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users by sharing the avail abl e system resources. Exanples of such
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preanbl e on the uplink when the UE desires to gain access to the system A
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access response containing pertinent information for the UE. Radio
resources are consunmed to exchange nessages between the UE and t he base
station for random access. It is deBAIOGRQUN®f ficiently send nmessages for
random acciss. SUMVARY [ 0005] Techni ques for supporting random access by UEs
in a wirel ess cdiifMni cation

[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.



system are described herein. In one design, a UE may transmt a random
access (RA) preanble for random access. The UE may thereafter receive a
random acwe80wEsense conprising a first part and a seeomaspasts7oshe fir st
part may include a list of N RA preandle identifiers (IDs) for NRA

preanbl es being responded to by the random access response, where N may be
a value of one or greater. The second part may include N individual RA
responses for the N RA preanbl es bei ngUMMARMed to. [0006] The UE nay
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aspects and feature he di scl re . described i her
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access procedure. [0011]] FIG 3 shows a PDU for sending a random access

response. [POU1 Zi}ayFb@@eIm usihgwsRandlotrh AccashB appUNEvorks disthipatpra [detidion{Bdcess
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shows an appgidadiishe’ RA-REITE OMAT ddgthcAdgsi ph, aBE €SS .may 1dent1fy the MAC PDU as
carrying the random access response based on a predefined value for a designated field
of the MAC header. The UE may then obtain the first and second parts from the MAC
payload.

[0007] The UE may process the first part to detect for an RA preamble ID of the RA
preamble transmitted by the UE. If this RA preamble ID is not detected, then the UE
may skip the second part. Otherwise, the UE may process the second part to obtain an
individual RA response for the RA preamble transmitted by the UE.

[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.
[0012] 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.



[0016] FIG 8 shows a process for supporting random access by a base
station. [0017] FIG 9 shows an apparatus for supporting random

access. [ 08020753310 shows a bl ock di agram of the UE amdTiuseodsasmsst ati on.
DETAI LED DESCRI PTI ON [ 0019] The technBques descri bed herein may be used for
vari ous wirel ess conmunication systens such as CDVA, TDVA, FDVA, OFDVA,

SC- FDVA and ot her systens. The terns "systeni and "network" are often used
i nt er déHRpeabl y FIG. himveyshleck dragraimgd] teerblifitand thebliso stagemnol ogy such as

Uni versal Terrestrial Radio Access (UTRA), cdnma2000, etc. UTRA incl udes

W deband CDVA (WCDMA) and ot her variants of CDMA. cdma2000 covers | S- 2000,
| S-95 and | S-856 standards. A TDVAAYHEDESORIPTRON™Nt a radi o technol ogy
such as d obal System for Mbile Comrunications (GSM. An OFDVA system nay
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fixed station that conmuni cates with the UEs 'and may al so be referred to as

a Node B, asaskedtlBIRAAE-GRRAGJERe Mobiht Brasdbanded 8V BANE Efr 802 ble6Wi-Fi),
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mul ti pl e (@s3GPPLIHRET BRG0P ICAS), andashh STROFBMALEahdBYwREnIS &ived- by a
respective eNB subsystem In 3GPP, the term™cell" can refer to the
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coverage ar@a. A S%ShEM SONLIRLESharkd? SRYGEMMS PRBrdH Project” (3GPP).

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 entitiecs. 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 (e.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
eNB 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



of eNBs and provide coordination and control for these eNBs. [0021] UEs 120
may be di spersed throughout the system and each UE may be stationary or
nobi | e. AVOBoewoy9mBso be referred to as a nobil e stati orCTASC@8HOBTIAL, an
access termnal, a subscriber unit, a4station, etc. A UE may be a cellular
phone, apersonal digital assistant (PDA), a wirel ess nodem a wreless
communi cati on device, a handhel d device, a |aptop conputer, a cordl ess
phone, et c.pewoll digitel esstami(RRAe anvirblessnmediBu.va wirelass apovnimiekioarddviepl 4 nk.
The downlink (or forward |jnk) refers to,the. co nication link fromthe
eNB 1ot he MR AOHE {lgpleRioptii e sb Bt R RE T S LRk B at i on
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i ndi cates active comuni cati on between an eNB and a UE. A dashed line with
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procedure. A given UE x may transmt a random access (RA) preanble on a
Physi cal RQHH%ﬁﬁﬂE@§§§h%ﬁ§ﬁH@EIFﬁ@%&FWTWH@Hb%€?$UE x desires to access the
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[0024] An eNB receiye the RA preanble from UE x and possibly RA
preanbl es ﬂ?%h?%%ﬂ&?gﬁﬁ  The eNB may asynchronously respond to the RA

preanfpgs) W t hi r1g, prsRees 8ntkgd MoWBPBF b eshdot e bhsFRYccREr! &f evegH .0 as
an RA response wi ndow. The eNB rmay send a random access response on a
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[0024] An eNB may receive the RA preamble from UE x and possibly RA preambles
from other UEs. The eNB may asynchronously respond to the RA preambles within a
predetermined time period, which may be referred to as an RA response window. The
eNB may send a random access response on a Downlink Shared Channel (DL-SCH) to
respond to one or more RA preambles (step 2). The eNB may send the random access
response to a set of UEs using an RA-RNTI applicable for these UEs. The random
access response may also be referred to as Message 2 and may include various types of
information, as described below.
[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-RNTI) 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-RNTT in the
random access response to UE x in step 2. UE x may use the temporary C-RNTTI as its

