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BACKGROUND OF THE INVENTION

Field of the Invention

[001] The present invention generally relates to data transmission in mobile

communications systems and more particularly to frequency hopping for aperiodic

sounding reference signals.

Description of the Related Art

[002] In known wireless telecommunications systems, transmission equipment

in a base station or access device transmits signals throughout a geographical region

known as a cell. As technology has evolved, more advanced equipment has been

introduced that can provide services that were not possible previously. This advanced

equipment might include, for example, an E-UTRAN (evolved universal terrestrial radio
access network) node B (eNB), a base station or other systems and devices. Such
advanced or next generation equipment is often referred to as long-term evolution (LTE)
equipment, and a packet-based network that uses such equipment is often referred to as
an evolved packet system (EPS). An access device is any component, such as a
traditional base station or an LTE eNB (Evolved Node B), that can provide a user agent
(UA) such as user equipment (UE) with access to other components in a

telecommunications system.

[003] In mobile communication systems such as an E-UTRAN, the access

device provides radio accesses to one or more UAs. The access device comprises a



[2] In knowmn wirel ess tel ecommuni cations systens, transm ssion equi pnent in
a base station or access device transmts signals throughout a geographical
regi on krworeoes4asscel | . As technol ogy has evol ved, norepPatnsacesssqui pnent
has been introduced that can provide services that were not possible
previously. This advanced equi pnent m ght include, for exanple, an E- UTRAN
(evol ved universal terrestrial radi o access network) node B (eNB), a base
station or other systens and devices. Such advanced or next generation

equi pnment is often referred to as |long-termevolution (LTE) equi prent, and
a packet pdekstesdhehil swdokalidating gk UEH arddowniik (DIs) datd eamsmidsionr ed to as an
evol ved packet system éEPS An access device |s any qﬁonent uch as a
traditi oapurpesEnangzall the Usys comnpecaling t BiFaceess dNgae Tap furgigps e5he pr ovi de a
user agefl A inSiual -a%n g%@ﬂel@ QA BB e e(\}é@blg“afr hrﬁ@ﬁ‘&c%%% ﬁd?tg%h%enct%rp onents
in a tel ecommuni cati’ons System I'n nobile coﬁnu icatlon systens
such as bIAsE-ieLdilEﬁaﬁg\l;hetrb@)ums &ss sdbchger ﬁpquﬂndes anditimingce bssesl foocawhe or

nore UAs C s device co S.a cket schedul er f ocating
bl k. (U G BT ey BT g e A e B 60] st g ATt he uas
conmmuni cahbfdert Mlokhes ﬁl%%ﬁ%ﬁla?@lvﬂeﬁ'(ﬁlrce-m@r PRl @eniRk shived %Hth%@w er include,
among others, dividing the available air interface capacity between the

UAs, dec{RRH} 4nsl nhesiselrupbisk skargd clambeldBISCE) dataciepnsmasisions.zand sendsi ng) to be
used for_ea acket ansnlsS|o and ni-t pri cket
aIIocatl%%'lﬁgglné) aUTTQ&He#%g r“é|P%E§%§§'6%§sF@%ﬁg ayer

resour ce&h%wl@humaﬂlord@wmd t[ﬂilnghﬁé(ﬁﬂn@}h@Qﬁ&ilo&%dﬁl@do@ﬁﬂc&d@ﬂg upl i nk
shared channel (PUS data transm ssions, and sends scheduling information
to the Upsunimkonddoanbgntransmisseiinel . The UAs refer to the schedul i ng
information for the timng, frequency, data block size, npdulation and

codi ng of upI Kia dq 4 =1 h as th ] I GELtah N
connunlcatlon(£a£.Bg¥ﬁsﬁﬂkhﬂﬁué%ﬂ¥ﬁ %ﬁga%gfda%bﬁggg?l8nQ%a§%ﬁg¢shlp
Pr oj ect ) Patromiy Bajdcorcostraundenticn staptandkurs pétspatial mulltiplpkiex iofigp af foup t o f our

| ayers be sypported van Prior to. suppo ti spati a

mul ti pl g%?fé M) eysuap%%&yyeﬁﬁ ARS a ﬁ! o {Ppert 181%@19%’@5 R‘?PA%’P &% ai |l abl e
for the gl ianglcliMSnnal f38 ABINGARNLEN SRl la{Jﬁfhblenfo@ﬁ{eldp%kr ¢heagrs of the
3GPP connunlcatlon standard (e.g., 3G°PP Rel eases 8 and for obtaining

channel mte‘dﬂpéolpgf defirecdiin nal\lualsretmsersgnfébb 3GPB n4>1§annraa>gmresta¢®rd:&aglﬂéiPPoet ween
asingle |n§ r%]? @lon nt W%O eNB t.hin smgﬁ

subf rame TS 4 BS Y 14 KEUHENE G R PETRER e%%neq"to YR bl e for
the nexttheehg@arebaiveéhe sid@RRptaRTIASalibPMntsiANMANkE (B JvithiB&singtease 10)
to all ow si nmul taneous channel soundlng frommultiple UE transm ssion

ant ennassubBaggude seapeit thsinemikunlink AMINQsapabilaieset iadesealle farthe pextown set of
or t hogong) - bCl i nmet hodol ogy is
desi bl SISy U 3 b EaRlfiESnoR ARKAIRE S, REpPTLER IRHAI, O2 (ol g

t he changislulthodout biean@alr douading €toeas@ltigks URankimnByion agtcpras. Bbcauss@ucidi ng

si nce thls nmet hod, confi gures each Radi o Resource Control (RRC) Connected UE
to transink ér%@ﬁ@w%w&a@%ana ERAUPeY Ol e S5t of ertheganakipupdigg resqurcais e

measur e , i xed anmount of
resourceltsrIB or ?ﬁgﬁ&??gﬁgzﬁggﬁgﬁk%g??%%?g§EF§@%e.g.?ﬂgeéry 10 nms) regardl ess

of whether the UE has uplink data to convey or not. To inprove the
ef ficiency in[00hg Rexmethot easklor aom@wgapephamibbfos&wmaﬂmg retedsh bl vogy (i .

di t hodol i rregyl i s _bei def i-ned whi ch
o T ove- t NN o0 6 ufting HBCOE:TheBas oM RRES s B RREo dumith §o5fiel 'w‘ien ¥
i's requi fRECPYoriiReteNB: toRRinSmARSEHAG Sor@bstiriddicTRicRRMoaaM tHe ENBlchkel Y

i nprove eff|C|en0é since it will aIIOM/the resources to be consuned only
when it msagyeniérichanmel t Gonpequratly ecagh Ubberngumpien fix¢rbarypurts g ragpiicekiodat a t o

compt ey RREGREG)7 Gubpray TELLPEEHAREs bEp B BRRC U APk So1 ogy

can be ugadtd doneenpringt iTorimpidvie thdhefficRgea in the hbxadeieasspanely agericdiihani smin a
process where the periodic sounding is configured for each Rel ease 10 RRC
Connect epuntingpgthegolegy:{i-f opgepndig mefdodelogy of isrsgulanoseyrmshos) Slféhy t o
provide the eNB sone information regarding the channel to maintain timng
al i gnnent, adjust the UE power control, etc, and then the aperiodic
soundi ng met hodol ogy is used to obtain nore frequent channel state updates
as needed once data cones into the uplink buffer.



[6] In a LTE Rel ease-8 system the eNB may configure the periodic soundi ng
nmet hodol ogy for a UE to transmt SRS in just one subframe or periodically
in nmulti pve e12hisumies. One purpose of a Rel ease 8/ 9 soumrdirrus20iefsssence
signal (SRS) transmission is to help the eNB estinmate the uplink channel
quality to support frequency-selective uplink scheduling. In addition, SRS
may al so be used to control uplink power or uplink timng advance. In the
Rel ease 8/ 9 periodi c soundi ng nmet hodol ogy, the eNB is able to configure the
periodi ¢ soundi ng nechanismto performonly a single sounding transm ssion,
simlar definfedwHidtealkperth@dNB ts ooimdiand theel B aslpéregyn dperibeicRguittiveddped in

Rel ease 10. However, the Rel ease 8/9 single-shot net doI o uses RRC

si gnal | nljﬂ?lblté%)li’?ﬂ}l filﬁ&Nﬁ. PRl soppdjng mekipdo %elm ansmi ssi on.

Such a ang%@e aﬁefensseglﬁeéi@mmm t&qxegmﬁ&e%ltwe PRl @ Wﬁfwﬁ({m@ st he fast

channel dates envi'si oned for aperiodic sounding be triggered
usi ng coberefidisl @tdctdme(e{ghy)slwaheﬂ thy &fE has uplink dﬁtﬂ]to Rm?\ey) i 'Pep tev Fi gure 1,

| abel ed Prior. Art SRS ans tte n.the | as si e Cﬁrrl er f requency
di vi si on“TRPHicsPRIdjRE Bel 06 ¥ (a5 § cqmBlsgienLis MoRS R DD and 7DD

as shown3@pp Rie@d§€]1 land BicaddHst AR meftlﬁi'doldg%aﬁi bY 'u§édQH cOnRh&WnNGitK ‘EH@D)
SC- FDVA synbol (s) in Uplink Pilot Time SIot (UpPTS) is ‘used for

[008] | nleaaCQ’I nesiediseionn lmslef:h@mrmrm 2 prokess WEsThidy pheodinseungdingdisd | n sever al

d I d
dorm . RARRRIFLER ALY 1 RR RSP B M B o e i, o

di vi si on4@s tok M@Xﬂ)m@pfdéiwthe aNg s@ﬁerlﬁierrﬁmdn 4rdinGM cAIBSelus int@ntdinf f er ent
cyclic shifts for SRS are nmultiplexed in a subfrane. E| |%ht different cyclic

shi fts ntiing digspspt adiustghe SR icomrqlseteemi e thya ic spgndigg211. Wth
TDM by gl 88@%9 g&} e%‘tﬁéﬁ%tn?cgéE%ﬂh&ft%ﬁaﬁ@@é‘é%g@&%@g AR Q0 SRE éia&“' tiple

UEs transm t anes. rguratron 1 ndex | SRS for
SRS per i cghesiihty th@dplﬁRSolﬁ“feb.frane of fset Tojf", are defined in 3GPP, TS
36.213. Wth fine FDM the nultipl exing uses a transrri ssion conb across

b iers. i ficall ith fi UE t
SRS on di 1 1 er URET sBREF 5F Reladis s, D SNBLTAY ron bl bR g o e
transm 5§1ie91'8d819%§9fc(r]aCUE)co {r8n S8 SRS Gh juBt é@PlabE%lé@r gér%om@ngﬂ{ung% ed by

hi gher | ayers. nce only a repetition factor of 2 is used in t he set
of possi hib&aweb.uBse pamoknet 4 Rele@e 819 sounding refszance siEDM| (SRER transmtibsidrexi ng
uses is to help the eNB estimate the uplink channel quality to support frequency-selective
uplink scheduling. In addition, SRS may also be used to control uplink power or uplink
timing advance. In the Release 8/9 periodic sounding methodology, the eNB is able to
configure the periodic sounding mechanism to perform only a single sounding
transmission, similar to how the aperiodic sounding methodology is being developed in
Release 10. However, the Release 8/9 single-shot methodology uses RRC signaling to
configure and trigger this single-shot sounding transmission. Such a single shot
methodology is potentially much slower than the fast channel updates envisioned for

aperiodic sounding, which will be triggered using commands at the physical layer.

[007] Referring to Figure 1, labeled Prior Art, SRS is transmitted in the last
single carrier frequency division multiple access (SC-FDMA) symbol in a subframe in
both FDD and TDD as shown in Figure 1. In addition, for time division duplexing
(TDD), SC-FDMA symbol(s) in Uplink Pilot Time Slot (UpPTS) is used for SRS.



transm ssi on bandw dth and frequency domain position. Mre specifically,
different UEs can transmit SRS with different bandw dt hs and frequency
domai n | ovet2nme433The bandwi dt h and frequency domai n poPCTiUsR010/05BRE ar e
configured by radio resource control (RRC) signaling. Because transn ssion
of a large SRS bandwi dth can require a larger transmt power conpared to
transm ssion of a narrow SRS bandwi dth, a narrow bandwi dth is preferable
for cell-edge UEs. Due to this reason, each allowed configuration that is
defined within the known rel ease supports up to four different transm ssion
bandwi dt hs, afid81 hin agiveatbe! SRR Sfasrd wiudtiflc UEBdndyole @ultipboxsdissivornl i s
dependent on both the configured cell specific SRS bandw dth parapeter and
the syst e¥yandVosR theciticalyy, s Eks mry e sniiplexgdsyip § 1atswmr§u1§afwn§ured for

a UE, thmw, dtt{;ﬁé/d%i _ ﬁlt%%g;?}%t grmy ffnlé%édﬁéﬂcglﬁiﬁgﬁaﬂ el uahg gfgnfaf), the

entire b of this U usi ng the frequency hoppi ng of lti'ple SRS
t ransm ssidomersadiitds With COML.UBubfin@diésrent heclpahdtsdoeBR S wid thultipkpedt t o
mul ti pl exing are UE-specific paraneters ich are sem -statical

- spe eters wh itical ly
conf i gur B pimmgnlight diffsreat cyclis shiftsgtat 16 SeRRericd dead ko rvhieh i defiped of
configurat] e th ter val ues,..once confi.gured, intain the
sane val wé@éh.% tlel 1@‘?@%@53 Dnflincatng S P%ng}%raé@g%ﬂl Bd. The
UE- speci bfrGt RANIAPRUGE StrasmitSSitS imSdifbicat AATAIRE 6 SRS d&Bgukiien 818 $§0ds an
explicit command to configure the paraneters to a SpECI?I c set of val ues,

and t he faS&baiceodicithend SRSrtbirame hifsct g ppars defindd in3IGRPs TEG6. 2131 tWith e
subframes and only change when the eNB specifically sends a command to
change t fiec FRM)dlse mThipsexaid dses & thnsommssionlyorabracossonbrgueat iMere which is a

configurati ere th conf.i es the ters. to a specific set of
val ues, %’tﬁ’f&‘?ﬁ‘iﬁ%ﬁ‘f ﬁﬁ@pﬁgﬁﬁﬁ@e g#lrsfafl&fa ?‘E@g?g%&({lﬁerﬂlﬁfse&?nst ance in
tinme or @ehiglgcoMBin $HGHRS dBmaHPEH@HBNission combl(?] . )lifdéhiRdknouppr el ease
of the LTE specification, the eNB configures cell-specific SRS subfranes

and UE- spggbRil ¢ aReoiatddtiEsighdhey g€ ISincepas) £ ipcfik ot boisAlst®@m refers
to SRS subfranes reserved for potential SRS transm ssion fromone or nore
UEs i n al&El the seitifipessittle valBessive disd isd Os Libf WathweaisaDdAtthe mivkipdening uyess i n
which a particular UE should transnmt SRS. Therefore, the cell-specific SRS
subf r anerHEREanebandyidh ppd agucaey damangositionn MareapgcHicallnrdiffereat UEs

to the parry it hANRIRALA TR SR Sa SN Y REUERSIMETS S anal i ng
det er m neahdbydth hed ¢etjliensp doimbincpositihrod ISR Scoo tordiguatd pnrapericamirdsFc and t he
e e TR0 Ba e eob S o Rabe g oo
dupl ex ( 1-5%-3)( traﬁﬁﬁ?ﬁ&&z:bﬁ/&)%ared to transthisdibn dP& nRAER RIS andwidth, a narrow

srsSubframeConfiguration I's the cell-specific SRS subfrane configuration
i ndex pabaxdetidth isprictnatils fdycobdtdas UES Dwy/otthimreasbureaelt albowedlmuhiginagon

e e B L T i R TR ST abRlgfem ToFe o
bandwidths, and the actual SRS bandwidth used for a transmission is dependent on both
the configured cell specific SRS bandwidth parameter and the system bandwidth. Also,
even if a small SRS bandwidth is configured for a UE, the eNB may be able to estimate
the uplink channel quality of the entire bandwidth of this UE by using the frequency
hopping of multiple SRS transmissions across multiple subframes. The parameters with
respect to multiplexing are UE-specific parameters which are semi-statically configured
by higher layers. A semi-static configuration is a type of configuration where the
parameter values, once configured, maintain the same value until the parameter values

are explicitly reconfigured. The UE-specific parameters are semi-static parameters since



subfranme and ten subframes per radio franme, so 0<ns<19). For configurations
where nultiple values of AsFc are specified, SRS subfranmes are all the

subf r amesweabiafsyisng t he previous equation for all |istedrusbuessssio ASFC.
For exanple, for srsSubfranmeConfiguration=13, subframes 0, 1, 2, 3, 4, 6
and 8 in each 10 ns radio frame will be reserved as cell-specific SRS

subfranes, but subfranmes 5, 7 and 9 will not be used for this purpose. For
TDD, the sounding reference signal is transmtted only in configured uplink
(UL) subfranes or UpPTS. [ 12] The UE-specific SRS subfrane

confi gur tkicdiB foads SRS pieiticothintinti Yo cdnfigutiRBe pamntttsho sstifanet of f set,

Toffs" 5 1is d%}f{ned in the tables shown in Figure 3A anq Figure 3B, for FDD
and TDD, V&lu&spand ihg @pfpmetgss theraaiiaim; this sanr 8¢ of yakes fos multinle Sbffamsr ed by

hi gher | aygsr cﬂ_a{h%e% ch it QN ¥ &%ﬁﬁugfseﬁdg% é%%a{dqa%ﬁa%%ltg@vme selygct ed
fromthe set {2 20, 401,) 80, 160, 320] respon Ing 1 ns
subfr aneélfferﬂ%mmtardsfnaﬁ@ qefigodiion, tvg/hiiﬂsﬁsa cmrhﬁguna‘som whiolhe ¢tMB c8R&curesour ces

are conf 'Eh% lf)ral%gnelter}s ?0 aP saplefci-flfcrs%pgf va ues abur‘g Itl?e con%iguratlfon 18 on(ly ?n effect for a

single instance in time or a single event such as a subframe.

[009] In the known release of the LTE specification, the eNB configures cell-
specific SRS subframes and UE-specific SRS subframes. The cell-specific SRS
configuration refers to SRS subframes reserved for potential SRS transmission from one
or more UEs in a cell, while the UE-specific subframes indicate the subframes in which a
particular UE should transmit SRS. Therefore, the cell-specific SRS subframe parameters
are broadcast as system information, and the UE-specific SRS subframe parameters are

signaled by dedicated RRC signaling to the particular UE.

[010] Cell-specific SRS subframes are determined by the cell-specific subframe

configuration period 7. and the cell-specific subframe offset A . which are listed in

Tables shown in Figures 2A and 2B, for frequency division duplex (FDD) and time
division duplex (TDD), respectively.

[011] The parameter srsSubframeConfiguration is the cell-specific SRS
subframe configuration index parameter which is broadcast in system information.
Sounding reference signal subframes are the subframes satisfying

|1, /2 |mod Ty, € Agy., where ngis the slot index (where there are two slots per

subframe and ten subframes per radio frame, so 0<ns<19). For configurations where
multiple values of Agrc are specified, SRS subframes are all the subframes satisfying the
previous equation for all listed values of Agrc. For example, for
srsSubframeConfiguration=13, subframes 0, 1, 2, 3, 4, 6 and 8 in each 10 ms radio frame
will be reserved as cell-specific SRS subframes, but subframes 5, 7 and 9 will not be used
for this purpose. For TDD, the sounding reference signal is transmitted only in

configured uplink (UL) subframes or UpPTS.



[13] As the Rel ease 10 aperiodic SRS nmechanismis being devel oped, there
are a nunber of design goals that could potentially enhance performance.
These deswgorropoahs7i ncl ude the ability to support narroroan$2&pe58304i C
sounding for power-limted UEs, the ability to efficiently nmultiplex
aperiodic transm ssions wth existing periodic transm ssions while avoi di ng
collisions, and the ability to trigger a UE to perform aperiodi c soundi ng
in the nearest avail abl e sounding subfrane to mnim ze soundi ng del ay.

