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METHOD AND APPARATUS FOR COMMUNICATION OF SYSTEM
INFORMATION INAWIRELESS SYSTEM

FIELD OF THE TECHNOLOGY

[0001]  The present technology pertains in general to wireless communications and in
particular to communication of certain broadcast system information, such as system

information blocks, in accordance with wireless standards such asLTE.
BACKGROUND

[0002] Wireless communication systems such as LTE systems exhibit limited
coverage, particularly for terminals exposed to marginal radio conditions or on the edge
of a coverage area. It is often desired to improve coverage, and typical approaches to
coverage improvement include increasing data repetition, decreasing the coding rate, or
the like. Currently, there is a focus on providing coverage improvement for machine-to-
machine wireless devices, which may have significantly different operating requirements
than user devices. For example, machine-to-machine devices such as wireless monitors
or meters may only transmit relatively small amounts of data, possibly infrequently, and

possibly with high tolerance to latency, system acquisition times, or the like.

[0003] The Physical Downlink Shared Channel (PDSCH) used in LTE systems is one
communication channel which may benefit from coverage improvement efforts. In
particular, system information broadcast via System Information Blocks (SIBs) on this
channel may benefit from such efforts. However, it is difficult to improve coverage for
this channel in away that would not require significant changestothe LTE standard, and

hence would not raise backward compatibility issues.

[0004]  Therefore there is a need for a method and apparatus for achieving coverage
improvement in shared channels such as the PDSCH that is not subject to one or more

limitations in the prior art.

[0005]  This background information is provided for the purpose of making known

information believed by the applicant to be of possible relevance to the present
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technology. No admission is necessarily intended, nor should be construed, that any of

the preceding information constitutes prior art against the present technology.
SUMMARY OF THE TECHNOLOGY

[0006] An object of the present technology is to provide a method and apparatus for
communicating system information, such as System Information Blocks, in a wireless
communication system such as LTE. In accordance with an aspect of the present
technology, there is provided a method for communicating system information from a
base station to aterminal in awireless network, the base station configured to broadcast
the system information in accordance with a predetermined standard, the standard
defining arange of allowable values for a least one characteristic of the broadcast, said at
least one characteristic of the broadcast selected from said range of alowable values, the
method comprising: providing a restricted range of values for the a least one
characteristic as a strict subset of the range of alowable values; repeatedly broadcasting
the system information, wherein, for each repetition of the broadcast, the at least one
characteristic is selected from the restricted range of values; providing an indication of
the restricted range of values to the terminal; using said indication a the termina to
facilitate reception of a plurality of the repetitions of the broadcast; and combining the
plurality of the repetitions a the terminal to facilitate recovery of the system information

therefrom.

[0007]  In accordance with another aspect of the present technology, there isprovided a
method for communicating a System Information Block (SIB) from an eNB to aterminal
in an LTE wireless network, the eNB configured to repeatedly broadcast the SIB, each
broadcast having at least one characteristic which is configured in accordance with a
range of alowable values defined by the LTE standard, the method comprising: providing
arestricted range of values for the & least one characteristic as a strict subset of the range
of allowable values; for each broadcast of the SIB, selecting the at least one characteristic
of said broadcast from the restricted range of values; providing an indication of the
restricted range of values to the terminal; using said indication at the terminal to facilitate
reception of a plurality of the repetitions of the broadcast SIB; and combining the
plurality of the repetitions at the termina to facilitate recovery of the SIB therefrom.
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[0008]  In accordance with another aspect of the present technology, there is provided
abase station for communicating system information to aterminal in awireless network,
the base station configured to broadcast the system information in accordance with a
predetermined standard, the standard defining arange of allowable values for at least one
characteristic of the broadcast, said a least one characteristic of the broadcast selected
from said range of allowable values, the base station comprising: a system information
broadcast restriction module configured to provide arestricted range of values for the a
least one characteristic as a strict subset of the range of allowable values; and a system
information broadcast module configured to repeatedly broadcast the system information,
wherein, for each repetition of the broadcast, the a least one characteristic is selected
from the restricted range of values, wherein an indication of the restricted range of values
is provided to the terminal, the terminal configured to use said indication to facilitate
reception of aplurality of the repetitions of the broadcast, the terminal further configured
to combine the plurality of the repetitions to facilitate recovery of the system information

therefrom.

[0009] In accordance with an aspect of the present technology, there is provided a
wireless terminal for receiving system information from a base station in a wireless
network, the base station configured to broadcast the system information in accordance
with a predetermined standard, the standard defining a range of allowable values for a
least one characteristic of the broadcast, said at least one characteristic of the broadcast
selected from said range of alowable values, the wireless terminal comprising: a
reception module configured to receive aplurality of repetitions of the broadcast system
information; and a recovery module configured to combine the received plurality of the
repetitions to facilitate recovery of the system information therefrom; wherein the base
station is configured to provide a restricted range of values for the a least one
characteristic as a strict subset of the range of allowable values; and repeatedly broadcast
the system information, wherein, for each repetition of the broadcast, the a least one
characteristic is selected from the restricted range of values, and wherein the reception
module is configured to use a provided indication of the restricted range of values to

facilitate reception of the plurality of the repetitions of the broadcast.

[0010] In accordance with an aspect of the present technology, there is provided a

wireless communication system comprising a base station and a terminal, the system
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configured in part for wirelessly communicating system information from the base station
to the terminal, the base station configured to broadcast the system information in
accordance with a predetermined standard, the standard defining a range of alowable
values for at least one characteristic of the broadcast, said at least one characteristic of the
broadcast selected from said range of alowable values, the system comprising: a system
information broadcast restriction module of the base station, configured to provide a
restricted range of values for the at least one characteristic as a strict subset of the range
of alowable values, a system information broadcast module of the base station,
configured to repeatedly broadcast the system information, wherein, for each repetition of
the broadcast, the at least one characteristic is selected from the restricted range of values,
a reception module of the terminal, configured to use a provided indication of the
restricted range of values to facilitate reception of a plurality of the repetitions of the
broadcast; and a recovery module of the terminal, configured to combine the received
plurality of the repetitions to facilitate recovery of the system information therefrom.

[0011] In accordance with another aspect of the present technology, there is provided a
computer program product comprising a computer readable medium storing computer
executable statements and instructions thereon that, when executed by a computer,
perform operations for implementing one or more methods or portions thereof, as

described herein.
BRIEF DESCRIPTION OF THE FIGURES

[0012] These and other features of the technology will become more apparent in the

following detailed description in which reference is made to the appended drawings.

[0013]  Figure lillustrates a method provided in accordance with embodiments of the

present technology.

[0014]  Figure 2 illustrates a system provided in accordance with embodiments of the

present technology.

[0015] Figure 3 illustrates operations for restricting the range of broadcast
characteristic values in view of aterminal's capabilities, in accordance with embodiments

of the present technology.
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[0016]  Figure 4 illustrates operations by aterminal for anticipating broadcasts without
regard to scheduling messages, in accordance with embodiments of the present

technology.

