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RANDOM ACCESS WITH PRIMARY AND SECONDARY COMPONENT
CARRIER COMMUNICATIONS

TECHNICAL FIELD

[0001] The technology relates to radio communications, and in particular, to

random access procedures for mobile radios.

BACKGROUND

[0002] LTE-Advanced is an evolution of LTE that aims to increase data rates,

bandwidth, VoIP capacity, and spectrum efficiency while also reducing user and

control plane latency. To accomplish these advances, many new features and concepts

have been introduced including heterogeneous cell overlays (e.g., relays), coordinated

multi-point (CoMP), bandwidth/spectrum aggregation, MIMO enhancement, hybrid

multiple access scheme for uplink communications, downlink and uplink inter-cell

interference management, etc.

[0003] LTE uses OFDM in the downlink and DFT-spread OFDM in the uplink.

The basic LTE downlink physical resource can thus be seen as a time-frequency grid as

illustrated in Figure 1, where each resource element corresponds to one OFDM

subcarrier during one OFDM symbol interval.

In the time domain. LTE downlink transmissions are organized into radio

frames of 10 ms, each radio frame consisting of ten equally-sized subframes of length

Tsubframe S .

[0005] Furthermore, the resource allocation in LTE is typically described in

terms of resource blocks (RB), where a resource block corresponds to one slot (0.5 ms)

in the time domain and 12 contiguous subcarriers in the frequency domain. A pair of

two adjacent resource blocks in time direction (1.0 ms) is known as a resource block

pair. Resource blocks are numbered in the frequency domain, starting with 0 from one

end of the system bandwidth.



[0006] The notion of virtual resource blocks (VRB) and physical resource blocks

(PRB) has been introduced in LTE. The actual resource allocation to a UE is made in

terms of VRB pairs. There are two types of resource allocations, localized and

distributed. In the localized resource allocation, a VRB pair is directly mapped to a

PRB pair, hence two consecutive and localized VRB are also placed as consecutive

PRBs in the frequency domain. On the other hand, the distributed VRBs are not

mapped to consecutive PRBs in the frequency domain; thereby providing frequency

diversity for data channel transmitted using these distributed VRBs.

[0007] Downlink transmissions are dynamically scheduled, i.e., in each subframe

the base station transmits control information about to which terminals data is

transmitted and upon which resource blocks the data is transmitted, in the current

downlink subframe. This control signaling is typically transmitted in the first 1, 2, 3 or

4 OFDM symbols in each subframe, and the number n=l, 2, 3 or 4 is known as the

Control Format Indicator (CFI). The downlink subframe also contains common

reference symbols (CRS), which are known to the receiver and used for coherent

demodulation of, e.g., the control information.

[0008] The LTE Rel-10 specifications support Component Carrier (CC)

bandwidths up to 20 MHz (which is the maximum LTE Rel-8 carrier bandwidth). An

LTE Rel-10 operation wider than 20 MHz is possible using Carrier Aggregation (CA)

which appears as a number of LTE carriers to an LTE Rel-10 terminal. For early LTE

Rel-10 deployments, there will be a smaller number of LTE Rel-10-capable terminals

compared to many LTE legacy terminals. Therefore, it is desirable to efficiently use a

wide carrier in such a way that legacy terminals can be scheduled in all parts of the

wideband LTE Rel-10 carrier. With Carrier Aggregation (CA), an LTE Rel-10 terminal

can receive multiple CCs, where the CC has, or at least has the possibility to have, the

same structure as a legacy Rel-8 carrier.

[0009] The LTE Rel-10 standard supports up to 5 aggregated carriers where each

carrier is limited to one of six bandwidths: 6, 15, 25, 50, 75, or 100 resource blocks

(RBs) corresponding to 1.4, 3, 5, 10, 15, and 20 MHz, respectively.



[0010] The number of aggregated CCs as well as the bandwidth of an individual

CC may be different for uplink and downlink transmissions. A symmetric configuration

refers to the case where the number of CCs in downlink and uplink is the same,

whereas an asymmetric configuration refers to the case that the number of CCs is

different. The number of CCs configured in the network may differ from the number of

CCs seen by a terminal. A terminal may, for example, support more downlink CCs

than uplink CCs, even though the network offers the same number of uplink and

downlink CCs.

[0011] In LTE-10 and 1, the concept of a carrier aggregation "cell" is

introduced which is an extension of the traditional understanding of a geographic

coverage cell. A carrier aggregation cell, from a UE's perspective, is a combination of

downlink (DL) and optionally uplink (UL) radio resources available for possible use by

UEs that are in range. As one example, a carrier aggregation cell 0 includes a DL

component carrier DL CC0 linked to an UL CC0. The linking between the carrier

frequency of the DL radio resources and the carrier frequency of the UL radio resources

is indicated in system information transmitted on the DL radio resources DL CC0 and is

referred to in LTE-1 1 as SIB2 linkage. CC cells can be co-located and overlaid

providing nearly the same coverage, be co-located but providing different coverage,

provide macro coverage on one cell and hot spot coverage inside the macro cell using

remote radio head coverage, and provide frequency selective repeater coverage.

[0012] During initial or random access ( A) to the radio network, an LTE Rel-10

UE terminal behaves similarly to a LTE Rel-8 terminal. Upon successful connection to

the network, a UE terminal may - depending on its own capabilities and the network -

be configured with additional CCs in the UL and DL. CC configuration is based on

radio resource control (RRC). Due to typically heavy RRC signaling and its relatively

slow speed, a UE terminal may be configured with multiple CCs on which the UE may

be scheduled to receive information on the physical DL shared channel (PDSCH), i.e.,

the UE-specific DL active CC set, and on which the UE may be scheduled to transmit

information on the physical UL shared channel (PUSCH). Even though not all of those

configured CCs are currently used for or by the UE, a UE terminal being activated on



multiple CCs must monitor all DL CCs for the Physical Downlink Control Channel

(PDCCH) and the PDSCH. This requires increased receiver bandwidth and higher

sampling rates resulting in higher power consumption.

[0013] In order to preserve orthogonality in the uplink (UL), the UL

transmissions from multiple UEs need to be time-aligned at the base station (an

eNodeB in LTE). Since UEs may be located at different distances from the base station

(see Figure 1), the UEs must initiate their UL transmissions at different times to be

received time-aligned at the base station. A UE far from the base station needs to start

transmission earlier than a UE close to the base station. This can for example be

handled by a timing advance (TA) of the UL transmissions where a UE starts its UL

transmission before a nominal time given by the timing of the DL signal received by the

UE. This TA concept is illustrated in Figure 2.

