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BACKGROUND
I. Field
[0002] The present disclosure relates generally to communication, and more specifically

to techniques for supporting random access in a wireless communication system.

II.  Background

[0003] Wireless communication systems are widely deployed to provide various
communication services such as voice, video, packet data, messaging, broadcast, etc.
These systems may be multiple-access systems capable of supporting multiple users by
sharing the available system resources. Examples of such multiple-access systems
include Code Division Multiple Access (CDMA) systems, Time Division Multiple
Access (TDMA) systems, Frequency Division Multiple Access (FDMA) systems,
Orthogonal FDMA (OFDMA) systems, and Single-Carrier FDMA (SC-FDMA)
systems.

[0004] A wireless communication system may include a number of base station that can
support communication for a number of user equipments (UEs). A UE may transmit a
random access preamble on the uplink when the UE desires to gain access to the system.
A base station may receive the RA preamble and may respond with a random access
response containing pertinent information for the UE. Radio resources are consumed to
exchange messages between the UE and the base station for random access. It is

desirable to efficiently send messages for random access.
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[0008] Various aspects and features of the disclosure are described in further detail

below.,

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 shows a wireless communication system.

[0010] FIG. 2 shows a message flow for a random access procedure.

[0011] FIG. 3 shows a MAC PDU for sending a random access response.
[0912] FIG. 4 shows another MAC PDU for sending a random access response.
[0013] FIG. 5 shows a design of a random access response.

[0014] FIG. 6 shows a process for performing random access by a UE.

[0015] FIG. 7 shows an apparatus for performing random access.

[0016] FIG. 8 shows a process for supporting random access by a base station.

[0017] FIG. 9 shows an apparatus for supporting random access.
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cdma2000 and UMB are described in documents from an organization named “3rd
Generation Partnership Project 2 (3GPP2). For clarity, certain aspects of the
techniques are described below for LTE, and LTE terminology is used in much of the
description below.

[0020] FIG. 1 shows a wireless communication system 100, which may be an LTE
system. System 100 may include a number of evolved Node Bs (eNBs) 110 and other
network entities. An eNB may be a fixed station that communicates with the UEs and
may also be referred to as a Node B, a base station, an access point, etc. Each eNB
provides communication coverage for a particular geographic area. To improve system
capacity, the overall coverage area of an eNB may be partitioned into multiple (c.g.,
three) smaller areas. Each smaller area may be served by a respective eNB subsystem,
In 3GPP, the term “cell” can refer to the smallest coverage area of an eNB and/or an
¢NB subsystem serving this coverage area. A system controller 130 may couple to a set
of eNBs and provide coordination and control for these ¢eNBs.

[0021] UEs 120 may be dispersed throughout the system, and each UE may be
stationary or mobile. A UE may also be referred to as a mobile station, a terminal, an

access terminal, a subscriber unit, a station, etc. A UE may be a cellular phone, a
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[0025] UE x may perform the random access procedure while operating in any one of a

number of connection states and may or may not have a Cell RNTI (C-RNTTI) assigned

to UE x when performing the random access procedure. A C-RNTI is a UE ID used to

uniquely identify a UE to a cell and is valid only for that cell for the duration of a

connection. UE x may be unable to inform the ¢eNB whether UE x already has a C-

RNTI with Message 1. The eNB may assign a temporary C-RNTI to UE x regardless of

whether or not UE x already has a C-RNTI and may send this temporary C-RNTI in the

random access response to UE x in step 2. UE x may use the temporary C-RNTT as its

C-RNTI if UE x does not already have a valid C-RNTI prior to performing the random



nunber of connection states and may or may not have a Cell RNTI
(G-RNTI) assigned to UE x when perform ng the random access

pr ocedur e. - is a UE ID used to uniquely identi

cell and ivg&\%@?@%sm y for that cell for the duration %?TQS%II)&O&
connection. UE x may be unable to informthe eNB whether UE x al ready
has a CRNTI with Message |I. The eNB may assign a tenporary C-RNTI to
UE x regar dh@ess @bceahiet jwQbr, MUE Yalrkadd Ha8 a¢YRNES, (RerGTRN bhayadisltii®Yio

send this tenporary C-RNTI in the random access response to UE X in
step 2. UE ey QRN ped diggepbibg tgmmorgkErRNElits CRNTI if UE x does
not al y havepg Madd Qe g j ]

2009/ 0&@%@3?&/ Egzdco'g%},olg%%és 5@?&%%?‘48?563@6&%%%[} V8 heREY Bardline
al ready has irdor@aRNT bent thEl AFUR xrraay hemséndireschedulisigrankinission RNThe arlthk

di scard the,t ry C-RNTI. 10026] UE. X recei t he random

access res p%on?{egp?[ﬁgm%t %Cgo%eaﬂ’gtgntg%/ et %?%ﬁ Eeﬁg‘v?%?‘i?ﬂr&% Baﬁ‘gglgn?cc?sg
UE X. UE x myortshéﬂle;sﬁ)]dﬂﬁe mﬁh@dﬁi &mstrmnﬁrﬂl@saigcnbgfeff&m uaﬁdsimkssfjga: 3.
the eNB in cordance wiith the infaqr i ecei ve romt he,.random
access res pgﬁ% 8&gsrf1@bs?§’)j.a Wﬁ%a%ec%gﬁ{&sﬁgbﬁé PRSP ‘?‘Fﬁgzlt%ﬁns Tggessary
referred to(sag ANesSadBsish miPBcENRHIR YIS URs TERISAY San®R A it S6ihe

for contention resolution, If necessary (step 4). A collision may
occur when HBAGH Eoptegtians rickilen seavebRACIHIEEHTP scobvet WhicPRACHS granted

Cont enti on | uhy : f i i d
access. Theﬁﬁ:%é%é gtgh g%ﬁ&g%! gg&%{)ﬁ%}?%g@g{i&& r eei‘?zd %Icgﬁgﬂg Soggﬁqﬁnc(ﬁﬂgg_&]gd
on (i) a C RNEneddsihgried prior tohthe WEdoni arcessoprodrdurcandde doopssy C-RNTI

procedure or_(ii),a.t rary..G RNTl .assigned to.the .UE the.cNB in
step 2 and 5SS§%IF%E°ethEJ§%e§'FiC&;B i Eﬁpu%‘%ncﬁl ﬁg‘ﬁplﬂ}bcs@%é%ngt.y Tgé‘%’] Hreessage
random acce8s procedure for LTE is described in 3GPP TS 36. 300,
entitled "Evol ved Univyersal Terrest rti at adi o Access (E- UTRA% and .
Evol ved" i ver sa herigp WE APGeE pregigiugs fRE LLEJS fgse _km(3§- BTRARY 3 00ogiftied|
descri pti on“efagie Udiver@NdrdrRst@dPRade 3 cdd 1?\%@!?‘%5' 88 'BRYRLY eGniversal
Uni versal Terrestrial Radio Access éﬁE— UTRAg di um Access Control
(MAC) pr ot oéeiresiipé BadiocAegesn Netwprile § yridegradl desprimione Bipge 2,” and in
avai | abl e. T n G by I Py 2
Ty | nol ude ont b eary aeds iRafef 1ARRRSE ReRlnlYRilE LN Mt
preanbl es r dpdiwedcéasnGoung (WA QuretotiEspecinativmdli TheskuddcuRants espmibsiely
may be provg\ga%gblgor each RA preanbl e being responded to by the cNB.
For clarity, in much of the description herein, "random access

r esponsm2syr ef er sSThoradddre apensesmand schybypthc @NB ihGtep@N@apinchfgé éndéy more
preanbles, and. i %i dual RA response" refers to a response for one
RA preanbl e%nr&mfé}?_g TISRfISGY ERTATCRK TPRISTORSECARIYCS TRES Vide TG more
types of i n(esmedhOMdiiahal BN BGHoRE et prbeied FHFTEHL oA | RBarRAL WeRS
a UE and an eNB. In one desi %n, an individual RA response may have a
fixed size &ponaYia hictheddBa Fpr ddétlyi nannchef thefdesqriptiaie horgin ‘Garfios epgess
may sinplif eSSl t t r i

i vi dual  FAPoag R & rebitfs® Dy 3 WO b h BB R, BRELER, 40,
of fields tHhativiragl Ré rebppesatieritrs ora tehpnsy foe oo RRArgddnbl e bei ng

used 1o Hhe i matDiadarieACh SepiRsamp e i oo 8 PraBieton TG Aty
a set of fi st gatihen faromhdinithterabetRéenLSPaNS en EMB ABCETARRGR, an ihdividogd
design. 0,300 L R ot S 7aed SLI8 983 . include a predefined st of fields. This
design may simplify processing at the eNB and the UE. In another design, an individual
RA response may have a variable size and may include a set of fields that may be
dependent on the type of RA preamble being responded to by the eNB. This design
may result in fewer bits being used for the individual RA response in some scenarios.

