety of gifferent geafigurgfions; 15 Thus, {ag falawing maemdsiailes description

of the embodiments of the apparatus, system, and method of the embodiments, as represented in the
attached figurepds Nt datendedde ligytthesscanmefithe embodisrents:as elaimegnbutisJsngrely

representative of selected embodiments.
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of embodiments and the described features, structures, or
characteristics may be combined in any suitable manner in one
or more embodiments.

[0038] In response to the above described and other needs,
embodiments provide an arrangement for sounding reference
signals supporting maximum cyclic shift separation between
SRS resources. In another embodiment, an equation for
calculating the actual cyclic shift value for different SRS
bandwidths, along with an efficient SRS signaling scheme is
disclosed. 1In particular, the SRS arrangement in some of the
embodiments can be built wusing three c¢riteria that SRS
signals are based on existing demodulation reference signal
(DM RS) signals. As described in LTE, release 8, a mazximum
cyclic shift separation may be provided for 8 parallel cyclic
shifts, and support for code-tree-based bandwidth assignment
is provided. Moreover, the SRS transmission in 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.

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

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



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 11 included in_at least one embodiment. Thus, appearances of the phrases "in certain

~ embodiments,* “fh sERE-erftB&dRfent@in BthePrfbotihefits X Orsiriist IR Ut hroiffbut this
specification do nat rrln%%eﬁsssariwﬁsll}ref?rztp tg% sameag‘ra%yp w5i%fhembodimq:ntsm%r}% thg gle%%iebed

Ul . sS0C . ng. o E
features, struc%.ﬁ'es?or characteristics may be comlblne In any suﬁable manner in one or more

embodiments. JOP38]In regRoRsE I the, abeys describedand athasmessts, ebadimants pravide an

arrangement for sounding reference 10 signals supporting maximum cyclic shift separation between
SRS resourcesitn agother rxabediment, an equation for calculating the actual cyclic shift value for
different SRS bandwidths, along with an efficient SRS signaling scheme is disclosed. In particular, the

SRS arraggenggy(n somaef thede B 110 (also known in the LTE as enhanced
node B or eNB) is a term used in UMTS to denote the BTS (base
transceiver station). In contrast with global systems for
mobile communications (GSM) base stations, node B 110 uses
WCDMA as air transport technology. The nede B 110 includes

10 radio frequency transmitter(s) and receiver{s) to communicate
directly with the mobile stations, i.e. UEs 120, which move
freely around it. 1In 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.

15 [0041] Traditionally, the node Bs 110 have minimum
functionality, and are controlled by an RNC {(Radio Network
Controllier). 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

20 response times.

[0042] The utilization 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
25 implemented with Jjust one freguency pair}) to achieve soft

handovers between the cells.



15 embodiments can be built using 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 in othet embodiments can prevent "puncturing” the
PUCCH region or otherwise attempt to transmit over a RB reserved for the PUCCH. Similarly, other

embodiments H8§Hrevedt ise SREREM sii@ringRssidistent PUSEMRIRTCaticFRI28TB688]FIG.1

illustrates a UMTS system 100.In particular, the UMTS system_ 100 includes one or more node B's 12

110 that definébRB FMore-BEISEIT, AT HfUItSe TR ETGRENtSRIESS T 26 88BEStedRith one or
more of the cigg The radio interfgce beLYv en the u%g.go ar,&cii1 he (1(1e-B 1%9£%callgd l%;tlrso. 5
e B 116t fov Jﬁ‘r% S ! N e

[0040]The no 26 kriowh in the as enhanced node B or eNB) is a term used iIn UMTS to

denote the BT§0@§§§ntEan%gei\g§{e%¥h%@)oﬁn GaMtast with elobal systems fangepile cogymynications
(GSM) base stations, node B 110 uses WCDMA as air transport technology. The node B 110 includes

10 radio frequeney; tragsmittarishand feeaiver(s)torcrmanimicate diregtlyavithrthe pobila stations, i.e.
UEs 120, which move freely around it. In this type of cellular networks, the UE 120 may not
communicate ditecity witimeagh athesdatitsnay awestceco midunigader suith thguniodenBs 14 0 0h5
[0041]Traditionally,the node Bs 110 have minimum functionality, and are controlled by an RNC (Radio
Network Contrdiier) nddweer, thidis @hdndihg with tH& @mévg@icessiHipheSEeedadewiiiPacket
Access (HSDPA), where some logic (e.g. retransmission) is handled on the node B 110 for lower 20
response time$°[5t42] The utilization of WCDMA technology in the LTE

[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 frequency division multiple access
(OFDMA) and multiple-input and multiple-output (MIMO) data
Ltransmission. For example, in LTE, OFDMA may be used for
downlink transmission and single carrier freqguency division
multiple access (SC-EFDMA) may be used for uplink
25 transmission. BRecause the transmission freguency band may be

divided into multiple sub-carriers orthogonal to each other



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 25 implemented with just
one frequency pair) to achieve soft handovers between the cells. 13 [0043]Since WCDMA often
operates at higher frequencies than GSM, the cell range is considerably smaller compared to GSM
cells, and, unlike in GSM, the cells' size is not constant (a phenomenaon known as "cell

breathing"). This's fEqUfes & BF8eFHEMDBRET o 9HaB3s 115 aRETErefif bfanhfhdin SREFLITS)

networks. Ho
much lower. [0

er, the power requirements on the node Bs 110 and the UE 120 (user equipment) are
b noe TTE s SoTamitd L 5 Bk BeAR e 10 Caled EOTRAR, Sl Bs

(e.g. eNB) 110,mayhe fapablg,of.handjag ragip resqurce mapagemant,ang radiq aceess gontrol

within a cell in which the apparatus provides coverage. The apparatus may be, for example an eNB , a

base station onigwadier)etwerkmantioor RNG).ckhereforednede 8110 ma 15 pestosmptagks
related to resource management, admission control, scheduling and measurements related to channel

quality.
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{DFT) pre-coded OFDMA scheme. As such, SC-FDMA may utilize
single carrier modulation, orthogonal frequency domain
multiplexing and frequency domain equalization.

[0046] The node B 110 typically includes an antenna (not
depicted) connected to several components, including power
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] Ceontinuing with FIG. 1, the UE 120 roughly
corresponds to the mobile station in GSM systems and may be
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 specifications. It roughly corresponds to
the mobile station in GSM systems.

[0048] Fuorthermore, 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
configured based on data received from the node B 110 or by a

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



[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 frequency division multiple access (OFDMA) and
multiple-input and multiple-output (MIMO) data tran§g1ission. For example, in LTE, OFDMA may be
used for downlink transmission and single carrier frequency division multiple access (SC-FDMA) may

be used for up iﬂk 25 ission. Because the.transmission. frequency band may_be divi%[ed into
multiple sub-ci:rr%rsogﬁnc?ggnﬁ %0 e%agha%)fﬁélrblfllﬁ%%@[?ﬁlA?}é%c 1%%%-0%“?#2@@5 Fhshitdata to a
specific UE 12Gr As13 fesult, multiple access may be aceived by assigning subsets of sub-carriers to

individual UEs 120. However, SC-FDMA may be a type of discrete Fourier transform 5 (DFT)
pre-coded OF Rijgdogchenc, AgsughoSGFRMA maywitlize sinols, cargier modulation, ortppgonal

frequency domain multiplexing and frequency domain equalization. [0046]The node B 110 typically

includes an anteiRa motwiepictedheanracigd tasgyeral GomRRRgBit ARGIUding POk dhamplifiers
and digital signal processors (also not depicted). The node B 110 can serve several cells 101, also

called sectors seepandinganatiherearfig usation aaed type ohanternre 4004 7]dsertituing witthelG. 1, the
UE 120 roughly corresponds to the mobile station in GSM systems and may be 15 any device used
directly by an érdteependontmnviobtec¢or example; aheUE 120 candvsaadvard:-hgldtékephone, a
card in a lapto comggter, or other device. The UE 120 connects to the base station, the

above-describBadade-BL P10 $@Lp iy e Bigshed bf speaficafnSIERIRNIYESITeSponds to

20 the mobile staéion in GgM sl){stems. 0048]Furthermore, as will be described in further detail
understan the protoco 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,



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 15 the SRS 102 can be transmitted to the node Bs 110 from the UEs 120. [0049]The UE
120 typically h %ﬁf the_tasks towards the core network, including: mobility management, call control,
5 session mar@ré ent, BRd ffEntity FRaREGEMENt. BBRerdly the dsHéSSSndintAdrttdtolesre

transmitted trans$ rer%tly via a Node-B 110, such that the, Node-B 110 does nat change, use or

understand th& Protocol iarmAtiGn. T1ia TR S Becki8nd BedShedsactistibiéias VatteRFof means,
suchas a GSMQ%MT%(}%MO B%@\{:%”éo(%s'\éeeé’%@?é? %%qges[%%gstwgggz%gﬁém, W(l\g terrestrial

radio access network (UTRAN), and evolved univer restrial radio access network ﬁ'RAN)),
WiFi, ultra mobike bgogdand (UMBhangwarldwide inieioperability fQE MiCEOWAMENACLRSSNIMAX).