[0014] The UL timing advance is maintained by the base station through timing

advance commands to the UE based on measurements on UL transmissions from that

UE. In other words, the timing advance commands inform the UE to start its UL

transmissions earlier or later. This applies to all UL transmissions except for random

access preamble transmissions. There is a strict relationship in LTE between a DL

transmission and a corresponding UL transmission. Examples include: (1) the timing

between a DL-SCH transmission on the PDSCH to the HARQ ACK/NACK feedback

transmitted in UL (either on the PUCCH or the PUSCH), and (2) the timing between an

UL grant transmission on the PDCCH to the UL-SCH transmission on the PUSCH.

[0015] Increasing the timing advance value for a UE decreases the UE

processing time between the DL transmission and the corresponding UL transmission.

For this reason, an upper limit on the maximum timing advance has been defined by

3GPP in order to set a lower limit on the processing time available for a UE. For LTE,

this upper limit TA value is currently set to roughly 667us, which corresponds to a cell

range of 100km (note that the TA value compensates for the round trip delay).

[0016] LTE Rel-10 introduces a "primary" cell (PCell), which is the set of UL

CC on which all control signalling is transmitted to/from a UE together with the linked

DL CC. A cell configured for the UE that is not the PCell is called a "secondary" cell



(SCell). A UE can have up to four SCell' s in LTE Rel-10 and can be added, removed,

or reconfigured for the UE at any time by the base station. For an activated SCell, the

UE monitors the PDCCH control information that schedules the PDSCH on that SCell.

However, there is only a single timing advance value per UE in LTE Rel-10, and all UL

cells including the PCell and all activated SCells are assumed to have the same

transmission timing. The reference point for the timing advance is the received timing

of the primary DL cell. In LTE Rel-1 1, the UL SCells sharing the same TA value (for

example depending on the deployment) are configured by the network to belong to a

"TA group." If at least one UL SCell of the TA group is time aligned, all SCells

belonging to the same group may use this TA value. To obtain time alignment for an

SCell belonging to a different TA group than the PCell, a current 3GPP assumption is

that a network-initiated random access may be used to obtain an initial TA for this

SCell and for the TA group that the SCell belongs to.

[0017] In random access procedures, even though a UE does not have a

dedicated UL resource to transmit on, the UE may transmit a signal to the base station

on a special resource reserved for random access: a physical random access channel

(PRACH). This channel can for instance be limited in time and/or frequency as in LTE.

The resources available for PRACH transmissions are provided to UEs as part of

broadcast system information or as part of dedicated RRC signaling in case of

handover. In LTE, the random access procedure can be used for a number of different

reasons such as: initial access (for UEs in the LTE IDLE or LTE_DETACHED states),

incoming handover, resynchronization of the UL, scheduling request (for a UE that is

not allocated any other resource for contacting the base station), and positioning.

[0018] A contention-based random access (RA) procedure used in LTE is

illustrated in Figure 3. The UE starts the random access procedure by randomly

selecting one of the predetermined random access preambles available for contention-

based random access. The UE then transmits the selected random access request

message which includes a RA preamble on the physical random access channel

(PRACH) to a base station in the radio access network (RAN). The base station

acknowledges any RA preamble it detects by transmitting a random access response



message (referred to as MSG2 in LTE) including an initial grant to be used on the

uplink shared channel, a Temporary C-Radio Network Temporary Identifier (TC-

RNTI), and a time advance (TA) update based on the timing offset of the RA preamble

measured by the base station on the PRACH. When the MSG2 is transmitted to the UE

over the PDCCH, the PDCCH message CRC bits are scrambled with a Random

Access-Radio Network Temporary Identifier (RA-RNTI).

[0019] When receiving the RA response (MSG2), the UE uses the initial grant to

transmit a scheduled UL message (referred to as MSG3 in LTE) that in part is used to

trigger the establishment of radio resource control (RRC) and in part to uniquely

identify the UE on the common channels of the cell. Among other, the UE includes its

C-RNTI or, if the UE has not yet assigned a C-RNTI, a core-netowkr terminal identifier

into the MSG3. The timing advance command provided in the random access response

(MSG2) is applied by the UE when it sends its UL transmission of MSG3. The base

station can change the radio resources blocks assigned for a MSG3 re-transmission by

sending an UL grant whose CRC bits are scrambled with the TC-RNTI.

[0020] The RA procedure ends with the base station solving any preamble

contention that may have occurred if multiple UEs transmitted the same preamble at the

same time. This can occur since each UE randomly selects when to transmit and which

preamble to use. If multiple UEs select the same preamble for the transmission on the

RACH, there will be contention between these UEs that needs to be resolved through

the contention resolution message (referred to as SG4 in LTE). An example where

contention occurs is illustrated in Figure 4, with two UEs transmitting the same

preamble, p , at the same time. A third UE also transmits at the same RACH, but since

it transmits with a different preamble, p \ , there is no contention between this UE and

the other two UEs. The base station sends the contention resolution message (MSG4)

with its PDCCH CRC scrambled with the C-RNTI if the UE previously has a C-RNTI

assigned. If the UE does not have a C-RNTI previously assigned, the PDCCH CRC is

scrambled with the TC-RNTI.

[0021] The UE can also perform contention-free random access. A contention-

free random access can be initiated by the base station to get the UE to achieve



synchronization in the uplink. The base station initiates a contention-free random

access either by sending a PDCCH order to perform a contention-free random access or

indicating it in an RRC message. The later of the two is used in case of handover. An

example procedure for the UE to perform contention free random access is illustrated in

Figure 5. Similar to contention-based random access in LTE, MSG2 is transmitted in

the DL to the UE and its corresponding PDCCH message CRC is scrambled with the

RA-RNTI. The UE considers the contention resolution successfully completed after it

has successfully received MSG2. Nonetheless, the UE still sends MSG3. For

contention-free and contention-based random access, MSG2 contains a timing advance

value that enables the eNB to set the initial/updated timing according to the UE's

transmitted preamble.

[0022] In LTE Rel-10, the RA response message MSG2 is sent on the DL

component carrier that is "SIB2 linked" to the UL component carrier on which the UE

sent the random access request preamble. SIB2 linking is a cell-specific linking

between one DL carrier and UL carrier that is broadcasted as part of System

Information in System Information Block 2 (SIB2). Again, the term "cell" refers to

either a primary or secondary serving cell as described above. Since RA in Rel-10 is

restricted to UL PCell, MSG2 is always transmitted on the DL PCell.

[0023] Figure 6A gives a simple example where remote radio heads 12 and 14

are coupled to a base station (BS) 10, and UE 16 is closer to remote radio head 12

corresponding to antenna cell 1 than to remote radio head 14 corresponding to antenna

cell 2. As a result, the timing advance TA 1 for the UE's uplink transmissions in cell 1

is smaller than the timing advance TA 2 for the UE's uplink transmissions in cell 2.

Corresponding Figure 6B shows the UE timing advances for cells 1 and 2 where

transmit timing t i for cell 2 is earlier than t for cell 1.

