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SIGNALING OF UNUSED RESOURCES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Utility Patent Application 12/414,046,
filed 30 March 2009, and, U.S. Provisional Patent Applications 61/047,555, filed 24 April
2008, and 61/097,015 filed 15 September 2008, which are hereby incorporated in their

entirety by reference.
FIELD OF THE INVENTION

[0002] The present invention generally relates to wireless communication, and in

particular to channel quality estimation in cellular networks.

BACKGROUND

[0003] The 3rd Generation Partnership Project (3GPP) is presently defining various
communication protocols for the emerging next generation, LTE (Long Term Evolution)
Advanced cellular telecommunication standard, which employs an air interface formally
referred to as E-UTRA (Evolved-UMTS Terrestrial Radio Access).

[0004] LTE standards employ OFDM transmission between an eNode-B base station
and multiple user equipment devices (UEs) in which an available spectrum is divided into
numerous relatively narrow bandwidth carriers, each on a different frequency. An example
of a transmission time interval is shown in Figs. 1A and 1B, to which reference is now
made. Multiple carriers are located on the Y axis and time is shown on the X axis. In Figs.
1A and 1B, three carriers within the TTI (transmission time interval) are allocated, one each
to three user equipment devices, UE;, UE; and UEyN, In E-UTRA terminology, each carrier
is designated as a physical resource block or PRB 20. As can be seen by the grid, each PRB
20 is separated into time-frequency bins 22, over which a portion of a message is sent.
[0005] Fig. 1A illustrates an example of a first TTI, TTI; and Fig. 1B illustrates an
example of a second, TTI, TTI,. During each time interval TTI, the base station allocates
PRBs 20 to the UEs and to the control channel. The allocations of PRBs 20 may change
from TTI to TTL Thus, in Figs. 1A and 1B, the three UEs are allocated to different PRBs
20. In Figs. 1A and 1B 15 PRBs 20 are shown. The 15 PRBs are labeled 20A — 200 and
PRBs 20D, 20G and 20K and are allocated to UEy, UE; and UE,, respectively. In Fig. 1B,

1
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only the allocated PRBs 20 are labeled. Thus, PRB 20B is allocated to UE;, PRB 20J is
allocated to UE, and PRB 200 is allocated to UEy,

[0006] A downlink control channel (Control) from the base station is also transmitted in
every TTL. However, as can be seen in Figs. 1A and 1B, the first column (or first few
columns) of the transmission time interval is allocated to the control channel. This
allocation corresponds to a transmission over all frequencies. The control channel carries
the PRB allocations to the UEs in the current TTI. It also may pass common messages
from the base station to the UEs.

[0007]  Fig. 1C illustrates an example of a control structure. Within the transmission are
pointers for each UE, pointing to the PRBs allocated to it for the current TTI. In the
illustration of Fig. 1C, the pointers are listed in order, from UE; to UEN. However, this
need not be the case. Each pointer is encoded with the ID number of each UE and thus,
each UE, upon reading the control allocation, need only decode each pointer with its ID
number. All pointers which successfully decode are pointers for that UE.

[0008]  In order to support high data throughput, it is important for a network to perform
effective scheduling and data transmission over the multiple carriers. Data transmission
from the eNode-B base station to the UE may utilize, for example, different modulation and
coding schemes (MCSs) as a function of channel quality. Other transmission parameters
may also be affected by channel quality.

[0009] Estimation of channel quality typically involves separate power measurements of
signals and of the interference or noise at any given moment. The UEs transmit these
measurements to the base station, typically in the form of a channel quality indicator (CQI)
signal, and the base station may transmit instructions such that throughput is maximized,
taking into account channel quality. For example, more optimal MCS, antenna
arrangements and the like may be used. However in some OFDM networks, such as LTE
networks, interference experienced by any particular UE may differ among the
time/frequency bins and may be affected, among other things, by the network traffic load,
signals from neighboring cells and the like. All of these influences may impact on
interference measurement and related CQI reports.

[0010] One conventional approach for estimating the interference is based on
measurement of the noise at specified RS (reference signal) bins during which the base

station transmits a reference signal, that is defined by known symbols, for use in channel
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estimation. Such an approach has the disadvantage that the interference at RS bins may be
systematically different than interference at pertinent data bins.

