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METHOD AND SYSTEM FOR RADIO
RESOURCE ALLOCATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. provisional
patent application Ser. No. 61/710,411, filed Oct. 5, 2012,
entitled “METHOD AND SYSTEM FOR RADIO
RESOURCE ALLOCATION.”

FIELD OF THE TECHNOLOGY

[0002] The present technology pertains 1n general to radio
communication; and in particular to allocation of radio fre-
quencies for use i communicating with Machine-to-Ma-
chine (M2M) devices via a communication standard such as
the Long-Term Evolution (LTE) standard.

BACKGROUND

[0003] The latest generation cellular radio standard known
as LTE (Long Term Evolution) has been designed to provide
high data rate capacity and good spectral efficiency in terms
of bits per second per Hz. This serves the needs of smart-
phones, tablet and laptop computers that offer high data
capacity using applications such as video streaming. M2M
(Machine to Machine) applications of cellular radio 1n many
cases require only a modest amount of data capacity. In many
cases communication 1s short and intermittent and the
“mobile” M2M device may not move, or may have limited
mobility and low speed. This 1s a significantly different use
case Irom the uses that drove the LTE specification and which
currently drive the chip designs for LTE.

[0004] M2M 1s set for very significant growth 1n the next
tew years. The total number of M2M connected devices may
exceed the current numbers of phones, smartphones and other
data communication devices. It 1s currently popular in the
M2M modems market to use the older GSM/GPRS networks
that have lower data rates, relative simplicity and lower cost.
Unfortunately, this cannot be a long term solution as smart-
phones are migrating to the new 3G and L'TE technologies. It
1s expected that the service providers will not want to main-
tain the older base stations. Also, with an ongoing shortage of
available bandwidth for new services the service providers
may want to migrate their spectrum allocations from GSM/
GPRS to the newer systems that have higher capacity 1 a
given bandwidth. This means that eventually GSM/GPRS
may no longer be supported.

[0005] The 3GPP (Third Generation Partnership Project)
standards committees have recognized the need for LTE to
support very large numbers of M2M UEs (User Equipment)
and have 1dentified objectives for modifications to the exist-
ing L.TE standards designed to support very large numbers of
M2M UEs. A particular requirement of proposed changes to
the existing standards 1s to ensure ongoing compatibility with
existing devices and to limit the impact of M2M traific on the
high data rate and low latency requirements of current and
future users.

[0006] The standards groups have identified specific fea-
tures and requirements for facilitating coexistence of large
number of M2M UEs with each other and with other classes
of UEs onthe LTE system. There 1s also an objective to make
it possible to have simpler and lower cost modems for M2M
UEs that may not take advantage of advanced LTE features.
For example LTE offers MIMO for higher capacity and more
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reliable communication. M2M UEs may be cost reduced by
not using this feature, which requires multiple radios operat-
ing simultaneously.

[0007] Some 1deas on the subject of M2M specialization
within the LTE standard are captured in the draft specification
entitled “3rd Generation Partnership Project; Technical
Specification Group Radio Access Network; Study on provi-
s1on of low-cost MTC UEs based on LTE; (Release 11) 3GPP
TR 36.888,” 3" Generation Partnership Project, www.3gpp.
org, referred to herein as TR 36.888.

[0008] One strategy 1s to reduce the bandwidth of commu-
nication in the downlink (base station to UE) from 20 MHz
down to as little as 1.4 MHz. This serves to reduce the cost of
the components needed 1n the UE recerver and may be used to
improve signal to noise and interference ratio of the recerved
signal due to the narrower required bandwidth. TR 36.888
describes using a dedicated 1.4 MHz block of frequencies 1n
the current 20 MHz band, possibly in the center of the 20
MHz. This 1s enabled in part because LTE uses OFDM/
OFDMA that allocates many narrow band carriers to the
band. Having all M2M UEs share only a part of the band 1s not
an 1deal solution because the small band would quickly
become congested.

[0009] A potential improvement in the use of the available
spectrum 1s to have the M2M UEs dynamically assigned 1.4
MHz wide bands for data and control, as also brleﬂy men-
tioned mm TR 36.888. A potential dlsadvantage 1s that this
approach requires additional scheduling and messaging over-
head.

[0010] In a process known as Frequency Selective Sched-
uling (FSS), each UE transmits channel quality information
(CQI) to 1ts base station, Evolved Node B (eNB). The eNB
then selects resource blocks for each UE based on the
reported CQI. The selected resource blocks may be used for
downlink communication, for example. In some cases, an
approximately 10% loss i performance results 11 FSS 1s not
used (see TR 36.888).

[0011] The existing methods of CQI reporting specified 1n
the LTE standard allow a UE to report a combination of a
modulation and an error correction coding rate that gives a
better than or equal to 10% Block FError Rate (BLER). In
general, a wideband measurement 1s made for CQI, but there
1s provision for various smaller bands to be measured. If the
eNB controls the configuration of the CQI feedback, then the
smallest bandwidth that can be reported 1s 1n proportion to the
overall bandwidth of the system. Reporting of the sub-band
CQI 1s relative to the overall wideband CQI. As an option the
UE can also select bands according to similar but not1dentical
constraints.

[0012] Therefore there 1s a need for a method and system
tor radio resource allocation that 1s not subject to one or more
limitations of the prior art.

