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TECHNICAL FIELD:
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CELL SEARCH FOR FLEXIBLE SPECTRUM USE

The exemplary and non-limiting embodiments of this invention relate generally to wireless

communication systems, methods, devices and computer programs and, more specifically, relate to

cell search and selection techniques for use in a multi-carrier cellular communication system.

BACKGROUND:

Various abbreviations that may appear in the specification and/or in the drawing figures are

defined as follows:

3GPP
BCH
BW
CIR

DL

e¢NB
EUTRAN
FSU
HO

1D

IMT
IMT-A
L1

LA

LTE
LTE-A
MME
Node B
OFDMA
PHY
RAN
Rel.
RSP
RSSI
SC-FDMA
S-GW
SID
TDD
UE

UL
UTRAN
WG

third generation partnership project
broadcast channel

bandwidth

carrier per interference ratio

downlink (eNB towards UE)

EUTRAN Node B (evolved Node B)
evolved UTRAN (LTE)

flexible spectrum use

handover

identification

international mobile telecommunications
advanced IMT

Layer 1 or physical (PHY) layer

local area

long term evolution

LTE advanced

mobility management entity

base station

orthogonal frequency division multiple access
physical

radio access network

release

redirecting synchronization pointer
carrier received signal strength indicator
single carrier, frequency division multiple access
serving gateway

system identification

time division duplex

user equipment

uplink (UE towards eNB)

universal terrestrial radio access network
working group

A proposed communication system known as evolved UTRAN (E-UTRAN, also referred to
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as UTRAN-LTE or as E-UTRA) is currently under development within the 3GPP. As currently

specified the DL access technique will be OFDMA, and the UL access technique will be SC-FDMA.

One specification of interest is 3GPP TS 36.300, V8.3.0 (2007-12), 3rd Generation
Partnership Project; Technical Specification Group Radio Access Network; Evolved Universal
Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Access Network (E-UTRAN);
Overall description; Stage 2 (Release 8), which is incorporated by reference herein in its entirety. This
system may be referred to for convenience as LTE Rel-8, or simply as Rel-8, and may also be referred
to herein as being an earlier version of a communication standard.

Of particular interest herein is the 3GPP LTE Release 9 (and beyond towards future IMT-A
systems), referred to herein for convenience simply as Rel-9, or as LTE-Advanced (LTE-A), and may
also be referred to herein as being a later version of a communication standard. Of additional interest
herein are LA deployment scenarios using TDD in a scalable bandwidth (of up to, for example,
100MHz) with flexible spectrum use (FSU). This system concept may be referred to herein for
convenience as Rel-9 LA.

It has been decided that LTE Rel-8 UEs should be able to operate in the LTE-A system.
General reference in this regard may be made to 3GPP TSG RAN WG1 Meeting #53, Kansas City,
USA, May 5-9, 2008, R1-081948, Proposals for LTE-Advanced Technologies, NTT DoCoMo, Inc,
which was attached as Exhibit A to the priority document US 61/130,786 (filed on June 3, 2008).

In evolving towards Rel-9, maintaining backwards compatibility with Rel-8 (E-UTRAN) is an
important issue. For example, a Rel-8 UE should be able to access a corresponding Rel-9 system, and
a Rel-9 UE should be able to access corresponding Rel-8 system. Provided that a Rel-8 UE is capable
of operating in a scalable system bandwidth of up to 20MHz (e.g., 10MHz TDD or 20MHz TDD) as
specified in 3GPP, and that this BW is then scaled up to 100MHz for Rel-9, the Rel-9 radio may
possibly be structured as a scalable multi-carrier system having at least one Rel-8-compatible carrier.

As can be appreciated, a number of problems can arise in attempting to maintain compatibility
between Rel-8 and Rel-9 systems.

Other publications that may be interest herein include RP-080137, Proposed SID on LTE-
Advanced, NTT DoCoMo, 3GPP RAN#39, Puerto Vallarta, Mexico, 4-7 March 2008, attached as
Exhibit B to the priority document, and R3-080812, Solution(s) to the 36.902's Automated
Configuration of Physical Cell Identity Use Case, Nokia Siemens Networks, Nokia, Shenzen, China,
April 2008, attached as Exhibit C to the priority document.

SUMMARY:
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Various aspects of examples of the invention are set out in the claims.

According to a first aspect of the present invention, there is a method which comprises:
determining a multi-carrier structure of a flexible spectrum wireless cell based on received
synchronization or broadcast channels of detected individual carriers of the wireless cell; and using
the determined multi-carrier structure to select an intended carrier for initial access or cell reselection
to the flexible spectrum wireless cell. In an embodiment, this method may be executed by a processor
of a user equipment.

According to a second aspect of the present invention, there is a memory storing a computer
readable program that when executed by a processor results in actions. In this aspect the actions
comprise: determining a multi-carrier structure of a flexible spectrum wireless cell based on received
synchronization or broadcast channels of detected individual carriers of the wireless cell; and using
the determined multi-carrier structure to select an intended carrier for initial access or cell reselection
to the flexible spectrum wireless cell.

