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MOBILE TERMINAL DEVICE AND ASSCCIATED METHOD FOR OBTAINING UPLINK
RESOURCES

BACKGROUND OF THE INVENTION

The present invention relates to methods, systems and apparatus for use in wireless {mobile)
telecomraunications systems. In particolar, embodiments of the invention relate fo communicating uplink
allocations of radio resources from a base station to a terminal device in such systems.

Third and fourth generation mobile telecommunication systems, such as those based on the 3GFP
defined UMTS and Long Term Evolution (LTE} architectures, are able {o support more sophisticated
services than simple voice and messaging services offered by previous generations of mobile
telecommunication systems.

For example, with the improved radio interface and enhanced data rates provided by LTE
systems, a user is able to enjoy high data rate applications such as maobile video streaming and mobile
video conferencing that would previously only have been available via a fixed line data connection. The
demand to deploy third and fourth generation networks is therefore strong and the coverage area needed
of these networks, i.e. geographic locations where access to the networks is desired, is expected to
nerease rapidly.

The anticipated widespread deployment of third and fourth generation nstworks has led to the
parallel development of devices and applications which, rather than taling advantage of the high data
rates available, instead take advantage of the robust radio interface and increasing ubiquity of the
coverage area. Examples include so-called machine type comumnication (MTC) applications, which are
typified by semi-autonomous or autonomous wirefess communication devices (le. MTC devices)
communicating smail amounts of data on a relatively infrequent basis, Examples include so-called smart
meters which, for example, are located in a customer’s house and periodically transmit information back
to a central MTC server relating to the customer's consumption of a atility such as gas, water, electricity
and 5o on. Further information on characteristics of MTC-type devices can be found, for example, in the
corresponding standards, such as ETST TS 122 368 V10.530 (2011-07) / 3GPP T8 22.368 version 10.5.0
Release 10) [1]. Some typical characteristica of MTC type terminal devices / MTC type data might
include, for example, characteristios such as low mobility, high delay tolerance, small data fransmissions,
a level of predictability for waffic usage and timing (ie. traffic profile), relatively infrequent
transmissions and group-based features, policing and addressing.

As a result of the increasing use of wireless telecommunications networks generally, and also the
development of devices such as MTC devices with their potential for introducing large numbers of
terminal devices into networks, there is a desire to provide for wireless telecommunications networks that
can relisbly support access by increasing numbers of devices. This desire {0 support more devices,
however, gives rise to an increased potemtial for issues with network congestion and interference,
particular in respect of the radio access interface. These issues may be particularly refevant in respect of

those communications which are not centrally managed by a schedoler in a communication cell of a
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network, such as random access communications from terminal devices seeking to access the network
before having been allocated dedicated radio resources for doing so.

There is therefore a desire to provide for telecommunications apparatus and methods which can
help reduce the potential for radio network congestion and interference in circumstances where there

5 might be relatively large nombers of terminal devices seeking access to the network,
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SUMMARY OF THE INVENTION
According to a first aspect of the invention there is provided & method of operating a base station

for allocating radio resources for uplink transmissions in & wireless telecommunications system, the
method comprising: receiving a roguest for an allocation of radio resources from a first terminal device;
5 determining an association between the first terminal device and a second terminal device; and
transmitting a radio resource allocation message to allocate radio resources to the second ferminal device
for an uplink transmission in response to receiving the request for an allocation of radio resources from
the first terminal device,
In accordance with some embodiments the request for an allocation of radio resources from the
10 fiest terminal device is received on 2 random access channel of the wireless telecommunications systern.
in accordance with some embodiments the request for an allocation of radio rescurces from the
first terminal device is associated with a random access procedure of the wireless telecommunications
system.

In accordance with some embodiments the radic rescurces allocated to the second terminal device

pemd
L]

correspond with an allocation of radio resources requested by the first terminal device.

In acoordance with some embodiments the association between the first terminal device and the
second terminal device is established based on the first terminal device and the second terminal device
having a common characteristic relating to their uplink transmissions.

In accordance with some embodiments the assceiation between the first terminal device and the
20 second terminal device is established based on the first terminal device and the second terminal device

being associated with a same terminal device classifier.

In accordance with some embodiments the terminal device classifier is a quality class indicator of
respective bearers associated with the respective terminal devices.

In accordance with some embodiments the method {urther comprises transmitting an access

25 request denial message 1o the second terminal device fo instruct the second terminal device not to make
its own request for an allocation of radio resources.

In accordance with some embodiments the method further comprises transmitting a cease access
request denial message to the second terminal device after having transmitted the access request deniaj
message to iostruct the second terminal device that it is now allowed to make its pwn request for an

3G allocation of radio resources,

In accordance with some embodiments the method further comprises transmitting an access
request allow message to the first terminal device to instruct the first terminal device that it is allowed to
make the request for the allocation of radio resources.

In accordance with some embodiments the method further comprises selecting the first terminal

(6]
[¥4]

device from a pharality of terminal devices as the terminal device to which the access request allow
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4

message is transmitted based on a transmission characteristic associated with respective ones of the
plurality of terminal devices,

In accordance with some embodiments the transmission characteristic is selected from the group
comprising: a timing advance; a reference signal received power, a reference signal received quality, a

5  sounding reference signal measurement at the base station, and a radio channel quality indicator,

in accordance with some embodiments the method further comprises determining an association
between the first terminal device and a further terminal device; and fransmitting a vadio resource
allocation message to the further terminal device to allocate radio tesources for an uplink transmission
from the further terminal device based on the request for an allocation of radio resources from the first

10 terminal device.

In accordance with some embodiments the method further comprises determining an association
between the first terminal device and a plurality of other terminal devices, transmitting an access request
denial message to a subset of the plorality of other terminal devices to instruct the subset of the plarality
of other terminal devices not to make their own requests for an allocation of radio resources, and

15 transmitting radio resource allocation messages to the plurality of other terminal devices to allocate radio
resources for respective uplink transmissions from respective ones of the plurality of other terminal
devices based on the request for an allecation of radio resources from the first terminal device,

In accordance with some embodiments the method further comprises receiving a transmission
from the second terminal device using the radio resources allocated to the second terminal device.

20 In accordance with sorme embodiments the transmission received from the second terminal device
comprises an indication that the second terminal device does not reguire some or any of the allocated
resources for uplink fransmission,

1n accordance with some embodiments the transmission received from the second terminal device
comprises an indication of a request for a further allocation of radio resources for a further wuplink

25 transmission from the second terrainal device,

In accordance with some embodiments the request for an allocation of radio resources received
from the first terminal device comprises a request for an allocation of radio resources to allow the first
terminal device to transmit a buffer status report to the base station.

In accordance with some embodiments the first and second terminal devices are machine type

30 communication, MTC, terminal devices.

In accordance with some embodiments the wireless telecommunications system is associated with
a radio interface spanning a system frequency bandwidth for supporting radic comunusications with a first
type of terminal device and comprising a restricted frequency bandwidth for supporting radio

compiunications with a second type of terminal device, wherein the restricted frequency bandwidth is

o
L

narrower than and within the system frequency bandwidth, and wherein the first and second termiinal

devices are terminal devices of the second type.

Page 230 of 683



WO 20147096766 PCT/GB2613/052738

In accordance with a second aspect of the invention there is provided a base station configured to
allocate radio resources for uplink transmissions in a wireless telecommunications system, the base
station comprising: transceiver configored to receive a request for an allocation of radio resources from a

5 first terminal device; and a controller unit configured to defermine an association between the first

terminal device and a second terminal device and to control the transceiver to transmit a radio resource
alloeation message to allocate radio resources to the second terminal device for an uplink transmission in
response to receiving the request for an allocation of radic resources from the fiest terminal device,

In accordance with some embodiments the base station is configured such that the request for an

10 allocation of radio resources from the first terminal device is received on a random access chanoel of the
wireless telecommunications system,

In accordance with some embodiments the base station is configured such that the request for an
altocation of radic resources from the first terminal device is associated with a random access procedure
of the wireless felecommunications system.

15 In accordance with some embodiments the bage station is configured such that the radio resources
allocated 1o the second terminal device correspond with an allocation of radio resources requested by the
first terminal device.

In accordance with some embodiments the base station is configured such that the association
between the first terminal device and the second terminal device is established based on the first terminal

20  device and the second torminal device having a common characteristic relating to their uplink
transmissions.

In accordance with some embodiments the base station is configured such that the association
between the first terminal device and the second terminal device is established based on the first terminal
device and the second terminal device being asscoiated with a same terminal device classifier.

25 In accordance with some embodiments the base station is configured such that the terminal
device classifier is a quality class indicator of respective bearers associated with the respective terminal
devices.

In accordance with some embodiments the controller unit is further configured o control the
transceiver to transmit an aceess request denial message to the second terminal device to jnstruct the

30 second terminal device not to make its own request for an allocation of radio resources.

In accordance with some embodiments the comtrolier unit is further configured to conirol the
transceiver o transmit a cease access request denial message to the second terminal device after having
transmitted the access request denial message to instruct the second terminal device that it is now allowed

to make its own request for an allocation of radio resources.
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In accordance with some embodiments the controller unit is further configured to control the
transceiver to transmit an access request allow message to the first terminal device to instruct the first
terminal device that it is allowed to make the request for the allocation of radic resources,

In accordance with some embodiments the controller unit is further configured to select the first
terminal device from a phurality of terminal devices as the terminal device to which the access request
allow message is transmitted based on a transmission characteristic associated with respective ones of the
plurality of terminal devices.

in accordance with some embodiments the transmission characteristic is selected from the group
comprising: a timing advance; a reference signal received power, & reference signal received guality, a
sounding reference signal measurement at the base station, and a radic channel quality indicator.

In accordance with some embodiments the controller unit is further configured fo determine an
association between the first terminal device and a further terminal device; and to cause the transceiver to
transmit a radio resource allocation message to the further terminal device to allocate radio resources for
an uplink fransmission from the further terminal device based on the request for an allocation of radio
resources from the first terminal device.

In accordance with some embodiments the controller unit is further configured to determine an
association between the first terminal device and a plorality of other torminal devices and to control the
transceiver to transmit an access request denial message to a subset of the plurality of other terminal
devices to instraet the subset of the plurality of other termainal devices not to roake their own requests for
an allocation of radio resources and to further transmit radio resource atlocation messages to the plurality
of other terminal devices to allocate radio resources for respective uplink transmissions from regpective
ones of the plurality of cther ferminal devices based on the request for an allocation of radio resources
from the first terminal device.

In accordance with some embodiments the transceiver is further configured o receive a
transmission from the second terminal device using the 1adio resources allocated to the second terminal
device.

Inn accordance with some embodiments the transmission received from the second terminal device
comprises an indication that the second terminal device does not require some or any of the allocated
resources for uplink transmission.

In accordance with some embodiments the transmission received from the second terminal device
comprises an indication of a request for a further allocation of radio resources for a further uplink
transmission from the second terminal device.