[0024] In LTE Rel-10, the random access procedure is limited to the primary cell

(PCell), meaning that the UE can only send a RA request preamble on the primary cell

and that the RA response (MSG2) and the UE's first scheduled UL transmission

(MSG3) are only received and transmitted on the primary cell. MSG4 can, in Rel-10, be

transmitted on any DL cell. In LTE Rel-1 1, the random access procedure may also be



supported on secondary cells (SCells), at least for UEs supporting Rel-1 1 carrier

aggregation; however, in this case only network-initiated random access on secondary

cells (SCells) is assumed, meaning that UEs cannot initiate RA on an SCell. The only

possibility for the UE to perform random access on an SCell is if the base station

ordered the UE to perform the random access, i.e. it is not possible for the UE to initiate

a random access by its own on an SCell.

SUMMARY

[0025] If the RA request is only allowed on the primary UL cell, then the RA

response message (e.g., MSG2 in LTE) is only sent on the primary DL cell. Because

the primary cell is UE-specific assigned, different UEs may have different primary

cells. There is thus no mechanism to set a different timing for a secondary cell than for

the PCell.

[0026] A first aspect of embodiments of the present invention relates to a UE

performing a RA on the secondary cell (RA on the SCell) after completing a RA

request-response exchange on the primary cell, where the RA response to the SCell

includes timing advance information for the SCell and preferably a pointer or other

means to identify the SCell. The UE then uses that SCell timing advance information

to properly time its uplink transmission on the SCell. This signalling exchange is

illustrated in an example in Figure 7.

[0027] It is an advantage of embodiments of the present invention that the UE

can perform random access on a secondary cell and the base station can send the UE a

RA response that includes SCell timing advance (TA) and preferably also a SCell

identifier. This is a more direct process that allows the UE to more efficiently and

effectively synchronize to the SCell and be able to transmit over the SCell using the

proper timing advance for the SCell where the base station only needs to identify the

correct cell/component carrier in the RA response message, which saves overhead for

the random access procedure.



[0028] A second aspect of embodiments of the present invention relates to a UE

switching some if its allocated blind decoding resources ("blind decodes") from a UE-

specific search space to another search space where it can receive messages addressed

to this other search space, e.g. related to a random access procedure where the UE sent

a RA preamble on a particular secondary cell.

[0029] It is a further advantage of embodiments of the present invention that the

UE can perform random access on a secondary cell without an increase in blind

decodes. As a result, the same UE platform may be re-used for UEs that do not support

random access on secondary cells as well as UEs that can perform random access on a

secondary cell. Allowing the UE to perform random access on a secondary cell instead

of the primary cell reduces congestion on the primary cell's control channel (e.g.,

PDCCH).

[0030] A third aspect of embodiments of the present invention relates to random

access transmit power levels whereby the UE transmits to the base station on a group of

secondary cells that is defined to be in the same timing alignment group and applying a

transmit power level that is set considering the power used to transmit the preamble.

This signalling exchange is illustrated in an example in Figure 18.

[0031] It is yet another advantage of embodiments of the present invention that

the initial transmit power level for an UL transmission on a secondary cell is set more

accurately which leads to higher initial throughput and therefore better performance. It

also means less interference caused towards other UEs in the network which improves

system performance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Figure 1 illustrates a cell with two UEs at different distance from a BS.

[0033] Figure 2 illustrates an example of timing advance of UL transmissions

depending on distance to a BS.

[0034] Figure 3 is a signaling diagram for contention-based random access

procedure in LTE.



[0035] Figure 4 illustrates contention based random access, where there is

contention between two UEs.

[0036] Figure 5 is a signaling diagram for contention-free random access

procedure in LTE.

[0037] Figure 6A shows an example of a component carrier cell configuration

using remote radio heads in two cells.

[0038] Figure 6B shows example timing differences for the two cells in Figure

6A.

[0039] Figure 7 is a non-limiting, example signaling diagram in accordance with

a first non-limiting example embodiment.

[0040] Figures 8A and 8B are non-limiting, example flowchart diagrams for a

UE and a BS that may be used to implement the signaling diagram of Figure 7.

[0041] Figure 9 illustrates an example of common and UE-specific search

spaces;

[0042] Figures 10A and 10B illustrate flowchart diagrams for UE and BS of a

first example of the first embodiment.

[0043] Figures 1A and 1IB illustrate flowchart diagrams for UE and BS of a

second example of the first embodiment.

[0044] Figure 12 is a non-limiting example signaling diagram in accordance with

a second non-limiting example embodiment.

[0045] Figure 13 illustrates a flowchart diagram for a UE of a first example of

the second embodiment.

[0046] Figure 14 illustrates a flowchart diagram for a UE of a second example of

the second embodiment.

[0047] Figures 15A and 15B are non-limiting example flowchart diagrams for a

UE and base station (BS) involved in a contention-based random access procedure

involving a PCell and an SCell.

[0048] Figure 16 illustrates an example signalling diagram between a UE and BS

showing a random access procedure where the UE sends the RA request on the SCell

using a reserved one of the SCell RA preambles.



[0049] Figure 17 illustrates an example flowchart diagrams for a UE receiving

from the network different RA configurations for PCell and SCell.

[0050] Figure 18 is a non-limiting, example signaling diagram in accordance

with a third non-limiting example embodiment.

[0051] Figures 19A, 19B, and 19C are non-limiting example flowchart diagrams

for a BS in accordance with the third example embodiment.

[0052] Figure 20 is a non-limiting, example function block diagram of a UE.

[0053] Figure 2 1 is a non-limiting, example function block diagram of a BS.

DETAILED DESCRIPTION

[0054] The following description sets forth specific details, such as particular

embodiments for purposes of explanation and not limitation. But it will be appreciated

by one skilled in the art that other embodiments may be employed apart from these

specific details. In some instances, detailed descriptions of well known methods,

nodes, interfaces, circuits, and devices are omitted so as not obscure the description

with unnecessary detail. Those skilled in the art will appreciate that the functions

described may be implemented in one or more nodes using hardware circuitry (e.g.,

analog and/or discrete logic gates interconnected to perform a specialized function,

ASICs, PLAs, etc.) and/or using software programs and data in conjunction with one or

more digital microprocessors or general purpose computers. Nodes that communicate

using the air interface also have suitable radio communications circuitry. Moreover, the

technology can additionally be considered to be embodied entirely within any form of

non-transitory computer-readable memory, such as solid-state memory, magnetic disk,

or optical disk containing an appropriate set of computer instructions that would cause a

processor to carry out the techniques described herein.