[0011]  According to another conventional approach, multiple sparse “holes”, shown by
hashing in Figs. 1A and 1B, are distributed at fixed locations throughout the time-frequency
space in a TTL Instead of transmitting RS symbols, the base station does not transmit
anything in these specified holes. Since the holes are not allocated for signal transmission,
UEs can readily estimate the interference in these holes, which corresponds to noise. This
conventional approach, however, reduces available transmission capacity in the
time/frequency bins allocated to transmitting data. In Figs. 1A and 1B, the holes may be
found in PRBs 20A, 20D, 20G, 20J and 20M. In Fig. 1A, this reduces the available
transmission capacity of UEy and UE;. In Fig. 1B, the holes affect UE, and reduce its

transmission capacity.
SUMMARY

[0012] There is therefore provided, in accordance with an embodiment of the present
disclosure, a method for communication by a user device on a wireless network. The
method includes receiving downlink communications from a base station that indicates an
allocation of time/frequency resource blocks at least to user devices that are communicating
with the base station, measuring noise in a time/frequency resource block, comprising
plural time/frequency bins, that is not allocated to one of the user devices and determining a
level of interfering noise based on noise in the resource block that is not allocated to one of
the user devices.

[0013] Further, in accordance with an embodiment, the measuring is performed in at
least one time/frequency resource block that is signaled as being not allocated to one of the
user devices for transmission.

[0014]  Still further, in accordance with an embodiment, the measuring is performed in
at least one time/frequency resource block that is signaled as being available to other user
devices.

[0015] Moreover, in accordance with an embodiment, the determining includes
averaging the amount of noise from multiple time periods.

[0016] Additionally, in accordance with an embodiment, the receiving includes

receiving allocations designated for a virtual user device.
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[0017] Faurther, in accordance with an embodiment, the receiving includes searching for
the allocations to the virtual user device in either a user search space or a common search
space of an allocation channel.

[0018] Additionally, in accordance with an embodiment, the noise is measured within
different time/frequency resources.

[0019] There is also provided, in accordance with an embodiment of the present
disclosure, a user device on a wireless network. The user device includes a receiver, a noise
detector and a noise determiner. The receiver receives downlink data communications from
a base station that indicates an allocation of time/frequency resource blocks at least to user
devices that are communicating with the base station. The noise detector measures noise in
a time/frequency resource block, comprising plural time/frequency bins, that is not
allocated to one of the user devices. The noise determiner determines a level of interfering
noise based on noise in the resource block that is not allocated to one of the user devices..
[0020]  Further, in accordance with an embodiment, the noise detector includes a unit to
measure noise in at least one time/frequency resource block that is signaled as being not
allocated to one of the user devices for transmission.

[0021]  Still further, in accordance with an embodiment, the noise detector includes a
unit to measure noise in at least one time/frequency resource block that is signaled as being
available to other user devices.

[0022] Moreover, in accordance with an embodiment, the noise determiner includes a
noise averager to average the amount of noise from multiple time periods.

[0023]  Further, in accordance with an embodiment, the receiver includes a virtual user
receiver to receive allocations designated for a virtual user device.

[0024]  Additionally, in accordance with an embodiment, the receiver includes a
searcher to search for the allocations to the virtual user device in a user search space or a
common search space of an allocation channel.

[0025] Further, in accordance with an embodiment, the noise is measured within
different time/frequency resources.

[0026] Moreover, in accordance with an embodiment, the user device forms part of a
cellular communication system. For example, the cellular communication system can be an

LTE system.
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[0027] There is also provided, in accordance with an embodiment of the present
disclosure, a method for communication by a base station. The method includes allocating
at least one time/frequency resource block at least to currently active user devices that are
communicating with the base station and signaling that at least one of the time/frequency
resource blocks, comprising plural time/frequency bins, is available for noise
measurements.

[0028]  Further, in accordance with an embodiment, the method includes assigning the
time/frequency resource block that is available for use by the currently active user devices
to a virtual user device.

[0029]  Still further, in accordance with an embodiment, the assigning includes
allocating resources to the virtual user device in a similar manner as the allocation of
time/frequency resource blocks to the currently active user devices.

[0030] Moreover, in accordance with an embodiment, the method includes changing an
allocation of time/frequency resource blocks among the user devices that currently require a
resource and the virtual user device between time periods.

[0031] Additionally, in accordance with an embodiment, the signaling includes
signaling the allocations to the virtual user device in either a user search space or a common
search space of an allocation channel.