[0013] This background information 1s provided for the
purpose ol making known information believed by the appli-
cant to be of possible relevance to the present technology. No
admission 1s necessarily imtended, nor should be construed,
that any of the preceding information constitutes prior art
against the present technology.

SUMMARY OF THE TECHNOLOGY

[0014] An object of the present technology 1s to provide a
method and system for radio resource allocation, for example
within an LTE or similar communication system. In accor-
dance with an aspect of the present technology, there 1s pro-
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vided a computer-implemented method for performing fre-
quency selective scheduling between a user equipment (UE)
and a base station, the method comprising: selecting, by the
UE, a sub-band within a predetermined system bandwidth
based on observed radio conditions; communicating the
selected sub-band from the UE to the base station; selecting,
by the base station, a LTE resource block having a frequency
range falling within the sub-band; and using the selected
resource block for communication between the base station

and the UE.

[0015] In accordance with another aspect of the present
technology, there 1s provided a system comprising a user
equipment (UE) and a base station, the system configured for
performing frequency selective scheduling between the UE
and the base station and comprising: a sub-band selection
module of the UE, the sub-band selection module configured
to select a sub-band within a predetermined system band-
width based on observed radio conditions; communication
means for communicating the selected sub-band from the UE
to the base station; and a resource block selection module of
the base station, the resource block selection module config-
ured to select a LTE resource block having a frequency range
falling within the sub-band; wherein the system 1s further
configured to use the selected resource block for communi-

cation between the base station and the UE.

[0016] In accordance with another aspect of the present
technology, there 1s provided a computer program product
comprising a memory having computer readable code
embodied therein, for execution by a CPU, for performing
operations for performing frequency selective scheduling
between a user equipment (UE) and a base station, the opera-
tions comprising: selecting, by the UE, a sub-band within a
predetermined system bandwidth based on observed radio
conditions; communicating the selected sub-band from the
UE to the base station; selecting, by the base station, a LTE
resource block having a frequency range falling within the
sub-band; and using the selected resource block for commu-

[

nication between the base station and the UE.

BRIEF DESCRIPTION OF THE FIGURES

[0017] These and other features of the technology will
become more apparent 1n the following detailed description
in which reference i1s made to the appended drawings.

[0018] FIGS. 1A and 1B illustrate example frequency

selective scheduling operations 1n accordance with embodi-
ments of the technology.

[0019] FIG. 2 illustrates example sub-band scanning and
selection operations 1n accordance with embodiments of the
technology.

[0020] FIG. 3 illustrates a transmission sequence of the
PDCCH and subsequent Reference Signals 1in accordance
with embodiments of the present technology.

[0021] FIG. 4 illustrates a method for performing fre-
quency selective scheduling between a user equipment (UE)
and a base station, 1n accordance with embodiments of the
present technology.

[0022] FIG. 51llustrates a system for performing frequency
selective scheduling between a user equipment (UE) and a
base station, in accordance with embodiments of the present
technology.
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DETAILED DESCRIPTION OF TH.
TECHNOLOGY

[0023] As used herein, a machine-to-machine (M2M) ter-
minal or user equipment refers to a wireless communication
terminal linked to an automated device, such as a smart meter,
environmental monitor, medical patient monitor, traflic
monitoring and/or control device, or other automated equip-
ment. M2M termunals are typically distinguished from
human-to-human terminals, and are typically subjected to
different communication demands. For example, M2M ter-
minals may be more delay tolerant, and may potentially trans-
mit and recerve less data overall than other devices. An M2M
terminal may also be known as a machine-type-communica-
tion (MTC) terminal. An example study on M2M communi-
cations 1s presented in “3rd Generation Partnership Project;
Technical Specification Group Services and System Aspects;
Study on Facilitating Machine to Machine Communication in
3GPP Systems; (Release 8),” 3’“ Generation Partnership
Project, 3GPP TR 22.868 V8.0.0, March, 2007.

[0024] As used herein, the term “about” refers to a +/-10%
variation from the nominal value. It 1s to be understood that
such a variation 1s always 1included 1n a given value provided
herein, whether or not 1t 1s specifically referred to.

[0025] The current LTE standard specifies at least the fol-
lowing terms. A slot corresponds to a 0.5 ms time interval. A
sub-frame corresponds to a 1 ms time interval of two con-
secutive slots. A half frame corresponds to 5 sub-frames and
a frame corresponds to 10 sub-frames. A transmit time inter-
val (TTI) also corresponds to a 1 ms time interval. In some
embodiments, scheduling decisions may be modified every 1
TU. A resource block corresponds to 12 subcarriers times 1

slot. Each subcarrier 1s spaced apart by 15 kHz. A resource
block thus spans 180 kHz and 0.5 ms. The LTE system band-
width 1s adjustable between about 1.4 MHz and 20 MHz.
Embodiments of the present technology are compatible with
the above terms and values. However, 1t 1s recognized that the
present technology may also be applicable if the terminology
and values are adjusted, for example due to further revisions
of the LTE standard. It 1s also recognized that the present
technology may be applicable to other substantially similar
standards, whether derived from the L'TFE standard or devel-
oped independently.

[0026] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
technology belongs.

