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(54) SYSTEM INFORMATION SCHEDULING IN MACHINE TYPE COMMUNICATION

(57) The present disclosure relates to an apparatus for receiving system information in a wireless communication
system comprising: a receiving unit for receiving system information configuration information and for receiving system
Information in predetermined subframes of a radio interface; and a control unit for determining the predetermined sub-
frames according to the received system information configuration Information and for controlling the receiving unit to
receive the system information In the predetermined subframes, wherein the system information configuration information
includes a subframe scheduling field with a plurality of bits, each bit being associated with a subframe and representing
whether or not system information is to be received In that subframe. The present disclosure further relates to a corre-
sponding apparatus for transmitting system Information and to the respective receiving and transmitting methods.
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Description

[0001] The present invention relates to transmission and reception of system information in a wireless communication
system.

BACKGROUND

[0002] Third-generation mobile systems (3G) based on WCDMA radio-access technology are being deployed on a
broad scale all around the world. A first step in enhancing or evolving this technology entails introducing High-Speed
Downlink Packet Access (HSDPA) and an enhanced uplink, also referred to as High Speed Uplink Packet Access
(HSUPA), giving a radio access technology that is highly competitive.
[0003] In order to be prepared for further increasing user demands and to be competitive against new radio access
technologies, 3GPP introduced a new mobile communication system which is called Long Term Evolution (LTE). LTE
is designed to meet the carrier needs for high speed data and media transport as well as high capacity voice support
for the next decade. The ability to provide high bit rates is a key measure for LTE.
[0004] The work item (WI) specification on Long-Term Evolution (LTE) called Evolved UMTS Terrestrial Radio Access
(UTRA) and UMTS Terrestrial Radio Access Network (UTRAN) is finalized as Release 8 (LTE Rel. 8). The LTE system
represents efficient packet-based radio access and radio access networks that provide full IP-based functionalities with
low latency and low cost. In LTE, scalable multiple transmission bandwidths are specified such as 1.4, 3.0, 5.0, 10.0,
15.0, and 20.0 MHz, in order to achieve flexible system deployment using a given spectrum. In the downlink, Orthogonal
Frequency Division Multiplexing (OFDM) based radio access was adopted because of its inherent immunity to multipath
interference (MPI) due to a low symbol rate, the use of a cyclic prefix (CP) and its affinity to different transmission
bandwidth arrangements. Single-carrier frequency division multiple access (SC-FDMA) based radio access was adopted
in the uplink, since provisioning of wide area coverage was prioritized over improvement in the peak data rate considering
the restricted transmit power of the user equipment (UE). Many key packet radio access techniques are employed
including multiple-input multiple-output (MIMO) channel transmission techniques and a highly efficient control signaling
structure is achieved in LTE Rel. 8/9.
[0005] The overall architecture is shown in Fig. 1 and a more detailed representation of the E-UTRAN architecture is
given in Fig. 2. The E-UTRAN consists of an eNodeB, providing the E-UTRA user plane (PDCP/RLC/MAC/PHY) and
control plane (RRC) protocol terminations towards the user equipment (UE). The eNodeB (eNB) hosts the Physical
(PHY), Medium Access Control (MAC), Radio Link Control (RLC) and Packet Data Control Protocol (PDCP) layers that
include the functionality of user-plane header-compression and encryption. It also offers Radio Resource Control (RRC)
functionality corresponding to the control plane. It performs many functions including radio resource management,
admission control, scheduling, enforcement of negotiated uplink Quality of Service (QoS), cell information broadcast,
ciphering/deciphering of user and control plane data, and compression/ decompression of downlink/uplink user plane
packet headers. The eNodeBs are interconnected with each other by means of the X2 interface.
[0006] The eNodeBs are also connected by means of the S1 interface to the EPC (Evolved Packet Core), more
specifically to the MME (Mobility Management Entity) by means of the S1-MME and to the Serving Gateway (SGW) by
means of the S1-U. The S1 interface supports a many-to-many relation between MMEs/Serving Gateways and eNodeBs.
The SGW routes and forwards user data packets, while also acting as the mobility anchor for the user plane during inter-
eNodeB handovers and as the anchor for mobility between LTE and other 3GPP technologies (terminating S4 interface
and relaying the traffic between 2G/3G systems and PDN GW). For idle state user equipments, the SGW terminates
the downlink data path and triggers paging when downlink data arrives for the user equipment. It manages and stores
user equipment contexts, e.g. parameters of the IP bearer service, network internal routing information. It also performs
replication of the user traffic in case of lawful interception.
[0007] The MME is the key control-node for the LTE access-network. It is responsible for idle mode user equipment
tracking and paging procedure including retransmissions. It is involved in the bearer activation/deactivation process and
is also responsible for choosing the SGW for a user equipment at the initial attach and at time of intra-LTE handover
involving Core Network (CN) node relocation. It is responsible for authenticating the user (by interacting with the HSS).
The Non-Access Stratum (NAS) signaling terminates at the MME and it is also responsible for generation and allocation
of temporary identities to user equipments. It checks the authorization of the user equipment to camp on the service
provider’s Public Land Mobile Network (PLMN) and enforces user equipment roaming restrictions. The MME is the
termination point in the network for ciphering/integrity protection for NAS signaling and handles the security key man-
agement. Lawful interception of signaling is also supported by the MME. The MME also provides the control plane
function for mobility between LTE and 2G/3G access networks with the S3 interface terminating at the MME from the
SGSN. The MME also terminates the S6a interface towards the home HSS for roaming user equipments.
[0008] The reception of system information (SI) is an operation to be performed by a UE on the basis of a scanned
RF signal and a detected synchronization signal. In particular, upon the detection of synchronization signals the UE is
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capable of identifying a cell and of synchronizing with downlink transmissions by the cell. Accordingly, the UE may
receive a broadcast channel, BCH, of a cell, and, hence, the corresponding system information. On the basis thereof,
the UE can detect whether or not a cell is suitable for selection and/or reselection, i.e. whether the cell is a candidate cell.
[0009] System information is information which is transmitted in a broadcast manner to all UEs in a cell. It includes
information necessary for cell selection and some parts thereof are to be read at any cell selection / reselection, after
the UE synchronizes with the cell.
[0010] System information is structured by means of System Information Blocks (SIBs), each of which includes a set
of parameters. In particular, system information is transmitted in a Master Information Block, MIB, and a number of
System Information Blocks. The MIB includes a limited number of the most essential and most frequently transmitted
parameters that are needed to acquire other information from the cell such as the downlink system bandwidth, an
indicator of the resources allocated to HARQ acknowledgement signaling in the downlink, and the System Frame Number
(SFN). The remaining SIBs are numbered; there are SIBs 1 to 13 defined in Release 8.
[0011] SIB1 contains parameters needed to determine if a cell is suitable for cell selection, as well as information
about the time domain scheduling of the other SIBs. SIB2 includes common and shared channel information. SIBs 3 to
8 include parameters used to control intra-frequency, inter-frequency and inter-Radio Access Technology (RAT) cell
reselection. SIB9 is used to signal the name of a Home eNodeB, whereas SIBs 10 to 12 include the Earthquake and
Tsunami Warning Serviice (ETWS) notifications and Commercial Mobile Alert System (CMAS) warning messages.
Finally, SIB 13 includes MBMS related control information.
[0012] The system information is transmitted by the RRC protocol in three types of messages: the MIB message, the
SIB1 message and SI message. The MIB messages are carried on the Physical Broadcast Channel (PBCH) whereas
the remaining SIB1 and SI messages are at the physical layer multiplexed with unicast data transmitted on the Physical
Downlink Shared Channel (PDSCH).
[0013] The MIB is transmitted at a fixed cycles. The SIB1 is also transmitted at the fixed cycles. In order to improve
robustness of the system information transmission, the system information is repeated. The repetitions have different
redundancy versions and thus, they are not repetitions of the bits effectively transmitted but rather repetitions of the data
carried but coded differently. For instance, MIB is transmitted every frame in the first subframe (subframe #0) wherein
the new MIB (MIB with content possibly different from the previous MIBs) is transmitted every four frames and the
remaining three frames carry its repetition. Similarly, repetition coding is applied for transmission of SIB1. A new SIB1
is transmitted every 8 frames. Each SIB1 has three further repetitions.
[0014] All other SIBs are being transmitted at the cycles specified by SIB scheduling information elements in SIB1. In
particular, the mapping of SIBs to a SI message is flexibly configurable by schedulinglnfoList included in SIB1, with
restrictions that each SIB is contained only in a single SI message, and at most once in that message. Only SIBs having
the same scheduling requirement (periodicity) can be mapped to the same SI message; SIB2 is always mapped to the
SI message that corresponds to the first entry in the list of SI messages in the schedulinglnfoList. There may be multiple
SI messages transmitted with the same periodicity.
[0015] Thus, a terminal determines the SI widow based on the signaled information and starts receiving (blind decoding)
of the downlink shared channel using the SI-RNTI (an identifier meaning that signaling information is transmitted) from
the start of the SI-window and continue for each subframe until the end of the SI-window or until the SI message was
received, excluding the subframe #5 in radio frames for which SFN mod 2 = 0, any MBSFN subframes, and any uplink
subframes in TDD. If the SI message was not received by the end of the SI-window, the reception is repeated at the
next SI-window occasion for the concerned SI message.
[0016] In other words, during blind decoding, the UE tries to decode PDCCH on each subframe of an SI-window the
SI-RNTI but only some of these subframes really carry PDCCH (CRC) encoded using the SI-RNTI (corresponding to
PDSCH containing the particular SI).
[0017] For further details on the definition of system information, see for example 3GPP, TS 36.331, V12.5.0, "3rd
Generation Partnership Project; Technical Specification Group Radio Access Network; Evolved Universal Terrestrial
Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification (Release 12)", sections 6.2.2.7 and
6.3.1, available at http://www.3gpp.org and incorporated herein by reference.
[0018] As LTE deployments evolve, operators strive to reduce the cost of overall network maintenance by minimizing
the number of RATs. In this respect, Machine-Type Communications (MTC) devices is a market that is likely to continue
expanding in the future.
[0019] Many MTC devices are targeting low-end (low cost, low data rate) applications that can be handled adequately
by GSM/GPRS. Owing to the low cost of these devices and good coverage of GSM/GPRS, there is very little motivation
for MTC device suppliers to use modules supporting the LTE radio interface.
[0020] As more and more MTC devices are deployed in the field, this naturally increases the reliance on GSM/GPRS
networks. This will cost operators not only in terms of maintaining multiple RATs, but also prevent operators reaping the
maximum benefit out of their spectrum (given the non-optimal spectrum efficiency of GSM/GPRS). With users and traffic
becoming denser, using more spectral-efficient technologies, such as Long Term Evolution (LTE), allow the operators
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to utilize their spectrum in a much more efficient way.
[0021] Given the likely high number of MTC devices, the overall resource they will need for service provision may be
correspondingly significant, and inefficiently assigned (for further details on objectives for MTC, see for example 3GPP,
RP-150492 Ericsson: "Revised WI: Further LTE Physical Layer Enhancements for MTC", section 4, available at ht-
tp://www.3gpp.org and incorporated herein by reference).
[0022] Approaches to lower the cost of LTE presently regard the volume of products as the primary reason. The impact
of volume can be seen in two possible ways, depending on how low-cost MTC is developed. Firstly, if low-cost MTC
may be very similar to mainline LTE and included in LTE chipsets, MTC has the benefit of the volume of LTE. Secondly,
a low-cost MTC based on LTE may have significantly lower cost than mainline LTE. Although it appears not to have the
volume benefit of LTE, the volume of MTC devices can be even larger due to a potentially greater number of supported
MTC applications and scenarios.
[0023] In this respect, the following approaches to lower the cost of LTE, i.e. defining low-cost MTC are discussed
and found to have significant UE cost impact (for further details on low-cost MTC devices, see for example 3GPP,
R1-112912, Huawei, HiSilicon, CMCC: "Overview on low-cost MTC UEs based on LTE", section 4, available at ht-
tp://www.3gpp.org and incorporated herein by reference):

