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REPORTING OF MULTIPLE IF/RAT LAYER RESTRICTIONS

TECHNICAL FIELD
[0001] The present invention relates to mobile communications in environments
having multiple radio access technologies, each with one or more layers available for
mobility of user equipments (UEs).

BACKGROUND

[0002] Evolving radio communications technologies create mobile
communications environments having variable sets of radio access technologies (RATS).
For example, in a given geographical area, the following RATs may be available:
Wideband Code Division Multiple Access (WCDMA), Universal Terrestrial Radio
Access Network (UTRAN) and Evolved UTRAN (E-UTRAN). In another geographical
area, a different set of RATs may be available; for example, only Global System for
Mobile communications (GSM) may be available. A mobile terminal user would want a
mobile terminal capable of operating in both areas. Thus, mobile terminal manufacturers
offer mobile terminals (a.k.a., user equipments (UEs)) capable of operating with multiple
RATs (i.e., multi-mode UEs).
[0003] Users also desire seamless UE mobility within and between geographic
areas. Thus, manufacturers of UEs face the further demand for multi-mode UEs with a
high degree of RAT interoperability to support transparent mobility. For example, given
the mobile communications environment discussed in the preceding paragraph, a user
may wish to initiate a call in the geographic area covered by GSM and have full call
continuity as the UE travels from that area to the area covered by E-UTRAN. Thus, the
UE must be capable of monitoring channels in both RATs while a call is in progress.
[0004] Fortunately, E-UTRAN, often referred to as Long Term Evolution (LTE),
provides for such multi-RAT connected mode mobility. However, LTE imposes a
burden on UEs to monitor up to three layers (i.e., non-serving frequency carriers), as
instructed by the network, for each RAT supported, regardless of the number of RATs
that are supported by the UE. On each layer the UE is required to monitor multiple cells
e.g. between 4-6 cells per layers depending upon the type of RAT. Thus, LTE requires a

multi-mode UE capable of operating with, for example, four RATs (e.g. multi-mode UE
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supporting LTE FDD, LTE TDD, UTRAN FDD and UTRAN TDD), to monitor up to
twelve layers in parallel in a mobile communications environment having those four
RATSs. Assuming 5 cells to be monitored per layers, such a UE will have to monitor in
total 60 cells in parallel (i.e., using the same gap pattern.) Parallel monitoring implies that
UE monitors all the requested layers during a single periodic gap. In LTE, gap patterns
with two different periodicity are define: 6 ms gap occurring every 40 or 6 ms gap
occurring every 80 ms. Only one of them can be activated at a time. The LTE layer
monitoring requirements means that a UE manufacturer must weigh considerable
cost/benefit tradeoffs for each additional RAT supported by the UE as each additional
supported RAT means that additional memory, radio, and computational resources are
required to accommodate the increased layer monitoring requirements. Thus, it is
desirable for the UE to have some control over layer monitoring requirements imposed
by the network.

SUMMARY
[0005] In one aspect, the present invention provides a method performed by a
base station. In some embodiments, the method includes the following steps: (1)
receiving capability information from a UE, where the capability information includes
RAT capability information identifying a set of RATSs supported by the UE, where each
RAT is associated with a predetermined maximum number of layers that the UE may be
instructed to monitor simultaneously, were the predetermined maximum number of layers
is a standardized value; (2) for at least one of the RATs in the set of RATs supported by
the UE, determining a number of layers of the RAT to instruct the UE to monitor, where
the determined number of layers is less than the predetermined maximum number of
layers associated with the RAT; and (3) transmitting to the UE RAT layer monitoring
information, wherein the RAT layer monitoring information indicates the determined
number of layers that the UE should monitor on the RAT. In some embodiments, the
determination of the number of layers of the RAT to instruct the UE to monitor is based
on, at least in part, at least some of the received capability information.
[0006] In some embodiments, the method further includes a step of storing
configuration information that, for each of sets of RATSs, associates a number with at least

one RAT included in the set, where the number represents a number of layers associated
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with the RAT. The determining step further includes accessing the configuration
information and using the configuration information to determine the number of layers
associated with the RAT to instruct the UE to monitor.

[0007] In some embodiments, the step of using the configuration information
includes finding the set of RATs included in the configuration information that matches
the RATs identified by the RAT capability information.

[0008] In some embodiments, the capability information further comprises RAT
layer capability information indicating that the UE is configured to monitor less than the
predetermined maximum number of layers associated with at least one of the RATs
included in the set of RATs. In these embodiments, the RAT layer capability information
may comprise: (1) for each RAT included in the set of RATS, a number associated with
the RAT, the number representing a maximum layer monitoring capability; (2) for at least
one of the RATs included in the set of RATs, a number associated with the RAT, the
number representing a maximum layer monitoring capability and the number being less
than the predetermined maximum number associated with the RAT; or (3) for each RAT
included in the set of RATS, a single bit, wherein the value of the bit identifies whether or
not the UE is configured to monitor the predetermined maximum number of layers
associated with the RAT.

[0009] In another aspect, the invention provides an improved base station. In
some embodiments, the improved base station includes: (1) a receiver operable to receive
capability information transmitted from a UE, where the capability information includes
RAT capability information identifying a set of RATs supported by the UE, where each
RAT included in the set is associated with a predetermined maximum number of layers
that the UE may be instructed to monitor; (2) a RAT layer determining module
configured to determine the number of layers of a RAT to instruct the UE to monitor,
where the determined number of layers may be (a) equal to the predetermined maximum
number of layers associated with the RAT or (b) less than the predetermined maximum
number of layers associated with the RAT, and the RAT layer determining module is
configured to make the determination based, at least in part, on at least some of the

received capability information; (3) a transmitter operable to transmit to the UE RAT
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layer monitoring information, where the RAT layer monitoring information indicates the
number of layers of the RAT that the UE should monitor.