[0027] Embodiments of the present technology provide a
computer-implemented method for performing frequency
selective scheduling between a user equipment (UE) and a
base station. The method comprises selecting, by the UE, a
sub-band within a predetermined system bandwidth based on
observed radio conditions. The method further comprises
communicating the selected sub-band from the UE to the base
station. The method further comprises selecting, by the base
station, a LTE resource block having a frequency range fall-
ing within the sub-band. The method further comprises using
the selected resource block for communication between the
base station and the UE. In various embodiments, communi-
cation between the base station and the UE corresponds to
downlink communication from the base station to the UE,
thus the base station transmits using the selected resource
block and the UE momtors and/or buflers the selected
resource block 1n order to receive the base station’s transmis-

S101.
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[0028] Asusedherein, a sub-band corresponds to arange of
frequencies falling within the system bandwidth, such as a 20
MHz channel or a smaller bandwidth channel corresponding
to a particular LTE implementation. For existing LTE sys-
tems, the minimum sub-band bandwidth 1s 180 kHz. The
existing LTE standard supports systems with standard band-

widths ranging between 1.4 MHz and 20 MHz.

[0029] Embodiments of the present technology provide a
system comprising a user equipment (UE), such as a M2M
UE, and a base station. The system 1s configured for perform-
ing frequency selective scheduling between the UE and the
base station. The system comprises a sub-band selection
module of the UE, which 1s configured to select a sub-band
within a predetermined system bandwidth based on observed
radio conditions. The system further comprises communica-
tion means for communicating the selected sub-band from the
UE to the base station. The system further comprises a
resource block selection module of the base station, the
resource block selection module configured to select a LTE
resource block having a frequency range falling within the
sub-band. The system 1s further configured to use the selected

resource block for communication between the base station
and the UE.

[0030] In accordance with embodiments of the present
technology, each user equipment (UE) (for example M2M
UE) selects a 1.4 MHz-wide sub-band from within a prede-
termined system bandwidth of up to 20 MHz. A bandwidth of
1.4 MHz may be advantageous for M2M use, 1 terms of
facilitating the itroduction of a potentially large number of
M2M UEs, backward compatibility with the L'TE standard,
and/or adequately addressing the typically lower bandwidth
requirements of M2M UEs. In other embodiments, a sub-
band having a different bandwidth may be selected. The UE
may select the sub-band which 1t estimates or determines to
be the best (e.g. highest signal strength) sub-band, for
example. The UE may monitor sub-band parameters such as
signal strengths in order to make such a determination. For
example the UE may monitor Reference Signals occupying
known symbol locations within the time and frequency grid
of the eNB transmissions. Such Reference Symbols may be
existing Reference Symbols occupying portions of resource
blocks as defined 1n the existing L'TE standard.

[0031] The UE may then communicate 1ts channel selec-
tion to the eNB (Base Station) via a message embedded
within a Channel Quality Indicator (CQI) message which 1s
transmitted regularly from the UE to the eNB 1n accordance
with the existing LTE standard. Existing CQI messages may
be modified for this purpose. Alternatively, the UE may com-
municate its channel selection via another means, such as a
dedicated message or embedding in another message. The
M2M UE then listens for a resource assignment message on
that sub-band 1n a subsequent transmit time interval, for
example a time interval of 1 ms duration. The resource assign-
ment message 1s generated by the eNB and transmitted to the
M2M UE. The resource assignment message may be trans-
mitted via resources that are at least partially predictable to
the M2M UE. For example, the resource assignment message
may be transmitted via resources falling within a range of
resources which the UE momnitors and/or buffers in anticipa-
tion of message receipt. The resource assignment message
may indicate a 180 kHz resource block within the previously
communicated 1.4 MHz sub-band, which 1s to be used for
communication to and/or from the M2M LTE. Resource
blocks are defined as in the LTE standard. In various embodi-
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ments, application to the uplink 1s applicable for Time Divi-
sion Duplex (TDD) implementations.

[0032] Insomeembodiments, a delay of a discrete number
of TTIs may be present between the UE transmitting 1ts
channel selection and the base station transmitting to the UE
via a resource block having a frequency falling within the
selected channel. This may be the case, for example, 11 pro-
cessing resources at the base station are insuificient for
responding within a single TTI. The base station will first
send the UE Downlink Control Information (DCI) over the
PDCCH assignment. The DCI will indicate where the
resource block will be sent.

[0033] In some embodiments, the base station (eNB) may
instruct a UE to report the sub-channel and CQI more or less
frequently as for example once every 10 ms (10 TTIs) or
asynchronously. In the asynchronous case, the eNB may then
continue to use the communicated sub-band to communicate
with the UE until the UE changes its selected sub-band.

[0034] In some embodiments, the base station (eNB)
actively blacklists one or more sub-bands from use. In this
scenar1o, the eNB may be configured to identify these one or
more blacklisted sub-bands to the UEs, thereby potentially
reducing the amount of searching and evaluation that the UEs
would need to perform during sub-band selection. UEs would
avold considering the blacklisted sub-bands and may avoid
evaluating channel quality of same. As such, having one or
more blacklisted sub-bands may assist 1n the simplifying of
scheduling performed by the eNB.

[0035] Existing LTE systems support both periodic CQI
reporting using PUCCH and potentially a periodic CQI
reporting using PUSCH. Some M2M devices may utilize
aperiodic CQI reporting, for example with channel selection
messages embedded therein. This may be particularly advan-
tageous 1n terms of efficiency when the channel 1s not chang-
ing frequently. Another advantage of a periodic reporting on
PUSCH 1s that 1t supports both types of sub-band CQI report-
ing (eNB configured or UE selected), whereas periodic
reporting on PUCCH only supports UE-selected sub-band
CQI reporting.