- Reduction in supported bandwidth for the low-cost LTE: The low cost of 1.4 MHz (6 RB) downlink bandwidth could
cover most application scenarios of MTC. However, 3 MHz (15 RB) or 5 MHz (25 RB) could be considered given
that the complexity does not increase much. Given that the uplink may have a larger requirement for MTC services,
the possibility of reduced transmit power, and small baseband complexity (relative to downlink reception), any
reduction in minimum transmission bandwidth in the UE should be carefully justified.

- Modified PDCCH-related design for the low-cost LTE to simplify the PDCCH blind decoding and give efficient channel
access for a large number of MTC devices. A reduction in maximum bandwidth (e.g., 1.4MHz) decreases PDCCH
blind decoding naturally.

- Protocol simplification including HARQ consideration, MAC, RLC and RRC protocol. Signaling reduction between
low duty cycle MTC devices and the base station.

- Transmission modes down-selection to maintain coverage and balance complexity.

[0024] Further considerations on low-cost MTC devices relate to an improved indoor coverage. A number of applications
require indoor deployment of Machine Type Communication, MTC, devices, e.g. in an apartment basement, or on indoor
equipment that may be close to the ground floor etc. These UEs would experience significantly greater penetration
losses on the radio interface than normal LTE devices. This effectively means that indoor coverage should be readily
available and reliable: i.e. should provide a significant improvement on existing coverage.
[0025] Additionally, regarding the power consumption of low-cost MTC devices it is noted that many applications
require devices to have up to ten years of battery life. In this respect, presently available Power Save Modes appear not
sufficient to achieve the envisaged battery life. In this respect, it is anticipated that further techniques are proposed to
significantly cut down the power usage of MTC devices e.g. by optimizing signaling exchanges in the system, in order
to realize battery life of up to ten years.
[0026] For improving indoor coverage (for low-cost MTC devices), recent developments have focused on an Enhanced
Coverage, EC, mode that is applicable to UEs e.g. operating delay tolerant MTC applications. Another term is "Coverage
Extension". The corresponding Work Item in 3GPP Release 12 "Low cost & enhanced coverage MTC UE for LTE" came
to the conclusion that further complexity reduction of LTE devices for MTC can be achieved if additional complexity
reduction techniques are supported, as apparent from the technical report TR 36.888, v12.0.0, "Machine-Type Commu-
nications (MTC) User Equipments (UEs)", available at www.3gpp.org and incorporated herein by reference. The technical
report TR 36.888 concluded that a coverage improvement target of 15-20 dB for both FDD and TDD in comparison to
a normal LTE footprint could be achieved to support the use cases where MTC devices are deployed in challenging
locations, e.g. deep inside buildings, and to compensate for gain loss caused by complexity-reduction techniques. MTC
coverage enhancements are now expected to be introduced in 3GPP Release 13.
[0027] In general, the MTC devices may be low complexity (LC) MTC devices (which basically forces the device to
receive a TBS of 1000 bits or less as a result of buffer size limitations and other implementation limitations) or enhanced
coverage (EC) devices which are supposed to support a large number of repetitions.
[0028] In other words, LC are Low Complexity devices which are meant to be inexpesive devices with limited buffer
sizes/ simple implementation etc. whereas the EC devices are the coverage enhanced device that should operate in
challenging situations like in basement or far away from the cell cell center.
[0029] The general objective is to specify a new UE for MTC operation in LTE that allows for enhanced coverage and



EP 3 634 039 A1

5

5

10

15

20

25

30

35

40

45

50

55

lower power consumption. Some of the additional objectives are given below:

- Reduced UE bandwidth of 1.4 MHz in downlink and uplink.

- Bandwidth reduced UEs should be able to operate within any system bandwidth.

- Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported.

- The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink.

- The allowed re-tuning time supported by specification (e.g. -0 ms, 1 ms) should be determined by RAN4.

- Reduced maximum transmit power.

- The maximum transmit power of the new UE power class should be determined by RAN4 and should support an
integrated PA implementation.

- Reduced support for downlink transmission modes.

[0030] The following further UE processing relaxations can also be considered within this work item:

- Reduced maximum transport block size for unicast and/or broadcast signaling.

- Reduced support for simultaneous reception of multiple transmissions.

- Relaxed transmit and/or receive EVM requirement including restricted modulation scheme. Reduced physical control
channel processing (e.g. reduced number of blind decoding attempts).

- Reduced physical data channel processing (e.g. relaxed downlink HARQ time line or reduced number of HARQ
processes).

- Reduced support for CQI/CSI reporting modes.

- A relative LTE coverage improvement - corresponding to 15 dB for FDD - for the UE category/type defined above
and other UEs operating delay-tolerant MTC applications with respect to their respective normal coverage shall be
possible. At least some of the following techniques, which shall be applicable for both FDD and TDD, can be
considered to achieve this:

- Subframe bundling techniques with HARQ for physical data channels (e.g. PDSCH, PUSCH)

- Elimination of use of control channels (e.g. PCFICH, PDCCH)

- Repetition techniques for control channels (e.g. PBCH, PRACH, (E)PDCCH)

- Either elimination or repetition techniques (e.g. PBCH, PHICH, PUCCH)

- Uplink PSD boosting with smaller granularity than 1 PRB

- Resource allocation using EPDCCH with cross-subframe scheduling and repetition (EPDCCH-less operation
can also be considered)

- New physical channel formats with repetition for SIB/RAR/Paging

- A new SIB for bandwidth reduced and/or coverage enhanced UEs

- Increased reference symbol density and frequency hopping techniques

- Relaxed "probability of missed detection" for PRACH and initial UE system acquisition time for
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PSS/SSS/PBCH/SIBs can be considered as long as the UE power consumption impact can be kept on a
reasonable level.

- Spreading: Spreading refers to spreading of information across resources including time-frequency domain
resources or even spreading using Scrambling (or Channelization) codes.

[0031] There can be also other techniques than those listed above.
[0032] The amount of coverage enhancement should be configurable per cell and/or per UE and/or per channel and/or
group of channels, such that different levels of coverage enhancements exist. The different levels of coverage enhance-
ment could mean different level of CE techniques being applied to support the CE-device transmission and reception.
Relevant UE measurements and reporting to support this functionality should be defined.
[0033] For more details, see for example 3GPP RP-141865 "Revised WI: Further LTE Physical Layer Enhancements
for MTC" sourced by Ericsson, available at http://www.3gpp.org and incorporated herein by reference.
[0034] Notably, coverage enhancements of 15 / 20 dB for UEs in the Enhanced Coverage mode with respect to their
nominal coverage means that the UEs have to be capable of receiving extremely low signal strengths. This applies not
only to the initial scanning operation, the cell search and the cell selection operation but also the subsequent commu-
nication scheme to be performed by the UE. As described above, there will be different levels of CE depending on the
network support and UE capability, e.g. 5 / 10 / 15 dB coverage extension.
[0035] Early attempts to define the Enhanced Coverage mode have focused on modifications of the radio transmissions.
In this respect, discussions have focused on repeated transmissions as being the main technique to improve the coverage.
Repetitions can be applied to every channel for coverage improvement.
[0036] An exemplary implementation of these repeated transmissions prescribes that the same data is transmitted
across multiple sub-frames. Yet, it will become immediately apparent that these repeated transmissions will use more
resources (time-frequency) than what is required for normal coverage UEs. RAN1 indicated that the transport block size
used for transmission to the MTC devices will be less than 1000 bits.
[0037] The above requirements, a new information message scheduling will be necessary to minimize the system
overheard as well as not to affect the system of previous releases and legacy UEs served thereby.