[0017]  Figure 5 illustrates operations of an eNB to reduce involvement of legacy

terminals, in accordance with embodiments of the present technology.
DETAILED DESCRIPTION OF THE TECHNOLOGY
Definitions

[0018]  Asused herein, the term "about" refersto a+/- 10% variation from the nominal
value. It is to be understood that such a variation is always included in a given value

provided herein, whether or not it is specifically referred to.

[0019] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which

this technology belongs.

[0020]  Various technical terms specified herein may be understood with reference to
standards documents pertaining to the Long Term Evolution (LTE) wireless
communication, or similar wireless communication standards such as UMTS. While
these terms should be read in amanner that is consistent with at least the LTE standard, it
is understood that the technology as described herein may be adapted for use with certain

other existing or future wireless communication standards or protocols.

[0021]  Aspects of the present technology provide for increased signal coverage or
increased signal gain or both with respect to wireless broadcasts of certain system
information from a base station to termina devices, for example in a wireless
communication system utilizing a protocol such as LTE. The information may include
system information blocks (SIBs) transmitted via the LTE physical downlink shared
channel (PDSCH). The information is repeated, for example periodically or quasi-
periodically, thereby generating plural copies of the information. The terminal devices,
commonly referred to as user equipment (UE) but including machine-to-machine and
other types of devices, are configured to receive and combine plural copies of the

information and to decode the combination of the plural copies in order to increase
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decoding capability. For example, by combining plural copies of the same information,
the signal-to-noise ratio of the combination can be deemed to be increased relative to the
signal-to-noise ratio of asingle copy of the information. In short, the terminal devices are
configured to accumulate the radio energy corresponding to the broadcast information
over time, by receiving, storing and combining plural repetitions of the relevant broadcast
radio energy. Each transmitted copy of the information corresponds to adding extra
energy to the transmission, for example corresponding to an increase in the ratio of
energy per bit to noise power spectral density. The combining may correspond to

maximum-ratio combining or another type of combining, for example.

[0022] In order to achieve the above, the wireless terminals are configured to at least
partially know a priori, or otherwise predict, the timing, radio frequency, and other
relevant information pertaining to the base station broadcasts. In various embodiments, in
order to facilitate predictability, the information, for example including SIBs, is broadcast
over the air in accordance with aknown or predicable schedule, both in terms of time and
radio frequency, in accordance with other known or predictable characteristics, such as
modulation and coding schemes, number of resource blocks, used, or the like, or in

accordance with acombination of the above.

[0023] Thus, for example, in addition to using known or predictable system frames
and/or sub-frames or windows of sub-frames for broadcasting SIBs, as may be done
presently, the present technology provides other broadcast aspects known or more
predictable, such as the number of resource blocks used to broadcast a given SIB, the
particular resource blocks used, the modulation scheme used, the coding rate, or the like,

or a combination thereof.

[0024] In various embodiments, in order for the accumulation of radio energy to
adequately reflect the broadcast information, the various copies of the broadcast
information should have similar or possibly identical information content (although
possibly coded differently in different redundancy versions). In current implementations
of LTE, it is observed that SIBs typically satisfy this criterion, since a least some SIB
content changes infrequently. In particular, SIB1 and SIB2 typicaly have infrequently
changing content. Therefore, embodiments of the present technology apply the above-
identified repetition technique for communication of SIB information. In various

embodiments, the predictability of broadcast SIB information is enhanced by causing the
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base station to broadcast SIBsin amore predictable manner than istypica in the prior art.
However, such adjustments may be made within the parameters of the communication
standard being implemented (for example LTE). Therefore, the affected base stations
will still be capable of communicating with legacy terminals.

[0025] In some embodiments, consecutively transmitted copies of the information are
substantially identical to each other, or nearly identical except for a portion of the
information content which potentially changes over time in apredictable or unpredictable
manner. This approach facilitates a form of repetition channel coding. In other
embodiments, consecutively transmitted copies of the information are encoded
differently, thereby facilitating a different form of error detecting and/or error correcting
coding scheme. Various such channel coding schemes would be readily understood by a

worker skilled in the art.

[0026] In some embodiments, when plural transmitted copies of the information
include different information but those differences are predictable, channel coding can be
achieved for the different information by factoring in the known manner in which the
information differs between copies. For example, suppose an information field is known
to change by a given increment value q between transmitted copies, and K copies of that
field are observed, each corresponding to one of a plurality of transmitted copies of the
information and each observation yielding value O(k) for k=I to K. Then the noise for
observation 0(1) can bereduced by taking 0(1) equal to the average of P(k) over k=1 to
K, where P(k) is acompensated observation P(k)=0(k)-(k-1)q.

[0027] Aspects of the present technology accordingly provide for wirelessly
communicating broadcast system information in accordance with a given wireless
communication standard. For example, broadcast may be over the LTE physica
downlink shared channel (PDSCH) and may comprise system information blocks such as
one or more of SIB1, SIB2, SIB3, SIB4, SIB5, SIB6, SIB7, SIBS, SIB9, SIB 10, SIB11,
SIB12, SIB13, SIB14, SIB15 and SIB16. In some embodiments, only deemed essential
SIBs, such as SIB1 to SIB4, are transmitted in the manner described herein. The given
wireless communication standard is such that the base station has at least some autonomy
to schedule broadcasts of the system information, within a least some predetermined
parameters. That is, al of the broadcast parameters for a particular SIB may not be

known apriori. Aspects of the present technology may therefore comprise restricting the
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autonomy of the base station so that the parameters fall within a tighter range than is
allowed by the standard. This enhances predictability by restricting SIB scheduling
flexibility. In some embodiments the schedule is specified such that it is substantially
deterministic and therefore may be easily predicted by the wireless terminals. This may
require scheduling other transmission activity of the base station around the defined
schedule for broadcasting the system information. For example, due to the additional
scheduling restrictions, the base station may occasionally be required to postpone a UE's
downlink grant message due to conflicts with the fixed schedule for SIB transmission.
This may increase system latency somewhat, however overhead and spectral efficiency
are not expected to be affected to a considerable degree. It ishoted that SIB1 is aready
transmitted according to a fixed time schedule, so impacts from SIB1 are further limited.
Alternatively, in some embodiments, the resources scheduled for use in a SIB
transmission may be occasionally reallocated, the result being that the accumulated SIB
energy at the terminal will be corrupted by some amount of noise. However, provided
that such reallocations occur only rarely, and that the terminal also acquires a sufficient

number of uncorrupted copies of the repeated SIB, this amount of noise may betolerable.

[0028] Embodiments of the present technology may facilitate providing improved
coverage for decoding SIBs with limited degradation of spectral efficiency. For example,
the SIB transmission frequency may remain as currently defined for LTE systems.
Although accumulating an adequate number of copies of a SIB at the terminal may take
up to several seconds, such latency is deemed to be tolerable for a least machine-to-
machine type devices. Other devices may till use legacy methods of acquiring SIB
information. In fact, a single device may switch between methods of acquiring SIB

information.

