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METHOD AND PROCEDURES FOR
UNSYNCHRONIZED, SYNCHRONIZED, AND
SYNCHRONIZATION STAND BY
COMMUNICATIONS IN E-UTRA SYSTEMS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE 10O RELATED
APPLICATIONS

This application is a reissue of U.S. Pat. No. 8,054,791,
which issued on Nov. 8, 2011, from U.S. application Ser. No.
12/158,933, filed on Jun. 23, 2008, which is the National
Stage filing under 35 U.S.C. 371 of International Application
No. PCIT/KR2006/004881, filed on Nov. 20, 2006, which
claims the benefit of U.S. Provisional Application Ser. No.
60/753,773, filed on Dec. 23, 2005.

TECHNICAL FIELD

The present disclosure relates to radio communications,
and 1n particular, relates to a method and procedures for
unsynchronized, synchronized and synchronization stand-by
communications in Evolved UTRA (Evolved UMTS Terres-

trial Radio Access) systems.

BACKGROUND ART

A radio (wireless) communication system may be com-
prised ol an access network and a plurality of access termi-
nals. The access network may include access points, such as
Node Bs, base stations, or the like, that allow the access
terminals to connect with the access network for uplink (UL:
terminal-to-network) communications and downlink (DL:
network-to-terminal) communications via various types of
channels. The access terminals may be user equipment (UE),
mobile stations, or the like.

Although the concepts described hereafter may be appli-
cable to different types of communication systems, the Uni-
versal Mobile Telecommunications System (UMTS) will be
described merely for exemplary purposes. A typical UMTS
has at least one core network (CN) connected with at least one
UTRAN (UMTS Terrestrial Radio Access Network) that has
Node Bs acting as access points for multiple UEs.

FIG. 1 shows the radio interface protocol architecture
according to the 3GPP radio access network standards. The
radio interface protocol has horizontal layers comprising a
physical layer, a data link layer, and a network layer, and has
vertical planes comprising a user plane (U-plane) for trans-
mitting user data and a control plane (C-plane) for transmit-
ting control immformation. The user plane 1s a region that
handles traffic information with the user, such as voice or
Internet protocol (IP) packets. The control plane 1s a region
that handles control information for an interface with a net-
work, maintenance and management of a call, and the like.

The protocol layers 1 FIG. 1 can be divided into a first
layer (I1), asecond layer (I.2), and a third layer (LL3) based on
the three lower layers of an open system interconnection
(OSI) standard model. The first layer (LL1), namely, the physi-
cal layer (PHY), provides an information transier service to
an upper layer by using various radio transmission tech-
niques. The physical layer 1s connected to an upper layer
called a medium access control (MAC) layer, via a transport
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channel. The MAC layer and the physical layer exchange data
via the transport channel. The second layer (L2) includes a
MAC layer, a radio link control (RLC) layer, a broadcast/
multicast control (BMC) layer, and a packet data convergence
protocol (PDCP) layer. The MAC layer handles mapping
between logical channels and transport channels and provides
allocation of the MAC parameters for allocation and re-allo-
cation of radio resources. The MAC layer 1s connected to an
upper layer called the radio link control (RLC) layer, via a
logical channel. Various logical channels are provided
according to the type of information transmitted.

The MAC layer 1s connected to the physical layer by trans-
port channels and can be divided into a MAC-b sub-layer, a
MAC-d sub-layer, a MAC-c/sh sub-layer, a MAC-hs sub-
layer and a MAC-m sub-layer according to the type of trans-
port channel being managed. The MAC-b sub-layer manages
a BCH (Broadcast Channel), which 1s a transport channel
handling the broadcasting of system information. The MAC-
¢/sh sub-layer manages a common transport channel, such as
a forward access channel (FACH) or a downlink shared chan-
nel (DSCH), which 1s shared by a plurality of terminals, or in
the uplink, the Random Access Channel (RACH). The
MAC-m sub-layer may handle the MBMS data. The MAC-d
sub-layer manages a dedicated channel (DCH), which 1s a
dedicated transport channel for a specific terminal. The
MAC-d sub-layer 1s located 1n a serving RNC (SRNC) that
manages a corresponding terminal and one MAC-d sub-layer
also exists 1n each termainal.

The RLC layer, depending of the RLC mode of operation,
supports reliable data transmissions and performs segmenta-
tion and concatenation on a plurality of RLC service data
units (SDUs) delivered from an upper layer. When the RLC
layer recerves the RLC SDUSs from the upper layer, the RLC
layer adjusts the size of each RLC SDU 1n an approprate
manner based upon processing capacity, and then creates data
units by adding header information thereto. These data units,
called protocol data units (PDUSs), are transferred to the MAC
layer via a logical channel. The RLC layer includes a RLC
butlfer for storing the RLC SDUSs and/or the RLC PDUSs.

The BMC layer schedules a cell broadcast (CB) message
transferred from the core network and broadcasts the CB
message to terminals positioned 1n a specific cell or cells.

The PDCP layeris located above the RLC layer. The PDCP
layer 1s used to transmit network protocol data, such as IPv4
or IPv6, efliciently on a radio interface with a relatively small
bandwidth. For this purpose, the PDCP layer reduces unnec-
essary control information used 1n a wired network, namely,
a Tunction called header compression 1s performed.

The radio resource control (RRC) layer located at the low-
est portion of the third layer (I.3) 1s only defined 1n the control
plane. The RRC layer controls the transport channels and the
physical channels 1n relation to setup, reconfiguration, and
the release or cancellation of the radio bearers (RBs). The RB
signifies a service provided by the second layer (LL2) for data
transmission between the terminal and the UTRAN. In gen-
eral, the set up of the RB refers to the process of stipulating the
characteristics of a protocol layer and a channel required for
providing a specific data service, and setting the respective
detailed parameters and operation methods. Additionally, the
RRC layer handles user mobility within the RAN, and addi-
tional services, e.g., location services.

The E-UTRA (Evolved UMTS Terrestrial Radio Access)
system, also called a LTE (Long Term Evolution) system, 1s
considered as mvolving the PS (Packet Switched) domain
with only shared resources to be used. In this new context
with faster delay and higher capacity requirements, the usage

of LTE RACH (LTE Random Access Channel) should be
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somewhat different to the existing GSM and UMTS systems
in order to meet access requirement specified for LTE.

The present disclosure proposes RACH use cases for LTE.
Mainly, the LTE RACH 1s considered, as contention based
uplink transmission, and may no longer be used to carry user
data, control signaling or explicit request resources. Such
may be used to indicate presence (when the terminal 1s
unknown by the covered area) and to obtain and/or possibly to
obtain/maintain uplink timing synchromization (at power on
or alter a certain period of 1nactivity) with collision resolu-
tion. The remaining information that was carried by the
RACH in the related art, are carried by data non-associated
control signaling resources (CSR) considered as shared
uplink resources used by all terminals with uplink synchro-
nized transmission which are either contention or scheduled
based. The CSR can be also used instead of the LTE RACH to
maintain uplink synchronization.