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



to UE x when perform ng the random access procedure. A CGRNTlI is a UEID
used to uniquely identify a UEto a cell and is valid only for that cell
for the dwoavetozssB a connection. UE x nay be unabl e toPcmfuseensiobmseNB
whet her UE x already has a CRNTI wi th5Message 1. The eNB nay assignh a
tenporary C-RNTI to UE x regardless of whether or not UE x already has a
C-RNTI and may send this tenporary CG-RNTI in the random access response to
UE X in stepceds pwEed(urﬁaﬁou@eem HeUE erphesady has@ RN Thghdnt SE g-rRiyTonitinueJB x

does not alread a RNTI pri perform ng the randonaccess
procedur e. u%%é%gﬁ@fﬁ %agqﬁgggﬂyp%gg@@ﬁm then UE x may continue to
use t heeeC RNTI 1and nthyseavik ﬂlseaﬂdaﬁmegsyesgo&ﬂﬂmm[t@@a@ﬂ; ablEmayRitadtehei ve

t he random access response fromthe eNB an extract the information

sent to UEisformayponscinip YRen @Eﬁdn@y Hensand édcltqda}%iﬁfa@ém@ﬁloamntth@ upknk nk to
the eNB in {?‘Ctﬁé’ 3;?{%‘%3 é@céﬁaaﬁ e f{ﬁr ”ﬁ%&ﬁn&&%@&e\{&%l Hoﬂg‘tﬁeh? Jaapd qu%cess
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Message 3. ra'épen@l\{Bte@HM SEtbdscaediﬁscS&gﬁzsnﬁlﬂsl(ﬁIhﬁla@la-lﬁObé faderreibt ntlcssage 3.
resolution, if necessar (step 4). A collision may occur when pultiple UEs
send the sdihe R Maawnf e @%Sﬁ%ﬁeomw Lot tieheeentioasispalvtion, ihBseepwry

perfor med t(% Qﬁfokvc%lli’é’fﬂn%aﬁﬁc%ase an ?P%wﬁé&nﬂﬁ%%ﬁgﬁe?@b@ﬁgm@ may

be addresse 0 a speclific a G- RNTI assign
prior to tRPRAGHdoGvAcHtEssrgsolmtenunsy be peifoimed tcemqso]rvarwhﬁhR&HTIis asmitghed to

the UE by th in step. 2 UE i dent d. 3.
100271 The oty ReRetl srudin iy P et q & Sheuid yedbd tar eX 8 950
entitled " By@bi@coWnt (& $abr EBefh"e%ﬁddn@'acd%@sjzoR)cé@&@%% (ﬁﬁa ﬁfara d-fevel ved

Uni versal Terrestrial Radi o Access Network ; escription;
Stage 2," assgnod t8ERPUED 3B 3NB inesten 2 kedia UBigok 81 ilvelne:,ladedr@rMemag@ al

Radi o Acce%3 (E-UTRA) Medi um Access Control (MAC) protocol specification.™
These docunents are publicly available. [0028] The random access response

sent hyuzrhe eNBThe rsdddpn 2cddByprobedussifor QITE @rdeﬁmft%diulﬂdGPPdIEa% B0, reasipenses
for one or nore RA preanbl es received fromone or UEs. One_indivi dual

RA res ponseEwalye%eUpWévaldJ&ﬂﬁaﬂab&ﬂdlww&%ar{ﬁt@%éb n%jldr &ypbisdelnisrsY the
eNB.  For clafhliial RABUELN NeRGHRETTRANINODERA! dbscriftRAIQMLACCeERd in
3GPP TS 36.321, entitled “Evolved Universal Terrestrial Radio Access (E-UTRA)
Medium Access Control (MAC) protocol specification.” These documents are publicly
available.
[0028] The random access response sent by the eNB in step 2 may include one or more
individual RA responses for one or more RA preambles received from one or more
UEs. One individual RA response may be provided for each RA preamble being
responded to by the eNB. For clarity, in much of the description herein, “random access
response” refers to a response sent by an eNB for one or more RA preambles, and
“individual RA response” refers to a response for one RA preamble.
[0029] An individual RA response may include various types of information that may
be pertinent for communication between a UE and an eNB. In one design, an individual
RA response may have a fixed size and may include a predefined set 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.



response” refers to a response sent by an eNB for one or nore RA preanbl es,
and "individual RA response” refers to a response for one RA preanble.

[ 0029] ArwoOnrdevizeisal RA response nay i ncl ude vari ous types/uskoosogmssrat i on
that may be pertinent for conmunicati 6n between a UE and an eNB. In one
design, an individual RA response may have a fixed size and may include a
predefined set of fields. This design may sinplify processing at the eNB
and the UE. In another desigabknl + hdiivideRl A Raspossponse may have a
variable size and may include a set of fields that may be dependent on the
type of RA preanbl e being rqgﬁgﬁged to by the eNB. This design may resjult
in fewer Hits Rdrametered fart ndi vi dual RA rResguiptieni n sone scenarfi os.
Table 1 shows—a-set of fiel d% .02 apn—individual RA response ih—accordance
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bits (e.g.[, Penipdratys)-RINI'Ti ndi d&t e ﬂhHmDHﬁpUEbd@ﬁﬁpduﬁﬂgDmdmmacumhink by the
UE. The uplink grant in the Individual RA response nay have the same format
as an uplink grant sent on a Physical Downlink Control Channel (PDCCH) for
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I'n one design, the tenporary C-RNTlI is a bit value selected by the eNB
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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-RNTTI if the UE does not already have a C-RNTI.

[0031] 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.

[0032] 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



(e.g., nodul ation and codi ng schene (MCS), resource block, validity tinme
for time division duplexing (TDD), etc.) and the nunber of possible choices
for each wopeownf7933af or mati on. [0032] An i ndividual RA r esparss@smsisal so
include different and/or other fields7for other information. For exanple,
an individual RA response may include backoff control information, which
may be used to control transm ssion of RA preanbles by aUE in case of

col I'i si on. WHom gdsaof tellisinc frootlarihe niewbofithe esaripédobelow susrescstthe daegi gn
shown in Tapl e 1'Tb30r:f’3] I n one design, a random access response may carry
a vari abl e *AUMBEL " &¥° i ndi vi dual RA responses and nay be sent in a MAC PDU.

The r3mE@dam acceds GRSPSNSE IBhdBE 9€dths WSipbhse aakyO Grdefablef anmBeérS of t WO
of which are described below. [0034] FIG 3 shows a design of a MAC PDU 300
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FIG 3, MAGhdeadem &tOssnypdni€ hices@ideeagRA bicahBld MatwithdivaRicesast (g .number
of RA preanbl es bei ng resg)onded to. [003}511151 MAC payl oad 320 carries a_second
part of thédarggiefoymalee dwa) thespisrised bthe KE. nEhurratablg puplsyiod R preamble

responses jpffy ﬁ{égﬂs{\bir{)ﬁ@ e i BRe PIPATRIS SndAGERY In the design shown in FIG.
3, each RA preamble ID may be associated 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
preamble 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 second 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
ID 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/LCID 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
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first part .includes N 1nd1v1dual 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.

[0038] Other predefined MAC subheaders may also be used to indicate that MAC
payload 420 carries a MAC control element for a random access response. For
example, a 2-byte R/R/E/LCID/F/L. MAC subheader with six fields of R, R, E, LCID, F
and L may be used to indicate the presence of a MAC control element for a random
access response, where L denotes the length of MAC payload 420 and F denotes the
length of the L field.