In accordance with some embodiments the request for an allocation of radio resources received
fromn the first terminal device comprises a request for an allocation of radio resources o allow the first

terminal device to transrait a buffer status report to the base station.
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In accordance with some embodiments the first and second terminal devices are machine type
communication, MTC, terminal devices.

in accordance with some embodiments the wircless telecommunications system is associated with
a radio interface spanning a system frequency bandwidth for supporting radio communications with a first
type of terminal device and comprising a restricted frequency bandwidth for supporting radic
communications with a second type of terminal device, whercin the restricted frequency bandwidth is
narrower than and within the system frequency bandwidth, and wherein the first and second terminal
devices are ierminal devices of the second type.

According to a third aspeet of the invention there is provided a wireless telecommunications
system comprising the base station of the second aspect of the invention and a terminal device.

Acecording to a fourth aspect of the invention there is provided a method of operating a terminal
device for receiving an allocation of radio resources for transmission of uplink data to a base station in a
wireless telecomnmumnications system, the method comprising: determining that the terminal device has
uplink data waiting for transmission to the base station; determining that the terminal device should not
transmit a request for an allocation of radio resources for transmission of the uplink data to the base
station, and waiting to receive a radio resource allocation message from the base station o allocate radic
‘esources to be used for transmissions associated with the uplink data waiting for transmission to the base
station.

In accordance with some embodiments determining that the terminal device should not transmit a
request for an allocation of radic rescurces comprises determining that the terminal device should not
initiate a random access procedure of the wireless telecommunications system.

In accordance with some embodiments determining that the terminal device should not initiate a
random access procedure of the wireless telecornmunications system comprises determining that the
terminal device should not make transmissions on a physical random access channel of the wireless
telecommunications system.

In accordance with some embodiments determining that the terminal device should not transmit a
request for an allocation of radic resources is based on the terminal device receiving an indication that the
terminat device should not transmit a request for an allocation of radio resources.

In accordance with some embodiments the indication comprises an indication that another
terminal device in the wireless telecommunications system has made a request for an allocation of radio
FESOHITES.

in accordance with some embodiments determining that the terminal device should not transmit a
request for an aliocation of radio resources is based on the terminal device having received an access
request denial message from the base station.

In accordance with some embodiments the method further comprises subsequently receiving the

radio resource allocation message from the base station.
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In accordance with some embodiments the method further comprises transmitting the uplink data
waiting for transmission to the base station using radio resources derived from mformation in the radio
resource allocation message roceived from the base station.

In accordance with some embodiments the method further corprises determining at a later time

5 afler having fransmiited the uplink data io the base station that the terminal device has further uplink data
waiting for transmission 1o the base station, and, in response thereto, determining that the terminal deviee
should transmit a request for an allocation of radio rescurces on which to transmit the uplink data to the
base station, and transmitting such a request,

In accordance with some embodiments determining that the terminal device should transmit a

16 request for an allocation of radio resources in response fo determining that the ternminal device has further
uplink data waiting for transmission to the base station is based on the terminal device having received an
access request allow message from the base station to indicate the terminal device is allowed to make a
request for an allocation of radio resources.

In accordance with some embodiments the method further comprises determining that the

15 alloecation of radio rescurces is not sufficient for the uplink data waiting for transmission to the base
slation and {ransmitting o the base station an indication of a request for a further allocation of radio
rescurces in response thereto.

In accordance with some embodiments the indication of a request for a further allocation of radic
resources is fransmiited to the base station using the allocated radio resources.

20 in accordance with some embodiments the method further comprises transmitting a request for an
allocation of radio resources on which to transmit the uplink data o the base station after waiting to
receive a radio resource allocation message from the base station for a period of time without a radio
resource allocation message being reccived from the base station.

In accordance with some embodiments the terminal device is a machine type communication,

25 MTC, terminal device.

In accordance with some embodiments the wireless telecommunications system is associated with
a radio interface spanning a system frequency bandwidth for supporting radio communications with a first
type of terminal device and comprising a restricted frequency bandwidth for supporting radic
communications with a second type of terminal device, wherein the restricted frequency bandwidth is

30 narrower than and within the system frequency bandwidth, and wherein the {erminal device is a terminal
device of the second type.

According to a fifth aspect of the invention there is provided a terminal device arranged to
receive an aflocation of radio resources for transmission of uplink data to a base station in a wireless
telecommunications system, wherein the ierminal device is configured to: defermine that the terminal

35 device has uplink data waiting for transmission to the base station; determine that the terminal device

should not transmit a request for an allocation of radic resources for transmission of the uplink data to the
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base station, and wait o receive a radio resource allocation message from the base station to allocate
radio resources to be used for transmissions associated with the uplink data waiting for transmission to
the base station,

In aceordance with some embodiments the terminal device is configured such that determining
that the terminal device should not transmit 8 request for an allocation of radio resources comprises
determining that the terminal device should nof initiate a random access procedure of the wireless
telecommunications system.

In accordance with some embodiments the terminal device is configured such that determining
that the terminal device should not initiate a random access procedure of the wireless telecommunications
systemn comprises determining that the terminal device should not make transmissions on 3 physical
random access channel of the wireless telecommunications system.

In accordance with some embodimonts the forminal device is configured such that determining
that the terminal device should not ransmit a request for an allocation of radio resources is based on the
terminal device receiving an indication that the terminal device should not transmit a request for an
allocation of radio resources.

In accordance with some embodiments the indication comprises an indication that another
terminal device in the wireless telecommunications system has made a request for an allocation of radio
TESOUECES.

In accordance with some embodiments the terminal device is configured such that determining
that the terminal device should not transmit a request for an allocation of radio resources is based on the
terminal device having received an access request denial message from the base station,

In accordance with some embodiments the terminal device is further configured to subsequently
receive the radio resource allocation message from the base station.

In accordance with some embodiments the terminal device is further configured to transmit the
uplink data waiting for transmission to the base station using radio resources derived from information in
the radio resource allocation message received from the base station,

In accordance with some embodiments the terminal device is further configured to determine at a
later time after having transmitted the uphink dala to the base station that the terminal device has further
pplink data waiting for transmission to the base station, and, in rosponse thereto, to determine that the
terminal device should transmit a request for an allocation of radio resources on which to transmit the
uplink data to the base station, and to transmit such a reguest.

in accordance with some embodiments the terminal device is configured such that determining
that the terminal device should transmit a request for an allocation of radio resources in response to
determining that the terminal device has further uplink data waitiog for transmission fo the base station is
based on the terminal device having received an access request allow message from the base station to

indicate the terminal device is allowed to make a request for an allocation of radio resources.
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o accordance with some embodiments the terminal device is further configured to determine that
the allocation of radio rescurces is not sufficient for the uplink data waiting for transmission fo the base
station and to fransmit to the base station an indication of a request for a further allocation of radie

resources in response thereto.

() ]

In accordance with some embodiments the terminal device is configured such that the indication
of a request for a further allocation of radio resources is transmitted to the base station using the allocated
radic resources.

In accordance with some embodiments the terminal device is further configured to transmit a
request for an allocation of radio resources on which to transmit the uplink data to the base station after
10 waiting to receive a radio resource allocation message from the base station for a period of time without a

radio resource allocation message being received from the base station.
In accordance with some emboduments the torminal device is a maching type communication,
MTC, terminal device.
In accordance with some embodiments the wireless telecommunications system is associated with
15  aradio interface spanming a system frequency bandwidth for supporting radio communiecations with a first
type of terminal device and comprising a restricted frequency bandwidth for supporting radio
communications with a second type of terminal device, wherein the restricted frequency bandwidth is
narrower than and within the system frequency bandwidth, and wherein the terminal device is a terminal
device of the second type.
20 According to a sixth aspect of the Invention there is provided a wireless telecommunications
systemn comprising the terminal device of the fifth aspect of the invention and a base station.

It will be appreciated that features and aspects of the invention described above in relation to the
first and other aspects of the invention are equally applicable to, and may be combined with,
embodiments of the invention according to other aspects of the invention as appropriate, and not just in

25 the specific combinations described above.
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BRIEF DESCRIPTION OF BRAWINGS

Embodiments of the present invention will now be described by way of example only with

reference to the accompanying drawings where like parts are provided with corresponding reference
nomerals and in which:

Figure 1 schematically represents an example of a conventional LTE-type wircless
telecommunication nebwork;

Figure 2 schematically represents a conventional random access procedure in a LTE-type
wireless telecommaunication network;

Figure 3 schematically represents some aspects of a conventional uplink radio frame structure in
a L.TE-type wireless telecommunication network; v

Figure 4 shows a table summarizing four potential formats in which a terminal device may
transmit a random access preamble in accordance with a LTE-based network oporating in a frequency
division duplex (FDD) mode;

Figure 5 schematically represents an example of a LTE-type wireless telecommunication network
according 1o an embodiment of the invention; and

Figure 6 schematically represents a scheme for allocating radio resources in a LTE-type wireless

telecommunication network i accordance with an embodiment of the invention.
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DESCRIPTION OF EXAMPLE EMBODIMENTS

Figire 1 provides a schematic diagram illustrating some basic functionality of a wireless
telecommunications network / system 100 operating in accordance with LTE principles. Various elements
of Figure 1 and their respective modes of operation are well-known and defined in the relevant standards
adininistered by the 3GPP (RTM) body and also described in many boeoks on the subject, for example,

Holma H. and Foskala A {2}, The network 100 includes a plurality of base stations 101 connected fo a

core network 102, Each base station provides a coverage area 103 (le. a cell) within which data can be
communicated 1o and from terminal devices 104, Data is transmiited from base stations 101 to terminal
devices 104 within their respective coverage areas 103 via a radio downlink. Data is transmitted from
terminal devices 104 to the base stations 101 via a radio uplink. The radio downlink and radio uplink may
together be considered to support the radio inferface for the wireless telecommunications system. The
core network 102 routes data between the respective base stations 101 and provides functions such ag
authentication, mobility management, charging and so on. As is well understood, terminal devices may
also be referred to as mobile stations, user equipment (UE), user terminal, mobile radio, and so forth, and
base stations may also be referred to as transeeiver stations / nodeBs / e-NodeBa / eNBs, and so forth.

In LTE-type networks scheduling decisions for both oplink (UL) and downlink (DL)
{iransmissions are governed by a scheduler in the base station (eNodeB / eNB). For downlink, cloarly the
base station knows how much data is ready to be delivered to each terminal deviece. However, for uplink
the base station is generally not inltially aware of how much data needs to be communicated {and hence
does not know how much radio rescurce needs to be allocated) because the data is buffered at the
respective terminal devices. Consequently, in accordance with established LTE principles, terminal
device are configured to communicate to their serving hase station information regarding their buffer
status {i.e. how much data the respective terminal devices have ready for uplink communication). This
information is conventionally sent in a so-called Buffer Status Report (BSR} on an uplink shared channe}
(UL-3CH) which is physically transmitied on a physical uplink shared channel (PUSCH). Further
information on BSRs can be found with reference to the relevant standards. See, for example, ETSI TS
136 321 V10.6.0 (2012-10) / 3GPP TS 36.321 version 10.6.0 Release 10 [3]

A BSR in 2 conventional LTE network is 6 bits long and a terminal device may send either one or
four such BSRs at a time, reporting the number of bytes of data in either one group of logical channels or
four groups of logical channels respectively, The 6 bits are quantized in the relevant specifications /
standards to allow a terminal device to report buffer levels of between (0 and 150,000 bytes, or in the case
of an extended BSR, between 0 and 3,000,000 bytes, A terminal device will have a Radio Resource
Control (RRC) configuration determining whether it should send ordinary or extended BSRas,

A BSR can be Regular, Periodic or Padding.