SUMMARY

[0038] One non-limiting and exemplary embodiment provides apparatuses and methods for an efficient transmission
and reception of system information in a wireless network.
[0039] In one general aspect, the techniques disclosed here feature an apparatus for receiving system information in
a wireless communication system comprising: a receiving unit for receiving system information configuration information
and for receiving system information in predetermined subframes of a radio interface; and a control unit for determining
the predetermined subframes according to the received system information configuration information and for controlling
the receiving unit to receive the system information in the predetermined subframes, wherein the system information
configuration information includes a subframe scheduling field with a plurality of bits, each bit being associated with a
subframe and representing whether or not system information is to be received in that subframe.
[0040] In another general aspect, the techniques disclosed here feature an apparatus for transmitting system infor-
mation in a wireless communication system comprising: a configuration unit for configuring subframes to carry or not to
carry system information, to generate a system information configuration information indicating the configuration, and
for controlling the transmitting unit to transmit the system information in the configured subframes, wherein a transmitting
unit for transmitting system information configuration information and for transmitting system information in the configured
subframes of a radio interface; wherein the system information configuration information includes a subframe scheduling
field with a plurality of bits, each bit being associated with a subframe and representing whether or not system information
is to be received in that subframe.
[0041] In another general aspect, the techniques disclosed here feature a method for receiving system information in
a wireless communication system comprising: receiving system information configuration information and for receiving
system information in predetermined subframes of a radio interface; and determining the predetermined subframes
according to the received system information configuration information and for controlling the receiving of the system
information to take place in the predetermined subframes, wherein the system information configuration information
includes a subframe scheduling field with a plurality of bits, each bit being associated with a subframe and representing
whether or not system information is to be received in that subframe.
[0042] In one general aspect, the techniques disclosed here feature a method for transmitting system information in
a wireless communication system comprising: configuring subframes to carry or not to carry system information, to
generate a system information configuration information indicating the configuration, and for controlling the transmitting
unit to transmit the system information in the configured subframes, wherein transmitting system information configuration
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information and for transmitting system information in the configured subframes of a radio interface; wherein the system
information configuration information includes a subframe scheduling field with a plurality of bits, each bit being associated
with a subframe and representing whether or not system information is to be received in that subframe.
[0043] it should be noted that general or specific embodiments may be implemented as a system, a method, an
integrated circuit, a computer program, a storage medium, or any selective combination thereof.
[0044] Additional benefits and advantages of the disclosed embodiments will become apparent from the specification
and drawings. The benefits and/or advantages may be individually obtained by the various embodiments and features
of the specification and drawings, which need not all be provided in order to obtain one or more of such benefits and/or
advantages.
[0045] The above and other objects and features of the present invention will become more apparent from the following
description and preferred embodiments given in conjunction with the accompanying drawings in which:

Figure 1 is a block diagram illustrating current 3GPP architecture for machine-type communication;

Figure 2 is a block diagram illustrating an exemplary architecture of a radio access network in 3GPP LTE;

Figure 3 is a schematic drawing showing the general structure of a frame in 3GPP LTE FDD;

Figure 4 is a schematic drawing showing the general structure of a sub-frame on a downlink component carrier defined
for 3GPP LTE;

Figure 5 is a schematic drawing illustrating association of a bitmap with a system information scheduling;

Figure 6 is a schematic drawing illustrating MBSFN subframe configuration;

Figure 7 is a schematic drawing illustrating configuration od system information transmission;

Figure 8 is a block diagram illustrating a receiving and a transmitting apparatus; and

Figure 9 is a flow diagram illustrating a receiving and transmitting method.

DETAILED DESCRIPTION

[0046] The present disclosure relates to transmission and reception of system information in a wireless communication
system which is particularly suitable for transmission and reception of system information for machine type communication
such as the MTC in the 3GPP LTE. The system information signaling has been recently discussed in 3GPP and the
following aims have been preliminarily agreed on:

- maintain the flexibility similar to the one offered by the current SIB concept, i.e., the size of the SIBs should not be fixed.

- branch from SIB1, i.e., LC/EC UEs receive a separate occurrence of SIB1 and others (different time/frequency
resources). The new SIB1 is common for EC and LC.

- transmit SIB1 information separately from other SIBs (in particular to low cost UEs in normal coverage), if feasible
in terms of overhead and total acquisition time.

- the scheduling information (time, frequency and MCS/TBS) allowing acquiring SIB1 for LC/EC UEs could e.g. be
carried in MIB, i.e., dynamic L1 information in PDCCH is not needed.

- SIB1 for LC/EC UEs could contain scheduling information (time, frequency and MCS/TBS) allowing acquiring sub-
sequent SIBs without reading PDCCH.

- the TB size restriction of 1000 bit for broadcast may be acceptable, assuming that the network provides separate
SIBs (different time/frequency resources) to LC/EC UEs and legacy UEs.

[0047] If the current mechanism for transmission of system information is applied for communication applying a large
number of repetitions such as MTC communication, each of the SIBs currently used will be transmitted with approximately
50 times higher repetition rate. These would affect, for instance:
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- the acquisition time for the system information by the legacy UEs if the system information blocks do not overlap
and thus, repetition of the system information would cause longer transmission delay of the system information
block and therefore also increased the delay of the transmission of the next system information block,

- repeated transmissions of the entire system information would also lead to a huge system load, which may be
unnecessary since the MTC devices does not make use of all information transmitted in the current system information
signaling. Accordingly, the MTC UEs would receive irrelevant system information.

- The reception of the entire system information that would increase power consumption in the MTC device.

[0048] Thus, the aim of the standardization that the SIB1 should contain scheduling information (such as time, frequency
and modulation and coding scheme or transport block size) allowing the acquisition of subsequent SIBs without reading
Physical Downlink Control Channel (PDCCH) is reasonable since reading PDCCH itself will need similar amount of time/
battery and network resources. However, it is currently not clear, how this aim is to be achieved. In particular, the
acquisition of system information (including one or more SIBs) without dynamic scheduling requires the MTC device to
know that and where these SIBs are scheduled. Dynamic scheduling is implemented by means of blind decoding. In
particular, a special identifier for the transmission of system information, SI-RNTI (SI Radio Network Temporary Identity)
is provided. The devices monitor physical downlink shared channel (in particular, its control part PDCCH) for occurrence
of this identifier and upon its detection, the devices read (decode) the corresponding system information (System Infor-
mation format and systax is specified in the 3GPP TS 36.331, (for instance, version 12.5.0), Section 5.2, whereas the
physical layer aspects can be found in 3GPP TS 36.212, v12.4.0, Section 5.3.3, both specifications being available at
www.3gpp.org).
[0049] The scheduling information can be provided to the wireless devices in a system specification (i.e. the scheduling
information is statically provided in the specification). However, this approach does not provide any scheduling freedom
which reduces the possibility of efficient and customized system information scheduling.
[0050] Alternatively, the scheduling information may be provided semi-statically, for instance in scheduling information
such as the scheduling information currently transmitted within SIB1. However, in this case it is unclear how the wireless
MTC device uses this information in frames and subframes carrying e.g. multimedia broadcast single frequency network
(MBSFN) communication.
[0051] In order to provide a solution for scheduling of system information, the MTC system information could be
scheduled in any subframe using a corresponding special RNTI such as MTC-RNTI to indicate that the system information
is designated to MTC devices. However, this solution will still require using of not physically broadcasted channels such
as (e)PDCCH or MPDCCH ("e" standing for "enhanced" and "M" for MTC) channels and blind decoding thereof which
still results to a high number of repetitions and delays in system information acquisition times for both Low Complexity,
LC, MTC devices and enhanced coverage, EC, MTC devices because each LC and EC devices would still need to
decode at least the portions of PDCCH for matching with the specialized identifier (SI-RNTI or MTC-RNTI, respectively).
[0052] In order to comply with some of the above aims and to provide efficient system information signaling, according
to the present disclosure, the system information configuration information is transmitted by the network in order to
indicate to wireless devices the location of the system information. The system information configuration information
includes a plurality of bits, each bit being associated with a subframe and representing whether or not system information
is transmitted in that subframe.
[0053] In an exemplary embodiment, a master information block (MIB) is transmitted (broadcasted) indicating the
position of system information block (SIB1) for MTC including system information configuration information for MTC
related system information. The SIB1 for MTC may be a SIB1 different from the SIB1s used for the legacy system
information, which has the advantage of avoiding the MTC UEs receiving portions of SIB not relevant for their operation.
However, the invention is not limited thereby and, in general, the SIB1 may be common to both the legacy and the low
complexity/ enhanced coverage UEs including only specific information elements destined for the LC/ EC UEs.
[0054] The system information (SI) configuration information includes a bitmap (subframe scheduling field), of which
each bit indicates for one particular subframe whether or not system information is included therein. In this embodiment,
the system information is system information for the both LC (Low Complexity) and EC (Enhanced Coverage) terminals.
However, it is noted that the present invention is not limited to such deployment. Rather, the system information trans-
mission and reception as described herein may also be applied for conveying system information for either the Low
Complexity MTC devices, or only for the Enhanced Coverage MTC devices, in a wireless system as the only one approach
for conveying the system information.
[0055] The bitmap is advantageously a field of bits which take value "0" for subframes in which no system information
is transmitted and take value "1" For subframes in which the system information is transmitted. However, it is clear to
those skilled in the art, the assignment of "0" and "1" may also be reversed without departing from the idea.
[0056] For instance, the bitmap may include a separate bit for each and every subframe forming a part of the subframe
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configuration. In other words, assuming the number of 10 subframes within a radio frame as is the case for the LTE
system, the bitmap has the length of 10 bits for the respective 10 subframes numbered from 0 to 9. However, the present
invention is not limited thereto. Rather, in certain situations it may be beneficial for the efficiency reasons if the bitmap
has less bits then the frame has subframes. For instance, in LTE as well as in LTE-A the first subframe (subframe with
number 0) is never used for transmission of system information. Accordingly, in order to save resources, the bitmap
may have length of 9 bits corresponding to respective subframes 1 to 9. Subframe 0 is used for transmission of a new
MIB every fourth frame and for transmission of MIB repetitions in the remaining frames, i.e. for system information which
is broadcasted. The repetitions are not bit-by-bit repetitions but rather different redundancy versions of the new MIB. No
further SIBs are then mapped onto the same subframe. This is illustrated in Figure 5A, in which four example frames
each having 10 subframes are illustrated. Each frame has the first subframe dedicated to MIB. Subframes carrying the
system information are marked by "x". The corresponding bitmaps are on the right-hand side: all bitmap have the size
of nine bits. The subframe scheduling field may thus includes a bitmap such as the examples shown above, having 9
bits. It is noted that the present invention is not limited to a bitmap having a number of bits reflecting (some of the)
subframes of one single frame. Rather, the bitmap signaled as the subframe scheduling field may reflect a plurality of
frames. This may make sense, if a SIB scheduling pattern follows a larger window repetition structure. For instance, the
bitmap may represent 4 frames, i.e. include all four (in this context sub)-bitmaps shown in Fig. 5A and thus, may have
a length of 4x9 = 36 bits. However, 4 is only an example and the number of frames may also differ without departing
from the present disclosure.
[0057] Moreover, the bitmap may be (further) shortened by excluding subframes which are not to be used for carrying
the system information. For instance, the bitmap may be shortened by excluding subframes including other system
information. For instance, subframes scheduled (configured) for legacy coverage system information may be assumed
not to carrying system information for enhanced coverage system (for instance MTC). In such case the bitmap size may
be reduced by not including bits corresponding to subframes configured to carry system information of the co-existing
system (system sharing resources). However, in order to achieve this, the position of subframes carrying such parallel
system information has to be known to the terminal. This is possible if the scheduling information for the EC and the
scheduling information for the LC is carried in the same MIB or SIB1. The EC terminals may also read SIB1 of the LC
system in order to receive the scheduling information.
[0058] Figure 5B illustrates an example in which the bitmap size is reduced by excluding subframe carrying MIB as
well as subframes carrying legacy coverage system information (marked as "o"). As can be seen on the right-hand side,
the example bitmaps have different sizes. In particular, the first bitmap has size of 7 bits corresponding to subframe
numbers 2, 3, 4, 5, 7, 8, 9 and leaving out the subframes for MIB an LC SIBs. The second bitmap has a size of 9 bits
corresponding to subframe numbers 0, 1, 2, 3, 4, 5, 6, 8, 9 and leaving out subframe seven carrying LC SIBs. The third
bitmap has the size of 10 bits since it does not carry either of MIB or LC SIBs. The fourth bitmap has size of eight,
excluding two bits corresponding to subframes number 4 and 9 carrying LC SIBs. It is noted that the above bitmaps are
also mere examples. In general, for a system like LTE, in which MIB is transmitted or repeated in each frame, it makes
sense to leave out the first subframe (and correspondingly each bit in the bitmap) of each frame. However, the present
invention is not limited to LTE and to systems in which MIB is signaled in the first subframe. Thus, Figure 5B also shows
example bitmaps which do not include and/or leave out any MIB-subframe. As also described with respect to Figure 5A,
Figure 5B also shows 4 examples, each of which illustrates a bitmap that may be transmitted as the scheduling subframe
field - reflecting one single frame. The repetition and location of such frames may be determined by further scheduling
parameters such as offset and repetition period. However, the present disclosure also includes a scheduling subframe
filed representing subframes more than one frames, i.e. a bitmap with bits corresponding to subframes of more than
one frame. For instance, first two frames of Figure 5B may be represented by a bitmap with 7 + 9 = 16 bits corresponding
to the first two bitmaps with 7 and 9 bits respectively.
[0059] The subframes in which the system information is transmitted may still be used also for unicast transmission
of other data. In particular, in order to reduce overhead costs by scheduling of system information, it may be beneficial
to predefine certain number of physical resource blocks as well as their position in the resource grid of a subframe used
for system information if that subframe is configured to carry the system information. For example, in subframes configured
to carry SI, central six physical resource blocks without applying frequency hopping may be used to carry the SI. This
is only an example and alternatively the predefined location may include central six physical resource blocks with applying
frequency hopping. However, other configurations are applicable including other amount of physical resource blocks
and other than central location.
[0060] The present disclosure is not limited to this configuration, and in order to enable more flexibility in scheduling
the system information, the frequency allocation may also be signaled within the SI configuration information. For instance,
the number and/or location of the frequency resources may be signaled as well as whether or not frequency hopping is
applied. Alternatively, the number N the location of the frequency resources may be known and the signaling may only
include whether or not frequency hopping is applied. Still alternatively, the usage of frequency hopping may be predefined
as well as the location of frequency resources for a particular amount of frequency resources, whereas the number of
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frequency resources is signaled. Other configurations of predefined and signaled scheduling information are possible.
[0061] For example, the frequency location and hopping information for scheduling MTC Sis (each SI containing one
or more SIBs) is contained in a separate scheduling information block which may reside inside the SIB1 or even as a
separate block scheduled from SIB1. Another possibility is to use the scheduling information (e.g. either/ both frequency
and time domain scheduling), or a derivation (e.g. an offset) thereof, used to schedule SIB1 (for MTC). In particular,
SIB1 for MTC can be scheduled using MIB wherein some bits in MIB indicate a combination in MIB, the combination
indicating possibilities of:

- CE Support = Yes/ No

- Possible SIB1 (MTC) sizes = X/ Y/ Z bits

- Possible subframes used to transmit SIB1 (MTC).

[0062] An Example of such combinations is shown in the table below (using a 2 bit combination):

[0063] In this table, the first column shows the bits indicating one of the 4 possible combinations. The second column
shows size of the new SIB1 (i.e. SIB1 for the other system like MTC) and the third column shows the subframes of a
frame possibly used to transmit the new SIB1. The rows of the table thus show the respective possible configurations.
[0064] However, it is noted that there may be more than 4 possible combinations signaled, using more than 2 bits.
[0065] For instance, a higher bit combination such as a 5 bit combination in MIB could be used. Moreover, such
combinations may also include other parameters than the SIB1 size and the subframes in which SIB1 is scheduled.
Alternatively or in addition to these parameters, the combination may indicate frequency resources/ hopping pattern etc.
corresponding to each of the above combinations.
[0066] SIB1 may then carry the bitmap as described above indicating in which subframes further system information
is carried. The bitmap already may leave out bits corresponding to subframes for SIB1 scheduling which are indicated,
for instance, by the combination as exemplified in the table above.
[0067] Therefore, the derivation of SI resources may depend on (or be derived from) the MTC SIB1 scheduling which
in turn is being scheduled from MIB. The derivation information (e.g. time/ frequency offset) for SI resources could be
signaled in MTC SIB1 itself.
[0068] Alternatively, or in addition, if there are subframes configured for multimedia broadcast such as MBSFN in LTE
like systems, the system information will not be carried in such subframes. Correspondingly, the bitmap size may be
reduced by not including bits corresponding to subframes configured for multimedia broadcast. It is noted that multimedia
broadcast subframes may be excluded if their position is known from other signaling information.
[0069] MBSFN subframes are configured semi-statically in LTE, i.e. via RRC protocol. This configuration specifies
how periodically the MBSFN subframes appear (e.g. every X frames) and where does the subframe mapping start from
(offset).
[0070] In particular the physical layer scheduling of MBSFN subframes is specified in SIB2 within an information
element (IE) mbsfn-SubframeConfigList, further including MBSFN-SubframeConfig IE which has the following format:

   MBSFN-SubframeConfig ::= SEQUENCE {
       radioframeAllocationPeriod ENUMERATED {n1, n2, n4, n8, n16, n32},
       radioframeAllocationOffset INTEGER (0..7),
       subframeAllocation CHOICE {
            oneFrame BIT STRING (SIZE(6)),
            fourFrames BIT STRING (SIZE(24))
  }
}

[0071] in which the IE fourFrames is a bit-map indicating MBSFN subframe allocation in four consecutive radio frames,

Combination index Size of MTC SIB1 Subframes used for MTC SIB1

00 No CE Support 0

01 newSIB1-SizeXbits Sf#4

10 newSIB1-SizeYbits Sf#4, 5 and 9

11 newSIB1-SizeZbits Sf# 3, 4, 6, 7, 8 and 9
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"1" denotes that the corresponding subframe is allocated for MBSFN. The bitmap is interpreted as follows: In FDD:
Starting from the first radio frame and from the first/leftmost bit in the bitmap, the allocation applies to subframes #1, #2,
#3 , #6, #7, and #8 in the sequence of the four radio-frames. In TDD: Starting from the first radio frame and from the
first/leftmost bit in the bitmap, the allocation applies to subframes #3, #4, #7, #8, and #9 in the sequence of the four
radio-frames. The last four bits are not used. Uplink subframes are not allocated. The subframes of a frame are numbered
from #0 to #9.
[0072] In the IE oneFrame, "1" denotes that the corresponding subframe is allocated for MBSFN. The following mapping
applies for FDD: The first/leftmost bit defines the MBSFN allocation for subframe #1, the second bit for #2, third bit for
#3, fourth bit for #6, fifth bit for #7, sixth bit for #8; for TDD: The first/leftmost bit defines the allocation for subframe #3,
the second bit for #4, third bit for #7, fourth bit for #8, fifth bit for #9. Uplink subframes are not allocated. The last bit is
not used.
[0073] As is indicated by the term "CHOICE" in the syntax above, only one of the fourFrames IE and fourFrames IE
is used.
[0074] The IEs radioFrameAllocationPeriod and radioFrameAllocationOffset define in which frames the MBSFN sub-
frames are scheduled. In particular, radio frames that contain MBSFN subframes occur when equation SFN modulo
radioFrameAllocationPeriod = radioFrameAllocationOffset is satisfied.
[0075] Value n1 for radioframeAllocationPeriod denotes value 1, n2 denotes value 2, and so on. When the IE
fourFrames is used for subframeAllocation, the equation defines the first radio frame referred to in the description below.
Values n1 and n2 are not applicable when fourFrames is used.
[0076] The IE subframeAllocation defines the subframes that are allocated for MBSFN within the radio frame allocation
period defined by the radioFrameAllocationPeriod and the radioFrameAllocationOffset.
[0077] An exemplary configuration of MBSFN is illustrated in Figure 6. In this exemplary configuration, each 8th radio
frame is configured for MBSFN transmission, starting with the third frame corresponding to offset of two. The subframes
are specified by the bitmap "110000" (6 bits corresponding to subframes #1, #2, #3, #6, #7, and #8 respectively) which
specifies that subframes #1 and #2 in the configured frames (the 10 subframes in a frame are number from 0 to 9) are
used for the MBSFN transmission.
[0078] The above described subframe configuration for multimedia broadcast in LTE may be received by the terminal
and used to determine MBSFN subframes and to exclude the determined MBMS subframes from among subframes
which are to be used for conveying the system information for MTC. Accordingly, the system information configuration
information does not need to include bits corresponding to subframes configured for MBSFN, thus reducing the SI
overhead.
[0079] However, it may be beneficial for some terminals not to read (decode) the MBSFN signaled in SIB2 for instance
in order to reduce power consumption caused by receiving and the decoding of SIB2 of the legacy system in addition
to receiving and decoding of the system information for the enhanced coverage system.
[0080] In order to enhance configurability of system information signaling, according to an embodiment, a subframe
scheduling field application bit (abbreviated as "U-bit" meaning "universality bit") is provided. The U-bit indicates whether
the subframe scheduling field is to be understood universally, i.e. without considering MBSFN subframe configuration
or whether the subframes configured for MBSFN are to be excluded. For instance, if U-bit is set to TRUE (e.g. logical
"1"), it means that the subframe scheduling field (bitmap) is a universal bitmap and is applicable irrespectively of the
MBSFN configuration in the cell and therefore the UE (MTC device) does not need to acquire/ use the MBSFN-Sub-
frameConfig. On the other hand, if the U-bit is set to FALSE (e.g. logical "0"), it means that the subframe scheduling
field (bitmap) is not a universal bitmap and the MTC device must also acquire the IE MBSFN-SubframeConfig in order
to determine the position of subframes configured for MTC SI (EC SI) in order to avoid attempts to receive MTC SI on
subframes that are not carrying MTC SI since they already carry MBSFN.
[0081] Accordingly, with one single bit it may be indicated whether the same configuration applies for SI transmission
in frames configured as MBSFN subframes as well. In case the subframe scheduling field is universal, i.e. valid for any
subframes also including multimedia broadcast, it is up to the network to ensure that no collision occurs, i.e. that the
scheduling information is not scheduled to the same subframes as the multimedia broadcast. MTC device just assumes
that all the subframes (irrespective of and with or without the knowledge of if the subframes belong to the frames carrying
MBSFN subframes or not) indicated by the subframe scheduling field for the MTC SI carry the MTC SI.
[0082] In case the subframe scheduling field is not universal, i.e. it can be only correctly interpreted after reception of
the multimedia broadcast configuration, it is to be ensured that the terminals receive both the multimedia broadcast
configuration and the subframe scheduling field. In order to avoid increased battery consumption which would because
by attempts to receive and decode system information carrying the multimedia broadcast configuration in the legacy
system, the multimedia broadcast configuration may be included into the EC specific system information. For instance,
the IE mbsfn-SubframeConfigList may be included into the MTC-specific SIB such as MTC SIB1.
[0083] Accordingly, based on the U-bit value, the MTC device may exactly know where the MTC SI will be transmitted
and therefore avoid unnecessary reception attempts, thereby saving battery.
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[0084] For instance, when the value of the U-bit is FALSE, then wireless device (such as MTC device) performs the
following calculation to find out which subframes in frames carrying MBSFN subframes are carrying MTC SI. Let A be
a bitmap corresponding to the subframe scheduling field for the MTC SI and B be an extended bitmap corresponding
to MBSFN configuration as described above for LTE. It is noted that in this example the format of both bitmaps may
cover either one or four frames as exemplified above for the MBSFN configuration. Accordingly, the bitmap A may be
10 or 40 bits long - describing subframes of one or 4 frames, respectively. Bitmap B may have the same format, which
may be generated by taking the 6 or 24 bits as described above belonging to the MBSFN configuration and inserting
"0" on the positions of corresponding subframes not included into the bitmap (i.e. corresponding to the non-MBSFN
subframe positions). For instance, A = 0101010101 and B = 0110000000 in their extended format (inserting 0s at positions
0, 4, 5 and 9), covering all subframes of a single frame. In order to determine the location of the SI, logical AND is applied
between the frames with SI configured and frames without MBSFN configured, corresponding to A AND (NOT(B)) which
is for the above example (0101010101) AND (NOT (0110000000)) = 0101010101 AND 1001111111 = 0001010101.
[0085] Therefore, in normal frames the SI is carried in subframes #1, #3, #5, #7, #9 (i.e. bitmap A) and in MBSFN
frames in subframes #3, #5, #7, #9 (A AND (NOT(B))).
[0086] A possible ASN structure for this embodiment may look as shown in the following:
Similarly to the MTSFN subframes signaling, the configuration for system information may be carried in system information
within a container IE "MTCSI-SubframeConfig". As is clear to those skilled in the art, the name of this IE is only exemplary
and any other name may be used instead. In this example, the IE MTCSI-SubframeConfig defines subframes that are
reserved for MTC SI transmission in downlink on MTC specific bandwidth as follows:

 -- ASN1START
 MTCSI-SubframeConfig ::= SEQUENCE {
       radioframeAllocationPeriod ENUMERATED {n1, n2, n4, n8, n16, n32),
       radioframeAllocationOffset INTEGER (0..7),
       firstBitmapSolution1 BIT STRING (SIZE(10)),
       universalUse ENUMERATED {True, False},
       mbsfn-SubframeConfig MBSFN-SubframeConfig OPTIONAL -- Cond
       universal
      }
       -- ASN1STOP

[0087] The MTCSI-SubframeConfig IE includes further IEs. The meaning of the IEs radioFrameAllocationPeriod and
radioFrameAllocationOffset is the similar as for the corresponding, above described MBSFN IEs. In particular, The IEs
radioFrameAllocationPeriod and radioFrameAllocationOffset define in which frames the SI subframes are scheduled.
[0088] IE firstBitmapSolution1 corresponds to the subframe scheduling information field described above and is a
bitmap with 10 bits for respective 10 subframes of a frame. As described above, the bitmap may be shorter than the
number of subframes in a frame.
[0089] IE universalUse corresponds to the above described U-bit and indicates whether or not the IE
firstBitmapSolution1 applies continuously, i.e. for all subframes of the frames indicated by the allocation period and
offset. The IE universalUse can take two Boolean values: True or False. If the IE universalUse has the value False, then
the wireless device receiving the bitmap needs to determine (e.g. calculate by logical operations as described above)
which subframes in the frames carrying also MBSFN subframes will carry the MTC SI. This is performed in this example
by reading the following IE mbsfn-SubframeConfig which is described above and which indicates the configuration of
the MBSFN frames including allocation period, offset and bitmap.
[0090] In other words, if the IE universalUse has the value False, then the IE mbsfn-SubframeConfig is present. If on
the other hand the IE universalUse has the value True, then the IE mbsfn-SubframeConfig may not be present.
[0091] The conditional presence set to "universal" in the ASN syntax above means that this field (IE mbsfn-Sub-
frameConfig) is mandatory present when the field universalUse has the value False.
[0092] It is noted that this example shows the inclusion of the MBSFN configuration (scheduling) directly into the
system information configuration information (corresponding to the IE MTCSI - SubframeConfig). However, the present
disclosure is not limited by this example. The ASN syntax may include the U-bit (universalUse) and not include the
MBSFN configuration. In such case, as described above, the MTC device may determine the MBSFN configuration by
reading the correspodnig system information (such as IE mbsfn-SubframeConfigList in SIB2 in the case of the LTE
legacy system). Including the MBSFN configuration into the system information configuration information has the ad-
vantage of not requiring the MTC device to monitor resources for SIB1 by using the RNTI-SI. On the other hand, including
the MBSFN configuration into the system information configuration information requires additional signaling overhead.
[0093] Figure 7 shows frames carrying MBSFN subframes i.e. frames with sequence frame number (SFN) equal to
2, 10 and 18 (frame number and positions are derived from the IEs radioFrameAllocationPeriod and radioFrameAlloca-
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tionOffset as described above). Further, the figure shows four types of subframes:

- Non MBSFN subframes (subframes with number 0, 4, 5 and 9 within the frame 10 in the figure) that cannot be used
for eMBMS / MBMS / MBSFN purpose (i.e. for multimedia broadcast transmission),

- Subframes that may be configured for eMBMS/ MBMS purpose / MBSFN (subframes with number 1, 2, 3, 6, 7 and 8),

- Subframes that are actually configured for eMBMS/ MBMS / MBSFN purpose (1, 2) in this example, which is given
by the oneFrame / fourFrame field as described above.

- Subframes that are configured for transmission of the MTC SI (subframes with numbers 3, 5, 7, and 9), which may
be indicated in the SI configuration information as described above.

[0094] Also, the diagram shows as an example that the MTC SI(s) are scheduled in the central 6 PRBs per default so
that no additional frequency scheduling is necessary. It is noted that Figure 7 is a mere example of a configuration.
[0095] In accordance with another, second embodiment, two separate bitmaps with two different respective formats
are provided within the SI configuration information, one for normal frames (frames not carrying MBSFN subframes)
and another one for frames carrying MBSFN subframes. One of the advantages of this embodiment is that it is simpler
for the terminal, since the UE does not need to receive the MBSFN information, perform some bitwise operation as
exemplified above etc. It merely applies the configurations as they apply to different set of frames, i.e. to the frames/
subframes corresponding to the two bitmap formats / configurations.
[0096] The MTC device does not need to know anything about the MBSFN configuration. It merely applies the format
based on a configuration (e.g. format1 on even subframes and format2 on odd subframes) which is also signaled within
the SI configuration.
[0097] In particular, the length of a normal-frame bitmap may be 10 bits (or 9 bits when assuming that subframe #0
is never used for MTC SI transmission) whereas the length of the bitmap for frames carrying MBSFN subframes (MTCSI-
subframeAllocation bitmap) may be the same as the MBSFN scheduling described above. In the following, an example
of such a bitmap is shown:

 -- ASN1START
 MTCSI-subframeAllocation CHOICE {
              oneFrame BIT STRING (SIZE(6)
              fourFrames BIT STRING (SIZE(24))
             } -- ASN1STOP

[0098] As a further optimization, a ’Q-bit’ bit may indicate whether or not the corresponding bits in the first bitmap apply
also to subframes #0, #4, #5, #9 (in FDD) and subframes #0, #1, #5, #6 (in TDD; either DL or special subframes) in
frames pointed to by the information element including the second bitmap configuration. The above mentioned subframes
#0, #4, #5, #9 (in FDD) and subframes #0, #1, #5, #6 (in TDD) are subframes which are never (i.e. in no frame) used
to transmit MBSFN data.
[0099] The second solution always signals two separate bitmaps one for normal (non-MBSFN) frames and other for
frames carrying MBSFN subframes. The second bitmap (for frames carrying MBSFN subframes) does not talk about
subframes #0, #4, #5, #9 (in FDD) and subframes #0, #1, #5, #6 (in TDD). So, using the 1 bit information, the network
can indicate whether or not the first bitmap applies also to these subframes of a frame carrying MBSFN subframes.
[0100] Alternatively, an interpretation may be defined for instance in a standard, according to which the UE has to
assume that the corresponding bits in the first bitmap applies also to subframes #0, #4, #5, #9 (in FDD) and subframes
#0, #1, #5, #6 (in TDD; either DL or Special subframes) in frames pointed by the second bitmap configuration..
[0101] An exemplary syntax for the SI configuration information is shown below. The configuration for system infor-
mation according to this second embodiment may also be carried in system information within a container IE "MTCSI-
SubframeConfig".
[0102] The IE MTCSI-SubframeConfig defines subframes that are reserved for MTC SI transmission in downlink on
a MTC specific bandwidth.