According to a third aspect of the present invention, there is an apparatus that comprises a
processor and a transmitter. The processor is configured to determine a multi-carrier structure of a
flexible spectrum wireless cell based on received synchronization or broadcast channels of detected
individual carriers of the wireless cell, and to use the determined multi-carrier structure to select an
intended carrier. The transmitter is configured to attempt initial access or cell reselection to the
flexible spectrum wireless cell on the selected carrier. In an embodiment, there is instead processing
means and sending means, of which exemplary implementations are a processor and transmitter,

respectively.

BRIEF DESCRIPTION OF THE DRAWINGS:

In the attached Drawing Figures:

Figures 1A-1C show various scalable multi-carrier alternatives for Rel-9 radios.

Figure 2 is a simplified block diagram of various apparatus that can be used to implement the
exemplary embodiments of this invention.

Figure 3 is a logic flow diagram that illustrates the operation of a method, and a result of
execution of computer program instructions, in accordance with the exemplary embodiments of this

invention.

DETAILED DESCRIPTION:

Before discussing in detail the exemplary embodiments of this invention, it will be useful to
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describe in further detail various problems anticipated by the inventors that may arise in possible Rel-
8/Rel-9 system and spectrum deployments.

Figures 1A-1C illustrate several possible alternative examples of multi-carrier structuring for
Rel-9.

Figure 1A shows one example wherein the wideband Rel-9 spectrum is made up of virtually
independent multiple Rel-8 compatible carriers. Figure1B shows that the wideband Rel-9 spectrum is
made up of one or several Rel-8 compatible carrier(s) and one or several Rel-9 specific carrier(s).
Figure 1C shows a case where the wideband Rel-9 spectrum is scalable, but not backward compatible
with Rel-8 (all carriers are Rel-9 carriers).

In these examples a Rel-9 cell is assumed to use at least two carriers, each having a bandwidth
of 20MHz as in Rel-8. The disruptive alternative shown in Figure 1C is not intended for a Rel-8 UE
but for a Rel-9 UE, keeping in mind that a Rel-9 UE is able to access a Rel-8 system.

Note that Figures 1A-1C illustrate a concept that may be referred to as channel bonding of
contiguous channels, in which five carriers or chunks of 20MHz spectrum are bonded in a channel
bandwidth of 100MHz. However, Rel-9 may also use a non-contiguous option as well, in which the
overall Rel-9 channel bandwidth (scaled up to 100MHz) results from a channel aggregation of at least
one Rel-8 compatible carrier (Rel-8 carrier for short) and a Rel-9 compatible carrier (Rel-9 carrier for
short) that is well separated in the frequency band from that of the Rel-8 carrier.

A particular problem that arises in the proposed Rel-9 multi-carrier system relates to UE cell
search and selection. More specifically, as the UE employs passive radio scanning for initial cell
search and selection and, eventually, cell reselection and inter-cell measurement in support of, for
example handover (HO), a considerable amount of time and resources can be expended to search
through multiple carriers. Furthermore, one should also take into consideration possible design
enhancements and optimizations for Rel-9 in terms of protocol overhead and FSU. Note that the
concept of FSU allows for multiple operators to share the same carrier spectrum in the same LA for
Rel-9 system deployment.

In currently specified Rel-8 cell search and selection the UE acquires time and frequency
synchronization with a cell, detects the L1 cell ID of that cell, and then decodes the BCH based on
information indicated in hierarchical synchronization channel signals. The L1 cell ID, obtained from a
DL synchronization channel, is at least one essential cell configuration parameter. The current Rel-8
structure may be maintained and applied to each carrier in Rel-9, or it may be modified and enhanced
for use with Rel-9 specific carriers. The use of the former option may cause some confusion for a

Rel-8 UE ifthe carrier that the Rel-8 UE first finds and locks onto is in fact a Rel-9 specific carrier. In
4
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addition, the use of the latter option may force a Rel-9 UE to perform both Rel-8 and Rel-9 cell

search procedures to find a carrier. This may be the case since the Rel-9 UE may not know whether a
Rel-8 or a Rel-9 system is operating in the LA environment.

This problem may be partially addressed by using a predefined placement of Rel-8 and Rel-9
specific carriers in the Rel-9 system. For example, Rel-8 carrier(s) may be placed starting from the
right-hand side of the allocated spectrum (higher frequencies) of the wideband Rel-9 template, while
Rel-9 carrier(s) may be placed starting from the left-hand side of the allocated spectrum (lower
frequencies). However, this fixed arrangement of carrier positions may not be sufficiently robust when
considering inter-cell and co-channel interference problems that may arise when multiple operators
are allowed to deploy their networks in the same LA, and use the same spectrum for FSU.

Further in this regard, the flexible placement of Rel-8 carrier(s) on a cell basis may be
preferable for Rel-9 with FSU. In the aforementioned case in which Rel-9 carriers have the same DL
synchronization channel structure as that of Rel-8 carriers, the L1 cell ID addressing can be used to
aid the UE in determining whether a detected carrier is a Rel-8 or a Rel-9 carrier without the need to
also decode the BCH. This can be based on, for example, a predefined division of the L1 cell ID
addressing space between Rel-8 and Rel-9 carriers. However, this approach may also not be
sufficiently robust, considering the current limited L1 cell ID addressing space of Rel-8.