[0039] FIGS. 3 and 4 show two example MAC PDU formats that may be used to send a
random access response for a variable number of RA preambles. In the design shown in
FIG. 3, a special MAC PDU format is defined for the random access response, and this
MAC PDU format excludes normal MAC header fields. An eNB may generate a cyclic
redundancy check (CRC) for a MAC PDU carrying a random access response. 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
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[0041] FIG. 5 shows a design of a random access response 500, which may be used for
both MAC PDU 300 in FIG. 3 and MAC PDU 400 in FIG. 4. Random access response
500 includes a first part 510 followed by a second part 520. In the design shown in FIG.
5, first part 510 includes N entries 512a through 512n for N RA preamble IDs. Each
entry 512 may have a fixed size (e.g., of 8 bits or one octet) and may include an
extension (E) field, a RA preamble ID field, and a reserved (R) field. For each entry
512, the E field may be set to (1) a first value (e.g., ‘1’) to indicate that another entry for
another RA preamble ID will follow or (ii) a second value (e.g., ‘0”) to indicate that no
other entry will follow. The E field of each entry 512 except for the last entry may be
set to ‘1°, and the E field of the last entry 512n may be set to ‘0’, as shown in FIG. 5.
First part 510 may end after the last entry 512n having its E field set to ‘0’, and second
part 520 may start after the last entry 512n. The RA preamble ID field may carry the
RA preamble ID of an RA preamble being responded to by the random access response.
The R field may be used to convey any pertinent information, e.g., an indication of the
type of information being sent in an individual RA response or in place of the individual
RA response for the associated RA preamble 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 IDs included in first part 510. The



[0041] FIG 5 shows a design of a random access response 500, which may be
used for both MAC PDU 300 in FIG 3 and MAC PDU 400 in FIG 4. Random
access respan®a7%30 i ncludes a first part 510 foll owed PPgTaAISS@SOSTSPar t
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t he individual RA response. The uplink grant field may carry an uplink
grant for taFFéngiEl.m"Fﬁféofd@ﬁporary C-RNTI field may carry a tenporary C- RNTI

assi g Eﬁfh%o the Iﬁ”‘:the [dggéI? ]shgxlvﬁ inSFIﬁ' Oa*’,\fsraﬁ(}]o%l? %.%.&Js% Ge %?ke?rgg)/@ Tn}]a{é/?{l}lgﬁf&aa? cess

resporise 500. In genera each entry I'n the first par e any set
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al so be ar rfgrngl%ngiJréa%ﬁgg gin;[g Qg‘sgogc?e%\l\g iis ocgt% upS-'froEE' ¢ tllhis arrangement may
allow a UE to quickly scan through the list of RA preamble IDs to determine whether
the RA preamble transmitted by the UE is being responded to by the random access
response. The UE may skip the processing of the second part if the RA preamble ID for
the UE is not found in the first part. If an RA preamble match is found, then the UE
may process the second part to obtain the individual RA response sent to the UE.
[0045] FIG. 6 shows a design of a process 600 for performing random access by a UE.
The UE may transmit an RA preamble for random access (block 612). The UE may
thereafter receive a random access response comprising a first part and a second part
(block 614). The first part may comprise a list of N RA preamble IDs for N RA
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, ¢.g., as shown in FIG. 3. The UE may process the
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transmitted RA preamble if the RA preamble ID is detected in the first part (block 620).
In one design, the order of the N individual RA responses in the second part
corresponds to the order of the N RA preamble IDs in the first part. The individual RA
response corresponding to the n-th RA preamble ID in the first part may thus be the n-th
individual RA response in the second part.
[0048] FIG. 7 shows a design of an apparatus 700 for performing random access.
Apparatus 700 includes a module 712 to transmit an RA preamble for random access
and a module 714 to receive a random access response comprising a first part and a
second part, with the first part comprising a list of N RA preamble IDs for N RA
preambles being responded to by the random access response, and the second part
comprising N individual RA responses for the N RA preambles. Apparatus 700 further
includes a module 716 to process the first part to detect for an RA preamble ID of the
transmitted RA preamble, a module 718 to skip the second part if the RA preamble ID
of the transmitted RA preamble is not detected in the first part, and a module 720 to
process the second part to obtain an individual RA response for the transmitted RA
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



RA preanble ID of the RA preanble transmtted by the UE (block 616). In one
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N may of the random access response to the MAC payload, e.g., as shown in FIG. 4.

[0051] FIG. 9 shows a design of an apparatus 900 for supporting random access.
Apparatus 900 includes a module 912 to receive at least one RA preamble from at least
one UE for random access, and a module 914 to transmit a random access response
comprising a first part and a second part, with the first part comprising a list of N RA
preamble IDs for N RA preambles being responded to by the random access response,
and the second part comprising N individual RA responses for the N RA preambles,
where N may be a value of one or greater.

[0052] The modules in FIGS. 7 and 9 may comprise processors, clectronics devices,
hardware devices, eclectronics 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 T>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



be a value of one or greater. The second part may conprise N individual RA
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and second aparpisvied Ttheputasyedol seeesstor & spaiudaos qMOBs)MAG2pakioagldl,1082tg. , as

shown in FIG 4. 051£ FIG 9 shows a design of anwgpparatu 909 for
suppor t i ng &k WedQ2 MIPAIAES 20FOPGCHYEF QU sYmBRluttEsaty £2-8.0 19TeRei ve at

| east one %MM%TJBB‘L%%J IPBh Bt §aﬁf§ﬁé stBdafn. Lﬁadch%o&lﬁ%f’%f?fﬁl%?%rtﬁé?qar gggl;dul €

914 to transmt “a random access response conprising a first part an
second par t(¢.gwicbhvdrhéo fanaleg, paplifyc dittpr, i aidngpcantydrgt thofoulpuRAampastbdaen ks f or