[0032]  Still further, in accordance with an embodiment, the method further includes not
transmitting during the time period signals on a time/frequency resource that is signaled as
being available for use by any of the user devices.

[0033]  Additionally, in accordance with an embodiment, the method further includes,
between time periods, rotating frequencies of the time/frequency resource that is signaled as
being available for use by any of the user devices. Such rotation can be rotation is random
and/or it can be such to provide a distribution of sampling locations throughout the time-
frequency space.

[0034]  Further, in accordance with an embodiment, the base station forms part of a
cellular communication system. For example, the cellular communication system can be an
LTE system and/or it can perform OFDMA wireless communication.

[0035] There is still further provided, in accordance with an embodiment of the present
disclosure, a base station including a user allocator and a signaler. The user allocator

allocates at least one time/frequency resource block at least to currently active user devices
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that are communicating with the base station. The signaler signals that at least one of the
time/frequency resource blocks, comprising plural time/frequency bins, is available for
noise measurements.

[0036]  Finally, there is provided, in accordance with an embodiment of the present
disclosure, a method for a communication system. The method includes allocating at least
one time/frequency resource block at least to currently active user devices that are
communicating with the base station, signaling that at least one of the time/frequency
resource blocks, comprising plural time/frequency bins, is available for noise
measurements, user devices measuring noise in the time/frequency resource block that is
signaled as being available and the user devices determining a level of interfering noise

based on noise in the resource block that is available.
BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Embodiments of the present disclosure, both as to organization and method of
operation, may best be understood by reference to the following detailed description when
taken together with the accompanying drawings in which:

[0038]  Figs. 1A and 2B are illustrations of two examples of prior art allocations of time-
frequency space in two transmission time intervals (TTIs);

[0039] Fig. 1C is an illustration of a prior art example of a downlink control channel
allocation;

[0040]  Fig. 2A is an illustration of a downlink control channel allocation, constructed
and operative in accordance with an embodiment;

[0041]  Figs. 2B, 2C and 2D are illustrations of three alternative allocations of the
resources of two TTIS, constructed and operative in accordance with an embodiment;
[0042]  Fig. 3 is a flowchart illustration of a method of allocating the resources of Figs.
2A, 2B, 2C and 2D, constructed and operative in accordance with an embodiment; and
[0043] Fig. 4 is flowchart illustration of a method of utilizing the allocations of Figs.
2A, 2B, 2C and 2D to measure channel quality.

[0044] It will be appreciated that for simplicity and clarity of illustration, elements
shown in the figures have not necessarily been drawn to scale. For example, the dimensions

of some of the elements may be exaggerated relative to other elements for clarity. Further,
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where considered appropriate, reference numerals may be repeated among the figures to
indicate corresponding or analogous elements.

DETAILED DESCRIPTION
[0045] Reference is now made to Fig. 2A, which illustrates a downlink control channel
structure, constructed and operative in accordance with an embodiment. As in Fig. 1A, the
various UEs receive allocations. However, in accordance with this embodiment, a further,
virtual UE, labeled "Blank", also receives an allocation. The Blank virtual UE may be
allocated any region 20 or portion of a region, such as one or more bins 22, which the base
station may otherwise not have allocated to the currently active UEs.
[0046] Reference is now made to Figs. 2B, 2C and 2D, which illustrate three
transmission time intervals (TTIs), TTL;, TTL, and TTIs, respectively, constructed and
operative in accordance with an embodiment. Allocations of physical resource blocks
(PRBs) 20 to active user devices UE;, UE, and UEy are shown. As can be seen, these
allocations vary. In Fig. 2B, at time interval TTI;, UE; receives PRB 20B, UE; receives
PRB 20N and UEy receives PRB 20K. In Fig. 2C, at time interval TTI, UE; receives PRB
20M, UE, receives PRB 20C and UEy receives PRB 20L
[0047] In Figs. 2B, 2C and 2D, the Blank virtual UE also received a time-frequency
allocation. The Blank virtual UE may be allocated any PRB 20 which the base station
otherwise may have not allocated to currently active UEs. As can be seen in Figs. 2B and
2C, the Blank virtual UE may be allocated PRB 20F, during TTI;, and to PRB 200 during
TTl,. In Fig. 2D, the Blank virtual UE has been allocated several PRB’s, PRB 20D, PRB
20E and PRB 200.
[0048] Reference is now briefly made to Fig. 3, which illustrates the operation of the
base station. To create each of the time intervals TTI;;, TTI and TTIs, the base station may
first allocate (step 25) the first column, or the first few columns, of the TTI to the control
channel (step 25). It may then allocate (step 27) PRBs to the active user devices (in this
example, to UE;, UE, and UEy). Finally, in step 29, if the network is lightly loaded, it may
allocate to the Blank virtual UE from any remaining unallocated PRBs or portions thereof.
[0049] In accordance with an embodiment, the base station may communicate the
allocations of time-frequency resources, including the allocation to the Blank virtual UE, to
all UEs that it currently is serving. Such communication may be provided as a part of