[0010] In some embodiments, the base station further includes a data storage
device for storing configuration information that, for each of sets of RATs, associates a
number with at least one RAT included in the set, where the number represents a number
of layers associated with the RAT and the RAT layer determining module may be
configured to determine the number of layers by accessing the configuration information
and using the configuration information to determine the number of layers associated
with the RAT to instruct the UE to monitor.

[0011] In some embodiments, the RAT layer determining module is configured to
use the configuration information by finding the set of RATs included in the
configuration information that matches the RATs identified by the RAT capability
information.

[0012] In another aspect, the invention provides a method performed by a UE for
informing a network node of the UE’s RAT capabilities. In some embodiments, the
method includes the steps of: (1) determining whether capability information should be
sent to the network node and (2) transmitting capability information to the network node
in response to determining that the capability information should be sent to the network
node, were the transmitted capability information includes: (a) RAT capability
information identifying RATs supported by the UE (each of the RATs being associated
with a predetermined maximum number of layers that the UE may be instructed by the
network node to monitor) and (b) RAT layer capability information indicating that the
UE is configured to monitor less than the predetermined maximum number of layers
associated with at least one of the RATs.

[0013] In some embodiments the method further includes: receiving from the
network node RAT layer monitoring information, where the RAT layer monitoring
information includes information indicating the number of layers that the UE should
monitor on a specified RAT, and, in response to receiving the RAT layer monitoring
information, monitoring not more than the number of layers on the specified RAT,
wherein the number of layers is less than the predetermined maximum number of layers

associated with the RAT.
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[0014] In some embodiments, the step of monitoring the layers on the specified
RAT comprises identifying new cells belonging to the layers. In some embodiments, the
step of monitoring the layers on the specified RAT further comprises: performing one or
more downlink measurements on the identified new cells; and/or evaluating one or more
events associated with one or more of the identified new cells.

[0015] In another aspect, the invention provides an improved UE. In some
embodiments, the improved UE includes: (1) a receiver operable to receive information
transmitted from a network node; (2) a capability information module configured to
create a message comprising capability information, the capability information
comprising (a) radio access technology (RAT) capability information identifying a
plurality of RATs supported by the UE, wherein each of the plurality of RATSs is
associated with a predetermined maximum number of layers that the UE may be
instructed by the network node to monitor and (b) RAT layer capability information
indicating that the UE is configured to monitor less than the predetermined maximum
number of layers associated with at least one of the plurality of RATs; (3) and a
transmitter operable to transmit the message to the network node.

[0016] In another aspect, the invention provides a multi-modal UE configuration
method. In some embodiments, the method includes the following steps: (1) configuring
the UE so that it supports a plurality of radio access technologies (RATs), wherein each
of the plurality of RATs is associated with a predetermined maximum number of layers
that the UE may be instructed by a network node to monitor simultaneously; (2)
configuring the UE so that it is operable to transmit to the network node capability
information, the capability information comprising RAT capability information
identifying the plurality of RATs supported by the UE; and (3) configuring the UE to
monitor simultaneously not more than X layers associated with one of the plurality of
RATSs, wherein X is less than the predetermined maximum number of layers associated
with the RAT. In some embodiments, the UE is configured to monitor layers associated
with a RAT by identifying new cells belonging to the layers and performing one or more
downlink measurements on the identified new cells and/or evaluating one or more events

associated with one or more of the identified new cells.
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[0017] The above and other aspects and embodiments are described below with
reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018] The accompanying drawings, which are incorporated herein and form part
of the specification, illustrate various embodiments of the present invention and, together
with the description, further serve to explain the principles of the invention and to enable
a person skilled in the pertinent art to make and use the invention. In the drawings, like
reference numbers indicate identical or functionally similar elements.
[0019] FIG. 1 illustrates a mobile radio communications system.
[0020] FIG. 2 illustrates a UE and a base station communicating information and
instructions in accordance with an embodiment of the invention.
[0021] FIGs. 3A - 3E illustrate capability message formats according to various
embodiments of the invention.
[0022] FIG. 4 illustrates a method which may be implemented at base station, or
other node, in accordance with an embodiment of the invention.
[0023] FIG. 5 illustrates a method which may be implemented at a base station or
other node in accordance with an embodiment of the invention.
[0024] FIG. 6 illustrates a method which may be implemented by a UE in
accordance with an embodiment of the present invention.
[0025] FIG. 7 illustrates a method of manufacturing a UE in accordance with an
embodiment of the present invention,
[0026] FIG. 8 illustrates a base station in accordance with an embodiment of the
present invention.
[0027] FIG. 9 illustrates a UE in accordance with an aspect of the present

invention.
DETAILED DESCRIPTION

[0028] As illustrated in FIG. 1, an exemplary mobile radio communications
system 100 includes multiple radio base stations such as eNode B 104, Node B 106,
eNode B 108, and Base Transceiver Station (BTS) 110. The radio base stations may each

support one or more cells in RATSs such as:

E-UTRA Frequency Division Duplexing (FDD),
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E-UTRA Time Division Duplexing (TDD),
UTRA FDD,
UTRA TDD,
CDMA2000 High Rate Packet Data (HRPD),
CDMAZ2000 1x Radio Transmission Technology (RTT), and
GSM.
System 100 may also include multiple mobile terminals, such as User Equipment (UE)

102.

[0029] UE 102 is capable of mobility between the cells of mobile radio
communications system 100. Generally, UE mobility refers to both idle mode mobility
(UE cell reselection) and connected mode mobility (involving handover of calls in
progress). Cell reselection is generally a UE autonomous function not requiring the
intervention of the serving cell, although some UE behavior may be controlled by
broadcast system parameters and performance specifications. Connected mode mobility,
on the other hand, is fully controlled by the network through explicit UE specific

commands and by performance specifications.