In addition, the radio channel structure of each carrier, as well as the coordination between
carriers for common control and dedicated transmissions in the Rel-9 system, should be taken into
account. For example, the overhead of common control signaling may be unnecessarily high if the
same content is sent in each and every carrier just to attempt to provide simplicity (in addition to
considerations of the potential inter-cell and co-channel interference problems that may arise when
supporting FSU and plug-and-play eNBs). The load balancing among the carriers is another important
consideration.

The exemplary embodiments of this invention address the foregoing problems. The exemplary
embodiments of this invention are not limited to using different synchronization signals for
distinguishing the carriers. The use of these exemplary embodiments also provides a mechanism to
determine the entire carrier structure during initial synchronization of the UE, considering that
multiple Rel-8 carriers may be present.

The exemplary embodiments of this invention apply to both the contiguous channel bonding
and the non-contiguous channel aggregation concepts that were discussed above.

Reference is made to Figure 2 for illustrating a simplified block diagram of various electronic

devices that are suitable for use in practicing the exemplary embodiments of this invention. In Figure
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2 a wireless network 1 is adapted for communication with an apparatus 10, also referred to herein for
convenience as a UE 10, via another apparatus, such as a network access node 12, also referred to
herein for convenience as a Node B (base station) and more specifically an eNB 12. The network 1
may include a network control element (NCE) 14 that may include MME/S-GW functionality.
However, the exemplary embodiments may also be used in an uncoordinated network environment,
where the NCE 14 may be dispensed with. The UE 10 includes a data processor (DP) 10A, a memory
(MEM) 10B that stores a program (PROG) 10C, and a suitable radio frequency (RF) transceiver 10D
for bidirectional wireless communications with the eNB 12, which also includes a DP 12A, a MEM
12B that stores a PROG 12C, and a suitable RF transceiver 12D. The eNB 12 is coupled via a data
path 13 to the NCE 14, which may be implemented as an S1 interface, which also includes a DP 14A
and a MEM 14B storing an associated PROG 14C. At least one of the PROGs 10C and 12C is
assumed to include program instructions that, when executed by the associated DP, enable the
electronic device to operate in accordance with the exemplary embodiments of this invention, as will
be discussed below in greater detail.

That is, the exemplary embodiments of this invention may be implemented at least in part by
computer software executable by the DP 10A of the UE 10 and by the DP 12A of the eNB 12, or by
hardware, or by a combination of software and hardware.

Typically there will be a plurality of UEs 10 serviced by the eNB 12. The UEs 10 may or may
not be identically constructed, but in general are all assumed to be electrically and logically
compatible with the relevant network protocols and standards needed for operation in the wireless
network 1. In this case there may be at least one Rel-8 UE 10, and at least one Rel-9 UE 10.

The various embodiments of the UE 10 can include, but are not limited to, cellular phones,
personal digital assistants (PDAs) having wireless communication capabilities, portable computers
having wireless communication capabilities, image capture devices such as digital cameras having
wireless communication capabilities, gaming devices having wireless communication capabilities,
music storage and playback appliances having wireless communication capabilities, Internet
appliances permitting wireless Internet access and browsing, as well as portable units or terminals that
incorporate combinations of such functions.

The MEMs 10B, 12B and 14B may be of any type suitable to the local technical environment
and may be implemented using any suitable data storage technology, such as semiconductor-based
memory devices, flash memory, magnetic memory devices and systems, optical memory devices and
systems, fixed memory and removable memory. The DPs 10A, 12A and 14A may be of any type

suitable to the local technical environment, and may include one or more of general purpose
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computers, special purpose computers, microprocessors, digital signal processors (DSPs) and

processors based on a multicore processor architecture, as non-limiting examples.

The exemplary embodiments of this invention address and solve that various problems
discussed above, and provide a simple and effective method to facilitate the optimization of cell
search and selection in a backwards compatible, scalable multi-carrier cellular system with flexible
Spectrum use.

In order to describe these exemplary embodiments two use cases can be used, designated C1
and C2.

(C1) is a case in which the downlink synchronization channel structure of Rel-8 is reused as
such across all the carriers of a Rel-9 cell, regardless of whether a given carrier of the cell is a Rel-8
or a Rel-9 carrier. This case may result in some confusion for the UE 10, as discussed above.

(C2) s a case in which a new downlink synchronization channel structure, different from that
of Rel-8, is used for the Rel-9 carriers of a Rel-9 cell (thereby eliminating the aforementioned
confusion problem).

Further, A# designates an alternative approach (numbered by #) and G# designates a general
approach (numbered by #).

Note that to reduce the protocol overhead and to avoid the inter-cell and co-channel
interference problems in Rel-9 FSU, certain common and control channels may best be operated in
certain carrier(s), referred to for convenience as intended carrier(s), and omitted from the other of
carriers of a Rel-9 cell. The UE 10 upon initial cell search, selection and reselection (to access a Rel-9
cell) needs to find and lock onto a suitable intended carrier.

Discussed now are the various approaches in accordance with these exemplary embodiments
are various general approaches and alternatives thereof.