Users of non-UMTS radio 15 networks may be provided with an entry-point into the IP network, with
different lgvels:ebseaiyfiapending gadhetrdstwostiiae 5.0t sl se ik Leingsad to spake the
connection. Users of GSM/UMTS networks may use an integrated system where all authentication at
every level of tireesykteml 20 mayt besccovecedh bydssingleasystenmnddowasery iisersimagaacegs the
UMTS network via WiMAX and other similar technologies to handle the WiMAX connection one way,
for example, atitNdfticatintthelRdelvassies mMELiFabEessicontidigMIRE ) Bk efeedropiodenal number

(ESN) address and the UMTS link-up 25 another way.
multiple-input/multiple-output (MIMO) with up to four

antennas per station. The channel coding scheme for
10 transport blocks 1is turbo coding and a contention-free
guadratic 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 inte 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 1in its use of
spectrum than the older CDMA based systems used in the 3G
protoccols. CBMA networks typically require large blocks of
20 spectrum to be allocated to each carrier, te¢ 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).



16 [0050]In LTE, Release 8, the air interface, called the evolved universal terrestrial radio access
(E-UTRA) could be used by UMTS operators deploying wireless networks. While the E-UTRA is still
being refined, the current E-UTRA systems 5 use orthpgonal frequency division multiple access
(OFDMA) for the downlink (tower to handset) and Single Carrier frequency division multiple access
(SC-FDMA) for t @%pllnk and_employs multiple-input/multiple-output (MIMO) with up to four antennas
per station. T nel todifs e Y67 6 3anSpoiilo RO RAETBE EodRRF AN a ‘@ritdition-free

quadratic per ony olynomial PP tur code [nternal interleaver.
[0051]Theuseofor hog()%né){f[I eg]ﬁen%:%dlwsmnblr%uItlp]iléé(mg I‘?Dl\fl asyslflgr}ﬁlWHere ?ﬁe £Ah8ble

spectrum is 15, didsd. jia thoysandsof yery tinsprders.sach.on g differsnt reguspiey, saoh

carrying a part of the signal, enables E-UTRA to be much more flexible in its use of spectrum than the

older CDMA based systems used i thes3dupiacals. GRMA nefyarks tpically reguliie largg blocks of

20 spectrum to be allocated to each carrier, to maintain high chip rates, and thus maximize efficiency.
OFDM has a Linkpspettral efficiancy greaterthanefiMA] and wherreembinedswith siegulation formats

such as 64 QAM, and techniques as MIMO, EUTRA is typically more efficient than W-CDMA with
high-speed 25downkek packet Boeess(EHE DPA)cand higis-speed dplink packed abcess (HBSIPA).
subframes of duration 1.0 ms. A radio frame is 10 ms 1long.
Supported modulation formats on the downlink data channels
are quadrature phase-shift keying (QPSK), 16 quadrature
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 (64
QAM optioconal) modulation. SC-FDMA is used because it has a
low peak-to-average power ratio (PAPR). Each mobile device
15 may include at least one transmitter. Through wvirtual
MIMO/Spatial division multiple access (SDMA), system capacity

in the uplink direction can be increased depending on the
number ¢f 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 regquirements in downlink, OFDMA properties
are less favorable for the uplink. This 1is 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 freguency division

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



17 [0052]In the LTE, version 8, the subcarrier spacing in the OFDM downlink is 15 kHz and there is a
maximum of 2048 subcarriers available.Mobile devices must be capable of receiving all 2048
subcarriers but a base station need only 5 support (Li[gnsmitting 72 subcarriers. The transmission is
divided in time into time slots of duration 0.5 ms and subframes of duration 1.0 ms. A radio frame is 10
ms long. Supported modulation formats on the downlink data channels are quadrature phase-shift

keying (QPSK} T8 Juslrat(re’ T AmPBit0de odiatsh (ORRIERST B4 DAN 1805 Tt ting with
th t ificatiqn for.th link [tiplexi - Aj d. QP. 16 (64 QAM
€ current Spegl '%%'s%%%ﬁtxhex%ﬂcm%ure'@f%('ng ﬁg 3 s'?guﬁs_affs and QPSK oLl %%{%(%I

optional) modulation. S used because it has a’low peak-to-average power ra APR).

Each mobile dgyige-1% pay inclide akleast gne franspiiar ThipyghvirtualMIMO/Spatialivision
multiple access (SDMA), system capacity in the uplink direction can be increased depending on the

number of anteraas et #16 basestatien.{RPs4lapariewasdstEdiptiakiiarsnissignsereme 20
typically uses SC-FDMA. While OFDMA may be seen optimum to fulfill the LTE requirements in

downlink, DFRMwepropeples dearbess favarhble Rr-theMpliakgithis ipimakadys dug thaeakene
peak-to-average power ratio (PAPR) properties of an OFDMA signal, resulting in worse uplink
coverage. Thugistidarities with OFDMA signal processing, S0
parameterization of downlink and uplink can be harmonized.
[0055] There are different possibilities how to generate an
SC-FDMA signal. For example, when discrete fourier transform
10 spread orthogonal frequency division multiplexing (DFT-5-
QOFDM) 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 freguency domain. The result
is mapped onto the available sub-carriers. In E~UTRA uplink,
only lcocalized transmission on consecutive sub-carriers is
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 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-0QFDM. In an SC-FDMA
25 signal, each sub-carrier used for tramsmission includes

information of all transmitted modulation symbols, since the



25 LTE uplink transmission scheme for frequency division multiplexing (FDD) and time division
duplexing (TDD) mode is 18 based on SC-FDMA (single carrier frequency division multiple access)
with cyclic prefix. SC-FDMA signals have better PAPR properties compared to an OFDMA signal, and
the PAPR characteristics are important for cost-effbgtive design of UE 5 power amplifiers. Still,

SC-FDMA signal processing has some similarities with OFDMA signal processing, So
arameterizatb Gl Ao K AT I Sart BE haf o Tdbc OO T i SeAAEF (oL iles
how to generafg an SG-HRWA. signal. Eor.example, when. discrete fougerfraasfoyn 10 spsad
orthogonal frequency division multiplexing (DFT-SOFDM) has been selected for E-UTRA, a size-M

DFT is first applied-i@ 2 bigckyef Mrpadulatign symbels, Then: QRSKA 6 &AM and 64 QANjare used
as uplink E-DTRA modulation schemes, the latter being optional for the UE 120. The DFT transforms

15 the modulationssysrbgisdnte-thel Eequaneysbelain. The result is mapped onto the available
sub-carriers. In E-UTRA uplink, only localized transmission on consecutive sub-carriers is allowed. An
N point ingers§0st ¥ouristixabatdry) (IRmT) suhenyN>Mds dhenpettoimashas inaFDMyuiaowed by
the 20 addition of the cyclic prefix and parallel to serial conversion. [0056]The DFT processing is,
therefore, the fmidariental differeacéhetiveihaSCED MAatb@FHENMR. sighakgereratiba, Taws is
indicated by the term DFT-spread-OFDM.In an SC-FDMA 25 signal, each sub-carrier used for
transmission iHEIL#BE iFRAFRtIBRAEFaIFeREI iR P IndduIgdeT Symbdls, Sifige fi9¢h, and 1

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, i1.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 shazred
channel (PUSCH) that 1s 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 informaticn in the absence of UL data, e.g., COI
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 is transmitted on a reserved fregquency

region in the uplink.



19 input data stream has been spread by the DFT transform over the available sub-carriers. In
contrast to this, each sub-carrier of an OFDMA signal only carries information related to specific
modulation symbols. 5 [0057]Similarly, in SC-FDMA farameterization, the E-UTRA uplink structure is
similar to the downlink. For example, an uplink radio frame consists of 20 slots of 0.5 ms each, and 1
subframe cons'@?s 12 sI%ts. I@hlg)link at?(is allocated in multi Ies]Lof one resource block. Uplink
resource block 10-5ize in the FE&Guen® aBMaif e 150 caftéRe e, SHEXEME @s intdwilnk.
However, not ajl.| ultipl re allowed in order to simplify the DET .design in uplink signal
processing, ar%letgf%ﬁfé on%)@ %%c%rgs Z?Jé,ean%sg %r:tr e?lﬁawé%%%% up |r?f(E%rnéﬁsg%n?gsiogntimte%%terval is

1 ms (same 15, dowsini) £00RGidses daia i Caiiedso b plvsIcaluplok shared chagng
e

(PUSCH) that is determined by the starting resource blocks, transmission bandwidth an

frequency hoppingrpailern in die ease whes:PWagH, hepring irenahled. BhgrO nhysicsd yglink control
channel (PUCCH) carries uplink control information in the absence of UL data, e.g., CQI reports and
ACK/NACK infohmatieh related i¢ vlatal pdoketstreceiveddn the dbasliak (ificthe preseded ohdJL data,
control signals are transmitted on PUSCH time multiplexed with UL 25 data).The PUCCH is
transmitted on3eFeseF8S frogubhey begiondtand eplilc-e. node B 110), also called

channel sounding. The uplink reference signals are based on
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 synchreonization. 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 cpportunities.