A terminal device sends a Regular BSR wher:
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a} Daata arrives for a logical channel which has higher priority than the logical channels
whose buffers previously contained data;

b} Data becomes available for any logical channel when there was previously no data
available for transmission;

c) A ‘retxBSR’ timer expires and there Is data available for transmission,

The retxBSR timer is used {o alloviate the situation where the base station fails to receive BSR
correctly but for some reason is not able successfully to inform the terminal device of this (perhaps
because the BSR NACK is incorrectly decoded as ACK at the terminal device). Therefore, the retxBSR
timer is reset each time an UL grant is received and BSR is transmitted when the timer expires.

A Periodic BSR is sent when a periodicBSR timer expires and is used by RRC to control BSR
reporting.

A Padding BSE is sent when there is space available in a Medium Access Control Protocol Data
Unit (MAC PDU that can accommodate a BSR.

In accordance with conventional LTE principles, if a terminal device does not have a sufficient
allocation of PUSCH resource to send a Regular BSR, it will instead attempt to send a cne-bit Scheduling
Request (SR) on a physical uplink control channel (PUCCH) in resources which can be allocated by
RRC. If the terminal device does not have such an allocation, it will initiate a Random Access (RA)
procedure in which it sends a SR to request an uplink (UL) grant of rescurces on PUSCH which are
sufficient to send the BSR. Periodic and Padding BSR do not trigger SR (or RA).

Random Access procedures in LTE-based networks can be contention based or non-comtention
based. A contention based RA procedure is triggered when a terminal device needing to send a B3R does
not have a sufficient allocation of PUSCH resource to do so or any SR allocation op PUCCH. Randora
Access procedures generally involve accessing & random access transport chanmel (RACH i L1E
terminology) with transmissions on an associated physical random access channel (PRACH in LTE
terminology).

To access RACH in a LTE-typc network, a terminal device transmits a sequence, known as a
preamble, using defined radio resources within the network's uplink radio frame structure (time-frequency
resource grid). The base station is configared to montior the defined resources for any of the preambles
that a terminal device in the coll might transmit, and, on detecting such a preamble, responds in
accordance with the defined RA procedure, which is summarized further below. In total, 838 preambles
are defined in LTE, but currently a network operator configures each communication cell with only 64
preambles according to the characteristics of the cell. The preambles and the uplink resources for
transmission of the preambles available for use in a particular communication cell are broadcast by the
base statior to the terminal devices with System Information Block (51B) signalling, in particular, using

SIB2.
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Figure 2 is a ladder diagram schematically showing steps of a conventional LTE contention-based
random access procedure in which a terminal device 104 (lefi-hand node in Figure 2) seeks to access to a
base station 101 (right-hand node in Figure 2). For more details on LTE RA procedures ses, for example,
ETSITS 136300 VI0.8.0 (2012-07) / 3GPP T8 36.300 version 10.8.0 Release 10 [4].

The steps of the contention-based RA procedure may be summarized as follows:

Step 1. The terminal device 104 transmits a preamble from among the set configured for
contention based RA in the communication cell served by the base station 101. Based on the radio
resources used for the transmission the terminal device determines a RA-RNTI (Random Access Radic
Network Temporary Identity) associated with the transmission.

Step 2. The base station 101 sends a Random Access Response (RAR) addressed to RA-RNTI
and containing the identity of the detected preamble, a timing alignment command and a temporary C-
RNTI {Cell Radic Network Temporary Identity).

Step 3. Assuming the terminal device receives the RAR from the base station within a specified
time window after preamble transmission in Step 1, the terminal device transmits a so-called Message 3,
which contains the appropriate RA procedure message. For example, the RA procedure message might be
a scheduling request, a tracking area update or a RRC connection request.

Step 4. On receiving Message 3 from Step 3, the base station sends a contention resolution
message. The termuinal device to which this message is addressed will transmit ACK / NACK response
signalling in association with the defined HARQ (Hybrid Auiomatic Repeat request) procedures. Other
contending terminal devices which suecessfully decode the message as a result of contention transmit no
HARQ feedback and exit the RA procedure,

The physical transmissions associated with the RA procedure in LTE-based networks are carried
on PRACH. This physical channel occupies a bandwidth of 1.08 MHz (falling within the width of 6
Resource blocks (RBs)) in the frequency domain and, unlike other aspects of LTE channels, employs a
1.25 kHz subcarrier spacing, The subframes of the uplink radio frame structure in which terminal devices
are permitted to transmit PRACH are configurable per-cell by the network operator. PRACH is time- and
frequency-multiplexed with PUSCH and PUCCH as schematically indicated in Figure 3.

Figure 3 represents a thme-frequency resource grid for a LTE-based uplink frame structure with a
schematic indication of how PUSCH, PUCCH and PRACH are multiplexed. As can be seen from Figure
3, PUCCH is associated with frequency resources towards the upper and lower edges of the system
bandwidth; PUSCH is associated with frequency resources between the PUCCH regions; and PRACH is
associated with discrete regions of resources within the PUSCH regions. The respective regions of time
and frequency resources associated with PRACH occur once every PRACH slot period, and as noted
above, have a bandwidth corresponding to 6RBs. Whether PUSCH transmissions ocour in PRACH slois

is a matter for the base station scheduler,
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Figure 4 is a table that summarizes the four potential formats in which 2 termeinal device may
transmil a RA preamble in Step 1 of Figure 2 in accordance with a LTE-based network operating in a
frequency division duplex (FDD) mode. The left-most column ("Preamble format™) lists the four potential
preamble formats. The nexti colomn ("Tgp") lists the corresponding cyclic prefix duration in
microseconds. The next colomn ("Teeg") lists the corresponding preamble sequence duration in
microseconds. The next column ("Tar") lists the corresponding guard time in microseconds. The right-
most column ("PRACH slot duration™) lists the corresponding duration of each PRACH slot in subframes.

A significant aspect of PRACH in LTE-type networks is that resources for PRACH transmissions
extend for at least one subframe, and potentially longer for preamble formais 1 to 3, and ocour at the same
time as PUSCH and PUCCH transmissions. This means PRACH is a potential source of interference for
PUSCH and PUCCH during times of overlapping transmissions. In accordance with some embodiments
of the invention the potential for interference caused by PRACH transmissions may be reduced by
providing for modified random access procedures as discussed further below,

Interference associated with random access procedure transmissions can oceur regardless of a
wireless telecommunication's system bandwidth, but the issue can be expected to be relatively more
significant in situations imvolving relatively narrow bandwidths. This is because the bandwidth of the
PRACH channel can becomes a relatively larger part of the overall system bandwidth, In this respect, ane
area where PRACH transmissions could represent a particularly significant interference issue is in the use
of the so-called virtual carrier networks, for cxample as discussed in co-pending UK palent applications
numbered GB 1101970.0 [53, GB 11019817 [6], GB 1101966.8 [7], GB 1101983.3 [8], GB 11013338
01, GB 1101982.5 1107, GB 11019809 {11}, GB 1101972.6 [12], GB 1121767.6 [13] and GB 1121766.8
[14]. More information on virtual carriers can be found from these documents, but by way of a general
overview, the concept underlying the virtnal-carrier ideas is the usc of a relatively narrow band of
frequencies from within a wider host carrier bandwidth to support terminal devices operating within the
narrower band. Thus, the narrower band within the host carrier roay in some respects be considered 25 2
separate carrier for supporting ceortain devices {i.e. virtual carrier).

As poted above, certain classes of devices, such as MTC devices, support communication
apphications that can often be characlerised by the transmission of small amovsts of data af relatively
infrequent intervals, and can thus operate with considerably less complexity than conventional LTE
terminals, In many scenarios, providing low capability terminals such as those with a conventional high-
performance LTE receiver unit capable of operating over 2 full system bandwidth can be overly complex
practicality of a widespread deployment of low capability MTC type devices in a LTE network if the
devices are vequired o support relatively complex transceivers. [t is preferable instead to provide low
capability terminals such as MTC devices with a simpler transceiver unit which is more proportionate

with the amount of data likely to be transmitted to the terminal. In this regard, the provision of a relatively

Page 241 of 683



10

vy
7

20

vl
[

[P

35

WO 20147096766 PCT/GB2613/052738

16

narrow band “virtual carrier” within the transmission resources of a conventional OFDM type downlink
carrier {(i.e. a “host carrier”) can allow devices with simpler transceivers to be accommodated. This is
because dats communicated on the virtual carrier can be received and decaded without needing to process
the full bandwidth of the downlink host OFDM carrier. Accordingly, data communicated on the virtual
carrier can be received and decoded using a reduced complexity iransceiver unit, which, as noted above,
is attractive for MTC type devices.

One proposed bandwidth for virtual carrier operation is 1.4 MHz and this corresponds with the
bandwidth for PRACH. Accordingly, it may be the case in a virtual carrier context that PRACH
transmissions span, and hence potentially interfere with, the full bandwidth for PUSCH transmissions on
the virtual carrier, possibly for up to 3 subframes (depending on preamble format), when a terminal
device initiates a RA procedure. The PRACH transmissions may also interfere with PUCCH depending
on schedaling.

Acoordingly, it is expected that narrow bandwidth carriers, such as virtual carriers operating
within a wider bandwidth host carrier, may be most affected by PRACII transmissions associated with
random access procedures resulting in a dogradation in performance for PUSCH and PUCCH
transmissions. Such a degradation in performance can be expected to result in increased need for
retransmissions from ferminal devices, thereby causing still further congestion and interference on the
radio network, and consuming terminal device power reserves more quickly. Furthermore, as noted
above, for MTC-type devices, where terminal devices may be more densely deployed, such PRACH o
PUSCH / PUCCH unterference could arise even more frequently as a result of the ferminal device density.
Such MTC devices are designed to be low cost and may have Himited battery life and transmit power, and
he installed in inaccessible locations, and so it can be particularly desirable to minimize the need to
retransmit PUSCH / PUCCH due to PRACH interference in respect of MTC-devices, and furthermore in
respect of MTC-type devices operating on relatively narrow bandwidths, such as in a virtual carrier
context. Nonetheless, it will be appreciated that PRACH to PUSCH / PUCCH terference issues can
equally arise for more conventional types of terminal device operating on wider bandwidths.