[0030] Mobility decisions are based on downlink measurements. Downlink
measurements include intra-frequency, inter-frequency (IF), and inter-RAT (IRAT)
measurements. These measurements may include identifying new or unknown cells,
measuring signal strength of identified cells, measuring signal quality of identified cells,
etc. Using one or more measurements, the UE may report the measurements and/or one
or more events, such as the signal strength of the strongest target cell on carrier frequency
(layer) rising above a threshold. The network uses the reported measurement results
and/or event to take mobility actions (e.g. sending a handover command to the UE). In
LTE, the UE performs connected mode inter-frequency and IRAT measurements in
periodic gaps which occur during time slots having no downlink transmissions. These
time slots exist for the purpose of enabling the UE to measure on inter-frequency cells or
on other RATs. A single gap pattern may be shared for all measurements on different

inter-frequency and RAT layers,

[0031] As discussed in the background section above, a prior art UE may be
required to perform and report measurements of cells distributed over a large number of

layers to support various intra-frequency, inter-frequency, and IRAT mobility scenarios.
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[0032] In LTE, downlink quality measurements specified for mobility
determinations include reference symbol received power (RSRP) and reference symbol
received quality (RSRQ). These measurements are performed by the UE on a cell level

basis on reference symbols.

[0033] In UTRAN FDD (WCDMA), downlink quality measurements for mobility
reasons include common pilot channel (CPICH) RSCP, CPICH Ec/No, and UTRA carrier
RSSI[1]. The first two of the above measurements are performed by the UE on cell level
basis. UTRA carrier RSSI is measured over the entire frequency carrier. In cdma2000 1
X RTT and HRPD systems, cdma2000 Pilot Strength and HRPD Pilot Strength
respectively are measured and used for mobility determinations. In GSM, GSM carrier

RSSI is used for all types of mobility decisions.

[0034] In the RATSs described above, one frequency carrier is provided to each
cell, with GSM as an exception. In GSM, a frequency band is subdivided into frequency
carriers and each cell provided with a subset of the total number of frequency carriers

available.

[0035] In order to guarantee good mobility performance, the E-UTRAN
specification provides for minimum UE requirements for measurement performance and
reporting of downlink measurements. One active (connected) mode requirement is
identification delay of unknown cells for the given received level of the corresponding
synchronization and reference signals. This is the time required to search an unknown
cell and to decode its physical layer identity. Once the cell is identified, the UE continues
measuring and evaluating it. Another active mode requirement is the minimum number
of identified cells for which UE is supposed to report the CPICH measurements. Other
requirements include absolute and relative accuracies and the measurement period over
which the specified measurement accuracies of the reported cells are fulfilled.
Monitoring of a layer is a general term referring to cell identification and/or measurement
process. Thus, in some embodiments, monitoring a layer means that the UE identifies
cells belonging to the layer and then performs one or more downlink measurements on
the identified new cells and/or evaluates one or more events associated with one or more

of the identified new cells.
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[0036] Minimum layer monitoring requirements are specified separately for E-
UTRA intra-frequency TDD/FDD, E-UTRA inter-frequency FDD/TDD, and IRAT
(including UTRA FDD/TDD, GSM, HRPD and ¢cdma2000 1x RTT). In particular, UEs
are required to measure a number of carrier frequencies per RAT. Furthermore, a UE
should be able to measure a certain number of cells per carrier frequency per RAT. For
example, let M be the number of RATs supported by the UE, K be the required number of
cells per carrier frequency per RAT that UE should be able to measure, and N be the
required carrier frequencies per RAT to be supported by the UE. In this scenario, the
network can theoretically instruct the UE to simultaneously measure M x K x N cells in

total.

[0037] For simplicity and consistency, this disclosure refers to a carrier frequency
as a layer. LTE requirements for layer monitoring per RAT may include:

3 E-UTRA FDD layers (for I[FF measurements),

3 E-UTRA TDD layers (for IF measurements),

3 UTRA FDD layers (for RAT measurements),

3 UTRA TDD layers (for RAT measurements),

3 HRPD carriers,

3 ¢cdma2000 1x carriers, and

1 GSM layer (corresponding to 32 GSM carriers).
[0038] As can be seen, a UE capable of supporting all or even a larger number of
RATSs would be required to perform a large number of parallel measurements. In the

worst case, the total number of layers, including one GSM layer, is nineteen, an

exorbitant number.

[0039] Because all combinations of E-UTRA inter-frequency and RATs are
unlikely to be deployed in one geographic area by a single operator, a UE is likely to be
requested to monitor only a subset of IF/RAT layers at a time. Similarly, many UEs will
be capable of supporting combinations of layers corresponding to typical scenarios.

Exemplary deployment scenarios are listed in table 1.

Table 1
Scenario | IFs and RATs IF/RAT layers to
No. be monitored
1 E-UTRAN FDD IF, UTRAN FDD and GSM 7
2 E-UTRAN TDD IF, UTRAN TDD and GSM 7




WO 2010/019087 PCT/SE2009/050011

3 E-UTRAN FDD IF, HRPD and ¢cdma2000 1x RTT 9

4 E-UTRAN TDD IF, HRPD and ¢cdma2000 1x RTT

5 E-UTRAN FDD IF, E-UTRAN TDD, UTRAN FDD 10
and GSM

6 E-UTRAN FDD IF, E-UTRAN TDD, UTRAN TDD 10
and GSM

7 E-UTRAN FDD IF, E-UTRAN TDD, UTRAN TDD, | 13
UTRAN FDD and GSM

8 E-UTRAN TDD IF, E-UTRAN FDD IF, HRPD and 12
¢dma2000 1x RTT

[0040] It may be observed from the above listed scenarios in Table 1 that, in

many cases, a UE will not be required to simultaneously monitor more than ten layers.
However, in some scenarios, such as scenarios 7 and 8, the UE will be required to

monitor more than ten layers.