[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 response message. If no response
is detected then another random access channel is 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



20 [0059]In the uplink reference signal structure, uplink reference signals are used for channel
estimation in the receiver of node B 110 to demodulate control and data channels. On the other hand,
the reference signals provide 5 channel quality infogqation as a basis for scheduling decisions in the
base station (i.e. node B 110), also called channel sounding. The uplink reference signals are based

on CAZAC (constant.amplitude zero auto correlation%)i sequences or computer search based ZAC
ceuences. 10 [I0B0IE oL B SRSE B AR o s UL, 10 uBik AR ayer

procedures may:be papdaghFor example, with.non:synchtanized random access, dhe fapdgm access

may be used to request initial access, as part of handover, when transiting from idle to connected, or
to 15 reestablighaidinksynciyeaizating. Sindarlyy i mulipte kandom aeeess chasmelsccanhe defined
in the frequency domain within one access period in order to provide a sufficient number of random
access opportanitiesn jGG6HIhe sandom BEeess2irocedureHiseBmpeEn loap phwer @ cone] with
power ramping similar to WCDMA. After sending the preamble on a selected random access channel,
the QE 120 wéiighsrnhéasnadom aoedssmesponseanesssgesif melrikspenge is detadted ther another
random access channel is selected and a preamble is sent again. 25 [0062]For uplink scheduling, the
scheduWu;ofBﬂHﬁ?rSlStent scheduling. The scheduling decisions may be

based on Quality of Service (QoS) parameters, UE buffer

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 used. 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  [00064] 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 cobjective of achieving a smooth transitional link between

25 the current 3G and future 4G.



resources is done by node B 110.The node B 110 assigns 21 certain time/frequency resources to the

UEs 120 and informs UEs 120 about which transmission formats to use. Scheduling decisions

affecting the dynamically scheduled uplink are comﬁunicated to the UEs 120 via the PDCCH in the

downlink. 5 Higher layer signaling can be used as well, e.g., in the case of persistent scheduling. The

scheduling de&'ﬁ@s may be based on Quality of Service (Qosgéaarameters, UE buffer status, uplink
S

channel qualit ureRfritE TS apaBilifies, TE medsurdmehf g9 B85 16063 9plitR link

adaptation methods C}ransmissiog power c ntga,l, adaptive modulation and channel coding rate, and
ccoY é%% §

adaptive transiisSion Bandwidth caf e TS28° g%ﬂgrlyf%pfnﬁ(eﬁ%ﬁlr?ge c’)ntroFl%%y BEHTEd#d to time
align the transgjigsiong fram ﬂ@%&eﬂ éJsEs 120 V%'Hﬂ) g&q{l%%egve%\yinq%v%&%%fﬁt‘i? no&ﬂ? B . The
o)

node B 110 sends the appropriate timing-control commands to the Uts 120 in the downlink,

commanding heddk$ 420 toadapt respeghye fansmit timirg, For hybrd auematig repgataequest
(ARQ), the node B 110 may request retransmissions of incorrectly received data packets. 20

[0064]Thes3.9genaenationsmebde teleprare technnlogy psovities acigitalanebile pheome system that is
based on 3G but with expanded capabilities close to the expectations of 4G. Feasibility and
standardizatioardrediairg studied mithathé obpestive ofactievirfRa smoodngamsitiondldihk between 25
the current 3G and future 4G. 22 [0065]Referring now to FIG. 3, a SRS arrangement 300 in
minimum SRS bandwidth 1s limited to Dbe four RBs.
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.



accordance with an embodiment is presented.For example, FIG. 3 illustrates an embodiment of
generating an SRS bandwidth tree. In particular, FIG. 3 illustrates a subset 5 of the supported SRS
bandwidths in accordance with some embodiments. In all cases of the SRS arrangement 300, a
minimum SRS bandwidth is limited to be four RBsZRurthermore, with these specific examples, two to
four SRS bandwidth options are provided for channel bandwidths larger 10 than 1.6 MHz.
[0066]Continukf9¥fin FIGn 3PAELSRE. arang&MmeAr 306 bpaBARN inefudey bt eaghidie difernative
sets of SRS bandwidths are proposed for each of the larger operation bandwidths, such as

bandwidths gréXTP&n 16 XHISFoF 15 RKH5R, RSCRAAGRMIH 91 0% L I§Br rdom R&BBCCH and

persistent PU%%%%M Ietaves m%xicrpum SRS banlga igth og @bﬁ% 8%%(:?- the total BW. In contrast, a

second set of andwidths ma?ﬂ?é %oﬂﬁaﬁre with smaller room 1or PU I:flsa'nd 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 rotedctiralt ise fihafdevisioreofRlie numIBESoflISRSEBandwidth schemes may depend on the
handling of dynargigally yagyng P dGebd bansmadta (BW.); as-25-deseribed in-greater detail-below. 23

_______________________ (Eq.1)
8

where the possible cyclic shift values
10  (cyclic_shift value_SRS) are, ¢, 1,., and 7. Corresponding
cyclic shifts can be generated by utilizing the basic
properties of discrete Fouxier transformation; a cyclic shift
of 1 can be generated by multiplving the nth element of the
sequence discrete Fourier transformation with exp(j2noln / N},
15 where j = sqrt(-1) and N is the length of sequence. Thus, the
cyclic shift of Equation 1 can be realized in freguency
domain by multiplying he nth element of the SRS sequence
discrete Fourier transformation with exp(j2nn X
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

bagsed on the following properties:

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

bandwidth;



[0067]In particular, the actual amount of cyclic shift in symbols may be calculated according to
Equation 1, below relates to a time domain generation of the cyclic shifts. 5 cyclic_shift_value_SRS x
SRS length Cyclic_shift_ symbols SRS - (Eq.1) 8 Whﬂethepossiblecyclicshiftvalues 10
(cyclic_shift_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 / can be generated by
multiplying the nth el@meht BitHe seftieiiecdiscrefs EBakie tanIBAALAEH WithASHi2in 1N), 15
where j = sqrt(-1) and N is_the length of sequence. Thus, the cyclic shift of Equation 1 can be realized
in frequency domain by rﬁBﬁipﬁf?ﬁl& heth’element of the SRS sequence discrete Fourier
transformation with exp(j2nn x  Cyclic_shift_symbols_SRS/SRS length)= exp(j2nn 20

cyclic_shift_value SIS /B foeBiSre HRAEFERA it tan BaEEh ithe SRESHFvidtEE#angement
300 illustrated in FIG. 3 that the SRS signaling dealing with. BV allocation and cyclic shift assignment
may be based on the foIIS&ﬁ‘nP p%’prerﬁgg Slgnafs ng dl%eren% %angmé/gh' and

5 ® Possibly, alse include M bits to indicate the

frequency position of the code-tree.

[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$-0FDM is better achieved by requiring
that the size of the discrete Fourier transforms (DFT), which
corresponds to the number of allocated RUs * 12, 1is
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 regquirement that the repetition
factor (RPF) of 2 mavy always used to allow DM R3 sequences to
20 Dbe reused with SRS.
100701 Taking these additional reguirements 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



25 1-2 (N) bits included to signal the selected SRS bandwidth; 24 C bits included to signal the
bandwidth position in the code tree; Three bits included to signal the selected cyclic shift for SRS
signals of different bandwidth; and 5 Possibly, alsg include M bits to indicate the frequency position of
the code-tree. [0069]As described above, an SRS arrangement may be generated based on three

criteria.For example the S S glgnals may be baésed on eXI}S:tIn% I\{I)RS sgn?s as defined by 10 LTE,

release 8. In partlcu r as |scussede a uc'}vleenllr(? e geﬁerajf dlescnp ion of the LFE of the

efficient implementafion af DET13:QEPM is bgliesachigued Ry feauiringdhakfe size of t%%Q'SCfete

Fourier transforms (DFT), which corresponds to the number of allocated RUs * 12, is 15 factorized into
a small numbesgfgsinee dumbess. St RIGE incthe LHE sizes aredigied tafaultiples gfthequimes 2, 3

and 5. With respect to the SRS, the recent version of the LTE protocols further include the requirement
that the repetitRBFtactsr(&RF) of 2 maylalwayswsed xalloyw DM RS sequansesier, that
5 table 400 in FIG. 4 is exemplary in view of the above-
described conditions, and that additional SRS bandwidth sizes
may be used according to the additional/changed requirements
as specified for future communications.
[0071] In addition, the current LTE specifies that a
10 maximum cyclic shift separation is provided for eight
prarallel cyclic shifts. In particular, as described above,
cyclic shift of the SRS sequence is currently indicated by 3
bits. However, conventional techniques that use 3-bits to

represent the cyclic shift do net maximize the cyclic shift

15 separation between the SRS resources.