N RA preanbl es bei responged.tp by the random ac esp and the
Second par OUGUNH PRIHG R ndr G0 aIEnE st BBROBTT SPS PbRNERADE aoh o,
where N mayraBemated e afbnRRE 094a GESahern34{ AQpedtiviRe nodules in FIGS. 7 and
9 may conprise processors, electronics devices, hardware devices,

el ect M35Ls conporedii $10,antpinsad | A52e clupugh 10Mmprayasceies the upbnk sigypals from

conbi natio eof,. [ 0053] .. Fl 10 shows a hl ock.diaara f desi gn of an
oNB base otk 1eh S pdsRBRSbnt Pris e PR By eSS LRI % Bul il e of
the UEs i n(EEMoﬂ)? 10344 lihudugle SOTM, rebfiectivly] Faetfiutmp@dator 1 G54Tmapteniiasn 1034a

t hrough 1034t, and eNB 110 is equi pped with R antennas 1052a through_ 1052r,
where in génés dilter amplifyndovmoonyert, andshigitiag) ajrespetiive Fo¢aieadsyignal io @b&s or

1020 may recRiwg sqgltp?esf M BB SRR B ﬁlg}%urther process the received samples
(e.g., for SC-FDMA) to obtain received symbols. A MIMO detector 1056 may obtain
received symbols from all R demodulators 1054a through 1054r, perform MIMO
detection on the received symbols if applicable, and provide detected symbols. A
receive processor 1058 may process (e.g., demodulate, deinterleave, and decode) the
detected symbols and provide decoded data for UE 120 and/or other UEs to a data sink
1060. Receive processor 1058 may also provide detected RA preambles from UEs
performing random access to a controller/processor 1080.

[0056] On the downlink, at eNB 110, data for one or more UEs from a data source 1062
and signaling (e.g., a random access response) from controller/processor 1080 may be
processed by a transmit processor 1064, precoded by a TX MIMO processor 1066 if
applicable, conditioned by modulators 1054a through 1054r, and transmitted to UE 120
and other UEs. At UE 120, the downlink signals from eNB 110 may be received by
antennas 1034, conditioned by demodulators 1032, processed by a MIMO detector 1036
if applicable, and further processed by a receive processor 1038 to obtain the data and
signaling (e.g., a random access response) transmitted by eNB 110.

[0057] 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.



process the data based on one or nore nodul ati on and codi ng schenes, and
provi dedata synbols. Transmt processor 1020 may al so process

si gnal i ngwoanawwobs3dnf ormation (e.g., an RA preanbl e) ana&cpruszecdesmsgnal i ng
synbols. Atransmt (TX) nultiple-inpyt multiple-output (MM processor
1030 may nul tiplex the data synmbols, the signaling synbols, pilot synbols,
and possibly other synbols. TX M MO processor 1030 may perform spatia

pr ocessi ng (oatrgll¢r/ppessenti HFY aneNBid 1funey pedsmma o ymsol process &)opini Eidbl%, and

rovide T output .synbol str.e to T nmodul ato 1032 ro 032t.
D o oaut AP bRy PR RS BEAR PR aR-BhOL Rt RmsdRt oL afy 2s2
for SCFDVA)mdyostéfetdatandprogthpiidodsfRIEE 320 eadeNBaah, riopdiatior AlGhdarey
further process (e.ghe,é convert to analog, anmplify, filter, and upconvert)
& 8¢

t he out put 19&hpn alm UEs dot dpwnkank apd/phRpEaly hiansmipsign | 4ndknay @remide f r om
nmodul at or s ransmtted via T antennas 1034a

t hr ough 10§§§f%$%§%é@#?5%%%38{%%géfgﬁkhé%%'110, ant ennas 1052a t hrough
1052r [o0®8] r ecei Ihobdef skilliimkhesarg Ralusl fidendtddd th20inderehapios ahdsignels hedy bES and
may provide received signals_ to dennggla ors gDE ) 1054a t hrough 1054r,
respect i vel'SROEAKH HeRdAIY atlof HOSH RaylIeREE {5o0RPIp@ISy andfephraquesanfpy £y,
downconver b, B! b Rkiols! GRRRGIdY hbEsRIokeHaThENGL, LoBOLAM BfeT ved
sanpl es. Eac% enodul ator 1054 may further procegs the recel ved sanpl es
(e.g., for tIBC-EDMYe radfesbta throegwiuy dbke sypoboldsscriftivh MBayl dice cdpoeseied 6byray

obtain recei yed synbols fromall .R denodul at or 054a through. 1 r

o for m M NEI TS oLl ROR: Gl PSSt A SUAOTS TP 25 BCian: SicRBARS 8Ui de
det ect ed syahRIS; orinyRS/ILYRLBL @f@s&TOr 1058 nay process (e.g., denmpdul ate,
dei nterl eave, and decode) the detected synbols and provi de decoded data for

UE 12000380/ or otlihese WEsskilb vepudditfarteérnipprod@e tRelc dicvsagruscidlysioativeobgiohy

al so provi et ected RA. pr.eanbles, fram UEs performng random accgss, to a
contr ol | er FbEe SRR 08 PU D0, HeH AL HenmArir o e RETTRE GG, One
or nore UESidclqdteahddéihanspbe G¢Rpkafedtcdnd de@ivaid Ngdeared computcAREGRURC LSS
response) fromcontroll er/processor 1080 may be processed gﬁlha transmt

processor foBbinagpecetidathy Ta qixarly Myspriscbiss sicrdpgeatiliiped herdppes, and
Cond 1 eV Aat 5 TSI TS ol R MBI,
by ant ennasledddiddd abevedichcatiedn bymdeffdaid fahoticalif3 2Whpthocass danduipnalitilidvio
detect or 1?3116)lemented 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 each 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 thercof 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, ¢.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.



if applicable, and further processed by a receive processor 1038 to obtain
the data and signaling (e.g., a random access response) transmtted by eNB
110. [ 005¥D 2793381 er s/ processors 1040 and 1080 may di PETIUSROV8/08T983 at i on
at UE 120 and eNB 110, respectively. ®ontroller/processor 1040 at UE 120
may performor direct process 600 in FIG 6 and/or other processes for the
t echni ques descri bed herein.Controll er/processor 1080 at eNB 110 nay

per f ol®A6d}r di r edtheptaps @@ BGB0d ar Hig@ithgn derdribed ot dtrancgooceks 8 distlosune

t echni ques ,descr.i bed her ein. ri.es 1042 and 1082 may store data,and

br o0 am codgeT GiSck FBoUY AREY 18 harbiachly PG bl ReftBei ey
schedul e Ugsode¥or,dstwil 4 BkmBiRee ofiitlel tils. t I ANfivesd BIddaR0mER YesRicOMi RIEM
assignments of resources for the schedul ed UEs. [0058] Those of skill in
the art wouanasddtashamgmonat R omeaarpn EROM; grearesy ndfEROMe pressenit ed
usi ng any - a o - |

exanpl e, dg%g@.{ge%éh@dtrg&i%:% i %ﬁegﬂ}g\%gm%déwn (%\? ?r‘g'?a ?X%%éff‘glﬁg s&&gl?? Isﬂ,é(C-hrsu)r/nnboI S,
and chi ps tkhatvnnimyhdat.r ahesxempedy slokeghaliimtibeogiied & e $esdepdar auchriyit be

represented by voltages, currents, electronagnetic waves, nmagnetic fields
or particl 8¢ Prgpessefansread wéorgiatign fiomy jaad wrg infatmationypnike soRegeHRsdRM.