(G1): The UE 10 of at least Rel-9 (and other capable radio devices such as an advanced
sensing local area NB) is able to determine the multi-carrier structure of a Rel-9 cell via herein
introduced implicit/explicit control or coordination thereof in order to determine which carrier ofthe
cell is the intended carrier for the UE 10 to select upon accessing the cell. This is based on the
received synchronization channels of detected individual carriers: their relative positions in the
allocated spectrum band(s); relative timing alignments; contents of received signals or L1 cell carrier
IDs; and further predefined relations or coordination thereof. These predefined relations can be
explicit or implicit.

The Rel-9 UE 10 is therefore able to recognize the carrier structure of a Rel-8 cell when it

operates in a Rel-8 system. The Rel-8 UE 10 does not necessarily have to be able to recognize the
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carrier structure of a Rel-9 cell.

(A1): The relative positioning or placement order of the carriers of a given Rel-9 cell, in terms
of where and how to place Rel-8 and Rel-9 carriers relative to one another in the allocated radio
spectrum band(s), is predefined so that a Rel-8 UE 10 and a Rel-9 UE 10 is able to detect and lock
onto a suitable intended carrier for accessing the cell (at least to read a broadcast channel therein) in
an optimal fashion. For example, and considering (C1), an alternative option is to have Rel-9
carrier(s) placed outside the radio spectrum band(s) allocated to Rel-8 systems so that the Rel-8 UE
10 cannot receive (may not have any knowledge of) the Rel-9 carrier(s). This particular approach
does not require any change to Rel-8 systems and thus is fully Rel-8 UE backwards compatible. Still
considering (C1), another alternative option (which may be used as a further resolution for the
previous alternative as well) is to have a Rel-8 carrier, intended for the Rel-8 UE 10 to select upon
initial cell search and selection, placed at a predefined relative position that is known by the Rel-8 UE
10 (and also by the Rel-9 UE 10) so that Rel-8 UE 10 is able to select that carrier for accessing the
cell. For example, a given Rel-8 carrier is placed at the most right-hand side of the allocated radio
spectrum band as shown in Figure 1B. This arrangement requires a relatively minor, not architectural,
change to Rel-8 systems, and can be applied as well for a Rel-9 UE 10 to locate an intended Rel-9
carrier.

Considering now (C2), the previous option can be applied to position an intended Rel-8
carrier and/or an intended Rel-9 carrier.

Assuming the facts of (G1), and regardless of whether (C1) or (C2) is selected for use, the UE
10 determines and makes necessary decisions on selecting an intended carrier based on the relative
positions or orders of at least two expected and detectable carriers of the given cells (referred to as
source carriers) that conform to a certain specified and predefined relationship between them. The
intended carrier does not necessarily have to be one of the source carriers.

(A2): In this second alternative approach under G1, L1 cell-carrier IDs, assigned to and
detectable from the received downlink synchronization channels of individual carriers of a Rel-9 cell,
are addressed so that the detected L1 cell-carrier IDs and/or relations between them implicitly
indicate whether a detected carrier is the intended carrier for given UE 10. Based on this information
the UE 10, during initial cell search and selection, can select the correct carrier for accessing the cell.

Considering (C1), an alternative option is to have a predefined division of L1 cell-carrier ID
addressing space between Rel-8 and Rel-9 carriers. Then, further division of Rel-8 and Rel-9
sub-spaces can be applied to indicate whether a given carrier is an intended carrier. This type of
division would imply that a small change be made to Rel-8 systems.

8
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Considering (C2), the above described further division within L1 cell-carrier ID addressing

spaces of Rel-8 and Rel-9 can be applied.

Assuming (G1), and regardless of whether (C1) or (C2) is used, that is, where more than one
carrier is detected of a given Rel-9 cell, a predefined relation or coordination between at least two of
the expected and detectable L1 cell-carrier IDs, either among Rel-8 carriers or among Rel-9 carriers
or among a mixture of Rel-8 and Rel-9 carriers, can be applied to indicate to the UE 10 the intended
carrier to be used for Rel-8 or Rel-9. For example, the L1 cell-carrier ID of the intended Rel-9 carrier
can be determined from the detected L1 cell-carrier ID(s) of Rel-8 carrier(s).

(A3): In this third alternative approach under G1, each carrier which is configured to send a
broadcast channel broadcasts certain common cell-specific information, including an information
element (IE) for explicitly or implicitly advertising the carrier structure of the cell. This broadcast IE
may also indicate suitable carrier(s) for either a Rel-8 UE 10 or a Rel-9 UE 10 to select for accessing
the cell during initial cell search and selection, as well as for cell reselection. This IE, which is new to
Rel-8, does not require any change in the basic structure of Rel-8 systems. This redirection, i.e.,
providing UE 10 with the most suitable carrier for accessing the cell, can be determined taking into
account the configured features of individual carriers and load balancing aspects for supporting FSU,
resulting in a content update of the new IE. This new IE may thus be referred to for convenience as a
redirecting synchronization pointer (RSP). Depending on, for example, the maximum number of
carriers that can be configured for a Rel-9 cell, and how the identity of a carrier in a cell is defined
(for example, using a predefined ordering index of the carriers based on position in the allocated
spectrum as shown in Figure 1, possibly combined with other information such as an indication of
Rel-8 or Rel-9, L1 cell-carrier ID, and so forth), the RSP can be realized by using just several bits or
several octets. In a case where the RSP format is suitably compact it may be sent even in a master
information block.