[0072] Therefore, in another embodiment, the SRS length ﬁay
depend on the SRS bandwidth, which is a multiple of number of
RBs that consist of twelve frequency pins. The sequence
length is, 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 mavy designate

acceptable SRS bandwidths that would support elght



20 be reused with SRS. [0070]Taking these additional requirements into account, examples of the
supported bandwidth options in this embodiment are listed in Table 400 in FIG. 4. In particular, Table
400 includes a column of possible PUSCR resourcg.25 allocation size in terms of resource blocks
(RB) and a second column indicating that a corresponding SRS BW may be allowed 25 in view of Lhe

requirements spqelied above FeL exgRle. bheanduidth allocations, with add pumier, of /B are not
supported with SRS due to the requirement that one of the RPFs equals 2.It should be“appreéciated,

however, that Sifable 4001 E1Go4 js sxemulan: Bodewti/be apaya:deserbad conditions, and that

additional SRS bandwidth sizes may be used according to the additional/changed requirements as
specified for fypye3qoMMu¥ealians; now to the third criteria listed above for

a desired SRS configuration, it is further desirable to

5 provide support for a code-tree-based bandwidth assignment.

In particular, as described above, a narrowband and a

wideband SRS BW may be supported for a given operating

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 Nz in E-~UTRA channel

bandwidths. In accordance with the above described

conditions, when considering the wideband B3RS, 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 OVSF-based code assignment may be also taken into

account when selecting the SRS bandwidths. In particular,

20 Table 700 illustrates 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 bandwidth assignment may be achieved since every larger BW

option is divisible by any of the narrower BW option.



[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 fechniques 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 emboi&ﬁﬁt the SRS length may depend on the SRS bandwidthvwhich is a multiple of
number of RB onsT A TG ERRF frequESASnE PHd Sediithte fhgtlY i tHRASB%, GRE as

12/RPF multipE%d l}:z}{1 trrlg 38 .y b%r othLth éRggzg%._ é[erggxi um se. ar%ltiq_'rga bfitsvyﬁ%r}S eight cyclic
shifts, thereforg, resutts in an sue%uence Iengct)h hat’is divisible gy%],:wchlc OCCUrs when the SRS

BW is a multiplg, of 4 R8s, Accordingly Tahle:800.in FIG. & fither modifies Table-409 ta acgept only

those numbers of RBs that 25 are divisible by 8.As a result, Table 500 may designate acceptable SRS
bandwidths thatwouldistepae-Right 26.sipylianequs resources de aehinve the degiad-madmum

cyclic shift separation, as described above in Equation 1. [0073]Referring now to the third criteria listed
above fors code-tree, the present SRS allocation configurations are
built using existing DM RS signals while providing maximum
cyclic shift separation for 8 parallel cyclic shifts.
[0076] some of the embodiments provide maximum cyclic shift
separation between adjacent Cyclic Shift (CS8) 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 14B,
charts 1000 and 1010 compare the sounding error betfwesn the
sounding reference signals of 2 and 4 RBs. In particular,
chart 1000 in FIG. 10A corresgponds 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



a desired SRS configuration, it is further desirable to 5 provide support for a code-tree-based
bandwidth assignment. In particular, as described above, a narrowband and a wideband SRS BW may
be supported for a given operating bandwidth. Differéht 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 NEA in
E-UTRA chanf8PSEiRRicRHs irkadcordiiRce wWilhese alsevaidesenived gonditiohsy whergeansidering
the wideband 1§}I$S, the SRS bandwidth preferable upper-bounded with the number of RBs in the given
channel bandwitft, Mirts fid RBS Rat are rdsevsd 1BYBE P UFEERE RerebS Helpingd profect from a

puncture of the UGGH e ion bg}é’g@ SR%ggnsmission. [0074]Referring now to Table 700 in FIG. 7,

compatibility with the OVSFbased code 585HRAMBHE nfky e AEbREA It dd@i i sReniselecting

the SRS bandwigdths Jparti Tahle 700 illustrat | figuration for SRS
e andwidihsIn particar, <0 Tahig,/( e e{%aﬁo%)%e%egr%g)ggt#hg%ﬂ agh fgfﬂﬁﬁn) <

bandwidths in which the size of a higher row, such as row , (as prov

evenly diwsiblgyhany of the saaligs SRS b%@i@t%&%@g@?&?&@aﬁo &ﬁh%gf the Igwer rows. As

a result, the support for the tree-based 25 bandwidth assignment may be achieved since every larger

BW option is divisiixe dy@nylefibe npaower BykopHan. 44907 Fl1Furthgragg, SomRatibility with an
OVSF based code is improved through the above-described characteristics for the SRS allocations
achieved accordihgeoithd pneciplestbe minimum SRS bandwidth may be 4 RBs to
provide adequate sounding quality while 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 120 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 120 may optionally
receive configuration data 850 from the user 125 describing
desired configuration settings. The UE 120 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



the embodiment.In particular, in addition to support a 5 code-tree, the present SRS allocation
configurations are built using existing DM RS signals while providing maximum cyclic shift separation
for 8 parallel cyclic shifts. [0076]Some of the embodignents provide maximum cyclic shift separation
between adjacent Cyclic Shift (CS) resources while 10 supporting code-tree based bandwidth

assignment for_signaling sayings. At the same time, the existing DM RS can continue to be ysed to
avoid adding at d?tio%la %o%%%#&-%ﬁ?ynresfélgncue %i%%aﬁs?%%&%%g‘fﬁncgetﬁré éin%gdtlbrr?esr?é disclosed

nerein provide M5 &5IRANSR BCCUgAY, L5I0PIZID anaiber SIBIe. @ minimy SRS

bandwidth is provided. For example, possible values for the minimum SRS bandwidth include 2 RBs

and 4 RBs, aspgescrieddnSerleandwidth Iabia 409 ofif I wle 4 Nush the MinipayMegiRs: Randwidth is
basically defined by sounding error rather than 20 the channel bandwidth. As illustrated in FIGS. 10A

and 10B, chartsr10@0 anddikp cerpare e sourdingLtatidpetnaen the sadingreferace signals
of 2 and 4 RBs. In particular, chart 1000 in FIG. 10A corresponds to an expected value of a
signal-to-interfépasute plustisisaedio BSINR) estimatbruswHdreas Rie thasut G intF1Gal0B
corresponds to Standard deviation of signal-to-noise ratio (SNR) estimator as 28 function of input
SINR. These Meas@ehignEsserietafPsudget Iatevieh WitR¥Re 3sdBPigiRa $RAvekahethal density

ofa2 RB soundin%?j[gglal, there are no significant differences in soundin% accuracy. This result may

be due to the fiic? Mith a4 REPSIGhAI ew P Hroeadsiy GRATcd B8 TisBd I8 TbinfHifate lower
power spectral densify. Lanseaueniiy, in onecibedimsnt, the miimym SRS banguidth, gy be 4
RBs to prowdea equate soundingqu |IyW ile reducmg signal power requirements.
[0078]Referring g o §1G, &18uROcesSS fiave diagram 8049
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 9220 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 9210 may include
step 811 of reserving sufficient bandwidth for PUCCH and
Persistent PUSCH. The step of basing the SRS signals on
existing DM RS signals in step 910 may further include
adapting the SRS bandwidth allocation according to desired

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



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 120 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 120

may optionally, % ive confiﬂg%ration data 850 frgm the user 125 describing desired configuration
settings. The usES i GaPF8 A6 0%hd 880 16 tréaantaplink maSE8g8 88t othethode B

