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An MTC device attaches to a base station (the RNC in -S10 group of MTC devices with small traffic in the same cell. A
UMTS network or the eNB in LTE network) group of MTC devices served in the same cell is treated as

one user equipment. An MTC device ID is used to uniquely
identify such an MTC device on the MTCu interface with a
base station in a cell. All the MTC devices in a group share

The base station allocates a device I D to the MTC -S20 the same radio network identifier and the MTC group iden
device based on its MTC group, as well as updates the tifier, and can be distinguished by the device index in the

information for this group. group. The base station allocates one radio bearer over the
MTCu interface for the small sessions of the devices, which
have similar QoS requirements (QCI parameter and Layer 2
parameters) and the same MTC server. The data transmis

The base station allocates specific rules for when an sion scheduling information is signalled from the base sta

MTC device can transmit UL data in response to a
S30 tion to the MTC devices in the same group, which may be

paging request. achieved without over the air signalling if the timing of the
UL signal is linked to a corresponding DL transmission in

terval. Then the devices transmit data packets one by one
accordingly. Within the MTCu DRB, the compressed ID is
added into the PDCP PDU header to identify the packets

The MTC devices uses the pre-defined schedule for the -S40 belonging to different MTC devices. Only updates need to
data transmission in order to deliver the data packets be communicated between the MTC devices and the base

station in the case that the device members of an MTC
group change.
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Radio Bearers for Machine Type Communication

Field of the Invention

This invention generally relates to a wireless communication system and in particular to

Machine Type Communication (MTC) in such a wireless communication system, where

MTC is a form of data communication which involves one or more entities that do not

necessarily need human interaction.

Background of the Invention

MTC is different from current communication models as it potentially involves very

large number of communicating entities (MTC devices) with little traffic per device.

Examples of such applications include: fleet management, smart metering, product

tracking, home automation, e-health, etc.

MTC has great potential for being carried on wireless communication systems (also

referred to here as mobile networks), owing to their ubiquitous coverage. However, for

mobile networks to be competitive for mass machine-type applications, it is important to

optimise their support for MTC. Current mobile networks are optimally designed for

Human-to-Human communications, but are less optimal for machine-to-machine,

machine-to-human, or human-to-machine applications. It is also important to enable

network operators to offer MTC services at a low cost level, to match the expectations

of mass-market machine-type services and applications.

To fully support these service requirements, it is necessary to improve the ability of

mobile networks to handle machine-type communications.

Efforts have already been made in this direction, and the 3GPP Technical Report TR

23.888 "System Improvements for Machine-Type Communications", hereby

incorporated by reference, summarises an agreed architectural baseline for MTC

services provided by a 3GPP wireless communication system.

According to this architectural baseline, the end to end application, between the MTC

device and the MTC server, uses services provided by the 3GPP system. The 3GPP



system provides transport and communication services (including 3GPP bearer

services, IP Multimedia Subsystem or IMS, and Short Messaging Service or SMS)

optimized for Machine-Type Communication.

In this architecture, each MTC Device connects to the 3GPP network (UTRAN,

eUTRAN, etc.) via an MTCu interface. Each MTC Device communicates with a MTC

Server or other MTC Devices using the 3GPP bearer services, SMS and IMS provided

by the PLMN (Public Land Mobile Network). The MTC Server is an entity which

connects to the 3GPP network via an MTCi interface (for IMS) or a MTCsms interface

(for SMS) and thus communicates with MTC Devices. The MTC Server may be an

entity outside of the operator domain, or inside an operator domain.

The above-mentioned interfaces are briefly described in the above document as

follows:

MTCu: provides MTC Devices access to the 3GPP network for the transport of

user plane and control plane traffic. The MTCu interface may be based on the Uu, Urn,

Ww and LTE-Uu interfaces.

MTCi: the reference point that the MTC Server uses to connect to the 3GPP

network and thus communicate with MTC Device via 3GPP bearer services/IMS. MTCi

may be based on Gi, Sgi, and Wi interfaces.

MTCsms: the reference point that the MTC Server uses to connect to the 3GPP

network and thus communicate with MTC Device via 3GPP SMS.

The present invention relates to resource allocation in such an architecture. Before

describing the specific problem addressed by the present invention, as well as its

solution, some background explanation will first be given of the kinds of system to

which the present invention may be applied.

As the present invention may be applied to various kinds of wireless communication

system including UMTS and LTE, both of these types of system will be briefly outlined

with reference to Figures 1 to 4 . However, for the avoidance of doubt, it is noted that

the present invention may also be applied to other types of wireless communication



system including iMAX (Worldwide Interoperability for Microwave Access) and

GERAN (GSM EDGE Radio Access Network).

Figure 2 shows the network topology in UMTS. A so-called UTRAN (UMTS Terrestrial

Radio Access Network) 6 consists of one or more RNS (Radio Network Subsystem) 4.

Each RNS controls the allocation and the release of specific radio resources to

establish a connection between a Mobile Station MS 2 (also sometimes called UE

(User Equipment)) and the UTRAN 6 . The RNS 4 is responsible for the resources and

transmission/reception in a group of cells.

In Figure 2 , the RNS 4 consists of a Node b 1, which connects wirelessly to each MS

over a Uu interface, and a Radio Network Controller (RNC) 3 which is wirelessly

connected to the Node b via a lub interface. The RNCs are in turn connected through

a lu interface to a Serving GPRS Support Node (SGSN) 7 and a Gateway GPRS

Support Node (GGSN) 8 for providing services to the users.