(G2): The UE 10 of at least Rel-9 (and other capable radio devices such as the advanced
sensing local area NB) can be configured to make a predictive or re-directive decision on initial cell
search and selection, as well as on cell reselection, based on received downlink synchronization
channel(s) and/or broadcast channel(s) of one or more detected Rel-8 carrier(s) and/or Rel-9
carrier(s) by following the above-described alternative proposals.

The UE 10 does not have to detect all of the carriers before making an initial cell selection
decision (at least on which carrier it should select and lock onto for reading the broadcast channel and
accessing the cell).

This also includes the option that the Rel-9 UE 10 makes the initial cell selection decision

9
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based upon received downlink synchronization channel(s) of Rel-8 carrier(s), but then lock onto a
suitable intended Rel-9 carrier to read the broadcast channel and access the cell. This procedure is of
course conditioned on the Rel-9 UE 10 obtaining adequate received CIR(s) or RSSI(s) on the
selected Rel-9 carrier; otherwise it may instead lock onto a detected Rel-8 carrier. Note that in Rel-9
FSU, a particular detected Rel-9 carrier (its allocated spectrum band) may not indicate much about
owner operator.

Note that further combining some of the above alternative options is also possible. The above
proposals enable predictive or re-directive initial cell search and selection, as well as cell re-selection
for Rel-9 systems and, therefore, reduce the time needed to gain system access.

Based on the foregoing it should be apparent that the exemplary embodiments of this
invention provide a method, apparatus and computer program product(s) to enable cell search and
selection in a backwards compatible, scalable multi-carrier cellular system with flexible spectrum use.

Figure 3 is a logic flow diagram that illustrates the operation of a method, and a result of
execution of computer program instructions, in accordance with exemplary embodiments of this
invention.

(A) At Block 3A there is a step of operating a user equipment, that is configured to operate
with an advanced version of a communications standard and to be backwards compatible with an
carlier version of the communications standard, to receive carriers within a cell, and at Block 3B there
is a step of determining a multi-carrier structure of an advanced cell using at least one of
implicit/explicit detection of which carrier of the cell is an intended carrier for the user equipment to
select upon accessing the cell. The step of Block 3B may be based on use of received synchronization
channels of detected individual carriers and at least one of their relative positions in allocated
spectrum band(s); relative timing alignments; contents of received signals or L1 cell-carrier IDs and
further predefined relations or coordination parameters or factors.

(B) In the method, apparatus and computer program of the preceding paragraph, where a
relative placement order of the carriers of a given cell compatible with the later version of the
communication standard, relative to at least one carrier compatible with the earlier version of the
communication standard, is predefined.

(C) In the method, apparatus and computer program of the preceding paragraph, where the at
least one carrier compatible with the earlier version of the communication standard is placed at a
predetermined location relative to other carriers in the cell, and where the predetermined location is
known to user equipment compatible with the earlier version of the communication standard and also

user equipment compatible as well with the later version of the communication standard.
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(D) In the method, apparatus and computer program of the preceding paragraphs, where at
least one carrier compatible with the later version of the communication standard is placed outside of
a frequency spectrum used by user equipment compatible with the ecarlier version of the
communication standard.

(E) In the method, apparatus and computer program of the preceding paragraphs, where a
user equipment operates to select an intended carrier based on the relative position or order of at least
two source carriers that conform to a predefined relationship between the source carriers.

(F) In the method, apparatus and computer program of paragraph (A), where L1 cell-carrier
IDs that are assigned to and detectable from received downlink synchronization channels of individual
carriers compatible with the later version of the communication standard are provided such that the
detected L1 cell-carrier IDs and/or relations between them implicitly indicate whether a detected
carrier is the intended carrier for the user equipment.

(G) In the method, apparatus and computer program of the preceding paragraph, where there
is a predetermined division of L1 cell-carrier ID addressing space between carriers compatible with
the later version of the communication standard and carriers compatible with the earlier version of the
communication standard.

(H) In the method, apparatus and computer program of the preceding paragraph, where more
than one carrier is detectable that is compatible with the later version of the communication standard,
and where a predefined relationship exists between at least two L1 cell-carrier IDs among carriers
compatible with the later version of the communication standard, carriers compatible with the earlier
version of the communication standard, or carriers compatible with both the later and the earlier
version of the communication standard to indicate to the user equipment the intended carrier.

() In the method, apparatus and computer program of paragraph (A), where those carriers
configured to provide a broadcast channel broadcast certain common cell-specific information,
including a redirection synchronization pointer information element for explicitly or implicitly
advertising the carrier structure of the cell.

(J) In the method, apparatus and computer program of the preceding paragraph, where the
information element further indicates at least one suitable carrier for the user equipment to select for
accessing the cell during at least initial cell search selection and re-selection.

(K) In the method, apparatus and computer program of the preceding paragraphs, where at
least a user equipment compatible with the later version of the communication standard makes a
predictive or re-directive decision on at least initial cell search, selection and re-selection based on at

least one of at least one downlink synchronization channel and/or broadcast channel of at least one of

11



WO 2009/147296 PCT/F12009/050465

a detected carrier compatible with the later version of the communication standard or with the earlier
version of the communication standard.