 -- ASN1START
 OTCSI-SubframeConfig ::= SEQUENCE {
       firstBitmap BIT STRING (SIZE(10)),
       secondBitmap SecondBitmap
} SecondBitmap ::= SEQUENCE {
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       radioframeAllocationPeriod ENUMERATED {n1, n2, n4, n8,
 n16, n32},
       radioframeAllocationOffset INTEGER (0..7),
       subframeAllocation CHOICE {
              oneFrame BIT STRING (SIZE(6)),
              fourFrames BIT STRING (SIZE(24))
             }
              -- ASN1STOP

[0103] The SI configuration above includes a first bitmap field "firstBitmap" which has a length of 10 bits. It is noted
that this is only an exemplary length of the bitmap corresponding to the number of subframes per frame. However, as
described above, some subframes may be left out as well as the corresponding bitmap bits and thus the first bitmap
may be shorter than number of subframes per frame. The information element firstBitmap is applied to frames to which
secondBitmap is not applicable.
[0104] The second bitmap is included in an IE secondBitmap which includes not only the bitmap itself (subframe
scheduling field) but also further configuration information - in this example it is the allocation preriod and offset. The IE
secondBitmap thus tells exactly on which frames and subframes SI MTC will be provided. Interpretation of individual
fields (radioframeAllocationPeriod, radioframeAllocationOffset, oneFrame and fourFrames) is the same as in the MBSFN-
SubframeConfig described in the above first embodiment.
[0105] In the above example, the configuraton of the secondBitmap includes a bitmap (in the field oneFrame or in the
field fourFrames) which is shorter (in terms of a number of bits) than the first bitmap if the length of 6 bits is taken . In
particular, the bitmap in the secondBitmap IE follows the lenghts of the MBSFN configuration IEs, i.e. 6 and 24 subframes.
However, the length of the second bitmap may also be 24 bits.
[0106] Accordingly, in the above example, the second bitmap does not address some subframes preknown to the UE
e.g. subframes 0, 4, 5, 9 (for FDD) which cannot carry MBSFN frames. However, it is noted that the present dislosure
is not limited to such configuration. The second bitmap may also address these frames and not address others (for
instance frame 0 because of MIB signalling or other examples mentioned in connection with the first embodiment).
[0107] As described above, a Q-bit may also be part of the SI configuration information as is exemplified in the following
ASN syntax.

 -- ASN1START
 MTCSI-SubframeConfig ::= SEQUENCE {
       firstBitmap BIT STRING (SIZE(10)),
       secondBitmap SecondBitmap,
       q-Bit ENUMERATED {True, False)
      } SecondBitmap ::= SEQUENCE {
       radioframeAllocationPeriod ENUMERATED {n1, n2, n4, n8,
       n16, n32},
       radioframeAllocationOffset INTEGER (0..7),
       subframeAllocation CHOICE {
              oneFrame BIT STRING (SIZE(6)),
              fourFrames BIT STRING (SIZE(24))
                                                }}
                                                 -- ASN1STOP

[0108] The Q-Bit indicates whether or not the bits in the firstBitmap (#0, #4, #5, #9 in FDD and subframes #0, #1, #5,
#6 in TDD) apply also to the corresponding subframe position of the secondBitmap. Accordingly, with the Q-bit set to
True, the subframes not addressed by the second bitmap’s bits may still be used for transmission of SI.
[0109] Similarly as U-bit, the IE q-bit can take two Boolean values: True or False. If the IE q-bit has the value False,
then the first bitmap is only applicable to the frames not indicated in the second configuration carried in the IE second-
Bitmap. These may advantageously be the non-MBSFN frames. If, on the other hand, the IE q-bit has the value True,
the first bitmap is also applicable to subframes not associated with any bits in the second bitmap (carried in oneFrame
or fourFrames fields of the IE secondBitmap) which subframe positions (from 0-9) are being referred in by the second-
Bitmap may be specified and could, as an example, correspond to non-MBSFN subframes (i.e. subframes #0, #4, #5,
#9 (in FDD) and subframes #0, #1, #5, #6 (in TDD)) .
[0110] Thus, if the Q-bit is set to True, then a user device may determine the subframes carrying system information
by applying logical OR between the second bitmap and the first bitmap as is illustrated in the following example: Assume
the first bitmap (C) being 0001010110 and the second bitmap (D) being 010101. Then a bitmap C’ is obtained by setting
all positions of C except for the positions 0, 4, 5, 9 (positions not covered by the second bitmap) to zero resulting in C’
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= 0001000010. The second bitmap D is extended to cover the number of subframes in the frame (here 10) by inserting
"0" on the positions (0, 4, 5, 9) not covered by the second bitmap. This results in the second bitmap D’ being 0010001001.
Then a logical (bitwise) OR (non-exclusive) is performed between C’ and D’ resulting in 0001000010 OR 0010001001
= 0001001011 which means that the SI information is transmitted in the subframes with number 3, 6, 8 and 9 on the
frames indicated by the secondBitmap; and on all other frames on subframes with number 3, 5, 7 and 8.
[0111] It is noted that the meaning of True and False may also be reversed. Moreover, it is noted that the bitmap D
may also have a length of 24 bits as exemplified in the syntax above. In such case the bitmap D’ is formed by inserting
the zeros in positions of subframes 0, 4, 5, and 9 in each of the 4 frames represented by the 24-bit bitmap, obtaining in
this way 40 bits. The 10-bit long second bitmap C would be repeated four times, resulting also in 40 bits. Then, similarly
as described above, bitmap C’ would be formed, also maintaining a length of 40 bits.
[0112] The above syntax and bitmap lengths are exemplary. As also already described above, any other lengths may
be selected, depending on the number of subframes per frame and the number of subframes which have no assigned
corresponding bit in the bitmap.
[0113] The present disclosure may provide several advantageous effects especially when applied to MTC SIB signaling
in addition to a co-existing legacy system SIB signalling. In comparison with the current LTE SIB signaling, the present
disclosure avoids introducing huge system load due to repetitions on a channel which has to be decoded blindly. The
use of the channels on which blind decoding is to be applied such as (e)PDCCH/ MPDCCH is avoided i.e. no dynamic
scheduling for SI transmission is required. Moreover, legacy UEs are not affected so that they can still operate without
any modifications. On the other hand, with the present disclosure, provisioning of static scheduling information in spec-
ification is not required.
[0114] In the present disclosure, an MTC device behavior is designed which exactly knows how the semi static sched-
uling information is to be used in MBSFN and normal frames/subframes. Among other advantages, this enables reducing
the UE power consumption by restricting the UE acquiring SIs only in subframes that really carry the said SI.
[0115] In the above examples, the system information configuration information specified the location of the resources
on which the SI is to be transmitted unambiguously. This means that the wireless devices do not need to attempt blind
decoding in order to read the system information but rather know exactly, where and when to read it. Accordingly, if the
above disclosure is applied for MTC SI signaling, the MTC devices may save battery by not trying blind decoding and
thus no special RNTI for the MTC SI is necessary either.
[0116] However, in general, the position of the system information does not have to be precisely specified. In order
to limit the power consumption, the opportunities for blind decoding may be merely reduced rather than fully specifying
the position for reading/decoding the resources.
[0117] In particular, there may be predefined rules according to which the system information is not mapped on the
resources (subframes):

- onto which physical broadcast channel is mapped, for instance the MIB and/or MTC-SIB1; and/or

- configured for multimedia broadcast (such as MBSFN, i.e. subframes in frames carrying MBSFN subframes); and/or

- scheduled for legacy SI transmission (using SI-RNTI, i.e. blind decoding);

[0118] In other words, the network schedules (MTC) system information similarly to the legacy system, i.e. dynamically
using a separate identifier MTC-RNTI. The MTC terminals that attempt blind decoding by attempting to detect occurrence
of the MTC-RNTI in the (e)PDCCH or the equivalent channel for MTC monitored resources (basically CRC of (e)PDCCH/
MPDCCH masked with MTC-RNTI) and upon detection of the MTC-RNTI read the MTC SI on that resources. In accord-
ance with the above example, the terminals may reduce the number of monitored resources by excluding any of MTC-
SIB1 subframes, legacy SI subframes, MBSFN subframes or the like.
[0119] Another issue concerning the attempts to decode such unnecessary trying complicates how it counts ’max
number of failed soft combining attempts. This is required in order to not erroneously count / conclude that the maximum
number of failed soft combining attempts have been exceeded. This determination of exceeding the maximum number
is used to notify higher layers that the system information could not be acquired.
[0120] MTC SI, similarly to the MTC data are to be transmitted with a large amount of repetitions in order to extend
the coverage for the MTC system by ensuring correct reception even in bad channel conditions as explained in the
background section.
[0121] The repetitions are not necessarily repetitions of the same coded blocks. Rather, the data before encoding is
the same, but the repetitions generally represent possibly different encodings of the same data (i.e. different redundancy
versions for HARQ retransmissions). This means that the repetitions may belong to other redundancy versions. The
receiver then tries to combine received data gained by repetitions and decode it. The more repetitions are received, the
higher is the probability of correct decoding. After a predetermined number of decoding attempts, the reception is
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considered as failed and the higher layers are notified as is done in MAC sublayer upon exceeding Maximum HARQ
retransmissions described in section 5.4.2.2 of 3GPP TS 36.321, v12.5.0 available at www.3gpp.org.
[0122] If the system information is scheduled semi-statically and unambiguously as described in the above disclosure,
the terminal has the accurate information concerning the location and number of repetitions of the system information
repetitions scheduled. The number of repetitions could be specified or configured in system information. UE knows from
the scheduling info which SIs is/ are being transmitted within which SI-windows. UE knows from the MTC Scheduling
info how often the SI-window for SI-X will come, how long is the SI-Window etc. Thus, the terminal is capable of correctly
determining when the predetermined number of decoding attempts failed. However, in the case of blind decoding, the
terminal may count some SI reception attempts (when MTC SI was not even being transmitted) and thus, count the
decoding attempts incorrectly. If not counted correctly, the UE may prematurely quit to acquire the said system information
and thus fail to avail the service(s) of the network which could include also camping/ selecting a cell.
[0123] In other words, the present disclosure provides an apparatus for receiving system information illustrated in
Figure 8 and operable in a wireless communication system such as the one illustrated in Figures 1 and 2. The apparatus
(receiver, wireless device as illustrated also in Figure 2) 800A comprises: a receiving unit 820 for receiving system
information configuration information and for receiving system information in predetermined subframes of a radio inter-
face; and a control unit 810 for determining the predetermined subframes according to the received system information
configuration information and for controlling the receiving unit to receive the system information in the predetermined
subframes, wherein the system information configuration information includes a subframe scheduling field with a plurality
of bits, each bit being associated with a subframe and representing whether or not system information is to be received
in that subframe.
[0124] In particular, the wireless device 800A may be a mobile terminal in a cellular system such as LTE or LTE-A, in
which system information is transmitted by means oc the RRC protocol messages. The receiving unit 820 receives the
SI configuration and passes it to the control unit 810 which then controls the receiving unit 820 to receive the system
information according to that configuration. Receiving here means physically receiving the wireless signal and decoding
the information transmitted.
[0125] The present disclosure also provides an apparatus 800B for transmitting the system information in the wireless
communication system. The apparatus 800B may be a network node such as a base station or more specifically an
(e)NB in the LTE system. The network node BOOB comprises a configuration unit 860 for configuring subframes to
carry or not to carry system information, to generate a system information configuration information indicating the con-
figuration, and for controlling a transmitting unit 870 to transmit the system information in the configured subframes,
wherein the transmitting unit 870 serves for transmitting system information configuration information and for transmitting
system information in the configured subframes of a radio interface; wherein the system information configuration infor-
mation includes a subframe scheduling field with a plurality of bits, each bit being associated with a subframe and
representing whether or not system information is to be received in that subframe.
[0126] The network node 800B configures the transmission of the system information according to the type of the cell
and the features supported by the cell as is also the case for the system information transmitted in the 3GPP LTE or
LTE-A or UMTS or any other known system. The features of the cell may include support for MTC - either of or both low
complexity (LC) and coverage enhancement (EC) and the system information related to these features.
[0127] Advantageously, the number of bits of the system information configuration information associated with respec-
tive subframes is less than or equal to the number of subframes in a radio frame; none of the bits is associated with at
least one of: subframes used for reception of system information configuration information, subframes used for a physical
broadcast channel, subframes configured for multimedia broadcast operation; and the system information is transmitted
by the network node 800B (and correspondingly also received by the wireless device 800A) only on subframes indicated
by the bits in the subframe scheduling field of the system information configuration information.
[0128] For instance, the system information configuration information is transmitted (from the network node 800B)
and received (by the wireless device 800A) either within a master information message of a radio resource control
protocol carried on a physical broadcast channel or within a system information message of the radio resource control
protocol scheduled in the master information message, and the system information configuration information further
comprises an indication of the frequency resources for the system information including at least one of a location and/or
number of physical resource blocks reserved for the system information, and/or whether or not frequency hopping is
applied.
[0129] The apparatus 800A (wireless device) may be a machine type communication, MTC, terminal and said system
information may be system information for MTC. Advantageously, none of the bits in the subframe scheduling field is
associated with subframes carrying system information for other type of communication.
[0130] For example, the system information configuration information further comprises a subframe scheduling field
application indicator for indicating whether or not a multimedia broadcast scheduling information is to be used; the control
unit 810 of the receiver is configured, when the subframe scheduling field application indicator has a first value, to
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- receive the multimedia broadcast scheduling information indicating subframes used for multimedia broadcast com-
munication;