[0029] In some embodiments, aterminal may be configured to attempt to decode the
SIB after each transmitted copy of the SIB is received and accumulated/combined with
previousy received copies. If the CRC check for the decoding operation passes then the
SIB is deemed to be successfully decoded. Otherwise the terminal is configured to
receive and combine at least one more copy of the SIB and then attempt to decode the
SIB again. If the decoding operation succeeds on the first copy of the SIB, then no
combining operations are actually required. It is noted that the time to decode is

dependent on the coverage required. For example, for SIB1, the time to decode may
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range from 1 SIB1 (20ms) in good coverage to 100 SIB1 (2 seconds) in poor coverage.
For example, the combining of aplurality of repetitions of the SIB can improve recovery

of the system information in the presence of noise.

[0030]  With reference to Figure 1, an aspect of the present technology accordingly
provides a method for communicating system information from a base station to a
terminal in awireless network. The base station is generally configured to broadcast the
system information in accordance with a predetermined standard, the standard defining a
range 110 of allowable values for at least one characteristic of the broadcast. The range
may be continuous or non-continuous, i.e. there may or may not be gaps in the range.
The standard may be a version of the LTE standard, and the system information may
correspond to System Information Blocks (SIBs) of one or more types, for example
transmitted over the PDSCH and (currently) scheduled via the PDCCH. Under the
existing standard, the at least one characteristic of the broadcast is selected by the base
station from the range of alowable values. Characteristics of the broadcast may include
details of the transmission schedule, including timing and physical resource block (PRB)
locations within the band, details of the coding rate, modulation and coding scheme used,
details of the number of physical resource blocks used in the broadcast, and the like.

[0031]]  The above-mentioned method comprises providing 120 arestricted range 125
of values for the a least one characteristic of the broadcast. The restricted range 125 of
values is a strict subset of the range 110 of allowable values defined by the standard, and
may potentially include a single data point or arange of data points. Each such data point
may have the same dimensionality as the range of values. For example, if there are N
different characteristics of the broadcast which are being restricted, then the data point
may be apoint in N dimensional "value space." Thus, for example, the restricted range of
values may have the effect that, of all the options relating to scheduling, modulation,
coding, number and location of physical resource blocks, and the like, which the standard
defines as being selectable at the discretion of the base station for broadcasting the system
information, only one or alimited number of these options are made available for actua
use. The restricted range of values is not necessarily contiguous. In some embodiments,
the restricted range of values may include plural potential values for some dimensions

and only a single specified value for other dimensions, where dimensions correspond to
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options such as relating to scheduling, modulation, coding, number and location of

physical resource blocks, or the like.

[0032] The above-mentioned method further comprises repeatedly broadcasting 130
the system information. In particular, for each repetition of the broadcast of system
information, for example for each SIB broadcast, the a least one characteristic of the
broadcast is selected from the restricted range of values, as described above. The method
further comprises providing 140 an indication of the restricted range 125 of values to the
terminal. The indication may be provided apriori for example through pre-configuration
of the termina a the time of programming or provisioning, or at a later time. The
indication may be provided apriori through standardization, that is by configuring the
terminals according to a given standard which mandates certain operation of the terminals
in accordance with the restricted range of values, thereby causing the terminals to
implicitly operate in accordance with the restricted range of values. The indication may
be provided or updated via over the ar wireless update messages. In various
embodiments, SIB1 contains an indication relating to the restricted range for a least
SIB2. Further, in various embodiments, SIB2 contains an indication relating to the

restricted range for some or al higher-numbered SIBs.

[0033] The method further comprises using 150 the provided indication at the terminal
to facilitate reception of a plurality of the repetitions of the repeated broadcast. For
example, the terminal, expecting that the various characteristics of the broadcast will fall
within a known restricted range of values (which is possibly a single data point), can
simplify reception of the broadcast. Reception may be simplified, for example, in that the
terminal knows which resource blocks to monitor a which times, and how to decode the
information carried by those resource blocks, possibly without also having to monitor for

and receive scheduling information regarding the system information broadcast.

[0034] In various LTE embodiments, for example, since the terminal now possesses or
is capable of predicting all the information that would normally be provided in the DCI
message, the terminal may no longer need to decode the PDCCH for DCI messages
corresponding to SIB broadcasts, (wherein al SIB broadcasts are scheduled on the
PDCCH in LTE) when using the present technology. Since the terminal may be in low
coverage, problems with decoding the PDCCH in marginal signal conditions may thus be

avoided. In the case that the restricted range of values comprises a limited plurality of

10
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data points, the terminal may perform blind decoding on some or al of the options
presented by the data points. Asis also noted elsewhere herein, some SIB broadcasts
may correspondingly omit the PDCCH portion.

[0035]  The method further comprises combining 160 the plurality of the repetitions at
the terminal to facilitate recovery of the system information therefrom. This may
comprise coherent combining of the broadcasts, for example similar to the coherent
combining which occurs for primary synchronization signals and secondary
synchronization signals in LTE for decoding. Combining may comprise maximum ratio
combining or other combining, for example. Insofar as the plurality of broadcast
repetitions are identical, combining may be used to increase the signal-to-noise ratio of
the message conveyed by the repeated broadcast. By scheduling system information
transmissions to occur with known parameters, such as timings, frequencies, resource
block numbers and locations, modulation and coding parameters, and the like, coherent

combining of system information by terminals is facilitated.

[0036] Figure 4 illustrates operations by a terminal for anticipating 420 broadcasts
without regard to scheduling messages, in accordance with embodiments of the present
technology. Thus, the terminal may not require reception of scheduling messages 425,
such as DCI messages. The anticipation may be based on arestricted range of values of
broadcast parameters retrieved from memory 410 or a restricted range of values of
broadcast parameters received over the air 415 (OTA) from abase station.

[0037] In various embodiments, the method as described herein is implemented by a
computer, or by a collection of computers. Each computer generally comprises a
microprocessor operatively coupled to memory, wherein the microprocessor executes
stored instructions to manipulate data in accordance with the method. In some
embodiments, the computer may correspond to the components of a wireless terminal,
such as a UE or machine-to-machine terminal. In some embodiments, the computer may
correspond to the components of abase station, for example an eNB, or a computer part
thereof. The structure and operation of such computing devices is generaly known in the

art.

[0038]  With reference to Figure 2, another aspect of the present technology provides a

wireless communication system comprising a base station 200 and a wireless terminal
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250. Although only a single wireless terminal 250 is shown, typicaly the system will
comprise a plurality of such wireless terminals associated with each base station. The
system is configured in part for wirelessly communicating system information, such as
SIBs, from the base station to the terminal. The base station is configured in particular to
broadcast the system information in accordance with a predetermined standard, such as
LTE. More generally the standard defines arange of alowable values for at least one
characteristic of the broadcast, said at least one characteristic of the broadcast selected

from said range of alowable values.

[0039] The above-mentioned wireless communication system comprises abase station
having a system information broadcast restriction module 210 and a system information
broadcast module 220. The base station otherwise includes the necessary components of
a standard base station, such as an eNB in LTE. The system information broadcast
restriction module is configured to provide arestricted range of values for the a least one
characteristic as a strict subset of the range of allowable values. The system information
broadcast module is configured to repeatedly broadcast the system information, such that,
for each repetition of the broadcast, the at least one characteristic is selected from the

restricted range of values.