[ 0059] Tho i I r [ t [

11 ust rat i s oarek|ive e lia i RlnARRY 68l Qe pRECKAL ) THE processor
descri bed iand cbaisecigeomediuirh ntalyerediids ah csuASIGer Ehan AB§ ey iregdee mentwesdr as
el ectroni c hardware, conputer software, or combinations of both. To clearly
I ust rat o SR i EnARgRstie (s PRIcchar duir B0 i oA Tpn vt o

i1 ustrati iescERoBansdtetis iPh @SkSermiRglul €s, circuits, and steps have been
descri bed above generally in terns of their functionality. Wether such
functil®fedl i ty i dnionpbement edmplarkiaicsigay, ehofunsiainswirseibgd peaydee inpdemertied
parti cular ;anplicat! omand desian consty abnbs iipaged.on (Fhe overald i
system ski'l I'8d 5T sAne ﬁ’ay Pl enBnt™t FRMGESERT bed ™ unct i'ORa iety I n
varyi ng waysftiverfe, é@dtin@dht hiasbarstczePbh 6atriitt&iéves Us Bnd PpherERttaicions

deci sions should not be interpreted as causing a departure fromthe scope
of the pre®Erodai dtRoserruteadiilc Trrdiviar Compuiqrirgadabler medial gludss bettocks,
modul es. aRghicf Uibded SHEdih DEM | BnfRIRGRG Oholal fadilifin! B/ ARG NELEI
may be inplenented or~pertformed wth a general purpose processor, a digital
si gnal pr odasbktates (6} o cappltecpdopmim &pacoel adenbegothced 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 comprises 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-purpose 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 wircless
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.



circuit (ASIC), a field programmabl e gate array (FPGA) or other
programmabl e | ogi ¢ device, discrete gate or transistor |ogic, discrete
har dwar e worgp@megsiss, or any conbi nation thereof desi gne@#Crasp@sieTsst he
functions described herein. A general¥urpose processor nmay be a

m croprocessor, but in the alternative, the processor may be any
conventional processor, controller, mcrocontroller, or state nmachine. A
procedetsd] may alldo yevionpldeseeintionl odsthe disstdsireatsi provtied dorgmablenanydpebares,

e.g., a conpbinatign of a DSP and_ ,a m Gcroprocessor |.urali f

i o opr oces SRR n Blaeo Rcorig i fadb il LoRaRanfiRedtrs o We oo
core, or aRryilldehndisHepaeaitflto ghsatskDRd[iQARd hrtThel SeeRsicOE painbPicl Adfiged
al gorithm described in connection with the disclosure herein my be
enbodi ed diheein ImMay; be waplistaie othien varigmswaiteourpdpprigingxigent e $59p& of the

processor, in..a i.pat i t: dul e eside in
oot nemory S, SICL RO OBl A iy SORLETIENC pIEE RS

regi sters, dosipak déesskibed heeimbablsetodbs kecoadddDhBOMdesir scapy cohdigentf witintiod
storage nedi um known in the art. An exenplary storage nediumis coupled to
the proces®snciplssnd pavel fepdurss diselesssrhegdh read i nformation from and wite
information to, the storage nedium In the alternative, the storage nedi um
may be integral to the processor. The processor and the storage nedi um may
resi dg¢0l6d] an ASIWHAThE ABAIMED ISesi de in a user termnal. In the
alternative, the processor and the storage nedium may reside as discrete
conponents in a user termnal. [0062] In one or nore exenplary designs, the
functions described may be inplenented in hardware, software, firmware, or
any conbination thereof. If inplenented in software, the functions nay be
stored on or transmtted over as one or nore instructions or code on a
conput er -readabl e nmedi um Conput er-readabl e nedi a i ncl udes both conputer
storage nedi a and comuni cation nedia including any nediumthat facilitates
transfer of a conmputer programfrom one place to another. A storage nedia
may be any avail able nedia that can be accessed by a general purpose or
speci al purpose conputer. By way of exanple, and not limtation, such
conput er -r eadabl e nedi a can conpri se RAM ROM EEPROV] CD- ROM or ot her
optical disk storage, magnetic di sk storage or other magnetic storage
devices, or any other nmediumthat can be used to carry or store desired
program code neans in the formof instructions or data




structures and that can be accessed by a general - purpose or speci al - purpose
conputer, or a general-purpose or special -purpose processor. Al so, any
connect i omoi2so97egsar |y termed a conputer-readabl e medi urCTRSROS08TIRS €, i f
the software is transmtted froma weldsite, server, or other renote source
using a coaxial cable, fiber optic cable, twisted pair, digital subscriber
line (DSL), or wireless technol ogi es such as infrared, radio, and

m crowave, then the coaxial cable, fiGBAIMStic cable, tw sted pair, DSL, or
wirel ess technol ogi es such as infrared, radio, and m crowave are included
in the definition of medium Di sk and disc, as used herein, includes
conpact disc (CO), | asektiddTes wRplksscmmlinfeatiofi @pHsimer satile disc (DVD),
fl oppy disk and blu-ray disc where disks usually reproduce data

magneti cal |y, wiiangmigiingsrandemegerse (A areamblecar rapdomtagcqsasids |

Conbi nati ons of - ol el 11 hi
conputerreadablé&%gﬁﬁggﬁggégﬁﬁ#ﬂgqéiﬁeggﬁ%ﬂ)gs ??% |%%+%¥f¥%§8%?§§$g£%re IS
provi ded t dirgngddl eorapiysipe asling of KN IR & ¢réambilb édatificfso(IDBK €oroN RIA eredigbles

di scl osure. Various difications to the disclosure will be readily
appar ent t é’etnlgd%’oélﬂi%) foeby ithe fepdorg access AespPRRS @%@L:éhq veopnd prit §PEriHRE Med