Table 1 shows a set of fields for an individual RA response in accordance with one

design.



6 Table 1 -
Descri ption

I ndi vi dual RA Response Paraneter Length (# bits)
RA preanble ID 6 Identify an RA preanbl e bei ng responded

to. Tim ng{v‘??%%@%gsg TA) 11 Indicate adjustnent to the E’F?@E@QE"F%’PQ ng

of a UE. Up
uplink tran

grant 21 Indicate resgurces granted to
sm ssi on.

Table 1 — Individual RA Response

Length o
Parameter (# bits) Description
RA preamble ID 6 Identify an RA preamble being responded to.
Timing advance (TA) 11 Indicate adjustment to the transmit timing of a UE.

71 Indicate resources granted to the UE for uplink

Uplink grant transmission.

Temporary C-RNTI 16 Temporary UE identity during random access.

[0030]

[003F]

[0032]

In one design, the RA preamble ID (RAPID) is a 6-bit value composed of (i) a
5-bit random 1D that may be randomly sclected by a UE and (ii) one additional bit used
to convey additional information in the RA preamble. In one design, the timing
advance is an 11-bit value indicating the amount of timing adjustment for the uplink by
the UE. In one design, the uplink grant comprises 40 or fewer bits (e.g., 21 bits) to
indicate the resources to use on the uplink by the UE. The uplink grant in the individual
RA response may have the same format as an uplink grant sent on a Physical Downlink
Control Channel (PDCCH) for uplink data transmission. Alternatively, the uplink grant
in the individual RA response may have fewer bits than the uplink grant for uplink data
transmission due to fewer degrees of freedom and less channel information available
when determining the uplink grant in the individual RA response. In one design, the
temporary C-RNTI is a 16-bit value selected by the eNB and assigned to the UE for use
as a temporary UE identity during random access. The temporary C-RNTI may be used
as a C-RNTI if the UE does not already have a C-RNTIL.

The various parameters/ficlds of the individual RA response may also have other
lengths. For example, the length of the timing advance may be dependent on the
maximum cell size and the desired granularity of the timing advance. The length of the
uplink grant may be dependent on the types of information to send for the uplink grant
(e.g., modulation and coding scheme (MCS), resource block, validity time for time
division duplexing (TDD), etc.) and the number of possible choices for each type of
information.

An individual RA response may also include different and/or other fields for
other information. For example, an individual RA response may include backoff

control information, which may be used to control transmission of RA preambles by a
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i ndi vidual RA response may al so_include different and/or other fields

for other i HEJPREAT BFCCSFETPURGAPFeSClE anniifarermalle KA Wils poale neshy(e-2.
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UE in case &P &dhe fisit oact npgbedndieated in veriens wrnncke lodbeddsigni sbawhén BUG.

assunes t he3’d5§f1 U ﬁ@%e i1y, n?é?@e%sgociated with one or more additional bits (denoted as
“H”) that may be used to indicate (i) whether another RA preamble ID or the first
individual RA response will follow, (ii) the type of information being sent for the RA
precamble ID, and/or (iii) other information. In another design not shown in FIG. 3,
MAC header 310 may include a length field that indicates the number of RA preambles
being responded to.

[0035] MAC payload 320 carries a sccond part of the random access response, which
includes N individual RA responses 1 through N for the N RA preambles being
responded to. Each individual RA response may have a fixed size and may include the
set of fields shown in Table 1. The N individual RA responses in the second part may
be arranged in the same order as the N RA preamble IDs in the first part. Thus, the n-th
individual RA response in MAC payload 320 may correspond to the n-th RA preamble
1D in MAC header 310, forn=1, ..., N.

[0036] FIG. 4 shows a design of a MAC PDU 400 that may also be used to send a
random access response. In this design, MAC PDU 400 includes a MAC header 410
and a MAC payload 420. MAC header 410 carries an R/R/E/L.CID MAC subheader
composed of a reserved (R) field, another R field, an extension (E) field, and a logical
channel ID (LCID) field. The R fields are reserved for future use. The E field indicates



[0033] I n one design, a random access response nay carry a variable
nunber of individual RA responses and may be sent in a MAC PDU. The
random ac se may be sent using various MAC P t wo
of whi ch g’?@% é@?"?%ed bel ow. [00341 £IG 3 shows a de?yg%g%wé\%mc
PDU 300 that nay be used to send a random access response. In this
design, MAC PDU 300 includes a MAC header 310 and a MAC payl oad 320.
MAC header 3%&heasdokifs s& éf RSR, Padrdd Of 1D h@mg &ndqu@&cema E&S&ﬁr&%ore
whi ch includes a |ist of NRApreaane IDs 1 through N for

preanbl es b¥igig! Fespdndesy bosemy in ﬁe%trﬁandﬁr?ﬁégc@@@%,rwglp@m@eiogwnbc@ml
may be a va e

be arrangedlbdlgﬂr?{g ggﬁl (Qﬁag{ffe Al %aklﬁﬂaﬂ?ﬁ?ghgﬂgégggiemﬁgca@ﬁef a??%

t he RA pr eanlsingel|IDofiardogioad rt:hamnewgavmg itbelotacsast in M HCdeyload42ir dinnige design
t he val ues g@f rdered top.

par si ng the&roéJ ndlgrﬁ?é\c%asgemh%g’gﬁgr Ch&?’f% géaé’lbﬁdésﬁﬂregﬂngﬁ%gﬁ%f"@wﬁﬁ that
with a val usiAp@siyloed @20 daaﬁegear r@idofMRdck Sl rebpasg ifshed osreddis g6k BMo%Bﬁ

UE. The vari abl mber reanble IDs in the first part m

i ndi cat ed i ﬁhﬁ?aé Qf‘il%ﬂ %éﬁﬁéﬁeéts therapdpm aeressRsRORRMT 3 MAK @mrsl ei@aerﬁ oA
preanbl e | Dysmapidag-eassoci ated with one or nore additional bits
(denoted as "H') that may be used to indicate (i) whether another RA
preanbl®@37ID or t W& G pavdeadidRBlicaimigeiaMAACorEp slimeninor & rdndbmaegesy iesponshe
type of inf e [Ny

ot her infor %{gﬁ%ﬁ%ﬂ Jri}%gggleﬁl 13{?25"" k&%ror%%t %Swi%@lﬁ&ﬁl‘ %Cc%gqﬁi@n(ﬁé I\}Ie(r:
310 may mcCante)laElbmﬂgIhanAeRdsmhm Comiohl Eddrast,t e ThaidéACofonRAl element

preanbl es being re d to 0 ayl oad 320 c ies a se d
e ot e hoch i bR P BEE fech S it B R R Yo RR e ERe PR Fo e
responses | alibrad0yRANréaaibld 1D NhRAgpNeRADI o8 phabibe:sbempesgestct @ biaeh
i ndi vi dual RA response may Q%ﬁe a fixed size and may include the set

of fields sHOMMRRCTRITERITES, WhE NnMaydiow iks of RAC PRgiseiA% déach R4 Wéamble
second part [IVedyoR ALSANEE dith bk ke n«iﬁtér%d&ﬁslﬁﬂi bﬁ§ (d8tel JKALPY BAMRI:
ID5|nthef|rst part. Thus, the n-th individ RA response in

payl oad 320usesyc desigass poner the mﬁ@énﬁmrdqsww@ém for IFEGi f m&@sh@ademrt
310, for n = f

that may al }sng dgs 3% gg\hg&aggg%]x';ép%%éofnhgﬁéﬁ syj &\(zljstth(%lnﬁe&ﬁ W%Hﬁgu bémg
desi gn, NACrBRiddd®. ilﬁmchunthmdaallﬂé)@rdspcaﬂemagm@veamﬂxai MCmdaydyoiadud? the

Feserved. (R oY SFHS SERTRAIER b S iR NS Ronss T RE SpoRd p o
| ogi cal Chahcfla{'anlg&i(nl.tﬁ:éﬁ)md‘dr&ér@,stMRRﬁrbﬁhlﬂMBEﬁtﬁ@ﬁﬁfyzﬂ‘d for future

use. The E field_.indic WO 2009/ 079533PCT/ Us2008/ 087083 8 whet her
anot hel0%38l; of ROt p %aﬁmw& preaderyimay ¢l Pewsehi Adigre 81k MAC

mor e | ogi capaghanng] samey ab%@@%nﬁa SRt Lhalihie RLS, re\é%&n@e eaef)

| ogi cal channel being assigned a different |ogical channel

LG'D {1 el - PP R ERaRA B GADITELIMAL sshbordaiwiliDio s poR Bafl, LCID, F
channel havj i 0

in FIG 4, g&glﬁent(l:@f fﬂ%ﬁ 83?2}5 1&{3 an(n:p PS%?{% &da ﬂ%ec rcg{sﬂté%l\?ez%ﬁefé& uasrea 8 0
i ndi cat e t hatceddxSspoayd, oddredR Qleoatey the deratle aﬁdmﬁ: peylest 42@®spbRAsienotes the
i nstead of f.or .a I gi cal channel. This design treats the random
access resp ﬁ%@ ggl % control elenent of a variable size.