[ 14] However, there are certain limtations of the Release 8/ 9 periodic
soundi ng net h@dal oge URadpeciid ISR Spab &amk abhfygueaigel foe 8RS petiediaiy,lzi fy to

achi eve these goal s. [ig{ For exanple, in the LTE periodic sounding
met hodol @aghSRS beb{esNB ¢fEsst, The » abddiineg in e dadésghare is Sravreduvioed Figurg ubf r ames
w t hin each system frame as soundi ng subfranes. This process is

acconpl i $Befar BPDsastdeldpPriegspastively. The SROVsonifigutdtion iedsixdsishoeenfigurdd gur e 2
and broadcast.in e sr.soubf rameConfi.qur ation. i nde f,that, row, Figure 4
Shows anERGHIE A eRESTHY ranBirt sRaE-ufSioa Frsd FRn &R Gek Pnat ed
as soundi Subfcna [ j ' e of 7
and broadeagt T Ee e o P RO S PR TR ek SRR i 1RSRS Porfydf G ¥ P

t hat when,t 62 s BDdy dea SRS redeires sBudafigmedon fi ihglirfemeoronteahiog Ldf 7, this
parameter only provides a limted anmount of information to a UE. For

exanpl e, subhiagicdr amet er i nforms the UE that the 1st, 2nd, 6th, and 7th
subfranmes of each system frame are sounding subframes and that the UE
shoul d not pe LSS ¢ . t

Subfr ames.  Fotubr S ae 1o ISR ATSRS ey AT baERe e SR
whi ch t hensaberdifrigsigubbalathas coidd petentipllysatiaine fehferredtise. Hhgeerdesigngoalas an

exanple of this issue. Mire specifigcally,. Figure shows .t ha e.various
soundi ngMSHF (RS AR s BEOF BB AR a@flﬂew_SPﬁn%m ?Oérpemer-m@é@f BFm
differ en&bmmp%fﬁciaiﬂylIﬁﬁlﬁf)ieafasgmobdw&aﬁnﬁgmﬂ@tﬁm AGQirgHepslicned as a

periodi c set of subframes bound by a conmmon hopping pattern. The first
possi bl etrgrsougiany wisletayoifdorgweolensgard the ebility tottegaaddE teperforithe f our

di bf . This i in Fi gu t t top-right.of th
i oure. HRUOHERP IR e nErSU M g it S REPRHESHME and two 10
s interfages by taking two of the sounding subfranmes and formng a single

interlace with them There are at |east two ways to acconplish this. Either
the 1st and 6th subframes can be used to formthe 10 ns interlace, or the

2nd and 7th si¥f aHewersnthee ie exrtaipbmifagenstd diceRelpase S pHiadichown as t he
second a ird.i i [ . S] -t he, fi Finally,
the. four “uneshadeal b AR Rherkdfy LBt 8 Bl R iese 175 & e
period. ddils is shown at the bottomright of Figure 5. [017] As

di scussed, the cell-specific information broadcast as part of the current

peri odi ¢ sound] t hodol o d not provide a UE wWth C | ete picture
bF how the_ vaillahst Searpife Mo rdmesodReoni i Mudadblogr e SRFS thaes.
The onl y,iinfyab WedibefRe SoPhiRberlo? sebfdmdsSyitlg chdh QERBL frafe LEGANGINBI t he
interlace to which the UE is aSS|%ned; the UE reCeives this information

when t hesubBageciThispropsss i dceongrShghbasaitating oae ef thendweur the tabde shome UE

usi ng RRC confi,gur.ation. Th i he B.conf.i gures the UE t erform
soundi ngUIENG 2atd i RdRs o pup R OB BRRLHEMARE oh %S gL i gure
5, the Uhokiewsexihple JTORPIUDGafRE redadh b Pstét Erantd thiteird adserladiars @burddigy 6t h
subfranme, but has no idea what hopping pattern is appropriate in the other

i nt er | aceBirapsh sbgusndpliramgConfigniationis séo pyalpaphhrendboadest asgartioddi ¢
Soundingﬂ%@%%%ﬁ&ﬁﬁ@&gﬁﬁwhg se used for periodic sounding (e.g.

sr s- Bandw St s- Hoppl ngBandwi dt h, freqDomai nPosition, srsConfi gl ndex,
etc.), then, a UE will typically only be able to perform aperiodi c soundi ng
in a subset of0lbtheNottthit veleh thé cISBibivaioess dhe sts§nbfr &rde Gen fepumnngluswitf r anes.

7, this parameter only provides a limited amount of information to a UE. For example,

this parameter informs the UE that the 1%, 2", 6™ and 7" subframes of each system



[18] Another limtation of Release 8/ 9 relates to the periodi c sounding
definition (e.qg., the defined UE-specific SRS periodicities formthe set
{2, 5, 10w02012/04@33780, 160, 320} ns). Since nost of thepPpeniSodivosi3res are
multiples of the 5 nms period, this would seemto suggest that all of these
periods (except 2 ns) are nicely conpatible and UEs wth any of the
di fferent soundi ng periods (except possibly 2 ns) can be nmultipl exed onto
the sane interlace by sinply using different cyclic shift values. An
exanple is illustrated in Figure 6 where the interlace with a fundanental
peri od ofrath® af&so'uﬁdlug eﬂbfteﬁ!ndmhﬁ ithpdt ehe TGE WhouMl hbt meroomMlSCH pansmidsiofs 10 ns
are configured with soundi ng _periods of 20

(i.e., UE1l S
ms, all %ai# p@%‘i tggeiq @ ériarmeﬁ Harged, thiggsenaster dasa netiBARIM B dfown in
Figure 6th'e§nd?195r Madiith ﬁi% sBﬁﬁcﬁn AR Ri éiusreﬁ% tﬁe LB S BYRIES Fﬁﬁgvfsr fl_gr ence

unless all Ues were only pert ning w deband sou di ng.

under st amdexmgpldz off thissgmnaMac specmfoially,amguire 5 ¢hews elhaattheosmlounsdwﬂmen t he

di fferent .defi ned eriods shoul d be..exam ne ecifically, the

ol Case BRI CoHb e BERBIn e s ST GrERATpumSERol: Lot ur e,

The possjnpdrRicéEnwdBRMEN ih@rlR&Y is Aefifdd ds@lspe‘?fbdl%,sét huBRarhOs ink®Y.2320 ms can be

di vided into two conpatible sets, first set containing the entries
{2,5, 20, @onmgm}lomng)eartte@@isThaﬁtit pcbﬂélbéeegr@nmngest%foﬁn eﬁ¢midm@er@1i¢en@ﬂa¢qSes

{10, 40, 160 eri o tio at.izbil g.context is
that 11 tite OB sTra oMt dPhu® Shdin SHTBRS s s pinb g

confi gur ﬁgur@r QB@hb)M po'éshﬁ@ gtd@s@g is waﬁmrtgletsaﬂ@lmaiéas aid to ad hﬁﬁntﬁﬂ@d%@r ly in
every subfrane for which the periods coexist, and consequently, nultiple
soundi ngbypBkingdeiafithessoyading éulefr%mfé@@ﬁ afi)rinynaﬁ gl iateslgcquvthithem. hEhasame
interlac I si Rl 0 cyclic
hi T1s anSEoRerapapesety ARSnBRGHMRY, HElnky W, i o ok et BEANARe.

vari ous ﬁ)emtbdil(o‘,ntsnﬁsﬂﬁm or ﬂhwndchnslj 76’1 sabfremtscansbeaisotnBoth oFitlgise ept?onsvvhl c h

shows t he f rst 8 subfra s of the 2, 10, 20 erio

Fi gure 73¢g ‘Pw%éi'i]%é%c%‘éxi‘@ B‘“éié{f”éiﬁtifaéi‘?ééla‘i the %Bff%l%%fn fg ﬁgvret éna;sleir%sse of
this ill ol t s 1/ 3 of
e bandu o O R o R s T R B YRG, PR,

finally $howm aticdbdimndnghitdd Bagweks of size four RBs each of subfrane 0). As
time progresses to the right, it can be determ ned which periods are

i bl h h
Chey appear | 10 heAS SEeSeh Rl Pl idiSfur R Il SR AEfe s v

periods gérfddioRalinntsthd®ldgyiosans: Patities VERRARACEmPIed HickPe #Bhow he S ms
pattern does have an entg%%én every subfranme ending in 5, but this would be

conpat i bihe viFriews sonading sebfpandsgae daing sadgo demaipéalapss. oe onby BNOTEBEOR hat | t

is confi r rl pattern
for the SHREELRECEE btk faeDfaREARL KELRY (Fh R g B P slaieP Ty T
and 40 méhepf teREiNSS ﬂnmnﬂﬂmwamaém ﬂiedJEi'spéuﬁdiper&dmssmpmmme@eﬁe e.g.,
subfrane(é%% but are conpatible with each other. If all patterns were

i | 1 ust r agdigured fapiie dipesing BRC qanbeuiatiey. ke, diths eB @Hﬁ%urﬁﬁ@et%to
conpatib t t I f rting at
subfr arrefngé?] S%ugﬁﬁ% rilglni;slg(|c§)iheéraliho e Hﬁ5§6 p?@gfiae%%tct)ﬁe %? H?h%&@ l|511aet5t 21%2 t he
patt er n blikmbais wehas foppmoprteat ioome aicthosstedhde dfities Wubiiratieebutthasso pattern.

Thus, the 1 ns, period an be added to.the second sef, of conpati ble
pat t e netded whit Borpiss fRtGS SpREDTG 1 FEGBAE DAoLl SIS, e abi lity 1o

m ti gat egibdigr iephihmbRR fopgﬁaéﬁ&ﬁ‘{t‘ RA8&ing Iafende)ﬁnw EOBGL &NB fhpl-RARNt at i on.
If all periods were conpatible with a single basis pattern, then the eNB
i mpl enenscandiogut.g., }SISsBaIﬁWIdihr m-MOppmgBh@dwwd;h fisgPoingin®esigon ses-phase of each

B N i N R S

pat t er nsin aliiibSet(‘oaﬂlettoﬁBsdﬂ@ﬂ@u‘tffﬁ'i’ﬂl’]sQl%ﬁgﬂatedrifsesoﬁﬁ@iﬁQSu&fanﬁd%OSe interlaces
corresponding to the sane conpatibility group can be set properly, and a
singl e UE hopping pattern will be valid for all of those interlaces. Since
the eNB is in charge of triggering the sounding, the eNB can decide to
trigger only in the conpatible interlaces. This is a valid solution for
increasing the ability to sound beyonq a single interlace. However, this
solution only allows sounding in roughly half of the interlaces, and the
eNB scheduler will be sonmewhat constrained. [ 22] Since aperiodic
sounding will take place using the sane cell-specific resources as those
defined for periodic sounding, the aperiodic sounding transm ssions must
occur on vacant resources |eft unused by the periodic sounding
transn155|ons or t hey nust take place |n additional sounding subf ranmes

o, T 1 o o o



8/ 9 periodic sounding nmethodology (i.e., limted information avail abl e at
the UE and the inability to mtigate this lack of information through eNB
i npl enentwiDi2om)o4p33esent a plurality of chall enges. Moreprspasedionassry, how
to allocate resources to a UE for which the eNB would |ike to obtain
channel state information while avoiding collisions with any periodic
soundi ng transm ssions that nmay occur. Al so, howto obtain efficient usage
of the resources used for sounding so that a m ni nrum anount of resources
nmust be set aside for sounding. Al so, howto signal the allocation to a

gi ven UE whi |l @186i nAﬁi;thbmlgrntthtﬁmajfdwhéaseB/%iegmltd) ﬂg meyviedissadnding [ 23]

Si nce UE an b |p ed. in t e di rren .ons fre uency and
code, gxlf@wa er éﬁéﬂeﬁéﬁ%ﬁm SRP pgid 1?1Hss g)ﬁmébf‘efqtc{&% 8rY).Asour ce to
an i “d' VS@%b ﬁ;?ﬁsﬁom&ﬂ% ﬁgbﬁ 1&% d;hﬁlgle:éQf’t'ﬂg'SQHS Qodl figs UE i's

triggered, g the sub at s ouI be used by the UE for
soundi ngwoulldd;ecmttw ngeesteha attof ttlhaat p@mﬂsl(dxdopt Uswjlare |nml3ca1mpvg1btdm1d

t ' th.that sh | db th ' di
tr anom SOFON MBS s SRR EPRGota SPOPBIRYY SaBL&T FeruRrERs, and.
i ndi cati ggo ttﬁbesaﬁiéqmeﬂa&!’%ﬁ §1§1ﬁ1}h@s§ng'sdﬂﬁ’éfe% @}%h’é%ﬁﬂt‘[ values. An dxéfhpldAs UE

typically has know edge e correct hopping pattern to use for its
aper i odi dlugRged rmﬁgnﬁeéswbﬁﬁedrﬂlpterlﬁcet thb@ fendsmeatmbseniaref Wons sspehtd to its

perlodlc a Conve ary for ti f.or subfranmes not
Pesoc a BN PEeviee PR el B o By, B Ml i of 2

bi t s woubshfipardasditly sdvading@etiv@dofi 20 mbfallRﬁYCﬁff&@ht dy@Me Shifivanaki Agweust to
indicate this information, and additional bits would be required to

i ndi cat ethe ﬁ@ﬁl’@ﬂﬁého‘ﬁlainal?ﬂﬁtl@rﬁsls nohealighsithis seenagg aiogld 1pwt BrvasveiBad is to
limt th only w deband

soundi ngﬁltel?%lIl k% legggg%gmé%éﬁ??gﬁéﬂ%ﬂg ?%%e% gnd&&ghﬁ and its location are
known by default Wil e this does reduce the physical |ayer signaling
overhead, it [Pt sTohedalihd tity dfis sdvearsiNB rioo valid, itted relatibyshipbétivptrethe

aperiod| oun tran mss s within.the resource t a not used by
t he per| g‘ffn rPﬁ“P Hldgtéﬁi g“%‘}eﬁ\%?rﬁég%“ @1 ﬁ%&i%? g@s are such

t hat the}?erYBdlld SRS 'rrYetl%lﬂBR%Srtls Pa&LH QM%BHI‘[ t§&L§ﬁQl'cﬁge tTl?él?dE!;l%@ UB3p eclfié s 1s
because w deband and narrowband transm ssi ons cannot coexi st W|th| n the

same SR &igdiditicered 2(aHH2@A0m80.1 p@AKinsshiw he dondsy! infottivowompatible nefsmithual

interfergn due t t.he fre Ys es used for ach e necessarily

over | appﬁlﬁ HSt‘FﬁtuCO l?m%g}e e&\%ﬂ) n@ %@g&% Igh%erhoﬁ %Sec8ﬂ$¥§ured for a

parti cul gntsiidp ftlhedisicV Ideivaryd Q@s%drféds CTl&R&ﬂTﬁﬂoMcoﬁ@)aﬂMhlw pltexed onto

the sane sub-frame (and sanme transni ssion co%gé This condition can | eave
@

some fr eefidexéys thasipthecamesauning Bangwidthsrars ug agy pﬁ\méa@mi comfigused f or ci ng
th t d
wper 1 o Eogly on ARS8 IRRE LR THO L ATEP oo B HOTIR A bl o AERENC, |
system the periods2®lexist) khdesipqeentlg onsltipki saum@ngpamdacines &RSbet 0 be

w deband-only al so hurts the channel . estimation by forcing
power - | i ﬁaﬁﬂmenﬁégmvkslpé%ﬁavﬂé&n Bepamaiiterace Raihe reSanress ﬂ’aﬁl‘h%lﬁelbféy be

appropri ghsy ]&g%z% ﬁlf Biid &hifid n power to distribute over the
transmtte yan 5\?{0%0 ; llJEs ltoggﬁ{)? g edge of a cell, or those

suffering from high I‘evel s of i nterference at the base station receiver,
the finite colR0t adntilletratien offzhnsfm'ssmvbm tipoveeous periorecncs foan twhe recei ved

<7 naaefoRt SFio TREARGI St {obbr oA bty poded s FERRh ] e Al . "

transm sgidon M§ BbesH: Id FRyued AN crieds hmtbe@@alfﬂg?&uﬁﬁ@%ﬁdﬂﬁe GRfrihdJEs can be
i nproved by concentrating t the avail abl e SRS transm ssi on power within a

nar r ower Purpesesifitlis ilbistraderderae-B., (et latesdlackpeé thedop hichreoyestli ool the t he
frequenc n For it4ons, it
may stil ?(a i &E gfrilg‘g(?gknb&{l 8“)&&5%%%%u§?%ﬁ8£%\rlb%({)0§pc’ @&éﬂaﬂygg&slm/%band only.
This is be&ﬁau&ﬁ bidUks sfighe foan RPB3wech of smbﬁeﬁhe Oks As tike fro@ossat asthonighf, a

nar r owband SRS requires propartionally | ess transmt power (and hence | ess
batt ery H&HePy determined whigh psHedssmecompaithls sad which sigundmyviestherithe | NVENTI ON
[26] In accordance with the present invention, a nethodol ogy is disclosed
t hat enabl es narrowband aperi odi ¢ soundi ng and frequency hoppi ng t hrough
the use of additional RRC configuration, thus requiring little or no
addi ti onal physical |ayer overhead to support narrowband frequency hopping
for aperiodic sounding transm ssions. Mre specifically, a sinple approach
is disclosed that extends the LTE peri odic soundi ng reference signal

met hodol ogy to include aperiodic sounding. One benefit of the proposed
technique is that it enables each UE to perform aperiodi c channel sounding



soundi ng subfranme using a frequency-hopped approach where the soundi ng
bandwi dt h of the UE can be narrowed appropriately to match its link

capabi | i two 20ddi48336nal benefits of the new approach i nclpadasbeniss37y esource
utilization, |lower signaling overhead, faster channel information update
rates, and | ower bl ocking probabilities. [27] The net hodol ogy al | ows
the eNB to define nmultiple aperiodic configurations (each with a possibly
di fferent hopping pattern) and sem -statically indicate which aperiodic
configuration should be used by a UE within each SRS subfrane. [ 28]
Addi t i onpdtleyns droithestingicactetimo dicyeppsar iRtheBhino dulbyanid)i Rlord dpeci€ii g alne

m nimze_the nunber of aperiodic configurations that nust be deflqled and

si gnal ed? Waflaéhqjﬁn}@eﬂ? Iy sgpat ?@S%&%H’& PaEeFERCHS RYHY AfMssetbCof basi s

hoppi ng PalLales RBIR H&3 03k oAy WG dil &IdiArL&Ss, bltthisiGgbB est abl i shes

for periodic sounding to con ormto one of the basi's hopping patterns in
t he mi ni compasibtc with e 2 ms periadawhick nbddayvdritynedprbided ftat giigemifignged

met hodol ogi e y be. e BRI EF | PTI H [ 29]
The. br asBpeiy RN ERDRS MRy e tyetinely THIG MEraUaT Bneid & R8s obj ect 5

f eat ur esgiaAkoAONMA N RARSHHRES. 2ARANRND hPaddWiSEs §l&térh§ﬁe nBt ddMpatible DY

r ef erenci ngﬁthe acconpanyi ng drawi ngs. The use of the sane reference nunber

t hr oughowith thee2 @é\pett@rln ($9cqg- exibfienic gAktbutarg cpimpetille withrdarkpther. eleht .

[ 30] Flgu d Prior e sh a blo mof an S
transms |t%|1:1ns We bﬁusﬁétffi P guIr%ebs %r?hmgt 2y g’ﬁeq%gd‘%ﬁr 1|leotrwo,6\cr0tmpatlglner ally
r ef ]ger I edsdtOdadsritddiboee. 2No&iRw, WAl 8t sabws ol BEitg at ShiEFLMCPo Hihg fl@|rn§ ubf rame
configurations.
J period with a progression of a 1 ms pattern, the pattern maintains synchronization across
all time with the 10 ms pattern. Thus, the 1 ms period can be added to the second set of

compatible patterns.

[021] Thus, the two incompatible sets limits the ability to mitigate the
insufficient UE knowledge simply through eNB implementation. If all periods were
compatible with a single basis pattern, then the eNB implementer could just be careful in
the way that it sets the phase of each interlace and the hopping pattern could be set for an
individual interlace, but would apply to the others. Unfortunately, with two different
basis patterns, this can’t be done completely. The phases of those interlaces
corresponding to the same compatibility group can be set properly, and a single UE
hopping pattern will be valid for all of those interlaces. Since the eNB is in charge of
triggering the sounding, the eNB can decide to trigger only in the compatible interlaces.
This is a valid solution for increasing the ability to sound beyond a single interlace.
However, this solution only allows sounding in roughly half of the interlaces, and the

eNB scheduler will be somewhat constrained.

[022] Since aperiodic sounding will take place using the same cell-specific
resources as those defined for periodic sounding, the aperiodic sounding transmissions
must occur on vacant resources left unused by the periodic sounding transmissions, or
they must take place in additional sounding subframes that can be designated by the eNB

when more sounding capacity is required. The limitations associated with the Release



[32] Figures 3A and 3B, |abeled Prior Art, generally referred to as Figure
3, show tables of SRS Periodicity. [33] Figure 4, |abeled Prior
Art, showsoaotdaeids7di agram of subframes desi gnated as seomdisagossds7d r anes.
[34] Figure 5, labeled Prior Art, shows a bl ock diagram of various

i nterlace options available with srsSubfraneConfiguraiton equals 7.

[35] Figure 6, |abeled Prior Art, shows a bl ock diagram of incorrect

mul tiplexing of two 20 nms period UEs with a 10 nms period UE. [ 36]
Figure 7, |abeled Prior Art, shows a bl ock diagram of different hopping
peri ods. 8/9 periodic[s8uAlditd @uthed8ogh (ws, 1anitddanfocthatién ofailuble aother@i wmhthof a

system for_ providjng frequ ncxghoppin for aper.i odi c soundi ng reference
si gnal s. mat_n%ty to rp@lg]ate%m o TABMIR veseR eﬁﬁd&p BRARIIPISHRI A set of
basi s hoppidtg, PEIHaRERRs. More specifically, how to allocate resources to a UE for which

the eNB would like to obtain channel state information while avoiding collisions with

any periodic sounding transmissions that may occur. Also, how to obtain efficient usage

of the resources used for sounding so that a minimum amount of resources must be set

aside for sounding. Also, how to signal the allocation to a given UE while minimizing

the amount of signaling overhead.

[023] Since UEs can be multiplexed in the dimensions of time, frequency, and
code, the signaling requirement for allocating an aperiodic SRS resource to an individual
UE becomes that of: indicating that sounding for the UE is triggered, indicating the
subframe that should be used by the UE for sounding, indicating the comb that should be
used, indicating the transmission bandwidth that should be used for the aperiodic
sounding transmission, along with the starting and stopping subcarrier indices, and,

indicating the cyclic-shifts that should be used.