110 containing.a SRS allocation.as disclosed.herein. The node B 110 may then respond with the UL
scheduling grgsn%rg?gr?a egr\lﬁa %ﬁ‘??edém%&d% 879 ik %&‘)ﬁ/%ﬁ% Qheaﬁéb;; ?h[ge b%cr}féﬁ/ iod

e réquest in the uplink

message 860.Jn 1e5p0nse o the gl 25 scheduling grant insthe UL message 870, thedyE 120 may

forward to the node B 110 UL data transmission 880 for which 29 the link adaptation/scheduling
decisions have bggarttane:baseghen transraifieth@R S 2Alernativels thespadesBolddhte.g: RINB) may be
configured to transmit a UL power control (PC) command or a timing adjustment command/update to
the UE 129. 5 bioweves] Hieedods BthiD, inasrd upbirthesSRS ndeasiuremeand zimaynbecgenfigiired to
not transmit if there is no reason for the signaling. It should be appreciated that these signals are
transmitted usiy dynasaicacenticisignaithgdfdraskampte DOIdponat & actelicategRREssignaling. 10
[0079]Referring now to FIGS. 9A-9B, a method 900 configured to provide the above-described SRS
BW allocation P& REHAdELcriBed HaRefitul &2 the ISR STB P ATSEatidh PRt 5B inckRiésIfe step of
basing the SR _signa s on existing DM RS signals in step 910. Then, the SRS BW, 15 configuration

can be configutddin sBAP826 16 préide Y3PmER RS/ LHE ShiftSepirallGy, Fifen. PRy RS WY
fi ti lected t t tree- db idth i t in step.930.
[0030/AS copii TR BD, PRESEE A Dairt, (e SHEDD SIS of S BITRS ik

[0080]As depicted in e step asing 0 signa signals in step
910 may;icludgster ad 1R regerving sufliciesy Papdwddtp for PHUGCHgnd Rarsigient FHAGH. The

step of basing the SRS signals on existing DM RS signals in step 910 may further include adapting the
SRS bandwidthrallagationsacgergding tdesised 250DFT and sepptitier fader (BPF) sizes insstep 912.
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 bandwidth to reserve for PUCCH and Persistent
PUSCH and the corresponding desired DFT and RPF sizes for the
SRS bandwidth alleccation. 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. Dbase station) via a receiver 250, or both. The
processor 220 may then form the uplink message that includes
the SRS bandwidth allcocation {(using pre-determined cyclic
shift) and forward this uplink message to a transmittex 240
25 for transmission to an outside device, such as a node B, as

illustrated in figure 8.



30 [0081]Referring now to FIG. 2, a UE 120 in accordance with some of the embodiments is now
provided. The UE 120 includes a processor 220, an interface (i.e. user input 210), a transmitter, 240, a
receiver 250, and a data storage 230. 5 Data related49 the DM RS signals, a desired maximum cyclic
shift separation, and details to support a code tree-based bandwidth assignment may be received from

another sourci 62?2 basei{station via the receiver 25§ or m?/ be ir:ﬁutted by the user interface 210 or
both. This datareceived S TETRE redeiv PECBY RS Ut I Rrfadd 8107 My tHeH BE-5E5R N the

storage devicesggglgh% [ocessor 20 can be (?_%f ed tg access the stored data ipn the storage
device 230 to form an upﬁnk élsns%g%rt%at inclu es&%lg SRS Eﬁrtﬁé:rmootr%?ﬁwwé gteorgg%‘ 8“86?& 230

may store addifional lpdata, gsdeededpiordhe Rreaesnr 230topdeigiminessyfficient pandwidth to
reserve for PUCCH and Persistent PUSCH and the corresponding desired DFT and RPF sizes for the

SRS bandwidibeattacaiion: aldus adghtongkdatangtpreddn thesterage-23pJnay alsebe pigyvided, for
example, by a user 20 interface 210 or may also be received from an outside source (i.e. base station)
via a recefver 25Dporbdtmslhe pracessai2Rfl may thenctosm thenbplinkeressagel thiat includes the
SRS bandwidth allocation (using pre-determined cyclic shift) and forward this uplink message to a
transmitter 24§ P5bk kidsnfidsion estahaRsie ddvide, Sheh 88% rovm Bnasdihestrazddid figure 8.
31 [0082]However, as described above, the SRS transmission should not "puncture” the PUCCH
region or otheRfise BIRATHD tdiemiloGdt IRBIRBIVEIRR tHEPORRSS. Siihjch the

PUCCH bandwidth (BW), including persistent PUSCH, wvaries
dynamically.

10  [0083] Referring now to FIG. 11, a method 1100 foxr 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 wvarying 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 is truncated when the SRS overlaps the



certain cases the SRS may not puncture persistent PUSCH 5 allocations. Accordingly, another
embodiment relates to fulfilling the requirement that the SRS transmission should not puncture the
PUCCH regions, even in cases in which the PUCC}}fandwidth (BW), including persistent PUSCH,
varles dynamically. 10 [0083]Referring now to FIG a method 1100 for handling dynamically

veing PUCCHENISpIESegd 8 10 e s tersmison ey b degod o

puncturing the PUCCH reglons y recon iguring the r to avol

puncturing. Begause-SR, rescomfigations typisallyitakas arelatively long ime,aad signiticant

amount of signaling, especially in the case where a large number of UEs require SRS re-configuration,
step 1110, as ilsistigteddnvdgieohilmay oahbesedficient witicthe eynamieally yasying JdCCH BW.
20 [0084]As a result, FIG. 11 illustrates the handling of dynamically varying PUCCH BW method 1100
by continuing Ebmeeicast infarmatiohlabgut theTRBs BR&hidls ther8R&tradsntissinds nehallowed in
step 1120. More specifically, the broadcast may specify that the SRS transmission is not 25 allowed in
the RBs aflocdtéd ¥8tePU oG rédisn Bexininsiep 113081 the SRS istoReAterPW&S tHEISRS

overlaps the 32
options are listed in the rightmost column in the Table 500

described above in the discussion of FIG. 5. In one
embodiment, only the outermost SRS signhals 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) noxr the applied code-tree
based bandwidth assignment.
[0085] In this way, handling of dynamically varying PUCCE
15 BW in method 1100 provides a practical solution to address
the case when PUCCH and/or persistent PUSCH BW changes
dynamicaily. As described above, the SRS is 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 is 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



bandwidth that does not support the SRS transmission. Typically, a UE does the truncation in step
1130 autonomously using conventional techniques without requiring additional UE-specific signalling.
The SRS is truncated towards the 5 maximum allowged SRS BW in step 1131. The supported SRS BW
options are listed in the rightmost column in the Table 500 described above in the discussion of FIG. 5.

In one embodi <Qnly the o) signals are trun d, ste 32, As.a consequence, the
truncation impgﬁggnle%i%lgeégo%ﬁw%% (%ﬁn%gau%edgg%ég%\%ﬁﬁoi%%%r%%%R%%%ar%af ﬂ%lséi)tn h%%case in
the example offgbig. 1200, depicted,in RIG: 1P apddeserbed in greader defail balaw)mer the applied
code-tree based bandwidth assignment. [0085]In this way, handling of dynamically varying PUCCH 15
BW in method 1d60uakeyidese pracssal ssdutivadewadaness e casenmien BbCRiE ang/@r persistent
PUSCH BW changes dynamically. As described above, the SRS is truncated towards the maximum
allowed SRS B¥Ws Therntduridated SHS B\/omay oena seember oé sxisting RN RSsseb ahgithelSRS BW
is multiple 20 of 4 RBs. [0086]Referring now to the table 1200 of FIG. 12, an example of the handling
of dynamilallySB&FyiRl PeECH BW méthoehFOGKAlad RatetiiT haekampld of tablenooiassumes

channel bandwidth of 10 MHz. As described above in 25 SRS bandwidth table 300 in FIG. 3, when
using the first BandiditP 318 AL R oSk ehllr 55060 REPBUETH Bfd P¥S PR riseHe PUSCH

and. by using a>(<)imu%rf SI§S vlé)a dwiq%oéggo;% O%ec%f tc?% f&tal th%availggle BW, the_SRS BW
set includes the three SRS Bandwidths o S, BS dn Bs, and th EES 811dcAt®N set
CO”eSpondsU%ygigggkugccording to the handling of dynamically wvarying
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 rightmest 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 wview, 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 is 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 1items are specified in method 1200, such as the



5 SRS BW set 1210. In this example, in table 1200, truncation of the original BW set 1210 occurs
because the PUCCH region 1220 overlaps with the SRS BW set 1210. To address this problem
according to the handling of dynamically varying PU?EIH 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 exa of table 120 ccording to step 1131, as listed in the rightmost coJump_in the Table
500 of FIG. 5%§§ﬂﬁqiﬁﬂstr£%%%ﬁ wBEd 20bs F|&‘.’%ﬂzf‘?ﬁie N |ﬁ§eof d%ﬁﬁr%‘#cang%%rying