[ 0037] Mapay| oari(AR @ 6@ A sh&8 two Mfa&pwmmcomal fofmiM thhiha@bd @RE@Rend a
access respon This MAC control, Ierrent be referred to as a

Random Acc egaéiaﬁé SHGREESHIRES BHAY F‘%? P regmbigss b Hg<legiam shasyn in
El ement, et £1G. Bg spal 6ORE PRIV BrRHER e fALd b e trhiRlohd dctlss ‘3%};@ o CHAhis

parts of the random access response. The first part 1ncl s a list

of N RA pr ey} BDLUDermatichielodrsormilddAN Iﬁﬂdq@f@hlﬁbhﬁs@@lﬁemmggwemmh@@c

to by the rand gpg% .[}?34 val

greater. Each %%fea I eﬂlﬁ%%qn%say e ?s[g%g a e%g ?%O%ﬁg‘%gé’r) rrg He. % The
eNB may mask this CRC with an RA-RNTI and may send the masked CRC with the
MAC PDU. A UE that transmitted an RA preamble may detect for a MAC PDU

carrying a random access response. The UE may de-mask a CRC for a received MAC



payl oad 420 carries a MAC control elenent for a random access
response. For exanple, a 2-byte RRRIE/LCID F/ L MAC subheader with six
fields of CID, F and L may be used to indica nce
of a MAC ﬁl%@gﬁojébfgénent for a randong access response, tl)&hr}e[){gg%ﬁ/ﬁi%ﬁ
denotes the | ength of MAC payl oad 420 and F denotes the | ength of the
L field. [0039]FIGS. 3 and 4 show two exanple MAC PDU formats that

may be usedpby §8RGhARAFIPMALHES @hécﬁ&]@@fb%@ivéd)MﬁﬁD PR dth @ndHERRLKA
RA preanbles. In the design shown in FIG 3, a special MAC PDU fornat

i s defined £BC- thehysigealilsneras cresdE maymeremn therRE Brasknmd aPPiG leyemalt the

excl udes no | v
humdoncy e BEseHSEadi g Mo NG SRR A8 RURLE 1o i
response. Th@GB‘NBMmQ layes knay twagt FORGe VIR claak RARITDIM tha hypsagal Seymdbdfbre

masked CRC with th transmtted a
et oot Pisb ekt BEeUREMAL: bBE folhih HRTRMAA SiteBYaiontt. SR 4sRien
may de- mask ieFICRE rhareduck WCW&h%thtﬂQﬂlah&mB%&Eﬁgﬁ OB{O08PIR3

9 PDU with the RA-RNTI and may check the received MAC PDU with the
de- masked CRETYIDE BRJYUT ASHSSY IS5ROPSSt the UE mmy perform the CRC check,

and a o) ayer Bithk H@SléllESHM 1ﬁﬁ?@Ge$Sa$aﬁ§mﬁ%§&'s§/ MWets@nt% ?ia'ﬂ
t he random access response. this case, the ayer may wait ftor

t he CRC cheéXstings¥IAC Qﬁﬁwf%w\éﬂ@aqontlaly@m%f &@egﬁ@ ivalge iy be
d
received ML %ﬁ%ﬁ%ﬁ% o Hf@% mﬁﬁ@ﬁ@m&?e&g 1316‘3919&& g ¢ éjm%ﬁing&c

FIG 3 may re over l'e sti OW n sto etect
MAC PDUs caraspinsg insteadoof aoves sthee sputng emforfndtel0) I”ﬁhus hizsige singn Slhpi\tﬁy

in FIG 4, arand maccess re ybesen S an exi sting. MAC
bouU f or et TR ERERRSACET, SR Ao PE AP s RS Flr SEvi A Bale
res gr ved angarsgad réad the Mm(aheuccllbhfaﬁ cach eecM%‘d oaC PO l@lﬁ(?ﬂ?éﬁniﬂlesﬁh& @bntént
random access resp of sonme other control information.

Thi s desi gns‘ﬁ”éylg"i ﬁg?fi‘f Or?'g &SRS F(’é’ﬁ"sﬁ‘ﬂEFsblﬁ%rlélﬁ WiCotaygr dythe Bfycan
exanpl e, thgeblmif@WHeMB! Q¥eiwhiNUAe PBUSEhidOa HERdm! Eb%eéy%ﬂb%@éﬂ%h&tt
each recei ved MAC PDU and determ ne the content sent in the

payl oad bas&duBhghBpudraseatbeelaydrs suichphephgsitaiaer. at t he UE can

det er miggyg whet hegy@ g&%@}s\g%@m%ﬁg ﬁ%d? %Eée@&eﬁpcﬁ@@%?&ﬁﬁ% e,]?SQQ A€

vmthout[ requiring outputs fro ers s as the
| ayer. [004bptRIMNACTTHABS inaF1eSiagh MAC @DIh#idhmPéGc@sRartebspmw r@@nse

which may b S forb 00 in FIG d, MAC.P
e Lanadliisgecledbied 0o detr ta sfhd miep S s AR dmgorait bl
by a secondspfifst pa2810 iﬂallidh@Ndﬁxﬁhcgrﬁlshmghrﬁlﬁh@orﬁRAII;ii'c‘;‘a'&nbﬂIﬁIDs SHAth

i ncludes N entri 512a thr n for, N RA preanble I Ds. Each
entry 512 nﬁlgiﬂhégfe mgyehaye §W€bl€% 2 0B BitsyPk anenPoipihang past ynckidg an

may incl udecapnsort @) He®t) a(fEX phdaplvth 18 FBA, Bﬁ@@%&l:ﬁ‘zeél %2y ﬁ&hd@o@@gl:haemw
reserved (R) field. For each entry 512, th may be set to

a first val ok (ks g ficld may) besst forfdiacfirsievalurele. ganbﬂ h:emdléﬁtp that heathcaroth
RA preanmbl el {3 g A leegllnlof%VYDo\{flll(fl |12"?§f ?@C O.sQ:g% dqé'ﬂ% é% dg?) f) toe iglgi%:a{e(%%at no

i ndicate that no ot her entry w
512 except bier emer walstbllewt rThe Faffelb ef seh cnoy '512 exapdior Hie 1Estfengy mha@fbe

510 my end a0 of - PHETT Zare ARt 1y Tt SRTw A Pe o ©1 Lot M

and second EﬁﬁttpaEtZ:'Q Oy et arttr @k tBf clthes 1|2ﬁ$1&v1ﬁgl itk ¥ fRel@Bot td e, /B second

mbl e 1D f the RA mbl e | bl
Dei ng v ospotiba2t Uyl Aitdom AR SLah  SepBAsBEam s IR IFIGa i e

used tO CONKAY,BHbIPED bF RER} ;Jr@afn%lérﬁélhgfbsp&dgd to %&hb RAIGRTaL Qs Rispdrke
type of information being sent in an individ response or in

pl ace of théh¢ Rdisld mguibe RECG tespBYRYcny dertinget ra@m&tm ed. RAiplicssinp bEthe
I'D. [0042] 1 ot 1e; @650 B Al
i ndi vi dual &R relsnponsaeé111 Eg%/gbn!ﬁr 0151 lﬁdlggﬂ&ﬁ%g?&g?{ggﬁt ﬁ%&? é’g%%&?]ﬂg&l
RA response for the associated RA preambie ID.
[0042] In the design shown in FIG. 5, second part 520 includes N individual RA
responses 522a through 522n for the N RA preamble [Ds included in first part 510. The