regular PRB signaling (such as is shown in Fig. 2A) or though other suitable signaling.
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Thus, upon receiving signals indicating a time-frequency allocation, or group of allocations,
for a TTI, each UE may search the control channel allocation to find its own time/frequency
allocation (such as by decoding with its own ID) and a time-frequency allocation for the
Blank virtual UE (such as by decoding with a general ID). Each UE then may utilize its
allocated data PRB 20 (or an allocated time-frequency bin 22) for data transmissions, and
may utilize the Blank virtual UE PRB 20 (or a blank time-frequency bin 22), which is
absent of any transmissions, for measuring interference and noise.

[0050] It is noted that the PRBs 20 which are allocated to the Blank virtual UE may
change dynamically in accordance with regular scheduling and/or resource rotation.
Accordingly, the noise and/or interference measured in these time-frequency regions may
also be dynamic. While it is possible that, over a period of a several TTTs, the Blank virtual
UE may randomly receive allocations for all or most of PRBs 20, thereby providing well
distributed sampling locations for the noise estimation throughout the time-frequency
space, it is noted that suitable algorithms may also be provided to specifically drive a
rotation of time-frequency regions allocated to the Blank UE to ensure a comprehensive (or
weighted) distribution of sampling locations for noise estimation throughout the time-
frequency space.

[0051]  Similarly, it is possible that only specific bins 22 be allocated to the Blank virtual
UE. However, in contrast to the conventional allocation of time-frequency bins, such as is
shown in Figs. 1A and 1B, in accordance with an embodiment of the present disclosure, the
allocated bins are not located at fixed time-frequency bins; instead they may be rotated over
a range of time-frequency possibilities. Consequently, embodiments of the present
disclosure may provide an improved distribution of sampling locations in a data channel
over time, a reduction in the number of required time-frequency resources for noise
estimation, and an increase in the available bins for data transmission.

[0052] Reference is now made to Fig. 4, which illustrates a method for operating a UE
to utilize otherwise unused PRBs that are allocated to a Blank virtual UE in accordance
with an embodiment of the disclosure.

[0053] A UE may search (step 30) the control channel of a current TTI for allocations to
its data channel, to the Blank virtual UE and the resource allocation to the control channel

in the next TTL
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[0054] A UE may then apply a noise detector to detect noise (step 32) in a PRB 20, or
bin(s) 22, that is allocated to the Blank virtual UE, thereby detecting noise in that portion of
the time-frequency space. At the end of an allocated noise measurement time, the UE may
average the noise measurements from the current TTI with frames received from previous
measurements. An averaged noise measurement performed on time frequency resources for
the virtual Blank UE may be utilized to generate a CQI (channel quality indication) report
(step 36).

[0055] On the base station side, the base station may define a virtual Blank UE with an
ID that is communicated to all UEs currently served by the base station. The base scheduler
may dynamically rotate the location of time-frequency resources allocated to the virtual
Blank UE using the same methodologies as applied to other UEs in the cell which
communicate with the base station, or using other methodologies so as to ensure some
desired distribution over time, uniform or weighted, of blank time-frequency resources
throughout an available time-frequency space. The otherwise unused resources of the
virtual Blank UE that may be utilized for noise measurement and/or interference
estimation, may be signaled using a conventional PDCCH message which is periodically
transmitted to the UEs in the cell. Optionally, a dedicated message for signaling unused
resources may be employed. As previously noted, the resource allocation to the virtual
Blank UE may be the same as to other UEs, with the exception, however, that the resource
information in that message corresponds to unused time-frequency resources, whether a
PRB 20 or bin(s) 22, in which no downlink data will be transmitted.