[0036] Existing LTE systems may provide adequate reso-
lution for one or more 1.4 MHz or narrower bands to be
selected for all system bandwidths. Embodiments of the
present technology comprise modification of the existing
LTE system to report only on the 1.4 MHz band that the UE 1s
configured to listen to. The UE may report in the current
differential CQI format relative to a wideband measurement.
In various embodiments, such reporting 1s optional. This may
require a new indicating format that the eNB will interpret
correctly without contlict with the existing formats.

[0037] Invarious embodiments, the M2M UE 1s configured
to only recerve signals 1n a particular 1.4 MHz band. Corre-
spondingly, the eNB may be configured to use a 1.4 MHz
band indicated by the UE when responding to the UE 1n order
to be sure of the UE being able to receive this response.

[0038] Invarious embodiments, all terminals operating in a
LTE system are required to monitor the broadcast Master
Information Block (MIB) transmitted 1n the center 6 resource
blocks of the system. The MIB is 1n this location whether the
total bandwidth occupied by the system 1s 1.4 MHz or any
other bandwidth up to 20 MHz. This means that the UE
receiver 1nitially and then periodically monitors the center of
the band even if 1t otherwise indicates that 1t would be listen-
ing for signals addressed to 1t on other frequencies. Additional
information that all UEs are required to recerve 1s transmitted
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in the System Information Block (SIB). This broadcast infor-
mation 1s sent as part of the Physical Downlink Shared CHan-
nel (PDSCH). In order to reliably communicate this informa-
tion it may either be sent 1n a fixed known place for the benefit
of narrow band M2M UEs or 1t may be sent in a designated
place and the UEs informed of this. Alternatively, 1n embodi-
ments of the present technology, the eNB may be configured
to send the SIB to a UE 1n a band that the UE has indicated that

it will listen to, for example 1n accordance with a procedure as
set forth herein.

[0039] FIGS. 1A and 1B illustrate two examples of the

present technology. The examples use Ims as the standard
Transmit Time interval (TT1) 1in the LTE system. In the first
example, 1llustrated 1n FI1G. 1A, the UE first scans and evalu-
ates 102 a plurality of sub-bands, and determines 104 that the
“best” sub-band 1s the one having label number 7. This occurs
during the first TTI (falling between 0 ms and 1 ms). During
the second TTI (falling between 1 ms and 2 ms), the UE
transmits 106 a CQI type message to the base station includ-
ing an indicator that sub-band number 7 1s selected (or pre-
terred) for subsequent communication. The UE may also
receive 108 data from the base station using a previously
assigned band. The UE may also transmit to the base station
assuming a UL resource assignment was given (not shown in
the figure). During the third TTI (falling between 2 ms and 3
ms), the UE performs a new scan and evaluation 110 of a
plurality of sub-bands, this time determining 112 that the
“best” sub-band 1s number 3. In the fourth T'T1 the previously
selected sub-band number 7 1s used 114 for data transmission
from the base station to the UE. The UE may suspend trans-
mission operations when scanning, for example 1n order to
avold contaminating the scan with its own RF emissions. The
process then continues 1n a repetitive manner, with odd-num-
bered TTIs (numbered subjectively as shown) used for sub-
band scanning and selection, and even-numbered TTIs used
for communication and communicating the most recent sub-
band selection. Half of the available T'TIs are thus used for

communication and hence communication i1s performed at
half speed.

[0040] In the second example, 1llustrated in FIG. 1B, the
UE again first scans and evaluates 122 a plurality of sub-
bands, and determines 124 that the “best” sub-band 1s the one
having label number 7. This occurs during the first TT1 (fall-
ing between 0 ms and 1 ms). During the second TTI (falling
between 1 ms and 2 ms), the UE transmits a CQI message to
the base station including an indicator 126 that sub-band
number 7 1s selected for subsequent communication. How-
ever, 1n this example the UE waits until the thard T'TT (falling
between 2 ms and 3 ms) before receiving 134 data from the
base station, but 1n this case the base station 1s able to register
and use the selected sub-band number 7. The UE may also
transmit to the base station. During the fourth TTI (falling
between 3 ms and 4 ms), the UE performs a new scan and
evaluation 140 of a plurality of sub-bands, this time deter-
mimng 142 that the “best” sub-band 1s number 3. The process
then continues, with TTIs numbered 1+3k (k=0, 1, 2, . . . )
used for sub-band scanning and selection, TTIs numbered
2+3k (k=0,1, 2, . .. ) used for communicating the most recent
sub-band selection, and TTIs numbered 3+3k (k=0, 1, 2, . ..
) used for communication. One third of the available T'T1s are
thus used for communication and hence communication 1s
performed at one third speed. However, selected sub-bands
are utilized sooner than in the first example.
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[0041] In some embodiments, each 1.4 MHz sub-band 1s
made up of 180 kHz resource bleeks Substantially any 1.4
MHz may be selected and reported as best by a UE on a 180
kHz scale of frequency steps corresponding to resource block
allocations. The sub-band choices may therefore overlap. For
example, 1f a first sub-band starts at frequency 1 and ends at
frequency 1+1.4 MHz, a second, overlapping sub-band may
start at frequency 1+df and end at {+dif+1.4 MHz, where df 1s
about 180 kHz, for example. The eNB may select a 180 kHz
wide resource block within the UE-selected 1.4 MHz-wide
sub-band, that will be tagged for the UE to receive. UEs may
be configured to check each resource block within their
selected 1.4 MHz wide sub-band to see 1f a message has been
returned. If multiple UEs select the same or overlapping 1.4
MHz sub-band blocks the eNB may still send them each
individual replies within available 180 kHz resource blocks.