10 N individual RA responses may be arranged in the sanme order as the
N correspondi ng RA preanble I Ds. Each individual RA response 522 may
have a fi i e.g., of 48 bits or six octets for the design
shown in zlég(gf@%ﬁsénd may be referreqeto as a bl ock. IHCT’NEZOHQ%"%
shown in FIG 5, each individual RA response 522 may include a timng
advance field, an uplink grant field, and a tenporary C RNTI field.
For a gi venyi g hduRh [EHoh&SRRYIR pdfeed ilnd i GAANINER dok pp%
carry a tim nlg advance r&?ﬁ a L_JE_S}V\h(?se %Alprearﬂe Pgrdqbe?ér;lg roerggoﬁg@g
to by the iRéinveaue IR Fabpohvidual RieraspbrisaR2y mapthatd efidedaye ©ay.rof 48n

uplink gran{.far. - alhe 1 r " | .field rry
tenporary C@I%\#I&)égcg?gﬁééh E‘{]%Sllgﬁgg %E?{%B%}l%n&m@ bse r{g%syr e‘g%saﬁeaclﬁ?ﬁkc In
](cj_esi ?n of t rﬁzndinpﬁgalcshﬁss in @Kﬁ.o?sa;:l’ﬁﬁkmi\lriﬂmnlg?emgés@bnseeia_a h?@ntnbmdﬁ n tithieg
irst par in e _any. set el ds, .and eac y_have, any
oot n e e e S e s ield, ot 1 fostey s sol Tty Eate ven
than shown individial RA refpRakt $200in¢i kAl «RANECHNANSS ARY adlnSife bMGh&dR: a

any set of fields for any paraneters, and each field may have any

| engt h. TheUFi whess R presanbiaisi Rainpspquded & by ribeindaydual 8 repese-arided
in any or de{éplirﬂ(og?étﬁjdem ﬁQ?cgﬁs&ggﬁ)lﬁﬁ B !ﬁl?%:}zhg%{ %@?%@C&ﬁ?l field

response 500 may include a vdriable nunber o
responses. Maycher atgrgorarhe-RINEl assignd@Aopreddibl e I Ds for the RA

pr eanbl bei ng 0. t -front. This r-angenent
ol 1 e BRERERRS bl PaRaR i En et & ot s R nkect
det er mi ne whetshiarthd fist p¥it paeachide ahy s sititidedint ¥adhhfelnai atreingdength.

responded tq, by the rapdom access responsge,..The UE may skip_the
br 0cessi ng SRS HRS SLEAGh @Dk FRY 40 AT RREE UERISNLY TP ey HoFIGE T SF5Bt

found in thgdhidgt RB&Eipondd manNalAimR A8 AR Set BRYBIAS st aE?i;iE'ﬁmeﬁeps? Bnd 8RN
UE nay process the second part to obtain the individual RA response

sent to thefielt mppbas) am kengty. sHsndelds dedhgindofidugl Belo sesgense guaf also be
perform ng pandemagcese:by a UE. The UE may transmit an RA preanble
for random 3033%88 (cgl?ocierMZ). The UE nay thereafter receive a random
access [M0édponse lmotprdesignghawt iin IGpar randog zxcemsoesngat®o @lalyooklude a

614). The f| ar.t . GONPr a list of .N RA preanbl Ds f

oA b cantl el RRl Rl BY B QIR R <Bpph . MpieniotePAE IR A BBatne 1P

N may be a fmalieRaf promables bgihg adsponded he isReaad updioht, MRlis COAPFInEAt May

i ndi vi dual re nses for the N RA preaphles. The_first and second

parts may hgﬁé’v f‘ﬁ‘gEofoo‘_ﬂlﬂ%ﬁly SHORroP# Fbleg%s’t 81[%19‘ Igﬁar?ébq‘i’)f%?o ‘ﬁeé‘?rWHte. whether

[0046] The URcny pi@efily SasndWh@ BPMCORRS bsind SespolRE tHaRU8E rAREmBadiE

payl oad. In one design, the UE nay obtain the HSthEart fromthe MAC

header and teHeonsecbioUpary skipdhe plrecsnneoptiyisewad part i the R4 pseranitie 1Dhfor
FIG 3. Th : 2 7
SRR RIAGRES (hOfret YW 2003 RASRERH b RAA0H08 "R ﬁ@eﬁmy

MAC PDU with an RA-RNTI applicab and may |
t he MAC PDUmasg pueessyhaygcserdepartam domnabe mdiduebRAnsponde sthigo freddigéssi ng

with t - RNTI . ccessf ul 0., if e check .passes. .l n
anot heﬂﬁé si gn, ?in(g Oﬁvﬁﬁ dle%}%frllf) f? gmf fig 6%@9 er%g%m% 5?‘9@?1&@%3?183’ a UE.
random acce$he UESpay sendnds & Renpeapble def fanesh \satdse (Hlovk @120leSihgna ety

field of th NAtC header. |f,  the MAC PDU carries the rando acc(g;a
response, Fre Rty Gyl RSB MAF SRS HESPP S SIOMHEINE S DU DB R ARG 2 S5 9R{ (PRE

MAC payl oad¢biéukdé14) aSTHNGMN pird riayGeortbrisk Qs loFne RAE o a5Ess tihea
first part of the random access response to detect for an
preambles being responded to by the random access response, where N may be a value

of one or greater. The second part may comprise N individual RA responses for the N
RA preambles. The first and second parts may have the format shown in FIG. 5 or
some other format.

[0046] The UE may receive a MAC PDU comprising a MAC header and a MAC
payload. In one design, the UE may obtain the first part from the MAC header and the
second part from the MAC payload, e.g., as shown in FIG. 3. The UE may process the



RA preanble I D of the RA preanble transmtted by the UE (bl ock 616).
In one design, the N RA preanble IDs nay be ordered in the first part
of the ra response, for exanple, according I J

or decreaggﬁgbe?&%%?ianbl e IDs. In thi;g case, the UE nailp(eg{l@%db%&b&g
processi ng the random access response as soon as an RA preanble ID
past (e.g., higher or lower than) the RA preanble ID selected by the
UE i s det ecivesiCipDU Rgthfanl BA- RO applib®lder ABYt SKUBRs be ma @GRt PR tMAE
t he random access response if the RA preanble ID of the transmtted
RA preanbl ePPY potargitgetieaandom agrass jepppnsp irthe pricowieew g theTRA-RIEThisy
process the r j L NGV r f.or .
transmtted Sﬁgﬁﬁg’aﬁ%l gt.f“?ctﬁh%fa&fﬁ%‘ rg%shbqllneén?%glll csf ot g%ﬁ%%%faﬁ th{]ngtf)hﬁle
first part MACHDG2DYamling treaantesi gueesstragpoosadieaseddn tipeedafineriatiadfoala

I d d f th
o o BRegihald i af S RELE SRIECSRINCHAL B, QS @ hadeBh 2680

correspondi agpémet fhen fhet UE Réaypoigaifihe fitsdD ahd sédard phits fropatht MAY Jahlead,
be the n-th indi Vli1 dual E%éigesponse in the second part. [0048]FIG 7
shows a desfgn2®F3F BKdr4t us 700 for performing random access.

Appar atigia71/00 | nChiidesay gl Bie fikd phi of tRNSHHoIn AR eBbRR MW E&ed ®r an
random access and a nodule 714 to receive a random access response

conpri si ng &4 preapblp dptof gheRA peswbledrapamitied Ry the YR EDIP¢l &16).phirque design,
conpri sing |y St I f I '
responded t gleb}g %ge?rg?\lg'g?np lg@ ggg s0 ?c}e(lg@;lg rggeiraf,ﬂytaﬁﬁt %g@g@ gg‘ﬁc? le%ﬁ? % sponse,
conpri si ng RrigdinpliederabrdRy oespeassgsorfdecretdig RARAcqurtdaiiy. els. this case, the
Apparatus 7 further includes a nodule 716 to process the fi part
to detect f %?‘P’ﬁ%?%rﬂ%%is%ﬁg‘“ﬁ BT 8P RRLSR Y PR W“MBW{%FHQ past
modul e 718 {@g.skighertdidosacthing thaRA piathble IBAcReraAM| tBe UB i9fdefebi®d in the
transmtted RA pregnbllfﬁni ) ng_t getectfd inthe first part, and a
modul e 720 {6 pridcdds Uhmag skprbe peped Pyt BbthsirAncam posatsvremgase ikthe RA
response f oprdafBlelIDATIRE frdrRehitRA FOL Eﬁe.‘:ﬁ%@ i ﬁottdé?ecﬂgﬁ‘ixpfh%@ﬁ@:p@rt khRodiS618).
detected in the first part. [0049]FIG 8 shows a design of a process
800 for supp6e tithdgnayaprgetss 4be second pagclesebt@pnnagdivimab BAf mspande Hyr the

NB d j td
R e

preanbl e framoat desms: tionerddk dfother Bnddmidst 654 ehjonsds Bl Be. scthed giB

may transmt_a ran access .I.e se ¢ ising a first, part.and
second part C?IE?SB%'}QQE%G.M%@ fgl}eﬁg v ?I%ﬂgélb t Bln‘ﬁrr‘ ?15% p%r%'l FE? mglrvmﬂ]a‘;ﬁA
preanbl e | Dgesp@tsc beMp@L{cE@glﬁMtEéSnJ&BRA?)réaﬁﬂmf mulgcthé €irsbyart Aey ﬂﬁlﬁ@@fﬂc n-thd
access response, where N may be a value of one or greater. The secon
part may coﬁbir“f’"g‘ﬁ‘\{mﬁl‘qirﬁ%ﬂo\l??edlﬂéli’emor}dé?ﬁonses for the N RA preanbl es.