The procedure where the terminal (or UE: User Equip-
ment) sends a {irst message to the network 1s referred to as
initial access. For this procedure, the common uplink channel
called RACH (Random Access Channel) 1s used. In all cases
(GSM and UMTS systems ), the in1tial access may start from
the UE with a connection request message including the
reason of the request, and an answer (or response) from the
network indicating the allocation of radio resources for the
requested reason.

There are several reasons, each called an establishment
cause, for sending a connection request message and the
tollowing list shows some examples specified in UMTS (see
3GPP TS 25.331):

Originating Conversational Call,

Originating Streaming Call,

Originating Interactive Call,

Originating Background Call,

Originating Subscribed traffic Call,

Terminating Conversational Call,

Terminating Streaming Call,

Terminating Interactive Call,

Terminating Background Call,

Emergency Call,

Inter-RAT cell re-selection,
Inter-RAT cell change order,

Registration, Detach,

Ornginating High Priority Signalling,

Originating LLow Priority Signalling,

Call re-establishment,

Terminating High Priornity Signalling,

Terminating Low Priority Signalling.

Here, the originating call reason indicates that the U
wants to setup a connection, for nstance, a speech (voice
connection. The terminating call reason indicates that U.
answers to paging. The registration reason indicates that the
user wants to register only to location update.

To send information over the air (or wireless) interface, the
physical random access procedure 1s used. The physical ran-
dom access transmission 1s under the control of a higher layer
protocol, which performs some important functions related to
priority and load control. These procedures differ between
GSM and UMTS radio systems. The description of GSM
random access procedure can be found 1n The GSM System
tor Mobile Communications, published by M. Mouly and M.
B. Pautet, 1992. As the present disclosure 1s UMTS enhance-
ment/evolution related, the W-CDMA random access proce-
dure will be described 1n more detail as follows.

The transport channel called RACH and two physical
channels called PRACH and AICH are involved in this pro-

cedure. Transport channels are the channels supplied from the
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4

physical layer to the MAC (Medium Access Control) protocol
layer. There are several types of transport channels to transmiut
data with different properties and transmission formats over
the physical layer. Physical channels are identified by code
and frequency 1n FDD mode. They are normally based on a
layer configuration of radio frames and timeslots. The format
of radio frames and timeslots depends on the symbol rate of
the physical channel. A radio frame 1s the minimum unit 1n the
decoding process, consisting of 15 time slots. A time slot 1s
the minimum unit 1 the Layer 1 bit sequence. Thus, the
number of bits that can be accommodated 1n one time slot
depends on the physical channel. The transport channel
RACH (Random Access Channel) 1s an uplink common chan-
nel used for transmitting control information and user data. It
1s applied 1n random access, and used for low-rate data trans-
missions from the higher layer. The RACH 1s mapped to the
uplink physical channel, called a PRACH (Physical Random
Access Channel). The AICH (Acquisition Indication Chan-
nel) 1s a downlink common channel, which exists as a pair
with the PRACH used for random access control.

The transmission of PRACH 1is based on a slotted ALOHA
approach with fast acquisition indication. The UE may ran-
domly select an access resource and transmits a RACH pre-
amble part of a random access procedure to the network. The
preamble 1s a short signal that 1s sent before the transmission
of the RACH connection request message. The UE repeatedly
transmits the preamble by increasing its transmission power
every time the preamble 1s sent until it recerves an Acquisition
Indicator (Al) on the AICH (Acquisition Indicator Channel),
which indicates the detection of the preamble by the network.
The UE stops the transmission of the preamble once it
receives the Al, and sends the message part at the level of
power equal to the preamble transmission power at that point,
plus an offset signalled by the network. This random access
procedure avoids a power ramping procedure for the entire
message. Such ramping procedure would create more inter-
terence due to unsuccesstully sent messages and 1t would be
less efficient due to the larger delay, since 1t would take much
more time to decode the message before an acknowledgement
could be given that 1t was received successiul.

The main characteristics of the RACH 1s that 1t 1s a con-
tention based channel, which means that due to simultaneous
access of several users, collisions may occur such that the
initial access message cannot be decoded by the network. The
UE can start the random-access transmission (both preamble
and message) at the beginning of an access slot only. This
kind of access method 1s therefore a type of slotted ALOHA
approach with fast acquisition indication.

FIG. 2 shows an example of access slots 1n relation to the
transmission of a preamble, a message, and an acquisition
indicator (Al).

FIG. 3 shows an example of the number of RACH access
slots and their spacing.

Reterring to FIGS. 2 and 3, the time axis of both the RACH
and the AICH 1s divided into time intervals, called access
slots. There are 15 access slots per two frames (one frame 1s
10 ms 1n length or 38400 chips) and they are spaced 1.33 ms
(5120 chips) apart.

FIG. 4 shows an example of the reception of downlink
AICH access slot by the UE and the transmission of uplink
PRACH access slot by the UE. Namely, FIG. 4 shows the

transmission timing relationship between the PRACH and
AICH.

FIG. 5 shows a table with the available uplink access slots
for different RACH sub-channels.

Referring to FIGS. 4 and 3, the information on what access
slots are available for random-access transmission and what
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timing offsets to use between RACH and AICH, between two
successive preambles and between the last preamble and the
message 1s signalled by the network. For example, 1t the
AICH transmission timing 1s 0 or 1, 1t will be sent 3 or 4
access slots after the last preamble access slot transmitted,
respectively.

Also, referring to FIGS. 4 and 5, the timing at which the U’
can send the preamble 1s divided by random access sub-
channels. A random access sub-channel 1s a subset compris-
ing the combination of all uplink access slots. There are 12
random access sub-channels in total. Random access sub-
channel consists of access slots.

FI1G. 6 shows an exemplary format of preamble signatures.
The preamble 1s a short signal that 1s sent before the trans-
mission of the RACH message. A preamble consists of 4096
chips, which 1s a sequence of 256 repetitions of Hadamard
codes of length 16 and scrambling codes assigned from the
upper layer. The Hadamard codes are referred to as signature
of the preamble. There are 16 different signatures and a sig-
nature 1s randomly selected (from available signatures sets on
the basis 0T ASC) and repeated 256 time for each transmission
of preamble part.

FIG. 7 shows an exemplary structure of a random access
message part. The message part 1s spread by short codes of
OVSF codes that are uniquely defined by the preamble sig-
nature and the spreading codes as the ones used for the pre-
amble signature. The message part radio frame of length 10
ms 1s divided into 15 slots, each consisting of 2560 chips.
Each slot consists of a data part and a control part that trans-
mits control information (pilot bits and TFCI). The data part
and the control part are transmitted in parallel. The 20-ms-
long message part consists of two consecutive message part
radio frames. The data part consists of 10*2k bits (k=0, 1, 2,
3), which corresponds to the Spreading Factor (SF=256, 128,
64, 32).