[0042] Iti1s to be expected that, due to frequency selective
propagation and fading unique to each M2M UE, some 1.4
MHz sub-bands will be received better than others. In a typi-
cal situation one or more of the sub-bands are expected to be
subject to multipath cancellation resulting 1n a poor signal.
Typically, each UE will be subjected to diil

erent {requency
selective propagation and fading conditions, and hence will
have ditfferent sub-band quality profiles. In accordance with
embodiments of the present technology, each UE therelore
evaluates 1ts own sub-band qualities and selects a desirable
sub-band for use. This process may be repeated as required. In
some cases this process may be repeated every few TTIs 1n
order that sub-band selection 1s current to the changing radio
environment. In some cases the process may be repeated less
often, or on an as-needed basis, or 1n accordance with a hybrid
of periodic scheduling and as-needed triggering.

[0043] Insome embodiments, the frequency at which sub-
bands are selected 1s variable and controlled 1n order to trade
ofl overhead associated with the selection process with per-
formance improvements associated with the selection pro-
cess. The selection frequency may be communicated by the
UE to the base station for example 1n a CQI or other message,
or the selection frequency may be assigned by the base station
to the UE, or the like. In various embodiments, the selection
frequency 1s constrained based on an estimate of the channel
coherence time. For example sub-band selections may be
updated more {requently than channel conditions are
expected to change, or at least on the same frequency order.

[0044] By allowing each UE to select 1ts own sub-band,
resource allocation decisions are partially allocated to the
individual UEs. Since the UEs have the information neces-
sary to perform the sub-band selection decisions, they may
reliably do so while alleviating this processing burden from
the base station. The base station reserves the ability to allo-
cate resource blocks within the sub-band selection constraints
provided by the UEs. Thus, a distributed resource allocation
algorithm 1s implemented, with the tfurther benefit that UEs
(such as M2M UEs) having lower bandwidth requirements
are allocated only a limited portion of the full LTE system

bandwidth.

[0045] In accordance with some embodiments of the tech-
nology, an M2M UE 1s configured to sequentially sample
transmissions from the base station for short intervals on all
sub-bands within the predetermined system bandwidth, for
example of 20 MHz width. A search method may comprise
starting at one end of the band and sweeping across to the
other end, evaluating sub-bands along the sweep. Other
abbreviated search methods may also be used, such as sam-
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pling only a few bands or sampling less frequently. There are
also other possible patterns of search, such as a random
search. Each sub-band 1s evaluated for quality, for example by
comparing the base station signal strengths for each sub-
band. The highest signal strength sub-band may be equated
with the highest-quality, most desirable sub-band. Evaluation
of signal strength, signal-to-noise ratios, signal-to-interfer-
ence-plus-noise ratios, and the like, may be performed 1n
various ways as would be readily understood by a worker
skilled 1n the art. For example the existing Reference Signals
may be used for measurement.

[0046] Insomeembodiments, some, all, or substantially all
potential sub-bands may be evaluated by a UE, and a desired
sub-band selected, during a single T'T1, for example of 1 ms
duration. The selected sub-band may be communicated to the
eNB during a subsequent TTI, for example the next TTI. A
resource block within the selected sub-band may be used by
the eNB for communication with the UE durning a further
subsequent TTI, for example the next TTI after communica-
tion of the selection to the eNB or the next TTI after that.

[0047] FIG. 2 shows an approach for searching for the
“best” sub-band using base station signal strength measure-
ments, 1 accordance with an embodiment of the present
technology. This embodiment 1s compatible with the timing
of example 1 1n FIG. 1A above. During the first TTI 210
(falhng between O ms and 1 ms), the UE scans a plurality (12
illustrated) of sub-bands 215 falling within a 20 MHz fre-
quency band corresponding to a predetermined LTE down-
link channel. In practice the position of reference signals may
only allow 4 of the 12 sub-bands to be evaluated in just one
TTI. The base station signal strength 1s recorded 220 for each
sub-band as shown in the figure. As illustrated, the sub-band
with the highest signal strength 222 1s number 9. This sub-
band 1s communicated to the base station during the second
TTI (not shown), and used for reception 230 during the fourth
TTI 212. The scan then repeats 240 1n the fifth TTI 214. FIG.
2 also illustrates that the signal strength 235 on sub-band 9
during the third T'T1 varies only slightly, meaning the channel
coherence time 1s sufliciently long.

[0048] In some embodiments a UE may be configured to
monitor and evaluate sub-bands after recerving the PDCCH
data indicative that there i1s to be no following message
addressed to that UE. As illustrated in FIG. 3, the UE may
decode the PDCCH during a time interval 305 which occu-
pies part of the beginning portion 310 of a 1 ms sub-frame
300. The PDCCH 1s communicated during the beginning

portion 310. For example the PDCCH may be communicated
via the first of 14 OFDM symbols 1n the sub-frame. It the

PDCCH 1ndicates that the OFDM symbols to follow 315 do
not include a message for that UE, then sub-band evaluation
can begin. There are three 1llustrated Reference Signals 320
aiter the PDCCH, and sub-band evaluation during time inter-
val 325 may include evaluation of these reference signals.
Following evaluation, the UE may switch back to decode the
PDCCH again, with switching occurring during time interval
330. It may be necessary for the UE to have completed pro-
cessing and decoding of the PDCCH 1n order to have made the
determination of whether there 1s anything addressed to the

UE. Potential locations of pilot symbols are shown as shaded
areas 1n FIG. 3.