The fingdagand seppnd7RAGHS BighYEad Bfpat Q641860 s&ogﬁfdrﬁifl {@ndcin Qfccess.
some other format. The eNB may receive the at | east one 15A preanbl e

in at |east AvheragoPP apdudeyeneduly Fid to transmiti an RAereamido far agslessaccess

br oanbl 6 bor e RS 1 S8 BB AREARERAGRN L eV B B
conpri sing sechiCpheadeh thodird feRCopayisbg listnofoNeR dgstauble The feNB RAy
and mmy map oAEDE B B ke R RehraRES oo e 1 StHaT WA
payl oad, e. gomp@snSNandividial  Gresponsdfdr NBN Ratypripiabies SA preathd D RWkher

with an RA-RNTI, applicable for a set .of UEs, and the RA-RNTI nay be
Used to | deMerHgs £ ociac BgRiPiserste firshga Hedster domira S gsemitis fo Rt dhe

I n anot her ¢@88dndfsd RASHENDITBYmSRle &1 Sjl%sé-kgﬁh%'% E%CO;BB iothe R?;ep%ﬁble ID

hid
header to a Eredefi neg) val ue to indicate C P%U carrying the
r andom acce8sthedepomniied RrhereanBlavigynct Hetactadimn thiadfirgt past ardhd nerslobsnd0 to

parts of the. Jrang Sirt 1se to.t. NAC .

shown in Fi @r C%I.g Fg]égc%flgli’l I& 83}%slow1§ ngldlggﬁﬂgn 5’?5%%%&2%551?% ?:IHSS e(.r)1 %r
preamble if the RA preamble ID is detected in the first part,

[0049] FIG. 8 shows a design of a process 800 for supporting random access. Process

800 may be performed by an eNB (as described below) or by some other entity. The



[ 0054] At UE 120, a transmt processor 1020 may receive data froma
data source 1012, process the data based on one or nore nodul ation

and codingv§gmggg§3 and provide WO 2009/079533PCT/USZQQ@&@§%9§QM$3

data synbol s ransmt processor 102Q,may al so process
signaling/control information (e.g., an RA preanble) and provide
signaling synbols. A transmt (TX) multiple-input multiple-output

(M MO proCesBahayl R38veray leadt dne R R prdadidldab@ SYEROLSe UENSr $rdbA! 400ks
synbol s, pil ot ﬁ%nb0|s and possi bly other synbols. TX M MO processor

1030 nay petHesknildpatharNBrueed@isHut § endom a6pcss BEPTYS CORPERE a first part
mul tipl ex edan?tb’i*%@{)@ drff (b%@f?'sw)a%% 1ﬁr§i At R g‘&bfﬁgnére Pt BPE Y gnﬁlnble IDs

streans to ators hrou Eac | at or
1032 may pr&n@égAaprp@slpies:bm@maqumi tcslymﬁclramonems(sere@onset whelsmtmw\)

L oobse (o2 RURELe SRR Febd SRV ectR? B RAY 3 Blsc O R IR N RUT b Bhscs,

process (e.g., conver al og upconver
out put sarrpfce tisd é?a!npﬁemblbs arle st anall sbditiﬁd?phgmﬁlhy héﬁreubd: foniatsshgwalisFIG.
from nodul ators 103 :%hrou 1032t may be transnltt V|a ante&nas
1034a thr ouéﬂ‘?r i‘H%‘Z?* T 0upEc by SN MPHESSTAL C&Qéeaitl%le e 13 g5isast

through 1058fe BEMrahRCeTNE cNBemP tiaRini$ |ﬂ§13”?dn§orflré%6és@|-:feébags n&@&ﬁu@lw
ot her UEs and may provide received signals to denodul ators

1054a t hr ouyHhingErpdetgraisd dmepsingow Eﬁ@q@hge%mﬂn@@@m&@@nom to
condi t i@8g( e 9., Thd LB ma galekaft mvc%&@mag% ﬁlés@ tégaggp aftl a MAC

respectlve recelved st gn to o taln recel ve
denodul at or paydsul. riaymé dcsngne thepadi? ey ntapehe Scepae df Bampides dcecsy resphisre

SC-FDMVA) to £ Ye ect

Cecei ver sylob MACTEREY KREmBLIR e s ol AR ACHE RS RO Ao BT b

g/l MO deéI ect MxC @myleehie elgg Gebiwadh BTGB S "1rhé gI&BphayQﬁbieSs thaI(MiAQrP(DU ¢déth an
etected sypho recei ve proc r occs e.q.., . .

denodul at e, ki peniicad Cfed SRag I PRI, EPBD REdARd5HE e

decoded dat MA@PDvEdeeaQyﬁ@@Me%nwnb@éce&él%&pb@bea Iﬂ@ﬁcﬁhe‘i'd@é‘igﬂ-@l@eNERﬁﬁ?bé’re

processor 1058 may al so Pr ovi de detected RA preanbles ffom U

per f or mi ng Féﬂﬁ%é‘?ﬁ@c"é“é@§ the MAEdmeds|tp amrgsieBrekwdie tpgpdcate @G@éf*@np@ﬁe
downl i nk, tht ?andgﬁ’lta%cgsg besPiMse OThdRE P&égg%%n; r%ﬂ ?1;3 ‘#i%t And b EFparts

1062 and SI gn ' g., a random access
control ler/ pfdtcemiom atGBOrasponsb® the OHES pydodiye.g., asémsmnm FHs.dcessor

1064, oded b X, M MO roces or cabl.e, conditioned
by moalfBEo e SKuG JinbbR BBETSR B abppatng oG BB SRRl SE0GH (eSRE
ot her UEs. AlppdJeud 200 1dchﬂcﬂ@mﬂi11ll©1$ tgratisc ftrloas eNER A Mdcaffibyc Bem at lcast

received by an s 1034, conditione denpdul at ors 1032,
processed b9“%b%%br6‘éjf’gbfwbbi .@0@&5 Hetoiransmify randpgpess response

processed byozﬁpﬁs%:gea Yiest @é@%ﬁ&§%&co¥a@%§ﬁt@ul@ﬂ{eaﬁr§t é?ﬁcdﬂﬁir@m andlist of N RA
signaling (e.g., a random access response) transmtt eNB 110.

[ 0057] Cont r srqa@blffllﬁ}Scfe@%Js%‘?x $repgiblys Hds Towondagyio &Wrtb@fanﬂm ABEFEY BEPBAC,
at UE 120 a?ﬂ]dr f Oréﬁ{a e SRS sin é%éa%g&ﬂﬁl&r@sr odcS &S&Qf %%49re%b19§

120 may per rect process and or ot
processes fohcehémepbhaiveues! deserrdsed herein. WO

2009/ 0{(?0%3’]3PCT/ U]S'gé) 91%4181%37 ?r? EIGS 7 and 9 may comprise processors, ¢lectronics devices,

hardware devices, electronics components, logical circuits, memories, etc., or any
combination thereof.

[0053] FIG. 10 shows a block diagram of a design of an eNB/base station 110 and a UE
120, which may be one of the eNBs and one of the UEs in FIG. 1. In this design, UE
120 is equipped with T antennas 1034a through 1034t, and eNB 110 is equipped with R
antennas 1052a through 1052r, where in general T2>1 and R>1.