In addition to radio network interference, in situations where there is the potential for relatively
large numbers of terminal devices to seek to access a network through random access procedures the
{imited number of available RA preambles may become an issue. This is because with more terminal
devices seeking access arcund the same tims there is an increased likelihood of two terminal devices
choosing the same RA preamble and causing a collision on RACH. Such collisions also result in PRACH
retransmissions from at least one of the colliding terminal devices, thereby causing more radio network
interference and consuming additional power for the terminal device.

With these issues in mind, certain smbodiments of the invention are directed to schemes for
contrelling random access procedures for a plurality of texminal devices in a wireless telecommunications

network with a view to reducing the overall number of PRACH transmissions ocourring. In some
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examples this is achieved by a base station allocating uplink rescurces to one terminal device in response
ty a random aceess procedure initiated by another, different, terminal device. Correspondingly, in
accordance with some embodiments a terminal device may receive an allocation of resources as a
consequence of another terminal device initiating a random access procedure.

Figure 5 schematically shows a telecommunications system SO0 according to an embodiment of
the invention. The telecommunications system S04 in this example is based broadly on a LTE-type
architecture. As such many aspects of the operation of the telecommunications system 500 are known and
understood and are not deseribed here in detail in the interest of brevity. Operational aspects of the
telecommunications system 500 which are not specifically described herein may be tmplemented in
accordance with known techniques, for example according to the established and published LTE-
standards.

The telecommunications system 300 comprises a core network part (evolved packet core) 501
coupled to a radio network part. The radio network part comprises a base station {evolved-NodeB / eNB)
502 adapted in accordence with an embodiment of the invention and arranged o communicate with a
plurality of terminal devices. In this example, four terminal devices are shown, namely a terminal device
505 of a first type and three terminal devices S08A, 508B, 508C of a second type. Where it is not
significant to distinguish between the three torminal devices 308A, 508B, 508C of the second type, these
terminal devices may be referred to collectively as terminal devices 508. Tt will of course be appreciated
that in practice the radio network part may comprise a plorality of base stations serving a larger number
of terminal devices across various communication cells. However, only a single base station and four
terminal devices are shown in Figure 5 in the interests of simplicity.

As with a conventional mobile radio network, the terminal devices 585, 508 are arranged to
communicate data to and from the base station (fransceiver station) 502. The base station is in turn
communicatively conneeted to a serving gateway, S-GW, {not shown) in the core network part which is
arranged to perform routing and management of mobile communications services to the terminal devices
in the telecommunications system 500 via the base station 502. Ip order to maintain mobilify management
and connectivity, the core network part 501 also includes a mobility management entity (not shown}
which manages the enhanced packet service, EPS, connections with the terminal devices 5035, 508
operating in the communications system based oh subscriber information stored in a home subscriber
server, HSS. Other network components in the core network (also not shown for simplicity) include a
policy charging and resource function, PCRF, and a packet data network gateway, PDN-GW, which
provides a connection from the core network part 501 to an external packet data network, for example the
Internet. As noted above, the operation of the various elements of the communications system 500 shown
in Figure 5 may be broadly conventional apart from where modified to provide functiopalily in

accordance with embodiments of the invention as discussed hersin.

Page 243 of 683



10

13

30

(I8
Lh

WO 20147096766 PCT/GB2613/052738

18

In this example, it is assumed the first terminal device 503 is a conventional smari-phone type
terminal device communicating with the base station 502 in a conventional manser. This first terminal
dovice 505 comprises a trapsceiver unit 507 for transmission and reception of wireless signals and a
controller unit 506 configured to control the smart phone 505. The controtler unit 506 may comprise a
processor unit which is suitably configured / programmed 1o provide the desired functionality using
conventional programming / configuration techniques for equipment in wireless telecomraunications
systems. The transceiver unit 507 and the controller unit 506 are schematically shown in Figure § as
separate elements. However, it will be appreciated that the functionality of these anits can be provided in
various different ways, for example using a single suitably progranuned integrated civcuit. As will be
appreciated the smart phone 505 will in general comprise various other elements associated with its
operating functionality,

In this example, it is assumed the terminal devices SO08 the second type are all machine-type
communication (MTC) terminal devices. As discussed above, these types of device may be typically
characterised as semi-autonomous or autonomous wireless communication devices communicating small
amounts of data. Examples include so-called smart meters which may be located in a customer's house
and periodically (ransmut information back to a central MTC server data relating to the customer's
consumption of a utility, such as gas, water, clectricily and so on.

As with the smart phone 505, the respective MTC devices 5084, 5088, 508C each comprise a
transceiver unit 3104, 5108, $10C for transmission and reception of wireless signals and a controller unit
5094, 5098, 509C configured to controf the respective devices 5084, 5088, 508C. The controller units
5094, S09B, 509C may each comprise various sub-units for providing functionality in accordance with
embodiments of the invention. For example, in ascordance with some embodiments the respective
terminal devices may comprise a data for uplink determining unit for determining the terminal device has
uplink data waiting for transmission to the base station and a transmit request determining onit for
detormining the terminal device should not transmit a request for an allocation of radio resources tor
transmission of the uplink data to the base station and instead should wait to receive a radio resource
aliocation message from the base station configured to operate to provide functionality as described
herein in accordance with embodiments of the investion. These sub-umits may be implemented as discrete
hardware elements or as appropriately configured functions of the controller unit. Thus the respective
controlier units 5094, S09B, 509C may comprise a processor unit which is suitably configured /
programmed to provide the desired functionality described herein using conventional programming /
configuration techniques for equipment in wireless telecommunications systems. The respective pairs of
transceiver units 5104, 5108, 510C and controller units 5094, 509B, 509C for each device 508 are
schematically shown in Figure 5 as separate elements for case of representation. However, it will be
appreciated that within each device the functionality of these units can be provided in varicus different

ways following established practices in the art, for example using a single suitably prograrmed
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integrated circuit. It will be appreciated the MTC devices 508 will in general comprise various other
elements associated with their operating functionality and these other elements may generally operate in
accordance with conventional techniques.

The base station 502 comprises a transceiver unit 503 for ransmission and reception of wireless
signals and & controller unit 304 configured to control the base station 502. The controller unit 504 may
again comprise various seb-vnits for providing functionality in accordance with embodiments of the
invention. For example, in accordance with some embodiments the base station may comprise: a request
receiving unit for receiving a request for an allocation of radie resources from a first terminal device; an
association determining vnit for determining an association between the first terminal device and a second
terminal device; and an allocation message transmitting unit for transmitting a radio resource allocation
message to allocate radio resources fo the second terminal device for an uplink transmission in response
to receiving the request for an allocation of radio resources from the first terminal device configured to
operate to provide functionality as described herein in accordance with embodiments of the invention.
These sub-units may be implemented as discrete hardware clements or as appropriately configured
functions of the controller unit / transceiver unit. Thus, the controller unit 504 may coraprise g processor
unit which is suitably configured / programmed to provide the desired functionality described herein
using conventional programming / configoration techmiques for equipment in  wireless
telecommunications systems. The iransceiver unit 503 and the controller unit 504 are schematically
shown in Figure 5 as separate elements for ease of representation. However, it will be appreciated the
functionality of these units can be provided in various different ways following established practices in
the art, for example using a single suitably programmed integrated circuit. It will be appreciated the base
station 502 will in general comprise varicus other elements associated with its operating functionality and
these other elements may generally operate in accordance with conventional techniques.

It is assumed here the base station 502 is configured to communicate with the smart phone 505 in
accordance with the established principles of LTE-based communications and to commuonicate with the
terminal devices 508 in accordance with embodiments of the inveation as described herein.

Certain embodiments of the invention are based on a recognition that certain types of terminal
device in a wireless telecommunications network, such as the network 500 in Figore 5, can be expected to
have similar traffic profiles. For example, MTC-type terminal devices 508 associated with a given MTC
application, such as smart metering on behalf of a particular gas supplier, might all be expected to be
configured to uplink similar amounts of data at similar times, for example comresponding fo a regular
upload of information relating to a user's consumption of gas {or whatever it is that is being metered). In
this regard, certain types of terminal device may be grouped according to their expected {or historically
seen) traffic profiles. For exarple, the terminal devices might be grouped together based on an associated
Quality of Service {Qo8) Class Indicator (QCI} as specified in existing LTE standards (see, for example,

BTSI TS 123 401 V10.8.0 (2012-07) / 3GPP TS 23.401 version 10.8.0 Release 10 [15] and ETSE TS 123
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203 V10.7.0 2012-07y / 3GPP TS 23203 version 10.7.0 Release 10 [16]. In accordance with
embodiments of the inventios in which terminal devices are grouped based on QCY, it will be appreciated
there may be some expansion of the currently specified QU1 categories, for example o include categories
relating to typical periodicity of uplink traffic, or burst parameters / statistics. Terrainal devices may be
grouped in other ways, For example, MTC devices associated with a common MTC application, for
example smart metering on bebalf of a particular gas supplicr, may be considered to fall into a single
traffic-profile group.

Thus, in accordance with an embodiment of the invention, a plurality of terminal devices may be
notionally categorized as belonging to a particular group having some common characteristics associated
with the uplink traffic profiles. With reference to Figure 5, it is assumed in this example the three MTC-
type terminal devices 508A, 5088, S08C are categorized as forming a group of terminal devices with
similar uplink traffic profiles. As noted above, this might be because all three MTC {erminal devices are
associaied with a given MTC application. In the following description of various modes of operation in
accordance with some embodiments of the invention i will be assumed the MTC devices are in a
RRC_Connected state.

In accordance with a first embodiment, it is assumed a base station maintains a record of the
terminal devices in the same traffic profile group (for example based on a data record containing a kst of
identifiers for the respective terminal devices in the respective groups served by the base station).
Howsever, while the base station is aware of the relevant grouping information, in accordance with this
exarople embodiment the individual terminal devices are not aware of the identities of other members of
the group(s) to which they belong.

Referring again to Figure 5, i is assumed that at some point o tine terminal device S08A finds
itsclf with some data in its uplink buffer. This might be because the terminal device is associated with a
smart meter and it is time to upload information relating to usage according to s operating schedule. In
accordance with the conventional principles of LTE capératimn, such as described above, the terminal
device 508A secks to transmit a BSR to the base station 507 fo request an uplink aliocation on PUSCH to
aplink the data in its buffer in the normal way. However, again as described above, it may be that the
terminal device has no current uplink grant on PUSCH on which to send 2 BSR and insufficient resources
on PUCCH to send a SR. Accordingly, the terminal device will fall back to seck to aceess the network via
RACH and the RA procedure. In this respect, the terminal device may follow conventional principles to
arrive at the situation in which the RA procedure may be invoked in accordance with the conventional
operating principles of the network in which this example embodirnent is implemented.