PUCCH BW in, meiBadld 00 prevides.seueral bengfits ,inglyding maikaining dhe codlegires hased SRS

bandwidth assignment, which is beneficial from the signaling point of view, such as in the situation of a

frequency hopping SRS iMeIgOers pddiionat sighalivg-urdesr0 isvermargipal brcawse the
bandwidth needed for the signaling of the number of RBs that do not support the SRS transmission is

quite small. Fyad@sinorer e SRS UGCHdiandingnmayimplementaiion: speaiic becagse an
operator can control the area in which the SRS can be transmitted, for 25 example, to optimize a
persistentSPUSEH, besausd selatively fawtteos:alappecifiecits mathed 42 085s usknas: the 134
truncation rules and the applied code-tree based SRS assignment. Consequently, the resulting
specification wWaulé Befrefatityeasyirrdefise (bifgleiSRSHB WesstgrsystenB\WRJ0088]Reyarding to
persistent PUSCH, the truncating of the 5 SRS transmissions that overlapping unsupported RB
bandwidth in &P 9138 WaFdRcIERe defmifidsegbniwReRYSRSTRYSot §éhtﬂl%0\%&?6£ thé®¥o ends of

the BW. Thus, in general, any_persistent allocations should be on that region and dynamic PUSCH
UEs on the ol RreHAE RS SR PR NG RV nP30 SR 18 rodace b SRS SUGTBAG, there

could be one %g%gpqﬂg{g g)rgn%ﬁ% ir}_jg(r}rQOiL S‘%‘S %mgxlgéisiav%iganqgg for, q%tgrtrrl%r%slr‘ggiasjgion or if it used
by SRS. [0089]It should be readily appreciate fhat some of the ermbodiments may nclddé & computer
program@mbedigdONd 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 ox 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 wmemory device. Accordingly, some of the

25 embodiments provide for a computer-readable medium encoded



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 peocessing device, central processing unit (CPU),
or the like, to perform 20 one or more operations or execute one or more software instructions. A

tanglble data storage gew(ggn@?g He e%rj_nrboo J_lgg,as gﬁ/gjl%tlle femory Ircllleﬁ/ Gg or arnoor}:vo%qtlllesmemory
device, and/or a combination of a volatile memory device and a nonvoiatile meﬁmr)%r d&Vice:

Accordingly, semeratihe.45 embediraentspovids fofsa computer-readable medium encoded 35 with
a computer program, where the computer program is configured to perform operations. [0090]One

having ordinargogldjin thefrt willyeadily wadersianddha somg of e embodjments asgisgyssed

above 5 may be practiced with steps in a different order, and/or with hardware elements in
configurations wrkiek e iffereat thasmboserwhich asasistiased sThesefares alkhosgh sese of the
embodiments have been described based upon various configurations, it would be apparent to those
of skill in the 19zt Hratreertain saddifitations eyariations, dhfifaternative donstrantigis walitt be
apparent, while remaining within the spirit and scope of some of the embodiments being described. In
order to deterfIFRC fetdSRAL ol s BTbine b1 tHeembithrines; ehetefdier eaferahemshould be
made to the 15 appended claims. [0091]It should be noted that reference throughout this specification

to features, advBntSge brRiniks 194GGAG8 Bdes nOPREEHARS! af o i anTesarfadikfitages

that . .
embodiments have been described based upon various

configurations, it would be apparent to those of skill in the
10 art that certain modifications, variations, 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



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,andsimilariangyage.throughoutthy cﬁ spegification may, ot necessarily, refer to
the same embgggn?enﬁ%ggg?ﬁurt?ig’rm%%'l,'t e e%%ri%%%%‘%%%urég%d\%;l%tgge%? arr%ghgraan& eristics of
some of the empedimentsimay be combined in 5 any suitable manner in one or more embodiments.

One skilled in the relevant art will recognize that some of the embodiments can be practiced without

one or more of e Bpecific; {qatuies.eeadvaiages of fledrtieular erakodimeptninalher ingtances,
additional features and advantages may be 10 recognized in certain embodimentsthat may not be
present in all eprReAIsIRNSs Bilce LAMMSpre A mathedegbaiitdids may be combined in
5 any suitable manner in one or more embodiments. One skilled
in the relevant art will recognize that some of the
embodiments can be practiced without one or 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.



creating an uplinkmes sage to be transmitted to a base station, the created uplink message comprises a
sounding reference signal based on accessed data; receiving uplink scheduling grant signal via
downlink from the base station in response to the transmission of the uplink message; transmitting to
the base station uplink data transmission responsive tgthe received uplink scheduling grant signal;
forming the sou@zid%ference signal based on existing demodulation reference signals; selecting the
sounding refere ighal to support a tree-based bandwidth assignment; and adapting the sounding
reference signal to provide maximum cyclic shift separation. 2. The method according to claim 1, further
comprising: storing the glata related torefereneg signal sequences, to forma desired cyclic shift
separation between the reference signal sequences, and to_suppo rt a tree -based bandwidth as s
mont . the data beirg Sue TS 4 | eaF AT e O T R Do SR 5 THG method
according to clainhd fafthes ¢omprising:e s s vesepingSUficientbandwitihratfleastfor physieal
uplinkcontrolchasmelwhenformingthesseurding reference signal based on existing demodulation reference
signal signals; selectin%].a bandwi?th %Iloc%ti%n E)ased on a discrete Fourieof tra sfoq{mfc, and repetition
factor sizes when 1‘ormﬂ?gC e §83n%ﬁ)nglfle erence Lélglnnaq Sased o%lgﬁgﬁnél emodutation référence signal
signals; and  tdonfigasingthetmaximimeyctieshiftseparationbetvearieightoydlic shiftsuplresilt in a
sounding referepgg signpal sequence length divisible by eight when a bandwidth of the sounding reference

signal is a multiple of four resource blocks. , _
transmitting to the Dbase station wuplink data

transmission responsive to the received uplink scheduling grant
signal;

forming the sounding reference signal based on existing
demodulation reference signals;

selecting the sounding reference signal to support a
tree-based bandwidth assignment; and

adapting the sounding reference signal to provide maximum

cyclic shift separation.

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

storing the data related to reference signal sequences,
to formadesiredcyclicshift separation between the reference
signal sequences, and to support atree-basedbandwidthassignment,
the data being received from a user interface or from the base

station.



4. The method according to claim 3, further comprising: determining sufficient bandwidth to reserve for
the physical uplink control channel. 5. The method according to claim 4, further comprising: configuring
at least two resource blocks to be reserved for the physical uplink control channel. 39 6. The method
according to claim 3, wherein the demodulation referetxe signal signals comprises desired discrete
Fourier transforms and repetition factor sizes, and wherein the discrete Fourier t rans fo rms sizes are
two, three, or five. 7. The method according to claim 1, further comprising: supporting the

tree-based bandwidth ssigniieRt based it aselaetion of sdtiding féferéfce SHiRd FaRdtidths in which
a larger bandwidth is evendydivisible byfa smatler bandwidihth a t8.1Fhke methad asgerding to claim 1,

wherein the cyclig, %9H&%&@E?@‘i”c%%eeeﬁvﬁn%%?iPé%&X%'ﬁitﬁl‘éf@oiﬁr{H'ﬁ‘éig%%de AN ¢ Wherein the cyclic

shift is based on a sequence length and on a number of the possible cyclic shifts. 9. The method
according to claftit 8 WHeteitrthé tyefic Sikifas'alcyelie 3hiftinticatsiYedeivad from Pasestation multiplied
with a sequence lengtk ansediviged withdhe niinder of possibleseyelic shifts, anckwhereir the-number of
possible cyclic Schrlfag%lssfg%é a%% repetition factor sizes when forming the sounding

reference signal based on existing demodulation reference signal

signals; and

configuringthemaximumcyclicshift separationbetweeneight
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.

4. The method according to claim 3, further comprising:
determining sufficient bandwidth to reserve for the

physical uplink control channel.

5. The method according to claim 4, further comprising:
configuring at least two resource blocks to be reserved

for the physical uplink control channel.



10. The method according to claim 1, wherein a bandwidth of the sounding reference signal comprises a
minimum of four resource blocks. 11. The method according to claim 1, further comprising:
calculating an actual amount of cyclic shift in symbols using equation 1, which relates to a time domain
generation of the cyclic shifts, cyclic shift value SRS SRS length Cyclic shift symbols SRS - 8
whereinpossiblecyclicshift values (cyclic shift value SRS) are, 0, 1,..., and 7. 12. The method
according to claim 11, further 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 sequerfte discféte E§urettrar<tormatich with expG2MndN) "AhEFe = Sdrf(-1) and N is
the length of sequence]landon realizingrthe cycligshift of the eguationrd in frequeniey dosain by

IﬂUHWﬂanthe[gT%%@%H%QQ&g&D?é?Q§raHSforms and repetition factor sizes, and
wherein the discrete Fourier transforms sizes are two, three,

or five.

7. The method according to claim 1, further comprising:
supporting the tree-based bandwidth assignment based on
a selection of sounding reference signal bandwidths in which a

larger bandwidth is evenly divisible by a smaller bandwidth.