(L) In the method, apparatus and computer program of the preceding paragraph, where the
user equipment is compatible with the later version of the communication standard, and makes an
initial cell selection decision based upon at least one received downlink synchronization channel of a
carrier compatible with the earlier version of the communication standard to access a broadcast
channel from a carrier compatible with the later version of the communication standard.

The various blocks shown in Figure 3 may be viewed as method steps, and/or as operations
that result from operation of computer program code, and/or as a plurality of coupled logic circuit
elements constructed to carry out the associated function(s).

In general, the various exemplary embodiments may be implemented in hardware or special
purpose circuits, software, logic or any combination thereof. For example, some aspects may be
implemented in hardware, while other aspects may be implemented in firmware or software which
may be executed by a controller, microprocessor or other computing device, although the invention is
not limited thereto. While various aspects of the exemplary embodiments of this invention may be
illustrated and described as block diagrams, flow charts, or using some other pictorial representation,
it is well understood that these blocks, apparatus, systems, techniques or methods described herein
may be implemented in, as non-limiting examples, hardware, software, firmware, special purpose
circuits or logic, general purpose hardware or controller or other computing devices, or some
combination thereof.

As such, it should be appreciated that at least some aspects of the exemplary embodiments of
the inventions may be practiced in various components such as integrated circuit chips and modules.
The design of integrated circuits is by and large a highly automated process. Complex and powerful
software tools are available for converting a logic level design into a semiconductor circuit design
ready to be fabricated on a semiconductor substrate. Such software tools can automatically route
conductors and locate components on a semiconductor substrate using well established rules of
design, as well as libraries of pre-stored design modules. Once the design for a semiconductor circuit
has been completed the resultant design, in a standardized electronic format, may be fabricated as one
or more integrated circuit devices.

It should thus be appreciated that the exemplary embodiments of this invention may be
realized in an apparatus that is embodied as an integrated circuit, where the integrated circuit may
comprise circuitry (as well as possibly firmware) for embodying at least one or more of a data
processor, a digital signal processor, baseband circuitry and radio frequency circuitry that are

12
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configurable so as to operate in accordance with the exemplary embodiments of this invention.

Various modifications and adaptations to the foregoing exemplary embodiments of this
invention may become apparent to those skilled in the relevant arts in view of the foregoing
description, when read in conjunction with the accompanying drawings. However, any and all
modifications will still fall within the scope of the non-limiting and exemplary embodiments of this
invention.

For example, while the exemplary embodiments have been described above in the context of
the EUTRAN (UTRAN-LTE, or Rel-8) system and the LTE-Advanced (Rel-9) system, it should be
appreciated that the exemplary embodiments of this invention are not limited for use with only these
particular types of wireless communication systems, and that they may be used to advantage in other
wireless communication systems.

It should be noted that the terms "connected,” "coupled," or any variant thereof, mean any
connection or coupling, either direct or indirect, between two or more elements, and may encompass
the presence of one or more intermediate elements between two elements that are "connected” or
"coupled" together. The coupling or connection between the elements can be physical, logical, or a
combination thereof. As employed herein two elements may be considered to be "connected" or
"coupled" together by the use of one or more wires, cables and/or printed electrical connections, as
well as by the use of electromagnetic energy, such as electromagnetic energy having wavelengths in
the radio frequency region, the microwave region and the optical (both visible and invisible) region, as
several non-limiting and non-exhaustive examples.

Furthermore, some of the features of the various non-limiting and exemplary embodiments of
this invention may be used to advantage without the corresponding use of other features. As such, the
foregoing description should be considered as merely illustrative of the principles, teachings and

exemplary embodiments of this invention, and not in limitation thereof.
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CLAIMS:

We claim;

1. A method, comprising:
determining a multi-carrier structure of a flexible spectrum wireless cell based on received
synchronization channels or broadcast channels of detected individual carriers of the wireless cell; and
using the determined multi-carrier structure to select an intended carrier for initial access or

cell reselection to the flexible spectrum wireless cell.

2. The method according to claim 1, wherein:

the multi-carrier structure comprises carriers that are compatible with an earlier version of a
communication standard and carriers that are compatible with a later version of a communication
standard;

and wherein the determining comprises the processor determining from the received
synchronization channels or broadcast channels at least one of:

relative positions of the individual carriers in a spectrum band of the multi-carrier

structure;
relative timing alignments of the received synchronization channels;
contents of the received synchronization channels;
contents of the received broadcast channels; and
layer 1 cell-carrier identifiers.
3. The method according to any one of claims 1 or 2, in which the multi-carrier structure

comprises a predefined placement of individual carriers compatible with an earlier version of a
communication standard relative to individual carriers compatible with a later version of the
communication standard, and the intended carrier is selected to be compatible with a user equipment

executing the method.

4. The method according to claim 3, in which the predefined placement is known at the user

equipment prior to the determining.

5. The method according to any one of claims 1 or 2, in which the intended carrier is selected

based on a relative position or order of at least two of the detected individual carriers which conform
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to a predefined relationship between individual carriers of the multi-carrier structure.