FIG. 8 shows an exemplary format (structure) of the AICH.
The AICH consists of a repeated sequence of 15 consecutive
access slots, each of length 40 bit intervals (5120 chips). Each
access slot consists ol two parts, an Acquisition Indicator (Al)
part consisting ol 32 real-valued signals a0, . . ., a31 and a part
of duration 1024 chips where transmission 1s switched off.

When the network detects transmission of an RACH pre-
amble 1n an RACH access slot with a certain signature, 1t
repeats this signature in the associated AICH access slot. This
means that the Hadamard code used as signature on RACH
preamble 1s modulated onto the Al part of the AICH. The
acquisition indicator corresponding to signature can take the
values +1, -1, and 0, depending on whether a positive
acknowledgement a negative acknowledgement or no
acknowledgement 1s given to a specific signature. The posi-
tive polarity of signature indicates that the preamble has been
acquired and the message can be sent. The negative polarity
indicates that the preamble has been acquired and the power
ramping procedure shall be stopped, but the message shall not
be sent. This negative acknowledgement 1s used when, due to
a congestion situation in the network, a transmitted message
cannot not be processed at the present time. In this case, the
access attempt needs to be repeated some time later by the
UE.

Regarding the random access procedure on protocol layer
(L2), the network decides whether the mobile station 1s to be
permitted use of a radio access resource based primarily upon
the access class to which the UE belongs. A specified priority

level 1s implied by the Access Class (AC) which 1s stored on
the UE SIM card.

L1
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Herealter, certain aspects of access control will be
described. It should be noted that the relevant standard related

to this matter 1s 3GPP TS 22.011.

Regarding the purpose of access control, under certain
circumstances, 1t will be desirable to prevent UE users from
making access attempts (including emergency call attempts)
or responding to pages 1n specified areas of a PLMN (Public
Land Mobile Network). Such situations may arise during
states of emergency, or where 1 of 2 or more co-located
PLMNs has failed. Broadcast messages should be available
on a cell-by-cell basis indicating the class(es) of subscribers
barred from network access. The use of this facility allows the
network operator to prevent overload of the access channel
under critical conditions. It 1s not intended that access control
be used under normal operating conditions.

For allocation, all UEs are members of one out of ten
randomly allocated mobile populations, defined as Access

Classes 0 to 9. The population number can be stored 1n a
SIM/USIM for the UE. In addition, mobiles may be members
ol one or more out of 5 special categories (Access Classes 11
to 15), which also may be stored in the SIM/USIM. These
may be allocated to specific high priority users as follows.
(This enumeration 1s not meant as a priority sequence):

Class 15—PLMN Staft;
Class 14—FEmergency Services;

Class 13—Public Utilities (e.g. water/gas suppliers);
Class 12—Security Services;

Class 11—For PLMN Use.

For operation, 1f the UE 1s a member of at least one Access
Class which corresponds to the permitted classes as signalled
over the air interface, and the Access Class 1s applicable 1n the
serving network, access attempts are allowed. Otherwise
access attempts are not allowed.

Access Classes are applicable as follows:

Classes 0~9—Home and Visited PLMNs:

Classes 11 and 15—Home PLMN only;

Classes 12, 13, 14—Home PLMN and visited PLMNs of
home country only.

Any number of these classes may be barred at any one time.

For emergency calls, an additional control bit known as
Access Class 10 1s also signalled over the air interface to the
UE. This indicates whether or not network access for Emer-
gency Calls 1s allowed for UEs with access classes 0 to 9 or
without an IMSI. For UEs with access classes 11 to 13,
Emergency Calls are not allowed if both Access Class 10 and
the relevant Access Class (11 to 15) are barred. Otherwise,
Emergency Calls may be allowed.

Hereatter, the mapping of Access Classes (AC) will be
described. It should be noted that the relevant standard related
to this matter 1s 3GPP TS 25.331.

In UMTS, the Access Classes are mapped to Access Ser-

vice Classes (ASC). There are eight different priority levels
defined (ASC 0 to ASC 7), with level 0 being the highest

priority.

For mapping of Access Classes to Access Service Classes,
the Access Classes shall only be applied at initial access, 1.¢.
when sending an RRC CONNECTION REQUEST message.
A mapping between Access Class (AC) and Access Service
Class (ASC) shall be indicated by the information element
AC-1t0-ASC mapping 1n System Information Block type 5.
The correspondence between AC and ASC 1s indicated 1n
FIG. 9.

FIG. 9 shows a table showing the correspondence between
AC and ASC. The n” IE designates an ASC number i in the
range 0-7 to AC. If the ASC indicated by the n” IE is unde-

fined, the UE behaviour 1s unspecified.
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For random access, the parameters implied by the respec-
tive ASC shall be employed. In case the UE 1s a member of
several ACs, it shall select the ASC for the highest AC num-

ber. In connected mode, AC shall not be applied.

An ASC consists of a subset of RACH preamble signatures
and access slots which are allowed to be used for this access
attempt and a persistence value corresponding to a probability
Pv=1 to attempt a transmission. Another important mecha-
nism to control random access transmission 1s load control
mechanism which allows reducing of the load of incoming,
traific when the collision probability 1s high or when the radio
resources are low.

The present disclosure provides an improved method of
processing random access procedures, wherein the network
receives at least one access burst to allow a network to esti-
mate uplink received timing, the access burst containing at
least a preamble, and transmits information for responding to
the at least one access burst. On the other hand, the mobile
terminal configures at least one access burst containing at
least a preamble and transmuits the at least one access burst to
allow a network to at least estimate uplink received timing.
The features of the present disclosure may be applied to
various use cases such as synchronization with (or without)
collision resolution, synchronization in absence of user data,
response to network request (paging), and the like to thus
support unsynchronized, synchromized and synchronization
stand-by communications.

DISCLOSURE OF INVENTION

Technical Problem

The present disclosure addresses the following problem of
the related art. The EUTRA requirement specification (e.g.,
TR 25.913) includes shortest delay highest capacity and
faster access requirements when compared to existing sys-
tems like GSM and UMTS. In those systems (GSM and
UMTS), RACH 1s designed to carry two parts: one 1s the
preamble parts used for access request and the second is the
payload message part used for: resource request, control sig-
naling and a user data transiers. The payload part can require
several retransmissions when the terminal 1s 1n a poor cover-
age area, increasing thus the access delay and decreasing the
access capacity due to RACH resources occupancy.