[0049] In some embodiments the UE may be configured to
perform sub-band quality scanning during ofl periods of a

Discontinuous Reception (DRX) cycle. As 1s known, LTE
power save protocols include DRX and Discontinuous Trans-
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mission (DTX), wherein both involve reducing transceiver
duty cycle while 1n active operation.

[0050] In embodiments, the validity of a determination of
the “best” sub-band by the UE will last only for as long as 1t
takes the propagation path to change (1.¢. the coherence time
of the channel). This 1s dependent principally on movement of
the terminal but 1t 15 also atl

ected by movement of objects in
the propagation path. In the case of stationary M2M UEs the
rate of change ol propagation path characteristics 1s generally
expected to be slow (for example on the order of 10 Hz 1n a
typical radio environment). Thus, the UE may be configured
to evaluate and select sub-bands at a frequency at least of the

order of the rate of change of propagation path characteristics.
The UE may further be configured to inform the eNB of how
often 1t needs to do searches.

[0051] Insome embodiments, evaluation of each sub-band
may comprise a measurement of absolute signal strength,
relative signal strength, or a combination thereof. The mea-
sured signal strengths may then be compared, with the highest
absolute or relative signal strength corresponding to the most
desirable sub-band. The most desirable sub-band, or a rela-
tively desirable sub-band, may then be selected foruse. Using
relative signal strength may simplily operation. In practice
the Reference Signals may be the only parts of the eNB
transmission that have a constant power, therefore enabling
relative measurement. Other parts of the transmission typi-
cally have vaniable power. If sufficient time 1s available to
perform signal demodulation (1.e. on the pilot symbols), then
more detailed channel evaluation measurements may be
made. In some embodiments, UEs may be configured to
choose to evaluate sub-bands and update their selection of
sub-band based on need. For example 11 a particular sub-band
consistently works then there may not be a need to evaluate
and select anew sub-band. However, once messages appear to
be consistently missed, evaluation of sub-bands and selection
of a new sub-band may be triggered.

[0052] In embodiments of the present technology, the time
interval at which sub-band evaluation and/or selection 1s per-
formed by a UE may be variable, for example based on
current traflic load. For example, since CQI reporting uses UL
resources, the current LTE standard supports variable CQI
reporting intervals. When there 1s not much data to send, the
CQI reporting interval 1s 1creased thus reducing resource
usage. This mechanism can be re-used with this technology
with potentially few standards changes. The format of the
CQI message may however require some nominal adjust-
ment.

[0053] Insome embodiments, during idle times or times of
low data tratfic volume, a UE may be configured to suspend
sub-band selection based on observed radio conditions. At
such times, the benefits of selecting a sub-band based on
observed radio conditions are expected to be lower, while the
resources expended to perform the selection are substantially
unchanged. Thus, such a suspension of sub-band selection
operations may avoid a waste of resources. Rather, the UE
may be configured to randomly select a sub-band based on a
PRS (Pseudo Random Sequence). Alternatively, the UE may
be configured to use a sub-bandwhich 1s assigned by the eNB.

[0054] In some embodiments, the UE 1s configured to
observe radio conditions on at least one sub-band when the
UE has determined that no communication with the base
transcerver station (BTS) will occur.

[0055] In various embodiments, different groups of M2M
UEs may be configured to measure for sub-band qualities at
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different times. Thus, some UEs may be recerving and/or
transmitting signals sent to them at the same time that other
UEs may be measuring for signal quality. Various mecha-
nisms by which measurement activities of different UEs are
spread over time may be implemented. For example, the
times at which a UE 1s configured to measure for sub-band
quality may be pre-assigned, for example by the eNB, or

randomly determined, or determined based on an identifier of
the UE, or the like.

[0056] In some embodiments, for FDD UEs implemented
with a shared local oscillator for both transmit and receive
functions, transmission may be disallowed or deferred when
the recerver 1s performing sub-band monitoring operations.

[0057] FIG. 4 illustrates a computer-implemented method
for performing frequency selective scheduling between a user
equipment (UE) and a base station, in accordance with
embodiments of the present technology. The method com-
prises selecting, 410, by the UE, a sub-band within a prede-
termined LTE channel based on observed radio conditions.
The method further comprises communicating 420 the
selected sub-band from the UE to the base station. Commu-
nication may be embedded within an existing CQI message
transmitted by the UE. The method further comprises select-
ing 430, by the base station, a LTE resource block having a
frequency range falling within the sub-band. The method
turther comprises using 440 the selected resource block for
communication between the base station and the UE.