8. The method according to claim 1, wherein the cyclic
shift separation between possible cyclic shifts is maximized,
and

wherein the cyclic shift is based on a sequence length and

on a number of the possible cyclic shifts.

9. The method according to claim 8, wherein the cyclic
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.



41 sequence discrete Fourier transformation with exp(j2nn x Cyclic shift symbols SRS / SRS length) =
exp(j2nn x cyclic shift value SRS/ 8). 13. A method, comprising: receiving, from a mobile station,
an uplink message comprising a sounding resource signal allocation bandwidth; transmitting uplink
scheduling grant signal via downlink to the mobile station; receiving, from the mobile station, uplink
data transmissionresponsivetothetransmitteduplinkschedulinggrant signal; forming the sounding reference
signal based on existing -demodiflatioheferéneesigdary to claim 1, wherein a
selectingthesoungingrefareneesignaltosuppoitatiee-basedhandwidth assigament;iard  a
adaptingthesouIrrllglw%eferch%ilgPalrthg%vriggn}%ir&ggncyclic shift separation. 14. The method
according to claim ,Ufrlnjrt er comprising: conﬁgurlrigtheupIinkmessagetoincludebandwidthreserved
for physical uplink control channel. 42

11. The method according to c¢laim 1, further
comprising:

calculating an actual amount of cyclic shift in symbols using
equation 1, which relates to a time domain generation of the

cyclic shifts,

cyclic shift value SRS X
SRS length
Cyclic shift symbols SRS = ——---———----————--m— oo
8
wherein possible cyclic shift wvalues

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

12. The method according to «c¢laim 11, further
comprising:

generating corresponding cyclic shiftsbyutilizing basic
properties of discrete Fourier transformation;

generating a cyclic shift of I bymultiplying 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

realizing thecyclicshift of theequationl in frequency

domain by multiplying the nth element of the SRS



15. The method according to claim 14, further comprising: configuring two resource blocks to be
reserved for the physical uplink control channel. 16. The method accordingto claim 13, wherein the
demodulation reference signal signals include desired; discrete Fourier transforms and repetition factor
sizes of two, three, or five. 17. The method according to claim 13, further comprising: supporting
the tree-based bandwidth assignment based on a selection of sounding reference s ignal bandwidths in
which a larger bapdvatris vy idisibiebyla smaferisandwritAcn 18 TheSretHiod Accdrding to
claim 13, wherein,the: eydlici shiftsgpasationhetween passiblecsyelis shifts-is maxinized, andc wherein
the cyclic shift iscbafgd_osr}la eEl}Jelnucee I&@tly aé“l)d on a number of the possible cyclic shifts. 19. The
method accordingﬁo claim 1 ,fur?her comprising:” 43 providing a minimum sounding reference signal
bandwidth with four resource blocks. 20. An apparatus, comprising : a transmitter configured to
transmit to a base station a created oplinksnessagegomprising a sounding reference signal; and

receiving, from a mobile station, an uplink message
comprising a sounding resource signal allocation bandwidth;

transmitting uplink scheduling grant signal via downlink to
the mobile station;

receiving, from the mobile station, wuplink data
transmission responsive tothe transmitteduplink scheduling grant
signal;

forming the sounding reference signal based on existing
demodulation reference signals;

selecting the sounding reference signal to support a tree-based
bandwidth assignment; and

adaptingthe soundingreference signal toprovidemaximumcyclic

shift separation.

14. The method according to <claim 13, further
comprising:
configuring theuplinkmessage toinclude bandwidth reserved

for physical uplink control channel.



a receiver configured to receive uplink scheduling grant signal via downlink from the base station,

wherein the transmitter is further configured to transmit to the base station uplink data transmission
responsive to the received uplink scheduling grant signal; and wherein a processor is further configured to
form the sounding reference signal based on existinggemodulation reference signal, select the
sounding reference signal to support a tree-based bandwidth assignment, and adapt the sounding

reference signal to provide maximum cyclic shift separation. 21. The apparatus according to claim 20,
further comprising:  'a‘storagé tonfiittéd fo tGretéidata retatéd fo-Fefeténce Sigiial Sequences, to
form a desired cyslisishiftrseparation between reference signal sequences, and to support a tree-based

bandwidth assignment, i data peing.tecepved from.a yser jnferface,or fromLthe hase statign. 44 =~ 22.
The apparatus according to claim 20, wherein the processor if further configured to reserve sufficient
bandwidth for pRjgiearaplink eohtrof eR&nAel WwheRtheé sounding reference signal is formed based on

existing demodulation reference signal signals; select bandwidth allocation based on a discrete

Fourier transforms and gepetition factor sizes when. meﬂ%oun@gg Jgfg{gpcpﬁigg@llég formegd, hased on

existing demodulation reference signal signals; and _ _ _
demodulation reference signal signals include desired

discrete Fourier transforms and repetition factor sizes of

two, three, or five.

17. The method according to <claim 13, further
comprising:

supporting the tree-based bandwidth assignment based on a
selectionof soundingreference signal bandwidths inwhichalarger

bandwidth is evenly divisible by a smaller bandwidth

18. The method according to claim 13, wherein the
cyclic shift separation between possible cyclic shifts is
maximized, and

wherein the cyclic shift is based on a sequence length and

on a number of the possible cyclic shifts.

19. The method according to claim 13, further

comprising:



maximize cyclic shift separation between eight cyclic shifts to result in a sounding reference signal
sequence length divis ible by eight when a bandwidth of the sounding reference signal is a multiple of four
resource blocks. 23. The apparatus according to glaim 22, wherein the processor is further
configured to determine sufficient bandwidth to reserve for the physical uplink control channel. 24.
The apparatus according to claim 23, wherein two resource blocks are reserved for the protocol uplink
control channel. 45 Pr25ithedapparatiisaccordiig: orctams 22¢ heedin the demctiulativhireference
signal signals camprisesgiesired diserete, Fourier transforms and repetition factor sizes, and wherein the
discrete Fourier transforms sizes are two, three, or five. 26. The apparatus according to claim 20,
wherein the processor is further configured to support the tree-based bandwidth assignment based on a
selection of sounding rétererite Sigira¥ BandwidHE iR which:a larger bandwidth is evenly divisible by any
smaller bandwidth.  a 27xdihenappatatys mecondiag toclaim 26 whereinthe: eyclic-shiftseparation

between p055|blcer%yc1l:|g§hlft§ isﬁrlpaxmlzed and . wherein thenca/cllc Srhel ésrg%sceedson a_sequence

mnessage . comnprisin und1In 1gn
length and on a number of the possﬁ)fe c;?cﬁlc shifts. 28. The appa?atus according 0 claim 27,
wherein the cycR&Shift is a cyclic shift indicator received from a base station multiplied with a sequence
length and divided with the pumber oftheipessiblereyclisshifts, apd whereimthe:numpes.ofithe possible
cyclic _shlfts is elgjh(}h 46 Yia ngvmei%Epgrrzg%stehc?cqgglgg tSt%'@ir% 20, wherein a bandwidth of the
soundlng resource signhal comprises a minimum o four resource bldcks.
wherein the transmitter is further configured to
transmit tothebasestationuplinkdata transmission responsive
to the received uplink scheduling grant signal; and
wherein a processor is further configured to
form the sounding reference signal based on existing
demodulation reference signal,
select the sounding reference signal to support a tree-based
bandwidth assignment, and

adapt the sounding reference signal to provide maximum cyclic

shift separation.

21. The apparatus according to claim 20, further
comprising:

a storage configured to store the data related to reference
signal sequences, to formadesiredcyclicshift separationbetween
reference signal sequences, and to support a tree-based bandwidth
assignment, the data being received from a user interface or from

the base station.



30. The apparatus according to claim 20, further comprising: a calculator 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, cyclic shift value SRS SRS length Cyclic shift;symbols SRS 8
whereinpossiblecyclicshiftvalues (cyclic shift value SRS) are, 0, 1,..., and 7. 31. The apparatus
according to claim 20, further comprising: a generator configured to generate corresponding cyclic
shifts by utilizing basicproperiies cfRiisérete:Foafieriransformatiena im atbthengerératdiconfigured to

generate a cyclic-shiftafck by multiphring the nth glemgnt ef the sequence discrete Fourier transformation
with exp(j2nin / N), Wheergé'r:vsqrt%%)fand Nés he | njgéh}g)f seguence; an 47 . a reali%inoglunit
Ift 0 n

configured to realize the CyC|I€ shift of t leeélquat‘flc?n 1 t1‘requenc1[§/ démain bﬁprrluﬁ i}f)lycfr?éjl Ae nth element

of the SRS sequénce discrerFobAer ransfortatiorewith @xptjznmt Cyeli€ shifasypmlbbels SRS / SRS
length) = expij2pR Xxseyelic shiftyalue SRS /@ference signal signals;
select bandwidth allocation based on a discrete Fourier
transforms andrepetition factor sizeswhenthe soundingreference
signal is formed based on existing demodulation reference signal
signals; and
maximize cyclic shift separationbetweeneight cyclicshifts
toresultinasoundingreferencesignal sequence lengthdivisible
by eight when a bandwidth of the sounding reference signal is

a multiple of four resource blocks.