[0040] The wireless terminal of the above-mentioned system comprises a reception
module 260 and a system information recovery module270. The wireless terminad
otherwise includes the necessary components of a standard wireless terminal, such as a
mobile or non-mobile UE or machine-to-machine terminal of an LTE network. The
reception module 260 is configured to use a provided indication 205 of the restricted
range of values to facilitate reception of a plurality of the repetitions of the broadcast.
The recovery module270 is configured to combine the received plurality of the repetitions
to facilitate recovery of the system information therefrom. The reception module 260
and/or the recovery module 270 may be configured to participate in blind decoding of the

received datawhen required.

[0041]  Another aspect of the present technology provides a base station of the above-
described system. Yet another aspect of the present technology provides a wireless

terminal of the above-described system.

System Information Blocks
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[0042] In current LTE systems, System Information Blocks (SIBs) are transmitted via
the Broadcast Control Channel (BCCH), Downlink Shared Channel (DL-SCH), and
Physical Downlink Shared Channd (PDSCH). SIBs are scheduled using the Physical
Downlink Control Channel (PDCCH), asistypica for PDSCH traffic, using a Downlink
Control Information (DCI) message broadcast by the base station over the PDCCH.

[0043] Typicaly, awireless terminal (User Equipment or UE) requires knowledge of
a least SIB1 and SIB2 in order to access a corresponding base station (eNB). Once a
wireless termina has acquired al of the SIBs, it may no longer need to wake up to
receive them, but may instead wake up to make a determination of whether a change in

one or more of the SIBsis indicated to have occurred.

[0044]  Transmission of SIB1listime-domain scheduled somewhat differently from the
other SIBs. SIB listransmitted according to afixed schedule with aperiodicity of 80 ms,
with repetitions made within the 80 ms. In particular, the first transmission of SIB1 is
transmitted in subframe number 5 of radio frames for which the System Frame Number
(SFN) mod 8 = 0, and repetitions (different redundancy versions of SIB1) are transmitted
in subframe number 5 of all other radio frames for which SFN mod 2 = 0. System
Information (SI) windowing isnot used for SIB1. SIB1 may still be scheduled anywhere

within the UE's common PDCCH search space.

[0045] Currently, when Downlink Control Information (DCI) message format 1A or
format 1C is in use, the modulation scheme is fixed as Quadrature Phase Shift Keying
(QPSK). The coding is dynamic depending on the amount of information sent in SIB1,

via the Transport Block Size Index (l;55)-

[0046] Transmission of other SIBs, e.g. SIB2 to SIB 16, is scheduled dynamically and
flexibly in time. Scheduling particulars are communicated via the information elements

si-Periodicity and si-WindowLength, which are conveyed via SIB1.

[0047]  The scheduling information list conveyed via SIB1 informs the UE regarding
the presence of one or more SIB types, and may include at least the si-Periodicity and si-
WindowLength parameters for one or more higher-level SIBs. Si-Periodicity isindicative
of the periodicity of repeated broadcasts of a designated SIB, in terms of radio frames.
Si-WindowLength isindicative of arange of subframes in which SIBs may be broadcast.

The parameter SIB-Mappinglnfo conveys the type of SIBs mapped.
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[0048] As mentioned above, SIBs are scheduled by the PDCCH. In the common
search space, UEs will typically search for Formats 1A and 1C, and may additionally
search for other formats such as Formats 3 or 3A (which have the same size as Formats O
and 1A but have their Cyclic Redundancy Check (CRC) scrambled by a common identity
rather than a UE-specific identity).

[0049] DClI Format 1C is typically used for compact transmission of PDSCH

assignments.

[0050] LTE includes four PDCCH formats, numbered 0, 1, 2 and 3 and having 1, 2, 4,
and 8 Control Channel Elements (CCEs) respectively. For PDCCH format 2, there may
be four candidates in the common search space, while for PDCCH format 3, there are
only two candidates in the common search space. PDCCH formats 2 and 3 are typically

used to provide good coverage.

[0051] As will be readily understood, while the LTE Master Information Block
generally contains the most important parameters, the various SIBs contain other
parameters. SIB1 includes cell access related parameters and scheduling parameters.
SIB2 includes common and shared channel configuration information. SIB3 includes
parameters required for intra-frequency cell reselection. SIB4 includes information on
intra-frequency neighbouring cells.  SIB5 includes information on inter-frequency
neighbouring cells. SIB6 includes information for reselection to UMTS (UTRAN) cells
if no suitable LTE cell is available. SIB7 includes information for reselection to GSM
(GERAN) cédllsif no suitable LTE or UMTS cell is available. SIB8 includes information
for reselection to CDMA2000 systems. SIB9 includes the home eNB name for future
femtocell applications. SIB10 and SIB11 include Earthquake and Tsunami Warning

System information. SIB 12 includes commercial mobile aerting system information.

[0052] For SIB1, the amount of data within the SIB is flexible, so the coding (1TBS)
and number of resource blocks used isvariable. This information istypically indicated in
the DCI message on the PDCCH which isrelated to scheduling of SIB 1.

[0053] More details regarding SIBs can be found in the 3GPP specifications, for
example in 3GPP TS 36.331, Version 11.3.0, "3rd Generation Partnership Project;
Technical Specification Group Radio Access Network; Evolved Universal Terrestria
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Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification
(Release 11)," March, 2013, Chapter 6.3, hereinafter referred toas TS 36.331.

Restricted Transmissiond S Bs

[0054] Embodiments of the present technology comprise restricted transmission of at
least some SIBs, as transmitted by the base station via a shared channel such as the
PDSCH. Restricted transmission may comprise restricted scheduling of the transmission,
restricted configuration of the SIBs and transmission parameters for the SIBs, or a
combination thereof. It is noted that this SIB1 is already transmitted in known system
frames (provided that the System Frame Number (SFN) is known), and a known sub-
frame number 5. Furthermore, SIB1 may convey certain other scheduling information
relating to other SIBs as discussed above, for example through the Scheduling
Information List parameter. Restricted scheduling may therefore comprise imposing

further restrictions on transmission scheduling for the SIBs.

[0055] In particular, restricted transmission may comprise scheduling and configuring
transmission of the SIBs so that one or more of the following characteristics are known or
predictable to the terminals: Transmission times; Particular resource blocks used (location
in time and frequency within a predetermined band) for the transmission; Particular
modulation scheme used for the transmission; Particular coding rate; Particular transport
block size corresponding to iTes, for example; and Particular number of resource blocks

used for the transmission or the like.

[0056] In various embodiments, restricted transmission is applied only to those SIBs
which are critical for operation of classes of terminals which are configured to take
advantage of the present technology. For example, restricted scheduling may be applied
to SIB1 and SIB2. As another example, restricted scheduling may be applied to SIB1,
SIB2, SIB3 and SIB4.

[0057] It isfurther noted that, although transmission of SIBsisrestricted, the imposed
restrictions fall within the range of options specified by the standard. Therefore,
restricted transmissions can dtill be received by legacy terminas, which facilitates

backward compatibility of the present technology.
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[0058] For SIBI, embodiments of the present technology comprise setting the
modulation and coding scheme of the SIB PDSCH to a known or predictable selection.
For example, modulation may be fixed for al formats to be QPSK. The coding scheme
may be set directly or indirectly. For example, when the coding scheme isthe function of
other factors in the SIB transmission, these other factors may be set or restricted so as to
set or restrict the coding scheme in use.  Such factors may potentialy relate to coverage

requirements for legacy UEs and the size (amount of information) in the SIB.