herein may iH6,ARRIR £PedhBn @k RS hY R AHFORHIN WACKIN AePAIld St @ Brdafi. SCOPE
of the disé ogure. T ﬁ%,nt%e JPscIos§re I'S hot%%ntendeé to ngq gﬁ%ted to
t he exanpl es and designs described herein but is to be accorded the w dest

scope consi sten ith.the princip|les and, novel. features disclosed herein.
[0024] WHAT 1S @LAl vEBe Beled ‘Rﬁs%lmAﬂrrﬁvﬁlﬁE?\él th SeEEl BUL QB &léetﬁ\ﬁln

conpri si NY:inditRANSINRA trbdp@nses ARASEN RCHARSorlEAs tRE RRRA! §cdfiblcTBRIPMAGRESS;
and receiving a random access response conprising a first part and a second
part, the frartst part conprising a list of N RA preanble identifiers (IDs)
for N RA preanbl es being responded to by the random access response, and
the second part conprising N individual RA responses for the N RA

preanbl es, wherg. N i Sha nv@hdteofflaiNg f@fth@ce@peking2. The net hod of claim 1,
wherein the second part conprises the N individual RA responses arranged in
sane order as tPEOIPINE prefifthinsrt ¢lsthenrapfemsgeeess response 30 driget fst Ho&of

claim1, f 'ﬁéalﬁﬁfle 19 8Pl $taGmitted RA preamble.

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
comprises reading the first part until an RA preamble ID in the first part is past the RA
preamble ID of the transmitted RA preamble.

5. The method of claim 3, further comprising;:

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.

6. The method of claim 1, wherein the first part comprises N entries, each
entry comprising 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



processing the first part of the random access response to detect for an RA
preanble ID of the transmtted RA preanble. 4. The nethod of claim3, where
t he N RA woeao7es38Ds are arranged in increasing or declPeagisngsosmes i n the
first part, and wherein the processing the first part conprises reading the
first part until an RA preanble IDin the first part is past the RA
preanble ID of the transmtted RA preanble. 5. The nmethod of claim 3,
further codprfigd rvgrry@lgi gppRAgpichabsedbnll apdta podamthe beingdesmoadedk & by ébponse
if the RA p e |IDof the transmtted RA preanble is not detected in the
first part rmﬁﬁgl?:ﬁ%%sergsé’ A%t he second part of the random access response to
obtain an individual RA response for the transmtted RA preanble if the RA

preamble IDis detected in the first part. 6. The nethod of claiml,
wherein the firgt pathhemlmd efecdain briviareis ea@a@lﬁ%dnanl RACTSHpATISE hirge Aied

extension (F) afnh L th Rk é{rl 5%@'&"% in Qd@ f0ShE1 ¢ fnS drpei ng
va é)gl? ry V\AP %*keéfa win't

set to a first 0|n|caeano i r’st
part or a S&tidudiyNeteork Cremlpdtamlc&nﬁﬁexqﬂmNTéﬁﬁor ynidel eddpineny (UE)I he first
part, and the RA preanblelD field carrying an RA preanble ID of an RA
preanbl e bei ng responded to by the random access response. 7. The mnethod of

claim 1, wherel iy eachyicngiofuat i ¢50ARMEN NS Aol HRIuR] £BATACAPTT ses

at | east one of a timng advance, an uplink grant a tenporary Cell
Radi o Netmcdpofrmqmmmrsysldentlfl er (G RNTI) for one user equipnment (UE). 8.

The nethod of claim.l e receivi ng random agcess

conprises recei VFSEY g I\)%%ﬁﬁuﬂbcg%%es%o ?I}tfﬂ %Z%) Og?%)&oﬁataaflﬁlt ﬁﬂfﬁk PDU)
conpri si ng cam¥ASinPaadRC RadcranYhGIRaY)Qasdd, obt ai ni ng the first part of the
random access response fromthe MAC header, and obtaining the second part

of the random acbesung dedusisrrtafdhe Iahéomqsawsme fem fﬂqé\/lﬁr@thﬁ@dleroan | ai m
8, wherein the rﬁ& ei.vi ﬂ%st h0<=il rap[d(ciyp 1 ace 0sn[slar es Pense f rt hﬁl? gpa a
processing the 1 g i ACCEES SP(P@F work 0 P’)P

9. The method of claim 8, wherein the receiving the random access
response further comprises

processing the MAC PDU with a Random Access Radio Network Temporary
Identifier (RA-RNTTI) applicable for a set of user equipments (UEs), and

identifying the MAC PDU as carrying the random access response if the
processing with the RA-RNTI is successful.

10. The method of claim 1, wherein the receiving the random access
response comprises

receiving a Medium Access Control (MAC) protocol data unit (PDU)
comprising a MAC header and a MAC payload,

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.

11.  An apparatus for wireless communication, comprising:
at least one processor configured to transmit a random access (RA) preamble for
random access, and to receive a random access response comprising a first part and a

second part, the first part comprising a list of N RA preamble identifiers (IDs) for N RA



Identifier (RA-RNTI) applicable for a set of user equi pments (UEs), and
identifying the MAC PDU as carrying the random access response if the
processi rgowadn7v3ze RA- RNTI is successful. 10. The net hedTafS2aBasTesi,
wherein the receiving the random acce®s response conprises receiving a
Medi um Access Control (MAC) protocol data unit (PDU) conprising a MAC
header and a MAC payl oad, identifying the MAC PDU as carrying the random
access resposisilézabang aaspangede e by ribel rendone afaass acspesiegrat glic fseednd prt t he

MAC header, d .obtai ni. t first d t f t1h d
Fesponce 1 BRPCABERRERBASHHAE Pt TR pas R aPEreBi P PE R B SIESE "
response. bhe ofBreaRparatus for wirel ess comunication, conprising: at |east

one processor configured to transmt a random access (RA) preanble for
random access, and to receive a random access response conprising a first

part and a seco par i : o] i.sing ali f |l e

identifiers (I DQ;z fothhﬁl %F%%%#e@%ilﬁlgr@%ésr%%n%gda{ ég%gl%tnﬁgb% %ﬁqggcess

response, aodfigred sepoocksphs firg gagrdfshe ganNoingticedsdegdonRAtD ésparfsesn Rr t he