[0041] Because the number of RATs supported by a UE is a UE capability, there
will be UEs in the market with differing RAT capabilities. UE manufacturers will build
UEs according to typical deployment scenarios and market needs. Nevertheless, UE
manufacturers should not be discouraged from manufacturing UEs capable of supporting
more RATs because the UE would require greater radio, storage, and processing
resources to monitor and report on the greater number of layers; rather, the UE should be
allowed some control of the numbers of layers to be monitored, thus reducing UE
complexity and cost. Such control would provide relaxation regarding maximum
numbers of layer monitoring per RAT and should be acceptable for the network as not all
combinations of IFs and RATs will be used in one location. Also, not all measurements
are typically needed at a single time as this could require the UE to spend time

performing measurements practically indefinitely.

[0042] The UE may not need relaxation in all situations. For example, scenarios
1-5 in Table 1 show that the UE should be able to handle at least ten different layers on
various RATs (including one GSM layer). Ten layers (or another suitable threshold) may
be a manageable number of layers to monitor for some UE architectures. Thus, a multi-
RAT UE that would otherwise be required to support more than ten layers should be
allowed to implement a lower number of layers than the standardized values. In this

case, the network should be informed about the reduction to be applied. The network

10
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must have information regarding UE mobility measurement capabilities in to order be
able to instruct the UE to measure cells and layers for which the UE has capability and

capacity.

[0043] Therefore, various embodiments of the present invention provide for
various means of reporting by a UE 102 and instructing a UE 102 as to layer monitoring
requirements. In accordance with embodiments of the invention, UE 102 transmits
capability information 202 to eNode B 104 illustrated in FIG. 2. eNode B 104
determines layer monitoring requirements and transmits layer monitoring instructions

204.

[0044] In an exemplary embodiment of the present invention as illustrated in FIG.
3A, capability information 202 consists of a list of supported RATs 301. According to
this embodiment, the list of supported RATs 301 may correspond to a predefined
scenario for relaxation of layer monitoring requirements as illustrated in Table 2. In one
aspect of this embodiment, bits in an ordered bit-map could represent UE support (or lack
of support) for a given RAT. In accordance with this aspect of the embodiment, the UE
transmit to a base station information corresponding to one of the predefined scenarios.
According to the example illustrated in FIG. 3A, capability information 202 indicates that
the UE 102 supports a scenario having all seven IF/RATS indicated in the LTE mobility
specification. Such a multi-RAT UE may implement a layer relaxation as indicated, for

example, in scenario 9 in Table 2 below.

11
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Table 2

Frequency La yers per RAT

(=

T~ = £

HEEIRE Se|

3 EHEAEREREAR AL

£ mE wE|SEE|S8| & | £ | 24|55 | Comments
1 3 - 3 - 1 - - 7 | No relaxation
2 - 3 3 - - 7 | No relaxation
3 3 - - - - 3 3 9 | No relaxation
4 - 3 - - - 3 3 9 | No relaxation
5 3 3 3 - 1 - - 10 | No relaxation
6 3 3 - 3 I - - 10 | No relaxation
7 3 2 2 2 1 - - 10 | Relaxation up to 3

layers as compared
to 7 in table 1

8 3 3 - - - 2 2 10 | Relaxation up to 2
layers as compared
to 8 in table |

9 2 2 2 2 1 2 2 13 | Relaxation up to 6
layers assuming all
IF/RAT
[0045] One advantage of having predefined sets of layer monitoring maximums

per RAT is that the UE can inform the network of its capabilities by referring to the
scenario(s) it is capable of handling. Note that scenarios 1-6 in Table 2 correspond to
scenarios 1-6 in Table 1. Scenarios 7 and 8, however, provide for a relaxation of the UE
capability as compared to scenarios 7 and 8 in Table 1. Scenario 9 represents the case
where all RAT layers are to be supported, albeit with reduced numbers of layers

monitored per RAT relative to LTE standardized numbers,

[0046] In another embodiment illustrated in FIG. 3B, capability information 202
consists of a list of RATs 302 supported by the UE 102 and a corresponding list of
numbers of layers 303. In this embodiment, UE 102 reports how many layers it supports
per RAT. In one aspect of this embodiment, capability information 202 may consist only

of an ordered list of numbers of layers 303, where a position in the list corresponds to a
RAT.

12
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[0047] In some embodiments, if the total standard number of layers to be
monitored for the RATs supported by UE 102 as specified in a standard would exceed a
threshold T (e.g., 10 layers), then UE 102 may implement S - D layers per RAT, provided
that S — D is not lower than threshold T, where S is the number of layers per RAT
corresponding to a full capability as defined in, for example, an LTE specification and D
is a predefined number (e.g., 1). In this embodiment, the chosen RAT(s) to which
reduction is applied is UE implementation dependent since there is no pre-defined value.
Thus, UE 102 reports the number of layers it supports for each RAT it supports. For the
example illustrated in FIG. 3B, UE capability information 202 indicates that UE 102 will
support monitoring of 3 E-UTRA FDD layers, 2 E-UTRA TDD layers, 2 UTRA FDD
layers, 2 UTRA TDD layers, and 1 GSM layer.