Technical Solution

The present disclosure solves the problem by considering
the RACH as shared uplink resource contention based trans-
mission, carrying-out preamble part and/or possibly small as
possible the payload part including only a terminal (temporal)
identity. The remaining payload/message part 1s transmitted
using shared uplink resources either on contention based or
on scheduled based transmission that does not differ from
other normal uplink shared resources used by all terminals
with uplink synchronized transmissions. The synchronized
uplink resources can be controlled by the network, respon-
sible for rapidly allocating appropnate resources 1n order to
maintain the given level of performances.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the radio interface protocol architecture
according to the 3GPP radio access network standards.

FIG. 2 shows an example of access slots 1n relation to the
transmission of a preamble, a message, and an acquisition

indicator (Al).
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FIG. 3 shows an example of the number of RACH access
slots and their spacing.

FIG. 4 shows an example of reception of DL AICH and UL
PRACH by a UE.

FIG. 5 shows a table with the available uplink access slots
for different RACH sub-channels.

FIG. 6 shows an exemplary format of preamble signatures.

FIG. 7 shows an exemplary structure of a random access
message part.

FIG. 8 shows an exemplary format (structure) of the AICH.

FIG. 9 shows a table showing the correspondence between
AC and ASC.

FIG. 10 shows a tlow chart of an exemplary control access
procedure.

FIG. 11 shows an exemplary signal flow for Signalling
Establishment.

FIG. 12 shows an example of how transmissions may be
scheduled with respect to the frequency domain and time
domain.

FIG. 13 shows an exemplary LTE RACH general proposed
procedure.

FIG. 14 shows an exemplary LTE RACH USE CAS.
(Synchronization with Collision resolution).

FIG. 15 shows an exemplary LTE RACH USE CAS.
(Synchronization without collision resolution).

FIG. 16 shows an exemplary LTE RACH USE CAS.
(Synchronization 1n absence of user data).

FIG. 17 shows an exemplary LTE RACH USE CAS.

(Response to Network Request).

L1l

1

(L]

2

L1l
"o

L1
I

MODE FOR THE INVENTION

One aspect of the present disclosure 1s the recognition by
the present inventor regarding the problems and drawbacks of
the related art described above. Based upon such recognition,
the features of the present disclosure have been developed.

Although the following description will refer to optimized
RACH procedures of UMTS merely for the sake of explana-
tion, the features of the present disclosure are clearly intended
to be applicable to various other types of communication
methods and systems that would benefit {from employing the
particular features of the present disclosure.

FIG. 10 shows a tlow chart of an exemplary control access
procedure. It should be noted that the relevant standard
related to this matter 1s 3GPP TS 25.321.

The control access procedure may be performed in the
tollowing five steps:

(1) Existing specifications provide many RACH transmis-
s10n control parameters which are stored and updated by the
UE based on system information broadcasted by the network.
The RACH transmission control parameters include Physical
RACH (PRACH), Access Service Class (ASC), maximum
number of preamble ramping cycles Mmax, range of backoif
interval for timer TBO1, given 1n terms of numbers of trans-
mission 10 ms time intervals NBOImax and NBOI1min,
applicable when negative acknowledgement on AICH 1s
received.

(2) The UE maps the assigned AC to an ASC and n a count
value M 1s set to zero.

(3) The count value M 1s incremented by one. Next, the UE
determines 11 the count value M representing the number of
transmission attempts exceeds the maximum number of per-
mitted RACH transmission attempts Mmax. If so, then the
UE treats the transmission as unsuccessiul.

(4) However, if M 1s less than or equal to the maximum
number of permitted RACH transmission attempts Mmax,
then the UE updates the RACH transmission control param-
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cters. In the next step, a 10 ms timer T2 1s set. The UE decides
whether to attempt transmission based on the persistence
value P1 associated with the ASC selected by the UE. Specifi-
cally, arandom number R11s generated between 0 and 1. If the
random number Ri 1s less than or equal to the persistence
value P1, the UE attempts to transmit over an assigned RACH
resources, otherwise, the UE waits till the 10 ms timer T2
expires and perform again the procedure 1n step (4).

(5) When one access attempt 1s transmitted, the UE deter-
mines whether the network responds with an ACKnowledge-
ment (ACK), a Non ACKnowledgment (NACK), or no
response. If no response 1s recerved from the network, after
the timer T2 expires the process 1s performed again from step
(3). Ifa NACK, indicating a failed rece1pt ol the transmission
by the network often due to collision, 1s received, then the UE
waits for the timer T2 to expire then generates a back ot value
NBO1 randomly chosen between the maximum and mini-
mum back off values NBOlmax and NBOl1min associated
with the PRACH assigned to the UE. The UE then waits a
back off interval TBO1 equal to 10 ms times the back oif
value NBO1 before to perform again the process from step
(3). If an ACK, indicating receipt of the UE transmission by
the network, 1s receiwved, then the UE begins the message
transmission.

Hereatter, the random access procedure on the physical
layer (1) will be described.

The physical random access procedure 1s nitiated upon
request from the MAC sub layer (L2).

Betore the physical random-access procedure can be 1niti-
ated, Layer 1 shall receive the following information from the
higher layers (RRC):

The preamble scrambling code.

The message length in time, either 10 or 20 ms.

The AICH_Transmission_Timing parameter [0 or 1].

The set of available signatures and the set of available
RACH sub-channels for each Access Service Class
(ASC).

The power-ramping factor Power Ramp Step [integer>0].

The parameter Preamble Retrans Max [integer=>0].

The 1nitial preamble power Preamble Initial _Power.

The Power ofiset P p—m=Pmessage-control Ppreamble,
measured in dB, between the power of the last transmiut-
ted preamble and the control part of the random-access
message.

The set of Transport Format parameters. This includes the
power offset between the data part and the control part of
the random-access message for each Transport Format.

Ateach initiation of the physical random access procedure,
Layer 1 shall receive the following information from the
higher layers (MAC):

The Transport Format to be used for the PRACH message

part.

The ASC of the PRACH transmission.

The data to be transmitted (Transport Block Set).

The physical random-access procedure 1s performed
according to the procedures (steps) below:

1. In the random access sub-channel that can be used for the
ASC concerned, one access slot 1s chosen randomly from
access slots that can be used 1n the next full access slot sets2.
It there are no access slots available, one access slot 1s chosen
randomly from access slots that can be used 1n the next full
access slot sefts.

2. One signature 1s randomly chosen from the set of avail-
able signatures within the given ASC.

3. The preamble retransmission counter 1s set at Preamble
Retrans Max, which 1s the maximum number of preamble
retransmission attempts.

10

15

20

25

30

35

40

45

50

55

60

65

10

4. The preamble transmission power 1s set at Preamble
Initial Power, which is the nitial transmission power of the
preamble.

5. The preamble 1s transmitted on the basis of the chosen
uplink access slot, signature and set transmission power.

6. If no ACK or NACK corresponding to the selected
signature 1s detected 1n the downlink access slot correspond-
ing to the selected uplink access slot.

The next available access slot 1s selected from the random

access sub-channel within the given ASC.