[0058] FIG. 51llustrates a system comprising a user equip-
ment (UE) 510 and a base station 500, 1n accordance with
embodiments of the present technology. The system 1s con-
figured for performing {requency selective scheduling
between the UE and the base station. The system comprises a
sub-band selection module 520 of the UE, the sub-band selec-
tion module configured to select a sub-band within a prede-
termined system bandwidth based on observed radio condi-
tions. The sub-band selection module may comprise a radio
monitoring module 522 and an evaluation module 524. The
system further comprises communication means 330 for
communicating the selected sub-band trom the UE to the base
station. The system further comprises a resource block selec-
tion module 505 of the base station, the resource block selec-
tion module configured to select a LTE resource block having
a frequency range falling within the sub-band. The selected
resource block 1s then idicated to the UE 1n the DCI via the
PDCCH and used for communication with the UE 510. The
resource block selection module 505 typically interoperates

with plural UEs, each of the UEs operating similarly to the
illustrated UE 510.

[0059] In an alternative embodiment, a UE may indicate
more than one band that it finds to have acceptable signal
quality. The UE may rank the bands in order, for example first,
second and third choices. The UE may then be configured to
monitor 1ts first choice band for signal reception. The eNB
may be configured to transmit using the first choice band
where possible. If the eNB cannot schedule a transmission to
the UE on that band 1t may send a control message 111d1cat111g
that 1t may be configured to send a message later on a speci-
fied one of the other band choices, to give the UE time to
change its receive Irequency to that band. In some embodi-
ments, the UE may on a periodic or continuing basis deter-
mine averages of the signal quality of the preferred selected
bands, for example the first, second and third selected bands,
in order to periodically update the selection of the preferred

bands.
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[0060] The UE may comprise a computer processor opera-
tively coupled to memory, along with other supporting elec-
tronics. The memory contains program instructions for
executing operations to be carried out by the UE 1n accor-
dance with the present technology. The functionality of the
UE may be encoded in hardware, software, or firmware, or a
combination thereof. The UE comprises radio communica-
tion electronics configured for monitoring the radio environ-
ment, and also for communicating to and from the base sta-
tion, for example 1n the form of CQI messages and data
messages. Various hardware components of an M2M UE may
be provided as would be readily understood by a worker
skilled 1n the art.

[0061] Embodiments of the present technology enable the
operation of a LTE compatible narrow band M2M specialized
transcerver, which 1s configured to provide the particular LTE
communication capabilities as described herein. The chipset
may be incorporated into user equipment such as M2M user
equipment. The chipset may comprise baseband components,
RF components, or both, as would be readily understood by a
worker skilled in the art. In particular, the chipset may be
configured to perform the sub-band selection, communica-
tion of the selection, and subsequent use of a particular
resource block falling within the sub-band, as described
herein.

[0062] The base station may comprise a computer proces-
sor operatively coupled to memory, along with other support-
ing electronics. The memory contains program instructions
for executing operations to be carried out by the base station
in accordance with the present technology. The functionality
ol the base station may be encoded 1n hardware, software, or
firmware, or a combination thereof. The base station com-
prises radio communication electronics configured for com-
municating to and from the UE, for example in the form of
CQI messages and data messages. Various hardware compo-
nents of an LTE base station (eNB) may be provided as would
be readily understood by a worker skilled 1n the art.

[0063] It will be readily understood that aspects of the
technology as described herein may be provided in the form
ol an appropriate computer or computing system, such as a
mobile terminal, UE, base station, eNB, or the like, or by a
system of components 1n commumnication with each other via
an LTE wireless communication network. Existing UEs and
base stations may be modified 1n accordance with the present
technology, for example by providing additional or replace-
ment functionalities or functional modules alongside or in
place of existing functionalities or functional modules. New
functional modules may comprise appropriate hardware,
software, firmware, or a combination thereof. For example,
terminals, servers, network controllers, eNBs, and the like,
may operate as described herein partially by causing a micro-
processor or set of microprocessors to execute instructions
stored 1n memory. The microprocessor 1n turn may cause
other electronic components to operate as instructed, for
example to process signals, transmit and receive radio sig-
nals, and the like. In some embodiments, hardware or firm-
ware-enabled hardware, such as microcontrollers, digital sig-
nal processors, RF electronics components, or the like, or a
combination thereol may be used and/or modified in a similar
manner. In general, general-purpose or dedicated electronic
components, as will be readily understood by a worker skilled
in the art, will be used to implement the various functional-
ities as described herein. Various functionalities as described
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herein may be achieved via reconfiguration of existing hard-
ware, software and/or firmware.

[0064] It will be appreciated that, although specific
embodiments of the technology have been described herein
for purposes of illustration, various modifications may be
made without departing from the spirit and scope of the
technology. In particular, 1t 1s within the scope of the technol-
ogy to provide a computer program product or program ele-
ment, or a program storage or memory device such as a solid
or fluid transmission medium, magnetic or optical wire, tape
or disc, or the like, for storing signals readable by a machine,
for controlling the operation of a computer and/or firmware
according to the method of the technology and/or to structure
its components 1n accordance with the system of the technol-
0gy.

[0065] In addition, while portions of the above discuss the
technology as 1t can be implemented using a generic OS
and/or generic hardware, 1t 1s within the scope of the present
technology that the method, apparatus and computer program
product of the technology can equally be implemented to
operate using a non-generic OS and/or can use non-generic
hardware.

[0066] Further, each step of the method may be executed on
one or more appropriate computing devices, such as M2M
devices, personal computers, servers, base stations, or the
like, or system of computing devices, and pursuant to one or
more, or a part of one or more, program elements, modules or
objects generated from any programming language, such as
C++, C#, Java, PL/1, or the like. In addition, each step, orafile
or object or the like implementing each said step, may be
executed by special purpose hardware or a circuit module
designed for that purpose.