[0048] In another embodiment, as illustrated in FIG. 3C, capability information
202 consists of a list of supported RATs 304 and corresponding layer capability
information 305. In this embodiment, UE 102 explicitly reports its layer capability for a
RAT only if the number of supported layers for the RAT is less than that corresponding
to the standardized number (i.e., the requirement specified in a standard such as, for
example, 3GPP TS 36.133, “Evolved Universal Terrestrial Radio Acess (EUTRA);
Requirements for support of radio resource management™). Thus, if for a particular RAT
UE 102 does not explicitly report its layer capability for the RAT, this implies that UE
102 is fully capable of supporting the standardized number of layers for the RAT. For
the example illustrated in FIG. 3C, capability information 202 indicates that UE 102 will
support monitoring of 2 E-UTRA TDD layers, 2 UTRA FDD layers, 2 UTRA TDD
layers, and 1 GSM layer. Additionally, the capability information indicates that UE 102
is capable of supporting E-UTRA FDD and will support monitoring of the standard
specified number of layers in this IF/RAT.

[0049] In another embodiment, as illustrated in FIG. 3D, capability information
202 consists of a list of RATs 306 and corresponding layer capability information 307.

In this embodiment, UE 102 reports whether it supports full layer monitoring capability
per RAT or not (i.e., 1 bit of information per inter-frequency or RAT scenario). In this
embodiment, the network can specify a certain minimum number of layers for each RAT.

Thus, a UE not supporting full capability would imply the minimum value. In the

13
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example illustrated in FIG. 3D, capability information 202 indicates that UE 102 will
support monitoring of E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, and
GSM layer. The capability information also indicates that UE 102 will support
monitoring of the standard number of layers for E-UTRA FDD and GSM and will only
support monitoring a reduced number of layers for E-UTRA TDD, UTRA FDD, and
UTRA TDD. For these RATs, the number of layers UE 102 may be instructed to monitor

is reduced by a predetermined amount (e.g., 1) from the standardized number.

[0050] In another embodiment, as illustrated in FIG. 3E, capability information
202 consists of list 308 and indicator bit 309. List 308 indicates which RATs are
supported by UE 102 and indicator bit 309 indicates whether UE 102 supports a reduced
number of layers for monitoring of one or more of the listed RATs. In this embodiment,
the network can specify a certain minimum number of layers for each RAT. Thus, a UE
not supporting full capability would imply the minimum value. That is, if bit 309 is set to
zero (0), this would indicate that the UE is not capable of monitoring the standard number
of layers and the network will assume that the UE can only handle the minimum number

of layers for each RAT.

[0051] In the embodiments illustrated in FIGs. 3A-3E, the UE capability with
respect to the GSM RAT may be assumed to be one layer, corresponding to 32 GSM
carriers, without this being explicitly reported by UE 102,

[0052] Referring now to FIG. 4, FIG. 4 is a flow chart illustrating a process 400,
according to an embodiment of the invention, that is performed by a base station (e.g.,
base station 110, 104, 108) or other node. Process 400 may begin in step 402, where the
base station receives RAT capability information 202 from the UE 102 (e.g., base station
receives on of the messages 301, 302, 304, 306 or 308). In step 404, the base station uses
the received capability information to determine the number of layers L associated with a
RAT to instruct UE 102 to monitor. L may be less than a standard set maximum number
of layers S associated with the RAT. In step 406, the base station transmits layer
monitoring instructions to UE 102, instructing UE 102 to monitor L of the RAT layers.
Preferably, step 404 is performed for each RAT that the UE supports as indicated in the
RAT capability information.
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[0053] Referring now to FIG. 5, FIG. 5 is a flow chart illustrating a process 500,
according to some embodiments, for performing step 404 (that is, for determining the
number of layers L of a RAT to instruct the UE to monitor). Process 500 may begin in
step 502, where the base station stores configuration information that defines a set of
RAT scenarios (see e.g., the scenario table shown in Table 2). That is, the base station
stores configuration information that, for each of a plurality of sets of RATs (i.e.,
plurality of RAT scenarios), associates a number with at least one RAT included in the
set of RATs, wherein the number represents a number of layers associated with the RAT.
For example, for each RAT scenario defined by the configuration information, the
configuration information includes, for each RAT in the scenario, information identifying

the number of layers L of the RAT that the base station should instruct the UE to monitor.

[0054] In step 504, the base station obtains the UE’s capability information 301,
which capability information 301 identifies a RAT scenario (i.e., the set of RATs
supported by the UE).

[0055] In step 506, the base station access the configuration information to
determine the RAT scenario included in the set of RAT scenarios that matches the RAT
scenario reported by the UE. That is, the base station finds the set of RATs included in
the configuration information that matches the set of RATs identified by the RAT

capability information received in step 504.

[0056] In step 508, the base station determines, for each RAT identified by
capability information 301, the number of layers L associated with the RAT in the
scenario determined in step 506. This number of layers L represents the number of layers

of the RAT that the base station will instruct the UE to monitor.

[0057] In other embodiments, the step of determining the number of layers L of a
RAT to instruct the UE to monitor is performed without using a scenario table. For
example, as discussed above with reference to FIGs. 3B-E, the UE may transmit
capability information to a base station that explicitly or implicitly identifies the UE layer
monitoring capability for each RAT supported by the UE. Thus, the determination as to
the number of layers L of a RAT to instruct the UE to monitor is based on, at least in part,

the capability information the UE transmits to the base station.
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[0058] Referring now to FIG. 6, FIG. 6 is a flow chart illustrating a process 600,
according to some embodiments, that may be performed by UE 102. Process 600 may

begin in step 602, where UE 102 receives information from one or more network nodes
(e.g., a base station shown in FIG. 1). In step 604, UE 102 determines whether UE 102

should transmit capability information to the network node.