A new signature 1s randomly selected from the available
signatures within the given ASC.

The preamble transmission power 1s increased by Power
Ramp Step, which 1s the step width of the power ramp-
ng.

The preamble retransmission counter 1s reduced by 1.

I'he procedures from step 5 are repeated for the duration 1n
which the preamble retransmission counter exceeds O.
When the retransmission counter reads O, the higher
layer (MAC) 1s informed of the fact that ACK has not
been received on AICH, and the random access control
procedures in the physical layer are finished.

7. If NACK corresponding to the selected signature 1s
detected 1n the downlink access slot concerned, the higher
layer (MAC) 1s informed of the fact that NACK has been
received on AICH, and the random access control procedures
in the physical layer 1s finished.

8. The random access message 1s transmitted 3 or 4 uplink
access slots after the uplink access slot of the last transmitted
preamble depending on the AICH transmission timing
parameter. The transmission power of the control channel of
the random access message 1s set at a level higher than the
transmission power of the last preamble transmitted by power
olfset.

9. The higher layer 1s informed of the transmission of the
random access message, and the random access control pro-
cedures 1n the physical layer are finished.

FIG. 11 shows an exemplary signal flow for Signalling
Establishment.

Once the PRACH power control preambles have been
acknowledged the RRC Connection Request message can be
transmitted (S1101). It contains the reason why the connec-
tion 1s requested.

Depending on the request reason radio network makes
decision of kind of resources to reserve and perform synchro-
nization and signaling establishment among radio network
nodes (1.e. Node B and serving RNC) (51102). When the
radio network 1s ready it sends to the UE the Connection
Setup message conveying mnformation aboutradio resource to
use (51103). The UE confirms connection establishment by
sending the Connection Setup Complete message (S1104).
When the connection has been established, the UFE sends an
Initial Direct Transfer message that may include various types
of information, such as the UE identity, current location, the
kind of transaction requested, and the like (S1105). Here, the
current location may indicate the PLMN to which the UE
requests the signalling connection to be established. An
exemplary list of information elements that may be carried by
the Imitial Direct Transier message are defined in 3GPP TS
25.331.

Then the UE and network authenticate each other and
establish security mode commumnication (81106). The actual
set up information 1s delivered through the Call Control Setup
message (S1107). It identifies the transaction and indicates
the QoS requirements. Upon recerving the message the net-
work starts activities for radio bearer allocation by checking
if there are enough resources available to satisty the requested
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QoS. If yes, the radio bearer 1s allocated according to the
request. If not, the network may select either to continue
allocation with lowered QoS value, or 1t may select to queue

the request until radio resources become available or to reject
the call request (S1108, S1109).
The general concept of the present disclosure can be noted

as follows: The L'TE RACH no longer transmits a payload
part, like the related art, including resource request, control

[ 1

signaling, and user data. In the present disclosure, LTE
RACH burst1s used to indicate terminal presence 1n anetwork
and contain only preamble part including a signature
sequence 1dentitying the random access attempt and possibly
implicit information to the network. The preamble part can
also be used to establish uplink synchronization with the
network. This means that LTE RACH can be used each time
the uplink transmission 1s considered as non-synchronized.
Possibly, additional small payload, including terminal 1den-
tity (i the terminal has been assigned a temporal 1dentity from
the system), could be included within RACH transmission.
Contrary to the related art, where the payload part 1s trans-
mitted within the RACH burst, the remaining payload part 1s
transmitted synchronized uplink transmissions by data non-
associated control signaling resources (CSR) and does not
differ from other uplink transmission used by synchronized
terminals. The main advantage 1s that the access delay 1s no
longer impacted by the pavload part, which i the related art
can significantly increase this delay under some radio propa-
gation condition. As the delay decreased, another advantage
1s availability increase of the RACH resources leading to the
access capacity increase.

The details of the present disclosure concept are described
hereafter.

A framework for Evolved UTRA (E-UTRA) multiple
access techniques has been decided to rely on an orthogonal
uplink, where the network scheduler 1s responsible for rapidly
allocating resources among terminals having data for trans-
mission. The uplink should allow for both scheduled (net-
work controlled) transmission and contention based trans-
mission. In case of scheduled based transmission the terminal
1s dynamically allocated by the network a certain frequency
resource for a certain time (1.e. a time/frequency resource).
The scheduled transmission 1s considered to be always syn-
chronized. In case of contention based transmission terminals
can transmit without being first scheduled. The contention
based transmission can be considered either synchronized
(e.g. 1n response to paging) or non-synchromized (e.g. iitial
access at power on). Non-synchronised transmission 1s
always contention based and RACH 1s used to get uplink
synchronization. During the random access procedure, the
network measures the received signal from terminal, and
sends a timing advance (TA) command, which commands the
terminal to adjust its uplink transmission timing accordingly.
A second RACH transmission may be done to verity the
adjusted time offset and possibly help for collision resolution.
Once synchronisation 1s obtained there 1s a need to maintain
time synchronisation i uplink (e.g. 1n absence of uplink
transmission for a longer period). For this either RACH or
control signalling resources (CSR) that allow the terminal to
maintain time (and possibly frequency) synchronisation can
be used. The CSR (Control Signalling Resources) are always
considered as synchronized transmission and can be either
contention or scheduled based, while RACH 1s only conten-
tion based.

To summarize, the following two cases can be distin-
guished: (1) Scheduled based uplink transmission always
synchronized for: user data, data associated control signal-
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ling, and data non-associated control signalling; and (2) Con-
tention based uplink transmission for: RACH, and data non-
associated control signalling

FIG. 12 shows an example of how transmissions may be
scheduled with respect to the frequency domain and time
domain. The contention based transmissions can be separated
from scheduled based transmissions in the time domain by
reserving one sub-frame at regular intervals (e.g. for random
access transmission). FIG. 12 1llustrates the case where one
sub-frame per time period 1s allocated for random access. The
value of time period can be signaled to the terminal by the
network or can be determined automatically by terminal him-
self according network specific parameters.

The general proposed procedure and use cases according to
the present disclosure are turther described below.

FIG. 13 shows an exemplary LTE RACH general proposed
procedure. This procedure can be divided 1nto six steps, as
indicated 1n FIG. 13:

(1) When switch-on and after obtaining downlink synchro-
nisation, a terminal first signals 1ts presence on the RACH
burst. The RACH burst contain a preamble part with signature
sequence 1dentifying the random access attempt and possibly
implicit information. In other words, the preamble contains
the signature and 1t 1s not precluded that the implicit informa-
tion can be carried by the signature. Namely, each signature
may have a specific indication to the network, such as down-
link channel quality, resource request or other information.
The signature sequences used for the random access burst
should have good auto-correlation properties to provide good
timing estimation accuracy in the network side, also as low
mutual cross-correlation to reduce the interference between
users 1n case ol simultaneous random access attempts from
multiple terminals. A terminal performing random access
randomly selects one signature sequence from a set of avail-
able sequences to use 1n the contention based RACH sub-
frame.