[0056] This method may be applied to single virtual Blank UEs or to multiple Blank-
UEs when sufficient bandwidth is available, thereby adaptively dimensioning the quantity
of unused resources which are available for noise measurement.

[0057] It is noted that the base station may selectively choose to transmit or not to
transmit a PDCCH message indicative of available unused time-frequency resources at any
TTI subframe. This flexibility may allow, for instance, the base station to send Blank-UE
messages when the cell is lightly loaded (in which case there may be little or no cost to the
extra control information, yet the UEs may gain significantly from blank time-frequency
resources that are available for noise measurement), and not transmit such messages when
the cell is heavily loaded (in which case there may be a non-zero cost to the extra control

information, accompanied by merely a small gain for the UEs from the measurements).
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[0058] The methods described hereinabove may be implemented in various different
ways for different cellular standards. For E-UTRA, there may be several design
considerations which may make the described method more efficient.

[0059] In E-UTRA, UEs search for PDCCH messages in a specific search space
corresponding to their ID. Furthermore, E-UTRA also defines another search space called
PDCCH common space, where all UEs search for messages intended for all or subsets of
UEs.

[0060] In accordance with embodiment of the disclosure, the Blank-UE message may be
located in the PDCCH common space and treated as any other common PDCCH message.
In such case, the ID of the Blank-UE will be determined, in a similar manner to the other
common messages, in compliance with E-UTRA specifications. UEs may be required to
search over the entire commbn area for every subframe, or possibly every predetermined
number of subframes. The specific location of messages within the PDCCH common space
indicating virtual Blank UE resources may be at a predetermined fixed location, or may be
at a location that is flexible.

[0061]  Alternatively, messages indicating time-frequency resources allocated to the
virtual Blank-UE may be placed in the UE-specific area. In this embodiment, the base
station may choose a Blank-UE ID and may convey that ID to all UEs on a common
downlink control channel, for example. When searching for its own resource allocation,
each UE in a cell may perform an additional search in the virtual Blank-UE search area to
identify any time-frequency resources allocated to the virtual Blank-UE.

[0062] In accordance with emerging E-UTRA standards, PDCCH messages may be
transmitted in various formats. These formats may be configured semi-statically on a per
UE basis or each UE may decode them. A PDCCH format may specify the total PDCCH
payload size as well as the size and packing order of various bit fields. In accordance with
an embodiment of the present disclosure, the Blank virtual UE message may use one of the
already available payload formats.

[0063] It is noted that a resource allocation message for a virtual Blank UE may only
utilize a single PRB allocation bit field in PDCCH messaging, and may not require use of
any of the other common PDCCH bit fields. Thus, in accordance with an embodiment,
messaging for the virtual Blank UE may be specific to the virtual Blank UE and may

robustly describe the mapping of all or some unused PRBs. Alternatively, PRB allocation
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fields of types that are already defined in current and emerging specifications may be
packed into a single message which is suitably mapped in the base station. The base
scheduler may generate a suitable map indicative of the blank resources merely by adding a
virtual Blank UE to its scheduling task.

[0064] The set of relevant formats for unused resource signaling may depend on the
option adopted for location in the PDCCH of signals identifying the virtual Blank-UE. If it
is located, for instance, in the common PDCCH space, the Blank UE message format size
may be consistent with formats used for PDCCH common messages. Alternatively, if the
virtual Blank-UE is assigned an ID in the same manner as other UEs, the format size
should be consistent with formats used for UE specific messages. In the latter case, in the
disclosed embodiment corresponding to E-UTRA networks, the base station may also
broadcast a MIMO mode for the Blank-UE.

[0065] In accordance with an embodiment of the disclosure that is applicable to E-
UTRA communications, payload bit sizes (excluding the 16-bit CRC) for the downlink-
PDCCH grants may be as follows, where the format relates to a transport format indicative
of modulation and coding. These formats correspond to a 20MHz bandwidth; similar

formats may be provided for other bandwidths:

[0066] Format 1C 10 bits
[0067] Format 1A 28 bits
[0068] Format 1 39 bits
[0069] Format2 55 bits

[0070] It is noted that in accordance with emerging E-UTRA specifications, PRB
allocation types and their corresponding bit-sizes, for the 20MHz bandwidth, are may be as
follows:

[0071] TypeOorl:25+1 (fragmented allocation, plus 1 bit to indicate type 0 or 1

mapping)