[0059] In step 606, UE 102, in response to determining that UE 102 should
transmit capability information to the network node, transmit the capability information
to the network node. As discussed above with reference to FIGs. 3B-3E, the capability
information may include RAT capability information identifying a set of RATs supported
by the UE together with RAT layer capability information indicating that the UE is
configured to monitor less than a predetermined maximum number of layers associated
with at least one of the RATs in included in the set. For example, as shown in FIG. 3B,
the RAT layer capability information may include, for each RAT included in the set of
RATSs, a number associated with the RAT, where the number represent the maximum
number of layers of the RAT the UE should be instructed to monitor. And, as shown in
FIG. 3D, the RAT layer capability information may include, for cach RAT included in
the set of RATSs, a one-bit value, where the value of the one bit identifies whether the UE
is capable of monitoring a predetermined maximum number of layers associated with the

RAT that is defined in a standard.

[0060] In step 608, UE 102 receives from the network node RAT layer
monitoring information, wherein the RAT layer monitoring information comprises
information indicating the number of layers associated with a RAT that the UE should
monitor. In step 610, in response to receiving the RAT layer monitoring information, UE
102 monitors not more than X layers associated with the RAT, wherein X is less than the

predetermined maximum number of layers associated with the RAT.

[0061] Referring now to FIG. 7, FIG. 7 is a flow chart illustrating a process 700,
according to some embodiments, for making a UE 102. Process 700 may begin in step
702, where UE 102 is configured to support multiple RATs. In step 704, UE 102 is
configured to transmit RAT layer monitoring capability information 202 to a network

node. Forexample, the UE 102 may be configured to transmit the capability information
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described above with reference to FIGs. 3B-3E. In step 706, UE 102 is configured to
monitor fewer layers in a given RAT than a predetermined maximum number of layers in

the RAT that is defined in a standard.

[0062] Referring now to FIG. 8, FIG. 8 is a functional block diagram of base
station 106 according to some embodiments of the invention. As shown, base station 106
may comprise a data processing system 802 (e.g., one or more microprocessors), a data
storage system 806 (e.g., one or more non-volatile storage devices) and computer
software 808 stored on the storage system 806. Configuration parameters 810 (e.g., the
above scenario table) may also be stored in storage system 806. Base station 106 also
includes transmit/receive (Tx/Rx) circuitry 804 for transmitting data to and receiving data
from UE 102 and transmit/receive (Tx/Rx) circuitry 805 for transmitting data to and
receiving data from, for example, a core network node 888. Software 808 is configured
such that when processor 802 executes software 808, base station 106 performs steps
described above (e.g., steps described above with reference to the flow charts shown in
FIGs 4 and 5). For example, software 808 may include: (1) computer instructions (e.g., a
RAT layer determining module) for determining the number of layers associated with a
RAT to instruct a UE to monitor, wherein the determined number of layers may be (a)
equal to a predetermined maximum number of layers associated with the RAT or (b) less
than said predetermined maximum number of layers associated with the RAT. The RAT
layer determining module may be configured to make the determination based, at least in
part, on capability information received from the UE.

[0063] Referring now to FIG. 8, FIG. 8 is a functional block diagram of base
station 106 according to some embodiments of the invention. As shown, base station 106
may comprise a data processing system 802 (e.g., one or more microprocessors), a data
storage system 806 (e.g., one or more non-volatile storage devices) and computer
software 808 stored on the storage system 806. Configuration parameters 810 (e.g., the
above scenario table) may also be stored in storage system 806. Base station 106 also
includes transmit/receive (Tx/Rx) circuitry 804 for transmitting data to and receiving data
from UE 102 and transmit/receive (Tx/Rx) circuitry 805 for transmitting data to and
receiving data from, for example, a core network node 888. Software 808 is configured

such that when processor 802 executes software 808, base station 106 performs steps
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described above (e.g., steps described above with reference to the flow chart shown in
FIGs. 4 and 5). For example, software 808 may include: (1) computer instructions (e.g.,
a RAT layer determining module) for determining the number of layers associated with a
RAT to instruct a UE to monitor, wherein the determined number of layers may be (a)
equal to a predetermined maximum number of layers associated with the RAT or (b) less
than said predetermined maximum number of layers associated with the RAT. The RAT
layer determining module may be configured to make the determination based, at least in

part, on capability information received from the UE.

[0064] Referring now to FIG. 9, FIG. 9 is a functional block diagram of UE 102
according to some embodiments of the invention. As shown, UE 102 may comprise a
data processing system 902 (e.g., one or more microprocessors), a data storage system
906 (e.g., one or more non-volatile storage devices) and computer software 908 stored on
the storage system 906. Configuration parameters 910 may also be stored in storage
system 906. UE 102 also includes transmit/receive (Tx/Rx) circuitry 904 for transmitting
data to and receiving data from a base station. Software 908 is configured such that when
processor 902 executes software 908, UE 102 performs steps described above (e.g., steps
described above with reference to the flow chart shown in FIG. 6). For example,
software 908 may include: (1) computer instructions (e.g., a capability information
module) for creating a message comprising capability information. As discussed herein,
the capability information may include: (1) radio access technology (RAT) capability
information identifying a plurality of RATSs supported by the UE (each of the plurality of
RATSs may be associated with a predetermined maximum number of layers that the UE
may be instructed by a network node to monitor) and (2) RAT layer capability
information indicating that the UE is configured to monitor less than the predetermined

maximum number of layers associated with at least one of the plurality of RATS.

[0065] In the foregoing described embodiments, reporting of capability
information can be done in connected mode and may also be reported at the call setup or
in some cases after handover. In one embodiment, capability information is reported via
RRC signaling. In idle mode, cell reselection is based on the broadcast parameters.
Thus, the network will broadcast parameters related to all the layers it supports.