(2) As long as the terminal carries out RACH preamble
transmissions, this 1s used by the network to estimate uplink
receive timing and thus as a source for the timing-control
commands. The network correlates the received signal 1n the
R ACH sub-frame with all possible signature sequences. Once
it detects a signature sequence(s), given by the highest corre-
lation peak, the timing of the given terminal 1s known. In
response, the network sends a timing adjustment command,
and possibly including additional information for instance:
RACH resources for next step of random access transmission
(e.g. different frequencies/time/code than used previously)
terminal temporal 1dentity assigned by the system or/and a
CSR assignment for payload part transmission. The network
response 1s linked to the i1dentity of the identified signature
sequence 1n the uplink, thus indicating 1n response to which
random access attempt the downlink control signalling
relates.

(3) Once the random access burst has been transmitted, the
terminal monitors the appropriate downlink control channel
for response from the network. Upon reception of timing
adjustment command the terminal then adjusts time offset
transmission in accordance with received information. In
order to verity the adjusted time offset, the terminal transmits
a new random access sequence including the same or specific
signature sequence and possibly the payload part including
the temporal 1dentity assigned by the system that can help for
collision resolution. Collisions may arise 1f two terminals
perform random access procedure 1n same time with same
RACH resources (time/frequency/code signature). If the net-
work recetves two signals with similar power level there 1s
collision. It 1s also possible that the received signals corre-
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spond to different power level. The more powerful signal may
then completely mask the weaker signal. The network detects
the access attempt of one of the terminals and sends a
response which can be received by both terminals. The
mechanism to help collision resolution by the lower layer
rather than the RRC layer, can consist of sending a response
linked to the 1dentified signature sequence 1including tempo-
rary 1dentity to use AND a set of RACH resources to use for
next random access transmission (set of frequencies and/or
time and/or code signature). Thus terminals will be assigned
to the same 1dentity, however they will choose randomly the
new RACH resources to use among signalled set before to
transmit new random access with the assigned 1dentity. When
the network recerves the same terminal temporary 1dentity in
a different RACH resource(s), then 1t deduce there was col-
lision during previous identity assignment and can resolve
this by resending appropriate response to both terminals. The
response can be for example to restart the RACH procedure or
to continue communication with the new assigned 1dentity for
cach of them or any other approprnate response. However
even such mechanism cannot prevent to avoid the collision
completely since there 1s no guaranty that both terminals can
avold to choose randomly the same resources.

(4) The network sends an appropriate response mcluding
information like 1n step 2 and possibly additional information
due to collision resolution. An acknowledgement 1s sent
whether the correct timing advance information was used
without collision. Then a terminal 1s ready to use synchro-
nised transmission.

(5) The uplink synchronised transmission 1s used to carry:

(3.1) Control signaling: There are two types of control-
signaling:

(3.1.1) Data non-associated control-signaling (CSR), can
be used 1n response to downlink transmissions (e.g. paging),
scheduling requests for uplink user data transmission. Possi-
bly, additional use can be power control signaling, measure-
ment reporting, channel quality control, handover handling,
round trip delay compensation by Timing Advance mecha-
nism (synchronization stand-by). These transmissions can be
either scheduled or contention based.

(5.1.2) Data associated control-signaling, which are asso-
ciated with uplink user data transmission, based only on
scheduled transmission.

(3.2) User data: When there 1s user data to transmit 1n
uplink network schedules the uplink transmission. by assign-
ing one or more resources to the terminals. The resources
contain frequency and time allocations (possibly also code
resource) to the terminal. They are determined by the network
scheduler and may e.g. depend on the channel quality indi-
cation reported by the terminal to the network by data asso-
ciated control-signalling. The network can dynamically or
semi-statically control the allocation of resources. The
method 1s based on statistical scheduling. In each TTI (Time
Transmission Interval), the terminal determines whether 1t
can transmit or not based on the parameters which have been
determined by the network parameters. These parameters can
be for example: transmission time validity and time duration
before retry.

(6) When the terminal does not have uplink data to transmut
for a longer period, the uplink time alignment can be lost. In
that case the terminal shall carry out regular uplink transmis-
sions (uplink synchronization signals) with a certain period,
to continue to enable uplink recerve-timing estimation and
thus retain uplink time alignment. This can be performed
either by RACH or by appropriate CSR (control signalling
resources).
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FIG. 14 shows an exemplary LTE RACH USE CAS.
(Synchronization with Collision resolution).

After the mobile terminal 1s turned on, downlink (DL)
synchronization 1s performed (S1401). The terminal trans-
mits a random access channel (RACH) preamble (51402).
Upon receipt, the network performs correlation and detection

of signatures in the received RACH preamble (51403). The
network transmits a response with respect to the recerved
RACH preamble, the response containing information

regarding at least one of a response status, timing advance
(TA), temporal identity (Temp ID), and RACH resources set

(S1404).

The terminal performs transmission timing advance (TA)
adjustment and other adjustments for RACH resources

(51405).

The terminal transmits a RACH payload (51406) to the
network, which then performs verification of adjusted timing
advance (TA) and performing collision resolution (51407).
The network then transmits a response containing informa-
tion regarding at least one of a response status, control sig-

naling resources (CSR), possible new temporal identity
(Temp ID), and timing advance (TA) (51408).

At this point, UL synchronmization occurs (S1409). Then,
the terminal performs switch on synchronized CSR (51410).
Here, CSR refers to data non-associated Control Signaling
Resources. There can be two types of control signaling: data
associated control signaling (that 1s associated with uplink
user data transmission) and data non-associated control sig-
naling. Contrary to the UMTS where the payload part 1s
transmitted within the RACH burst, the remaining payload
part 1s transmitted as synchronized uplink transmissions by
controlling signaling resources (CSR).

Finally, the terminal transmits control signaling resources
(CSR) containing at least one of higher layer messaging,
control signaling, and scheduling/resource requests (S1411).

In FIG. 14, the Temp ID (temporal 1dentity) can be either
assigned by the system or generated by the terminal.

FIG. 15 shows an exemplary LTE RACH USE CASE 2
(Synchronization without collision resolution at the physical
layer, and collision 1s resolved by a higher layer, such as the
RRC layer).

After the mobile terminal 1s turned on, downlink (DL)
synchronization 1s performed (S1501). The terminal trans-
mits a random access channel (RACH) preamble (51502).
Upon receipt, the network performs correlation and detection
of signatures in the received RACH preamble (51503). The
network transmits a response with respect to the received
RACH preamble, the response containing information
regarding at least one of a response status, timing advance
(TA), temporal identity (Temp ID), and RACH resources set
(S1504).