[0072] Type 2 or distributed: 13+1 (contiguous or distributed, indicated by 1 more
bit)

[0073] Type lc 5

[0074] Inasmuch as virtual blank-UE messages are constrained to have a total payload
size that is equal to that of one of the already-defined formats (1C, 1A, 1, 2), as noted

above, and assuming that the allocation-field embedded in this message is one or more of
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the already agreed types (0/1, 2 or 1¢), multiple PRB-allocation fields contained within a
single message, for the 20MHz bandwidth example, may be as follows:

[0075] Format1C:  2xtypelc= 10 bits

[0076] Format 1A: Two options to use the 28 payload bits:

[0077] a) 1 x type0/1 = 26 bits (2 bits are left unused)

[0078] b) 2 x type2 = 28 bits

[0079] Format 1: 1 x type0/1 + 1x type2 contiguous = 26+13 = 39 bits

[0080] Format 2: 2 x type0/1 = 52 bits (3 bits are left unused)

[0081] It is noted that signaling of unused-resources by a cellular network may be used
for purposes other than noise measurement and interference estimation by the UEs. For
example, signaling of unused resources may be utilized by cognitive radio transmission
systems (that is radio transmission systems that are aware of the presence of the cellular
network) to monitor its unused-resources messages and to dynamically plan their own
transmissions such that they utilize only the unused cellular network resources and thereby
avoid causing interference to the cellular network.

[0082]  Principles of the present disclosure may be applied to cellular systems and
networks other than E-UTRA systems and network. For example, its disclosed
methodologies may apply to Wimax (IEEE 16E, 16M, etc) networks, WiFi and other
suitable radio networks.

[0083]  Unless specifically stated otherwise, as apparent from the disclosure herein, any
"processing," "computing," "calculating," "determining," or similar operations, refer to
operations that may be performed in dedicated computing hardware, or in a generalized
computer device using firmware or software.

[0084]  While certain features of embodiments of the invention have been illustrated and
described herein by way of example, many modifications, substitutions, variations,
changes, combinations and equivalents may be apparent to those of ordinary skill in the art.
Accordingly, the scope of the present invention as embodied in the claims appended hereto
is intended to cover all such modifications, substitutions, variations, changes, combinations
and equivalents occurring to a person of ordinary skill based on the foregoing description

and which are not disclosed in the prior art.
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CLAIMS
What is claimed is:
1. A method for communication by a user device on a wireless network, the method
comprising:
receiving downlink communications from a base station that indicates an
allocation of time/frequency resource blocks at least to user devices that are

communicating with the base station;

measuring noise in a time/frequency resource block, comprising plural

time/frequency bins, that is not allocated to one of the user devices; and

determining a level of interfering noise based on noise in the resource

block that is not allocated to one of the user devices.

2. The method according to claim 1, wherein said measuring is performed in at least
one time/frequency resource block that is signaled as being not allocated to one of the
user devices for transmission.
3. The method according to claim 1, wherein said measuring noise is performed in
at least one time/frequency resource block that is signaled as being available to other user
devices.
4. The method according to claim 1, wherein said determining comprises averaging said
amount of noise from multiple time periods.
5. The method according to claim 1, wherein said receiving also comprises receiving
allocations designated for a virtual user device.
6. The method according to claim 5, wherein said receiving comprises searching for said
allocations to said virtual user device in one of the following search spaces of an
allocation channel: a user search space and a common search space.
7. The method according to claim 4, wherein said noise is measured within different
time/frequency resources.
8. A user device for communicating on a wireless network, the user device comprising:
a receiver to receive downlink data communications from a base station
that indicates an allocation of time/frequency resource blocks at least to user

devices that are communicating with the base station;
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a noise detector to measure noise in a time/frequency resource block,
comprising plural time/frequency bins, that is not allocated to one of said

user devices; and

a noise determiner to determine a level of interfering noise based on noise

in the resource block that is not allocated to one of the user devices.

9. The user device according to claim 8, wherein said noise detector comprises a
unit to measure noise in at least one time/frequency resource block that is signaled as
being not allocated to one of the user devices for transmission.

10. The user device according to claim 8, wherein said noise detector comprises a
unit to measure noise in at least one time/frequency resource block that is signaled as
being available to other user devices.