[024] A UE typically has knowledge of the correct hopping pattern to use for its
aperiodic SRS transmission only in those subframes that correspond to its periodic
assignment. Conveying the necessary information for subframes not associated with its
periodic assignment would imply that a minimum of 2 bits would normally be required in
the physical layer signaling just to indicate this information, and additional bits would be
required to indicate the other parameters. One option to avoid this overhead is to limit
the sounding bandwidth for aperiodic sounding to only wideband sounding, in which case
the SRS transmission bandwidth and its location are known by default. While this does
reduce the physical layer signaling overhead, it hurts the ability of the eNB to efficiently
multiplex aperiodic sounding transmissions within the resources that are not used by the
periodic sounding transmissions when those unused resources are such that they will only
support narrowband sounding transmissions. This is because wideband and narrowband
transmissions cannot coexist within the same SRS sub-frame (and same transmission

comb) without causing mutual interference due to the frequency resources used for each

10



[39] Figure 10 shows a bl ock di agram of hoppi ng patterns which have a
different starting phase. [40] Figure 11 shows a bl ock di agram of a
set of ba®DxROMMIBTNg periods conpatible with ot her souRdGTN$2@eN583d%.
[41] Figure 12 shows a bl ock di agram of bandw dth configurations that have

poor periodic SRS nultiplexing capabilities. [42] Figure 13 shows a
bl ock di agram of bandw dth configurations where a single interface is split
into multiple sub-interlaces. [43] Figure 14 shows a table of how
DCl indications are dependent upon soundi ng bandw dt h. [44] Figure

15 showstype de@gsaaily ofcriappinge Tass iCairawbaadpesdic SRStham bewl cvdiipgeca UE
operabl e _for so ure.

of the varjous, enbodi nents of the di.sclo
[45] Figlaré pfelcgﬁab\ﬁgb-éraﬁlﬁow@egﬁwpaﬁp ¢ SRouBecpsrmatiplroCems U ¢ he
various emodihRihS (Al sille udhSHL Q8 ESNb). This condition can leave some frequency
resources on SRS sub-frames unused or vacant whilst forcing the system to set aside
more SRS sub-frames to accommodate the wideband aperiodic SRS, thereby reducing the

radio resource usage efficiency of the system.

[025] Furthermore, constraining aperiodic SRS to be wideband-only also hurts
the channel estimation by forcing many power-limited UEs to sound at a bandwidth that
is wider than may be appropriate. UEs have a finite transmission power to distribute over
the transmitted bandwidth. For UEs towards the edge of a cell, or those suffering from
high levels of interference at the base station receiver, the finite constraint on UE
transmission power can mean that the received signal to noise ratio per unit bandwidth
(e.g. per Hz) at the base station is inadequate for channel estimation purposes, rendering
the SRS transmission useless. The channel estimation accuracy for such UEs can be
improved by concentrating the available SRS transmission power within a narrower
transmission bandwidth (at the expense of a reduction in the frequency range sounded).
For UEs in more favorable radio conditions, it may still be preferable not to constrain
aperiodic SRS to be wideband only. This is because for such non-power-limited UEs, the
transmission of a narrowband SRS requires proportionally less transmit power (and hence

less battery power) than a wideband SRS transmission.

SUMMARY OF THE INVENTION

[026] In accordance with the present invention, a methodology is disclosed that
enables narrowband aperiodic sounding and frequency hopping through the use of
additional RRC configuration, thus requiring little or no additional physical layer
overhead to support narrowband frequency hopping for aperiodic sounding transmissions.
More specifically, a simple approach is disclosed that extends the LTE periodic sounding
reference signal methodology to include aperiodic sounding. One benefit of the proposed

technique is that it enables each UE to perform aperiodic channel sounding in every
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[46] Figure 17 shows a diagram of a software environnment that may be

i npl enmented on a UE operable for sone of the various enbodi nents of the

di scl osurw0 2012/04433747] Figure 18 shows a bl ock di agram etCTars2éiblosssry at i ve
general purpose conputer system suitable for sone of the various

enbodi nents of the disclosure. DETAI LED DESCRI PTI ON [48] The present
invention allows the eNB to define nmultiple aperiodic configurations at the
UE. Each configuration can have a different hopping pattern such that all
or nost of the sounding subframes is conpatible with the hopping pattern
associ at edindingubfiemetisihfe fizpesrcodioppabippr@ich athicoontbe sounding bah8ividihios

nmet hodol allows the eNB to se statically designat h of . th

def i ned %ﬁiﬂ? g e WGS&PBWHH@{H fRdRAteh %’lﬂswab@ Bt h%g‘UEOlilq(‘i v 6§i c
soundi NG @vra'pgﬂ)%ﬂ?ﬂlcld?le%egérv@%tﬁéém&lﬁg@on T(WJ& %%&Hé’ad?fa@fékdes the UE
wi th know eg what woul d be an appropri’ate h p| ng pattern in the

subf rarreqhavm«:llmfosmvmmgupdae ptey.sindddwérahleckisg probbbihgesover head t hat woul d
normal |y be associated with providi ng bandw dth | ocations dynam cally.

50] Note tha r tures. nma sed th respect to one of the
Eanb]odi ments, @&?f &@ %‘10? 185?’8”?‘?53/ rfiégi Hjé’;qéﬁp%ea @bch not explicitly
stated i ébnfﬁ gurBiGRO Ea B Rith ﬁo@ﬁbl\y%ﬁff&!éﬁt Hc%@lnlg éﬁ&emy eed gL ficamnd

met hodol ogi es stated in one enbodi nent shoul d be considered as alternative
enbodi nemgiyatﬁfwl@alehp%fodtqf@nﬁgh@ﬂowm@ bented by a UE withgn pacRéiRéY ring to

Fi gure 8, %r ow chart of the operation of a system 800 for providing
frequency opp| ng for aperiodic sounding reference signals. The system
provides a flexible franmework that can be optim zed in different ways based
on the requir2ht Additiohdil, @NRBriaipérabeiihants,cnmethod by which the eNB can

minimize the number of aperiodic configurations that must be defined and signaled to the
UE is disclosed. This method defines a minimum set of basis hopping patterns and forces
all of the interlaces that the eNB establishes for periodic sounding to conform to one of
the basis hopping patterns in the minimum set. Also in certain embodiments, different

signaling methodologies may be employed.

BRIEF DESCRIPTION OF THE DRAWINGS

[029] The present invention may be better understood, and its numerous objects,
features and advantages made apparent to those skilled in the art by referencing the
accompanying drawings. The use of the same reference number throughout the several

figures designates a like or similar element.

[030] Figure 1, labeled Prior Art, shows a block diagram of an SRS

transmission.

[031] Figures 2A and 2B, labeled Prior Art, generally referred to as Figure 2,

show tables of sounding reference signal subframe configurations.

[032] Figures 3A and 3B, labeled Prior Art, generally referred to as Figure 3,
show tables of SRS Periodicity.
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[52] More specifically, the eNB initializes a UE by conveying a set of N
aperiodic SRS configurations to the UE at step 810. Each of the
conf i gur avpanr/defstnes a base hopping pattern and a spe®cCTius201088837¢e
definition using a simlar set of paraneters as that defined for periodic
SRS. The base hopping pattern could be the sane for nultiple aperiodic
configurations, but will frequently be uni que. [53] In this system
N wi ||l depend upon the exact eNB inplenentation. In alternate enbodi nents,
N woul d equal 2, but the eNB inplenmenter has the option of setting N
appropri at el y[0B8T Figeter4,ilateledrivatrt,8hows a block didgdm dheubéfBiepr ovi des t he UE
wth a sem -static indication that describes which of the N aperiodic
conf i gur S8Sietediag sQunding yU§fra@sth subframe in a systemframe at step 820. |f
the eNB triggers aperiodic sounding for a UE that should take place in
subframe n w f3un Ricf¥Ss, eMBcldd@Por Ah&Row 18 bidek SRR oBS&idulSnidigk! odi ¢
configuration that the eNB has sem -statically associated with subfranme n.
[ 55] Oneomianplalabic wisnsmshulyraneConigtiagon eartlvé conveyed is through the use
of a sinple bitmap that includes 10 sets of ceil (l0g2(N)) bits, where Nis
t he nunber of rodi ¢ S figurations,initialized. for the UE by the
eng, "This i ncl At bRt Pl los A ShOBET by bl et s s ner - ayor
si gnal i ngltitddinSPReiofl10che péridEUES Rab iaflijambpaaddast signal i ng, or sone
conbi nati on of UE-specific and cell-specific/carrier-specific broadcast
signaling. Oher_signaling nmethods to reduce the signaling overhead can
al go be gsed.[036] F%u{%%]lgv&iqdﬂ’d@hAff,ﬁBO\g%P@%G%ga%ﬁ difisEnE BePIRE f or each
subf rame %r 4@ system frame, other enbodiments could provide an indication
for a srT% er or larger nunber of subfranes than ten subfranes. [ 57]
Next, in certain enbodinents, the eNB initializes the UE wwth a set of M
par anet er ovel03i7tieFgetes8 shvats aafley alsatiof the dperamércefl d systeodfol pravedingi n
parameters in the aperiodic SRS configuratian ysing indications in the
ol car rrasary igvdBEbr fhafodn i kb RButSi ng f “step 830, For
exanpl e, each of the aperiodic SRS configurations can be initialized with a
static set of [(GRF! FigufdV $HowwsQr blo¢k@hgar sMmBhBiBumbiet of Babis h@?piﬁgﬁt er
overrides can be used to indicate that an alternative set of paraneters
shoul d bRAt¢E®d for a specific transmission instance. These paraneters allow
the eNB the flexibility to select alternative cyclic shift assignnents,
comb assi gnTefys) Flafird R HBHR (HiddkCdiBhivar bdihp berh{hRRTEIOS! ©
transm ssions wth e periodic transm ssions.

different starting phase.

[040] Figure 11 shows a block diagram of a set of basis sounding periods

compatible with other sounding periods.

[041] Figure 12 shows a block diagram of bandwidth configurations that have

poor periodic SRS multiplexing capabilities.

[042] Figure 13 shows a block diagram of bandwidth configurations where a

single interface is split into multiple sub-interlaces.

[043] Figure 14 shows a table of how DCI indications are dependent upon
sounding bandwidth.

[044] Figure 15 shows a diagram of a wireless communications system

including a UE operable for some of the various embodiments of the disclosure.
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[58] In certain enbodi nents, the paraneter override sets nmay al so include a
subfranme delay indication that allows the eNB to send an aperi odi ¢ soundi ng
trigger, wotoppaeisy that the transm ssion shoul d occur pCm/us260lss3ane | at er
than the subfrane at which the transm ssion would normally occur. For
exanple, a single bit my be associated wth the paraneter override set

whi ch specifies whether the transm ssion should occur in the normal

cell -specific sounding subframe or be delayed to the next cell-specific
soundi ng subfrane. [ 59] The system provides a very flexible franmework
that can be ugEd] i RigaanjdshotsarvlodktdiagrastofafUE beerablt f@rsenic gietid vwaions

i npl ementatign posgibh{iﬁies, and nost (if not all) of the alternate

enbodi mefihROERsRis b HY itflasHE- f ol | owi ng subsections can be inpl emented usi ng
this system [60] In another enbodi nent, a method by which the eNB
can mnimze &ﬂ@%”ﬁ@%ﬁgrﬂﬁméﬂ%kﬁ hif of QRO FGUcAh RO EMAMat PUSTHcbe defi ned
and signaled to the UE is set forth [61] More specifically, under a

| egacy apmriometicd awaldsopdratlée dnsomr of glcacsidupembibmerts af therislpurdet ween
different interlaces sinply because the restrictions are not needed in the

peri odi ¢ scengy,L9. AN le qf thi.s Is sho iLn.Figure 9 where every
Subframs 15 dRar onaene TETRNS sdler Tl ARl SRR Sces (even
and odd sdfutassteidiuelle fGrapRRUIiteEVajoustRbediarhatibyc difgdoiNB. Wen the
eNB establishes these two interlaces, it has conplete flexibility over how

it assigns the UEs to the frequency-domain |locations. In Figure 9, the eNB
has assiBEQELbéihgiﬁgﬁﬁﬂEuﬁﬂoffset of 0, a soundi ng bandw dth of four
resource bl ocks (RBs) and a frequency-donmain |ocation index of 0, thus
causing the UE to performits initial sounding transm ssion on the first

f our resourceﬁﬁﬁbcﬁéeﬁﬁﬂﬁﬁé“@nﬂﬁlﬁk%ﬂﬁheﬂNBé?Iﬁﬁ@3@ﬁﬁmkﬁﬁ@ﬁﬁﬂﬁs the even

subfrane I I h i . of 1, a
sounding&gg%%%#%bﬁ&ggeP%ﬁ?&ﬁggbgﬁﬁHgﬁﬁvggﬁgﬁgggg%%%ﬁﬁgﬁ%cg??%%ﬂ?%%Ex of 0,
t hus cauthangl siheodtof tie soendiog subftasndshs tompatbbeundh tg Hopaingmpagsinon on t he
first four resource blacks of. the 2 ns period interlace that occupies the
odd subf #sspeated withpneed thapparipgdig cAnHEaISpi ng patterns dictated by the
equations in 3GPP TS 36.211 (not shown in Figure 9). Because the assignnent
in the 2 ms pRUHPATHhRERIAGRRR dyhAbwR BN fo QA-SdRANPIBSeda® WRIChBFMed Wi th
no regard to other interlaces, an inconpatibility has fornmed with the 5 ns
i nt er | acthe [dsfinshaneniodiceanp@rritoehsishowd bawedd bywthie dFE if epenadibbquadinigns subf r ane

5, where _according.to t 2 .peri,od jnterl ace,  t four RB-wid

Dr oo SuREREATH AR stiliforfs, TrB RSP 0By Srotiind DRI bt el tc cor di ng
to the SwHE Wwall@bt ag epprbpigatt QoippiMBpMtceh® ir tha Bt £nsd, WhslcWHh g tRGfhyEichln t he
m ddle 1/ 3 portion o?p%hgﬁ%an J%E?E and thus collide wth ?he si xt een

RB-wi de lverrdgnabiag everhedd thifevouldgopmesllydy 4spregtediwath providing pgpdwidiwever
because . eN - | ete control over how it establishes the
interlac%@%ugﬁﬁygﬁﬁﬁg@ﬂ?han assigning UE B the frequency-domain | ocation of
0, the eNB coul d have easily assigned UE B the frequency-domain | ocation of
8, thus shift}j03g] t Neteshatrceitaig ftacats magdedisctigsed frathrreffBetodac bégdrur ces up to
t he upper 1/3 of the bandwdth. This condition_is shown in. Figure 10, and
basi cal | ?lné%ﬁ’ﬁ‘ﬁ{“é’ g arerﬁpp%ﬁatliror@ THFEROEPEthg Baohpnifihi e itace | hat
occupi es,PadLSHREhRAM®S vhQod Ehfiflr efinidiRk Uhd J&h&doﬂ‘@%%svﬁétb'@it{ &eults in the
5 ms period interlace being fully conpatible with both the even and odd
subf r amecmbetlimest shbulidibe c@nsrderpéps atbriativechdbodsnenasofcanh béths@dreri n subf r ane
5 of Figurﬁ 0, where the four RB-wi de transm ssions of the 5 ns period

i nterl acE"AYH S gn with the 2 ms period interlace in the odd subframes as
well. Setting the phase in this manner is fully backward conpatible with
Rel eases 8 an)s9] sRefeeridgde c Bas floRehhit @R iHdidpetayion bl aswtgnkog fdrhe
starting locations for a UE flexibly using the paraneter

f r eqDomaPtiePBkEnE frefenghheppingsiof ppryiodiresoyndias sefprenehegidl eFlaye¥has no

| mpact opy ot e RAleas %%&@%Qﬁﬁ'c%ﬁ B%; 8@1&}{} d 'ir?di{fﬁ&én}’w}ag& i g GRTPAt i bl e.

[ 63] By 1 nposing order on e Interlaces by setting the phases properly,

t he eNB mgnireraxitsroZthe NS impide¢ntatfonperi odi citi es that can be supported,
whi | e simultaneously mnimzing the nunber of aperiodic configurations that
nmust be defi ned 14



to provide each UE with the ability to perform aperiodic sounding in every
soundi ng subfrane. In fact, the nunber of interlaces can be reduced to two
for nost wb 20teen4leBndwi dt h confi gurati ons by sinply maki rgTaspéiensdsrey of
changes to the specification. Mre specifically, by defining a 1 ns basis
hoppi ng pattern. The 10 ns, 40 ns, and 160 ns periodi ¢ hoppi ng patterns
woul d be conpatible with this basis pattern, and thus a UE could be
triggered to perform aperiodic sounding in any subfranmes based on these
periods by sinply specifying the 1 ns basis pattern in those subfranes.

Al so, by defi 50y MoZe sprciirsily, tho@oB igitipladcs @rlVE bhadnvcgingefdeneftiNf or al |
subfranmes, and where the relative phase of the even and odd subframes has a
fixed remflioalr@sﬁﬂspcqn@éﬁﬁﬂem tortge Ut SERSA- ﬁﬁcfwéﬁ? gonfigurgfpons dghiness g 20
ms, 80 : i, QGl ' o ' with
this bag? age%g %gﬁ?&%%gﬂt{ h%c%ﬁ%?@gﬁ?%&%gﬁﬁﬁn erggﬁtag&gg??%?%bgéiri odi c
soundi ngas thatadefinsdi ffrparredic IS&Se d'herbastlesppinpepattodscdmd bé tiplsyms paci f yi ng t he 2
ns basi s ttern in. those subfranes. 64] .The change to the

Cpeciti bl Hreiacn Ut Yt HATHMRIBHE S e Can aper odi ¢
transm ssion based on the 2 ns basis pattern uses the nodified

f r eqDonmi nPosf(isBP nIthﬁisLs%t@ﬁl\,/NﬂVinegB@ inahé eaehENBURBRORAEtiDHDIK ames) =
nmod( NnRRc+2*MBRS, 1 /Msrs,3 5 MSRS, O Msrs,3) 5 where nod indicates the
nmodul o opearaate embodimentsndwerdd ecial dntaut dec Qppnrigmgatephas the apidon ¢fen appl y.

[ 65] Thig,r i y conpatible wwth the Rel ease 8/9
peri odi cgeégg‘;t%@%ﬂgﬂoﬁggﬁ%@@%ﬂg%131%% \gfgaggﬁbt i npact or reduce the current
capabilities of periodic sounding, but nerely sets the phase of each

i nterl ace sucf)5dhaTheweBpragpéesithel UE wioluadimgstidic indiveti@nthhyddsadvs what t he
hoppi ng pattern is for every interlace.tq wthin a choice of two

possi bi | Mcaoft |§‘P?Fé3td|1fb%’lﬁ$§}§f‘“PB%ﬂ§é’é‘§d?‘Weea B i $P BB hat st
be COF‘VGM%’SE(Qrlfttltbeel\ﬁ'-ﬂftﬁgge%riﬁ@imbﬁ{cﬁn PRI tha PRSPk OPlatOfn eVery
soundi ng subfranme to a single bit per interlace. In certalh enbodi nents,

t hi s i nf stmatriconwiteigarsybtag fwme thdeape Uligshpaldtuse theagpotipédis configaetions ubf r ame,
i s broadca a art of the cell-specifjc ranmeters rather than adding it
to the tﬁ’iaétégreﬁ %é?ml'gﬁﬁ‘&aélytaﬁ@pﬁ%gwltf&ﬁlﬂ@?%e% maxi mum of 10 interl aces,
this equates to the relatively infrequent broadcasting of 10 bits to

provide ever m@&wbh@ ckdhple KN @9 efoimdde cheBobsBRySRRPhddgRtheaMer Y
interlace, which is much nore efficient than adding a bit to every UL
r'c

grant t oof aEmpis Gitpanethaeippiudes Waets aficad(lag?pdnisonheredb wibs Agmber oft i gger ed
(which i ne: - daF-tll i - - e 8/9
Ues. voul PeRBRicRRsT et REQR: L RrFROOR IR, B, T ERA%H A
aper i odi prosi¢d dsing L ehdoEcchigiteriged sfgailiid) ecli-sfcificddander-specific brdad6dst Mor e
specifically, with this enbodi nent, tge system defines 1 nms._and 2 nms basis
hoppi ng i}&l@%@gn%r. somsgefbaretion RE LE-tsp icr?@dﬁsﬁmsg? CIEPADORiE H59Ad6AY | o
soundi ngipeli-gdHHEATRALIIRE fokoDtAlchuQ RELieSA U RMREELPHS pIlieanew basi s
patternsmgﬁan hown irgrqg%Filg%rg 101. Tﬁeusystelr% defl nes etﬁese %s?—s peri ods as
the resource mappi ng net hodol ogy for aperiodic sounding (i.e., each UE,
when i nstruct 461 oApbedghrthe syséan ostisons ouheitiog forvgagh dubfenaoine sybtetmhese two
basi s patgter ns to detern ne ich.dset .oé. ftre eng%-ﬁlorra' n resoyrces to use
for sountiRg TRTEOIERCLYEH SR ide an indicytiop forg, sligror aé%%“‘Hﬁ’ﬁ% n can be
defi ned QnfsiiEthanusd adpftahRscurrent Rel ease 8/ 9 net hodol ogy, but using a
UE-specific periodicity of 1 ms (i.e., TSRS = 1 ns)and a UE-specific
subframe offset of 0 (i.e., Toffset :0% S )

[057] Next, in certain embodiments, the ¢eNB initializes the UE with a set of M

parameter override sets that are used to dynamically modify certain parameters in the
aperiodic SRS configuration using indications in the physical layer message that
performs the triggering at step 830. For example, each of the aperiodic SRS

configurations can be initialized with a static set of cyclic shifts or other parameters, but
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[68] Also, the 2 nms basis pattern can be defined using the current Rel ease
8/ 9 nmet hodol ogy by using the 2 ns UE-specific periodicity, but defining a
new subf reoedepamsent freqDomai nPosition (i.e., |l RRc egqualus2ailomsssonfi gured
val ue in even subfranes, |IIRRC equal s nmod(nRRc+2*nmsRs, 1/ nsrs, 3 ,
msRs, o/ nsrs,3) in odd subframes. Alternatively, the 2 ns basis pattern can
be defined as two separate hopping patterns using the Rel ease 8/9

met hodol ogy and setting the freqDomai nPositions for the two patterns such
that the above descri bed subfrane-dependent freqDomai nPosition is realized.
Thi s | at the (pasnicesrivatirides vaLbdusee aninkdivate thaeanafltctratieesdr@s psrapatcker ns woul d
have to he | dicat%d for,%ach supbfranme in a _systemfrane rather than only
two basi $1oykt begysqd for a specitic gnsmssign finstange.s Thes paramstars aliqy g 10, eNBs
that w sH.&:@expl Qi | & éﬁ&% t phase of
each per?gg?%ﬁigﬁﬁg%%%E?ﬁ?ﬁ%FggghggP?ﬁg itH%%ﬂ%gﬁﬁgﬁgg%%hgéé?h?ﬁ%se t wo
basi s patffierendy multiplex the apFdddiAiramsmisshienssyigt tanpieriodihitenemisodnsrent woul d
define a 10-bit bitmap that is broadcast as part of the cell-specific

br oadcast infg{g?t'on. Eac f th éo bitstindicgte mhethFr.ahglven
subframe in eBch! sYSEERHTFRIRETER AT BYPREL YRR PR PaHEDBAN Y Ser i od or
the 2 nesipghie dResyiiRdicatidhi thati AbAA R dN0B td SharaRBipeN&Tiy sddadiMgatios@Saur ce
mappi ng to use should the UE receive an aperiodic sounding trigger fromthe
eNB. specify fhat fedensipissianshowd egar anp sulgrarmrdater fieal thaspbiigmeead iibiad .