At this point, UL synchromization occurs (S1503). Then,
the terminal performs switch on synchronized CSR (51506).
Here, CSR refers to data non-associated Control Signaling
Resources. There can be two types of control signaling: data
associated control signaling (that 1s associated with uplink
user data transmission) and data non-associated control sig-
naling. Contrary to the UMTS where the payload part 1s
transmitted within the RACH burst, the remaining payload
part 1s transmitted as synchronized uplink transmissions by
controlling signaling resources (CSR).

Finally, the terminal transmits control signaling resources
(CSR) containing at least one of higher layer messaging,
control signaling, and scheduling/resource requests (S1507)
to allow the network to perform transmission/reception
parameters adjustment and collision resolution.

(L]

1
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In FIG. 15, possible alternatives are to not transmit Temp
ID (either from terminal or network) during the first phase of
synchronization, but once uplink synchronization 1s obtained
terminal Id can be transmitted by CSR.

Also, although steps S1502 and S1504 refer to a Temp 1D,
it should be noted that other parameters (such as scheduling
resource request, UE ID, etc.) may be additionally and/or
alternatively send and received.

Additionally, the step S1502 of sending (by the terminal )
just the preamble or with a payload may be determined based

on various factors, such as cell size, detection parameters, etc.
FIG. 16 shows an exemplary LTE RACH USE CASE 3

(Synchronization in absence of user data).

First, 1t 1s assumed that no UL data has been transmitted for
a relatively long period of time (S1601). Then, the terminal
transmits a random access channel (RACH) payload includ-
ing a terminal ID and a preamble (code signature sequence)
(S1602). Thereafter, the terminal recerves information
regarding timing advance (TA) and other optional informa-
tion (S1603) or receitves appropriate control signaling

resources (CSR) (51604).

In FIG. 16, the use of RACH can be avoided if appropnate
CSR are designed by the system to maintain uplink.

FIG. 17 shows an exemplary LTE RACH USE CAS.
(Response to Network Request).

The terminal receives a paging request from the network
(S1701). Then, the terminal transmits a random access chan-
nel (RACH) payload including a terminal ID and preamble
(S1702). The terminal receives control signaling resources
(CSR) assignment and other optional information (S1703).
Then, the terminal performs switch on synchronized CSR
(S1704). Here, CSR refers to data non-associated Control
Signaling Resources. There can be two types of control sig-
naling: data associated control signaling (that 1s associated
with uplink user data transmission) and data non-associated
control signaling. Contrary to the UMTS where the payload
part 1s transmitted within the RACH burst, the remaining,
payload part 1s transmitted as synchronized uplink transmis-
s1ons by controlling signaling resources (CSR).

Finally, the terminal transmits a CSR paging response to
the network (S1705).

In FIG. 17, the same scheme can be also applied for any
request from network. Here, another alternative can be to
avold the use of RACH 1t appropriate CSR are designed by
the system for paging request response (or any request from
network).

The features of the present disclosure can be used for the
E-UTRA (Evolved UMTS Terrestrial Radio Access) specifi-
cation of the 3GPP standard. Implementation for various use
cases 1s possible.

Namely, the present disclosure provides a method and pro-
cedures for unsynchronized, synchronized and synchroniza-
tion stand-by communications 1n EUTRA systems. Various
methods and procedure for LTE RACH usage (i.e., LTE
RACH use cases) are provided. Various methods and proce-
dure for Data non-associated control signalling resources
(CSR) are provided. LTE RACH and Data non-associated
control signalling resources (CSR) are used to carry all
required information which were carry out only by RACH 1n
previous art (1.e., LTE RACH general procedure). The LTE
RACH 1s considered, as contention based uplink transmission
used to indicate presence, collision resolution, to obtain tim-
ing and possibly maintain uplink synchromzation. When the
synchronization 1s obtained, higher layer message, resource/
scheduling request, control signaling (e.g. paging response)
and possibly synchronization stand-by are transmitted using a
data non associated control signalling resources (CSR) either
on contention based or on scheduled based transmission.
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Also, a method providing a collision resolution mechanism
(1.e., general procedure step 3) 1s possible.

The present disclosure provides a method of processing
random access procedures performed by a network, the
method comprising: receiving at least one access burst to
allow the network to estimate uplink recerved timing, the
access burst containing at least a preamble; and transmitting
information for responding to the at least one access burst.

The method may further comprise: allocating resources 1t
at least the preamble of the access burst 1s received. The
resources may be semi-static or dynamic. The method may
turther comprise: allocating resources to allow the terminal to
periodically transmit a signal to maintain synchromzation
with the network. The resources may be contention resources
or scheduled resources. The scheduled resources may be
semi-static or dynamic. The preamble may further comprise
implicit information. The method may further comprise:
transmitting a paging request and allocate resources to allow
the terminal to respond to the paging request. The resources
may be contention resources or scheduled resources. The
scheduled resources may be semi-static or dynamic. The
method may further comprise: determining which scheduled
resources are to be used for transmitting remaining informa-
tion. The remaining information may comprise higher layer
signaling. The method may further comprise: receiving an
additional access burst within different access resources than
previous access resources. The information transmitted may
contain new random access resources. The access burst may
further comprise: an optional payload comprising at least one
of a terminal 1dentification or resource request. The receiving
step may allow the network to estimate a resource request for
a terminal or to identily the terminal. The recerving and
transmitting procedures may be used to perform the steps of:
receiving a random access channel (RACH) preamble; per-
forming correlation and detection of signatures in the
received RACH preamble; and transmitting a response with
respect to the recerved RACH preamble, the response con-
taining information regarding at least one of aresponse status,
timing advance (TA), temporal identity (Temp ID), and
RACH resources set. The method may further comprise:
receiving a RACH payload; performing verification of
adjusted timing advance (TA) and performing collision reso-
lution; transmitting a response containing information
regarding at least one of a response status, control signaling
resources (CSR), possible new temporal identity (Temp 1ID),
and timing advance (TA); and receiving control signaling
resources (CSR) containing at least one of higher layer mes-
saging, control signaling, and scheduling/resource requests.
The recerving and transmitting procedures may be used to
perform the steps of: receiving a random access channel
(RACH) preamble; performing signatures correlation and
detection; transmitting information related to at least one of a
reception status, timing advance (TA), temporal identity
(Temp ID), and control signaling resources (CSR); receiving
control signaling resources (CSR); and performing transmis-
sion/reception parameters adjustment and collision resolu-
tion. The receiving and transmitting procedures may be used
to perform the steps of: recerving a random access channel
(RACH) payload including a terminal ID and a preamble
(code signature sequence) 1 no uplink data has been trans-
mitted or recerved for a relatively long period of time; and
transmitting information regarding timing advance (TA) and
other optional information or sending appropriate control
signaling resources (CSR). The receiving and transmitting,
procedures may be used to perform the steps of: transmitting
a paging request; recerving a random access channel (RACH)
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payload including a terminal ID and preamble; transmitting,
control signaling resources (CSR) assignment and other
optional information; and recerving a CSR paging response.