[0054] At UE 120, a transmit processor 1020 may receive data from a data source 1012,

process the data based on one or more modulation and coding schemes, and provide



14 Controller/processor 1080 at eNB 110 may performor direct process
800 in FIG 8 ancUor other processes for the techni ques descri bed

her ei n. i 2 and 1082 may store data and progg, r
UE 120 an e%%ﬂg?i%gﬂrespectl vely. A sghedul er 1084 may gg}ﬁ%gﬂﬁﬁmﬁﬁs
for downlink and/or uplink transm ssion and may provi de assi gnnents
of resources for the scheduled UEs. [0058] Those of skill in the art
woul d under Sﬁta@jimbdﬂat Ttanfmit FRdctB0r 020 184y0418) SrofmY m@ﬁalfn@ﬁbﬁtﬁﬁﬂﬁi@ﬁbaﬁon
using any of a v f dlffere t .technol ogi es and techni ques,
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symbol s, an ﬂm@tﬁﬂl@ﬁut}aﬁﬁi\/ﬂm’) Ilf}@cééﬁfr Qf)ﬁf‘ aad nfdiiAsofe ‘dﬁtatsg)ﬁbé‘ll? OM€ signaling
descri pti on %ol e represented by voltages, currents, el ectromagnetic
§

waves, nmagnérnkolsindptsyndiolnand peisidy oter baltols. EKCMIMQ paeassar| 1880 moy
nbi T I

Ay COMDI bl e 80l PORRTIONE s Kk ML R0 SPRETELAL
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Tt mat | oot hEgvADr FOSE ot F aeteaive RPY el e s Tor 8-
of har dwar eFH)MlA)St@fdbmm én oMPli QUHld dthcfil IRich vRJIGRIPAVENEByY fHRE lﬁﬁ)cess
nodul es, circuits, and steps have heen descri bed above l3eneral|

terms of th&is- Ffafwefﬁtarﬁ&ﬁhosyammt HEST SOEAPFUTEE) Bi5aqutiyf spple stécam to
i npl ement ed oB@inNANPIRK SighAl. ﬂﬂ%@%&nﬁ@%ﬂ%o&@&&sthMF&gﬁ lfb@ft may be
application and design constral nts i nposed on the overall “system
Skill ed art irgemttedhyia Trapteapgsn034ndraies dP3Hagsicotiely.onal ity in varying
ways f ch pa I C t | 0

oo si OSSERC, b BEH0, SR RS tro M1 o) RSB P Ry fm
scope of thé&BpitZbsemt poisfdy mﬂm &IEs[ QE6apyT ipeowdaer reroused bllguaﬁk matdemedulators

| ogi cal blo cuits de d|n n ion with

the di scl 03@5@"1@3%’.?%39“’8% R N yortif rdFB’P W?ﬁ% { 1gay condition
gener al - pur pSefiREPERSERT dodn@ngdrt, ahd Higha) dﬂ’éﬂﬁ@t&%@fece{l‘{%ﬂmlgndﬁﬁb obtain
application specific | ntegrated circuit (ASIC), a field programrmabl e

gate array repery syrplet hErchdrndulataaniOa ey @“E%VVIPYE%*?SS diesierared apdes
or transistar, | Rgise FIIMIONE LSRRI AN L5y HAHTRONE 'ﬂﬁﬁ/{{) QbteBY IMh}n%thfﬂn

t her eof desi gned to performthe functions described herein

gener al - pur pssecp sybels oromell Be demedudatonsr Hidds shiougth U054m ptctferm MIMO
alternative pr.oges t] o]

o rort e B RSRAG P R Yo RARMIELLAAE B 8500 g,
be i npl errent‘c&dwasprca:cssz)rrbf)ﬁ&tnagrprmcfcss:(nrg)uﬂamcgjuﬂmg Idr:em;ricevcg and alccodc) the

conbi nation of a DSP and .a m.croprqc of., urality o .
mi cr opr oces $8FESd HRPoL; dnr‘?d?r%“ﬁ? 8%8%?‘@%2%@05@ Fﬂr? "H@fﬂr ﬁﬁ%tﬂ’/\ﬂjﬁtaémk
DSP core, on060Y Retdies pd€dioC 0OHSI by alsb Grovidd\@etected RA preambles from UEs
2009/ 079533PCT/ US2008/ 087083 15 [0061] The steps of a method or

al gor i t hm dEBSEITHRErandpE Berrede pSAtRlcHPioResseri W8P osure herein may be
embodi gghsg r ect | pni RAREMR! £ <NBM 19 éa@affo%ﬁ@o glleh%s%&yh Qs&n}%@m

processor or in a conbination of the t tware nodu

reside in RaM pepeding (c.8l aghndoanercopss mmmco@ermwwm
menory, fr egggthg{Séd b %rtgangﬂnﬁ %r?(c%sgo‘fe qﬁgf%gcog%cfgy Rﬁl‘ ! wé)rggesst T >1066 if

ot her form ora nown ry storag
nedi um i s ceppicede tondiiengligresdiatosudbid tlhaiugh hes4r md&sm&mtteamo UEalle

inforrrationf d rmation to ium

the alternaffVy8 tme’i ﬁg sp% %éb(ﬂég‘?ga W%@iasn %tﬁréfg?g)el”ﬁ% 5?%“(%@?6’?’.
The processaifiteig 1056 coidMicHge baeihbiI 4By 1083 |p‘d&e$s@d@ aAEMD ddRe o ARI3E
may reside in a.user termnal. In the alternatlve e processor and

the st orageifraalicAblonald fbirtogessel kit &caive @W@W@hﬂ@& t oktais the data and
termnal . [ Q@ﬁalnkgrae Bnﬁ1&'&0%‘6@63?%@5@5@5@%%@69 B% eNBhgof uncti ons

descri bed may I ement ed har dware, software, firmware, or any
[0657] Controllers/processors 1040 and 1080 may direct the operation at UE 120 and
eNB 110, respectively. Controller/processor 1040 at UE 120 may perform or direct

process 600 in FIG. 6 and/or other processes for the techniques described herein.



WO 2009/ 079533PCT/ US2008/ 087083 16 10063] The previ ous description of
the disclosure is provided to enable any person skilled in the art to

make or usgp bfdgefbissicl osure. Various nodifications to tg%gﬁkﬁ@&aﬁ&&e'

will be readily apparent to those skijjled in the art, an generic
princi ples defined herein may be applied to other varlations wi t hout
departing fromthe scope of the disclosure. Thus, the disclosure is

not int endedoht@oitw/pidcmsmem&omttd}m axanflyeserivnd dtaticgnprod@s BODHLFIG. 8
herein but is,to pe accorded dest scq@g consistent. with the

princi pl es AU Precestes 1o &1 ffecanigueseneitst et o Mlemppias 1943 @AW%D
|S- 17 THEfel: MoMSIRER dNbidGahiHdedbNENE O ARGNAS] I0dsfAB elt: AAELINQd

for wireless communication, includin transmtting a random access
(RA) preanbl @4 By rsabadsle HEs ders dmalﬁ sensléesi wilinly teensrissiomand qeays provide

response in nd part, the first part
|niFud?ngla&#&ghgg¥%fkﬁﬁgbﬁgaﬁﬁfe ent???ers (IDs) for NRA

pr eanblitdssibei ng Tbspoﬁded1ndmbythhmdnmﬂdeanGEESﬁbMMMmmmmemgmﬂdnmpée

d I d id f th .
o1 canbl oo,  TEPETN 197 471 Ol HEHC o TP BA Eno RHi? AP EHE . For

part i ncl udesnyleniata, ﬁiﬁ;trua&mlél, @nirynhdi e fodtbieh, dpnelX! 8BS sRAbdLE)anti cbipd
and an RA preanble ID field, the extension field being set to a first

val ue to i nH’iaEé‘Ff’@ b gesEncEh frgughguiniha abeye) Wmmloﬁh@aflqesfepﬁéﬁte%ﬁya

second val erlta%Aé RE&A, %ié@ﬁ‘oﬁﬁéﬂ%ﬁc abésy m\é’gﬁéncff%ldscﬁfvphﬁmfe@ eopftl'célsﬁelds or
part, and the preanble ID field carrying an RA preanb

RA preaaneP§§P lag oF anpromhingtion thsyeofhe random access response 2: The
met hod gkeicl ai m %hoswgﬁr &M b d8a SRR hppREed B YHES A8 MubBd¥iggal

RA responses arran
blocks, moduies, circuits, and algorithm steps described in connection with the

disclosure herein may be implemented as electronic hardware, computer software, or
combinations of both. To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the particular application and
design constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for cach particular application, but such
implementation decisions should not be interpreted as causing a departure from the
scope of the present disclosure.

[0060] The various illustrative logical blocks, modules, and circuits described in
connection with the disclosure herein may be implemented or performed with a general-
purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions described herein. A general-
purpose processor may be a microprocessor, but in the alternative, the processor may be
any conventional processor, controller, microcontroller, or state machine. A processor
may also be implemented as a combination of computing devices, e.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more

microprocessors in conjunction with a DSP core, or any other such configuration.