Over the radio interface Uu between the Mobile Station (MS) and the Radio Network

System (RNS), user data traffic is transported using the User-Plane (that consists of

Packet Data Convergence Protocol (PDCP), Radio Link Control (RLC), Medium

Access Control (MAC) and PHYsical (PHY) protocol layers. Figure 1 shows the

relationship between the protocol layers for the UMTS control plane and user plane.

The network topology in LTE is illustrated in Figure 4 . As can be seen, each UE 2

connects over a wireless link via a Uu interface to an eNB 1, and the network of eNBs

is referred to as the eUTRAN 10.

Each eNB 1 in turn is connected by a (usually) wired link using an interface called S

to higher-level or "core network" entities, including a Serving Gateway (S-GW 22), and

a Mobility Management Entity (MME 2 1) for managing the system and sending control

signalling to other nodes, particularly eNBs, in the network. In addition, a PDN or

Packet Data Network Gateway (P-GW) is present, separately or combined with the S-

GW 22, to exchange data packets with any packet data network including the Internet.

The core network 20 is called the EPC or Evolved Packet Core.



Over the radio interface Uu between the User Equipment (UE) and the eNodeB, user

data traffic is transported using the User-Plane consisting of PDCP, RLC, MAC and

PHY protocol layers. Figure 3 shows the relationship between the protocol layers for

LTE control plane and user plane.

The concept of "bearers" is important for achieving quality-of-service (QoS) in a 3GPP-

based network. In general, a "bearer" can be thought of as an information transmission

path of defined capacity, delay and bit error rate, etc. so as to enable a given service or

control function to be provided. Various types or levels of bearer can be established,

the radio part being set up using radio resource control or RRC.

Figure 7 shows an EPS Bearer Service Architecture proposed for LTE. The left side of

the Figure represents the eUTRAN 0 with the EPC 20 occupying the middle part of

the Figure. At the right-hand side, outside the LTE system as such, there is the

Internet 24. The vertical bars represent the main entities in the user plane, from the UE

2 to eNB 1 through to S-GW 22 and P-GW 23, terminating in a peer entity (such as

an Internet web server 25) connected to the P-GW 23. To provide an end-to-end

service 40 between the UE 12 and Peer Entity 25 (as indicated by the upper horizontal

band in the figure), the system sets up "bearers" as shown. An EPS Bearer 4 1

represents the entire connection within the LTE system; it constitutes a QoS flow for a

particular service. The connection continues outside the LTE system via an External

Bearer 42.

The EPS Bearer 4 1 is made up, in turn, of a radio bearer (RB) 5 1 over the link between

the UE 2 and eNB , and an S 1 Bearer 52 between the eNB 1 and S-GW 22. A

further Bearer (S5/S8 Bearer 53) is set up between the S-GW 22 and P-GW 23. Each

Bearer can be regarded as a "tunnel" in a given protocol layer for transport of packets,

connecting the end points for the duration of a particular service or "session", e.g. voice

call or download. Thus, the radio bearer 5 1 transports the packets of the higher-layer

EPS Bearer 4 1 between the UE 12 and eNB 1 , and the S 1 Bearer 52 transports the

packets of the EPS Bearer 4 1 between the eNB 11 and S-GW 22. Bearer control

through RRC, mentioned previously, includes the setting up of bearers for a particular

session so as to ensure sufficient QoS, taking into account the resource situation in the

eUTRAN 10 and existing sessions already in progress. It also involves the modification

and release of RBs.



Radio Bearers include a Data Radio Bearer (DRB), generally used to carry user data

but also sometimes signalling, and a Signalling Data Bearer (SRB) used for signalling.

Radio bearers may be bidirectional (that is, defined on both uplink UL and downlink DL)

or unidirectional (e.g., downlink only).

Radio Bearers typically remain defined for a relatively extended period of system

operation (such as the duration of a voice call by a given UE). As such they persist

over many cycles of operation in the system. A wireless communication system

generally divides time into a succession of equal-length cycles or "frames". Within

each frame, transmission on the uplink and downlink may either occur successively

(TDD) or simultaneously (FDD) depending on the system configuration. The length of

each frame is related to a Transmission Time Interval (TTI) which is the time duration

of one block of data transmitted in the system. Generally, a UE will transmit or receive

one block at a time, except in the case of MIMO (Multiple-Input, Multiple-Output) where

multiple antennas are employed.

In an LTE wireless communication system, the combination of protocol layers

PDCP/RLC/MAC is also known as Layer 2 , and the architecture for each of the

downlink and uplink are depicted in Figures 5 and 6 .

In these Figures, Service Access Points (SAP) for peer-to-peer communication are

marked with circles at the interface between sublayers. The SAP between the physical

layer and the MAC sublayer provides the transport channels. The SAPs between the

MAC sublayer and the RLC sublayer provide the logical channels.

The multiplexing of several logical channels, i.e. radio bearers (RBs), on the same

transport channel (i.e. transport block) is performed by the MAC sublayer. In both

uplink and downlink, only one transport block is generated per TTI in the non-MIMO

case.

Figure 7 represents one possible structure for the PDCP sublayer. Each RB (i.e. DRB

and SRB, except for SRB0) is associated with one PDCP entity. Each PDCP entity is

associated with one or two (one for each direction) RLC entities depending on the RB



characteristic (i.e. unidirectional or bi-directional) and RLC mode. The PDCP entities

are located in the PDCP sublayer.