- determine the predetermined subframes in accordance with the multimedia broadcast scheduling information by
excluding the subframes used for multimedia broadcast communication; and

not to receive or take into account the multimedia broadcast scheduling information when the subframe scheduling field
application indicator has another value different from the first value.
[0131] Correspondingly, the configuration unit 860 is configured to set the subframe scheduling field application indi-
cator and the corresponding SI configuration information accordingly.
[0132] The multimedia broadcast scheduling information may include a subframe scheduling field with a plurality of
bits, each bit being associated with a subframe and representing whether or not multimedia broadcast is to be transmitted
in that subframe. The control unit 810 of the wireless device is then advantageously configured to determine the prede-
termined subframes by applying a logical AND between bits of a bitmap representing the subframes in which the system
information is to be received and the subframes in which the multimedia broadcast is not transmitted.
[0133] Alternatively, the system information configuration information includes:

- a first subframe scheduling field and a second subframe scheduling filed of which each includes subfields for some
respective subframes; and

- scheduling information indicating to which frames the second subframe scheduling field applies,

the second subframe scheduling field is applied to the frames indicated by the scheduling information whereas the first
subframe fielr is applied to any other frames.
[0134] For example, the second subframe scheduling field has no bits associated with some predefined subframes;
and the system information configuration information includes a first bitmap application bit for indicating whether or not
the bits of first subframe scheduling field associated with said predefined frames are to be applicable for the frames
indicated in the scheduling information.
[0135] For any of the above described examples, a master information message transmitted on a physical broadcast
channel may include scheduling information concerning subframe scheduling of a first system information which includes
the system information configuration information, and none of the bits of the subframe scheduling field is associated
with subframes indicated as carrying the first system information in said scheduling information.
[0136] The scheduling information may consist of a predefined number of predefined combinations of at least two of:
first system information size, subframes in which the first system information can be scheduled, application of frequency
hopping, frequency hopping pattern and frequency allocation.
[0137] Further features as described above in detail may be featured by the wireless device, network node and the
system information configuration information format.
[0138] The present disclosure further provides a method 900A for receiving system information in a wireless commu-
nication system (the interface formed by the wireless channel is illustrated by the vertical dashed line 900) as illustrated
in Figure 9. The receiving method 900A includes the steps of receiving system information configuration information
930 and for receiving system information 960 in predetermined subframes of a radio interface; and determining 940 the
predetermined subframes according to the received system information configuration information and for controlling 940
the receiving of the system information to take place in the predetermined subframes, wherein the system information
configuration information includes a subframe scheduling field with a plurality of bits, each bit being associated with a
subframe and representing whether or not system information is to be received in that subframe.
[0139] The present disclosure also provides a method 900B for transmitting the system information in the wireless
communication system comprising the steps of: configuring 910 subframes to carry or not to carry system information
and to generate a system information configuration information indicating the configuration as well and for controlling
the transmitting unit to transmit the system information in the configured subframes, and further comprising the steps of
transmitting 920 the system information configuration information and transmitting 950 the system information in the
configured subframes of a radio interface; wherein the system information configuration information includes a subframe
scheduling field with a plurality of bits, each bit being associated with a subframe and representing whether or not system
information is to be received in that subframe
[0140] In accordance with another embodiment, a computer program product comprising a computer-readable medium
having a computer-readable program code embodied thereon is provided, the program code being adapted to carry out
the present invention.
[0141] Other exemplary embodiments relate to the implementation of the above described various embodiments using
hardware and software. In this connection a user terminal (mobile terminal) and an eNodeB (base station) are provided.
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The user terminal and base station is adapted to perform the methods described herein, including corresponding entities
to participate appropriately in the methods, such as receiver, transmitter, processors.
[0142] It is further recognized that the various embodiments may be implemented or performed using computing
devices (processors). A computing device or processor may for example be general purpose processors, digital signal
processors (DSP), application specific integrated circuits (ASIC), field programmable gate arrays (FPGA) or other pro-
grammable logic devices, etc. The various embodiments may also be performed or embodied by a combination of these
devices.
[0143] Further, the various embodiments may also be implemented by means of software modules, which are executed
by a processor or directly in hardware. Also a combination of software modules and a hardware implementation may
be possible. The software modules may be stored on any kind of computer readable storage media, for example RAM,
EPROM, EEPROM, flash memory, registers, hard disks, CD-ROM, DVD, etc.
[0144] It should be further noted that the individual features of the different embodiments may individually or in arbitrary
combination be subject matter to another embodiment.
[0145] It would be appreciated by a person skilled in the art that numerous variations and/or modifications may be
made to the present disclosure as shown in the specific embodiments. The present embodiments are, therefore, to be
considered in all respects to be illustrative and not restrictive.
[0146] As such, the embodiments are limited only by the enclosed claims. Additional embodiments are summarized
in the following clauses.

Clause 1. An apparatus for receiving system information in a wireless communication system comprising:

a receiving unit for receiving system information configuration information and for receiving system information
in predetermined subframes of a radio interface; and

a control unit for determining the predetermined subframes according to the received system information con-
figuration information and for controlling the receiving unit to receive the system information in the predetermined
subframes,

wherein the system information configuration information includes a subframe scheduling field with a plurality
of bits, each bit being associated with a subframe and representing whether or not system information is to be
received in that subframe.

Clause 2. An apparatus for transmitting system information in a wireless communication system comprising:

a configuration unit for configuring subframes to carry or not to carry system information, to generate a system
information configuration information indicating the configuration, and for controlling the transmitting unit to
transmit the system information in the configured subframes,

a transmitting unit for transmitting the system information configuration information and for transmitting the
system information in the configured subframes of a radio interface;

wherein the system information configuration information includes a subframe scheduling field with a plurality
of bits, each bit being associated with a subframe and representing whether or not system information is to be
received in that subframe.

Clause 3. The apparatus according to clause 1 or 2, wherein
the number of bits of the system information configuration information associated with respective subframes is less
than or equal to the number of subframes in a radio frame;
none of the bits is associated with at least one of:

- subframes used for reception of system information configuration information,

- subframes used for a physical broadcast channel,

- subframes configured for multimedia broadcast operation;

and the system information is transmitted only on subframes indicated by the bits in the subframe scheduling field
of the system information configuration information.
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Clause 4. The apparatus according to any of clauses 1 to 3, wherein
the system information configuration information is received either within a master information message of a radio
resource control protocol carried on a physical broadcast channel or within a system information message of the
radio resource control protocol scheduled in the master information message, and
the system information configuration information further comprises an indication of the frequency resources for the
system information including at least one of a location and/or number of physical resource blocks reserved for the
system information, and/or whether or not frequency hopping is applied.

Clause 5. The apparatus according to clause 1, wherein
said apparatus is a machine type communication, MTC, terminal;
said system information is system information for MTC; and
none of the bits in the subframe scheduling field is associated with subframes carrying system information for other
type of communication.

Clause 6. The apparatus according to any of clauses 1 to 5, wherein
the system information configuration information further comprises a subframe scheduling field application indicator
for indicating whether or not a multimedia broadcast scheduling information is to be used;
the control unit is configured, when the subframe scheduling field application indicator has a first value, to

- receive the multimedia broadcast scheduling information indicating subframes used for multimedia broadcast
communication;

- determine the predetermined subframes in accordance with the multimedia broadcast scheduling information
by excluding the subframes used for multimedia broadcast communication; and

not to receive or take into account the multimedia broadcast scheduling information when the subframe scheduling
field application indicator has another value different from the first value.

Clause 7. The apparatus according to clause 6, wherein
the multimedia broadcast scheduling information includes a subframe scheduling field with a plurality of bits, each
bit being associated with a subframe and representing whether or not multimedia broadcast is to be transmitted in
that subframe;
the control unit is configured to determine the predetermined subframes by applying a logical AND between bits of
a bitmap representing the subframes in which the system information is to be received and the subframes in which
the multimedia broadcast is not transmitted.