[0055] Thus, for example, it will be appreciated by those skilled in the art that

diagrams herein can represent conceptual views of illustrative circuitry or other

functional units. Similarly, it will be appreciated that any flow charts, state transition

diagrams, pseudocode, and the like represent various processes which may be

substantially represented in computer readable medium and so executed by a computer



or processor, whether or not such computer or processor is explicitly shown. The

functions of the various illustrated elements may be provided through the use of

hardware such as circuit hardware and/or hardware capable of executing software in the

form of coded instructions stored on computer-readable medium. Thus, such functions

and illustrated functional blocks are to be understood as being either hardware-

implemented and/or computer-implemented, and thus machine-implemented.

Hardware implementation may include or encompass, without limitation, digital signal

processor (DSP) hardware, a reduced instruction set processor, hardware (e.g., digital or

analog) circuitry including but not limited to application specific integrated circuit(s)

(ASIC) and/or field programmable gate array(s) (FPGA(s)), and (where appropriate)

state machines capable of performing such functions.

[0056] In terms of computer implementation, a computer is generally understood

to comprise one or more processors or one or more controllers, and the terms computer,

processor, and controller may be employed interchangeably. When provided by a

computer, processor, or controller, the functions may be provided by a single dedicated

computer or processor or controller, by a single shared computer or processor or

controller, or by a plurality of individual computers or processors or controllers, some

of which may be shared or distributed. Moreover, the term "processor" or "controller"

also refers to other hardware capable of performing such functions and/or executing

software, such as the example hardware recited above.

[0057] Although some of the initial description and identification of problems

below is in the context of an LTE-based system, the technology in this application can

be applied to any radio communications system and/or network where user equipment

(UE) communicates over a radio interface with a radio base station using a random

access procedure.

[0058] A first embodiment of the present invention is illustrated by help of

Figure 8A, which is a flowchart showing example procedures of a UE, and Figure 8B,

which is a flowchart showing example procedures of an associated base station (BS). In

step SI, the UE transmits a RA request on a secondary cell, e.g., in response to a

command or order from the base station. The base station receives the UE's RA request



(step S5), and transmits to the UE a RA response that includes an SCell timing advance

(TA) and preferably also an SCell identifier (steps S2 and S6). The UE transmits over

the SCell using that TA for the SCell (step S3).

[0059] The SCell identifier may identify on which secondary cell the UE's RA

preamble was detected and can be a cell index. Examples include but are not limited to

SCelllndex, ServCelllndex, or CIF, E-UTRA Channel Number (EARCFN), or an index

which corresponds to a subset of EARCFN values. The SCell timing advance

information also may include a timing advance (TA) group identifier of the group to

which the SCell the detected RA preamble belongs.

[0060] The following example embodiments take into account UE decoding

operations and resources. In an example LTE system, after channel coding, scrambling,

modulation and interleaving of the control information in LTE, the modulated control

information symbols are mapped to radio resource elements (REs) in the DL subframe

control region. To multiplex multiple control channels (PDCCHs) onto the control

region, LTE defines control channel elements (CCEs), where each CCE maps to 36

resource elements (REs). One PDCCH can, depending on the information payload size

and the required level of channel coding protection, include 1, 2, 4, or 8 CCEs. The

number of CCEs is referred to as the CCE aggregation level (AL). Link-adaptation of

the PDCCH is obtained by choosing the aggregation level. In total, there are N CCE

CCEs available for all PDCCHs to be transmitted in the subframe, and the number N CCE

varies from subframe to subframe depending on the number of control symbols n.

[0061] As the total amount of candidates is greater than the amount of scheduling

assignments and UL grants that the UE can be allocated per subframe, the UE needs to

"blindly" decode, whether any of the PDCCH candidates are corresponding actual

scheduling assignments or UL grants. In addition, assuming a reasonable number of

"blindly" decodes, the total number of candidates on a per cell basis can be too many

for the UE to compute. As a result, some restrictions are placed on the number of

possible blind decodes a UE terminal needs to perform. For instance, the CCEs are

numbered, and CCE aggregation levels of size K can only start on CCE numbers evenly

divisible by K(e.g. mod(N,K)=0)



[0062] The sets of CCEs that a UE terminal must blindly decode and search for a

valid PDCCH are called "search spaces" in LTE. In other words, this is the set of

CCEs on an AL that a UE must monitor for scheduling assignments or other control

information. Figure 9 shows an example of a search space that the UE must monitor.

In each subframe and on each AL, a UE attempts to decode all the PDCCHs that can be

formed from the CCEs in its search space. If the CRC checks as valid, then the content

of the PDCCH is assumed to be valid for the UE, and it further processes the received

information. Often two or more UE terminals have overlapping search spaces, and the

network has to select one of them for scheduling of the control channel. When this

happens, the non-scheduled terminal is "blocked." The search space varies pseudo-

randomly from subframe to subframe to minimize this blocking probability.

[0063] LTE further divides a search space to a common search space and a UE-

specific search space. In the common search space, the control channel (PDCCH) that

contains information for all or a group of UE terminals is transmitted (paging, system

information, etc). If carrier aggregation is used, a UE terminal finds the common

search space present on the primary component carrier (PCC) only. The common

search space is restricted to aggregation levels 4 and 8 to give sufficient channel code

protection for all UE terminals in the cell (since it is a broadcast channel, only high AL

are of interest since even cell-edge UEs must be reached). The 2 and 4 first PDCCH

candidates (with the lowest CCE number) in an AL of 8 or 4, respectively, belong to the

common search space. For efficient use of the CCEs, the remaining search space is UE-

specific at each aggregation level.

[0064] A CCE includes 36 QPSK modulated symbols that map to the 36 resource

elements (REs) unique for this CCE. To increase diversity and interference

randomization, interleaving of all the CCEs is used before a cell-specific cyclic shift

and mapping to REs as illustrated in the example processing steps of all the PDCCHs to

be transmitted in a subframe. In most cases, some CCEs are empty due to the PDCCH

location restriction to terminal search spaces and aggregation levels. The empty CCEs

are included in the interleaving process and mapped to REs as any other PDCCH to

maintain the search space structure. Empty CCEs are set to zero power. This power



can instead be used by non-empty CCEs to further enhance the PDCCH transmission.

Furthermore, to enable the use of 4 antenna TX diversity, a group of 4 adjacent QPSK

symbols in a CCE is mapped to 4 adjacent REs, denoted a RE group (REG). Hence, the

CCE interleaving is quadruplex (group of 4) based and the mapping process has a

granularity of 1 REG and one CCE corresponds to 9 REGs (=36 REs). There may be a

collection of "leftover" REGs after the set of size NCCE CCEs is determined (although

the number of leftover REGs is always fewer than 36 REs) since the number of REGs

available for PDCCH in the system bandwidth is typically not a multiple of 9 REGs.

These leftover REGs are unused by the LTE system.