Figure 6 is a ladder diagram schematically showing signalling among the base station 502 and
terminal devices S08A, S08B, 508C in Figure 5 in accordance with an embodiment of the invention. The
signalling represented in Figure 6 starts from a point at which terminal device 5084 has reached a state in

o
f=)
which a desire 1o send a BSR has caused terminal device 580A to initiate a RA procedure.
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In accordance with this embodiment of the invention, the RA procedure in respect of terminal
device 5084 is configured to proceed as normal, for example as described above with reference to Figure
2. Thus, in a first step the terminal device 508A sends a conventional RA preamble 6014 {o the base
station 502 and, in a second step, the base station 502 responds by sending a conventional RAR 60ZA to
the terminal device S08A. The terminal device 508A in tumn transmits a Message 3 803A of the
conventional RA procedure to the base station 502 m accordance with the principles discussed above with
reference to Figure 2.

At this stage of the process represented in Figure 6 the base station 502 therefore receives
signalling corresponding to Message 3 in the conventional RA procedure which indicates the terminal
device 508A is transmifting a SR to request PUSCH resources to transmit a Regular BSR. In accordance
with certain embodiments of the invention, the base station 502 is configured to determine whether or not
the terminal device 508A that has initiated a RA procedure is a member of a defined traffic profile group.
In this example this leads the base station o identify ternuinal devices 5088 and 508C as being classified
as having similar traffic profiles to ferminal device 508A currently involved in the RA procedure.
Because of their similar traffic profiles, it may be expected that, as with terminal device 508A, the
terminal devices 5088 and S08C will also be approaching a state in which they will wish to invoke their
own RA procedures to request uplink resources to transmit their own BSRs. However, in accordance with
some embodiments of the imvention the base station 502 is configured to act to prevent terminal devices
3088, 508C from making such requests for uplink resources. This is done in this example by the base
station 502 instructing the terminal devices 508B, 508C to not make any PRACH transmissions by
transmitting explicit signalling comprising what may be referred to in accordance with embodiments of
the invention as PRACH access denial (or access request denial) messages 6048, 604C. That is to say,
once the base station receives PRACH transmissions assoctated with a RA procedure for one terminal
device in a group of terminal devices desmed to bhave wraffic profiles with some common characteristic{s),
the base station is configured to send signalling to the other terminal devices in the group to indicate they
are denied access to PRACH, at least ternporarily, thereby preventing these other terminal devices in the
group from initiating their own RA procedures.

Thus, a terminal device receiving a PRACH access denial message according to an embodiraent
of the mvention, such as the terminal devices S08B, 508C in Figure 6, will not initiate its own random
access procedure by sending a random access preamble, even if in accordance with the terminal device's
normal operating procedures it would otherwise be ready to invoke a random access procedurs. For
example, if either one of the terminal devices 5088, S08C reach a state in which they are ready to initiate
a random access procedure to request an uplink radio resource allocation to allow them to send a BSR 1o
the base station, they will not do so if they have been denied PRACH access {e.g. through a PRACH
access denial message 6048, 604C) if the denial has not yet been lifted. By way of example, the PRACH

access denial signalling could be implemenied by way of a flag asserted or message confained in a KRC
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{rejeonfiguration transmitted via the usual means of a PDCCH addressed to the C-RNTI(s) of the relevant
terminal device(s) for locating the RRC message on PDISCH. Alternatively, PRACH access denial
messaging could be conveved using an additional bit (flag) asserted or a field added in a DCI (Downlink
Control Information) message carried on a PDCCH addressed to the relevant terminal devices’ C-ENTIs.

Thus, having received the respective PRACH access denial messages 604B, 604C, the terminal
devices 5088, 508C do not initiate any RA procedurcs of their own, even if they would otherwise have
done so. Instead the terminal devices 5088, 508C that have been denied PRACH access wait to receive
further communications from the base station, as described further below,

Turning now to the comumunications between the base station 502 and the terminal device S08A
which initiated the RA procedure, the base station 502 having received the scheduling request (SR} from
the terminal device S08A in Message 3 603A proceeds to send a contention resolution message 605A fo
the terminal device 508A, again following conventional RA procedures in respeet of the communications
associated with the RA procedure initiated by the terminal device 508A.

Again following the conventional LTE signalling procedures associated with the transmission of
a BSR, the base station 502 proceeds to transmit to the terminal device S68A an uplink grant for BSR
message 606A providing an uplink grant of radic resources on which the terminal device 308A is to
transmit its buffer status repott.

Having received the uplink grant of radio resources for transmitting its BSR, the terminal device
S08A proceeds to transmit a BSR message 607A comprising the BSR to the base station 502.

On receiving the BSR message 607A from the terminal device 5084 the base station 502, more
particularly, a schedaler of the base station 502, determines an allocation of radio rescurces to grant to the
terminal device S08A to allow the terminal device 5084 to transmit the data it has buffered and ready for
uplink fo the base station 502, and communicates this uplink rescurce allocation to the terminal device
508A in a buffered data uplink grant message 608A. Subsequently, although not shown in Figure 6, the
terminal device S0BA can transmit the buffered data to the basc station 502 using the uplink radio
resources allocated to the terminal device S08A through the buffered data uplink grant message 6084,

Accordingly, the communications between the base station 502 and the terminal device 508A
which initiated the RA procedure as represented in Figure 6 can be generally conventional. For example,
the various signalling messages between the terminal device SC8A and the base station 502 may be made
in accordance with the established principles of LTE-type network communications, For example, the
uplink grant messages 603A, 607A may be made in the usval way using a physical dowslink control
channel (PDCCH).

However, a significant aspect of the operation represented in Figure 6 in accordance with an
embodiment of the invention which differs from conventional approaches is that the base station 502 is
configured to also send uplink grant messages 6088, 608C to the terminal devices S08B, S08C which

have not themselves requested uplink rescurces, and indeed have been denied PRACH access as
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discussed above to prevent them from being able to request resources. The amount of radio resources
allocated to the terminal devices 5088, 508C in this way may correspoud with the amount of radio
resources allocated o the terminal device S08A which inttiated the random access procedure acoording to
the buffer status report received from that terminal device S08A. The uplink grant messages 6088, 608C
may be sent to the terminal devices 508B, 508C in accordance with the established principles for granting
uplink resources in LTE-type wireless telecommunications systems, for example using PDCCH signalling
in the usual way. A scheduler in the base station 502 may operate to allocate the radio rescurces to the
various terminal devices SO08A, 5088, S08C in accordance with the established principles that would be
apphied had the base station received independent buffer status reporis from the respective terminal
devices, For example, uplink grant signalling 6084, 6088, 608C may be provided over a number of radio
subframes, depending on the amount of data for uplink based on the BSR received from the first terminal
device 508 in the BSK message 607A in Figure 6 and the radio resource availability in the cell, eic.

Thus, an underlying principle of this mode of operafion is that the base station 502 has associated
the terminal device SOBA as being a member of a group of terminal devices previcusly identified as
having similar traffic profiles, wherein the group in this example further imcludes terminal devices S8R,
508C. Thus, the base station allocates radio resources {"grants") for subsequent uplink transmissions from
the terminal devices 5088, 508C on the basis of having received a request for an allocation of resources
for an wplink transouission from another terminal dovice S08A in the group. The principle here is that if
the terminal device 508A has a particular amount of data to transmit to the base station, it may reasonable
to expect other terminal devices SO8B, 508C in the same group may have a similar amount of data o
transmit {0 the base station. Accordingly, the base station can pre-emptively alfocate resources to the
terminal devices 5088, 508C without them having requesied such resources. Indeed, in accordance with
this embodiment of the invention, the terminal devices 508B, 508C are provented from asking for
resources by virtue of the base station having told them not to through the PRACH access denial
messages 604B, 604C discussed above.

Accordingly, this approach in accordance with some embodiments of the invention provides a
mechanism for a base station to provide resource allocations to multiple terminal devices in response to a
resource request from a single terminal device. An advantage of this approach of predicting when certain
terminal devices may have data for uplink based on requests for uplink resources received from another
terminal device, and allocating radio resources accordingly, is a potential reduction in the number of
requests for resources received by the base station. This can therefore help to reduce the potential for
radio interference and congestion in the communication cell served by the base station, in particular in
associgtion with random access procederes. In some respects approaches in accordance with
embodiments of the invention may thus be seen as providing for pre-emptive resource allocations in
respect of terminal devices which have not requested resources, but which have been classified as having

a common traffic profile characteristic with another terminal device which has requested uplink
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resources. The other termiunal device which has requested uplink resources in accordance with this
example embodiment is simply the first terminal device of the groop to initiate a random access
procedure through sending a random aceess preamble to the base station. In this respect, the first terminal
within & group of terminal devices which initiates a random access procedure may in effect be considered
to become the "master” terminal device or "delegate” terminal device for the group of terminal devices in
respect of providing a buffer status report to the base station which the base station will treat as being
applicable for all terminal devices in the group and allocate radio resources accordingly.

Having received the uphink grant messages 608B, 608C, the respective terminal devices S08B,
508C may thus transmit any data they have in their buffers io the base station uvsing the allocated
TESOUrCes.

In some cases it may be that the amount of rescurces allocated to the terminal devices 508B,
308C directly match, or exceed, the amount of data the respective terminal devices have waiting in their
buffers for uplink transmission. For example this might be the case if there is a close correspondence
between the traffic profiles of the terminal device 5084 initiating the random access procedure and the
other terminal devices 5084, 508C in the group. For example, this might be expected in situations where
the various terminal devices are performing corresponding tasks. For example if each terminal deviee is
associated with a smart-meter configured to record usage data in the same way, and to report the usage
data to a server application at roughly the same time, it may be ¢xpected that all terminal devices will
have very similar amounts of data in the buffer at around the same times. In this case, the terminal devices
S08B, SG8C may proceed to uplink their buffered data using the resources they have been allocated in the
usual way.

However, in other cases, it may be that in fact one or more of the terminal devices 508B, 508C
which have been pre-emptively allocated resources by the base station 502 do not currently have any
buffored data for uplink. This can arise even within an identified group of terminal devices having
generally similar traffic profiles, for example because the traffic profiles are not identical, or because the
terminal device 508A initiating the random access procedure did so for a reason that does not apply to the
other terminal devices. For example, the terminal device 508A in Figare & may have initiated the random
access procedure to transmit uplink data assoclated with a fauit condition that has arisen rather than to
uplink data associated with its normal traffic profile on the basis of which it has been classified as being
grouped with the other terminal devices.

In some other cases it may be that in fact ope or more of the terminal devices 5088, 508C which
have been pre-emptively allocated resocurces by the base station 502 require more resources than they
have been allocated to transmit all the data they currently have buffered for uplink,

When a terminal device is pre-emptively allocated uplink resources that either it does not need, or
which are not sufficient for its needs, the terminal device may in accordance with some embodiments of

the invention be configured to send a rejection / insufficiency indication message 6098, 609C to the base
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station 502 to indicate this fact. A rejection / insufficiency indication message 6098, 609C may be
transmitted by the terminal device 508B, 508C using the resources it has been allocated for uplink
through the uplink grant messages 608B, 608C proviously received from the base sfation 502, for
example,

A base station 502 receiving a rejection / insufficiency indication message from a terminal device
can take appropriate scheduling action.