[0067] It 1s obvious that the foregoing embodiments of the
technology are examples and can be varied 1n many ways.
Such present or future variations are not to be regarded as a
departure from the spirit and scope of the technology, and all
such modifications as would be obvious to one skilled 1n the
art are intended to be included within the scope of the follow-
ing claims.

We claim:

1. A computer-implemented method for performing ire-
quency selective scheduling between a user equipment (UE)
and a base station, the method comprising:

a) selecting, by the UE, a sub-band within a predetermined
system bandwidth based on observed radio conditions;

b) communicating the selected sub-band from the UE to
the base station;

¢) selecting, by the base station, a LTE resource block
having a frequency range falling within the sub-band;
and

d) using the selected resource block for communication
between the base station and the UE.

2. The method of claim 1, wherein communicating the
selected sub-band from the UE to the base station comprises
embedding an indication of the selected sub-band within a
CQI message transmitted from the UE to the base station.

3. The method of claim 1, further comprising transmitting,
a resource assignment message from the base station to the
UE using the selected sub-band, the resource assignment
message indicative of the selected resource block.

4. The method of claim 3, wherein the resource assignment
message 1s transmitted using the selected resource block.
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5. The method of claim 4, wherein the UE 1s configured to
monitor all resource block frequencies within the selected
sub-band for the resource assignment message.

6. The method of claam 1, wherein the base station 1s
configured to use the selected resource block for transmission
of a message to the UE and the UE 1s configured to monitor
the selected resource block for reception of the message.

7. The method of claim 1, further comprising performing
steps (a) through (d) repeatedly.

8. The method of claim 7, wherein repetition of steps (a)
through (d) 1s performed at a frequency which 1s selected
based at least in part on an expected channel coherence time
of sub-bands within the predetermined system bandwidth.

9. The method of claim 7, wherein step (b) of a current
iteration of the method 1s performed concurrently with step
(d) of a prior iteration of the method.

10. The method of claim 7, wherein step (d) of a current
iteration of the method 1s performed 1n a TTI immediately
tollowing step (b) of the current 1teration of the method.

11. The method of claim 1, further comprising repeating

steps (a) through (d) when communication conditions fall
below a predetermined threshold.

12. The method of claim 1, wherein steps (a) through (d)
are repeated at a rate which increases with data tratfic volume.

13. The method of claim 1, wherein the sub-band 1is
selected from a plurality of overlapping sub-bands.

14. The method of claim 1, wherein the observed radio
conditions include transmission signal quality of the base
station on at least one sub-band, as observed by the UE.

15. The method of claim 1, wherein the UE 1s configured to
observe radio conditions on at least one sub-band at times
when the UE has determined that no communication between
the UE and the base station will occur.

16. The method of claim 1, wherein steps (a) through (d)
are performed when data traflic volume exceeds a predeter-
mined threshold, and otherwise the sub-band is selected ran-
domly.

17. The method of claim 1, wherein the selected sub-band
has a bandwidth of between 180 kHz and 1.4 MHz.

18. A system comprising a user equipment (UE) and a base
station, the system configured for performing frequency
selective scheduling between the UE and the base station and
comprising;

a) a sub-band selection module of the UE, the sub-band

selection module configured to select a sub-hand within
a predetermined system bandwidth based on observed
radio conditions;

b) communication means for communicating the selected
sub-band from the UE to the base station; and

¢) aresource block selection module of the base station, the
resource block selection module configured to select a
LTE resource block having a frequency range falling
within the sub-band;

wherein the system 1s further configured to use the selected

resource block tfor communication between the base
station and the UE.

19. The system of claim 18, wherein the UE comprises a
communication module configured to communicate the
selected sub-band to the base station by embedding an 1ndi-
cation of the selected sub-band within a CQI message trans-
mitted to the base station.

20. The system of claim 18, wherein the base station com-
prises a communication module configured to transmit a
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resource assignment message to the UE using the selected
sub-band, the resource assignment message indicative of the
selected resource block.

21. The system of claim 18, wherein the UE further com-
prises a momnitoring module configured to monitor all
resource block frequencies within the selected sub-band for
the resource assignment message.

22. The system of claim 18, wherein said sub-band selec-
tion and resource block selection 1s performed repeatedly.

23. The system of claim 22, wherein a current sub-band
selection performed concurrently with use of a previously
selected resource block for communication.

24. The system of claim 22, wherein a current sub-band
selection performed 1n a TTI immediately prior to use of the
current selected resource block for communication.

25. The system of claim 18, wherein the UE 1s configured
to observe radio conditions on at least one sub-band at times
when the UE has determined that no communication between
the UE and the base station will occur.
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26. The system of claim 18, wherein said sub-band selec-
tion and resource block selection 1s performed when data
traffic volume exceeds a predetermined threshold, and other-
wise the sub-band 1s selected randomly.

27. A computer program product comprising a memory
having computer readable code embodied therein, for execu-
tion by a CPU, for performing operations for performing
frequency selective scheduling between a user equipment
(UE) and a base station, the operations comprising:

a) selecting, by the UE, a sub-band within a predetermined

system bandwidth based on observed radio conditions;

b) communicating the selected sub-band from the UE to

the base station;

¢) selecting, by the base station, a LTE resource block

having a frequency range falling within the sub-band;
and

d) using the selected resource block for communication
between the base station and the UE.
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