6. The method according to any one of claims 1 or 2, in which each of the received
synchronization channels for the detected individual carriers that are compatible with a later version
of a communication standard comprises a layer 1 cell-carrier identifier, which is used to select the

intended carrier.

7. The method according to any one of claims 1 or 2, in which there is a predefined division of
addressing space layer 1 cell-carrier identifier in the received synchronization channels of detected
individual carriers that are compatible with both an ecarlier version and a later version of a
communication standard, and the predefined division of the addressing space is used to select the

intended carrier

8. The method according to any one of claims 1 or 2, in which each of the received broadcast
channels of detected individual carriers comprises an explicit or implicit advertisement element
indicating whether the respective carrier is compatible with either an earlier version or a later version

of a communication standard, and the advertisement is used to select the intended carrier.

9. The method according to claim 8, in which the advertisement comprises an explicit
information element that redirects a synchronization pointer which indicates the intended carrier and

related access-control information thereof.

10. The method according to any one of claims 1 or 2, in which the received synchronization
channels or broadcast channels of detected individual carriers that are compatible with a later version
of a communication standard has a different structure than the received synchronization channels of
detected individual carriers that are compatible with an earlier version ofthe communication standard,

and the intended carrier is selected based on the different structure.

11. A memory storing a computer readable program that when executed by a processor results in
actions comprising:

determining a multi-carrier structure of a flexible spectrum wireless cell based on received
synchronization channels or broadcast channels of detected individual carriers of the wireless cell; and

using the determined multi-carrier structure to select an intended carrier for initial access or
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cell reselection to the flexible spectrum wireless cell.

12. The memory according to claim 11, wherein:
the multi-carrier structure comprises carriers that are compatible with an earlier version of a
communication standard and carriers that are compatible with a later version of a communication
standard;
and wherein the determining comprises determining from the received synchronization
channels at least one of:
relative positions of the individual carriers in a spectrum band of the multi-carrier
structure;
relative timing alignments of the received synchronization channels;
contents of the received synchronization channels;
contents of the received broadcast channels; and

layer 1 cell-carrier identifiers.

13.  An apparatus, comprising:

a processor configured to determine a multi-carrier structure of a flexible spectrum wireless
cell based on received synchronization channels or broadcast channels of detected individual carriers
of the wireless cell, and to use the determined multi-carrier structure to select an intended carrier;
and

a transmitter configured to attempt initial access or cell reselection to the flexible spectrum

wireless cell on the selected carrier.

14.  The apparatus according to claim 13, wherein:
the multi-carrier structure comprises carriers that are compatible with an earlier version of a
communication standard and carriers that are compatible with a later version of a communication
standard;
and wherein the processor is configured to determine the multi-carrier structure by
determining from the received synchronization channels at least one of:
relative positions of the individual carriers in a spectrum band of the multi-carrier
structure;
relative timing alignments of the received synchronization channels;

contents of the received synchronization channels;
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contents of the received broadcast channels; and

layer 1 cell-carrier identifiers.

15. The apparatus according to any one of claims 13 or 14, in which the multi-carrier structure
comprises a predefined placement of individual carriers compatible with an earlier version of a
communication standard relative to individual carriers compatible with a later version of the
communication standard, and the processor selects the intended carrier to be compatible with the

apparatus which is a user equipment.

16.  The apparatus according to any one of claims 13 or 14, in which the processor is configured
to select the intended carrier based on a relative position or order of at least two of the detected
individual carriers which conform to a predefined relationship between individual carriers of the multi-

carrier structure.

17.  The apparatus according to any one of claims 13 or 14, in which each of the received
synchronization channels for the detected individual carriers that are compatible with a later version
of a communication standard comprises a layer 1 cell-carrier identifier, and the processor is

configured to use the layer 1 cell-carrier identifier to select the intended carrier.

18.  The apparatus according to any one of claims 13 or 14, in which there is a predefined division
of addressing space layer 1 cell-carrier identifier in the received synchronization channels of detected
individual carriers that are compatible with both an earlier version and a later version of a
communication standard, and the predefined division of the addressing space is used to select the

intended carrier

19. The apparatus according to any one of claims 13 or 14, in which each of the received
synchronization channels or broadcast channels of detected individual carriers comprises an explicit or
implicit advertisement element indicating whether the respective carrier is compatible with either an
earlier version or a later version of a communication standard, and the processor is configured to use

the advertisement to select the intended carrier.

20. The apparatus according to any one of claims 13 or 14, in which the received synchronization
channels or broadcast channels of detected individual carriers that are compatible with a later version

of a communication standard has a different structure than the received synchronization channels of
17
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detected individual carriers that are compatible with an earlier version ofthe communication standard,

and the processor is configured to use the different structure to select the intended carrier.
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OPERATING A USER EQUIPMENT, THAT IS
CONFIGURED TO OPERATE WITH AN ADVANCED
VERSION OF A COMMUNICATIONS STANDARD
AND TO BE BACKWARDS COMPATIBLE WITH