N RA preanbl es, where is a value of one or qéeat er. 12. The tgppar at us of
i

N
claim11, WG IPH Be taaasiticdneA greiedsolo 14dp dmpacgid @t (BF SRE9E t he
first part ,ofcgl P&RR&%@%%@%%M@@%%%& Ha&%gﬁg& RIAO%rfeQI@Rg%s RbEARL& | D of

the transmtted prea to skip the second par random access
response i fin theefilRPppt, @aditd pracBysahe sévend part siffitlic @dddRA apcassandshensego wbtain

detected in the fir part, and to proces e secon art, of th ndom
qocess 1 esPBtaidAOR AR FthS RS TR A SESRGE Tae i Sroatiled T ea Ra
preanbl e ifictcbRdBAtHIBXe | D is detected in the first part. 13. The
apparatus of claim11l, wherein the at |east one processor is configured to

recei ve a Medi um Access Control (MAC) protocol data unit (PDU) conprising a
MAC header and g mcg%%ygo%gatusto o] gl%il nltlt hehfri ﬂlS%hep%{teaOI tntc]e 1rroandgrmiaccess
response fromthé‘ MAC Tre dfere ar?é 8 bbtai v the seconé Sarot of tHE% dhdom
access respoffgurtd anretievdVAQVigaihoadtcess Control (MAC) protocol data unit (PDU)
comprising a MAC header and a MAC payload, to obtain the first part of the random
access response from the MAC header, and to obtain the second part of the random

access response from the MAC payload.

14. The apparatus of claim 11, wherein the at least one processor is
configured to receive a Medium Access Control (MAC) protocol data unit (PDU)
comprising a MAC header and a MAC payload, to identify the MAC PDU as carrying
the random access response based on a predefined value for a designated field of the
MAC header, and to obtain the first and second parts of the random access response

from the MAC payload if the MAC PDU carries the random access response.

15.  An apparatus for wireless communication, comprising:

means for transmitting a random access (RA) preamble for random access; and

means for receiving a random access response comprising a first part and a
second part, the first part comprising a list of N RA preamble identifiers (IDs) for N RA
preambles being responded to by the random access response, and the second part
comprising N individual RA responses for the N RA preambles, where N is a value of

one or greater.



14. The apparatus of claim1l, wherein the at | east one processor is
configured to receive a Medi um Access Control (MAC) protocol data unit
(PDU) compoieiangszs3MAC header and a MAC payl oad, to iderCirfus2aisesBC PDU as
carrying the random access response b@sed on a predefined value for a
designated field of the MAC header, and to obtain the first and second
parts of the random access response fromthe MAC payload if the MAC PDU
carries the randém addesgparemipohsleim 15, fupthergopwriamgs for wirel ess

conmuni cation, conpri.sing: neapns for tr mtting a random access { RA
Ol o2 o AR ER s TRERR At e TR b AR I SRR AT
response cmeeamrbgala) bff ths traifiittc@RA @es@slond part, the first part

conprising a list of N RA preanble identifiers (IDs) for N RA preanbl es
bei ng r esponded Manhyor Hapripg dehiesene Partrafsthe mardony geceshecsparssnd thaRA

conpri sing i N4l I . ) re Nis a
val ue of o e% air)#b qéglrﬁ?agfglre .%&%g?g% I;era 1tlajt(Bl[Jeslg (E)l?t %tgfl%éndﬁ %gﬁ@&&??%ﬂé\r’gﬂgomrl si ng:
means for processdangfdripodesding thpaetomfpatthef tharvdomaccss seshesqpansbtaimardet ect

for an RA preanble ID of the transmtted RA preanble; neans for_ skipping
the second HHYdug RAneespensadin Sicc Bansmitied Sk @rgamble,af s Reprsamble Epéi’r t he

transn‘itteqleﬁétegriﬁ & da5t NOt detected in the first part; and neans for
processi ng the second part of the random access response to obtain an

i ndi vi dual RA response for the transmtted RA preanble if the RA preanble
IDis detected in the first part. 17. The appagratus of claim15, wherein
Lhe means for rdde viiG PREPRRTsHR: e S0 RRE Hsrbs dhn et Per e sbpor
recei ving acdBdildppdecssmprilant rol (MAC) protocol data unit (PDU) conprising
a MAC header and a MAC payl oad, neans for obtaining the first part of the

random access r exponfy reeanyimg heVedianhiecedss Cordrod (Mednisprptocolotstanmt RPYhe
second part_of .the randaom access HRePANSE fromthe MAC payl oad. 18. The
jl_@A @ Jayloa

appar at us SPEM A g tar%\él S'Tor receiving the random

means for obtaining the first part of the random access response from the MAC
header, and
means for obtaining the second part of the random access response from the

MAC payload.

18. The apparatus of claim 15, wherein the means for receiving the random
access response comprises

means for receiving a Medium Access Control (MAC) protocol data unit (PDU)
comprising a MAC header and a MAC payload,

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 access response

from the MAC payload if the MAC PDU carries the random access response.

19. A computer program product, comprising:
a computer-readable medium comprising:
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 comprising a first part and a second part, the first part comprising a list of N

RA preamble identifiers (IDs) for N RA preambles being responded to by the random



access response conprises neans for receiving a Medium Access Control (MAC)
protocol data unit (PDU) conprising a MAC header and a MAC payl oad, neans
for identwbyneyp7p3se MAC PDU as carryi ng the random acce®sTrs@sngmsbased on
a predefined value for a designated fileld of the MAC header, and neans for
obtaining the first and second parts of the random access response fromthe
MAC payload if the MAC PDU carries the random access response. 19. A

conput er progusanespesduend theaeperidspartcorapresamp bt adividat 844 ecspeicsifor the N

conpri si ng: codeﬂ%) I causi at .| egst _one conputer to transmt a random
access (RAR/DPER ?eé’ W@?re:l\gﬁé‘ovr?‘}%coﬁgg,or 8I54"“Code for causing the at |east
one conputer to receive a random access response conprising a first part

and a second part, the first part conprising a list of N RA preanble
identifiers (ID3P forA NethrdgpewiiplessscopEnycatiospeadting by t he randonmaccess

response, and t i Si Lnqi -ﬁh'lﬂ fg% r t he
N RA preanbl es, qg%egﬁlgg%gil%ﬁgoegﬁﬁg&o ag%gé\lélr{‘ﬁg rp\ég erl.e ) aislg%? ﬁogg 45%