As already mentioned, Machine Type Communication (MTC) is a form of data

communication which involves one or more entities that do not necessarily need

human interaction. MTC is different to current communication models as it involves

new or different market scenarios. Potentially it involves very large number of

communicating entities (MTC devices) with little traffic per device. MTC devices may

be required to access to the network simultaneously, and uplink traffic may exceed

downlink traffic, for example where the MTC devices are required to send reports back

to a supervising entity.

A typical UMTS network with MTC devices is shown in Figure 9 . Several MTC devices

100 are connected via radio interface MTCu to a Node b 1 that is controlled by a RNC

3 . The user data for the MTC devices 100 is routed to the MTC server (not shown) via

SGSN 4 and GGSN 5 . Note that the Node b 1 and RNC 3 also serve normal MSs 2 at

the same time, via the Uu interface.

Likewise, in the LTE network illustrated in Figure 10, a group of MTC devices 200 is

served by an eNB 11 which also maintains connections with normal UEs 12. The eNB

receives signalling from the MME 2 1 and data (for example, a request for a status

report from a supervisor of the MTC devices) via the S-GW 22.

Thus, based on current proposals, the MTCu interface is analogous to the Uu interface,

and the MTC devices will be served in a similar way to normal user equipments by the

mobile networks. When a large number of MTC devices connect to the same cell of a

UMTS RNS or an LTE eNB, each of the devices will have the appropriate radio bearers

configured to support the individual devices' applications although to a large extent

each MTC device has little traffic.

As an example, we examine the bearer services for the MTC devices in an LTE

network. In the MTCu interface, which is similar to the Uu interface mentioned earlier,

an EPS bearer is one-to-one mapped to a data radio bearer (DRB), a DRB is one-to-

one mapped to a Dedicated Traffic Channel (DTCH) logical channel, and all logical

channels are many-to-one mapped to the Downlink or Uplink Shared TransDort



Channel (DL-SCH or UL-SCH). For each application of a MTC device, a DRB will be

allocated, corresponding to the radio bearer 5 1 in Figure 7 . This involves a certain

amount of control signalling for each RB and moreover, the available number of RBs is

limited.

Therefore, an important issue is how to efficiently allocate radio resource to support a

large number of MTC devices in the same cell while keeping to a minimum the control

signalling overhead. Another important aspect is how to keep the minimum impact on

other users (not machines) by the large number of machine-type communications.

Summary of the Invention

The present invention relates to 3GPP Machine Type Communication services as

described above.

This invention addresses the problem of radio resource allocation method for a large

number of MTC devices with little traffic in the same cell to enable the efficient use of

radio access network resources for machine-type communications whilst minimising

control signalling overhead. Especially, the present invention relates to radio access

network enhancements for Universal Mobile Telecommunications System (UMTS) and

the UMTS Long Term Evolution (LTE) to improve the support for machine type

communication considering their specific requirements.

According to a first aspect of the present invention, there is provided a wireless

communication method for machine type communication, MTC, wherein:

a base station defines a cell for wireless communication of the base station with

devices within the cell via a downlink from the base station and via an uplink to the

base station using one or more radio bearers; and

a plurality of MTC devices are in wireless communication with the base station,

wherein the plurality of MTC devices share a radio bearer on at least one of:

the downlink by taking turns to receive data from the base station according to a

predetermined schedule; or

the uplink by taking turns to transmit data to the base station according to a

predetermined schedule; and



the base station records each MTC device as a member of a group and assigns

to each MTC device said first respective timing based on information which

distinguishes the MTC device within the group.

In the above method, transmissions on the uplink preferably take place within a

sequence of predetermined time periods, and the base station assigns to each MTC

device a first respective timing for its uplink transmission within a said predetermined

time period. Where the system divides time into a plurality of equal-length cycles or

frames, this timing may occur every cycle/frame, or once per n frames, or may be a

single timing determined on an ad-hoc basis.

In other words, "taking turns" by the MTC devices may involve one MTC device at a

time transmitting its data via the common RB.

Preferably the base station records each device as a member of a group, and each

MTC device is assigned said first respective timing based on identifying information of

the MTC device within the group.

In any case, preferably, the MTC devices are only allowed to access the uplink after

being paged by the base station.

The predetermined schedule for receiving data may involve each MTC device receiving

data at a second respective timing which is derived from said first respective timing.

Also, in the above methods, the base station preferably assigns an index to each MTC

device, in which case the first respective timing is derived from a transmission start

timing plus an offset based on said index. Such an index may be assigned in order of

requests received from the MTC devices.

The MTC devices may share the same radio network identifier, such that the plurality of

MTC devices is treated like one user equipment by the base station.

Alternatively, a group of the MTC devices may include devices having (collectively)

more than one radio network identifier.



The MTC devices may share the same MTC group identifier. This may identify them to

the base station (and the network) as a group to distinguish them from a normal user

equipment.

The MTC group identifier may be derived from the (or each) radio network identifier

already mentioned. The fields of the radio network identifier may be constructed in

such a way as to identify a group identifier and index.

The above identifiers may be combined, for example, as follows:

MTC device ID = "a user's radio network identifier (typically C-RNTI)" + "MTC device

group identifier" + "MTC device index"

All the MTC devices in a same MTC device group may share the same "a user's radio

network identifier" and "MTC device group identifier".

In any case, data transmitted from each MTC device to the base station may be in the

form of one or more packets each including information identifying the MTC device.

The base station may maintain group configuration information of the MTC devices so

that only updates of the information need be communicated on the uplink to the base

station.