[0065] An LTE UE monitors the common search space on the primary cell and a

UE-specific search space for each of its aggregated DL/UL cells. The common search

space requires 12 blind decodes, and each UE-specific search space requires either 32

or 48 blind decodes, depending on whether the UE supports UL MIMO on the

aggregated UL cell.

[0066] The UE monitors the following RNTIs associated with the random access

procedure for each associated search space on the PDCCH: The RA-RNTI for the RA

response message (e.g., MSG2) is monitored in the common search space on the

primary cell. This is for the UE to be able to receive the random access response

message, i.e. MSG2. The TC-RNTI, e.g., for MSG3, is monitored in the common

search space on the primary cell for reallocating the MSG3 in frequency. The TC-

RNTI for MSG4 is monitored in the common search space and UE specific TC-RNTI

search space on the primary cell. The C-RNTI for MSG4 is monitored in the common

search space on the primary cell and in the UE-specific C-RNTI search space on any

serving PCell or SCell.

[0067] As explained above, one way to set the initial timing of a secondary cell is

for the UE to send a RA preamble on that secondary cell, or alternatively, on another

secondary cell that shares the same timing. But to do this, the UE must monitor the

RA-RNTI in the common search space of each aggregated secondary cell. In the LTE

example, this means the UE must perform 12 additional blind decodes for each

secondary cell where it monitors the common search space. In addition to reducing



blind decoding processing that UEs must perform, it would also be advantageous to

allow the possibility of reusing LTE Rel-10 UE platforms for LTE Rel-1 1, which

means keeping the maximum number of blind decodes for the UE at the same level as

in Rel-10 in Rel-1 1.

[0068] Figures 10 - 12 illustrate three examples according to the first

embodiment of the present invention to provide an initial timing of a secondary cell to a

UE whereby Figures 10A, 11A, and 12A illustrate the example procedures of the UE

and Figures 10B, 1IB, and 12B illustrate the example procedures of an associated base

station. In step SI, the UE transmits a RA request on a secondary cell, e.g., in response

to a command or order from the base station sent. The base station receives the UE's

RA request (step S5) and transmits to the UE a RA response. According to one example

embodiment (Figure 10A, 10B), each SCell on which the UE has sent a preamble

corresponds to a different RA-RNTI that the UE monitors. In steps Sl l and S10,

respectively, the base station transmits and the UE receives on the PCell a RA response

that includes an SCell timing advance (TA) and an SCell-specific RA-RNTI (the RA-

RNTI can be implicitly included, e.g. as scrambling mask in the PDCCH CRC). The

RA-RNTI identifies the SCell on which the UE sent the RA request preamble and

scrambles channel error check bits, e.g., PDCCH CRC bits. According to another

example embodiment (Figure 11A, 1IB), if the UE sends a preamble on a SCell, the

UE will receive MSG2 identified by its C-RNTI. The base station transmits and the UE

receives on a RA response that includes a SCell timing advance (TA) and a C-RNTI.

The C-RNTI identifies the individual UE that has sent the RA request preamble and

scrambles channel error check bits, e.g., PDCCH CRC bits. According to a second

embodiment of the present invention, the UE switches some if its allocated blind

decoding resources ("blind decodes") from a UE-specific search space to another

search space where it can receive messages related to a random access procedure where

the UE sent a RA preamble on a particular secondary cell. The signalling diagram in

Figure 12 illustrates a PCell RA exchange between a UE and base station followed by

the UE transmitting a RA request preamble on an SCell. Thereafter, the UE switches

some or all of its currently allocated blind decode operations from the PCell common



search space to that SCell common search space where the UE sent its RA SCell

preamble. This means, it reallocates its processing of the blind decodes from a set of

candidates on one cell or a specific area of one cell to another cell or specific area on

the same cell.

[0069] The base station sends its RA response on the SCell to the UE, and then

the UE transmits at the scheduled time using the received TA information and SCell ID.

Thereafter, the UE switches the blind decodes back from the SCell common search

space to the PCell common search space. The total number of blind decodes remains

the same as the UE only looks at a different set of candidates.

[0070] Figures 14 - 17 illustrate by means of flowcharts showing UE procedures

four examples according to the second embodiment of the present invention to provide

an initial timing of a secondary cell to a UE. In step SI, the UE transmits a RA request

on a secondary cell, e.g., in response to a command or order from the base station.

According to a first example (Figure 13), the UE switches some or all of its currently

allocated blind decode operations from the PCell common search space to the SCell

common search space (step 16). According to a second example (Figure 14), the UE

switches some or all of its currently allocated blind decode operations from a UE-

specific PCell/SCell search space to a SCell search space where the UE while receive

the related PDCCH messages to the RA SCell preamble (step 17). If the UE performs a

contention-free random access, it stops monitoring this SCell search space when

receiving the RA response from the base station and switches blind decoding to a where

they where switched from If the UE performs a contention-based random access, it

stops monitoring the specific search space for SCell when receiving a RA contention

resolution message (e.g., MSG4) and then switches back its blind decodes to the

original search space on where they were borrowed from, i.e. either on the PCell or

SCell. The related PDCCH messages to the RA SCell preamble are mainly MSG2,

MSG3 and MSG4. These PDCCH messages are identified by that there CRC is

scrambled with the RA-RNTI, TC-RNTI for that UE or C-RNTI for that UE.

[0071] A further aspect of the present invention relating to contention-based

random access on a secondary cell concerns that a base station cannot distinguish



whether a legacy UE or a new UE is performing the random access. In LTE, legacy

UEs (i.e. Rel.10 UEs) only monitor the RA-RNTI for the random access response

message in a common search on the SIB2 linked DL cell or PCell. One solution

proposed by the inventors to this second problem is for an advanced UE (i.e. a UE

according to Rel.l l or later) to use a reserved set of random access preambles for

contention-based random access on a secondary cell.

[0072] Thus, according to a further embodiment of the present invention, a UE

uses a reserved set of random access preambles for contention-based random access on

a secondary cell. This allows the receiving base station to detect that the random access

is associated with a UE currently accessing the radio network on a secondary cell rather

than a primary cell. Figures 15A and 15B are non-limiting example flowchart diagrams

for a UE and base station (BS) involved in a contention-based random access procedure

involving a PCell and an SCell. The base station configures the UE with different sets

of contention-based RA preambles for the PCell and SCell (step S40). The UE receives

the contention-based RA preamble configurations (step S30) and determines whether a

contention-based RA request transmission is to be sent on the SCell (step S31). If not,

the UE uses one of the contention-based RA preambles configured for RA on the PCell

(step S32). If so, the UE uses one of the contention-based RA preambles configured on

the SCell (step S33). In either case, the base station receives a contention-based RA

request from the UE on a primary cell or a secondary cell using one of the contention-

based RA preambles (step S41), and determines from the received RA preamble

whether it belongs to the PCell set or the SCell set (step S42). If RA preamble is one of

the SCell contention-based RA preambles, the base station knows that the UE currently

accessing the radio network on a secondary cell rather than a primary cell.