AN EARLIER VERSION OF THE COMMUNICATIONS
STANDARD, TO RECEIVE AT LEAST ONE
CARRIER WITHIN A CELL

— 3A

Y

DETERMINING A MULTI-CARRIER STRUCTURE OF
AN ADVANCED CELL USING AT LEAST ONE OF
IMPLICIT/EXPLICIT DETECTION OF WHICH CARRIER
OF THE CELL IS AN INTENDED CARRIER FOR THE
USER EQUIPMENT TO SELECT UPON ACCESSING
THE CELL, WHERE DETERMINING MAY BE BASED
ON USE OF RECEIVED SYNCHRONIZATION CHANNELS
OF DETECTED INDIVIDUAL CARRIERS AND AT LEAST
ONE OF THEIR RELATIVE POSITIONS IN ALLOCATED
SPECTRUM BAND(S); RELATIVE TIMING ALIGNMENTS;
CONTENTS OF RECEIVED SIGNALS OR L1
CELL—CARRIER IDS AND FURTHER PREDEFINED
RELATIONS OR COORDINATION PARAMETERS
OR FACTORS

38

FIG.3



INTERNATIONAL SEARCH REPORT Tntermational application No,

PCT/FI2009/050465

A CLASSIFICATION OF SUBJECT MATTER

See extra sheet

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: HO4W, HO4L

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

FI, SE, NO, DK

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

EPO-Internal, WPI, INSPEC, XPIEE, XPI3E

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

A NTT DOCOMO INC: "Proposals for LTE-Advanced Technologies". 3GPP 1-20
TSG RAN WG1 Meeting #53, Kansas City, USA, May 5-9, 2008,
R1-081948, cited in the application

A EP 1906686 A1 (NOKIA SIEMENS NETWORKS GMBH) 02 April 2008 1-20
(02.04.2008)

A WO 2007136306 A1 (TELEFONAKTIEBOLAGET L M ERICSSON et 1-20
al.) 29 November 2007 (29.11.2007)

A WO 2007111186 A1 (NTT DOCOMO INC et al.) 04 October 2007 1-20
(04.10.2007),

& EP1998482 A1 (NTT DOCOMO INC) 3 December 2008 (03.12.2008)

A US 2007280161 A1 (RUDRAPATNA, A. et al.) 06 December 2007 1-20
(06.12.2007)
A US 2007224988 A1 (SHAHEEN, K. M.) 27 September 2007 (27.09.2007) 1-20
Further documents are listed in the continuation of Box C. See patent tamily annex.
* Special categories of cited documents: "T" later document published after the international filing date or 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 hd1 ¢ 4 ‘
the principle or theory underlying the invention

to be of particular relevance
"E"  earlier application or patent but published on or after the international ~ "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited_ to establish the pl_lblication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (&}S specified) ] o considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination
"P"  document published prior to the international filing date but later than being obvious to a person skilled in the art
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
16 September 2009 (16.09.2009) 24 September 2009 (24.09.2009)
Name and mailing address of the ISA/FI Authorized officer
National Board of Patents and Registration of Finland Jari Partanen
P.0O. Box 1160, FI-00101 HELSINKI, Finland
Facsimile No. +358 9 6939 5328 Telephone No. +358 9 6939 500

Form PCT/ISA/210 (second sheet) (July 2008)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/FI2009/050465

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Tsai, Y. et al: "Cell Search in 3GPP Long Term Evolution Systems". IEEE
Vehicular Technology Magazine, Vol. 2, No. 2, June 2007, p. 23-29.

1-20

Form PCT/ISA/210 (continuation of second sheet) (July 2008)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/F12009/050465
Patent document Publication Patent family Publication
cited in search report date members(s) date
EP 1906686 A1 02/04/2008 None
WO 2007136306 A1 29/11/2007 CN 101444129 A 27/05/2009
US 2009109902 A1 30/04/2009
EP 2018748 A1 28/01/2009
WO 2007111186 A1 04/10/2007 US 2009225666 A1 10/09/2009
MX 2008011887 A 30/09/2008
CN 101438522 A 20/05/2009
KR 20090008209 A 21/01/2009
EP 1998482 A1 03/12/2008
JP 2007258839 A 04/10/2007
US 2007280161 A1 06/12/2007 MX 2008014981 A 05/12/2008
CN 101461276 A 17/06/2009
KR 20090018618 A 20/02/2009
EP 2030472 A2 04/03/2009
AU 2007255598 A1 13/12/2007
WO 2007142892 A2 13/12/2007
US 2007224988 A1 27/09/2007 MX 2008012070 A 14/11/2008
CN 101406090 A 08/04/2009
KR 20090006122 A 14/01/2009
CA 2647310 A1 04/10/2007
KR 20080114832 A 31/12/2008
EP 2005783 A2 24/12/2008
AU 2007229846 A1 04/10/2007
AR 060077 A1 21/05/2008
WO 2007111860 A2 04/10/2007

Form PCT/ISA/210 (patent family annex) (July 2008)




INTERNATIONAL SEARCH REPORT Tnternational application No.
PCT/F12009/050465

CLASSIFICATION OF SUBJECT MATTER

Int.Cl.
HO4W 88/06 (2009.01)
HO4W 48/16 (2009.01)
HO4W 36/14 (2009.01)
HO4L 27/26 (2006.01)

Form PCT/ISA/210 (extra sheet) (July 2008)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report
	Page 26 - wo-search-report