[0059] Further for SIBI, embodiments of the present technology comprise providing
the SIB PDSCH within the band a a known or predictable location. The location may
change in a predictable way, for example as a function of the SFN and radiofrequency
bandwidth (RF BW). Changing the location dynamically may facilitate providing
frequency diversity.

[0060] In some embodiments, for example in relation to LTE, limited availability of
PRBs for smaller bandwidth settings (e.g. 1.4 MHz BW channels may only have 6 PRBS),
implies that there may be inadequate room for frequency hopping. Therefore, the
schedule maybe dependent on the bandwidth, for example as measured in number of
resource blocks. This may allow the SIB to move off the center PRBs of the band which
may aready be used for PSS/SSS and PBCH.

[0061] Embodiments of the present technology may comprise selecting a fixed value
for 1,55 and a fixed number of resource blocks for use by a SIB, for example SIBI.
Although the amount of data within SIBI is flexible within the standard, the amount of
data fallswithin anarrow predefined range, hence restricting this flexibility is expected to

have limited impact.

[0062] Embodiments of the present technology may aternatively comprise defining a
predetermined but limited range for 155 and the number of resource blocks for use by a
SIB. The range may be smaller than that specified by the standard. A UE may then be
configured to perform blind decoding using this limited range to limit the blind decoding

search. This allows some flexibility while managing computational complexity.

[0063]  In some embodiments, the current 155 and the number of resource blocks for
use by a SIB such as SIBI may be indicated in the Master Information Block (MIB), for

example using spare bits included in the MIB. A terminal in receipt of the MIB would
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then be able to predict these configuration parameters for the designated SIB. In some
embodiments, SIB1 may be indicative of parameters such astes and n g Used by SIB2,
and SIB2 may be indicative of same or similar parameters related to other higher-
numbered SIBs.

[0064] In some embodiments, the termina is configured to accumulate plural copies
of the PDCCH DCI message which are transmitted in relation to scheduling of plural
copies of the SIB. The plura copies of the PDCCH message may be combined in order
to improve the signal-to-noise ratio and decoded. This may require that the plural copies
of the DCI message be substantially identical and also in the same known location within
the common search space. In LTE, DCI (DL grants) for SIB messages are scheduled
within the terminal’'s common PDCCH search space. Currently the common search space
is limited, hence using the same location is considered feasible. In such embodiments,
the PDCCH DCI message may be decoded from its plural copies prior to receiving and
decoding the related SIB message, which is aso decoded from plural copies.

[0065] Embodiments of the present technology comprise setting the sub-frame of SIBs
other than SIB1 to a known fixed or predictable value. In some embodiments, this may
be done by setting the Si-Windowlength parameter to one. The existing method for
determining which sub-frame the Si window starts on can be used, so that each type of
SIB starts in a different subframe. In some embodiments, since the Si-Windowlength
parameter applies to all SIBs, this approach places scheduling constraints even on the

non-essential SIBs which are not necessarily intended to be restricted.

[0066] In some embodiments, the standard may be adjusted so that essential SIBs are
assigned a St Window length of one, while other non-essential SIBs have a Si Window
length assigned by the Si-Windowlength parameter as set in SIB1. This avoids the above

unintended consequence of restricting non-essential SIBs.

[0067] In various embodiments, each type of SIB may be configured to use different
resource blocks within the band. For example, SIB1 and SIB2 may be broadcast using
different, non-overlapping restricted ranges of allowable values for their corresponding
broadcast characteristics. As described previoudly, the location of the resource blocks

may be known or predictable, but not necessarily fixed.
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[0068] In various embodiments, the modulation and coding scheme and number of
resource blocks used for different SIB types may be determined substantially
independently. For example, SIB2 may use a different modulation and coding scheme
than SIB3. The modulation and coding scheme and number of resource blocks used for

different SIB types may again be known or predictable.

[0069] It is noted that fixing or restricting the location of the PDSCH SIB data may
generally reduce scheduling flexibility of the base station, which may impact overall
scheduling efficiency. However, the magnitude of such impacts can be considered

acceptable for a least some use cases and measures of performance.

[0070] In some embodiments, to reduce impediments to scheduling flexibility of the
base station, more than one known or predictable location and/or time for transmission of
the PDSCH SIB may be given. The terminal would then be configured to attempt
coherent combining of the SIB from all the known or predictable locations and/or times.
This may require additional processing by the terminal. However, unused processing
capacity may be present when the termina is in acquisition mode, which is considered

likely when receiving SIBs.

[0071] In some embodiments, since the size of the SIB messages can vary from
system to system (e.g. due to the size of the plmn-ldentityList), the number of PRBs used
(NPRB) and code rate matching (i.e. 1TBs) may vary. Such information may be required by
the terminal in order to perform coherent combining. There are several solutions to this
problem. One solution is to restrict transmission of SIB1 so that it is performed in
accordance with a small set of itBs and Nr:B options. The terminal may then be
configured to perform blind decoding on the restricted set of options, that isby attempting
to decode a plurality of the various options in order to discover which option was used.
The SIB1 may then include anew information element indicating the 1T8s and Nr;B used
in transmission of other SIBs such as SIB2. Restricting the set of 1Tes and NPRB for SIB1
may potentially increase system overhead. Since the variation in the size of the SIB1 is
limited (e.g. SIB1 may be 1, 2, 3 or 4 Physical Resource Blocks (PRBS)), the coding rate
may be fixed (e.g. iTBs=4 or 1,8s=5). In some embodiments, a most one PRB is deemed
to be overhead if the above three blind decoding options are used, for example due to the

loss of rate matching dueto fixing IBs-
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[0072] An example overhead calculation follows. The use case carries the following
conditions: SIBI size is 300 bits; Normal UE's need SIBI sent with 1,8s= 5 for coverage;
Low Coverage UE's need I0Ox repeats with 1,8s =5 and require decoding in 2 seconds.
Using repetition, overhead may be calculated as follows: The 300 bit SIBI is encoded
with 1TBs =5 and used 4 PRBS; SIBI isnormally repeated every 20ms which is 100 times
in 2 seconds; To achieve coverage with repetition, the SIBI would be repeated in a
manner to allow combining an extra 100 times in 2 seconds; Thus the overhead is
100/100 or 100%. Using a scheduling restriction mechanism with 1TBs fixed at 4,
overhead may be calculated as follows: The 300 bit SIBI is encoded with I1,8s =4 and
uses 5 PRBs (1 more than 1.8s=5); Overhead is 1/4 PRBs = 25% but better coverage is

provided to all UEs, whether in low coverage areas or not.