For example, in response to a rejection indication message (i.¢. a message indicating the terminal
device does not have any data for uplink and so in effect rejects the grant) the base station may avoid
further scheduling for the terminal device,

Conversely, for an insufficiency indication message, the base station may allocate further
rescurces to the terminal device, for exaraple to allow the terminal device to transmit a buffer statug
report so that further resources can be allocated accordingly, or the base station may sinply allocate more
uplink rescurces to the terminal device in one or more subseguent subframe(s) io allow the terminal
device to empty its buffers,

In this respect, it may be helpful in some implementations if a terminal device transmitting an
msufficiency indication message is configured to communicate an indication of how much resource is
currently desired. For example, the terminal device may be configured o transmit as an insufficiency
indication message a buffer status report. Thus, a base station receiving a BSR on radio resources pre-
emptively allocated to a terminal device may be configured to respond by recognising this is a request for
roore resources (o be allocated, and allocate these resources accordingly. Once the base station has
identified the cxtra resource allocation is requested, the allocation may be made in the vsual way. Ina
variant of this approach a terminal device may instead of transmitting a conventional BSR, transmit what
might be termed a differential BSR indicating a difference in an amount of resource between the amount
that was aliocated by the base station and a desired amount.

In sitwations where & base station identifies a terminal device in a particular group does not
require resources that it has been pre-emptively allocated on the basis of a request from another terminal
device, or requires more resources than it has been pre-emptively allocated, the base station may be
configured to take account of this and modify the terminal device groupings aceordingly. For exanple, a
terminal device which is found to repeatedly not require resources, or require more resources than its
fellow group members, might be removed from the group on the basis that its traffic profile is not
sufficiently similar to the traffic profile of other terminal devices in the group to merit the above-
described approach of pre-emptive rescurce allocations. Such 8 tcrminal dovice may be moved to another
group, or simply removed from any groups associated with pre-emptive resource allocation processes in
accordance with embodiments of the invention.

When the base station has allocated resources to all terminal devices in a group, including the

allocation to the delegate terminal device 508A of the radio resources it has requested apd the
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corresponding allocations to other terminal devices in the delegate terminal device's group, it may be
appropriate for the bar on accessing PRACH placed on the terminal devices 5088, 508C by the FRACH
access denial messages 604A, 604B discussed above to be lifted. This is so that any one of the terminal
devices in the group which subsequently generates new data for uplink is able to initiate a random access
procedure to request resources to transmit the new data to the base station 502. In this respect, whichever
of the terminal devices in a group becomes the first terminal device fo initiate a new random access
procedure may in effect become the new delegate terminal device. Processing may then continue
following the principles described above with reference fo Figure 6 (faking account of a potential change
in which of the terminal devices is the delegate terminal device).

If a terminal device should fail to use the allacated resources at all, perhaps because it has lost
power or is otherwise not receiving downlink signalling or transmitting uplink signalling, then the base
station will receive no uplink data transmission and no rejection or insufficiency indication. In some
implementations this might cause thé base station to assume a failure to receive correctly the
transmissions the terminal device is expected to have made, and therefore to begin the use of HARQ
procedures by sending a negative acknowledgement to the terminal device, Typically, this would repeat a
number of times according 1o the base station’s configuration. Eventually, the limit of atternpts 1o receive
the transmission from the terminal would be reached, when the base station might then recognize the
terminal device is not active, and possibly remove the terminal device from the group to which it is
assigned.

Expiration of the PRACH access denial applied for non-delegate terminal devices may ocour in a
number of ways in different embodiments. For example, each terminal device may be configured to treat
the PRACH access denial as being lifted / expired in respect of its own transmissions after it has received
its uplink grant 608B, 608C provided in response to another terminal device requesting resources. In other
examples, the terminal devices may be configured to treat the PRACH access denial as having expired
after a pre-determined period of time. In still other examples, terminal devices may be configured to treat
the PRACH access denial as remaining in force until specific signalling is received from the base station
to indicate the PRACH sccess denial is lifted. A message indicating the PRACH access denial is lifted
may, for example, be sent from a base station to terminal devices in a manner corresponding to that in
which the PRACH access denial message is sent.

It will be appreciated that the processing represented in Figure 6 may be modified in accordance
with other embodiments of the invention. For example, in some cases the PRACH access denial messages
604B, 604C may be sent at a different time. For example, it may be considered appropriate in some
implementations to send the PRACH access denial messages earlier to further reduce the likelihood of
another terminal device independently initiating a RA procedure because it has data 1o upload before
being instructed not to. For example, PRACH access denial messages could be sent by the base station fo

non-delegate terminal devices as soon as an RA preamble is received from another terminal device
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{which hence becomes the delegate terminal device} in a group with which the remaining non-delegate
terminal devices are associated. In the eveni a terminal device independently nitiates a RA procedure
when another terminal device in s group has already initiated such a procedure, but before the base
station has transmitted anmy assoclated PRACH access denial messaging, the base station may be
configored to simply ignore the later-received PRACH transruissions, The terminal device whose PRACH
transmissions are ignored in accordance with some embodiment of the invention may eventually receive a
PRACH access denial message and hence be configured to cease any PRACH (re)transmissions it might
otherwise have made.

in accordance with some embodiments of the invention the base station 502 may transmit
PRACH access denial messages 6048, 604C to all terminal devices in a groap associated with a delegate
terminal device which initiates a random access procedure. However, in some other embodiments the
base station may send PRACH access denial messages 604B, 604C to only a subset of the terminal
devices in a group associated with a delegate terminal device which inifiates a random access procedure.
Terminal devices which are not sent a PRACH access denial message are therefore still permitted to
access PRACH in the usual way, but will nonctheless also be pre-emptively allocated rvesources in
accordance with the principles described above. Terminal devices in a group which are not forbidden to
access PRACH (i.e. not sent 2 PRACH access denial message) could include terminal devices which are
classified as having a relatively high priority among the terminal devices in the group, for example. In
other cases, however, it may be more appropriate for such terminals devices to be removed from the
relevant grouping instead.

In accordance with some embodiments a terminal device may have multiple different traffic
profiles associated with multiple ditferent types of data for uplink communication. That is to say, in
accordance with some embodiments a terminal device may be associated with more than one waffic class
stmultaneously and may therefore be considered as being in in more than one group of terminal devices
with related traffic profiles. Tn such cases any signalling to a terminal device denying it access to PRACH
may also include an assignment of that denial to a particular tratfic class (or classes). Accordingly, it may
be that a terminal device is only barred from making PRACH transmissions with respect to those traffic
classes, at least when they would normally result in PRACH access. Traffic classes associated with
particaiarly high priority QClIs might be given such exceptions, for example, so that 8 terminal device can
send a BSR overriding that provided by 3 terminal device which has acted as a group’s delegate according
to the principles described above with reference to Figore 6. This could therefore allow a terminal device
to provide its own BSR with respect to a particular traffic class faster than would be possible by waiting
for the chance to send a rejection or insufficiency indicator as described above.

In the above-described embodiments a base station configured to allocate resources to what might
be termed a non-delegate terminal device based on a request for resources received from what might be

termed a delegate terminal device is also configured to transmit PRACH access denial signalling to the
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non-delegate terminal device(s) fo indicate the non-delegate terminal device(s) should not attempt to
access PRACH, at least temporarily. In the above-described embodiments a terminal device may attempt

to access PRACH in the usnal manner if it has not previously received RACH access denial signalling

{and hence may in fact become a delegate terminal device). However, in accordance with some other

embodiments, terminal devices may be configured to determine themselves that they should aot attempt
to aceess PRACH resources (i.e. they should not initiate a random access procedure), at least for a period
of time, in the expectation they will be allocated radio resources by the base station based on a request for
radio resources made by ancther terminal device. This may in some respects be referred {o as PRACH
seif-denial on the part of the terminal device.

For example, a terminal device may come to & state in accordance with its normal operation
whereby it is ready to initiate a random access procedure. However, rather than doing so, the terminal
device may decide instead to delay accessing PRACH in the expectation that another terminal device
having a similar traffic profile, and hence classified as being grouped with the terminal device at the base
station, will shortly initiste 4 random access procedure of its own. In elfect, certain terminal devices may
be configured to wait for another terminal device to become a delegate terminal device to allow the
terminal device 1o receive radio resources without having to access PRACH (e.g. in accordance with the
principles set out above with reference to Figure 6). This approach can be advantageous for the seif-
denying terminal deviee as it will save battery power, for example.

To avoid a self~denying terminal device waiting for an undue length of time for another terminal
device to initiate a random access procedure, it may be configured fo initiate ifs own random access
progcedure if another terminal device does not do so within a given time window. The time window
adopted for different types of data may be different. For example, data which is considered to have higher
priotity may be associated with a smaller time window, perhaps even as low as zero fime window,
corresponding to the self-denying terminal device not denying itself access to PRACH for that particular
class of data. In any case, the length and ability to use the self-denial (speculative} PRACH {ransmission
delay window(s) by a terminal device can, for example, be an implementation choice of the terminal
device manufacturer and / or configured by the base station via RRC signalling for all or some terminal
devices.

As already mentioned, the above-described embodiments primarily focus on implementations in
which a base station is configured to transmit PRACH access denial sigpalling to non~-delegate terminal
devices to indicate they should not attempt to access PRACH. Thus, in accordance with these examples
all terminal devices may assume they may access PRACH unless they are instructed otherwise through
PRACH access denial signalfing. However, in accordance with other embodiments, terminal devices may
be configured to assume they should net attempt to access PRACH unless they are instructed that they
may do. Thus, instead of simply allowing whichever terminal device first initiates each random access

procedure to become the delegate terminal device, in some embodiments one or more terminal devices
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may be pre-defined as a delegate terminal device and instructed that they may access PRACH whilst
other terminal devices may be configured to not access PRACH and to rely solely on pre-emptive
resource allocations of the kind described above. A base station may select one or more terminal devices
o be allowed PRACH access (and hence act as a delegate terminal device) for the terminal devices of a
particular group of terminal devices with related traffic profiles randomly or systematically. For example,
the selection of one or more potential delegate terminal devices from within a group of terminal devices
may be made on the basis of radic channel quality information associated with the respective terminal
devices. For example, terminal devices with higher quality radio channel communications with the base
station, for example because they are nearer to the base station, may be selected as potential delegate
terminal devices to help with the probability that PRACH transmissions arrive at the base station quickly,
allowing any subsequenti denial signalling to be sent as early as possible and for the received signal
guality on the preamble 1o be as good as possible. Thus the selection may be based on calculations
performed but at the base station taking account of parameters such as Timing Advance (TA) associated
with the terminal devices in the group. Other meirics which might be used include the (filtered, layer 3}
radio resource managersent (RRM) measurerments based on RSRP {reference signal received power) /
RSRQ (reference signal received guality), or SRS (sounding reference signal) measurements at the base
station.