[0073] Figure 16 illustrates an example signalling diagram between the UE and

base station showing a random access procedure where the UE sends the RA request on

the SCell using a reserved one of the SCell RA preambles. The RA response with the

timing advance for the SCell may be sent to the UE on the PCell or SCell.

[0074] A base station may provide or indicate to the UE one or several additional

root sequences that the UE may use to generate the reserved RA preambles.



[0075] A base station may provide or indicate a set of reserved RA preambles

within the set of RA preambles that are used for contention- free random access on a

primary cell for legacy UEs. The base station or other radio network node knows

which preambles within the contention-free random access set are used for random

access on a secondary cell, and hence, it avoids assigning such preambles for

contention-free random access for primary cells.

[0076] A base station may configure individual UEs with a specific set of RA

preambles that the UE should use for a contention-free random access on a secondary

cell. Because the base station will not know which cell is the primary cell for a

particular UE when the eNB detects the preamble on a secondary cell, the base station

configures separate sets of contention-free RA preambles on each secondary cell it

operates. All UEs sharing the same primary cell and configured on a specific

secondary cell are configured with the same set of contention-free RA preambles on

this specific secondary cell. In this way, the base station can derive from the detected

contention-free RA preamble the primary cell and transmit the RA response on the

primary cell that includes the necessary secondary cell identification and timing

advance information.

[0077] A base station may generate a RA response on the linked cell (primary or

secondary) over which the UE made the random access request. The base station also

sends a RA response on the primary cell for every attached UE that supports multiple

timing advances (TAs). Because the primary cell can be different for different UEs, the

base station includes information in RA response indicating to which primary cell it

refers, similar to the embodiments described above. The base station may receive a RA

request on a primary cell or secondary cell and transmits a RA response message in that

cell and on the PCells of all UEs attached to that base station.

[0078] A base station may signal a separate set of RA radio resources, e.g., in

frequency and subframes (time) for LTE, for each secondary cell or for a group of

secondary cells. As illustrated in Figure 7, the UE receives a configuration from the

base station including one or more of these RA radio resources (step S60) and uses

it/them to send a preamble on a secondary cell (step S62). If the UE sends a RA



preamble on its primary cell, the UE uses the same RA radio resource(s) as a legacy UE

would use on this Pcell (step S64). The base station can determine if a received RA

preamble is from a UE sending an RA preamble on a secondary cell or on a primary

cell based on which RA radio resource(s) the base station detects the RA preamble.

[0079] As already described above, the base station may configure each UE with

a specific set of RA radio resources that the UE should use for a contention-free based

random access on a Scell. The base station configures separate sets of RA radio

resources on each secondary cell it operates. All UEs sharing the same primary cell and

configured on a specific secondary cell are configured with the same set of RA radio

resources on this specific secondary cell.

[0080] The technology described for the second embodiment offer a number of

advantages: For example, a base station can provide a RA response message to a UE

that sends a preamble on its secondary cell. In this way, similar to the fourth example

embodiment, the base station need only address the correct cell/component carrier with

the RA response message, which saves overhead for the random access procedure.

[0081] A further aspect of the present invention relates to random access transmit

power levels. For example, the power control used for the transmission of a random

access preamble on the RACH in LTE is open loop power control that is based on

estimated pathloss and the received target power of the RA preamble to be received by

the base station. The received target power is typically signaled to the UE as part of

system information on the broadcast channel or via dedicated RRC signaling.

[0082] Since the random access preamble transmission is a non-scheduled

transmission, it is not possible for the base station to employ a closed loop power

control correction to correct for measurement errors in the open loop estimate. Instead,

a power ramping approach is used where a UE initiating random access increases its

transmission power (the RACH preamble received target power in LTE) between

transmission attempts of the random access preamble. This ensures that even a UE

with a too low initial transmission power, due to, e.g., error in the pathloss estimate,

after a number of preamble transmission attempts, will have increased its power



sufficiently to be detectable by the base station. For example, after 4 transmission

attempts, the total ramp-up of the transmission power is:

rampup = (N -l)* a step where N is the number of transmission attempts and ∆ ram step

is the power ramping step size between each transmission attempt.

[0083] Setting that initial power level to zero (0) is a sub-optimal approach.

Instead, better performance can be achieved if the initial transmit power for a UE RA

request message sent over an Scell is set to a power level that is closer to the actually

needed power. Reference is made to the signalling diagram shown in Figure 18. The

UE and base station exchange initial RA messages on and for the PCell. The UE then

sends a RA request on an SCell at an initial transmit power level PI. The base station

fails to detect that initial message, and after a time out period during which the UE fails

to receive a RA response, the UE increases its transmit power to level P2 when it sends

a second RA request on the SCell. The base station again fails to detect the second RA

request message, and after a time out period, the UE increases its transmit power to

level P3 when it sends a third RA request on the SCell. Now the base station detects

the RA request and sends the RA response message with a power control command

(PCC) in one example embodiment for future uplink transmissions by the UE on the

SCell. The UE sets its initial power level based on the last sent RA request power

level, e.g., P3 in this example, and/or on the received PCC. The UE then transmits

uplink information on the SCell at the set initial power level.

[0084] Figure 19A - 1 C illustrate three example embodiments for the UE to

determine the initial transmit power level after that the UE has performed RA on a

SCell (step S70). According to one example embodiment (Figure 19A), the UE

determines the initial transmit power level for transmission on a secondary cell or a

group of secondary cells connected to the same timing advance (TA) group based on

the initial transmit power level set for the successful RA request (step S71). According

to another example embodiment (Figure 19B), the UE receives a RA response for a

secondary cell or al secondary cells in the group of secondary cells connected to the

same timing advance (TA) group or RA group, where that RA response includes a

power control command (PCC) (step S73). The UE determines then an initial transmit



power level based on the power control command (step S74). According to yet another

example embodiment (Figure 19C), the UE receives a RA response for a secondary cell

or all secondary cells in the group of secondary cells connected to the same timing

advance (TA) group or RA group, where that RA response includes a transmit power

setting (step S75). The UE determines an initial transmit power level for an SCell in

the same TA group from the transmit power setting received in the RA response (step

S76). In other words, the UE applies for a newly-activated secondary cell the same

initial transmit power or power spectral density as was received in the RA response for

another serving cell belonging to the same TA group as the activated secondary cell and

which performed a random access to obtain time alignment.

[0085] The RA response message may, according to one example embodiment,

contain a power offset command relative to the primary cell that adjusts the transmit

power of the UE's uplink transmission on the SCell with the SCell timing advance as

compared to the transmit power used to send the preamble. According to another

example embodiment, the RA response message may contain a transmit power

command relative to the power used for the last transmitted preamble, which adjusts the

transmit power of the UE's uplink transmission on the SCell with the SCell timing

advance as compared to the transmit power used to send the preamble.