[0073] In some embodiments, an LTE terminal’'s complexity and cost does not
substantially increase due to this new SIB blind decoding, aslong asthe number of PRBs
the terminal needs to process in order to perform the above-described blind SIBI
decoding does not exceed the termina's normal PDSCH PRB decoding capability as
required to meet the DL throughput requirements. For example, as described in 3GPP TS
36.306 "Technical Specification; 3rd Generation Partnership Project; Technica
Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access
(E-UTRA); User Equipment (UE) radio access capabilities,” Release 11, V1 1.3.0, March
2013, acategory one (CAT1) UE terminal isrequired by the standard to be able decode at
least 13 PRBs every 1ms or 260 PRB every 20ms in order to achieve the required DL
data rate of 10 Mbps. Thus, if the three blind decoding options are Nz = 1, 2, or 3, then
the blind SIB decoding only requires an equivalent to 6 decodes every 20ms which isless
than the 260 PRBs every 20ms required to satisfy the DL data rate for a CAT 1UE. In
other words, existing terminals should have sufficient capacity for such blind decoding.
If eight blind SIB decoding options are used (e.g. NPRB = 2, 3, 4, 5, 6, 8, 10 and 12), then
the blind SIB decoding may require 40 SIB decodes every 20 ms which is significantly
less than the 260 decodes supported. The number of blind decoding options may be
configured so that timely and effective blind decoding is possible given the terminal’s
computational capabilities, said configuration being performed by the base station in view

of said computational capabilities.
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[0074]  Figure 3 illustrates operations for restricting the range of broadcast
characteristic values in view of aterminal’s capabilities, in accordance with embodiments
of the present technology. The operations may be performed at the base station or
associated infrastructure equipment. First, computational capabilities of aterminal, such
asits PDSCH PRB decoding capability are obtained 310, either by querying the terminal,
performing a database lookup of prior received information, or the like. Next, a
maximum allowable number M of blind decoding operations which can be feasibly
performed by aterminal, given its computational capabilities and other constraints such
as time constraints, is determined 320. Next, the maximum allowable number of data
points in the restricted range of values from which broadcast parameters are selected is set
330 to M. Finaly, the restricted range of data points is configured 340 in view of the

maximum number A of data points thereof.

[0075]  In some embodiments, the maximum allowable number of data points may be
set in consideration of the capabilities of multiple terminals. In this case, the maximum
allowable number of data points may be set as the minimum of a plurality of maximum
allowable numbers of data points, each of those maxima corresponding to a different

terminal.

[0076]  In some embodiments, restricting the range of values for at least some of the
broadcast characteristics, such asrestricting the location options for PRBs thereof and/or
restricting the coding rate options thereof, may lead to additional system effects that may
bemanaged. In particular, changing such location options and/or coding rate options may
cause an increase in power consumption of UEsS connected to the wireless network. For
example, the current LTE specification requires that changes made to the MIB or SIBs
generaly triggers all UEs to re-acquire this information, which results in increased UE

power consumption and other use of resources.

[0077]  Therefore, some embodiments of the present invention are configured to
address the above-identified additional system effects, such as the power consumption
issue. In some such embodiments, the eNB may be configured to refrain from indicating
changes to the MIB and/or SIBsto al UEs when only the PRB location thereof and/or the
coding rate thereof has changed. As such, the general population of UEs would not be

triggered to re-acquire MIB/SIB information, thereby reducing resource consumption.
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[0078] In some embodiments, additional repetitions of broadcast messages, such as
SIBs, may be deemed to be superfluous to the requirements of legacy UES (or other
classes of UESs), while also being deemed beneficial for other UEs. For example, such
additional repetitions may result in areduced SIB acquisition time for UEs, which may be
beneficial in some instances. In this case, the present technology may be configured, for
SIB messages deemed to be superfluous, to transmit those SIB's PDSCH portion but not
the associated PDCCH messages, such as the associated scheduling information for the
PDSCH portion. Rather, the target UEs may be configured to acquire the PDSCH portion
using apriori scheduling knowledge as described elsewhere herein. In this way, the
PDSCH portion may be repeated more frequently than the PDCCH portion, thereby
conserving PDCCH resources. In addition, such an approach may be considered
backward compatible with legacy UEs, since fixing or restricting the scheduling of SIB
transmissions, associated PRB locations, coding rates, and the like, may be considered
transparent to such legacy UEs. Additionally, transmitting the PDSCH portion of a
broadcast message without transmitting its corresponding PDCCH portion may aso be
considered transparent to such legacy UEs. Transparency as stated above may relate to
the observation that the legacy UEs may generally continue operating as before even

when the above-identified variations to the standard are implemented.

[0079] Figure 5 illustrates operations of an eNB 500 to reduce involvement of legacy
terminals 520a, 520b, 520c, in accordance with embodiments of the present technology.
Asillustrated, SIB broadcasts by the eNB include SIB broadcasts of type A 530 and SIB
broadcasts of type B 535. Type A broadcasts 530 are transmitted accordance to the
current or legacy LTE standard, including transmission of data on both the PDCCH and
PDSCH, and for receipt by the legacy terminals 520a, 520b, 520c, aswell asthe terminal
510. Type B broadcasts 535 exclude transmission of the PDCCH portion and thus are
invisble to the legacy terminals 520a, 520b, 520c. However, the terminal 510 is
configured with knowledge of the type B broadcast, as described elsewhere herein, and

recelves same.

[0080] Also illustrated in Figure 5 is an operation of the eNB, in which, upon
registering 540 abroadcast parameter update to be performed, determining whether or not
the update is triggered only by a change in a location of PRBs used for transmitting an

SIB and/or a change in coding scheme used for transmitting an SIB. If so, an update
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notification mechanism may be inhibited 545. Otherwise, the update notification
mechanism operates, asin current or legacy versions of LTE, to notify terminals of an

update to the broadcast parameters for communicating the SIB.
Combining SBs at Terminal

[0081] Embodiments of the present technology comprise receiving multiple copies of
repeated SIB messages at a wireless terminal, and coherently combining the multiple
copies. This alows the terminals to accumulate the energy and/or information
corresponding to the SIBs over time, since the SIB message content does not typically
change frequently. Furthermore, restricted transmission of the SIBs facilitates this

coherent combining.

[0082] Asis known in the art, combining multiple copies of the same signal may
facilitate an improved signal-to-noise ratio for the signal, since the signal components
reinforce each other upon combining but the noise components typically do not reinforce
each other. This aspect of the technology is similar to channel coding schemes such as

repetition coding.

[0083] For example, to obtain about 20 dB of coverage improvement for aterminal in
an LTE system, the terminal may be configured to receive and coherently combine about
100 copies of SIB1 as transmitted by the eNB. Since one copy of SIB1 is transmitted
every 20 ms (using one of four different redundancy versions), this is expected to take
about 2 seconds. This latency is acceptable for certain applications, particularly certain

machine-to-machine applications.

[0084] In various embodiments, having known or predictable parameters for
transmission of the SIBs facilitates combining of SIBs at the terminal, since the signa
strength of a single given copy of a SIB may not be high enough for the terminal to
adequately determine the content of the SIB or even adequately discriminate the symbols
conveying the information. By having the terminal know or predict the SIB's
transmission parameters, such as scheduling, number and location of resource blocks,
modulation and coding scheme, and the like, the footprint of a SIB may be readily
identified and the received radio signals within this footprint may be captured for

subsequent combining.
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[0o085] In various embodiments, having consistent parameters for transmission of the
SIBs facilitates combining of SIBs at the terminal, since plural SIBs are more readily
combined when their characteristics match one another closely. In some embodiments,
plural copies of a SIB may then be combined prior to processing of the content.
Correspondingly placed symbols or bits of each SIB's copy may thus be used to reinforce

each other without regard to the underlying meaning of these symbols or bits.