According to a second aspect of the present invention, there is provided a wireless

communication system for machine type communication, MTC, comprising:

a base station which defines a cell for wireless communication with devices within

the cell using on a downlink from the base station and on an uplink to the base station

using one or more radio bearers; and

a plurality of MTC devices in wireless communication with the base station,

wherein the plurality of MTC devices are arranged to share a radio bearer on at least

one of:

the downlink by taking turns to receive data from the base station according to a

predetermined schedule; or

the uplink by taking turns to transmit data to the base station according to a

predetermined schedule; and



the base station is arranged to record each MTC device as a member of a group

and to assign to each MTC device said first respective timing based on information

which distinguishes the MTC device within the group.

According to a third aspect of the present invention, there is provided a base station for

use in a wireless communication system, the base station comprising:

scheduling means arranged to define a predetermined schedule for a group of

MTC devices in wireless communication with the base station such that the plurality of

MTC devices share the same radio bearer on at least one of:

the downlink by taking turns to receive data from the base station according to a

predetermined schedule; or

the uplink by taking turns to transmit data to the base station according to a

predetermined schedule; and

the base station is arranged to record each MTC device as a member of a group

and to assign to each MTC device said first respective timing based on information

which distinguishes the MTC device within the group.

According to a fourth aspect of the present invention, there is provided an MTC device

arranged for wireless communication with a base station in successive predetermined

time periods and comprising:

transmission means arranged to determine at least one of:

a timing during each said predetermined period at which to receive data on the

downlink from the base station according to a predetermined schedule; or

a timing during each said predetermined period at which to transmit data on the

uplink to the base station according to a predetermined schedule,

from a transmission start timing, notified to a group of MTC devices including said

MTC device from the base station, and an offset specific to the MTC device.

According to a fifth aspect of the present invention, there is provided software which,

when executed by a processor of a base station in a wireless communication system,

performs the method as defined above. Such software may be stored on a computer-

readable medium.



Brief Description of the Drawings

Reference is made, by way of example only, to the accompanying drawings in which:

Figure 1 shows UMTS Control Plane and User Plane Protocol Architecture;

Figure 2 shows UMTS Network Architecture;

Figure 3 shows LTE Control Plane and User Plane Protocol Architecture;

Figure 4 shows LTE Network Architecture;

Figure 5 shows Layer 2 Structure for the downlink (DL) in an LTE system;

Figure 6 shows Layer 2 Structure for the uplink (UL) in an LTE system;

Figure 7 illustrates bearers, including radio bearers, in an LTE system;

Figure 8 is a PDCP Layer Structure View;

Figure 9 shows a UMTS Network Architecture with MTC Devices;

Figure 0 shows a LTE Network Architecture with MTC Devices;

Figure 11 shows traffic multiplexing and packet identifying over the MTCu interface;

and

Figure 2 is a flowchart of a method embodying the present invention.

Detailed Description

Embodiments of the present invention involve a radio bearer sharing scheme for

machine type communications in both UMTS and LTE networks. A group of MTC

devices in the same cell can share the same radio bearer as each of the devices has



little traffic. The minimum control signalling overhead can be achieved because this

group of MTC devices are treated as one user equipment (an MS in a UMTS network

or a UE in an LTE network). Therefore there is little impact on the normal users served

in the same cell.

Points addressed by embodiments of the present invention include the following:

How to identify an MTC device on the MTCu interface which is in a group that are

connected to a same cell?

How to efficiently allocate radio resource to such a group of MTC devices in the same

cell? This group of MTC devices often consists of large number of devices with small

traffic.

How to reduce the signalling overhead associated with such large number of small

sessions in the same cell?

A method is proposed wherein MTC devices are only allowed to access the network

after being paged, and/or at pre-arranged times.

As mentioned, a group of MTC devices served in the same cell is treated as one user

equipment. MTC device ID is used to uniquely identify such an MTC device on the

MTCu interface in a cell. In one embodiment, all the MTC devices in a group share the

same radio network identifier and can be distinguished by a device index. In a

variation of this embodiment, all MTC devices in a group additionally share the same

MTC group identifier. In a further variation, devices with more than one radio network

identifier may share the same MTC group identifier..

For example the MTC device D may also be derived from the C-RNTI itself, if the C-

RNTI is used in such a way that the fields used to construct the C-RNTI are also used

to indicate the MTC device group identifier and the MTC device index.

The base station allocates one radio bearer over the MTCu interface (MTCu DRB) for

the small sessions of the devices, which have similar QoS requirements (QCI

parameter and Layer 2 parameters) and the same MTC server. The data transmission



scheduling information is signalled from the base station to the devices in the same

group; this can be done without over the air signalling if the timing of the UL signal is

linked to a corresponding DL transmission interval. Then the devices transmit data

packets one by one accordingly. Here, "one by one" refers to the MTC devices rather

than the packets. In other words each MTC device takes turn to transmit its data on

the shared RB. The data transmission of each device may comprise one or more

packets.

Within the MTCu DRB, the compressed D is added into the PDCP PDU header to

identify the packets belonging to different MTC devices. Only the updates of the

information need to be communicated between the MTC devices and the base station

in the case that the device members of an MTC group change.

In more detail, assume that a plurality of MTC devices is attached to a cell, in other

words in communication with a base station (eNB in LTE) of the cell. The base station

recognises this set of devices as a "group" in some way. For example, the MTC

devices may each have the ability to recognise themselves as an MTC device, and

possibly also such a device which is part of a group, and to signal this to the base

station. Alternatively the identification of devices as MTC devices and/or designation of

a set of the devices as a group may be handled by some higher-level entity and

signalled to the base station. Or the base station may itself determine that some

devices attached to it are MTC devices and moreover that a plurality of devices are to

be treated as a group, based for example on their geographical location and/or times of

attaching to the cell.