However, the UE will monitor layers according to its capabilities.
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[0066] Abbreviations:

UE: User Equipment

UTRAN: UMTS Terrestrial Radio Access Network
LTE: Long Term Evolution

CDMA2000 1x RTT: CDMA2000 1x Radio Transmission Technology
E-UTRAN: Evolution UMTS Terrestrial Radio Access Network

HRPD: CDMAZ2000 High Rate Packet Data

IF: Inter Frequency

IRAT: Inter RAT

OFDM: Orthogonal Frequency Division Modulation

OFDMA: Orthogonal Frequency Division Multiple Access
WCDMA: Wide Band Code Division Multiple Access

RAT: Radio Access Technology

CPICH: Common Pilot Channel

RSRP: Reference Symbol Received Power

RSRQ: Reference Symbol Received Quality

RSSI: Received Signal Strength Indicator

RAT: Radio Access Technology

RRC: Radio Resource Control

[0067] While various embodiments of the present invention have been described

above, it should be understood that they have been presented by way of example only,
and not limitation. Thus, the breadth and scope of the present invention should not be
limited by any of the above-described exemplary embodiments.

[0068] Additionally, while the processes described above and illustrated in the
drawings are shown as a sequence of steps, this was done solely for the sake of
illustration. Accordingly, it is contemplated that some steps may be added, some steps
may be omitted, the order of the steps may be re-arranged, and some steps may be

performed in parallel.
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What is claimed is;

1. A method performed by a base station (104, 106, 108, 110), comprising:
receiving capability information (202) from a user equipment (UE) (102), wherein
said capability information comprises radio access technology (RAT) capability
information (301, 302, 304, 306, 308) identifying a set of RATSs supported by the UE,
wherein each RAT is associated with a predetermined maximum number of layers that
the UE may be instructed to monitor, said predetermined maximum number of layers
being a standardized value; and
for at least one of said RATs included in the set of RATs:
determining the number of layers associated with the RAT to instruct the
UE to monitor, wherein the determined number of layers is less
than said predetermined maximum number of layers associated
with the RAT, wherein the determination is based, at least in part,
on at least some of the received capability information; and
after the determining step, transmitting to the UE RAT layer monitoring
information (204), wherein the RAT layer monitoring information
indicates the determined number of layers that the UE should

monitor on the RAT.

2. The method of claim 1, further comprising storing configuration
information (810) that, for each of a plurality of sets of RATSs, associates a number with
at least one RAT included in the set, wherein said number represents a number of layers
associated with the RAT, wherein the determining step comprises accessing said
configuration information and using said configuration information to determine the

number of layers associated with the RAT to instruct the UE to monitor.
3. The method of claim 2, wherein the step of using said configuration

information comprises finding the set of RATs included in the configuration information

that matches the set of RATs identified by the RAT capability information.
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4. The method of claim 1, wherein the capability information further
comprises RAT layer capability information (303, 305, 307, 309) indicating that the UE
is configured to monitor less than the predetermined maximum number of layers

associated with at least one of the RATs included in the set of RATS.

5. The method of claim 4, wherein the RAT layer capability information
(303) comprises, for each RAT included in the set of RATs, a number associated with the

RAT, said number representing a maximum layer monitoring capability.

6. The method of claim 4, wherein the RAT layer capability information
(303, 305) comprises, for at least one of the RATs included in the set of RATS, a number
associated with the RAT, said number representing a maximum layer monitoring
capability and said number being less than the predetermined maximum number

associated with the RAT.

7. The method of claim 4, wherein the RAT layer capability information
(307) comprises, for each RAT included in the set of RATs, a single bit, wherein the
value of the bit identifies whether or not the UE is configured to monitor the

predetermined maximum number of layers associated with the RAT.

8. A base station (104, 106, 108, 110), comprising:

a receiver (804) operable to receive capability information (202) transmitted from
a user equipment (UE) (102), wherein said capability information comprises radio access
technology (RAT) capability information (301, 302, 304, 306, 308) identifying a plurality
of RATs supported by the UE, wherein each RAT is associated with a predetermined
maximum number of layers that the UE may be instructed to monitor;

a RAT layer determining module (808) configured to determine the number of
layers associated with a RAT to instruct the UE to monitor, wherein the determined
number of layers may be (a) equal to said predetermined maximum number of layers
associated with the RAT or (b) less than said predetermined maximum number of layers

associated with the RAT, and wherein the RAT layer determining module is configured
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to make the determination based, at least in part, on at least some of the received
capability information; and

a transmitter (804) operable to transmit to the UE RAT layer monitoring
information (204), wherein the RAT layer monitoring information indicates the number

of layers associated with the RAT that the UE should monitor.

9. The base station of claim 8, further comprising

a data storage device (806) for storing configuration information (810) that, for
each of' a plurality of sets of RATs, associates a number with at least one RAT included
in the set, wherein said number represents a number of layers associated with the RAT,
wherein

the RAT layer determining module is configured to determine said number of
layers by accessing said configuration information and using said configuration
information to determine the number of layers associated with the RAT to instruct the UE

to monitor.

10.  The base station of claim 9, wherein RAT layer determining module is
configured to use said configuration information by finding the set of RATs included in
the configuration information that matches the plurality of RATs identified by the RAT

capability information.

1. The base station of claim 8, wherein the capability information further
comprises RAT layer capability information indicating that the UE is configured to
monitor less than the predetermined maximum number of layers associated with at least

one of the plurality of RATs,

12. The base station of claim 11, wherein the RAT layer capability
information comprises, for each RAT included in the plurality of RATSs, a number
associated with the RAT, said number representing a maximum layer monitoring

capability.
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13. The base station of claim 11, wherein the RAT layer capability
information comprises, for at least one of the RATs included in the plurality of RATs, a
number associated with the RAT, said number representing a maximum layer monitoring
capability and said number being less than the predetermined maximum number

associated with the RAT.