Bandw dt j ' f u - I,N.: £ 1.0, 1 SSion
o cartt S aRsAS RARR Ly bEGH PEKARTE A RE B RY o ANE AR B3, 3
pl ural i t thePhranedg@iserideisciswhich Bgecsfing vetictigr artehtisthiRionfshbilie opauriioeicc
soundi ng shoul d be nmi ntained to the correct bandw dth to-Provide sui tabl e
pover coPRTFBI cahpesticrsoun@ing prdTang fthe defped e HpxtystivbesiiapPyndkog raf fi c
bursts, ap¢asR the soundi ng bandw dth shoul d al so be applicable for
aperiodi ¢ soundi ng. Second, the frequency | ocations should be fairly well

di stributed between the UEs within the periodic sounding structure since

t hese resour cE$%hr thassicgnpovolee a tvorydheilile frvmewotihhatéanhfberised inUES. Thi r d,

the periodi.c conb.assi gnpent,.shoul d be. correct for the .periodic .

cont I gur S GiTioR Ry most of B et orRdic Tl ohine htcn 28 Fgst (f deband
soundi Nngn@nA) Nthe GRBMIM dnlboldBndtiE8bstBb&! iNakd ANoRAMLK RO dNg. Thus, a
UE shoul d optimally require sounding on only one conb and the periodic
conf i gur @plomeripdusie Havsystoe correct conb assi gnment. Fourth, hopping
bandw dt h of the periodic configuration should also be suitable for the

aperiodi ¢ confj.durat.i I L ITRA I.S.:assigned with a
set of defaulB%g;e?V%ﬁﬂgr%@Pgﬁg%ggélﬁﬁggpban %@tﬁgggB#%#hggﬁﬁﬁ%%g pur poses
i n case hlebgefipaiclicanfiggtitians ot Mmas bealkfibekimdugfabydre dheyEE.is set [ 72]
Also with this system in the triggering downlink control infornmation
(DCl), t bits are added in addition to the triggering indication. Two
of the additional bits are used to specify which cyclic shift to use, and
one additi 0@[06@#1\40% gﬁ%ﬁﬁchﬂ’y,_ & d Med Qrapphiabh Hoasifcistafs ]?a&é'c'leon

all ocation is scheduled (e.g.”if the %hlr bit is set to 0, then the UE
shoul d pthefreatonsbips detvgeadiffdrentietrtlaces smatiln §eappotht uesttigtiohs prevtvit ch t he
basi s pattgrg.“i t he ns _pattern an iftthe hird pit ig zet to 1, then
the UE shEdFYHBF PEVRTS SR tig A FAR LTS BoliRdP iy FisHFoT PR Por whi ch
the basi sybBahdeas Bedignatddisa sdBndAE @ffime abldithoDY St efeildtes RIS End b
schedulln% flexibility of the sounding transm ssions, allowi ng the eNB

some f| esubbiapictipdiees, seshecdiyely) ssuentergby thawdR. sWhemtheioNEaestahlighes thesgt i sn' t

tied to e. or i i i i j i Thi s
1 oxi br 1 PISREAEE iRt ormfeletfa R B BIRTLREII R e BRERADS " & be
sonmewhat détegia lgdagiong. riamiglie 9su RNBigs tas A (SB ironswehadw et ¢fo,a. , the
traffic scheduler can first determ ne whi ch UEs shoul d be schedul ed based

on traf f}nding bgudwidioldpusisseureebloesdRBse aud # Bransy-daRgin Inestiodeci de

whet her i .55} i i o - WAl i ng
Subt rame sl B e e A i G O AT
| ocat i onfour rasoyrcé blgkeoftthe Rocapdrod)intariscehitroceas petht even sibliatieng r esour ce

bl ocki ng)
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[ 73] In another enbodi ment, the sounding allocation is targeted at the next
sui tabl e soundi ng subfranme (where suitable refers to conditions such as
timng rewoizoevemi3g, etc) and the third bit indicates wretrhseomwstd7subf ranme
is based on a 1 ns or 2 ns basis pattern. This enbodi nent woul d be useful
in the case where the 10-bit bitmap was not broadcast to informthe UEs of
the subframe type (where type refers to 1 ns basis or 2 ns basis), and no
RRC configuration was perfornmed either to indicate what the subfrane types
wer e. [ 74] I n anot her enbodinent, no third bit is included. Only the
two bit sSitrmlairllydihe&t\B hidsesdyndd CF §ha fiubfmate dffsctisl, asoumdihgbiadiwidthvft he
trigger bit [ 75] In su ry, this odi ment. defines ne basi s
patter nsP RBspd & feeapeney domin OGFtIQWG?’?@f{m G, Shpstqauging theddfy %@@gf@dﬁ full
knowl edgg0fi sbhRiidd ﬂ'ﬁﬁﬁ’s%}bn%rtﬁé Rirdt ERRYELER R RY loYthje('k I}ﬂk bémocﬁﬂ%ﬂ%celo bi t
broadcast nessage perforns this conveyance. 76] 1 n anot her
enbodlneﬁmto@ﬁﬁhsﬂgn@hwn@ﬁmsemﬁ&uhKHkhbmlMﬂmnmbmoamog@aﬁmni¢mmkwﬂon Mor e

speci fical | | i ng, et hodo e systemdefines, the 1 ns
e s et sdrdiansit SaBP oo D] b nPRa § e SRRt RS eBERRES m t e
aper i odi £ n3QJenel E‘rﬁe&&@ftlw%@éﬁt&rbdd%ﬁbﬁ@fhésaﬂs @eﬁ@f‘ﬂ%@l‘vﬁ@tﬂﬁ& reghfiBroBidfersi gnal i ng
performs the aperiodic sounding configuration where t si gnal i ng

conveys imtdriaces, awinsiomphfibiktyphas lf@ltqunfe‘illﬂl:‘él@ésmt ngerbige (@Opyatltl ermns pasiodopr i at e
f or eac hﬁl%@r% rr%lChAEe ﬁggelr%icflg@bfﬁl On ,I SI'leJ %ChCO? % ?O t(iilwz ms erlo%plgeﬁﬂgar, e

bandw dt quency ransm ss on co

assuned {he fb@ RBI&HHE GahsnlisidiRevied bcuturcn mam@F&tlex 8f the bandwidt, Bd{ | n anot her
enbodi ment, the RRC signaling conveys a single aperiodic paraneter set

cont ai ni #EOpHRBIvEhe f snssitichlage theaieunR B wide ﬁ@pﬁﬁtﬁ@t)ta@awaW@pwr in the

frequenc dition, the
RRC sign%?#ﬁgﬁggﬁbggghgﬁ€8%g®§&gF?ﬁgggf%pﬁggﬁﬁhﬂgsﬁﬁ g’%gtes the basi s
pattern iransefifsémts of drc 2me pesebintalmec.of each systemfrane (i.e., the sane
information as that conveyed when the eNB initializes the UE wwth a set of

M paraneter o i de sets, but uysi uni cast _ Si rat.her

br oadcast si gﬁ%ﬁ gywe%f becaf‘S?éF ziﬁ%??f@?le@r?&gﬁatr‘ér‘i’? howHcspb ?}%e Spattern
i ndi cat i #R$ntEAYcc8UndR8har thdh Ksfend BB theWeqIBhty %nﬁandtottt%xﬁ&to fiRr m t hat

only conveys the basis patterngfor a partlcul ar su bset of subframes in a

s yst em f eNgouldhavhpasily asegnadHéel Brilie &agianas-doampirhlacaicarnfidntius ebiftmeppi ng

t 0-0Nn hsubfrarret i S i.cated as, a
Soundt ng B P8 ie RE e R SR rB s Moy P ot L PR B vey e
an expl i Thi coRARGNG sHb&hen Fh@ard rolexd Bﬁm@ﬂl%&ﬂfduﬁts&o &ﬁtlaleztngsm@fsfa@ttfﬁgs is
provi ded al ong with the basis pattern to use for each

Al t er nat Bhage phibc irerlageghatioceepieresddswhapestogedifforenayne. oBiig n@‘gjﬂfiaugur ations,
al ong w {e@t_ﬂ?sgg tlr'{']edﬁ ﬁ%ﬁxeﬁgd ﬂftermk. 0; glt:{flift% g&ﬂﬁ at%?ec@ltﬁ‘%trhtﬁéjé&en :3Qfgguration is

appl i cable iC con PUdes indrcation of the
basi s patdbﬁrametlﬂdlbés @sbaed feoibd txtterlesw@fas anebe $el’¢n\l\ﬂﬂ BL(HfraIrﬂe 3 sf Eigplei 10abl e.
[80] In this enpodinment, in the triggering DCl, two bits are added in
addi t i onwheretthieiopr Rgwideitmsmissions Poe Sunt Perioddnteiiacepiavsalimewith thes?pec ify

whi ch Cy@gbgﬁtzaggt&latehm oHQSut AR weﬂd's%tt gtg@b@% rﬁh elymna third

bit may e triggering to speci asis pattern
t he al | obakiverd ¢enmcihkduitieBelchses 3rmtll9e;nncalthmmaﬁles ‘émﬁ‘@dthmlyto,f assignispundi ng

al | ocati S,.t et ed _at t suitable s rane and a third
Bit i e aletint PR Bef U AR b LR o b P o 408 on a 1
s or 2 g%iRadk phiRl beMB interlaces has no impact on the Release 8/9 capabilities and is

fully backward compatible.

[063] By imposing order on the interlaces by setting the phases properly, the
eNB can maximize the number of periodicities that can be supported, while

simultaneously minimizing the number of aperiodic configurations that must be defined
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[ 81] In another enbodi nent, RRC signaling of explicit hopping patterns is
used rather than basis pattern indications. Mre specifically, when RRC
si gnal i ngwvof20exqahisci t hopping patterns is used, the sysPtemuss@s/ RB®
signaling to performthe aperiodic sounding configuration. The RRC
signaling can use one of a plurality of nethodol ogies. For exanple, the RRC
signaling conveys a set of aperiodic configurations. Each aperiodic
configuration includes a set of paraneters that indicates a particul ar
hoppi ng pattern. O her paraneters may al so be conveyed such as conb,
soundi ngtohaadide didh, UBmdthfthe gbitinciy-padeforh apéragiousonadingde ¥very Bowndway i at i on of

i ons are provided in the same RRC signaling as to

h
ho: ihoggé&ﬁtf%g}%c %ga&:%ﬁ@% pymbeiofjingerlages gar by redpged;te fwo &Imszlﬁg@e In anot her
vari ati oy, fyidicsn %lﬁﬁt%ﬂs 151 b dihGe égltu?ah? §f &{aﬂgésqg‘iih@%)eh@l%atﬁﬁic

signaling. The exact set t is 1ndicated using a bit bits 1n the DCl
used to meSnehéicakbﬁr’ayahﬁoing@uhnhs ibgsis hompoeg pattern. Thd H21]nsAIOsms, anld A0 RRC

b1 0o ar oaduutF bortite PRRGHOFPHE bep PRI b De b bR g urAge
i ndi catl@amawr{gg%&atw@rf&ln{ §pe‘ﬂi%§fé So@n&RES] iy s‘ﬁﬁfr%e§b(é%ledl snatysét to use for

t he aperi odi ¢ soundi ng. [83] In another alternate enbodi nent, a
30-bit bmrmpip by§1m1§mp¢cafﬁ/mrth@ th as @s@@att@mtm Hioseraybiramivs. vitsody defitingher e a

bi bi d d h h d
S & aoh 2 TREbsR 1R SHg PRE S 0k i Gt Sl LS B8 bR pRRARE 2 or L ©

i ndi cat ephasBbfihelRasi &@@Idtsﬁlbﬁaﬁl@s h@%ﬁf@r&ﬁﬁoﬂiﬁhﬁidbﬂt&apﬂﬁtﬁ@t shewappl y to the
basis pattern in order for it to conply with the subfranme of interest. For

each subFiaree’- Thee2 M DMrei( B 8%m&@ﬁdé98alsrr€@@fmuh@@pmﬁ@@ﬁ@m piealddiesi s

attern S f isin
ot eot "t TPy TR 0 b FRuaR i B hTC AP O R0 bioch BOBRGE, 7,
bi t map csnundepliaaey subdrabids badedintth@p periodd iyheémptyhepcbiErisp dwi X g bRRC
configuration, epbodi mgnt or the cell-specific RRC configuration enbodi nent.
I n addi tP%WmthQO@Eug‘g%‘E‘P%i c embodi ment can be used to configure each UE
individually at SRS configuration, and then use the cell-specific signaling

only when the[o%wg thafos: e%e%ec‘iﬂf&ﬂbﬂh‘r’cﬂcﬁ@%cﬁ?m@ tRitfid & MbReRRl NY
pattern. 5] In anot her embodi ment, the system provi des support of

non- hormgemsd@dmmdmmglowam aitthe 2 nndEsisghttemaiseethe ngplefeddf i ¢ bandwi dt h
confi gur 1§r (i_}??rgalmﬁ%sné%ahbeug%\%’m Ppe){relagonsthlp nRRCEOdH lcljbfb anslels _functions.

However,
mod(nrrct2*mgrs,1/Mgs 3 , MSRS 0/Mgs 3), Where mod indicates the modulo operation. The

known equations of 3GPP TS 36.211 would then apply.

[065] This methodology is fully backward compatible with the Release 8/9
periodic sounding methodology and does not impact or reduce the current capabilities of
periodic sounding, but merely sets the phase of each interlace such that every aperiodic
sounding UE inherently knows what the hopping pattern is for every interlace to within a
choice of two possibilities. This methodology reduces the amount of information that
must be conveyed for the UE to have complete hopping information for every sounding
subframe to a single bit per interlace. In certain embodiments, this information regarding
which hopping pattern applies to each subframe, is broadcast as part of the cell-specific
parameters rather than adding it to the triggering DCI. Since there can only be a
maximum of 10 interlaces, this equates to the relatively infrequent broadcasting of 10 bits

to provide every UE with full knowledge of the resource mapping of every interlace,
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configurations that have poor periodic-SRS nultiplexing capabilities, and
essentially require that UEs with different periodic-SRS periodicities be
i sol at ed wo 2didd4e33ent i nterlaces. An exanple is shown i RCEFiU$ae16/038379 whi ch
shows bandw dth configuration O for a 10 Mz scenario. In this exanple, al
soundi ng periods are synchronized in subfrane 0. However, very few of the
periods can be multiplexed with each other. Interlaces can be established
in which UEs with periodic sounding periods of 1 ns and 5 ns can be

mul ti pl exed without collisions, and interlaces can be established in which
UEs w t hwhehiioghuch mnm@ﬁﬁngnpﬁah adldingt bt tcmevap\ dIT1franstoddentife theurhdpppigexed

W t hout coII|S|ons E any .ot he dlng erlgﬁ rust be isolated on
a dedi catasd ting By JpsERIC SOURAIREIS LBggsr ’étqﬂé@ SEEIMAitHgati¥ansni ssi ons of
bandw dtﬂm%(ﬁ&gn@ um@legacw@&éd@é W@Essweﬁld%m)%% i mfcﬁ’ﬁﬁlﬁHﬁ@mEé){he hese
bandwi dt h confi guration two periods (A must have the relation that

A/ B can Wweuldwenbyppditwipdeetlibyounding aaldlhave nmhtadpfbeﬂlengforr%muse of the poor
mul ti pl exing capability, it is questionable as to the extent that these

configuration i 1], be us in act l o er,. they can be
supported usi Mgthnbogr e el B 45 BT O SnpBarHE S B4 g to
non- honoge B@M§h@@ﬁ@pﬂ@nﬂaq®gbﬁéh$hese hopping §zﬁlertﬁsﬂfoﬁﬁ% sendrafdkiIReindigd at i ng

t o non-honmpgenous soundi ng bandw dt hs, the system continues to use only the
1 ms andPiags cg@ﬁatﬁoliam&l@ﬂrﬁher?ﬁ@dem&mds v@iﬂ/ﬁ: ngw pagis patiparsdre shayyn WE i f t he
aperi odi S S | i I

Sgun di ngﬁ h{e E}% s'y 1ngs trhg%':lﬂatsls rlgdscﬁ thé ZésS&cwaBPﬁigq}é%lﬁoe% % odi ¢

soundi ngfdk @periddec Mﬁndfmgt(h@.t ea&h bfm, Mn&ﬂmlrumdtus perfidrind apriodicabusdibd,r ame.