15in sane order as the N RA preanble IDs in the first part. 3. The
met hod of claim1 or 2, further including: processing the

first partw@bodfisszaandom access response to detect for pai/RMPEEaED! €
I D of the transnmitted RA preanble. 2Gs4. The method of claim3, where

the N RA preanble IDs are arranged in increasing or decreasing order
in the first part, and wherein the processing the first part includes
r eadi ngooshle fir sThesteps afri inbthad oRAgpritbandeiseibeD in nornbetidni wish thealidcldsere
ast the RA preanble |ID.of.the transmtted RA preanble. 255. The

et hod of |cPEr 355 FarTHEricH BIoG 4 herdvate, T agjog oy TPAUe SHECHR b
of the randefcaseess i espoABREtidd of e tRE preasilae ddfe Hbereside in RAM
transmtted RA preanble is not detected in_the first part; and
processi ng f58%8RcHA praiorss ROM mspgsm SEROYS m@gwns%ﬁ‘?{l%wbwr&n

i ndi vi dual RA%&SMansEsi Qe f\Rbl/ @RS ICDLROMD: RELARY 6rnl bt &digeRedium
preanble ID is detected in the first part. 30 6."The met hod of - any

precedi ng ckagwn invherdi mreashplard sieraga atedRm isewpplad ¢o Heprecefiox eethshate

oD el UOC 85 DR o BT, SOYBREE AR e Yo

user equi prbnthe(aliBnativel dhe storage mediemmaygbeinidecil umhAgpeessoCoTihg plocessor

(MAC) protoco| ,data unit (P I ncl,udi n C.he r. and a. MAC

payl oad, obf“%fi HinyorRe “?@idgué?%é(r‘ies%? It I‘?g g%oﬁﬂﬁggﬁgsmﬁé§? s& { M8th

the MAC heaeghinadndn the alternative, the processor and the storage medium may reside as
discrete components in a user terminal.

[0062] In one or more exemplary designs, the functions described may be implemented
in hardware, software, firmware, or any combination thereof. If implemented in
software, the functions may be stored on or transmitted over as one or more instructions
or code on a computer-readable medium. Computer-readable media includes both
computer storage media and communication media including any medium that
facilitates transfer of a computer program from one place to another. A storage media
may be any available media that can be accessed by a general purpose or special
purpose computer. By way of example, and not limitation, such computer-readable
media can comprisc RAM, ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or any other medium that can
be used to carry or store desired program code means in the form of instructions or data
structures and that can be accessed by a general-purposc or special-purpose computer,
or a general-purpose or special-purpose processor. Also, any connection is properly
termed a computer-readable medium. For example, if the software is transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies such as infrared, radio, and microwave are included in the definition of
medium. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and blu-ray disc where disks usually
reproduce data magnetically, while discs reproduce data optically with lasers.
Combinations of the above should also be included within the scope of computer-

readable media.



obtai ning the second part of the random access response fromthe MAC
payl oad. 5 8. The nethod of claim7, wherein the receiving the random
access respe®sofodsst her includes processing the MAC PDy Cwuggbgg,ommm
Access Radi o Network Tenporary |dentitfi er (RA-ANTI) applicable for

set of user equipnents (UEs), and identifying the MAC PDU
as carrying the random access response if the processing with the

RA- 10RINDB3]i s Suc"ﬁhs pfesions Aescripgonref hl&ddmfﬂomjraimr’rp&mdmetb adnablt @y person

receiving t m access res S ncl udes. rec V|n di u

hocess. Cont PONCRAES D Fora R R G P epO orh PR H b e e e

and a MAC payll Badsaditbiagpiréiitfry itiiGe tshiBe MACHRDE, agd @&rgaﬁbﬂcg pHRGpE AR

access response based onlgigbedeflned value for a designated field of
1

the MAC heaB®&Fn @@y be app PHFRVARTIORE Withpat deparingeltomdhp apans of the
the random agggsse  GHRONHE didcRiTns M%t&ﬁ;béh %8%e! fimbllP FOM}L@ Sples and
carries the random access response. 2010. An apparatus for wreless
conmmuni cat i @¢signs ricbaridedh dierein but is tatbel wastlco e pidsstesope comnitdng witdtteo
transmt a éﬁ%ﬁ]@ AGGESS féa%%s 5’1588@8'11% for random access, and to
receive ar access response Phclud |ng a first part and a second
part, the flrst part including a list of N RA preanble identifiers

(IDs) f sponded to by the random access
responé 64]and thgﬁggfdﬁguﬁgﬁﬁgpﬂgiuding N i ndi vi dual RA responses for

the N RA preanbles, where Nis a 25value of one or greater, wherein
the first part includes N entries, each entry including an extension
(E) field and an RA preanble ID field, the extension field being set
to a first value to indicate another entry will followin the first
part or a second value to indicate no other entry will followin the
first part, and the RA preanble ID field carrying an RA preanble ID
of an RA preanbl e being responded to by the random access response.
30 11. The apparatus of claim 10, wherein the at |east one processor
is configured to process the first part



of the random access response to detect for an RA preanble ID of the
transmtted RA preanble, to skip the second part of the random access
response if the RA preanble ID of the transmtted RA preanble is not
detected in the first part, and to process the second part of the
random access response to obtain an P individual RA response for
the transmtted RA preanble if the RA preanble IDis detected in the
first papleradifrs ﬂﬁﬁh?ﬂ&afﬁé iﬁvﬁhfdr%&*&«:%sﬁmﬁéwéémere' n the at |east
one processor I's configured to receive a 5 Medium Access Contro

(MAC) protocol data unit (PDU) including a MAC header and a MAC

payl oad, t os @Rl for tWheleds oMnuMedion Ghcldd}f: random access response from
the MAC header, and to obtain the second part of the random access

response frigpsp@emsmdpagrsadRALramelonEpdnicessérd any one of clains

10 30 12, Wagdi@®hdh ai®nilecds€RSTonRNIRINIERGETA Phirt hrdl aGOIYHE B, 8d fit@pakOincluding
recel ve_ a Medi um Access . ntro ata. uni

) | . (MAC) %T%tocol d t gP
i ncl ud? Hsé oLN e afengfigrs Omer N E PEEE leg Be“?%féﬁ’f”i“ﬁ} 1 hydhaviardopraTress
garryiﬂgxgh?mm?gdﬁ?magﬁEﬁauMQ§pgm&ahbaaedm@mgaﬁﬁm&dﬁkh?ﬁﬂnmahuﬁmﬁmnsa
esi gnate ie of the MAC header,, and to.obtain the first an
o condv i G rer AT AT et P edRon i i P epnh &Y er
t he MAGEIPEND &RA presnHdi® i) derxactadeldtenpen sea firdtShlhe Anndippadnatheisenfror

W & ! e\Sv%‘Fﬁ\ o%r!fle(;ﬁtti gl? bra{srt]ag(!n (%Ihi.ilggt:o ilgglec%%snofo ler é[nrt.rar\lr% ohgwjv N9h s rzlagtoaryd the
actess [ preandi €71 or® Fandom access, ‘dnd neans T0r T eceiving a

r andonRagoesbleiB dipldrseyingwl Ridpragntde I ofsih Rpartanbivchemg sepodd! tp &y the rdnkdem
first part dpeluding a list of N RA preanble identifiers (IDs) for N
RA pregn%%”&be%ng responded to by the random access response, and
the second part including N individual RA responses for the N RA

preanbhes, Wsheh@QMiLi%h 2 “Xlé&]ﬁﬁ&‘?he%fsco‘ﬂﬂ ﬁarﬁﬁmg%egﬁfe‘?\findi%% _ﬁix%r}es%z%%e% e%r%tiﬁ%ed

part includes N entries, ‘each entry including an extension

an$® aninRamp eiderap fhe N A preample IRia thefeepat-on fiel d being set to a first
value to indicate another entry will followin the first part or a
second value to indicate no other entry will followin the first
part, &nd t R mahqdobdain korpiurtherigelndifgr yvi ng an RA preanble 1D of an

RA pr eanbl eplbeissigk hesRoneeht eanBim hdiess FAPHRNMo AL TS afi RINVAEHBIe IDDf 5.

Th r f clajm 14, further including:
e apﬁgls%%éé R%precam le , further including

20
4. The method of claim 3, where the N RA preamble IDs are arranged in increasing or decreasing
order in the first part, and wherein the processing the first part includes reading the first part until an RA

preamble ID in the first part 15 past the RA preamble ID of the transmitted RA preamble.

25 5. The method of claim 3, further including:
skipping the second part of the random access response if the RA preamble ID of the transmitted
RA preamble is not detected in the first part; and
processing the second part of the random access response to obtain an individual RA response for
the transmitted RA preamble if the RA preamble ID is detected in the first part.
30
6. The method of any preceding claim, wherein each individual RA response has a fixed size and
includes at least one of a timing advance, an uplink grant, and a temporary Cell Radio Network

Temporary ldentifier (C-RNTI) for one user equipment (UE).