[0086] In various embodiments, as described elsewhere herein, the termina may be
configured to perform blind decoding when several broadcast parameters related to SIBs
are possible but the exact value of the parameter set is not known with certainty. Blind
decoding may generally comprise receiving and decoding wireless signals under a
pluraity of different assumptions regarding the value of the parameter set. As different
assumptions are determined to be false, the corresponding data may be discarded. It is
noted that one or more assumptions may be determined to be false upon discovering that

adifferent assumption is determined to betrue.

[0087] For example, in some embodiments, if blind SIB decoding is performed on the
"number of PRBS" characteristic and the ranges of "number of PRBS" is 1, 2, or 3, (that
is, the exact number of PRBs used by a SIB isunknown apriori but the range is known to
be between one and three), then the terminal will maintain three SIB decoding candidates
(one for each potential PRB length). For each sub-frame the SIB is known to be
transmitted in, the terminal will coherently combine 1 PRB with the PRB length 1
candidate, coherently combine 2 PRBs with the PRB length 2 candidate, and coherently
combine 3 PRBs with the PRB length 3 candidate. Then the UE will attempt to decode
each of these candidates. If the CRC passes for a given candidate, this indicates that the
candidate was successful and the blind SIB decoding process ends. If none pass, then the
UE waits for the next sub-frame known to contain a SIB and coherently combines more

SIBs PRBs to each of the three candidates.
Changing Content d SIBs

[o088] It isnoted that content of a SIB may change over time, although likely at alow
rate. If the content changes while atermina is accumulating copies of a SIB for coherent
combining, then the combination will likely not be successfully decoded, since the

terminal will have acquired amixture of two messages. In various situations, SIB content
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is configured to change only a specific intervals, for example only when the System
Frame Number modulo N is equal to zero, where N is generally configurable. Such a
System Frame is referred to herein as a boundary frame. In such situations, the SIB
content will be fixed for a least N consecutive system frames. 3GPP TS 36.331, Section
5.2.1.3 defines this modification period for the current LTE standard.

[0089] In various embodiments, in view of the above, each terminal may be
configured to avoid combining copies of a SIB from different sides of a boundary frame.
However, this may be problematic when the modification period istoo short, i.e. when N
is smaller than the number of copies of a SIB required for adequate decoding. For
example, the shortest modification period in LTE is about 64 radio frames, which may be
too short, particularly considering that some SIBs may be sent only once during this
modification period. Furthermore, the modification period is not known to the terminals
until after they have received and decoded SIB2. Therefore, configuration of the
terminals to avoid combining copies of SIB1 and SIB2 across a boundary frame may be

problematic since the boundary frame in these cases may not yet be known.

[0090] In some embodiments, to address the above issues, the terminal may be
configured to limit the number of copies of a SIB which are accumulated for coherent
combination. This will tend to reduce the probability of combining across a boundary
frame. The termina may be configured to determine how many copies of a SIB are

required based on estimates of its coverage, for example.

Apparatus

[0091] As mentioned above, the present technology may be implemented by a
computer residing on a wireless terminal, a base station, or a combination thereof.
Similarly, embodiments of the technology may comprise an apparatus configured to
operate as described herein. In some embodiments, a base station, such as an eNB is
provided, which is configured to broadcast system information as described herein. The
base station may be configured in particular to restrict transmission of the broadcast
system information in one or more ways, and may comprise a transmission restriction
module to facilitate same. The transmission restriction module may comprise a computer
or portion of a computer which restricts parameters used in broadcasting the system

information in a predetermined manner. The base station may further comprise a
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scheduling module which is configured to schedule other transmissions around the

broadcast system information, which isrestricted.

[0092] In some embodiment, a terminal, such as a UE or machine-to-machine
terminal, is provided, which is configured to receive and combine multiple broadcasts of
system information, as described herein. The terminal may comprise an accumulation
module which is configured to accumulate and combine multiple copies of the system
information. The terminal may further comprise a prediction or tracking module, which
is configured to track and/or predict aspects of the system information broadcasts, which
are made to be known or predictable by the base station.

[0093] As will be readily understood, the various modules of the base station and
terminal may be implemented using existing hardware, such as microprocessors, signal
processors, or the like. The existing hardware may be adapted to carry out the functions

as described herein via specially provided software or firmware, for example.

[0094] It will be appreciated that, athough 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, it is
within the scope of the technology to provide a computer program product or program
element, or a program storage or memory device such as amagnetic or optica wire, tape
or disc, or the like, for storing signals readable by amachine, for controlling the operation
of a computer according to the method of the technology and/or to structure some or all of

its components in accordance with the system of the technology.

[0095]  Acts associated with the method described herein can be implemented as coded
instructions in a computer program product. In other words, the computer program
product is a computer-readable medium upon which software code is recorded to execute
the method when the computer program product is loaded into memory and executed on

the microprocessor of the wireless communication device.

[0096]  Further, each step of the method may be executed on any computing device,
such as apersonal computer, mobile or handheld wireless device, M2M device, PDA, or
the like and pursuant to one or more, or apart of one or more, program elements, modules
or objects generated from any programming language, such as C++, Java, PL/1, or the
like. In addition, each step, or a file or object or the like implementing each said step,
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may be executed by special purpose hardware or a circuit module designed for that

purpose.

[0097] It is obvious that the foregoing embodiments of the technology are examples
and can be varied in 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 in the art are intended to be included within the scope of

the following claims.
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WE CLAIM:

A method for communicating system information from abase station to aterminal

in a wireless network, the base station configured to repeatedly broadcast the

system information in accordance with a predetermined standard, the standard

defining a range of alowable values for a least one characteristic of the

broadcast, said a least one characteristic of the broadcast selected from said range

of allowable values, the method comprising:

a) providing arestricted range of values for the at least one characteristic as a
strict subset of the range of allowable values,

b) for each repetition of the broadcast, selecting the at least one characteristic
from the restricted range of values,

C) providing an indication of the restricted range of values to the terminal;

d) using said indication a the terminal to facilitate reception of aplurality of
the repetitions of the broadcast; and

€) combining the plurality of the repetitions at the terminal to facilitate

recovery of the system information therefrom.

The method according to claim 1, wherein the predetermined standard isthe LTE
standard, and wherein the broadcast system information corresponds to one or

more System Information Blocks (SIBs).

The method according to claim 1, wherein the restricted set of broadcast
parameters specifies one or more of: timing of the broadcasts, broadcast radio
frequency, size of broadcast, number of physical resource blocks used for the
broadcast, location of physical resource blocks used for the broadcast, modulation
scheme used for the broadcast, and coding scheme used for the broadcast.

The method according to claim 1, wherein the restricted range of values contains

exactly one data point.

The method according to claim 1, wherein the restricted range of values contains a
plurality of data points, wherein the terminal is configured to perform blind

decoding on the transmission possibilities encompassed by the plurality of data
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11

points, and wherein the restricted range of values is sized to facilitate
computational management of the blind decoding a the terminal, said terminal
having given computational capabilities informing said sizing of the restricted

range of values.