[87] In anot her enmbodi ment relatlng t 0, non- honobgenous, soundi ng bandw dt hs,
the syst WAtlddNE PRuekthess tredagispyiterRstordetrmingwbichsetipd diegueieyt N but adds
addi tion S & 88 allng to specify a subfrane shift
t hat sho&%dggé 33% ?Egoto @% %ggg?gﬁ%ht?% n to obtain the correct hopping
pattern for a given subframe. Since the 1 ns basis pattern repeats every 4

subframes, 2 W6 The t e tBSH patderh daehabéfencdivy sehBytusingrthggerenaBelcasdi ¢

soundi ng e soundi n fra dl ess. of .t he_ peri.odic-sounding

peri odi c%g)t9 §n§h Sdology Hut[@g% ﬁsﬁgéﬁf){rﬁﬁ ‘89{{58&’ ?ﬁssln]?ls (e ’:ﬁRﬁg %S)ﬁ%i ?honmogenous
soundi ngubapdvikid sistrach DR 8 € M d. NCLeas@s the number of basis patterns. To
provide full support, the bitmp woul d be expanded from 10 bits to 30, with

each set of 3 bits indicating one of the basis patterns fromthe set
{1, 2, 4, 8, 16, 368k} Ak, the g mnbasisernfetn srarbe deliped wiingthsspirenfiRelers8Fer i ods of

1 nms and . r undi ng i s
supporteﬁéﬂﬁﬁ?@gfb?H%BFpggéggéﬁad&gﬁkﬁﬁg%dkggQ&h%EE?PQB?wkﬁﬁbEMi?h periodic
SRS pe (r]I | éstenddnt ZregBomaihPdLition (1aaer GlRH@Jﬁquam tax eﬁi‘llﬂg’lllréd”l@hmmr\]’l:ﬂﬂh&iﬂaag@
Aperi odi ¢ soun |ng S ported in that inter e _ysing the 2 Si s
pattern. nItBE§qu ? Fog( ng@ﬁ?gmses GRS 3p dR§REY M2 2@0&@ @mes oiAétF’é’&“&‘i’erttﬁ%l r own
|t er | aCE g paNIPEL hatea LB QUARAOKoppTR: SHRARIIRRRE KA Sound] 19
for this inter basis pattern I s use a periodic SRS
peri od ofmcthodotpgpred scstidgthe dreqgPotnh@iPositioms fonther thageattasis lsgclktih@tvﬁw peri odic

met hodol . Jo su rt a 0 SO ndln for th| t C an 8 ns

basi o patTbE ereOHE BT e L FEAP P Ao BaPRIAoT MBASTRS are i ol at ed
on thei r, etV hRful @8atiflaNeh kIt e BESis ﬁﬂte@nm&nem@@yoe il@cHEPRAT t
aperiodic sounding for this interlace, a 16 ns basis pattern is used. UEs

W th a peacheublcar8R® pesiconlrame r8lenthamendy bsobatisohtiemst hei r own i nterl ace
usi ng known perlodlc met hodol ogy. To support aperiodic sounding for this

Loueriace. 2 Rl aRASh iibBhb&heh® iR e S cMb uREIb B RS e 0d Of
320 ns are |s err o own 1At ace using known riodic

net hodol bgys pafierrs ummt hieedpe setobh phas0 uflehchg)eﬁodhc tsmxﬁimgmhwrlaa@m that i64 ns
basis pattern is use [89] In another enbodinent relating to

non- honn@éﬁ@@§tQ@HﬁBfﬂﬁﬁﬁaﬁﬂ%ﬁﬁﬂﬁgﬂﬂﬁhe system uses two basis patterns, but
allows the eNB to specify which two basis patterns are indicated by the
10-bit bitmap. For exanple, |onger-duration sounding nmay be limted to one
value (e.g., 40 ns) and so a 1 in the bitmap could indicate that an 8 ns
basis pattern would apply. Shorter duration sounding could be limted to
the 2 ns and 10 ns periods, and the 2, basis pattern applies to both of
t hese and could be indicated by a 0 in"the bitmap. [90] In anot her
enbodi ment, the system provides support for interlace splitting and/or
non- honbgenous soundi ng bandwi dths. In sonme scenarios, interlaces can be
created where it is difficult or inpossible to designate a single

sem -static hopping pattern that would correctly indicate the proper

bandw dth | ocations in every sounding subfrane. One exanple of this is



[91] More specifically, in the DCl that is used to trigger the aperiodic
sounding, Mbits are used to indicate one of N possibilities regarding the
resour ceswoaobra4uzsed by t he UE when perform ng the soune#cmgis2vibesssthe UE
has been sem -statically configured to perform aperiodi c soundi ng using the
full channel bandw dth, each of the N possibilities indicates a set of
resources fromset A (e.g., different conbinations of cyclic shift and
conb). If the UE has been sem -statically configured to perform aperiodic
soundi ng using less than the full channel bandw dth, then each of the N
possi bi | i ti es[070¢i a&betha sg@Emaii thiesabsdiesnt woutd definda (@b bitneypahdtds shi ft

and frequency-domain offset). An _exanple of how the DCl indicatjons are
dependen? ™4 t%sypéﬂﬁmeﬁgsps@ﬁa\kmﬁﬁast R ét%(f_l%fn hin
Figure lgn.dhg: gn_wén ﬁwaﬁ{eqnfeagll %y%teﬁ‘isﬁ*yrﬂ‘@% Aling G e the NAR YLEHLMES 2

senm -static configuration o or part of the~paraneters necessary for
t he UE tor the2fnoy basaperiod.diTbissoiondating. informs kivery ddamphieresdured mapisptoassunmed

that the aperiqdi c soundi ng bandwi dth j.s one of thos

Som - st b PEpHg BT eange spddife S o AR 5 exanpl e, when
the eNB triggers sounding for a UE, the eNB al so sends a 3-bit indication
within the t r[mﬁrmﬁ, Wieh tHi9 systdie -roURC shRabid isebqiRIOWakwidiN dbpping UE
shoul d use for the aperiodic sounding. The UE, upon receiving this

i ndi cat i bandwidtheldeaicngiederppin dpratian.cnd degsmisaion Co@moehbe takbn E08HEaN i n
Figure 14 e Lt.s sem - i | per.i.odi indi ng
bandwi dt%e.rpq%?C {hr?gl@t‘ll@t“?% Tliis é‘?sté{b?e?%w;?ﬁgg% ?’3 Eere“g%’%t gfr%oter SoRtE | M ¢

w debandbaduidth g thetpreipdicheutding shottd Se bty ophd edreecebdndyidth@sm col uim 2
of the table, which indicates the appropriate_%yclic shift and conb to be
used f or PiorKleapizhloppwersontal HY cormashins) Befe infarmpation befreen yphigkhandwi dt h

| ocat i on..j&: .t i I 4% i |, .= 1 nmpter. If the
UE s comt e B o A O 0 AP o PAIERRL

appr opr i stuadmat ISgcdmdothedmquenty3oaitionhshaubbbefainlyhivelh distrdiuteat esw ednethe
appropriate cyclic shift and.a frequenc ffset to be applied to the
bandwi o FIEF o6 6 reradic BTt Wﬁ‘??rﬁfl%/‘i/t?lﬁ%eem?%‘?ceﬁﬁé% AP learE RSy

i nst anceperRBch Qi fEMIBSs. tHBrdS &l8 pesibaici bRlbl Xsig Rt AUs @d beRBRc{tFbr thhe
transm ssion. Thus, the table in Figure 14 provides a set of overrides to
t he seni pgtagid eulfigyrationf Hgre gds agsemid tiat opasccamtevaf be ugdtfhiowtlebardde tabl e in

Figure 14 uses only the l .indication and the.sem -statigcall onfi gured
bancw dt WTBTGER N KA AT b6 Ao dingR b ifE Rl ey W g an
aperi odi ghosRUGHHnGLytre QiR HosRdiap onloalydsie doafdl #8 thaperdldsdedigigarmpbayed whi ch
are a function of even nore paraneters, such as the nunber of antennas that

t he UE wihouldfipeeiretoriset ¢ammhissignisat. dpprthoberpinpbimdividth of dedieriedicons, t he
cel | -specj fd i fi. i 1S ] f soundi ng

cubf 7 anecorsgr R A s RE A A bk Sob atifer I shilfte 20

[93] | n anbddieentesdubdiBedssighedwil adeing detyutaptribdic paairetdrathet Gplbet ti ng
and/ or non- honogenous soundi ng bandw df hs, the eNB sem -statically

conf i gur $SdAAIOHBAINE REMOAEH 18 £R5edHC PEiqdic srIfiguEMtigahannebegperiprmed Yahot her
enbodi ment of providing support for interlace splitting and/or
PonjhO"Pge”0URW?PUﬂﬁbQﬁﬂP@ﬂQ&@Qhﬁ%ﬂh&%%g%ﬁﬁ ABThtisk BSdtRkdf¥rmERidhi gures an
indication that informs the UE of which sub%ranes that set A should be used
and i n widCh, thudsfbitapesaddhdin additidd tolbutrggbengimdabation. Two of g]adNidiosalt hat |

whi |l e t he, above enbodi. t.s. were cribed.int .cont ext of, providing
suppor { TvTE H P ABE Sr ek PR AR B shoniogreg A et B dt hs.

t he Poncﬁﬂ&@ﬁ&ﬂmkﬁ¥ﬁ&mhﬂhéMﬂxﬁﬁ&ygs@ﬁ&ﬂﬂ%ﬂ@@tﬁ%&ﬁ%ﬂﬁ@ﬂﬁé@hh&OhﬁmﬁﬂE'Oyed to
provi de ot her benefits not necessarily related tggprovtdlng support for

i nt er | acEEsppuldivergrra selngingnas thavemxd samd g apporianibgton amaki the hasis mtiedt e

gener al {cati of .t on t rovi.de tQ reduce
The - amoultiriol iR ada e PREY S, SRAEER, M RLE BeRa TEIaRES Aehhe &

pr eser Vi thg nekissoabdihi bypdramitl Her wNBh tie tadistpapédxs thee mopmeinny Thiansni ssi ons
of multiple UEs into a |limted amount of sounding resources. In this nore
gener al BiftsoyingEates thqehedpingdigxibitityraf dhy yopnding tiagppisgiony alleywe thhe set of
aperiodi ¢ sounding paraneters at the UE that is to be used as a default set
of soundi ng paraneters. [ 95] is set may contain all or a subset
of the follow ng paranmeters: transm sSion bandwi dth (e.g., srs-Bandw dth),
hoppi ng bandwi dth (e.g., srsHoppi ngBandw dth), frequency-domain starting
position (e.g., freqgDomai nPosition), sounding duration (e.g., duration),
configuration index (e.g., srs-Configlndex), transm ssion conb (e.g.,
transm ssi onConb), and cyclic shift (e.g., cyclicShift), and may contain
addi tional paraneters such as the nunber of antennas to perform soundi ng

Y U I o P 2 1 1 o~ v



[97] When perform ng the override process, in the DCl that is used to
trigger the aperiodic sounding, the eNB provides an indication of the
overri de wbab12m4330 be used by the UE when perform ng apemriusdiio/osssandi ng
transm ssions resulting fromthat trigger. The UE is also configured with a
tabl e that describes which paraneters in its default set are affected by
the override and how they are affected. The table is a function of one or
nore paraneters sem -statically configured for the UE and can al so be a
function of the sem -statically configured cell-specific paraneters (e.g.

sr s- BandyiWBtsbfio ek iiljty as soietilile séumdéngatrgalsmigafons i fin ardeatdlagish’s tied koxstr at ed in
Figure 14, which depicts _that if the UE receives _the DC |nd|cat|on and the
UE's senPldstapylugh ﬁv‘ SeBRNG HRRENIEYRNSAY g)%waﬁ% Qeyibiithis v dreHable

confi gur ﬁﬁicé( 195113&/9@1@%@1@&1’1@&“1&&0 e s&mewhitlie | 65 tf‘?&%}b%hﬁmg) then the
UE shoul d interpret the DCl 1ndication as over I ng bot e cyclic shift
val ue antartshessionestbodidsi (om th@rttaﬂ\"ycad;ahed;uleﬂ-mvé"uardetarmittmhit‘JEUEs should be

sem -static II confi top m narr and .soun

r o BandaiHed bR on T e R P o R DR e e PSR Hids al e and
the freqygaeyr AQMREMgHaBShisSion Y@t’el{@ired and if sd, %ﬂlch\/ﬂljcbﬁnf arembdvangeci fies
the override values as a function of only the DCl |nd|cat|on and t he

soundi ngbbmatiwiudeble vathtiespectilol the desired epvidsimlnedtiont(i. @hfr@qmnbjeloaawﬁcu on of
any of the m. - St conf i aur, | I -specific or UE-specific val ues.
In part|cﬁ*gﬁhﬁ?g(ﬁesgﬁnggﬁgp (%ﬁ%%%: Sch are a function of one or nore of
the following: the cell-specific bandw dth configuration (e.g.

Srs- Bandmﬁdth@bi]igmanhebﬂﬁbmhﬁﬁtUE&m@ﬁmhg@HS@wbde@gﬁHMwWK&ﬂbds wi deband
or narrowhand, the exact UE-specific soundi ng handw dth, .the nunber of

ant ennasSuebls spap dipg g SBmedgTa U HARIRTESTSSR Comqltlwuahl 8vfiBEg function of
whet her {GirsAUNdicny ahd ARSHIE Bl libed PhfGHharsDoeathl IS &Pk 1 Y &

peri odic |ng ansnlsS|ons are to also occur or whet I's to occur
in subfransimmspmwnncﬁhmmhﬁmapmﬂnmdmh$wnmnﬂﬂmgﬂmnamswhssMﬁnH)hmbum@poccur
One advant age . of thls e od| ewer pits have to be used for the
DOt B it T ML el ST GL b RSP OF G (LA of at | ¢

par amet eBa%lsVﬁ}%E’Sésﬁsqra{Hd% RRE bAbkGti@PKEPp iR ERRENS ildiM4eMNvhaNKPr OVi des
a signaling-efficient means to support aperiodic (triggered) transm ssion
of frequ migdppedvarar r owband soundi ng reference signals (SRS). The system
and net hod all ows for narrowband sounding to be perfornmed in every soundi ng
subframe in a ner cyr do epar ati on
etveon al | UL frblRE SRR HY PR, G BRP LRI G 0n V' some
addi ti OnﬂlkiiOBB@h@Oﬁflicghffﬁieit @Nuse is mclud[e@%th\ﬂ&é fipgtr siich a system and net hod,
an increased anount of physical [ayer signaling would be required to

support narrowband aperiodi ¢. soynding i h_every soundi ng subframe | n or der
to explicitlylQ/adi Bayampdy. this H)eTY deBRgss® RaskPaHBY [ICHRBPIEREES each
time an aRgdd: Q¢ oo sl for full knokddd)Qlor tche Aici¥igmiand et hod
provides a plural ?t 8 eﬁe?gﬁsﬁghgrdhlﬁb %ggcilne %@F reqdlred to
obt ai n updatrecs to kbahfnkﬂ bitspfiod atrhﬁ)-|bctﬂv;roadealiuowdsalgb@cﬂfomgs, thisessvdyayer. 1

si gnal i ng overhead; and, nore efficient sounding resource utilization

0101] Fi N t t t | udi
erbodt ment - of 198k IafRiier piRy frtiph FGaS eB g S S BB LY Bio sl crvent 1 g
aspect s mforhhgofl wr@wcmcabﬁwﬂlma RS @igﬁa@l@ﬁgeméﬁh@amagﬁ Qe BB/tei MaflRY t o

t hese inpl ementati ons. Thou illustrated as nobi | e phone, the UA 1501
may t akethgdrmberxl 3 g bgsip n@mmu Ade éyskﬁ:méhleélslssehﬁﬁs?ssegnahag gmpwformgthper sonal
digital t t Iaptop
conput er PRRa ur ey bty A o SR Ehenf. SRR BRI Rirenh 008,
sone errbﬂhdlapﬁﬁttcﬁc funtithg @Bhfighragel @herkhige RRCIShEhLIihG coidicy ol neiabit pur pOS e
conputing device |like a portable, |aptop or tablet conputer, but rather is
a speci aPUpHr fhas@dicatentini @é&slpaﬂ%,m@@mt)@@a@d%eaaé subfiasng- | APgindife, a wirel ess
handset , r | a
vehi cl e. pa& 9%% Si‘%%a%ﬂ“g ﬂslghch)g gg%&gaetﬁq?énc Xd&%ﬁg\lldlcggé’ﬂnd ealnlancl uded
in a devﬁmsnﬁhﬁM1®mﬂo&Rmmhamdaabahkhhuﬂasﬂqunbmamamsmmﬂs transport abl e,
such as a desktop conputer, a set-top box, or a network node. The UA 1501
may support specialized activities su p as gamng, inventory control, job
control, and/or task managenent functlons and so on. [0102] The UA
1501 i ncl udes a di splay 1502. The UA 1501 al so includes a touch-sensitive
surface, a keyboard or other input keys generally referred as 1504 for

i nput by a user. The keyboard may be a full or reduced al phanuneric
keyboard such as QAERTY, Dvorak, AZERTY, and sequential types, or a
tradltlonal nuneric keypad wi th al phabet letters associated with a

o o - o, S I N o, R D o e o



[0103] The UA 1501 may further accept data entry fromthe user, including
nunbers to dial or various paraneter values for configuring the operation
of the UAVOR0/04333¢ UA 1501 may further execute one or ROTASI@ONIEBIE Or
firmvare applications in response to user comands. These applications may
configure the UA 1501 to perform various custom zed functions in response
to user interaction. Additionally, the UA 1501 nay be programred and/ or
configured over-the-air, for exanple froma wreless base station, a

Wi rel ess access point, or a peer UA 1501. [0104] Anmong the various
appl i cati ons E¥E@T ulnadioehebymbbéinldAt, HXOR R Erséznaliig borbicovs eihglewhedddienabl es t he
di splay 1502 to show a.web page. The b page may. be obtained via wrel ess
communi cBATPBAST ¥t CANEINRE RAER eﬁ%éﬂ&%‘i@&é}%@% h?@alél,g%&nfiwdith,tm?qcm peer UA
1501, O 4 iin B0ciibn MALE! RS- GARTIYRA EBRbO: RRHHEN knORREXMAIh I 0GRy e
network 1500 is coupled to a wred network 1508, such as the Inte?net. Vi a
t he wi r el@b8 bitmak femahch hiE that iedicates Werbasis phterin ¢80t forasclnsddmend af
informati on on various servers,. such.as server 1510. Th erver 1510 may
br ovi de. ST AHALE (rhy 15 IERGURTBR HS B BNy <5090 1] S8 AL BN 1 he. U
1501 mayihaeHes$thlanet SeMRFdm & chriicQe8hb@ RRGuntddstldhhlias tRG R an
internediary, in a relay type or hop type of connection. [ 0105]

Fi gure 1brogéeawssignabingkck di agram of the UA 1501. Wile a variety of known
conponents of UAs 10 are depicted, in an enbodi nent a subset of the listed
conponents an ddi t:] - - i:sked. [ ed in the
OA 01, he. U "th 1 HelsG oo fatRe MBS syl SUEH IR Ra 0 B3, G &
menory 16i0Aap, Aat 88960 a diffi@ctifodl Thareylyfoonritdigthd buslsydacarforn pamivalaand front
end unit 1606, a radio freguency (RF). transceiver 1608, an anal og. baseband
pr ocessi Wyseifsubligprees 18 apy ey dhitire mahis casgnthedpdisaions 8 drEs an gapticdy
headset pgg; 2 B A AR For GBI Ao 1, inflichRERYARbEndERITOr Y car d
1620, a unﬁ%gégég’%ggfé?&ﬁis%%%§g§mgd%t§%622? a s%ggg‘ggﬁéegéféé SsS
comuni caitbifi@mesutheslyraddoastin@dmation) adreh¢ inlg26onsamkelpadeiB28, mappirgyui d

crystal djsplay. (LCD), which [ pclude a touch sensjtive surface 1630, an
[Gb cont PBFECR 8850l el bl Eats eddeElest Mkt rs 4 o5 @ aner &
control | g fA63kKn and a gl obal positioning system (GPS) sensor 1638. In an
enbodi nent, the UA 101 may include another kind of display that does not
provide a touch sensitive screen. In an enbodi nent, the DSP 1602 may
communi cat e di%78tt Altergptely thh &Rfe prenalinpauay ¢invhn asctpdgperglie hr ough t he

i nput/ou .hterf 1. TN 106] T P._16 r: S 0 form
of " cont r o v HEPEL AR PP ngication o Eh glitPerSenp e i SPTRRI o
conponenissipplicablee Rddh 2Pdriddic esrEiRUERIBE endNidel af Mkeldiod of efctbagic §ademftd r mrar e
stored in nenory 1604 or. stored in nmenory contained within the DSP 1602
itself IW3%ﬁﬂmﬁgﬁﬁtb%ﬁﬁﬁ@n@ﬁﬂbﬂh@B“§éﬁPMﬁP@kor firmware, the DSP 1602 may
execute other applications stored in the nenory 1604 or nade avail able via
i nf or mati on_ caib} el fRYhoditithe 35 ROKBBS: BA§ 3SRk AReadiR i Paddilish LN
renovabl e nmenbry card 1620 or via wr or - wi rel ess network communi cati ons.
The appl foch¢ irgesng indaracomayitlc thepwb es asclanppoey wleth ofclivabifi toerse éadabl e
instructjons that configure the DSP.1602 to provide the desir

funct | ontie PO sEd g ekt s QuF RN eyt st eree T ovar o

I nst ruct §RBFy tQ WACIPbRESHRFh Y aAbakiBh & RhEhRED. AN 861HBF AIRYA® I ndirectly
configure the DSP 1602. [0107] The antenna and front end unit 1606
may be peobediednt thesonwding albeeierrs taigeel as degicyaliteblg naunslingsubiiiernlc si gnal s,
enabling_the,  UA,101 end receive .informati.on froma,cellular network
o - some SRk F gt G PEE S BT AT AT Rl § TRt iscer U
101. In amseyabieguti@nt , the antenna and front end unit 1606 may include
mul ti pl e antennas to support beamform ng and/or multiple input nultiple

output (M MO operations. As is known to those skilled in the art, M MO
oper at i ons makPépt ol Anethep gmpadingnt &RG pignalpiead cxplicibonpEgatismsver cone

di fficul B : - [ g§§f EQ%QB The

ant enna %ﬁg@%?%ﬁ%mﬁﬁ%Qﬂ%?%ﬂi%gg%%g§.Pﬁ%ﬁg e g%pggﬁg&%%ﬁin aﬁﬂégf i npedance
mat chi ngexpdiep doppitg patRiFnpowsed, ainpdyisfeirensss RRGOYignalingwo paifeen tiepbériadec s.
[0108] The RF transceiver 1608 provides frequency shifting, converting
recei ved RF signals to baseband and cgmverting baseband transmt signals to
RF. In sone descriptions a radio tranSceiver or RF transceiver may be
understood to include other signal processing functionality such as

nodul at i on/ denodul ati on, codi ng/ decodi ng, interleaving/deinterleaving,
spreadi ng/ despreadi ng, inverse fast Fourier transform ng