In the preferred embodiment, the MTC devices are not allowed to access the network

without being paged, or except at a prearranged timing. This allows the use of shared

identifiers for the MTC devices as the MTC does not require a unique identity which

would typically be used to identify itself to the network with during a RACH procedure.

The identification used to uniquely identify such an MTC device group (device D) on

the MTCu interface for paging purposes can typically be the C-RNTI (cell Radio

Network Temporary Identifier, as is conventionally allocated to a user equipment which

attaches to a cell). The C-RNTI can be used to collectively address a large number of



devices, as some pre-defined mechanism for controlling subsequent MTC to network

transmission will be defined.

However, the base station needs to be able to address or distinguish individual devices

within the group. Thus, in addition to the shared identifier common to all devices in the

group, there is a need for an individual device ID.

The device ID of an MTC device in such an MTC device group can be allocated by the

base station (the RNC in UMTS network or the eNB in LTE network) when the device

attaches to a cell. For example, the device ID may be a numerical index ( , 2, 3 , . . )

allotted in chronological order of devices joining the group. (Even when a group of

MTC devices tries to attach to a cell at the same time, in practice a network entry

procedure may be carried out separately for each device such that each device joins

the group, from the perspective of the base station, at a slightly different time).

Once the group of devices is known to the base station (which may store group

information in an internal memory), it may be assumed that the base station receives a

request to interrogate the group of devices. For example, a software application

running on an external computer may send such a request to the network through the

P-GW and S-GW, which request is routed to the base station. This in turn may trigger

the base station to page the MTC device group.

However, most MTC devices do not actually need to access to the network at the exact

same time. For instance, the Location Specific Trigger feature which is intended to

trigger MTC Devices in a particular area (e.g. to wake up the MTC Device) may require

the MTC devices in a particular area to wake up and access the network

simultaneously. In such cases, the base station signals the devices in the group the

transmission start time and offset of each device. This signalling can be dedicated

signalling to the group of devices, so reducing signalling overhead. The devices

transmit data packets one by one accordingly. Thus radio network congestion caused

by the large amount of MTC devices accessing network simultaneously can be

avoided.

The device members of an MTC group may change due to, for example, some devices

switching off for power saving, or simply moving out of the cell. Then, onlv the un te



of the information need to be communicated between the MTC devices and the base

station, thus ensuring that only the minimum overhead is required in order to schedule

the data transmission of the devices of an MTC group on the MTCu interface.

One embodiment of this invention is as shown in Figure 11. MTC devices MD1 , MD2,

MD3, MD4 and MD5, belonging to MTC Group 200A, connect to an eNB 1 over radio

interface MTCu, which as already mentioned corresponds to the Uu interface between

the eNB and UEs.

As already mentioned, in a wireless communication system such as an LTE system,

time is divided into successive equal time periods or cycles for transmission of data on

the uplink and downlink. These time periods are often called "frames" each having at

least one "subframe" for the downlink and uplink respectively. Thus, scheduling of data

transmission from an MTC device involves defining an instant of time (or time slot)

within an uplink subframe at which each device may send its data. Assuming a TDD

system by way of example, part of the downlink subframe is occupied with signalling

from the base station to schedule users' uplink data transmissions during the next

uplink subframe.

In order to deliver the data packets from multiple devices, the eNB schedules the

initial data transmission as follows:

Assuming data transmission for the MTC Group A begins at °

transmission time for device MD1 t = f0 +Offset M .

transmission time for device MD2 '2 = t0 + OffsetMD2 .

transmission time for device MD3 = + Offset .

transmission time for device MD4 = t + OffsetMD .

transmission time for device MD5 '5 + Offsetm 5

Other mechanisms for the transmission scheduling of MTC group packets may also be

used. For example, instead of offset based on device index, a property such as

absolute time (e.g., hh:mm:ss) or location may be used to distinguish one device from

another and allow respective timings to be assigned.



The scheduling information may be transmitted to the MTC devices either explicitly

(e.g. as t , t2 etc. - the actual time relative to the start of the frame) or implicitly (e.g. as

the Offset D etc., or simply by informing each MTC device of its index). In the latter

case, each MTC device may need to determine (by calculation or use of a look-up

table) the actual transmission slot available to it. Once the scheduling is in place, it

may be continued for successive frames if needed (for instance if there is more data

than can be transmitted in a single frame, or if there is a need for continuous reports

from the devices). Alternatively it may be a once-only schedule, or a schedule to be

repeated once per n frames until further notice.

The above procedure relates to data transmitted on the uplink UL from the MTC

devices to the eNB 1 . However, the same principle can be applied also on the

downlink DL, to reduce the number of radio bearers that would otherwise be required.

This also allows a MTC device to power down during downlink slots for which it is not

required to be active.

Thus, in the eNB 11 the response for the device MD4 is sent using a shared RB. This

shared RB can also contain information for the other MTC devices under this cell. The

use of a shared RB also on the uplink will dramatically reduce the amount of

transmissions of data to the MTC devices.

In this scheme, it is the offset in the timing that is used to identify the UL transmission

for the MTC device and this automatically defines the mapping of the placement in time

of the response from the eNB to the device in the shared RB. This avoids the need for

additional DL control signalling to identify the placement of the DL data in the

transmission to the MTC device. The relationship between the timing of the UL

transmission and the placement of DL data in the shared RB can be pre-defined a

priori in the standards or by RRC signalling in the setup procedure for the shared RB.