Also, the present disclosure provides a method of process-
ing random access performed by a mobile terminal, the
method comprising: configuring at least one access burst
containing at least a preamble; and transmitting the at least
one access burst to allow a network to at least estimate uplink
received timing.

The preamble may further comprise implicit information.
The method may turther comprise: recetving parameters for
transmitting information not previously transmitted. The
method may further comprise: transmitting the same access
burst or a new access burst. The new access burst may be to
allow the network to synchronize uplink transmission and to
resolve network collision. The new access burst may allow
the network to verity or adjust an uplink transmission time.
The access burst may further comprise: an optional payload
comprising at least one of a terminal identification or resource
request. The method wherein 1f transmitting the same access
burst or a new access burst, then recerving information for
transmitting remaining information to be transmitted on
scheduled resources. The method may further comprise: peri-
odically transmitting a signal to maintain synchronization
with the network. The resources allocated by the network may
be contention resources or scheduled resources. The sched-
uled resources may be semi-static or dynamic. The method
may further comprise: receiving a paging request and the
transmitting step 1s used for responding to the paging request
by using allocated resources. The resources may be conten-
tion resources or scheduled resources. The scheduled
resources may be semi-static or dynamic. The terminal may
operate 1 synchronized, unsynchronized and synchronized
stand-by mode. The receiving and transmitting procedures
may be used to perform the steps of: transmitting a random
access channel (RACH) preamble to allow the network to
perform correlation and detection of signatures in the
received RACH preamble; and receiving a response with
respect to the recerved RACH preamble, the response con-
taining information regarding at least one of a response status,
timing advance (TA), temporal identity (Temp ID), and
RACH resources set. The method may further comprise: per-
forming transmission timing advance (TA) adjustment and
other adjustments for RACH resources; transmitting a RACH
payload to allow the network to perform verification of
adjusted timing advance (TA) and performing collision reso-
lution; recerving a response containing information regarding
at least one of a response status, control signaling resources
(CSR), possible new temporal identity (Temp ID), and timing
advance (TA); performing switch on synchronized control
signaling resources (CSR); and transmitting control signaling
resources (CSR) containing at least one of higher layer mes-
saging, control signaling, and scheduling/resource requests.
The transmitting and recerving procedures may be used to
perform the steps of: transmitting a random access channel
(RACH) preamble to allow the network to perform signatures
correlation and detection; receiving information related to at
least one of a reception status, timing advance (TA), temporal
identity (Temp ID), and control signaling resources (CSR);
performing switch on synchronized control signaling
resources (CSR); and transmitting control signaling
resources (CSR) to allow the network to perform transmis-
sion/reception parameters adjustment and collision resolu-
tion. The transmitting and recerving procedures may be used
to perform the steps of: transmitting a random access channel
(RACH) payload including a terminal ID and a preamble
(code signature sequence) 1f no uplink data has been trans-
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mitted or received for a relatively long period of time; and
receiving information regarding timing advance (TA) and
other optional information or recerving appropriate control
signaling resources (CSR). The transmitting and receiving
procedures may be used to perform the steps of: recerving a
paging request; transmitting a random access channel
(RACH) payload including a terminal ID and preamble;
receiving control signaling resources (CSR) assignment and
other optional information; performing switch on synchro-
nized control signaling resources (CSR); and transmitting a
CSR paging response.

Certain relative portions of the 3GPP specification, such as
3GPP TS 22.011,25.321, 25.331 (and their ongoing enhance-
ments and other related sections) are part of the embodiments
of the present disclosure and constitute part of the present
disclosure by being incorporated herein by reference.

This specification describes various 1llustrative embodi-
ments of the present disclosure. The scope of the claims 1s
intended to cover various modifications and equivalent
arrangements of the illustrative embodiments disclosed in the
specification. Therefore, the following claims should be
accorded the reasonably broadest interpretation to cover
modifications, equivalent structures, and features that are
consistent with the spirit and scope of the features disclosed
herein.

The mvention claimed 1s:

1. A method of processing random access procedures per-
formed by a network, the method comprising:

recerving a first random access burst including a preamble;

determining an uplink recetve timing in response 1o recerv-

ing the first random access burst;

transmitting a first response mncluding a timing advance

(TA) and a first temporary 1dentification (ID) in response
to determining the uplink recerve timing;

recerving a second random access burst including the first

temporary 1dentification; and

transmitting a second response including a control signal-

ing resources (CSR) assignment in response to receiving
the second random access burst.

2. The method of claim 1, wherein the preamble 1s a ran-
dom access channel (RACH) preamble.

3. The method of claim 2, further comprising;

correlating and detecting signatures in the RACH pre-

amble.

4. The method of claim 1, wherein the first response further
includes at least a response status or random access channel
(RACH) resources.

5. The method of claim 1, wherein the second random
access burst further includes a random access channel
(RACH) payload and an adjusted TA.

6. The method of claim 3, further comprising:

verilying the adjusted TA; and

performing collision resolution.

7. The method of claim 1, wherein the second response
turther includes at least a response status, a second temporary
ID, or a second TA.

8. The method of claim 1, further comprising receiving a
CSR including at least higher layer messaging, control sig-
naling, or scheduling/resource requests 1n response to trans-
mitting the second response.

9. The method of claim 1, wherein the first random access
burst does not include a payload.

10. A method of processing random access performed by a
mobile terminal, the method comprising:

transmitting a first random access burst including a pre-

amble;
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receiving a first response including a first timing advance
(TA) and a first temporary 1dentification (ID) in response
to transmitting the first random access burst;
transmitting a second random access burst including the
first temporary 1dentification; and
receiving a second response including a control signaling
resources (CSR) assignment 1n response to transmitting,
the second random access burst.
11. The method of claim 10, wherein the preamble further
comprises implicit information.
12. The method of claim 10, wherein the preamble 1s a
random access channel (RACH) preamble to allow a network
to perform correlation and detection of signatures in the

RACH preamble.
13. The method of claim 10, wherein the first response

turther includes at least a response status, the first temporary
ID, or random access channel (RACH) resources.
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14. The method of claim 10, further comprising;:
adjusting a transmission TA 1n response to the recerved first
TA.

15. The method of claim 10, wherein the second random
access burst includes a random access channel (RACH) pay-
load to allow the network to perform verification of the
adjusted TA and perform collision resolution.

16. The method of claim 15, wherein the second response
turther includes at least a second temporary ID or a second
TA.

17. The method of claim 10, further comprising transmit-
ting a CSR 1ncluding at least higher layer messaging, control
signaling, or scheduling/resource requests in response to
receiving the second response.

18. The method of claim 10, wherein the first random
access burst does not 1include a payload.
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