[0086] The power control command can also be corrected for different path

losses of different frequency layers. This correction may be a signalled value, or the

correction may be autonomously performed by the UE according to a suitable path loss

model. The parameters of this model can either be coded in the standard or signalled

by the network.

[0087] Figure 20 is a non-limiting, example function block diagram of a UE 16

that may be used to implement the procedures described above for a UE. Such a user

equipment may be a mobile radio telephone or a portable computing device with radio

communication for example. The UE 16 may include, inter alia, radio circuitry 20, data

and/or signal processing circuitry 22, and a computer-readable medium in the form of a

memory 24. The memory 24 may be detachable from the UE. Timing circuitry 26 is

connected to other UE entities that require timing signals and/or synchronization. One



aspect of the timing circuitry is to provide timing advance signaling, e.g., under the

control of circuitry 22, to a transmitter of the radio circuitry in order to send uplink

transmissions at the proper advance time so they are received in a synchronized fashion

at the base station. Circuitry 22 also may be used to set the desired initial transmit

power level of RA preambles and/or initial uplink transmissions using the TA received

as part of the RA procedure. In one example embodiment, the memory 24 stores a

computer program with computer program instructions, which when run by a processor,

causes the UE to perform all or some of the steps described above.

[0088] Figure 2 1 is a non-limiting, example function block diagram of a base

station (BS) 10 that may be used to implement the procedures described above for the

base station. Radio circuitry 30 performs radio processing of PCell and SCell signals.

Data and/or signal processing circuitry 32 controls the radio circuitry, timing circuitry

36, memory 34, and one or more network interfaces 38. For example, the data and/or

signal processing circuitry 32 provides the content of the random access response

messages described above including but not limited to the timing advance and cell

identifier information.

[0089] The memory of the UE and/or base station may for example be a flash

memory, a RAM (Random-access memory) ROM (Read-Only Memory) or an

EEPROM (Electrically Erasable Programmable ROM), and the computer program

instructions may in alternative embodiments be distributed on additional memories (not

shown). A data processor may not only be a single CPU (Central processing unit), but

could comprise two or more processing units. For example, the processor may include

general purpose microprocessors, instruction set processors and/or related chips sets

and/or special purpose microprocessors such as ASICs (Application Specific Integrated

Circuit).

[0090] Although various embodiments have been shown and described in detail,

the claims are not limited to any particular embodiment or example. None of the above

description should be read as implying that any particular element, step, range, or

function is essential such that it must be included in the claims scope. The scope of

patented subject matter is defined only by the claims. The extent of legal protection is



defined by the words recited in the allowed claims and their equivalents. All structural

and functional equivalents to the elements of the above-described preferred

embodiment that are known to those of ordinary skill in the art are expressly

incorporated herein by reference and are intended to be encompassed by the present

claims. Moreover, it is not necessary for a device or method to address each and every

problem sought to be solved by the technology described, for it to be encompassed by

the present claims.



CLAIMS

1. A method in a user equipment (16), UE, communicating with a radio base

station (10) on a primary cell associated with a first frequency and at least one

secondary cell associated with a second frequency different from the first frequency,

the method comprising:

transmitting a preamble on a random access channel, RACH, to the radio

base station on the secondary cell;

receiving a random access response from the radio base station on a

different cell than the UE transmitted its preamble on, said random access response

including timing advance information for an uplink transmission by the UE and

including a cell identifier to determine the secondary cell that the control information in

the random access response message refers to; and

transmitting to the base station based on the timing advance information

in the random access response message.

2. The method according to claim 1, wherein the UE transmits to the base

station on the secondary cell on which the preamble was sent.

3. The method according to claim 1 or 2, wherein the secondary cell

identifier is a cell index and wherein the cell index is one of a SCelllndex,

ServCelllndex or Carrier Indicator Field CIF.

4. The method according to claim 1 or 2, wherein the secondary cell

identifier is an EARCFN value or an index which corresponds to a subset of EARCFN

values.

5. The method according to claim 1 or 2, wherein the secondary cell

identifier is a Random Access-Radio Network Temporary Identifier (RA-RNTI) which

scrambles the check CRC of the PDCCH scheduling random access response message.



6. The method according to claim 1, wherein the UE receives a PDCCH

message indicating a scheduled uplink message, MSG3, only in common search space

in the same cell as it received the random access response message, and

wherein said indicating is identified by that the CRC of the correspond

PDCCH is scrambled by the Temporary Cell-Radio Network Temporary Identifier (TC-

RNTI).

7. The method according to claim 1, wherein the UE sends a preamble

within a set of preambles for contention-based random access on a secondary cell.

8. The method according to claim 1, wherein the preamble is within the set

of preambles that are used for contention-free random access.

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

receiving from the base station a separate set of PRACH resources for random

access on secondary cells, wherein the PRACH resources are separated in frequency

and/or subframes, and

wherein the UE uses at least one preamble in the separate PRACH resource set

to send the random access request on the secondary cell.

10. The method according to claim 1, whereby the UE transmits to the base

station on a cell within the group of one or more secondary cells that is defined to be in

the same timing advance group and applying a transmit power level that is set

considering the power used to transmit the preamble.

11. The method according to claim 10, wherein the UE receives a random

access response message containing an initial power control command and applies the

power control command for the secondary cell on which the preamble was sent to a cell



within the group of secondary cells that is defined to be in the same timing alignment

group.

12. The method according to claim 1, wherein the UE applies power control

command in the random access response message relative to the power on the primary

cell.

13. The method according to claim 1, wherein the UE applies power control

command in the random access response message relative to the power used for the last

transmitted preamble.

14. The method according to any of claims 10-13, wherein the UE

autonomously corrects the power control command for different pathloss on the

different cells.

15. The method according to any of claims 10-13, wherein the UE uses a

signaled value to determine a correction of the power control command for different

pathloss on the different cells.

16. A method in a radio user equipment (16), UE, communicating with a

radio base station (10) on a primary cell associated with a first frequency and at least

one secondary cell associated with a second frequency different from the first

frequency, the method comprising:

transmitting a preamble on a random access channel, RACH, to the radio

base station on the secondary cell;

performing blind decoding operations for the secondary cell on a

downlink control channel search space for said secondary cell on which the preamble

was sent;



detecting the random access response message from the base station, said

random access response including timing advance information for an uplink

transmission by the UE;

transmitting to the base station on the secondary cell on which the

preamble was sent based on the timing advance information in the random access

response message.

17. The method according to claim 16, wherein the UE reallocates a portion

of its blind decodes from a UE specific search space to a downlink control channel

search space for the secondary cell on which the preamble was sent.