The procedure for this radio bearer sharing scheme on the MTCu interface for MTC

devices in a the same MTC group is shown in the flowchart of Figure 12, as follows:

S10. An MTC device, which belongs to an MTC group, attaches to a base station.



S20. The base station (the RNC in UMTS network or the eNB in LTE network)

allocates the MTC device ID to uniquely identify such an MTC device on the MTCu

interface in a cell, possibly using dedicated control layer signalling.

In one possible identifier scheme, this ID is the combination of : 1) a user's radio

network identifier; 2) the MTC device group identifier; and 3) the device index in such

an MTC device group. All the MTC devices in a group may share the same radio

network identifier and the MTC group identifier, and can be distinguished by the device

index in the group. This has the advantage that the existing radio network identifier

space need not be increased.

As mentioned earlier, however, it is also possible for devices having different radio

network identifiers to form a group.

In another possible identifier scheme, as already mentioned the MTC device D may

also be derived from the C-RNTI itself, if the C-RNTI is used in such a way that the

fields used to construct the C-RNTI are also used to indicate the MTC device group

identifier and the MTC device index.

S30. The base station signals, to the devices in the group, the transmission start time

and offset of each device.

S40. When the MTC devices in the group request are paged by the network

(simultaneously, in most cases), the base station sends a paging signal to the MTC

group identifier. The MTC devices use the pre-defined schedule for their

transmissions to the base station.

S50. The devices transmit data packets one by one accordingly, and/or with different

pre-defined radio resource allocations and can be distinguished by the device index in

the group.

In the case that the device members of an MTC group change, only the updates of the

group membership information need to be communicated between the MTC devices

and the base station, thus ensuring that only the minimum overhead is required in



order to schedule the data transmission of the devices of an MTC group on the MTCu

interface.

Likewise, on the downlink, transmissions to MTC devices take place using a shared RB

where the placement in time of the initial transmission of the request/data from the

MTC device defines the placement in time of the data transmitted from the eNB to the

device i a shared RB.

To summarise, this invention proposes an identity sharing scheme for machine type

communications, especially for a group of MTC devices with small traffic in the same

cell. In this scheme, a group of MTC devices served in the same cell is treated as one

user equipment, more precisely an MS in a UMTS network or a UE in an LTE network.

MTC device ID is used to uniquely identify such an MTC device on the MTCu interface

in a cell. All the MTC devices in a group share the same radio network identifier and

the MTC group identifier, and can be distinguished by the device index in the group.

When the MTC devices in the group request to access the network (simultaneously, in

most cases), the base station allocates one radio bearer over the MTCu interface for

the small sessions of the devices, which have the similar QoS requirements (QCI

parameter and Layer 2 parameters) and the same MTC server. The transmission start

time and offset of each device are signalled from the base station to the devices in the

same group. Then the devices take turns to transmit data packets accordingly. Within

the MTCu DRB, the D is added into the PDCP PDU header to identify the packets

belonging to different MTC devices. Thus radio network congestion caused by the

large amount of MTC devices accessing network simultaneously can be avoided.

DL transmissions to MTC devices may likewise take place using a shared RB, where

the placement in time of the initial transmission of the request from the MTC device

defines the placement in time of the data transmitted from the eNB to the device in a

shared RB.

Furthermore, in the case that the device members of an MTC group change, only the

updates of the information need to be communicated between the MTC devices and

the base station, thus ensuring that only the minimum overhead is required in order to

schedule the data transmission of the devices of an MTC group on MTCu interface.



Various modifications are possible within the scope of the present invention.

In the above description, reference was made to a base station allocating one RB for

the whole group of TC devices. Depending on the size of the group and the

application, however, the amounts of data involved (particularly on the uplink) may

exceed the capacity of one RB. In a variation of the above embodiment, the base

station detects an excess of data needing to be transmitted (as compared with a pre-

configured limit known to the base station) and if necessary allocates a second (or

third, etc.) RB to the group. This may result in different numbers of RBs being defined

on the uplink and downlink. However, the result is still a great decrease in the amount

of signalling compared to the case if each MTC device were allocated its own RB.

In the above description, it was stated that the MTC devices transmit (or receive) data

one by one at predetermined timings. This may mean that each device is given one

opportunity to transmit) or receive) in each frame. Alternatively, the same device may

be allocated two (or more) distinct timings within the same frame. For example

(particularly if the number of devices in the group is small), transmission opportunities

for each of the MTC devices in turn may be repeated up to the total number of

available time slots. On the other hand it may be that one frame is insufficient to grant

one transmission opportunity to every device in a large group, in which case the

allocation of timings to the individual members would be extended over more than one

frame.

Whilst it is particularly efficient and convenient to schedule downlink transmissions to

MTC devices such that the placement in time of the initial transmission of the request

from the MTC device defines the placement in time of the data transmitted from the

eNB to the device in a shared RB, this is not essential and there is no need to link DL

and UL in this way.

The above description has used LTE as an example, employing the term eNB for a

base station of such a system. Various forms of base station type device are possible

in a wireless communication system (for example, a Home eNodeB in LTE) as well as

relay stations, and the term "base station" is intended to cover all such possibilities.



Industrial Applicability

A radio bearer sharing scheme embodying the present invention enables efficient use

of radio access network resources for machine-type communications (MTC).