Clause 8. The apparatus according to any of clauses 1 to 3,
wherein
the system information configuration information includes:

- a first subframe scheduling field and a second subframe scheduling filed of which each includes subfields for
some respective subframes; and

- scheduling information indicating to which frames the second subframe scheduling field applies,

the second subframe scheduling field is applied to the frames indicated by the scheduling information whereas the
first subframe field is applied to any other frames.

Clause 9. The apparatus according to clause 8, wherein
the second subframe scheduling field has no bits associated with some predefined subframes; and
the system information configuration information includes a first bitmap application bit for indicating whether or not
the bits of first subframe scheduling field associated with said predefined frames are to be applicable for the frames
indicated in the scheduling information.

Clause 10. The apparatus according to any of clauses 1 to 9, wherein
a master information message transmitted on a physical broadcast channel includes scheduling information con-
cerning subframe scheduling of a first system information which includes the system information configuration
information, and
none of the bits of the subframe scheduling field is associated with subframes indicated as carrying the first system
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information in said scheduling information.

Clause 11. The apparatus according to clause 10, wherein the scheduling information consists of a predefined
number of predefined combinations of at least two of: first system information size, subframes in which the first
system information can be scheduled, application of frequency hopping, frequency hopping pattern and frequency
allocation.

Clause 12. The apparatus according to clause 2 being a base station controlling a cell of the wireless communication
system.

Clause 13. A method for receiving system information in a wireless communication system comprising:

receiving system information configuration information and for receiving system information in predetermined
subframes of a radio interface; and

determining the predetermined subframes according to the received system information configuration informa-
tion and for controlling the receiving of the system information to take place in the predetermined subframes,

wherein the system information configuration information includes a subframe scheduling field with a plurality
of bits, each bit being associated with a subframe and representing whether or not system information is to be
received in that subframe.

Clause 14. A method for transmitting system information in a wireless communication system comprising:

configuring subframes to carry or not to carry system information, generating a system information configuration
information indicating the configuration, and controlling the transmitting unit to transmit the system information
in the configured subframes,

transmitting the system information configuration information and transmitting the system information in the
configured subframes of a radio interface;

wherein the system information configuration information includes a subframe scheduling field with a plurality
of bits, each bit being associated with a subframe and representing whether or not system information is to be
received in that subframe

Clause 15. A computer program product comprising a computer-readable medium having a computer-readable
program code embodied thereon, the program code being adapted to carry out the steps of method according to
clause 13 or 14.

Claims

1. An apparatus for receiving system information in a wireless communication system, comprising:

a receiver, which, in operation, receives system information configuration information; and
circuitry, which is coupled to the receiver and which, in operation, determines first subframes for receiving
system information according to the received system information configuration information,
wherein,
the system information configuration information indicates whether or not multimedia broadcast scheduling
information, which indicates second subframes that are used for multimedia broadcast communication, is to be
used,
responsive to the system information configuration information indicating the multimedia broadcast scheduling
information is to be used, the circuitry determines the first subframes by excluding the second subframes,
responsive to the system information configuration information indicating the multimedia broadcast scheduling
information is not to be used, the circuitry determines the first subframes, without using the multimedia broadcast
scheduling information, according to a subframe scheduling field included in the system information configuration
information, each bit of a plurality of bits of the subframe scheduling field being associated with a subframe and
representing whether or not system information is to be received in that subframe, and
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the receiver receives the system information in the determined first subframes.

2. The apparatus according to claim 1, wherein:

the number of bits of the subframe scheduling field of the system information configuration information associated
with respective subframes is less than or equal to the number of subframes in a radio frame;
none of the bits is associated with at least one type of subframes chosen from:

subframes used for reception of system information configuration information,
subframes used for a physical broadcast channel, and
subframes configured for multimedia broadcast operation; and

the system information is transmitted only on subframes indicated by the bits in the subframe scheduling field
of the system information configuration information.

3. The apparatus according to claim 1, wherein
the system information configuration information is received either within a master information message of a radio
resource control protocol carried on a physical broadcast channel or within a system information message of the
radio resource control protocol scheduled in the master information message, and
the system information configuration information further comprises an indication of the frequency resources for the
system information including at least one of a location and/or number of physical resource blocks reserved for the
system information, and/or whether or not frequency hopping is applied.

4. The apparatus according to claim 1, wherein
said apparatus is a machine type communication, MTC, terminal;
said system information is system information for MTC; and
none of the bits in the subframe scheduling field is associated with subframes carrying system information for other
type of communication.

5. The apparatus according to claim 1, wherein
the system information configuration information includes:

a first subframe scheduling field and a second subframe scheduling field of which each includes subfields for
some respective subframes; and
scheduling information indicating to which frames the second subframe scheduling field applies, and
the second subframe scheduling field is applied to the frames indicated by the scheduling information whereas
the first subframe scheduling field is applied to any other frames.

6. The apparatus according to claim 5, wherein
the second subframe scheduling field has no bits associated with some predefined subframes, and
the system information configuration information includes a first bitmap application bit for indicating whether or not
the bits of the first subframe scheduling field are to be applicable for the frames indicated in the scheduling information.

7. The apparatus according to claim 1, wherein
a master information message transmitted on a physical broadcast channel includes scheduling information con-
cerning subframe scheduling of a first system information which includes the system information configuration
information, and
none of the bits of the subframe scheduling field is associated with subframes indicated as carrying the first system
information in said scheduling information.

8. The apparatus according to claim 7, wherein the scheduling information consists of a predefined number of predefined
combinations of at least two of: first system information size, subframes in which the first system information can
be scheduled, application of frequency hopping, frequency hopping pattern and frequency allocation.

9. A method for receiving system information in a wireless communication system, comprising:

receiving system information configuration information;
determining first subframes for receiving system information according to the received system information con-
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figuration information, wherein the system information configuration information indicates whether or not mul-
timedia broadcast scheduling information, which indicates second subframes that are used for multimedia
broadcast communication, is to be used;
responsive to the system information configuration information indicating the multimedia broadcast scheduling
information is to be used, determining the first subframes by excluding the second subframes;
responsive to the system information configuration information indicating the multimedia broadcast scheduling
information is not to be used, determining the first subframes, without using the multimedia broadcast scheduling
information, according to a subframe scheduling field included in the system information configuration informa-
tion, each bit of a plurality of bits of the subframe scheduling field being associated with a subframe and repre-
senting whether or not system information is to be received in that subframe; and
receiving the system information in the determined first subframes.

10. The apparatus according to claim 1, wherein the plurality of bits of the subframe scheduling field is 10 or 40 bits long.

11. The method according to claim 9, wherein the plurality of bits of the subframe scheduling field is 10 or 40 bits long.

12. An integrated circuit which, in operation controls a process of an apparatus for receiving system information in a
wireless communication system, the process comprising:

receiving system information configuration information;
determining first subframes for receiving system information according to the received system information con-
figuration information, wherein the system information configuration information indicates whether or not mul-
timedia broadcast scheduling information, which indicates second subframes that are used for multimedia
broadcast communication, is to be used;
responsive to the system information configuration information indicating the multimedia broadcast scheduling
information is to be used, determining the first subframes by excluding the second subframes;
responsive to the system information configuration information indicating the multimedia broadcast scheduling
information is not to be used, determining the first subframes, without using the multimedia broadcast scheduling
information, according to a subframe scheduling field included in the system information configuration informa-
tion, each bit of a plurality of bits of the subframe scheduling field being associated with a subframe and repre-
senting whether or not system information is to be received in that subframe; and
receiving the system information in the determined first subframes.

13. An apparatus for transmitting system information in a wireless communication system, comprising:

circuitry which, in operation, generates system information configuration information; and
a transmitter, which, in operation, transmits the system information configuration information to a receiving
apparatus to determine first subframes for receiving system information according to the transmitted system
information configuration information,
wherein,
the system information configuration information indicates whether or not multimedia broadcast scheduling
information, which indicates second subframes that are used for multimedia broadcast communication, is to be
used,
responsive to the system information configuration information indicating the multimedia broadcast scheduling
information is to be used, the first subframes are determined by excluding the second subframes,
responsive to the system information configuration information indicating the multimedia broadcast scheduling
information is not to be used, the first subframes are determined, without using the multimedia broadcast
scheduling information, according to a subframe scheduling field included in the system information configuration
information, each bit of a plurality of bits of the subframe scheduling field being associated with a subframe and
representing whether or not system information is to be transmitted in that subframe, and
the transmitter transmits the system information in the determined first subframes.

14. A method performed by an apparatus for transmitting system information in a wireless communication system,
comprising:

generating system information configuration information; and
transmitting system information configuration information to a receiving apparatus to determine first subframes
for receiving system information according to the transmitted system information configuration information,
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wherein the system information configuration information indicates whether or not multimedia broadcast sched-
uling information, which indicates second subframes that are used for multimedia broadcast communication, is
to be used;
responsive to the system information configuration information indicating the multimedia broadcast scheduling
information is to be used, the first subframes are determined by excluding the second subframes;
responsive to the system information configuration information indicating the multimedia broadcast scheduling
information is not to be used, the first subframes are determined, without using the multimedia broadcast
scheduling information, according to a subframe scheduling field included in the system information configuration
information, each bit of a plurality of bits of the subframe scheduling field being associated with a subframe and
representing whether or not system information is to be transmitted in that subframe; and
transmitting the system information in the determined first subframes.

15. An integrated circuit which, in operation, controls a process of an apparatus for transmitting system information in
a wireless communication system, the process comprising:

generating system information configuration information; and
transmitting system information configuration information to a receiving apparatus to determine first subframes
for receiving system information according to the transmitted system information configuration information,
wherein the system information configuration information indicates whether or not multimedia broadcast sched-
uling information, which indicates second subframes that are used for multimedia broadcast communication, is
to be used;
responsive to the system information configuration information indicating the multimedia broadcast scheduling
information is to be used, the first subframes are determined by excluding the second subframes;
responsive to the system information configuration information indicating the multimedia broadcast scheduling
information is not to be used, the first subframes are determined, without using the multimedia broadcast
scheduling information, according to a subframe scheduling field included in the system information configuration
information, each bit of a plurality of bits of the subframe scheduling field being associated with a subframe and
representing whether or not system information is to be transmitted in that subframe; and
transmitting the system information in the determined first subframes.
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