18. The method according to claim 17, wherein the UE specific search space

is associated with secondary cell on which the preamble was sent.

19. The method according to any of claims 16-18, wherein the random access

is a contention-free random access procedure.

20. The method according to any of claims 16-18, wherein the random access

is a contention-based random access procedure.

21. The method according to claim 16, wherein the downlink control channel

search space that the UE monitors is the downlink control common search space.

22. The method according to claim 16, whereby the UE transmits to the base

station on a group of one or more secondary cells that is defmed to be in the same

timing alignment group and applying a transmit power level that is set considering the

power used to transmit the preamble.

23. The method according to claim 22, wherein the UE receives a random

access response message containing an initial power control command and applies the



power control command for the secondary cell on which the preamble was sent based

or the group of secondary cells that is defined to be in the same timing alignment group.

24. The method according to claim 23, wherein the UE applies power control

command in the random access response message relative to the power on the primary

cell.

25. The method according to claim 23, wherein the UE applies power control

command in the random access response message relative to the power used for the last

transmitted preamble.

26. The method according to any of claims 22-25, wherein the UE

autonomously corrects the power control command for different pathloss on the

different cells.

27. The method according to any of claims 22-25, wherein the UE applies a

signaled value that corrects the power control command for different pathloss on the

different cells.

28. A method in radio base station (10) operating a plurality of cells and

communicating with user equipments (16), UE, on primary cells associated with a first

frequency and at least one secondary cell associated with a second frequency, the

method comprising:

configuring the user equipments (16) with specific sets of random access

preambles such that user equipments sharing a same primary cell and configured on a

specific secondary cell are configured with the same set of random access preambles on

this secondary cell;

providing information on said specific sets of random access preambles to

the user equipments;



detecting a preamble on RACH from the user equipment on the secondary

cell;

transmitting a random access response from the radio base station on a

different cell than the UE transmitted its preamble on, said random access response

including timing advance information for an uplink transmission by the UE and

including a cell identifier to determine the secondary cell that the control information in

the random access response message refers to.

29. The method according to claim 28, wherein the radio base station reserves a set of

random access preambles for user equipments that are limited to perform random

access on the primary cell.

30. The method according to claim 28, wherein the radio base station provides

information on specific sets of random access preambles to the user equipments by

means of transmitting root sequences from which the user equipments generate the

reserved preambles.

31. A user equipment (16), UE, comprising a radio circuitry (20) for

communicating with a radio base station (10) on a primary cell associated with a first

frequency and at least one secondary cell associated with a second frequency different

from the first frequency, the user equipment adapted to

transmit a preamble on a random access channel, RACH, to the radio base

station on the secondary cell;

receive a random access response from the radio base station on a

different cell than the UE transmitted its preamble on, said random access response

including timing advance information for an uplink transmission by the UE and

including a cell identifier to determine the secondary cell that the control information in

the random access response message refers to; and

transmit to the base station based on the timing advance information in

the random access response message.



32. A user equipment (16), UE, comprising a radio circuitry (20) for

communicating with a radio base station (10) on a primary cell associated with a first

frequency and at least one secondary cell associated with a second frequency different

from the first frequency, the user equipment adapted to

transmit a preamble on a random access channel, RACH, to the radio base

station on the secondary cell;

perform blind decoding operations for the secondary cell on a downlink

control channel search space for said secondary cell on which the preamble was sent;

detect the random access response message from the base station, said

random access response including timing advance information for an uplink

transmission by the UE;

transmit to the base station on the secondary cell on which the preamble

was sent based on the timing advance information in the random access response

message.

33. A radio base station (10) comprising a radio circuitry (30) for operating a

plurality of cells and communicating with user equipments (16), UE, on primary cells

associated with a first frequency and at least one secondary cell associated with a

second frequency, the radio base station adapted to

configure the user equipments (16) with specific sets of random access

preambles such that user equipments sharing a same primary cell and configured on a

specific secondary cell are configured with the same set of random access preambles on

this secondary cell;

provide information on said specific sets of random access preambles to

the user equipments;

detect a preamble on RACH from the user equipment on the secondary

cell;

transmit a random access response from the radio base station on a

different cell than the UE transmitted its preamble on, said random access response

including timing advance information for an uplink transmission by the UE and



including a cell identifier to determine the secondary cell that the control information in

the random access response message refers to.





























A . CLASSIFICATION O F SUBJECT MATTER

INV. H04W74/08
ADD.

According to International Patent Classification (IPC) o r to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

H0 4

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal , WPI Data

C . DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 2010/064858 A2 ( LG ELECTRONICS INC 1-33
[KR] ; AHN SEUNG JIN [KR] ; KIM SANG WOO

[KR] ; KWON S) 10 June 2010 (2010-06-10)
paragraphs [6] , [7] , [9] , [10] , [28] -
[51] , [65] - [79] , [90] - [95] ;
f i gures 1-13

US 2010/260136 Al ( FAN JIANKE [FI] ET AL) 1-15 ,
14 October 2010 (2010-10-14) 28-31 ,33
paragraphs [0039] - [0059] , [0062] - 16-27 ,32
[0067] , [0084] - [0114] ;
f i gures 1A-12

-/-

X | Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date o r priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle o r theory underlying the invention

to be of particular relevance

"E" earlier application o r patent but published o n o r after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel o r cannot be considered to involve an inventive

"L" documentwhich may throw doubts on priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation o r other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition o r other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

12 July 2012 18/07/2012

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Jaster, Ni col e



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 2011/035420 Al (RESEARCH IN MOTION LTD 1-33
[CA] ; FONG MO-HAN [CA] ; HEO YOUN HYOUNG
[CA]) 31 March 2011 (2011-03-31)
paragraphs [0006] - [0013], [0026] -
[0035], [0044] - [0082], [00131], [00147]

- [00158];
figures 1-8, 10, 11

EP 2 288 220 A2 (SAMSUNG ELECTRONICS CO 1-33
LTD [KR]) 23 February 2011 (2011-02-23)
paragraphs [0009] - [0019] , [0040] -
[0067] ;
figures 1-13



Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 2010064858 A2 10-06-2010 US 2011235609 Al 29-09-2011
O 2010064858 A2 10-06-2010

US 2010260136 Al 14 -10 -2010 US 2010260136 Al 14-10-2010
US 2012020322 Al 26-01-2012

WO 2011035420 Al 31-03 -2011 CA 2775305 Al 31-03-2011
EP 2481249 Al 01-08-2012
WO 2011035420 Al 31-03-2011

EP 2288220 A2 23 -02 -2011 CN 101998461 A 30-03-2011
EP 2288220 A2 23-02-2011
KR 20110020170 A 02-03-2011
US 2011045837 Al 24-02-2011


	abstract
	description
	claims
	drawings
	wo-search-report