11. The user device according to claim 8 and wherein said noise determiner comprises a
noise averager to average said amount of noise from multiple time periods.

12. The user device according to claim 8 and wherein said receiver comprises a virtual
user receiver to receive allocations designated for a virtual user device.

13. The user device according to claim 12, wherein said receiver comprises a searcher to
search for said allocations to said virtual user device in on of the following search spaces
of an allocation channel: a user search space and a common search space.

14. The user device according to claim 11, wherein said noise is measured within
different time/frequency resources.

15. The user device according to claim 8, wherein said user device forms part of a
cellular communication system.

16. The user device according to claim 15, wherein said cellular communication system

is an LTE system.

14



WO 2009/130592

< Ty — >

Control

e
20A7] el

20B]
20C|

20D

20E

20F 7|

20671 o W

20H]
201 7|

20J 7

20K~ |
20L /—__— aae sean -
20M p

<+ UE2

20N—
3

Al A Ldideioaddondn bbb .

200 — ]
FIG. 1A

< TTI,

Control
b ey g
.......... B I 77 I

20B —

\

20G—] R 7 S Bt S

2047 /

bayj

e FIG. 1B
PRIOR ART

PCT/IB2009/005375



WO 2009/130592

2/5

Control
UE, -
Ug, —* :....§

FIG. 1C
PRIOR ART

Control
UE,
UE, ..}

UEN :vn . :E.
Blank =}

FIG. 2A

PCT/IB2009/005375



PCT/IB2009/005375

WO 2009/130592

3/5
- TTItl »
Control
208~ L -— U
20D — JUUURR VUL VOUNRE UUUIRE FUUNOR SUOUNE SUUUR NURUN DU SO
ZOFA/////////////// ¢ Blank
A/ ......................... UEN
20K .................
E" deddid . - -
20N S VOO OO VO O I ke € UE,
[ S e A T ‘..\...(. .) ................
time 22
C;ntrol TTItz -
200 | b L b
200 | L e UBN
7S O O
20M ke UE
z
i V0 < Blank
200 U]
—- 22




WO 2009/130592

JOA P [ ................

20C~ |
20D 1/’., (A0

208

PCT/IB2009/005375

4/5

\

~ TTT.5

Control

..................

.......................




WO 2009/130592

5/5

PCT/IB2009/005375

25 27 29
- - -
Allocate to the Allocate PRBs A"OﬁaEt?rXr':”a'
Control > to all Active R .
Channel UEs emaining
PRBs
FIG. 3
30 32 34 36
4 - - 4
Find Unused Noise Average of cal
) » frames of —>
Section Detector . Generator
freqg/bias

FIG. 4




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2009/005375

A. CLASSIFICATION O 0zUBJECT MATTER

INV. HO4W72
ADD. HO04L27/26

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbois)

HO4W » '

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

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

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

X US 2007/183522 Al (GARRETT DAVID [US] ET l 1-16
AL) 9 August 2007 (2007-08-09)
paragraph [0013] - paragraph [0014]
paragraph [0023] - paragraph [0030]
figures 1,3

A US 2005/002324 Al (SUTIVONG ARAK [US] ET 1,8
' AL) 6 January 2005 (2005-01-06)
paragraph [0014] - paragraph [0015]

D Further documents are listed in the cominuat'ion of Box C.

E See patent family annex.

* Special categories of cited documents :

"A* document defining the general state of the art which is not
considered to be of particular relevance

°E* earlier document but pubtished on or after the international
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*O* document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

‘T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

"&" document member of the same patent family

Date of the actual compietion of the international search

25 August 2009

Date of mailing of the intemational search report

02/09/2009

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Schorgg, Alfred

Form PCT/iISA/210 (second shest) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2009/005375
Patent document Publication Patent family Publication
cited in search report date member(s) date
- US 2007183522 Al 09-08-2007 NONE
US 2005002324 A1 ~ 06-01-2005 AU 2004241441 Al 02-12-2004
BR P10410256 A 16-05-2006 -
CA 2525805 A1 02-12-2004
EP 1623195 A2 08-02-2006
- JP 2007500489 T 11-01-2007
KR 20060014049 A . 14-02-2006
MX  PA05012531 A , 22-02-2006
NZ 543583 A 30-05-2008
WO 2004104530 A2 02-12-2004

Formm PCT/ISA/210 (patent family annex} (April 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 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report
	Page 22 - wo-search-report