W rel ess cequipnicasUB)for cadpmiastdlg.andecei ving at | east one random access
(RA) preanble fromat .| east one user equi pnent . (UE) _for ran(;l:iom access; and

transmitting a rRAYBIKIEE BNEOMACHBNIESPOBITIE g e first Brt 38 ¢ sgpdd Pagecond
part, the fj i Si b gt ' if i Ds)
Por N Ra pri st BaA ofiBRG: 3 1RGP RA Blml RABHEATIDO LERIRA fréfbitt ™

t he second bpmgtrespmmded & by thd Tandomaiadozb rédponses poh desscband piare cdimPAsing N

preanbl es, .where Is a val ue of or greater. 21. The thod of claim
D0 “wher of iR AFe parets 15 NIES ripaufiey et e b sty 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 secon@lval ddetacthertpiceleion Ao vhaien tenfirsy paiit compursas dweintnies, isect i r st

part, and the RA preanble ID fie rLryi.n RA l.e, 4 D of an.RA
breanlo. béliy PabponacH viopy e Fahiain d RA.Ee BRI aR LA HENE oo
of cl ai m 2@icld WihHest t6 QNMKI dligto 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 résponsc.

22. The method of claim 20, further comprising:
arranging the N RA preamble IDs in increasing or decreasing order in the first

part.

23. The method of claim 20, wherein the second part comprises the N
individual RA responses arranged in same order as the N RA preamble IDs in the first
part, and wherein each individual RA response has a fixed size and comprises at least
one of a timing advance, an uplink grant, and a temporary Cell Radio Network

Temporary Identifier (C-RNTT) for one UE.

24, The method of claim 20, wherein the sending the random access
response comprises

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



arranging the N RA preanble IDs in increasing or decreasing order in the
first part. 23. The nethod of claim 20, wherein the second part conprises

t he N i ndwoizdesad79338 r esponses arranged in sanme order asPCmasshhoRAsSBEaNDI €
IDs in the first part, and wherein ea2h individual RA response has a fixed
size and conprises at |east one of a timng advance, an uplink grant, and a
tenporary Cell Radio Network Tenporary ldentifier (CGRNTI) for one UE 24.
The net hod of claim 20, wherein the sending the random access response

conpri ses generati ng Med, u cess nt r,ol ‘é) C) protocol data unit (PDU)
conprising a Mﬁgtshea glﬁﬁmg ﬁ)ié?aﬁ@y?g’ad‘fhe pi ﬁgsegﬂ]élgf ﬁﬂf’sfa“gg?]t 465t he
random accespohshan&eohprishe MAC header, and mapping the second part of
t he random access response to the MAC payl oad. 25. The nethod of claim 24,

wher ei n t he sendi9rgstite theaMddmPRUL agth ¢ BapdorseAgagss Radio Mefpprks dsmpeigeessi ng

the MAC P . i if

(R RNTH ) e 3R RERE) A8 aGe HOE 0 i Bt s EPRERA U AN T g
6

used to i désinigfuged toeiddAEy FRUMASC BRI asicagyingehd andomaacsesspomsponse. 26.
The net hod of claim 20, wherein the sending the random access response
conprises generating a Medi um Access Control (MAC) protocol data unit (PDU)

conprising a MAGeheadel afhod MPCIRAYhOadheRah heIscAdRES HNAAGm! helds of
the MAC header to a prgdef ﬁ?ed vallue to i ngl%gate tshe I\/%C PDU carry?ér?gsthe
random accesyonesponsses and mappi ng the first and second parts of the

random access response to .the MAC payl oad 7, . The net had of cl ai

Wherein the. r ecEBGNG Ho MrdiEhd i SRRal AMATE Homa <8t Mley « e
at | east oREmBAsIAEAMRB(Ehchlleraindla@AAT YRaaubf rame, and wherein the
transmtting the random access resgonse conprises transmtting the random

access response seigpaehtosizoatst o ohihe MASr betsice tavk meaticfined velua dowdidateach
of the MAC PDU carrying the random access response, and
mapping the first and second parts of the random access response to the MAC

payload.

27. The method of claim 20, wherein the receiving the at least one RA
preamble comprises receiving the at least one RA preamble in at least one subframe,
and wherein the transmitting the random access response comprises transmitting the
random access response asynchronously within a predetermined time window of each of

the N RA preambles being responded to by the random access response.

28.  An apparatus for wireless communication, comprising:

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 comprising a first part and a second part, the first part
comprising a list of N RA preamble identifiers (IDs) for N RA preambles being
responded to by the random access response, and the second part comprising N

individual RA responses for the N RA preambles, where N is a value of one or greater.

29. The apparatus of claim 28, wherein the at least one processor is
configured to generate a Medium Access Control (MAC) protocol data unit (PDU)
comprising a MAC header and a MAC payload, to map the first part of the random



the N RA preanbl es being responded to by the random access response. 28. An
apparatus for wireless comuni cation, conprising: at |east one processor
confi gur esooowgesBve at | east one random access (RA) preandsb@sinsmas at
| east one user equi pnent (UE) for ramdom access, and to transmt a random
access response conprising a first part and a second part, the first part
conprising a list of N RA preanble identifiers (1Ds) for N RA preanbl es
bei ng res p@n@t@@l retSpOltB;b to Hlee Ve durnder casistorregp thessecorahphrt hethseginduan peess
conpri sing U@{A lesponses for the N RA preanbles, where Nis a
val ue of oﬁ%Sp8Pseg}Péléet BY103he apparatus of claim 28, wherein the at
| east one processor is configured to generate a Medium Access Control (MAQ)
protocol data unit (PDU) conprising a MAC header and a MAC payl oad, to nap
the first part &Pt hdheapivhrec &fsc ﬁl@Sp?&ns\éhQr@th@ madeast e Drogerdon ds map
t he second d S The
appar at us ogﬂﬁém?& té%%n%ﬁ{%r%@% b g%& eas §r81 Q\% trd(} Jé’@(%???étag@ pgg[rj)ed to
gener at e a ch@iisifg ACKIASS héxlet aod a(MC) pa@ﬂdatdpt‘cobetdtadealglnmdi flRDLY theomnd si ng
a MAC header and a MAC payl oad, to set a designated field of the MAC header
to a predefFHsd 04 pede qdmcﬁ it Mdikatefe FHY yriyingHBe raHPshrecsess
response,
 eshonse. t O%ﬁ%&w@? Ft)% 51?48 athé HrstAd REGRNFarRASL e HUindoE oL ARI AT AKE &S Fhe

MAC payload.