14. The base station of claim 11, wherein the RAT layer capability
information comprises, for each RAT included in the plurality of RATs, a single bit,
wherein the value of the bit identifies whether or not the UE is configured to monitor the

predetermined maximum number of layers associated with the RAT.

15. A method performed by a user equipment (UE) (102) for informing a
network node (104, 106, 108, 110) of the UE’s radio access technology capabilities,
comprising:

determining that capability information should be sent to the network node; and

transmitting capability information (202) to the network node in response to
determining that the capability information should be sent to the network node, said
transmitted capability information comprising radio access technology (RAT) capability
information identifying a plurality of RATSs supported by the UE, wherein each of the
plurality of RATSs is associated with a predetermined maximum number of layers that the
UE may be instructed by the network node to monitor,

characterized in that the capability information further comprises RAT layer
capability information indicating that the UE is configured to monitor less than the
predetermined maximum number of layers associated with at least one of the plurality of

RATs.
16.  The method of claim 15, wherein the RAT layer capability information

comprises, for each RAT included in the plurality of RATSs, a number associated with the

RAT, said number representing a maximum layer monitoring capability.
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17. The method of claim 15, wherein the RAT layer capability information
comprises, for at least one of the RATs included in the plurality of RATSs, a number
associated with the RAT, said number representing a maximum layer monitoring
capability and said number being less than the predetermined maximum number

associated with the RAT.

18.  The method of claim 15, wherein the RAT layer capability information
comprises, for each RAT included in the plurality of RATs, a single bit, wherein the
value of the bit identifies whether or not the UE is configured to monitor the

predetermined maximum number of layers associated with the RAT.

19.  The method of any one of claims 15-18, further comprising:

receiving from the network node RAT layer monitoring information, wherein the
RAT layer monitoring information comprises information indicating the number of layers
that the UE should monitor on a specified RAT; and

in response to receiving the RAT layer monitoring information, monitoring not
more than the number of layers on the specified RAT, wherein the number of layers is

less than the predetermined maximum number of layers associated with the RAT.

20.  The method of claim 19, wherein the step of monitoring the layers on the

specified RAT comprises identifying new cells belonging to the layers.

21. The method of claim 20, wherein the step of monitoring the layers on the
specified RAT further comprises:

performing one or more downlink measurements on the identified new cells;
and/or

evaluating one or more events associated with one or more of the identified new

cells.

22. A user equipment (UE) (102), comprising:
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a receiver (904) operable to receive information transmitted from a network node
(104, 106, 108, 110);,

a capability information module (908) configured to create a message (202)
comprising capability information, said capability information comprising radio access
technology (RAT) capability information (301, 302, 304, 306, 308) identifying a plurality
of RATs supported by the UE, wherein each of the plurality of RATSs is associated with a
predetermined maximum number of layers that the UE may be instructed by the network
node to monitor; and

a transmitter operable to transmit the message to the network node,

characterized in that the capability information further comprises RAT layer
capability information (303, 305, 307, 309) indicating that the UE is configured to
monitor less than the predetermined maximum number of layers associated with at least

one of the plurality of RATs.

23. The UE of claim 22, wherein the RAT layer capability information
comprises, for each RAT included in the plurality of RATs, a number associated with the

RAT, said number representing a maximum layer monitoring capability.

24, The UE of claim 22, wherein the RAT layer capability information
comprises, for at least one of the RATs included in the plurality of RATs, a number
associated with the RAT, said number representing a maximum layer monitoring
capability and said number being less than the predetermined maximum number

associated with the RAT.

25. The UE of claim 22, wherein the RAT layer capability information
comprises, for each RAT included in the plurality of RATs, a single bit, wherein the
value of the bit identifies whether or not the UE is configured to monitor the

predetermined maximum number of layers associated with the RAT.

26. The UE of claim 22, wherein the UE is configured to monitor layers

associated with a RAT by identifying new cells belonging to the layers and performing
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one or more downlink measurements on the identified new cells and/or evaluating one or

more events associated with one or more of the identified new cells.

27. A multi-modal user equipment (UE) (102) configuration method,
comprising:

configuring the UE so that it supports a plurality of radio access technologies
(RATS), wherein each of the plurality of RATs is associated with a predetermined
maximum number of layers that the UE may be instructed by a network node to monitor
simultaneously;

configuring the UE so that it is operable to transmit to the network node capability
information, said capability information comprising RAT capability information
identifying the plurality of RATs supported by the UE; and

configuring the UE to monitor simultaneously not more than X layers associated
with one of the plurality of RATs, wherein X is less than the predetermined maximum

number of layers associated with the RAT.

28.  The method of claim 27, wherein the capability information further
comprises RAT layer capability information indicating that the UE is configured to
monitor less than the predetermined maximum number of layers associated with at least

one of the plurality of RATs.

29. The method of claim 28, wherein the RAT layer capability information
comprises, for each RAT included in the plurality of RATS, a number associated with the

RAT, said number representing a maximum layer monitoring capability.

30.  The method of claim 28, wherein the RAT layer capability information
comprises, for each RAT included in the plurality of RATSs, a single bit, wherein the
value of the bit identifies whether or not the UE is configured to monitor the

predetermined maximum number of layers associated with the RAT.
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31.  The method of claim 27, wherein the UE is configured to monitor layers
associated with a RAT by identifying new cells belonging to the layers and performing
one or more downlink measurements on the identified new cells and/or evaluating one or

more events associated with one or more of the identified new cells.
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