(I FFT)/fast Fourier transformng (FFT), cyclic prefix appendi ng/renoval,
and ot her signal processing functions. For the purposes of clarity, the
descri pt iwo 2oevm433epar at es t he description of this signacTarseciessssng from
the RF and/or radio stage and conceptually allocates that signal processing
to the anal og baseband processing unit 1610 and/or the DSP 1602 or ot her
central processing unit. In sonme enbodi nents, the RF Transcei ver 1608,
portions of the Antenna and Front End 1606, and the anal og base band
processing unit 1610 may be conbined in one or nore processing units and/ or
appl i cat scondsgeonfigratici. EDicaRRA sipnaling & (sAShE8) a plurality of Bit@Holbhrs.anal og
baseband processing unit. 1610 may provi de various anal Qg processi ng of

i nputs ahef %@@fﬁ Q*,e RRY signalng eonypw oift a? a@é@éwrfgnggurﬁﬁm Fachom t he

m cr ophope...16:; it g .gﬁﬁh 614 and

t he head§g¥$§%%§aﬂgg%@ﬁ5?%§ﬂg§éF%g%gﬁgﬁ%gg agg%gﬁgeﬁéggggg%gg ni% 1610 may
have por patefror Othenpaemiteg may tlke bbuedvieyedsuches opinbneudin bamtivitithe ambr pi ece
speaker }614 t hat enable the UA 101 t.o.be ed as .a cell phone. The anal og
basebandFHEERE AP R MIRICEG R el PP EiT o THEIBER A JBHEHBE Eonnect | ng 1o
a headseproQfdc@iNak sBRABRRKCE 5igRalHeGk WRAND PBHoEP BBt Q8fis OMiPfkon. The
anal og baseband processing unit 1610 may provide digital -toanal o

conver si snecifig subganeygralandiheewriabon ahthisersragnt enlyitle st are provededibon in t he
opposi ng,Si l. di.frectd,on. L.n_saome embodi nent.s t | east sq of e

oot | ondE e e HiSsg  BeCB NS B BPEUER By « By STl AR e B e
by di gi t @hdphogRESURGoGIRORRAES, for exanple by the DSP 1602 or by ot her
central processing units. [0110] The DSP 1602 may perform

nmodul ati on/ denodul ati on, codi ng/ decodi ng, . i nterl| eaving/deinter]l eaving,

spr eadi ng/ desifi®ehafthg; Whe BRREeSignaling pbenlicit hopRing paitss gised-AR Y f ast

Four i e 3B ODE NG ol ble adié1d thoRtiSldrito ROERLNEGOR (ML Rigocifid OF her
signal proCessing functions assocl ate W Eh Wireless communrtat fons. In an
enbodi memtljcafion, vaxtethpheo bits aseddad spadify ivdiidncywlik shifl te vae sl

technol o @@Iication, for a transmtter function the DSP 1602 may perform
modul at i H1Y®P8di ng, interl eaving, and spreading, and for a receiver
function the DSP 1602 may perform despreadi ng, deinterl eaving, decoding,
and denmodul at jo88] InandfRt BREmAERAML AR, of LbIEY 8 usBd ARhQRkdnognnal
frequency division nultiplex access (OFDVA) technol ogy application, for the
transm t%llébltmemifh@ﬁnbmm@smlmgz 3febyt emdois mserbdines apt wANIS thgiohd to

i nterl eaying, .inver fast.Fouri transform ng, cycl

appondi g Ve R SR TSR G R R BB e Bh e 1
prefix reeR¥aindidas whrehibdsBrpattei@ns ues Md@e rélgtiwvthabedwWppy, todRchdisng, and
denodul ation. In other wirel ess technol ogy applications, yet other signal

pr ocessi PRjteFymcariefer 5%0%Mi"ﬁﬁt‘ihéﬁ%bf&fmf‘s?@ﬁgmsbr%@é@%lﬂ P irRmsethcons may be
per forne he . i.cate with a
mﬁrelessgﬁ%¥m%pﬁugggvt g%gnggéVﬁ%ﬁ%&%ﬁﬁﬁgggﬁﬁgé%§g£d2?¥0§%§%$g%% sone
enbodi nepdtern dbwhiohotitheCapliases inaycfifrcofirdiee basisgranetn wolnnelat subiftiyne. enabl i ng
a user to gain access to content on the Internet and to send and receive

e-mail or tex S .. The input/output. ipterface 1618 i rconpects the
bsP 1602 and A1 ole® fishi pride antrapfa tais Bl b ey hedof B he
removabl RRUBWRFY G A6 crhBe@niERYoithO ¥éIAgH o A RRE RoAMEIridd Perh BbdG@Bkt GHr € the
operation of the DSP 1602. Anobng the interfaces may be the USB interface

1622 andaddifgors Hisr WEspemyac einbedimsst orhewmstd wx jonfigeigtsacly YEdndivginally he USB
interfac 622. may.. be used to charge the UA 101 and al nabl e the UA
101 1o akeCraTEia st fiparu e Rl es i Rdng sfE YA Rl B R &

per sonal oosmhbié BiterRicePlohedi fleRAPEPingSHstam The short range wirel ess
comuni cati on sub-system 1624 may include an infrared port, a Bluetooth
interface, an | EEE 202.11 conpliant wireless jnterface, or_ any other short
range wir el es08ebniiiotst PHROGINSIE jha SRiCTWHPEIICHEHPPaT £ Pen-NAOEMONS 01 t o
comuni ¢ L i . SRR i LM reless
base st ar oo RhASAN Mo oL AR B bR AL E R AR 7 her
connect tduez AR tHOOD-ddincthbaat Bmetid62 Gdvxatr, thdre arctsonggeanddidticauses t he UA
1501 to provide a notice to the user, for exanple, by ringing, playing a
nmel ody, or vibrating. The alert 1626 Egy serve as a mechanismfor alerting
the user to any of various events such as an incomng call, a new text
message, and an appoi ntnent rem nder by silently vibrating, or by playing a
specific pre-assigned nelody for a particular caller. [0113] The keypad
1628 couples to the DSP 1602 via the interface 1618 to provi de one
mechani sm for the user to nake sel ections, enter information, and otherw se




provide input to the UA 1501. The keyboard 1628 may be a full or reduced
al phanuneric keyboard such as QAERTY, Dvorak, AZERTY and sequential types,
or a tradwOi2oreai4433aneri ¢ keypad with al phabet |etters assoaisatiedsssre h a

t el ephone keypad. The input keys may include a track wheel, an exit or
escape key, a trackball, and other navigational or functional keys, which
may be inwardly depressed to provide further input function. Another input
mechani sm may be the LCD 1630, which nmay include touch screen capability
and al so display text and/or graphics to the user. The LCD controller 1632
coupl es tdigighGHonE6Mhat hiavetpoer p&LlddiBSRS multiplexih@ tdphbilitles, MdRseativliya 1634, i f
equi pped, enahles the UA 1501 to take di gi pi ctures DSP 1602
conmuni cEABYe (?ua% HEs metheipereahreriodicea3S PF%OC{l%%%ﬁﬂé? ateé&ﬁtJ;%?IF%% 1636. In
anot her &'E@%fé@ ds'TE ARLSWARE FRutO D %ﬁﬁ&{ ot bfa{%d@ldﬁ%éh'ﬁgh&%n@t her than
Char ge Couple DEVICE cameras nmy be enployed. The GPS sens 1638 is
coupl ed foo atlleMB8RcBO2. ﬁmtlniseecxad@lgIablsalhnqmgpecrlodﬂamgsyaylﬂbmmémgnaI s,

t her eby en bI| he UA 150 eter its ition, Variaqus other

bor | pher SEG ey QGBS Rt b erabe RPN SheerBhs . 0. g.
radi o anthidrRlc8Véani RIEsfBEARHII®Vhich UEs with %@é&dl&: b(ﬂiﬁ'&iﬁlglﬂerl'ohi o651 R 52

sof tware environnment 1702 that may be inplenented by the DSP 1602. The DSP

1602 ex emepetsb@@elltaﬁtwmg vgihoueenldsipnse prd mmhw@smn berestablidhed npwatctldﬂiﬁ from

brovi de SitPFreft sh GRS P ARl TP i R S ARID LR AP TRANIELY oo
accessi bUes tw@thampldtmtsmﬁfamsg)ﬁetrwar@st [12) %oﬁl&ﬁircﬁi d ﬁkgiusaye&t iarerded 16arsidl 704

i ncl ude appl.ication nan%%enent services (AM5) 1706 that transfer control
bet ween %Bﬁrl%%t%@@ SouRdna asymisrens 9 beadwidtinKsed spwiding HanspEssions ofr e a

web bro I\ C JHHe % Java
applets“@%T%%B$S} §&%8%?%%g§?eg%ﬂﬁgggfﬁgn%%%aggcon ﬁ%t@ggigég)ﬂﬁ£€501 to
oper at e hsveahoeintionolieey/B cah bewvérdy dividerbyt Otoertioer multipluximgt iBrsausetod f or ms
and sele%8 I|nks t retrlev and view mes pages. The nedia pl ayer

appl i cat 6RO BltP Iigg‘i?ﬁ’%]%l Shél 1EAICPERRI Y (s gUentdid hasay audi o or
audi ovi syale EdAs w hﬁe& \d% 300kl gloéﬁéﬁtscm&w %egh:%nl’f;@‘s ttell QsippOVi de
ganes, ut|I|t|es an er functi lity. A componéent 171 nlg t provide
functlonenaQwhdﬁﬁbnmhedkhmneennmomnwnmIpanmgp)mheh@ngﬁﬁusahmdbgstation
1520, angr@;nﬁﬁ conmponent s descri bed above m ght include a processing
conponen Rat™¥'s capabl e of executing instructions related to the actions
descri bed above. Fig. 18 illustrates an exanple of a system 1800 that

includes a pr@se}sSintheCAHANEHIt rdl 11%t%lﬂoh@ﬁlnﬁ)gﬁﬁcﬁuslsﬁﬁﬁcﬁﬂgﬂéﬂdﬁgdtﬁﬁl&h@r nor e
enbodi nent s dISC osed herein. In addition to the processor 1810 (which may

be ref er pystPn epndigues tearse paly the bewvswdr2 anbasiymtternsr ThsPNB ¢apeesfistosm 1800

m ght in C nory ( RAM
To30. rogtan CEIPES PRI M AR g RET s LATRSRBCP IR TL ot put
(110 dewuﬁéﬁlglﬁﬁ@mdﬂﬂ asdifsochsedlB sy dies hhemggacuppﬂa@atssunm)g foet be
present or may be conbined in various conbinations with one another or with
ot her coﬂﬁ&ﬂ%ﬁﬂ@mﬁﬁbﬁﬁﬁﬁﬁﬂd“?H%@@ﬂ@&ﬁﬁbﬁ@@ﬁgmnlght be located in a single
physical entity or in nore than one physical entity. Any actions described
herein as bei g7} alteholr LRBoMHRAERSA 18 4oh-RbABErREs bR hntRRIY, Ocessor
1810 al one or by the processor 1810 in conjunction wth one or nore
conponenths sy¢iowrontinues to s%cmmfv fhe ltrheamt 2wisrbgsis patterns, pboflddds addigiopal batessor

1810 execy i ns uctlo odes ter ra r sgripts that it
i ght - acCdBe Py [HE HEBERS SERHsEcTRRY* db0RELINGHa B «pisads. Row

1840, Or b ERCHREAT ¥ oDt ﬁﬁ%oﬁ%@tqlobﬁﬁg%ttéﬂl%ﬁ a 5iR6Eh Skﬂffra‘ﬁiér IS tHE $ |1’<nsbaS ed

systens such as hard di sk, or optical disk). Wile only one

sk,
DT 0Cess oPaSIEROeInsICReEMFYErYith B@b‘%ﬂ@ew biteisthe HCGhayouhdennbissthneNBTRIEZENi |
i nstruct t he
|nstruct%%%@dﬁg%uﬁIHQIE%%ﬁzggma %ﬁ%%%s%&HﬁmgOpﬁfﬁmﬁogg%gﬁﬁ i se by one
or nultlpﬁﬁﬂﬁﬁ@cessors. The processor 1810 may be inplenented as one or
nore CPU chi ps. [0118] The network connectivity devices 1820 may take
the form of nodens, nodem banks, Ethernet devices, universal serial bus
(USB) interface devices, serial interfaces, token ring devices, fiber
distributed data interface (FDDI) dev'ges, wirel ess | ocal area network
(WLAN) devices, radio transceiver devices such as code division nultiple
access (CDWVA) devices, global systemfor nobile communications (GSM radio
transcei ver devices, worldw de interoperability for m crowave access
(W MAX) devices, and/or other well-known devices for connecting to
net wor ks. These network connectivity devices 1820 nmay enabl e the processor
1810 to connunlcate mnth t he Internet or one or nore teleconnunlcatlons

. o r o A NA PN



[0119] The network connectivity devices 1820 might also include one or nore
transcei ver conponents 1825 capable of transmtting and/or receiving data
wi r el esslwoi2nizdaessffor m of el ectronagneti c waves, such agcraseaofsssquency
signals or mcrowave frequency signals. Alternatively, the data may
propagate in or on the surface of electrical conductors, in coaxial cables,
i n wavegui des, in optical nedia such as optical fiber, or in other nedia.
The transcei ver conmponent 1825 m ght include separate receiving and
transmtting units or a single transceiver. Information transmtted or

recei ved by t[0881 r ansodicy embdddentmyatinged uoehoiabgerdonatoundimgliaadwpltiocessed

by the processor. 1810 or instructions that_are t execut ed by processor
1810. SutR SV%{?TBE%?%SS%&&W gt ?@@é}s\péaemﬁ-oﬁp aml&@ﬁmw,ﬁlaﬁ YR work in
the for %_oﬁlafbe%&?meﬁ frodf l@b&rwé%th%%@%e%% gﬁgl Hléi%aaﬂgb Obf Al 8244

enbodied Iin a carrier wave. ta may be ordered acc rglng to different
sequenc epatasnsniaym e ste §1,2 A8, 55,3264 leins h b thpr codesisnery, UFs getheeabdin$RShe dat a
or transmtting. or receiving the data., K The basepand,si gnal, the signal
enbeddedPiiods AE! G myaban BRIeaT B e yHRe TG ber AP ELsREHRE boad or
her eaf t egypened RRRS iFRYakeusiRS BE N 96k lﬁa@isgﬁttéﬂﬁe UEARSNh SR ROSRE Petsasand may
be generated according to several nethods well known to one skilled in the
art. of 2 g 2G| 0 TiserrRMVItIdSEd i Yistsame infsdaret d\psriodis spwinding ise data and
perhaps to store .instructions that are.execut by. t he proc or .1810. The
rowt 1940 B35 B bOIMaEGc B b7 T ml AR, STVl P AL SRS Hhuipd
Menmory CcepALit Yretibsiiel be tHRn®Ly it@Rre utig @howh pes@iondaiodopior age 1850. ROM
1840 m ght be used to store instructions and perhaps data that are read
during eswportiaperieshic sqyadingder thexintsrlgce, Adans basisopayisthis ragd- 118BoWHRE ROM 1840
is typic . . : . . st orage
1350 | s Pinstic RS Blriod A s SRRNERY bn T ARPiR. waBE KBRFERCRC D o' nd
m ght bemuthedolbgy. Tosuppoitedpetiedis kouraijey ot tidainterbice,as Simns byss pdtteawnisdat a
storage device if  RAM 1830 is not | arge enough to hold all r ki ng data.
Secondar Y8t MFégy@t%B@%cyS%é oYy Bt alfeew%ﬁfaapaﬁ%eut%@ I{ereAcE §888d i nt o
RAM 1830y St REMGEABBy. af RGHEGdiObo BURHUBE B interlace, al Rgd] The
|/ O devices 1860 nay iné?g%% I?ﬂ%ﬁ% c%ysté? %?gplays (L%fgfqubuch screen
di spl aysbhaskepattenrid ssedk dylpadsh apaiiodih €K S miriall ©f 169 us ard isaletcdvalthgr owoi ce
recogni zers, car.d readers, paper tape readers, pri.nt.ers, video  nonitors, or
ot her el IERG ™S KR Beriostic Matbor gy P SPoriberipdsduids 1T HBE mi ght ' be
consi der gbra@e, R€328m§ BARORRRIN Biuséd1eUks PitHaVicsigdic By drivatogado afs ¢ 1 n
addition to belng_a conponent of the network connectivity devices 1820.
Sonme or @blatedfonttheir pyoirferticsasingdaowimpripdic sudkadetagyalTosugpert kpariodes var i ous
conponent%ngfgioh%%ii t&gagﬁe%h&%%l tgescr&%ed drawi ng of the UA 1501
such as tHhe 3’sﬁiay 85 afd the |n6%%1?§63. : [0122] Wil e severa
enbodi ments have been provided in the present disclosure, it should be
under st ood t hgi891 hin dhiogek ombddigyat ei@ingnd nohbddgenvay shadegiadiedithsy many
ot her specific fornms without departing fromthe spirit. or scope of the

P
present GES¥HtERuses tworhesispalens. bk aipysidc sNB tosreralycuhish §x9 Bepins
i1l ustrag,i : i, G V8, nand ' i on_ i : jmted to
t he detgﬁ%gﬁgﬁggh ngi fh%ggbgggﬁ%@éFB?ﬁghﬁggﬂgh é%gﬁ%g%g&g¥8%%%%onents
may be cbehinrted tooonei vatiegeat,dfl me) aad ot hérin sheshitmaporoutkemtimate thganms nay be

omtted,, or not inplemente 0123] ,.,As u erein, the ter

P Componels gy T BHA BRG SHEFT e eRaoiHicnauYS P IFUEAR s Sns ShdTo

conput er mk gbAs RAaRtht Dims BdstsRkteRBHNES B hoth SORBINAHIBMIYe iRALAWREEaand
software, software, or software in execution. For exanple, a conponent nay

be, but & thetitiiapi ted to being, a process running on a processor, a
processor, an object, an executable, a thread of execution, a program
and/or a conp .1.B Il ati oth i.cati LUANi Ng on a
comput er and (o0 crabeltR <BbabipletE WS RnB o R, AbeBRRG SRR L "y
resi de warddibrmoa-Hphtpessusanthding biideadihef Iresoetildcemdtiodnditealacaygaament may be

| ocal i zed on_ one computer and/or distrjbuted between two or npre conputers.
[0124] AgeysdahrisribisHliffichk of EppRssiblpstedesigiatp Asiighe sgRM-statiehopRiAg paifdR t o

W rel ess devices such as nobile tel ephones, personal digital assistants
(PDAs), handheld or | aptop conputers,zsnd simlar devices or other user
agents ("UAs") that have tel ecommunications capabilities. In sone

enbodi ments, a UE may refer to a nobile, wireless device. The term"UE" may
al so refer to devices that have simlar capabilities but that are not
general ly transportable, such as desktop conputers, set-top boxes, or

net wor k nodes.



[0125] Furthernore, the disclosed subject matter may be inplenented as a
system nethod, apparatus, or article of manufacture using standard

pr ogr ammiwgQ 2ardi4e337engi neeri ng techni ques to produce sofPCwmArSe10foss3MMar e,
har dwar e, or any conbi nation thereof to control a conputer or processor
based device to inplenent aspects detailed herein. The term"article of
manuf acture” (or alternatively, "conputer program product”) as used herein
is intended to enconpass a conputer program accessible from any

conput er -r eadabl e device, carrier, or nedia. For exanple, conputer readable
medi a cathat wolld@derrbetly iadateahe proper e divalthrgaedrisdn stayagendigy subdiance. g. ,
hard di sk, floppy disk, gnetic strips .. . .. .optical disks (e.g.,
conpact HP&RX ,09 By taers ariagleimterlanent p(:wbims S.pth.t info myinle sybar ds, and
flash @ﬁ%r%cﬂs?gé&ev?iﬂ( Eergbd rgﬁépthaﬁf)l,ctﬁat-ar gh tiﬂtQt'P@a'vEd’ sidh tﬁzﬁq}ﬂé)ﬂ be
appreciated that a carrier %vave can be enployed to carry conput’er-readabl e
el ect r onoupntie aigrnl agedvo o€ persatlP 1.nAh eamspletis shognandiguwre é8 vimhisel ect roni ¢
mail or in accesgin(ﬁ a network such .as the Internet or E\ | ocal ar ca net wor k
(LAN). OrCepgift €89 i HBeTscenarios sderoy? yige Bpprifg PRt cayint De sqiryatically

nodi fi Ca&dr@@%re@l?theQ?st@%qﬁox!ii@ests'ﬂbﬁor? Rﬂfihtgﬂéc%tsbﬁﬂin‘g'ah&@%'hoﬂﬁ@ﬁg%éﬂﬂ)ﬂsf romthe
scope or spirit of the clainmed subject matter. [0126] so,

t echni quesindiggdeadwidthsubsyst ens and net hods described and illustrated in

t he various enbodi nents as discrete or separate may be conbi ned or
integrated w t her - ' hods wi t hout
departing frotrd\@tlﬁep@é%%étﬁgﬁ%égg%gégmhaéﬁgg&o%&ﬁggerg%%%p?%m shown or

di scussegbuagingoMbighrotseditd atidaye ey e gogibiBisyTugirdiag ithgrevdurbeseadl ot her
may be indirectl ﬁgcoupl ed_or comrunicating thr ou%h sone interface, device,

or i nt er ¥asdibytthe EEpsariiormingtthesouadivgr W thy thse scamirsjaticafly

otherw s r : : td J I i are
ascert ai ﬁoa ﬁfgielhﬁio gﬁ@%%r@gwﬁﬁﬁﬁgggﬁ@ g?%dfu %&%h@%ﬁs%@g&q %ﬁt %a%&?) 3 egirt i ng
f r om t hepsspibilities amticgesopet df ssdwsesdrdre sei(e.d difilergh cérthbinpti@serdftyélivent i on

Changes. UGBS FEBT dAdiedra hat b SPTBRGTEAR B8l RMGR “hT B WeEHIG! depart ng
fC rom t hesctRlbitusAR e ERAGNSull &ifinh &\ ERAL b, Serath BEMeV pédiilaRRended

indicate a set of resources from set B (e.g., cyclic shift and frequency-domain offset).

An example of how the DCI indications are dependent upon the sounding bandwidth is

shown in the table set forth in Figure 14. In this example, it is assumed that each UE has

received a semi-static configuration of all or part of the parameters necessary for the UE

to perform aperiodic sounding. In this example, it is also assumed that the aperiodic

sounding bandwidth is one of those semi-statically-configured parameters.