Based on this scheduling scheme, over the MTCu interface, the MTC devices transmit

data packets one by one accordingly when they are required to access to the network

simultaneously. Thus radio network congestion caused by the large amount of MTC

devices accessing the network simultaneously can be avoided.

Only the updates of the information, rather than details of all group members, need to

be communicated between the MTC devices and the base station in the case that the

device members of an MTC group change. This ensures that only the minimum

overhead is required in order to schedule the data transmission of the devices of an

MTC group on the MTCu interface.

Downlink data transmission timing can be derived from uplink access timing thus

avoiding the need for unnecessary downlink control signalling.

Another important benefit is that the scheduling scheme minimises the impact on the

radio access network performance that is caused by the large number of machine-type

communications.



CLAIMS

1. A wireless communication method for machine type communication, MTC,

wherein:

a base station defines a cell for wireless communication of the base station with

devices within the cell via a downlink from the base station and via an uplink to the

base station using one or more radio bearers; and

a plurality of MTC devices are in wireless communication with the base station,

wherein:

the plurality of MTC devices share a radio bearer on at least one of:

the downlink by taking turns to receive data from the base station according to a

predetermined schedule; or

the uplink by taking turns to transmit data to the base station according to a

predetermined schedule; and

the base station records each MTC device as a member of a group and assigns

to each MTC device a first respective timing based on information which distinguishes

the MTC device within the group.

2 . The method according to claim 1 wherein transmissions on the uplink take place

within predetermined time periods, and the base station assigns to each MTC device a

first respective timing within a said predetermined time period.

3. The method according to claim 1 or 2 wherein the MTC devices are only allowed

to access the uplink after being paged by the base station.

4 . The method according to claim 2 wherein said predetermined schedule for

receiving data involves each MTC device receiving data at a second respective timing

which is derived from said first respective timing.

5 . The method according to any preceding claim wherein the base station assigns

an index to each MTC device, and said first respective timing is derived from a

transmission start timing plus an offset based on said index.

6 . The method according to claim 5 wherein the base station assigns each index in

order of requests received from the MTC devices.



7 . The method according to any preceding claim wherein the MTC devices share

the same radio network identifier, such that the plurality of MTC devices is treated like

one user equipment by the base station.

8 . The method according to any of claims 1 to 6 wherein a group of the MTC

devices contains devices with more than one radio network identifier.

9 . The method according to any preceding claim wherein the MTC devices share

the same MTC group identifier.

10. The method according to any preceding claim wherein an MTC group identifier is

derived from the or each radio network identifier of the MTC devices.

1. The method according to any preceding claim wherein data transmitted from

each MTC device to the base station is in the form of one or more packets each

including information identifying the MTC device.

12. The method according to any preceding claim wherein the base station maintains

group configuration information of the MTC devices so that only updates of the

information need be communicated on the uplink to the base station.

13. A wireless communication system for machine type communication, MTC,

comprising:

a base station which defines a cell for wireless communication with devices within

the cell using on a downlink from the base station and on an uplink to the base station

using one or more radio bearers; and

a plurality of MTC devices in wireless communication with the base station,

wherein:

the plurality of MTC devices are arranged to share the same radio bearer on at

least one of:

the downlink by taking turns to receive data from the base station according to a

predetermined schedule; or

the uplink by taking turns to transmit data to the base station according to a

predetermined schedule; and



the base station is arranged to record each MTC device as a member of a group

and is arranged to assign to each MTC device a first respective timing based on

information which distinguishes the MTC device within the group.

4 . A base station for use in a wireless communication system, the base station

comprising:

scheduling means arranged to define a predetermined schedule for a group of

MTC devices in wireless communication with the base station such that the plurality of

MTC devices share the same radio bearer on at least one of:

the downlink by taking turns to receive data from the base station according to a

predetermined schedule; or

the uplink by taking turns to transmit data to the base station according to a

predetermined schedule; and

the base station is arranged to record each MTC device as a member of a group

and is arranged to assign to each MTC device a first respective timing based on

information which distinguishes the MTC device within the group.

15. An MTC device arranged for wireless communication with a base station in

successive predetermined time periods and comprising:

transmission means arranged to determine at least one of:

a timing during each said predetermined time period at which to receive data on

the downlink from the base station according to a predetermined schedule; or

a timing during each said predetermined time period at which to transmit data on

the uplink to the base station according to a predetermined schedule,

from a transmission start timing notified to a group of MTC devices including said

MTC device from the base station and an offset specific to the MTC device.

















A . CLASSIFICATION O F SUBJECT MATTER

INV. H04W72/04 H04W72/12 H04W74/04
ADD.

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

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

H0 4

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

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

EPO-Internal , COMPENDEX, INSPEC, IBM-TDB, WPI Data

C . DOCUMENTS CONSIDERED TO B E RELEVANT

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

"3rd Generati on Partnershi p Project; 1-15
Techni cal Speci f i cati on Group Servi ces and
System Aspects ; System Improvements for
Machi ne-Type Communi cati ons ; (Rel ease
10) " ,
3GPP STANDARD; 3GPP T R 23 .888, 3RD
GENERATION PARTNERSHI P PROJECT (3GPP) ,
MOBI LE COMPETENCE CENTRE ; 650, ROUTE DES

LUCIOLES ; F-06921 SOPHIA-ANTI POLIS CEDEX
; FRANCE,
no. VI . 0.0, 22 September 2010 (2010-09-22)
, pages 1-80, XP050442131 ,
[retri eved on 2010-09-22]
* chapters 5 . 9 , 5 . 1. 1, 5 . 2 , 2 , 5 . 12 . 2 ,
5 . 13 , 6.8.2 , 6 . 18.2 , 6.21 . 2 , 6.26.2 ,
6.29 . 5 , 6.30.2 *
page 61