The method according to claim 1, wherein said indication of the restricted range
of values facilitates reception of the plurality of the repetitions of the broadcast
without requiring prior reception of scheduling information transmitted on a
control channel and related to each broadcast.

The method according to claim 1, wherein the indication of the restricted range of

values is provided apriori to the terminal.

The method according to claim 1, wherein the indication of the restricted range of

values is transmitted to the terminal by one or more over the air messages.

The method according to claim 6, wherein the scheduling information is in the
form of a DCI message transmitted on the PDCCH or the MIB transmitted on
PBCH or SIB transmitted on PDSCH of an LTE wireless network.

The method according to claim 1, wherein different repetitions of the broadcast
use different radio frequencies, the different radio frequencies being selected in a

manner predictable to the terminal, thereby facilitating frequency diversity.

The method according to claim 1, wherein the terminal is configured to limit the
plurality of the repetitions used in said combining to a predetermined maximum

value.

The method according to claim 2, wherein the wireless network comprises one or
more legacy terminals in addition to the terminal, and wherein at least some of the
repeated broadcasts of the SIBs are superfluous to requirements of the one or
more legacy terminas, the method further comprising omitting broadcasting of
PDCCH datarelated to the SIBs for said at least some of the repeated broadcasts.
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14.

15.

16.

The method according to claim 2, wherein the wireless network comprises one or
more legacy terminals in addition to the terminal, the method further comprising
refraining from notifying said one or more legacy terminals of broadcast changes
when said broadcast changes relate to one or both of location of physical resource
blocks used for the broadcast, and coding scheme used for the broadcast.

A base station for communicating system information to aterminal in awireless
network, the base station configured to broadcast the system information in
accordance with a predetermined standard, the standard defining a range of
alowable values for at least one characteristic of the broadcast, said at least one
characteristic of the broadcast selected from said range of allowable values, the
base station comprising:

a) a system information broadcast restriction module configured to provide a
restricted range of values for the at least one characteristic as a strict subset
of the range of alowable values; and

b) a system information broadcast module configured to repeatedly broadcast
the system information, wherein, for each repetition of the broadcast, the a
least one characteristic is selected from the restricted range of values,

wherein an indication of the restricted range of values is provided to the terminal,

the terminal configured to use said indication to facilitate reception of a plurality
of the repetitions of the broadcast, the terminal further configured to combine the
plurality of the repetitions to facilitate recovery of the system information

therefrom.

The base station according to claim 14, wherein the predetermined standard is the
LTE standard, and wherein the broadcast system information corresponds to one

or more System Information Blocks (SIBs).

The base station according to claim 15, wherein the wireless network comprises
one or more legacy terminals in addition to the terminal, and wherein a least
some of the repeated broadcasts of the SIBs are superfluous to requirements of the
one or more legacy terminals, the base station further configured to omit
broadcasting of PDCCH data related to the SIBs for said at least some of the
repeated broadcasts.
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19.

20.

The base station according to claim 15, wherein the wireless network comprises
one or more legacy terminals in addition to the terminal, the base station further
configured to refrain from notifying said one or more legacy terminas of
broadcast changes when said broadcast changes relate to one or both of location of
physical resource blocks used for the broadcast, and coding scheme used for the
broadcast.

The base station according to claim 14, wherein the restricted set of broadcast
parameters specifies one or more of: timing of the broadcasts, broadcast radio
frequency, size of broadcast, number of physical resource blocks used for the
broadcast, location of physical resource blocks used for the broadcast, modulation
scheme used for the broadcast, and coding scheme used for the broadcast.

The base station according to claim 14, wherein the indication of the restricted

values are transmitted to the terminal by one or more over the air messages.

A wireless terminal for receiving system information from a base station in a
wireless network, the base station configured to broadcast the system information
in accordance with a predetermined standard, the standard defining a range of
alowable values for at least one characteristic of the broadcast, said at least one
characteristic of the broadcast selected from said range of allowable values, the
wireless terminal comprising:
a) a reception module configured to receive a plurality of repetitions of the
broadcast system information; and
b) a recovery module configured to combine the received plurality of the
repetitions to facilitate recovery of the system information therefrom,
wherein the base station is configured to provide arestricted range of values for
the at least one characteristic as a strict subset of the range of alowable values;
and repeatedly broadcast the system information, wherein, for each repetition of
the broadcast, the at |east one characteristic is selected from the restricted range of

values,
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21.

22.

23.

24.

and wherein the reception module is configured to use aprovided indication of the
restricted range of values to facilitate reception of the plurality of the repetitions
of the broadcast.

The wireless terminal according to clam 20, wherein said indication of the
restricted range of values facilitates reception of the plurality of the repetitions of
the broadcast without requiring prior reception of scheduling information
transmitted on a control channel and related to each broadcast.

The wireless termina according to clam 20, wherein the indication of the

restricted range of values is provided apriori to the wireless terminal.

The wireless terminal according to claim 20, wherein the restricted range of
values contains a plurality of data points, wherein the wireless termina is
configured to perform blind decoding on the transmission possibilities
encompassed by the plurality of data points, and wherein the restricted range of
values is sized to facilitate computational management of the blind decoding at the
wireless terminal, said wireless termina having given computational capabilities

informing said sizing of the restricted range of values.

A method for communicating a System Information Block (SIB) from an eNB to a
terminal in an LTE wireless network, the eNB configured to repeatedly broadcast
the SIB, each broadcast having &t least one characteristic which is configured in
accordance with a range of allowable values defined by the LTE standard, the
method comprising:

a) providing arestricted range of values for the a least one characteristic as a
strict subset of the range of allowable values;

b) for each broadcast of the SIB, selecting the a least one characteristic of
said broadcast from the restricted range of values,

C) providing an indication of the restricted range of values to the terminal;
using said indication a the terminal to facilitate reception of aplurality of
the repetitions of the broadcast SIB; and

d) combining the plurality of the repetitions a the terminal to facilitate

recovery of the SIB therefrom.
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A wireless communication system comprising a base station and a terminal, the

system configured in part for wirelessly communicating system information from

the base station to the terminal, the base station configured to broadcast the system

information in accordance with a predetermined standard, the standard defining a

range of allowable values for a least one characteristic of the broadcast, said at

least one characteristic of the broadcast selected from said range of alowable

values, the system comprising:

a)

b)

d)

a system information broadcast restriction module of the base station,
configured to provide a restricted range of values for the a least one
characteristic as a strict subset of the range of allowable values;

a system information broadcast module of the base station, configured to
repeatedly broadcast the system information, wherein, for each repetition
of the broadcast, the a least one characteristic is selected from the
restricted range of values,

areception module of the terminal, configured to use a provided indication
of the restricted range of values to facilitate reception of a plurality of the
repetitions of the broadcast; and

a recovery module of the terminal, configured to combine the received
plurality of the repetitions to facilitate recovery of the system information

therefrom.

A computer program product comprising a non-transitory computer readable

medium storing computer executable statements and instructions thereon that,

when executed by a computer, perform operations for implementing the method of

any one of claims 1to 13 and 24.
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