In accordance with some other example embodiments, terminal devices operable in accordance
with the principles described above might be provided with a configuration relevant to MBSFN
(Multicast Broadeast Single Frequency Network) operation, wherein at the physical layer certain
subframes within certain radio frames may be defincd as for use only for muiticast or broadeast data. To
each group of terminal devices can be associated an MBMS (Multimedia Broadeast Multicast Service)
service. Then, FRACH denial signalling might be suliicast to a group of terminal devices using MBMS,
thoreby helping reduce the resources used for this signalling as compared to individual signalling fo each
of the potentially many access-denied ("barred"™) terminal devices. Only terminal devices configured with
the MBMS service for which the PRACH denial is sent might then act in response to it (by suppressing
RACH accesses). In accordance with this approach the base station need not know how many terminal
devices are presently in the group, allowing them fo be switched on and off without informing the
network or requiring a varizble amount of resource to transmit PRACH denial signalling,

In example implementations in accordance with embodiments of the invention, there are various
ways in which terminal devices can be contigured to only access PRACH if they are one of the pre-
defined allowable dedicated terminal devices are selected by the base station. For example, in a system
where terminal devices are configured to generally assume they are allowed to access PRACH, the base
station may be configured to send PRACH denial signalling to all terminal devices, apart from the
selected potential delegate terminal device(s), even if there is no currently on-going random access

procedure from a terminal device in the associated group of terminal devices. Alternatively, in a system
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where termainal devices are configured to generally assume they are not allowed to access PRACH, the
base station may be configured to send signalling to the selected potential delegate terminal device(s) to
indicate they are allowed to access PRACH.

In accordance with further embodimments of the invention, a wircless telecommunications system
may operate in a device-to-device (D2D) mode whereby the terminal devices communicate directly with
one another using the same cellular technology {or possibly a different wireless bearer) as they use to
communicate with the infrasiructure network / base station provided by the operator. Such D2D
architectures can have various advantages known in the art, including but not limited o, network-side
power reduction, RAN traffic load redoction, and terminal-side power reduction. Thus, terminal devices
operating in a D2D mode and requiring an allocation of uplink resource can send a BSR (or actual uplink
data depending on the specific D2D implementation) to one designated terminal device which collates
them to generate a total group BSR and provides this to the network via RACH in accordance with
broadly conventional techniques. Having sent their own BSR to the designated terminal device, the other
terminal devices may be configured to regard themselves as being prohibited from accessing RACH /
PRACH in their own right. In accordance with principle similar {o those described above with regards to
Figure 6, the base station scheduler may then schedule the entire group of terminal devices and provide
the relevant uplink grants on PDCCH. These may either be fransmitted {o each terminal device
individually or to the delegate terminal device for onward D2D transmissicn to the individual terminal
devices according to the specific D2D implementation at hand, The C-RNTIs of the terminal device in the
D21 set are assumed 1o be known to the base station o support this downlink signalling of uplink grants.

Thus, there has been described various ways in which a base station may conveniently allocate
resources to one terminal device based on a request received from another terminal device where the two
terminal devices are classified as being in & group oa the basis of their expected traffic profiles, for
example, taking account of predicted timings and amounts of data for uplink from the respective terminal
devices. In doing this, it can be possible to schedule uplink resources for a plurality of terminal devices
with less signalling assoctated with random access procedures than would otherwise be the case. The
associations among terminal devices (i.c. the groupings) may be maintained (and potentially modified) by
the base station, for exarple based on inherent characteristics of the devices, such as their operating
functions, or based empirically on previous data transfer bshaviour associated with the respective
terminal devices. In general, the terminal devices do not need to be aware of what other terminal devices
are in their group, and as such the associations between terminal devices may be maintained internally at
the base station without communication to the terminal devices.

Thus, embodiments of the invention can help reduce the potentially impact of PRACH to PUSCH
interference, especially in the context of a narrowband LTE-type carrier, such has been proposed for so-
called virtual carriers, and also i the context of MTC terminal devices which may be deploved more

densely than other types of terminal device, and furthermore may be more predictable and similar in their
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traffic profiles. By reducing, potentially 1o one, the number of terminal devices in a traffic group that have
permission to access PRACH for a given time, the potential interforence to PUSCH can be
correspondingly reduced.

Furthermore, in accordance with some embodimenis of the invention there may be an overall
reduction in transmissions and retransmissions from ferminal devices as compared to conventional
systems because transrissions on PRACH are carried out only by the delegated terminal device(s) among
a group. This can reduce power consumnption for terminal devices, thus increasing their battery life, This
can be particularly relevant for MTC devices.

Furthermore, in accordance with some embodiments contention on RACH could be reduced by
virtue of the delegation of the random access procedurs to a restricted number of terminal devices, for
example to the first terminal device to transmit PRACH among # group rather than continuing to allow
them all to potentially contend. This could further reduce terminal device power consumption for most
terminal devices in a group, and also help reduce the latency of RACH.

Furthermore, in accordance with some embodiments there may be reduced uplink intercell
mterference because of the potential reduction in the amount of uplink PRACH tragsmissions.

Scme significant differences associated with certain embodiments of the invention as compared
to conventional approaches inclade following:

The concept of oue terminal device acting as a random access delegate for a group of terminal
devices is not known in conventional systems. For cxample, in a conventional LTE-type network each
terminal device is responsible for its own scheduling requests, BSRs, and RACH procedures.

Allowing a termainal device to remain connected to a cell but to be explicitly denied access to
PRACH / RACH by downlink signalling is not available in conventional wireless telecommunications
systems.

Conventional wireless telecommunications system do not aliow for 2 base station to allocale
uplink rescurces to a terminal device which has not requested them.

The concept of providing for a differential BSR to allow 2 terminal device to communicate a
desired adjustment to an amount of resource it has been allocated is not available in conventional wireless
telecommunications networks.

Conventional wireless telecommunications networks do not allow for a terminal devics to
speculatively delay its own PRACH transmission in the hope that another terminal device may act as a
group delegate is not previously disclosed (linked with the first bullet point). The network-based
configuration version of this embodiment represents a departure from current LTE specifications where
no such capahility exists,

It will be appreciated that various modifications can be made to the embodiments described
above without departing from the scope of the presept invention as defined in the appended claios. In

particular although embodiments of the invention have been described with reference to a LTE mobile
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radio network, it will be appreciated that the present invention can be applied to other forms of network
such as GSM, 3G / UMTS, CDMAZ2000, otc, The term user equipment (UE) as used hercin can be
replaced with other terms user equipment (UE), mobile commmunications device, terminal device ete.

Furthermore, although the term base station has been used interchangeably with eNodeB it should be

5 understood that there is no difforcnce in fonctionality between these network entities.

Thus, there has been described a method of allocating radio resources for uplink transmissions in

a wireless telecommunications system, the method comprising: a first terminal device communicating a

request for an allocation of radio resources fo a base station; the base station determining there is an

association between the first terminal device and a second terminal device based on their having similar

10 predicted traffic profiles for uplink data; and the base station establishing a radio resource allocation for

the second terminal device based on the resources requested by the first terminal device, and

consequently fransmitting radio resource allocation messages to allocate radio resources to the first and

second terminal devices for respective uplink transmissions based on the request for an allocation of radio
resources received from the first terminal device.

15 Thus in some respects certain embodiments of the invention provide for schemes to help allow

one UE to act as a delegate for a group of UEs with respect to accessing RACH and making transmissions
on PRACH. The group of UEs may bave something common about their expected traffic profiles, for
example QCIs, so that when a buffer status report (BSR) is triggered at one UE, the elNB can assume that
a similar BSR is likely to be about to be triggered at the other UEs in the group. Therefors, the eNB can
20 conduct the uplink (UL) scheduling process with this assumption and signal to the other UFEs in the traffic
profile group a denial of permission to transmit PRACH for the time being. After providing a determined
UL schedule to all UEs in the group via usual PDCCH DCI messages, some embodiments allow UEs to
reject the scheduled grants or indicate that they are insufficient. Embodiments of the mvention may

therefore help reduce interference between PRACH and PUSCH / PUCCH by in effect reducing the

rJ
[

number of UEs likely to be transmitting PRACH at any one time simultaneously and in a similar manner
could help reduce the load on RACH and the probability of RACH contention.

Further particular and preferred aspects of the present invention are set out in the accompanying
independent and dependent claims. It will be appreciated that features of the dependent claims may be
combined with features of the independent claims in combinations other than those explicitly set out in

30 the claims.
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CLAIMS

1. A method of operating a terminal device for receiving an allocation of radio resources for
transmission of uplink data to a base station in a wireless telecommunications system, the method
comprising:

determining that the terminal device has uplink data waiting for transmission to the base station;

determining that the terminal device should not transmit a request for an allocation of radio
resources for ransmission of the uplink data to the base station, and

waiting to receive a radio resource allocation message from the base station o allocate radio
resources to be used for ransmissions associated with the uplink data waiting for transmission to the base

staticn,

2. A method according to claim 1, wherein determining that the terminal device should not
transmit a request for an allocation of radio resources comprises determining that the terminal device

should not initiate a random access procedure of the wireless telecommmunications systern.

3. A method aceording to claim 2, wherein determining that the terminal device should not
initiate a random access procedure of the wireless telecommunications systera comprises determining that
the terminal device should not make transmissions on a physical random access channel of the wircless

telecommunications system.

4, A method according to any of claime 1 to 3, wherein determining that the terminal device
shouid not transmit a request for an allocation of radic resources is based on the terminal device receiving

an indication that the lerminal device should not transmit 2 request for an allocation of radio resources.

5. A method according to claim 4, wherein the indication comprises an indication that
another terminal device in the wireless telecommunications systern has made a request for an allocation of

radio resources.

6. A method according to any of claims 1 to 5, wherein determining that the terminal device
should not transmit a request for an allocation of radio resources is based on the terminal device having

received an aceess request denial message from the base station.

7. A method according to any of claims | to 6, further comprising subsequently receiving

the radio resource allocation message from the base station.
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8. A method according fo claim 7, further comprising transmitting the uplink data waiting
for transmission to the base station using radio resources derived from information in the radio resource

allocation message received from the base station.

9. A method according fo claim B, further comprising determining at a later time after
having transmitted the uplink data to the base station that the terminal device has further uplink data
waiting for transmission to the base station, and, in response thereto, determining that the terminal device
should transmit a request for an allocation of radio resources on which to transmit the uplink data to the

base station, and transmitting such a request.

10. A method according to claim 9, wherein determining that the terminal device should
transmit a request for an allocation of radio resources in response to determining that the terminal device
has further uplink date waiting for transmission to the base station is based on the terminal device having
received an access request allow message from the base station to indicate the terminal device is allowed

to make a request for an allocation of radio resources.

1. A method according to any of claims 7 to 10, further comprising determining that the
allocation of radio resources is not sufficient for the uplink data waiting for transmission to the base
station and transmitting to the base station an indication of a request for a further allocation of radio

resources in response thereto.

12. A method according to claim 11, wherein the indication of a request for a further

atlocation of radio resources is transmitted to the base station using the allocated radio resources.