[092] In this example, when the eNB triggers sounding for a UE, the eNB also
sends a 3-bit indication within the triggering DCI to fine-tune the set of resources that the
UE should use for the aperiodic sounding. The UE, upon receiving this indication,
selects the appropriate resources from the table shown in Figure 14 based on its semi-
statically configured aperiodic sounding bandwidth. If the UE is semi-statically
configured to perform aperiodic wideband sounding, then the UE selects the appropriate
entry from column 2 of the table, which indicates the appropriate cyclic shift and comb to
be used for the aperiodic sounding transmission. In this case, the bandwidth location is

that given by the semi-statically-configured parameter. If the UE is configured to
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VWHAT IS CLAIMED I S:  11. A nethod for enabling narrowband aperiodi ¢c soundi ng
and frequency 2 hopping conprising: 3defining, via an evol ved uni versal
terrestriwb 20edi4as3access network node B (eNB), 4a pl uralpcoyusedioapssrd odi c
soundi ng and frequency hopping configurations; 5and, 6indicating one of the
plurality of aperiodic sounding and frequency hoppi ng 7configurations to be
used by a user equipnment (UE) within each sounding

perform narrowband sounding, then it selects the appropriate entry from column 3 of the
table, which indicates the appropriate cyclic shift and a frequency offset to be applied to
the bandwidth location that it would normally use for that transmission instance, and the
UE uses the semi-statically configured comb for the transmission. Thus, the table in
Figure 14 provides a set of overrides to the semi-statically configured aperiodic
parameters. Although the table in Figure 14 uses only the DCI indication and the semi-
statically configured bandwidth to determine the correct set of overrides to employ during
an aperiodic sounding transmission, larger tables can also be employed which are a
function of even more parameters, such as the number of antennas that the UE will use
when performing the aperiodic sounding transmissions, the cell-specific bandwidth
configuration that is in use for that sounding subframe, the exact bandwidth of the

sounding transmissions, etc.

[093] In another embodiment of providing support for interlace splitting and/or
non-homogenous sounding bandwidths, the eNB semi-statically configures whether the
indication is to map to set A or set B. In another embodiment of providing support for
interlace splitting and/or non-homogenous sounding bandwidths, the eNB semi-statically
configures an indication that informs the UE of which subframes that set A should be

used and in which subframes that set B should be used.

[094] Note that, while the above embodiments were described in the context of
providing support for interlace splitting and/or non-homogenous sounding bandwidths,
the concepts employed in the above embodiments can generally be employed to provide
other benefits not necessarily related to providing support for interlace splitting and/or
non-homogenous sounding bandwidths. A more general application of the above
concepts provides a methodology to reduce the amount of physical layer signaling that
must be employed, while preserving the ability for the eNB to multiplex the sounding
transmissions of multiple UEs into a limited amount of sounding resources. In this more
general embodiment, the eNB semi-statically configures at least one set of aperiodic

sounding parameters at the UE that is to be used as a default set of sounding parameters.
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8reference signal (SRS) subfrane. 12. The nethod of claim1 wherein: 2the
plurality of aperiodic sounding and frequency hopping configurations
3conpri seweat2012ms337sone different hopping patterns. 13. Pog/usediooss3ed cl aim
1 further conprising: 2m nimzing a nunber of aperiodic configurations that
are defined and signaled to 3the UE by defining a m ninum set of basis
hoppi ng patterns and forcing 4all interlaces that the eNB establishes for
periodi ¢ sounding to conformto

[095] This set may contain all or a subset of the following parameters:
transmission bandwidth (e.g., srs-Bandwidth), hopping bandwidth (e.g., srs-
HoppingBandwidth), frequency-domain starting position (e.g., freqDomainPosition),
sounding duration (e.g., duration), configuration index (e.g., srs-Configlndex),
transmission comb (e.g., transmissionComb), and cyclic shift (e.g., cyclicShift), and may
contain additional parameters such as the number of antennas to perform sounding (e.g,
numAntennas), and a cyclic shift delta (e.g., cyclicShiftDelta), as well as others. Here,
the number of antennas to perform sounding indicates the number of antennas for which
the UE is instructed to send aperiodic sounding transmissions from during the sounding
process, cyclic shift indicates the cyclic shift to be used for the transmission occurring on
the first antenna used during the sounding process, and cyclic shift delta is an additional
parameter that the UE can use to determine the cyclic shifts for the remaining antennas
based on the cyclic shift indicated for the first antenna using a simple algebraic
relationship such as CSk = (cyclic shift + k*(cyclic shift delta) mod 8, where CSy is the
cyclic shift for the k't antenna, “*” indicates multiplication, and “mod” indicates the

modulo operation (i.e., A mod B equals the remainder after A is divided by B).

[096] Once the eNB configures this default set of aperiodic sounding parameters
at the UE, the UE will use this default set when performing its aperiodic sounding
transmissions unless the UE receives an indication to override one or more values in the
default set for a specific transmission (an override refers to using a substitute value (or
values) for the value (or values) contained in the default set, where the substitute value
can be unrelated to the value in the default set, or it can be a function of the value in the

default set).

[097] When performing the override process, in the DCI that is used to trigger
the aperiodic sounding, the eNB provides an indication of the override that is to be used
by the UE when performing aperiodic sounding transmissions resulting from that trigger.
The UE is also configured with a table that describes which parameters in its default set
are affected by the override and how they are affected. The table is a function of one or

more parameters semi-statically configured for the UE and can also be a function of the
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50one of the basis hopping patterns in the mninum set of basis hopping
6patterns. 14. The nethod of claim 1l wherein: 2the indicating enploys at
| east onewof20e/@hisral ity of signaling nethodol ogi es, thec3upisarialosssyy of
si gnal i ng net hodol ogi es conprises using a mninmum set of 4basis hoppi ng
patterns, radio resource control (RRC) signaling of explicit 5hopping
patterns, RRC signaling of explicit hopping patterns, and, 6indicating
whi ch basis pattern to use via a bitmap.

semi-statically configured cell-specific parameters (e.g., srs-BandwidthConfig ) as well.
An example of such a table is illustrated in Figure 14, which depicts that if the UE
receives the DCI indication and the UE’s semi-statically configured sounding
transmission bandwidth is configured for wideband sounding (e.g., srs-Bandwidth equals
0), then the UE should interpret the DCI indication as overriding both the cyclic shift
value and the transmission comb values. However, if the UE is semi-statically
configured to perform narrowband sounding (e.g., srs-Bandwidth > 0), then the UE

should override the cyclic shift value and the frequency-domain starting value.

[098] While Figure 14 specifies the override values as a function of only the
DCI indication and the sounding bandwidth, other tables are envisioned which can be a
function of any of the semi-statically configured cell-specific or UE-specific values. In
particular, tables are envisioned which are a function of one or more of the following:
the cell-specific bandwidth configuration (e.g., srs-BandwidthConfig), whether the UE-
specific sounding bandwidth is wideband or narrowband, the exact UE-specific sounding
bandwidth, the number of antennas used for the sounding transmission. It may also be a
function of whether the sounding transmission is to occur in subframes for which
periodic sounding transmissions are to also occur or whether it is to occur in subframes
for which only aperiodic sounding transmissions are to occur. One advantage of this
embodiment is that fewer bits have to be used for the DCI indication since the
embodiment makes use of additional semi-static parameters when performing the table
lookup. The present invention provides a signaling-efficient means to support aperiodic
(triggered) transmission of frequency-hopped narrowband sounding reference signals
(SRS). The system and method allows for narrowband sounding to be performed in
every sounding subframe in a manner that ensures coordinated frequency-domain
separation between all UEs simultaneously transmitting SRS whilst requiring only some

additional RRC configuration.

[099] Without such a system and method, an increased amount of physical layer

signaling would be required to support narrowband aperiodic sounding in every sounding
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15. The nethod of claim1 further conprising: 2isolating UEs wth different
periodic SRS periodicities on different interlaces. 16. The nethod of claim
1 furtherwoanri4sidmg: 2provi di ng support for interlace epriustomgssnad

non- honogenous soundi ng 3bandw dths. 17. A nethod for enabling narrowband
aperiodi ¢ sounding and frequency 2hopping in an evol ved universal
terrestrial radio access network node b (enb) conprising: 3defining, via

t he evol ved universal terrestrial radio access network node B (eNB)

subframe in order to explicitly indicate the frequency resources that should be used each

time an aperiodic SRS is triggered.

[0100] Such a system and method provides a plurality of benefits including less
time being required to obtain updated channel information; reduced blocking; less layer 1

signaling overhead; and, more efficient sounding resource utilization

[0101] Figure 15 illustrates a wireless communications system including an
embodiment of user agent (UA) 1501. UA 1501 is operable for implementing aspects of
the disclosure, but the disclosure should not be limited to these implementations. Though
illustrated as a mobile phone, the UA 1501 may take various forms including a wireless
handset, a pager, a personal digital assistant (PDA), a portable computer, a tablet
computer, a laptop computer. Many suitable devices combine some or all of these
functions. In some embodiments of the disclosure, the UA 1501 is not a general purpose
computing device like a portable, laptop or tablet computer, but rather is a special-
purpose communications device such as a mobile phone, a wireless handset, a pager, a
PDA, or a telecommunications device installed in a vehicle. The UA 1501 may also be a
device, include a device, or be included in a device that has similar capabilities but that is
not transportable, such as a desktop computer, a set-top box, or a network node. The UA
1501 may support specialized activities such as gaming, inventory control, job control,

and/or task management functions, and so on.

[0102] The UA 1501 includes a display 1502. The UA 1501 also includes a
touch-sensitive surface, a keyboard or other input keys generally referred as 1504 for
input by a user. The keyboard may be a full or reduced alphanumeric keyboard such as
QWERTY, Dvorak, AZERTY, and sequential types, or a traditional numeric keypad with
alphabet letters associated with a telephone keypad. The input keys may include a track
wheel, an exit or escape key, a trackball, and other navigational or functional keys, which
may be inwardly depressed to provide further input function. The UA 1501 may present
options for the user to select, controls for the user to actuate, and/or cursors or other

indicators for the user to direct.
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4a plurality of aperiodic sounding and frequency hoppi ng configurations;
5and, 6indicating one of the plurality of aperiodic sounding and frequency
hoppi ng Wwornbixp4uzsti ons to be used by a user equi pnrent @EUOE)uSetblosss7€ach
soundi ng 8reference signal (SRS) subfranme. 18.The nethod of claim?7
wherein: 2the plurality of aperiodic sounding and frequency hopping
configurations 3conprise at | east sone different hopping patterns.

[0103] The UA 1501 may further accept data entry from the user, including
numbers to dial or various parameter values for configuring the operation of the UA
1501. The UA 1501 may further execute one or more software or firmware applications
in response to user commands. These applications may configure the UA 1501 to
perform various customized functions in response to user interaction. Additionally, the
UA 1501 may be programmed and/or configured over-the-air, for example from a

wireless base station, a wireless access point, or a peer UA 1501.

[0104] Among the various applications executable by the UA 1501 are a web
browser, which enables the display 1502 to show a web page. The web page may be
obtained via wireless communications with a wireless network access node, a cell tower,
a peer UA 1501, or any other wireless communication network or system 1500. The
network 1500 is coupled to a wired network 1508, such as the Internet. Via the wireless
link and the wired network, the UA 1501 has access to information on various servers,
such as a server 1510. The server 1510 may provide content that may be shown on the
display 1502. Alternately, the UA 1501 may access the network 1500 through a peer UA

1501 acting as an intermediary, in a relay type or hop type of connection.

[0105] Figure 16 shows a block diagram of the UA 1501. While a variety of
known components of UAs 10 are depicted, in an embodiment a subset of the listed
components and/or additional components not listed may be included in the UA 101.
The UA 101 includes a digital signal processor (DSP) 1602 and a memory 1604. As
shown, the UA 101 may further include an antenna and front end unit 1606, a radio
frequency (RF) transceiver 1608, an analog baseband processing unit 1610, a microphone
1612, an carpiece speaker 1614, a headset port 1616, an input/output interface 1618, a
removable memory card 1620, a universal serial bus (USB) port 1622, a short range
wireless communication sub-system 1624, an alert 1626, a keypad 1628, a liquid crystal
display (LCD), which may include a touch sensitive surface 1630, an LCD controller
1632, a charge-coupled device (CCD) camera 1634, a camera controller 1636, and a
global positioning system (GPS) sensor 1638. In an embodiment, the UA 101 may

include another kind of display that does not provide a touch sensitive screen. In an
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19. The nethod of claim?7 further conprising: 2m nim zing a nunber of
aperiodic configurations that are defined and signaled to 3the UE by
def i ni ng worenrosussrset of basi s hoppi ng patterns and forcirnig2¢ialoss379
interlaces that the eNB establishes for periodic sounding to conformto
50ne of the basis hopping patterns in the mninum set of basis hopping
6patterns. 110. The nethod of claim 7 wherein: 2the indicating enploys at
| east one of a plurality of signaling nethodol ogies, the

embodiment, the DSP 1602 may communicate directly with the memory 1604 without
passing through the input/output interface 1618.

[0106] The DSP 1602 or some other form of controller or central processing unit
operates to control the various components of the UA 101 in accordance with embedded
software or firmware stored in memory 1604 or stored in memory contained within the
DSP 1602 itself. In addition to the embedded software or firmware, the DSP 1602 may
execute other applications stored in the memory 1604 or made available via information
carrier media such as portable data storage media like the removable memory card 1620
or via wired or wireless network communications. The application software may
comprise a compiled set of machine-readable instructions that configure the DSP 1602 to
provide the desired functionality, or the application software may be high-level software
instructions to be processed by an interpreter or compiler to indirectly configure the DSP

1602.

[0107] The antenna and front end unit 1606 may be provided to convert between
wireless signals and electrical signals, enabling the UA 101 to send and receive
information from a cellular network or some other available wireless communications
network or from a peer UA 101. In an embodiment, the antenna and front end unit 1606
may include multiple antennas to support beam forming and/or multiple input multiple
output (MIMO) operations. As is known to those skilled in the art, MIMO operations
may provide spatial diversity which can be used to overcome difficult channel conditions
and/or increase channel throughput. The antenna and front end unit 1606 may include
antenna tuning and/or impedance matching components, RF power amplifiers, and/or low

noise amplifiers.

[0108] The RF transceiver 1608 provides frequency shifting, converting received
RF signals to baseband and converting baseband transmit signals to RF. In some
descriptions a radio transceiver or RF transceiver may be understood to include other
signal processing functionality such as modulation/demodulation, coding/decoding,

interleaving/deinterleaving, spreading/despreading, inverse fast Fourier transforming
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3plurality of signaling nethodol ogi es conprises using a mni mum set of
4basi s hoppi ng patterns, radio resource control (RRC) signaling of explicit
5hoppi ng wetnerms337RRC si gnal i ng of explicit hopping patCemnss)ioasss;o

6i ndi cating which basis pattern to use via a bitmap. WO

2012/ 044337PCT/ US2010/ 058379 111. The nethod of claim 7 further conprising:
2isolating UEs with different periodic SRS periodicities on different
interl aces.

(IFFT)/fast Fourier transforming (FFT), cyclic prefix appending/removal, and other
signal processing functions. For the purposes of clarity, the description here separates the
description of this signal processing from the RF and/or radio stage and conceptually
allocates that signal processing to the analog baseband processing unit 1610 and/or the
DSP 1602 or other central processing unit. In some embodiments, the RF Transceiver
1608, portions of the Antenna and Front End 1606, and the analog base band processing
unit 1610 may be combined in one or more processing units and/or application specific

integrated circuits (ASICs).

[0109] The analog baseband processing unit 1610 may provide various analog
processing of inputs and outputs, for example analog processing of inputs from the
microphone 1612 and the headset 1616 and outputs to the earpiece 1614 and the headset
1616. To that end, the analog baseband processing unit 1610 may have ports for
connecting to the built-in microphone 1612 and the earpiece speaker 1614 that enable the
UA 101 to be used as a cell phone. The analog baseband processing unit 1610 may
further include a port for connecting to a headset or other hands-free microphone and
speaker configuration. The analog baseband processing unit 1610 may provide digital-to-
analog conversion in one signal direction and analog-to-digital conversion in the
opposing signal direction. In some embodiments, at least some of the functionality of the
analog baseband processing unit 1610 may be provided by digital processing

components, for example by the DSP 1602 or by other central processing units.

[0110] The DSP 1602 may perform modulation/demodulation, coding/decoding,
interleaving/deinterleaving, spreading/despreading, inverse fast Fourier transforming
(IFFT)/fast Fourier transforming (FFT), cyclic prefix appending/removal, and other
signal processing functions associated with wireless communications. In an embodiment,
for example in a code division multiple access (CDMA) technology application, for a
transmitter function the DSP 1602 may perform modulation, coding, interleaving, and
spreading, and for a receiver function the DSP 1602 may perform despreading,
deinterleaving, decoding, and demodulation. In another embodiment, for example in an

orthogonal frequency division multiplex access (OFDMA) technology application, for the
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112. The method of claim7 further conprising: 2providing support for

i nterlace splitting and non-honbgenous soundi ng 3bandw dths. 113. A net hod
for enablwogoramszsaband aperi odi ¢ soundi ng and frequencyC2/uso@pioss379 n a
user equi pment (UE) conprising: 3defining, via an evolved universal
terrestrial radio access network node B (eNB), 4a plurality of aperiodic
soundi ng and frequency hoppi ng configurations; 5and,

transmitter function the DSP 1602 may perform modulation, coding, interleaving, inverse
fast Fourier transforming, and cyclic prefix appending, and for a receiver function the
DSP 1602 may perform cyclic prefix removal, fast Fourier transforming, deinterleaving,
decoding, and demodulation. In other wireless technology applications, yet other signal
processing functions and combinations of signal processing functions may be performed

by the DSP 1602.

[0111] The DSP 1602 may communicate with a wireless network via the analog
baseband processing unit 1610. In some embodiments, the communication may provide
Internet connectivity, enabling a user to gain access to content on the Internet and to send
and receive e-mail or text messages. The input/output interface 1618 interconnects the
DSP 1602 and various memories and interfaces. The memory 1604 and the removable
memory card 1620 may provide software and data to configure the operation of the DSP
1602. Among the interfaces may be the USB interface 1622 and the short range wireless
communication sub-system 1624. The USB interface 1622 may be used to charge the
UA 101 and may also enable the UA 101 to function as a peripheral device to exchange
information with a personal computer or other computer system. The short range
wireless communication sub-system 1624 may include an infrared port, a Bluetooth
interface, an IEEE 202.11 compliant wireless interface, or any other short range wireless
communication sub-system, which may enable the UA 1501 to communicate wirelessly

with other nearby mobile devices and/or wireless base stations.

[0112] The input/output interface 1618 may further connect the DSP 1602 to the
alert 1626 that, when triggered, causes the UA 1501 to provide a notice to the user, for
example, by ringing, playing a melody, or vibrating. The alert 1626 may serve as a
mechanism for alerting the user to any of various events such as an incoming call, a new
text message, and an appointment reminder by silently vibrating, or by playing a specific

pre-assigned melody for a particular caller.

[0113] The keypad 1628 couples to the DSP 1602 via the interface 1618 to

provide one mechanism for the user to make selections, enter information, and otherwise
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6i ndi cating one of the plurality of aperiodic sounding and frequency
hoppi ng 7configurations to be used by the user equipnment (UE) within each
8soundi ngwvoebhervemse si gnal (SRS) subfranme. 114. The net hedTafS2elomasssrd3
wherein: 2the plurality of aperiodic sounding and frequency hopping
configurations 3conprise at |east sone different hopping patterns. 115. The
met hod of claim 13 further conprising: 2m nim zing a nunber of aperiodic
configurations that are defined and signaled to

provide input to the UA 1501. The keyboard 1628 may be a full or reduced
alphanumeric keyboard such as QWERTY, Dvorak, AZERTY and sequential types, or a
traditional numeric keypad with alphabet letters associated with a telephone keypad. The
input keys may include a track wheel, an exit or escape key, a trackball, and other
navigational or functional keys, which may be inwardly depressed to provide further
input function. Another input mechanism may be the LCD 1630, which may include
touch screen capability and also display text and/or graphics to the user. The LCD
controller 1632 couples the DSP 1602 to the LCD 1630.

[0114] The CCD camera 1634, if equipped, enables the UA 1501 to take digital
pictures. The DSP 1602 communicates with the CCD camera 1634 via the camera
controller 1636. In another embodiment, a camera operating according to a technology
other than Charge Coupled Device cameras may be employed. The GPS sensor 1638 is
coupled to the DSP 1602 to decode global positioning system signals, thereby enabling
the UA 1501 to determine its position. Various other peripherals may also be included to

provide additional functions, ¢.g., radio and television reception.