35 T The method of any preceding claims, wherein the receiving the random access response includes:



means for processing the first part of the random access response to
detect for an RA preanble ID of the transmtted RA preanbl e;

nmeans for skipping the second part of the random access response if
the RA preanble I D of the 30transmitted RA preanble is not detected
in the first part; and means fe@g processing the second part of
the random access response to obtain an individual RA response for

the transm tted RADELeAKRLES J:éml%nﬁf Jt&%mlta%nh hS) A8LE r?g;ael‘qAb%eédgfa

first part. 16. e apparatus o 14 or ereln
for re@@ﬁ@ﬂﬁgpﬂﬂ@mrandon1access response 35|ncludes 20 means

for recei Vi figaidn Qﬁgmaaco@ﬁésan@&ﬂta&@is rés%“r@ B QR nRb2addni t  (PDU)
I ncl udi ng a MAC header and MAC payl oad, neans for obtalning the

first part ‘aartaﬂpﬁ%fhﬁ éﬁﬁef@rﬁaaeé@gsaﬂﬂ%ff@?ﬁééﬁwwct%@ewPﬁé@aér and
means for obtaining the second part of the random access response
fromthe MAC pa 5 17. The apparatus of any one of clains 14 to

| oad.
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9. The method of claim 1, wherein the receiving the random access response includes:
receiving a Medium Access Control (MAC) protocol data unit (PDU) including a MAC header
and a MAC payload,
15 identifying the MAC PDU as carrying the random access response based on a predefined value for
a designated field of the MAC header, and
obtaining the first and second parts of the random access response from the MAC payload if the

MAC PDU carries the random access response.

200 10 An apparatus for wireless communication, including;
at least one processor configured to transmit a random access (RA) preamble for random access,

and to receive a random access response including a first part and a second part, the first part including a
list of N R A preamble identifiers (IDs) for N RA preambles being responded to by the random access
response, and the second part including N individual RA responses for the N RA preambles, where N is a

25  value of one or greater, wherein the first part includes N entries, each entry including an extension (E)
field and an RA preamble ID field, the extiension field being set to a first value to indicate another entry
will follow in the first part or a second value to indicate no other entry will follow in the first part, and the
RA preamble ID field carrying an RA preamble ID of an RA preamble being responded to by the random
access response.

30
11, The apparatus of claim 10, wherein the at least one processor is configured to process the first part
of the random access response to detect for an RA preamble ID of the transmitted RA preamble, to skip
the second part of the random access response if the RA preamble ID of the transmitted RA preamble is

not detected in the first part, and to process the second part of the random access response to obtain an



means for obtaining the first and second parts of the random access
response fromthe MAC payload if the MAC PDU carries the random
access response. 1518. A conput er-readabl e medi um i ncl udi ng codes
stored thereon, which, when executed by a conputer, cause the
conputer to performa nmethod for w relgess communi cation, the codes
i ncludi ng: code for causing at |east one conputer to transmt a
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the at |east one conputer to receive a random access response

includPilg a first 20part and a second part, the first part including
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value to indicate 25n0 other entry will followin the first part, and
the RA preanble ID field carrying an RA preanble ID of an RA preanble
bei ng t¥spofdegpdrgudnf atthene pécldom! decl@sshargs the adeast b pAcesedr ixodnfigured to
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including N individual RA responses for the N RA preanbles, where N
is a value of one or greater, wherein the first part includes N
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20 Nis a value of one or greater, wherein the first part includes N entries, each entry including an extension
(E) field and an RA preamble ID field, the extension field being set to a first value to indicate another
entry will follow in the first part or a second value to indicate no other entry will follow in the first part,
and the RA preamble ID field carrying an RA preamble [D of an RA preamble being responded to by the
random access response.
25
15. The apparatus of claim 14, further including:
means for processing the first part of the random access response to detect for an RA preamble 1D
of the transmitted RA preamble;
means for skipping the second part of the random access response if the RA preamble ID of the
30  transmitted RA preamble is not detected in the first part; and
means for processing the second part of the random access response to obtain an individual RA

response for the transmitted RA preamble if the RA preamble ID is detected in the first part.

16. The apparatus of claim 14 or 15, wherein the means for receiving the random access response

35 includes:



520. The nmethod of claim 19, further including: arranging the N RA
preanble IDs in increasing or decreasing order in the first part.
21. The nethod of claim 19 or 20, wherein the second part includes
the N individual RA responses arranged in sanme order as the N RA
preanble IDs in the first part, and wygerein each individual RA
10response has a fixed size and includes at | east one of a timng
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' nfd udes: means for identifying the MAC PDU as carrying the random access response based on a
predefined value for a designated field of the MAC header, and

means for obtaining the first and second parts of the random aceess response from the MAC

payload if the MAC PDU carries the random access response.

15 18. A computer-readable medium including codes stored thereon, which, when executed by a
computer, cause the computer to perform a method for wireless communication, the codes including:
code for causing at least one computer to transmit a random access {(RA) preamble for random
access, and
code for causing the at least one computer to receive a random access response including a first
20 part and a second part, the first part including a list of N RA preamble identifiers (IDs) for N RA
preambles being responded to by the random access response, and the second part including N individual
RA responses for the N RA preambles, where N is a value of one or greater, wherein the first part includes
N entries, each entry including an extension (E) field and an RA preamble ID field, the extension field
being set to a first value to indicate another entry will follow in the first part or a second value to indicate
25  no other entry will follow in the first part, and the RA preamble ID field carrying an RA preamble ID of

an RA preamble being responded to by the random access response.

19, A method for wireless communication, including:
receiving at least one random access (RA) preamble from at least one user equipment (UE) for
30  random access; and
transmitting a random access response including a first part and a second part, the first part
including a list of N RA preamble identifiers (IDs) for N RA preambles being responded to by the random
access response, and the second part including N individual RA responses for the N RA preambles, where
N is a value of one or greater, wherein the first part includes N entries, each entry including an extension

35  (E) field and an RA preambie ID field, the extension field being set to a first value to indicate another



generating a Medium Access Control (MAC) protocol data unit (PDU)

i ncl uding a MAC header and a MAC payl oad, setting a designated
field of the MAC header to a predefined value to indicate the MAC PDU
carrying the random access response, and 30mapping the first and
second parts of the random access resppnse to the MAC payl oad. 25. The
met hod of any one of clainms 19 to 24, wherein the receiving the at
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t he rapdamsaccess response. 1527. The apparatus of claim 26, V\,her ein

t hF at | east one processor is confj M%\ur ed to dgener ate a Medi
5 generating a Medium Access Control (MAC) protocol data unit (PDU) mcludmg a MAC header

and a MAC payload,
mapping the first part of the random access response to the MAC header, and

mapping the second part of the random access response to the MAC payload.

20 23 The method of claim 22, wherein the sending the random access response further includes:
processing the MAC PDU with a Random Access Radio Network Temporary Identifier (RA-
RNTTI) applicable for a set of user equipments (UEs), the RA-RNTI being used to identify the MAC PDU

as carrying the random access response.

25 24, The method of claim 19, wherein the sending the random access response includes:
generating a Medium Access Control (MAC) protocol data unit (PDU) including a MAC header
and a MAC payload,
setting a designated field of the MAC header to a predefined value to indicate the MAC PDU
carrying the random access response, and

30 mapping the first and second parts of the random access response to the MAC payload.

25. The method of any one of claims 19 to 24, wherein the receiving the at least one RA preamble
includes receiving the at least one RA preamble in at least one subframe, and wherein the transmitting the

random access response includes transmitting the random access response asynchronously within a



Access Control (MAC) protocol data unit (PDU) including a MAC header
and a MAC payload, to map the first part of the random access
response to the MAC header, and to map the second part of the random
access response to the MAC payl oad. 2028. The apparatus of claim 26,
wherein the at | east one processor is2xonfigured to generate a Medi um
Access Control (MAC) protocol data unit (PDU) including a MAC header
and a MAGtepainkdnas windovs et each desi NRAtpeAmbieebdngatspbiied MAS titaatiem dasa
predefined value to indicate the MAC PDU carrying the random access
responS&™4hd to map the first and second parts of the random access
response to the MAC payl oad.

26. An apparatus for wireless communication, including:

5 at least one processor configured to receive at least one random access (RA) preamble from at
least one user equipment (UE) for random access, and to transmit a random access response including a
first part and a second part, the first part including a list of N RA preamble identifiers (IDs) for N RA
preambles being respended to by the random access response, and the second part including N individual
RA. responses for the N RA preambles, where N is a value of one or greater, wherein the first part includes

10 N entries, each entry including an extension (E) field and an RA preamble ID field, the extension field
being set to a first value to indicate another entry will follow in the first part or a second value to indicate
no other entry will follow in the first part, and the RA preamble ID field carrying an RA preamble ID of

an RA preamnble being responded to by the random access response.

15 27 The apparatus of claim 26, wherein the at least one processor is configured to generate a Medium
Access Control (MAC) protocol data unit (PDU) including a MAC header and a MAC payload, to map
the first part of the random access response to the MAC header, and to map the second part of the random

access response to the MAC payload.

20 28 The apparatus of claim 26, wherein the at least one processor is configured to generate a Medium
Access Control (MAC) protocol data unit (PDU) including a MAC header and a MAC payload, to set a
designated field of the MAC header to a predefined value to indicate the MAC PDU carrying the random

access response, and to map the first and second parts of the random access response to the MAC payload.