23. The apparatus according to claim 22, wherein the
processor 1is further configured to determine sufficient

bandwidth to reserve for the physical uplink control channel.

24. The apparatus according to claim 23, wherein two
resource blocks are reserved for the protocol uplink control

channel.



32. An apparatus, comprising: a receiver configured to receiver an uplink message comprising a
sounding resource signal allocation bandwidth; 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 transmissien responsive to the transmitted uplink scheduling
grant signal; wher ig the &ggngin argfeﬁrencegé%r}%[ii% comgg%r gl.ltr(g ezforv%ed gal%ecjagg existing
demodulation reference signal S|gn§I , Se ectedto suppor?attree- ased bahdwidth assignment, and

adapted to provig& peaximuim tyclie shiftseparational 8By Thesapparatus seordirtocclaim 32,

wherein the uplinksmessageds £oafigurech torehude handwidthiressrved: farqahysical dpligkcontrol
channel. 48 34, The aIP aCr{atus according to claim 33, wherein two resource bIoclﬁs are reserved for
F é) 1 three

the protocol upliicESAtol chanisls ™ 35 “THhé Apparatiis actording 1 claim 33 Wheréin the
demodulation referéhce-signal signals is configured to Include desired discrete Fourier transforms and
repetition factor sizes of two, three, or five. 36. The apparatus according to claim 32, wherein the
tree-based bandwidth éalssignment is configured to be supported based on a selection of sounding
reference signal bandwitiths i \Whithes Bt GBS banawiith ievénly diviSibre by Asmaiét Bahdwidth
37. The apparatuscaccosding e cfaimt3z; wihereinithecydlic shiftisaparatiombetiveen-possible cyclic shifts
is maximized, ang, 4., ;wherein the gyglic shift is;based,on a sequence; length and g, pumber of the
possible cyclic shifts. 38. The apparatus according to claim 32, wherein the , ,

reference signal bandwidths in which a larger bandwidth 1is

evenly divisible by any smaller bandwidth.

27. The apparatus according to claim 20, wherein the
cyclic shift separation between possible cyclic shifts is
maximized, and

wherein the cyclic shift is based on a sequence length and

on a number of the possible cyclic shifts.

28. The apparatus according to claim 27, 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 cyclic shifts is eight.



providing a minimum sounding reference signal bandwidth is configured to be provided with a minimum of

four resource blocks. 49 39. An apparatus, comprising: transmitting means for transmitting to a
base station a created up 1 ink me s s age comprising & sounding reference signal; and
receivingmeansforreceivinguplinkschedulinggrantsignal via downlink from the base station; processor

means for forming the sounding reference signal based on existing demodulation reference signal, for
selecting the sounding?feferentcecsigRalas stpport a-rectbased bafdwidth a3sighffert and
foradaptingthespundingieferencesignatiopsavigemaxdmuea cyclie shiftseparation; a mwherei the
transmitting means go% tra?grsnoit&ingetrg?g i%stothebasestationuplinkdatatransmissionresponsive to the
received uplink scheauﬁng gran{&gna. 50°An apparatus, comprising: receiving means for receiving
an uplink message comprising a sounding resource signal allocation bandwidth; and transmitting

means for transmitting3ap link sthedatipg granissigaalada dowmalink te aamabik station, wherein
comprising:

acalculatorconfiguredtocalculateanactual amountofcyclic

shift in symbols using equation 1, which relates to a time domain

generation of the cyclic shifts,

cyclic shift value SRS X
SRS length
Cyclic shift symbols SRS = --—-—--—--—-—-—-———————————————
8
wherein possible cyclic shift values
(cyclic shift value SRS) are, O, 1,..., and 7.
31. The apparatus according to <claim 20, further

comprising:

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

another generator configured to generate a cyclic shift of
1 bymultiplying the nth element of the sequence discrete Fourier
transformation with exp(j2nln / N), where j = sqgrt(-1) and N is

the length of sequence; and



receiving means for receiving, from the mobile station, uplink data transmission responsive to the
transmitted uplink scheduling grant signal; wherein the sounding reference signal is configured to be
formed based on existing demodulation reference signal signals, selected to support a tree-based
bandwidth assignment, and adapted to provide maximum cyclic shift separation. 41. 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 mes sage to be transmitted
to abase station comprisifg AisourttingrefersHcedsigndl baseerort agceBsedydatac 501 £t rleeiving
uplink scheduling,gragtsignah viaidownligkdrm thenbaserstationdingespapsedo the teansmaission of the

uplink message; . ., rasmiting o the base statien uplink datg tgnsmissignresponsiyeto fhe received
uplink scheduling grant signal; orming the sounamg referencé signa based on exis fhg demodulation

reference signats; Cycselectingfthetsoundintsref8fence sijifal to stppdn a treedasetiyandwidth
assignment; and . 1 ; adapting the seunging refgrence signal to provide maximum cyclic shift separation.
42 .Acomputerprogramembodiedonacomputer-readablemedium, the computer program being configured
to control a process to perform a method, the method comprising: receiving an up 1 ink me s s age
comp ri s ing a soundifé; resburé@ Byl dlocaRBR bahevddth; transmitting uplink scheduling grant
signal via downlink to a mebde:stationzonfigured to receiver an uplink message

comprising a sounding resource signal allocation bandwidth; and

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

the receiver is further configuredtoreceive, fromthemobile
station, uplink data transmission responsive to the transmitted
uplink scheduling grant signal;

wherein the sounding reference signal is configured to be
formed based on existing demodulation reference signal signals,
selected to support a tree-based bandwidth assignment, and

adapted to provide maximum cyclic shift separation.

33. The apparatus according to claim 32, wherein the
uplink message is configured to include bandwidth reserved

for physical uplink control channel.



receiving, from the mobile station, uplink data
transmissionresponsivetothetransmitteduplinkschedulinggrant signal; forming the sounding reference
signal based on existing demodulation reference signals; selecting the sounding reference signal to
support a tree-based bandwidth assignment; and 4g@dapting the sounding reference signal to provide
maximum cyclic shift separation.

34. The apparatus according to claim 33, wherein two

resource blocks are reserved for the protocol uplink control

channel.

35. The apparatus according to claim 32, wherein the
demodulation reference signal signals is configured to
include desired discrete Fourier transforms and repetition

factor sizes of two, three, or five.

36. The apparatus according to claim 32, 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

37. The apparatus according to claim 32, wherein the
cyclic shift separation between possible cyclic shifts 1is
maximized, and

wherein the cyclic shift is based on a sequence length and

a number of the possible cyclic shifts.

38. The apparatus according to claim 32, wherein the
providing a minimum sounding reference signal bandwidth is
configured to be provided with a minimum of four resource

blocks.
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39. An apparatus, comprising:

transmitting means for transmitting to a base station a
createduplinkmessage comprising a sounding reference signal;
and

receivingmeans for receivinguplink scheduling grant signal
via downlink from the base station;

processor means for forming the sounding reference signal
based on existing demodulation reference signal,

for selecting the sounding reference signal to support a
tree-based bandwidth assignment, and

for adapting the sounding reference signal to provide maximum
cyclic shift separation;

wherein the transmitting means for transmitting
transmits tothebasestationuplinkdatatransmission responsive

to the received uplink scheduling grant signal.

40. An apparatus, comprising:

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

transmittingmeans for transmittinguplink 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;

wherein the sounding reference signal is configured to be
formed based on existing demodulation reference signal signals,
selected to support a tree-based bandwidth assignment, and

adapted to provide maximum cyclic shift separation.

41. 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:

creatinganuplinkmessage tobe transmittedtoabase 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;

transmitting to the Dbase station uplink data
transmission responsive to the received uplink scheduling grant
signal;

forming the sounding reference signal based on existing
demodulation reference signals;

selecting the sounding reference signal to support a
tree-based bandwidth assignment; and

adapting the sounding reference signal toprovide maximum

cyclic shift separation.

42 . Acomputer programembodiedona computer-readable medium,
the computer program being configured to control a process to
perform a method, the method comprising:

receivinganuplinkmessage comprisinga sounding resource
signal allocation bandwidth;

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

receiving, from the mobile station, uplink data
transmissionresponsive tothe transmitteduplink scheduling grant
signal;

forming the sounding reference signal based on existing
demodulation reference signals;

selecting the sounding reference signal to support a
tree-based bandwidth assignment; and

adapting the sounding reference signal to provide maximum

cyclic shift separation.