[0115] Figure 17 illustrates a software environment 1702 that may be
implemented by the DSP 1602. The DSP 1602 executes operating system drivers 1704
that provide a platform from which the rest of the software operates. The operating
system drivers 1704 provide drivers for the UA hardware with standardized interfaces
that are accessible to application software. The operating system drivers 1704 include
application management services (AMS) 1706 that transfer control between applications
running on the UA 1501. Also shown in Fig. 17 are a web browser application 1708, a
media player application 1710, and Java applets 1712. The web browser application
1708 configures the UA 1501 to operate as a web browser, allowing a user to enter
information into forms and select links to retrieve and view web pages. The media player
application 1710 configures the UA 1501 to retrieve and play audio or audiovisual media.
The Java applets 1712 configure the UA 1501 to provide games, utilities, and other

functionality. A component 1714 might provide functionality described herein.
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3the UE by defining a m ninmum set of basis hopping patterns and forcing
4all interlaces that the eNB establishes for periodic sounding to conform
to 5one oWothe/asrs hoppi ng patterns in the mni mum setCofusb@siosssnoppi ng
6patterns. 116. The nethod of claim 13 wherein: 2the indicating enploys at
| east one of a plurality of signaling nethodol ogies, the 3plurality of

si gnal i ng net hodol ogi es conprises using a m nimum set of 4basis hoppi ng
patterns, radio resource control (RRC) signaling of explicit

[0116] The UA 1501, base station 1520, and other components described above
might include a processing component that is capable of executing instructions related to
the actions described above. Fig. 18 illustrates an example of a system 1800 that includes
a processing component 1810 suitable for implementing one or more embodiments
disclosed herein. In addition to the processor 1810 (which may be referred to as a central
processor unit (CPU or DSP), the system 1800 might include network connectivity
devices 1820, random access memory (RAM) 1830, read only memory (ROM) 1840,
secondary storage 1850, and input/output (I/0) devices 1860. In some cases, some of
these components may not be present or may be combined in various combinations with
one another or with other components not shown. These components might be located in
a single physical entity or in more than one physical entity. Any actions described herein
as being taken by the processor 1810 might be taken by the processor 1810 alone or by
the processor 1810 in conjunction with one or more components shown or not shown in

the drawing.

[0117] The processor 1810 executes instructions, codes, computer programs, or
scripts that it might access from the network connectivity devices 1820, RAM 1830,
ROM 1840, or secondary storage 1850 (which might include various disk-based systems
such as hard disk, floppy disk, or optical disk). While only one processor 1810 is shown,
multiple processors may be present. Thus, while instructions may be discussed as being
executed by a processor, the instructions may be executed simultaneously, serially, or
otherwise by one or multiple processors. The processor 1810 may be implemented as

one or more CPU chips.

[0118] The network connectivity devices 1820 may take the form of modems,
modem banks, Ethernet devices, universal serial bus (USB) interface devices, serial
interfaces, token ring devices, fiber distributed data interface (FDDI) devices, wireless
local area network (WLAN) devices, radio transceiver devices such as code division
multiple access (CDMA) devices, global system for mobile communications (GSM)
radio transceiver devices, worldwide interoperability for microwave access (WiMAX)

devices, and/or other well-known devices for connecting to networks. These network
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5hoppi ng patterns, RRC signaling of explicit hopping patterns, and,

6i ndi cating which basis pattern to use via a bitmap. 117. The net hod of

cl ai m 13 wonotean4330npri si ng: 2i solating UEs with differeotr/ysesinonss3cy SRS
periodicities on different interlaces. 118. The nethod of claim 13 further
conprising: 2providing support for interlace splitting and non-honbgenous
soundi ng 3bandwi dt hs.

connectivity devices 1820 may enable the processor 1810 to communicate with the
Internet or one or more telecommunications networks or other networks from which the
processor 1810 might receive information or to which the processor 1810 might output

information.

[0119] The network connectivity devices 1820 might also include one or more
transceiver components 1825 capable of transmitting and/or receiving data wirelessly in
the form of electromagnetic waves, such as radio frequency signals or microwave
frequency signals. Alternatively, the data may propagate in or on the surface of electrical
conductors, in coaxial cables, in waveguides, in optical media such as optical fiber, or in
other media. The transceiver component 1825 might include separate receiving and
transmitting units or a single transceiver. Information transmitted or received by the
transceiver 1825 may include data that has been processed by the processor 1810 or
instructions that are to be executed by processor 1810. Such information may be
received from and outputted to a network in the form, for example, of a computer data
baseband signal or signal embodied in a carrier wave. The data may be ordered
according to different sequences as may be desirable for either processing or generating
the data or transmitting or receiving the data. The baseband signal, the signal embedded
in the carrier wave, or other types of signals currently used or hereafter developed may be
referred to as the transmission medium and may be generated according to several

methods well known to one skilled in the art.

[0120] The RAM 1830 might be used to store volatile data and perhaps to store
instructions that are executed by the processor 1810. The ROM 1840 is a non-volatile
memory device that typically has a smaller memory capacity than the memory capacity
of the secondary storage 1850. ROM 1840 might be used to store instructions and
perhaps data that are read during execution of the instructions. Access to both RAM
1830 and ROM 1840 is typically faster than to secondary storage 1850. The secondary
storage 1850 is typically comprised of one or more disk drives or tape drives and might
be used for non-volatile storage of data or as an over-flow data storage device if RAM

1830 is not large enough to hold all working data. Secondary storage 1850 may be used
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119. A nethod for enabling aperiodic channel sounding conpri sing:

2i ndi cating, via downlink control information (DClI) one of a plurality of
3possi bi Iwoi2er/mexpar di ng resources to be used by a user pequispomOsS37IE)
4Awhen perform ng sounding, the plurality of possibilities are dependent
5upon a soundi ng bandw dt h; and, 6configuring the UE to perform aperiodic
soundi ng using the one of the plurality of 7possibilities. 120. A nethod for
enabl i ng aperiodi ¢ channel soundi ng, conprising:

to store programs that are loaded into RAM 1830 when such programs are selected for

execution.

[0121] The I/O devices 1860 may include liquid crystal displays (LCDs), touch
screen displays, keyboards, keypads, switches, dials, mice, track balls, voice recognizers,
card readers, paper tape readers, printers, video monitors, or other well-known
input/output devices. Also, the transceiver 1825 might be considered to be a component
of the I/O devices 1860 instead of or in addition to being a component of the network
connectivity devices 1820. Some or all of the I/O devices 1860 may be substantially
similar to various components depicted in the previously described drawing of the UA

1501, such as the display 1502 and the input 1504.

[0122] While several embodiments have been provided in the present disclosure,
it should be understood that the disclosed systems and methods may be embodied in
many other specific forms without departing from the spirit or scope of the present
disclosure. The present examples are to be considered as illustrative and not restrictive,
and the intention is not to be limited to the details given herein. For example, the various
elements or components may be combined or integrated in another system or certain

features may be omitted, or not implemented.

2% ¢

[0123] As used herein, the terms “component,” “system” and the like are intended
to refer to a computer-related entity, either hardware, a combination of hardware and
software, software, or software in execution. For example, a component may be, but is
not limited to being, a process running on a processor, a processor, an object, an
executable, a thread of execution, a program, and/or a computer. By way of illustration,
both an application running on a computer and the computer can be a component. One or
more components may reside within a process and/or thread of execution and a

component may be localized on one computer and/or distributed between two or more

computers.

[0124] As used herein, the terms “user equipment” and “UE” can refer to wireless

devices such as mobile telephones, personal digital assistants (PDAs), handheld or laptop
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2configuring, via an evolved universal terrestrial radio access network
node B 3(eNB), a pluarality of sets of sem -static aperiodic soundi ng

par anmet erwoabi124us7user equi pnent (UE); and, 5i ndi cati n@CTaisaoidosssize nk
control information (DCl), one of the plurality of 6aperiodic paraneters to
be used by the UE when perform ng aperiodic 7soundi ng. 821. A nethod for
enabl i ng aperi odi ¢ channel soundi ng, conprising: 9configuring, via an

evol ved universal terrestrial radio access network node B

computers, and similar devices or other user agents ("UAs") that have
telecommunications capabilities. In some embodiments, a UE may refer to a mobile,
wireless device. The term “UE” may also refer to devices that have similar capabilities
but that are not generally transportable, such as desktop computers, set-top boxes, or

network nodes.

[0125] Furthermore, the disclosed subject matter may be implemented as a
system, method, apparatus, or article of manufacture using standard programming and/or
engineering techniques to produce software, firmware, hardware, or any combination
thereof to control a computer or processor based device to implement aspects detailed
herein. The term “article of manufacture” (or alternatively, “computer program product”)
as used herein is intended to encompass a computer program accessible from any
computer-readable device, carrier, or media. For example, computer readable media can
include but are not limited to magnetic storage devices (e.g., hard disk, floppy disk,
magnetic strips . . . ), optical disks (e.g., compact disk (CD), digital versatile disk (DVD)
... ), smart cards, and flash memory devices (e.g., card, stick). Additionally it should be
appreciated that a carrier wave can be employed to carry computer-readable electronic
data such as those used in transmitting and receiving electronic mail or in accessing a
network such as the Internet or a local area network (LAN). Of course, those skilled in
the art will recognize many modifications may be made to this configuration without

departing from the scope or spirit of the claimed subject matter.

[0126] Also, techniques, systems, subsystems and methods described and
illustrated in the various embodiments as discrete or separate may be combined or
integrated with other systems, modules, techniques, or methods without departing from
the scope of the present disclosure. Other items shown or discussed as coupled or
directly coupled or communicating with each other may be indirectly coupled or
communicating through some interface, device, or intermediate component, whether
electrically, mechanically, or otherwise. Other examples of changes, substitutions, and
alterations are ascertainable by one skilled in the art and may be made without departing

from the spirit and scope disclosed herein. Although the present invention has been

39



10(eNB), a user equipnent (UE) with a default set of aperiodic sounding
llparaneters; 12sending, via an eNB, downlink control information (DCl),
t he DCl twogoerdsmsp713soundi ng, the DCl conprising an i n@Ctits2eloass3one or
nore values in a WO 2012/ 044337PCT/ US2010/ 058379 14default set of
paranmeter should be nodified for aperiodic soundi ng 15transm ssi ons
resulting fromthe DC ;

described in detail, it should be understood that various changes, substitutions and
alterations can be made hereto without departing from the spirit and scope of the

invention as defined by the appended claims.
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16receiving, via the UE, an override indication, the UE using the override
I ndi cation 17and certain sem -statically configured paraneter values to
det er m newennolBaxmct set of paraneter val ues to overri deCTiuse010A543a9 n
sem -statically 19configured paraneter values being accessed via a table
| ookup; 20creating, via the UE, a nodified set of aperiodic sounding
paraneters based on 21the indication and certain sem -statically configured
parameters; and, 22perform ng, via the UE, aperiodic sounding using the
nodi fied set of paraneters. 122. A nethod for conveying a sel ected set of
resources, conprising:

WHAT IS CLAIMED IS:

1 1. A method for enabling narrowband aperiodic sounding and frequency

2 hopping comprising:

3 defining, via an evolved universal terrestrial radio access network node B (eNB),
4 a plurality of aperiodic sounding and frequency hopping configurations;
5 and,

6 indicating one of the plurality of aperiodic sounding and frequency hopping

7 configurations to be used by a user equipment (UE) within each sounding
8 reference signal (SRS) subframe.

1 2. The method of claim 1 wherein:

2 the plurality of aperiodic sounding and frequency hopping configurations

3 comprise at least some different hopping patterns.

1 3. The method of claim 1 further comprising:

2 minimizing a number of aperiodic configurations that are defined and signaled to
3 the UE by defining a minimum set of basis hopping patterns and forcing
4 all interlaces that the eNB establishes for periodic sounding to conform to
5 one of the basis hopping patterns in the minimum set of basis hopping

6 patterns.

1 4. The method of claim 1 wherein:

2 the indicating employs at least one of a plurality of signaling methodologies, the
3 plurality of signaling methodologies comprises using a minimum set of

4 basis hopping patterns, radio resource control (RRC) signaling of explicit
5 hopping patterns, RRC signaling of explicit hopping patterns, and,

6 indicating which basis pattern to use via a bitmap.

1 5. The method of claim 1 further comprising:

2 isolating UEs with different periodic SRS periodicities on different interlaces.
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2indicating, via a base station, a set of paranmeters to be used by a user
equi pnent 3(UE) in a plurality of subfranes, said set of paraneters

cont ai ni nyoanidmast 4one paraneter that determ nes a fi PEt/Utsea100883resour ces
in each of the 5plurality of subfranes; 6sending a second indication, via a
base station, said second indication instructing 7the UE to performa
nodi fi cation of a value of at |east one paraneter in 8the set of paraneters
for at | east one subfrane in the plurality of 9subfranmes to provide a

nodi fied val ue, said nodification being at |east

1 6. The method of claim 1 further comprising:
2 providing support for interlace splitting and non-homogenous sounding
3 bandwidths.
1 7. A method for enabling narrowband aperiodic sounding and frequency
2 hopping in an evolved universal terrestrial radio access network node b (enb) comprising;:
3 defining, via the evolved universal terrestrial radio access network node B (eNB),
4 a plurality of aperiodic sounding and frequency hopping configurations;
5 and,
6 indicating one of the plurality of aperiodic sounding and frequency hopping
7 configurations to be used by a user equipment (UE) within each sounding
8 reference signal (SRS) subframe.
1 8. The method of claim 7 wherein:
2 the plurality of aperiodic sounding and frequency hopping configurations
3 comprise at least some different hopping patterns.
1 9. The method of claim 7 further comprising:
2 minimizing a number of aperiodic configurations that are defined and signaled to
3 the UE by defining a minimum set of basis hopping patterns and forcing
4 all interlaces that the eNB establishes for periodic sounding to conform to
5 one of the basis hopping patterns in the minimum set of basis hopping
6 patterns.
10. The method of claim 7 wherein:

the indicating employs at least one of a plurality of signaling methodologies, the
plurality of signaling methodologies comprises using a minimum set of
basis hopping patterns, radio resource control (RRC) signaling of explicit

hopping patterns, RRC signaling of explicit hopping patterns, and,

N W W N =

indicating which basis pattern to use via a bitmap.
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10partly determ ned by the value of at |east one paraneter in the set of
llparaneters, said nodified value determning an alternate set of resources
12f or t hewet2012zms83370ne sub franme. 123. The net hod of cl aPoTAR20t0s87N: 2t he
indicating of the first set of paraneters enpl oys broadcast signaling to a
3plurality of UEs for at |east one paraneter. 124.The nethod of claim 22
wherein: 2the indicating of the first set of paraneters enpl oys dedicated
signaling to a

1 11.  The method of claim 7 further comprising:

2 isolating UEs with different periodic SRS periodicities on different interlaces.

1 12.  The method of claim 7 further comprising:

2 providing support for interlace splitting and non-homogenous sounding

3 bandwidths.

1 13. A method for enabling narrowband aperiodic sounding and frequency

2 hopping in a user equipment (UE) comprising:

3 defining, via an evolved universal terrestrial radio access network node B (eNB),
4 a plurality of aperiodic sounding and frequency hopping configurations;
5 and,

6 indicating one of the plurality of aperiodic sounding and frequency hopping

7 configurations to be used by the user equipment (UE) within each

8 sounding reference signal (SRS) subframe.

1 14.  The method of claim 13 wherein:

2 the plurality of aperiodic sounding and frequency hopping configurations

3 comprise at least some different hopping patterns.

1 15. The method of claim 13 further comprising;:

2 minimizing a number of aperiodic configurations that are defined and signaled to
3 the UE by defining a minimum set of basis hopping patterns and forcing
4 all interlaces that the eNB establishes for periodic sounding to conform to
5 one of the basis hopping patterns in the minimum set of basis hopping

6 patterns.

1 16.  The method of claim 13 wherein:

2 the indicating employs at least one of a plurality of signaling methodologies, the
3 plurality of signaling methodologies comprises using a minimum set of

4 basis hopping patterns, radio resource control (RRC) signaling of explicit
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3particular UE for at |east one paraneter. 1 225.The nethod of claim 22
wherein: 3the indicating of the first set of paraneters enpl oys broadcast
si gnal i ngvoaor/dgdzaral ity of UEs for at | east one paramecerisand/ossds cat ed
signaling to a Sparticular UE for at |east one paranmeter. 126. The nethod of
cl ai m 22 wherein:

5 hopping patterns, RRC signaling of explicit hopping patterns, and,

6 indicating which basis pattern to use via a bitmap.

1 17. The method of claim 13 further comprising;:

2 isolating UEs with different periodic SRS periodicities on different interlaces.

1 18. The method of claim 13 further comprising;:

2 providing support for interlace splitting and non-homogenous sounding

3 bandwidths.

1 19. A method for enabling aperiodic channel sounding comprising:

2 indicating, via downlink control information (DCI) one of a plurality of

3 possibilities regarding resources to be used by a user equipment (UE)

4 when performing sounding, the plurality of possibilities are dependent

5 upon a sounding bandwidth; and,

6 configuring the UE to perform aperiodic sounding using the one of the plurality of

7 possibilities.

1 20. A method for enabling aperiodic channel sounding, comprising:

2 configuring, via an evolved universal terrestrial radio access network node B

3 (eNB), a pluarality of sets of semi-static aperiodic sounding parameters at

4 the user equipment (UE); and,

5 indicating, via downlink control information (DCI), one of the plurality of

6 aperiodic parameters to be used by the UE when performing aperiodic

7 sounding.

8 21. A method for enabling aperiodic channel sounding, comprising:

9 configuring, via an evolved universal terrestrial radio access network node B
10 (eNB), a user equipment (UE) with a default set of aperiodic sounding
11 parameters;

12 sending, via an eNB, downlink control information (DCI), the DCI triggering
13 sounding, the DCI comprising an indicia that one or more values in a
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2said nodification is determined at | east partly by the value of the second
dindication and the value of at |east one paraneter in the set of

par anmet erwo0 20204433¢ net hod of claim 22 wherein: 2sai d mpdirfisec@biosss7d s
determ ned at |east partly by at | east one of a plurality of 3paraneters
conprising a paraneter for determ ning which soundi ng 4bandw dths are
configured, a ratio of two or nore of the configured 5soundi ng bandw dt hs,
a paranmeter for determ ning which subframes are 6defined as soundi ng
subframes, a paraneter for indicating whether a

14 default set of parameter should be modified for aperiodic sounding
15 transmissions resulting from the DCI,;
16 receiving, via the UE, an override indication, the UE using the override indication
17 and certain semi-statically configured parameter values to determine an
18 exact set of parameter values to override, the certain semi-statically
19 configured parameter values being accessed via a table lookup;
20 creating, via the UE, a modified set of aperiodic sounding parameters based on
21 the indication and certain semi-statically configured parameters; and,
22 performing, via the UE, aperiodic sounding using the modified set of parameters.
1 22. A method for conveying a selected set of resources, comprising:
2 indicating, via a base station, a sct of parameters to be used by a user equipment
3 (UE) in a plurality of subframes, said set of parameters containing at least
4 one parameter that determines a first set of resources in each of the
5 plurality of subframes;
6 sending a second indication, via a base station, said second indication instructing
7 the UE to perform a modification of a value of at least one parameter in
8 the set of parameters for at least one subframe in the plurality of
9 subframes to provide a modified value, said modification being at least
10 partly determined by the value of at least one parameter in the set of
11 parameters, said modified value determining an alternate set of resources
12 for the at least one subframe.
1 23. The method of claim 22 wherein:
2 the indicating of the first set of parameters employs broadcast signaling to a
plurality of UEs for at least one parameter.
1 24. The method of claim 22 wherein:
2 the indicating of the first set of parameters employs dedicated signaling to a
3 particular UE for at least one parameter.
1
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7soundi ng subfrane is al so used for periodic sounding transm ssions, a
8paraneter for indicating how many antennas are to be used for the
9soundi ngwonarsFizsgi on, and a paraneter for indicating acTtarskoigossdo
10soundi ng bandwi dth. 128. The nmet hod of claim?22 wherein: 2said

nodi fication conprises at |east one of replacing_a value of the paraneter
3wth a new value that is unrelated to the value, replacing the val ue of
the 4paranmeter with a new value that is a function of the val ue.

25.  The method of claim 22 wherein:
the indicating of the first set of parameters employs broadcast signaling to a

plurality of UEs for at least one parameter and dedicated signaling to a

[ B VS I\

particular UE for at least one parameter.

—_—

26. The method of claim 22 wherein:
2 said modification is determined at least partly by the value of the second

3 indication and the value of at least one parameter in the set of parameters.

—_—

27. The method of claim 22 wherein:

said modification is determined at least partly by at least one of a plurality of
parameters comprising a parameter for determining which sounding
bandwidths are configured, a ratio of two or more of the configured
sounding bandwidths, a parameter for determining which subframes are
defined as sounding subframes, a parameter for indicating whether a
sounding subframe is also used for periodic sounding transmissions, a

parameter for indicating how many antennas are to be used for the

O o0 1 AN W R W N

sounding transmission, and a parameter for indicating a configured

—
<o

sounding bandwidth.

28.  The method of claim 22 wherein:
said modification comprises at least one of replacing a value of the parameter

with a new value that is unrelated to the value, replacing the value of the

BOWOND =

parameter with a new value that is a function of the value.

29. A method for enabling aperiodic channel sounding comprising:
providing an indication, via a base station, of one of a plurality of parameter sets
to be used by a user equipment (UE) in each of a plurality of subframes,

cach parameter set further comprised of at least one parameter that

[ T

determines a set of frequency resources for each of a plurality of
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129. A nethod for enabling aperiodic channel sounding conprising: 2providing
an indication, via a base station, of one of a plurality of paraneter sets
3t o be usw0d 2b/m4isger equi pnent (UE) in each of a pl uralcorysedionsssiy anes,
4deach paraneter set further conprised of at |east one paraneter that
5determ nes a set of frequency resources for each of a plurality of
6subfranmes, said set of frequency resources being different in at |east two
7o0f the plurality of subfranes, said indication directing that at |east two
of 8the plurality of subfranes use a different paraneter set.

6 subframes, said set of frequency resources being different in at least two
7 of the plurality of subframes, said indication directing that at least two of
8 the plurality of subframes use a different parameter set.
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