-/-

Further documents are listed in the continuation of Box C . □ See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date

or priority date and not in conflict with the application but
"A" document defining the general state of the art which is not cited to understand the principle o r theory underlying the

considered to be of particular relevance invention
"E" earlier document but published on or after the international "X" document of particular relevance; the claimed invention

filing date cannot be considered novel or cannot be considered to
"L" documentwhich may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

which is cited to establish the publication date of another "Y" document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

"P" document published prior to the international filing date but in the art.

later than the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

17 June 2011 27/06/2011

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Rosken , Wi l fri ed



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

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

CHINA UNICOM: "Time Control accordi ng t o 1-15
MTC devi ce Identi f i ers" ,
3GPP DRAFT; S2-102330-TIME CONTROL
ACCORDING TO MTC DEVICE IDENTI FI ERS, 3RD
GENERATION PARTNERSHI P PROJECT (3GPP) ,
MOBI LE COMPETENCE CENTRE ; 650, ROUTE DES

LUCIOLES ; F-06921 SOPHIA-ANTI POLIS CEDEX
; FRANCE,
vol . SA G2 , no. Kyoto; 20100510,
4 May 2010 (2010-05-04) , XP050434510,
[retri eved on 2010-05-04]
* chapters Di scussi on , 5 . 9 . 1 , 6.X.2 *

I TRI : " Resource shari ng sol uti on for MTC 1-15
Groups" ,
3GPP DRAFT; S2-103106, 3RD GENERATION
PARTNERSHI P PROJECT (3GPP) , MOBI LE
COMPETENCE CENTRE ; 650, ROUTE DES

LUCIOLES ; F-06921 SOPHIA-ANTI POLIS CEDEX
; FRANCE,
vol . SA G2 , no. El boni a ; 20100706,
29 June 2010 (2010-06-29) , XP050458194,
[retri eved on 2010-06-29]
* chapters Introducti on , 6.X.2 *

INTERDIGITAL COMMUNICATION CORPORATION : 1-15
"Group based RAB & I P assi gnment for TS
22 .368" ,
3GPP DRAFT; Sl-100140
(M2M_GR0UPBASEDRAB&I P) , 3RD GENERATION
PARTNERSHI P PROJECT (3GPP) , MOBI LE
COMPETENCE CENTRE ; 650, ROUTE DES

LUCIOLES ; F-06921 SOPHIA-ANTI POLIS CEDEX
; FRANCE,
vol . SA G1 , no. SanFranci sco; 20100222 ,
10 February 2010 (2010-02-10) ,
XP050431630,
[retri eved on 2010-02-10]
* chapters Di scussi on , 7 . 2 . 16.4*

LG ELECTRONICS INC: "Overl oad control for 1-15
MTC i n GERAN" ,
3GPP DRAFT; GP-100716, 3RD GENERATION
PARTNERSHI P PROJECT (3GPP) , MOBI LE
COMPETENCE CENTRE ; 650, ROUTE DES

LUCIOLES ; F-06921 SOPHIA-ANTI POLIS CEDEX
; FRANCE,
vol . TSG GERAN , no. Jeju; 20100517 ,
13 May 2010 (2010-05-13) , XP050417151 ,
[retri eved on 2010-05-13]
* chapters2 . 2 . 1 , 3 *

-I



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

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

HUAWEI : " RAN overl oad control sol uti ons" , 1-15
3GPP DRAFT; R2-103967 RAN OVERLOAD CONTROL
SOLUTIONS, 3RD GENERATION PARTNERSHI P
PROJECT (3GPP) , MOBI LE COMPETENCE CENTRE ;
650, ROUTE DES LUCIOLES ; F-06921
SOPHIA-ANTI POLIS CEDEX ; FRANCE,
vol . RAN G2 , no. Stockholm, Sweden ;
20100628, 2 1 June 2010 (2010-06-21) ,
XP050451070,
[retri eved on 2010-06-21]
* chapter 2 . 2 *

CATT: "Consi derati on on Pagi ng for MTC 1-15
devi ce" ,
3GPP DRAFT; R2-101112 , 3RD GENERATION
PARTNERSHI P PROJECT (3GPP) , MOBI LE
COMPETENCE CENTRE ; 650, ROUTE DES

LUCIOLES ; F-06921 SOPHIA-ANTI POLIS CEDEX
; FRANCE,
vol . RAN G2 , no. San Franci sco, USA;
20100222 , 15 February 2010 (2010-02-15) ,
XP050421607 ,
[retri eved on 2010-02-15]
* chapter 2 . 2 *

LG ELECTRONICS INC: " RRC Connecti on 1-15
Rel ease for MTC Devi ces" ,
3GPP DRAFT; R2-104562 MTC RRC CONN

RELEASE_R1 , 3RD GENERATION PARTNERSHI P
PROJECT (3GPP) , MOBI LE COMPETENCE CENTRE ;
650, ROUTE DES LUCIOLES ; F-06921
SOPHIA-ANTI POLIS CEDEX ; FRANCE,
vol . RAN G2 , no. Madri d , Spai n ; 20100823 ,
16 August 2010 (2010-08-16) , XP050451732 ,
[retri eved on 2010-08-16]
* chapter Opti on 1 *


	abstract
	description
	claims
	drawings
	wo-search-report