13. A method aceording to any of claims 1 to 6, further comprising transmitting a request for
an allocation of radio resources on which to transmit the uplink data to the base siation after waiting to
receive a radio resource allocation message from the base station for a period of time without a radic

resource allocation message being received from the base station.

{4, A method according to any of claims 1 to 13, wherein the terminal device is a machine

type conummication, MTC, terminal device.

I5. A method according to any of claims 1 to 14, wherein the wirveless telscomiunications
system is associated with a radio interface spanning a system frequency bandwidih for supporting radio
communications with a first type of terminal device and comprising a restricted frequency bandwidth for

supporting radio communications with a second type of terminal device, wherein the resiricted frequency
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bandwidth is narrower than and within the system frequency bandwidth, and wherein the terminal device

is a terminal device of the second type.

16. A terminal device arranged to recetve an allocation of radio resources for transmssion of
uplink data to a base station in a wireless felecommunications system, whersin the terminal device is
configured to:

determine that the terminal deviee has uplink data waiting for transmission to the base station;

determine that the terminal device should not transmit a request for an allocation of radio
resources Tor transraission of the uplink data to the base station, and

walt 1o receive a radio resource allocation message from the base station to allocate radio
resources 1o be used for transmissions associated with the uplink data waiting for transmission to the base

station,

17. A terminal device according to claim 16, wherein the terminal device {5 configured such
that determining that the terrainal device should not transmit a request for an allocation of radio resources
comprises determining that the terminal device should not initiate 2 random access procedure of the

wireless telecommunications system.

18. A terminal device according to claim 17, wherein the terminal device is configured such
that determining that the terminal device should not initiate a random access procedure of the wireless
telecommunications system comprises determining that the terminal device should not make

transmissions on a physical randotm access channel of the wireless telecommunications systent.

19. A terminal device according to any of claims 16 to 18, wherein the terminal device is
configured such that determining that the terminal device should not transmit a request for an allocation
of radic resources is based on the terminal device receiving an indication that the terminal device should

not transinit a request for an allocation of radio resources.

20, A terminal device according to claim 19, wherein the indication comprises an indication
that another terminal device in the wireless tclccommunications system has made a request for an

allocation of radio resources.

21. A terminal device according to any of claims 16 to 20, wherein the terminal device is
configured such that determining that the terminal device should not transmit a request for an allocation
of radio resources is based on the terminal device having received an access request denial message from

the base station.
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22. A terminal device according to any of claims 16 to 21, wherein the terminal device is

further configured to subsequently receive the radio resource allocation message from the base station.

23. A terminal device according to claim 22, wherein the terminal device is further
configared to transmit the uplink data waiting for transmission to the base station using radio resources

derived from information in the radio resource allocation message received from the base station.

24. A terminal device according to claim 23, wherein the terminal device is further
configured to determine at a later time after having transmitted the uplink data to the base station that the
terminal device has fiwther uplink dats waiting for transmission to the base station, and, in response
thereto, to defermine that the terminal device shouid transmit a request for an allocation of radio resources

on which to transmit the uplink data to the base station, and to transmit such a request.

25. A terminal device according to claim 24, wherein the terminal device is configured such
that determining that the terminal device should transmit a request for an allocation of radio resources in
response to determining that the terminal deviee has further uplink data waiting for transmission to the
base station is based on the terminal device having received an access request allow message from the

base station to indicate the terminal device is allowed to make & request for an allocation of radio

resources.
26. A terminal device according to any of claims 22 to 25, wherein the terminal device is

further configured to determine that the allocation of radio rescurces is not sufficient for the uplink data
waiting for iransmission (o the base station and to transmit to the base station an indication of a request

for a further allocation of radio resources in response thereto.

27. A terminal device according to claim 26, wherein the terminal device is configured such
that the indication of a request for a further allocation of radio resources is transmitted to the base station

using the allocated radio resources.

28. A terminal device according to any of claims 16 to 21, wherein the terminal device is
further configured to tranamit a request for an allocation of radio resources on which to transmit the
uplink data to the base station afler waiting to receive a radio resourcs allocation message from the base
station for a period of time without a radio resource allocation message being received from the base

station.
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29, A terminal device according to any of claims 16 to 28, whoerein the terminal device isa

raachine type communication, MTC, terminal device,

38, A terminal device according to amy of claims 16 fo 29, wherein the wireless

N

telecommunications system is associated with a radio interface spanning a system frequency bandwidth
for supporting radio communications with a first type of terminal device and comprising a restricted
frequency bandwidth for supporting radio communications with a second type of terminal device,
wherein the restricted frequency bandwidih is narrower than and withan the systern frequency bandwidth,
and wherein the terminal device is a terminal device of the second type.

16

31 A wireless telecommunications system comprising the terminal device of any of claims

16 to 30 and a base station,

[a—y
o
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RANDOM ACCESS REBOURCES FOR GROUPS OF MZM DEVICES

5  The present invention relates to a method, a system and a central unit for organizing random
access (RA) resources. In particular, by organizing RA resources, the method, system and
central unit of the present invention are able to reduce the probability of a signaling
congestion, which is caused by a simultancous access to the central unit from a massive
nuraber of devices, particularly in the case of devices performing machine-to-machine (M2M)

10 communications. The present invention can, however, be applied to all kinds of devices,

inchuding one of or both M2M devices and conventional human-based devices.

BACKGROUND

15 Due to a wide range of potential applications and new revenue opportunitics, M2ZM
communication 18 arousing increasing interest in recent years, particularly among mobile
network operators, vendors, as well as resecarch entities. It is expected that the number of
M2ZM devices connecting to mobile networks will increase significantly in the next couple of
years. According to recent statistics, a total of 50 billion connected devices are predicted for

20 the year 2020,

However, the current mobile networks are designed and optimized only for traffic
characteristics of human-bascd communication applications, whilc M2M communication has
substantially diffcront featurcs. For instance, M2ZM communication is uplink-dominant and
25  omploys small-packet transmission with a low data rate. Thorcfore, the predicted rapid
deployment of M2M communication will posc significant challenges to the current mobile
networks, in particular when accommedating both human-based and machine-based services

of a wide range of characteristics and requircments,

30 In particular, many types of networks, including said mobile networks, ofien observe bursty
traffic from machine-based communications. Bursty tratfic roeans that many M2M devices
are triggered simultancously, and that a bulk of data traffic 15 consequently generated in the
uplink direction. Such synchronized behavior from a multitude of MZM devices may, for

example, be caused by an external event, which triggers the massive number of M2M devices

Page 328 of 683



WO 2615/0518%7 PCT/EP2013/671362

to at once, i.e. simultancously, request for a connection to g central unit of the network, for
example to a base station, As an exaronple, & large number of metering devices may become
active almost simultancously afier a period of power outage. As anothor cxample,
synchronized behavior may be caused by many M2M devices in a mobile network being
5  simultancously handed over from one base station of the mobile network to another. The
simultaneous handover may be caused by a highly synchronized mobility of the M2M devices

or by the outage of a base station.

In the state of the art, for requesting a connection of a device to the central unit typically the
10 RA procedure is employed. When a device is triggered by an event, and when the device has
information to report to the central unit, the device will initiate the RA procedure to request
initial access to the central unit. The RA procedure comprises in particular four steps, which

are shown in Fig. 1.

15 In a first step, the device transmits its identity and the cause of the access request using a
randomly selected RA preamble sequence on a Physical Random Access Channel (PRACH)
to the central unit, which is in this case a base station. In a second step, the base station
detects the preamble sequence, and transmits a2 RA response on a Physical Downlink Shared
Channel (PDSCH) responsive to the detected preamble sequence. In a third step, the device

20 transmits other roessages, e.g. a scheduling request, to the base station using Physical Uplink
Shared Channel (PUSCH) resources, which are assigned by the base station to the device in
the RA response transmitted in the second step. In a fourth step, the base station confirms the

messages received in the third step on the PDSCH.

25 A problem of the above described RA procedure is the limited amount of RA resources,
which arc typically preamblc scquences. For cxample, in LTE-Advanced and LTE, cach ccll
of a mobile network 18 assigned only 64 preamble sequences. Even more severe, among those
64 preamble sequences, only a limited number can be utiized for the RA procedure.
Theretore, the probability of a collision is high, in particelar when many devices initiate a RA

30 procedure at the same time. A collision will oceur, if two or more devices have selected the

same preamble sequence,

In case MZM communication is used in a network, the number of devices, which

simultancously attempt to access the central unit of the network, wherein the devices may

[N
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include both User Equipments (UEs), ie. human-based devices, and M2ZM devices, can
increase sharply, particularly duoe to bursty traffic of the M2M devices. Bursty traffic of a
farge nuraber of M2M devices will inevitably lcad to an overload of the central untt of the
network, and will also increase the probability of collisions in the above-described first step
5 of the RA procedure. As a consequence, a severe signaling congestion can occur in the

PRACH.

The messages, which are the cause of and have to be dealt with during a signaling congestion,
can be classified into two categories. The first category concerns redundant messages, Le.
10 messages containing the same velevant information, which are sent repeatedly by different
devices. In other words, the transmission of a message by a certain device is unnecessary, if
the same message or & message containing the same content has already been transmitted to
the central unit by one or more of the other devices. An exarple for the occurrence of such
redundant messages is muliiple handover requests, which arc sent by a group of tracking tags
15 provided in the same vehicle. The second category concerns diverse messages, i.e. different
messages transmitted synchronously. An example for sach diverse measages is the
fransmuission of diverse irapact sensors i case of a car crash. Another example i1s a high
number of metering devices becoming active almost simultaneously after a period of power
oulage.
20
If, on the one hand side, redundant messages are not properly handled in the case of a
signaling congestion, the devices may initiate requests for sending messages with the same or
a different central unit of the network at the next time slot, or even over and over again each
time slot. Thereby, the signaling congestion is even worsened, which should necessarily be
25  avoided. If, on the other hand side, many devices try to transmit diverse messages, the central
unit is significantly challenged duc to a limited amount of PUSCH resources, the amount

being nsufficient for the large number of received transmission requests.

In 3GPP TR 37868 V11040, “Stdy on RAN Improvements Jor Machine-Tyvpe
30 Communications”, Sep. 2011, the state of the art proposes six solutions for improving the RA
procedure, particularly for dealing with the above-described signaling congestion and with an

verload of a central unit of a network in case of M2M communications.
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The first solution is the Back off Scheme, wherein the RA procedure of some M2M devices is

delayed for a certain number of time slots,

The second solution is the Slotted Access Scheme, wherein each M2ZM device is only allowed

5  to transmit the RA preamble sequence at specific slots within specific radio frames.

The third solution is the Access Class Barring (ACB) Scheme, wherein a base station can bar

or delay a M2M device from reinitiating its RA procedure.

10 The fourth solution is RACH Resource Separation, wherein human-based and roachine-based

devices are allocated orthogonal RACH resources.

The fifth solution is the Pull-based Scheme, wherein the M2M devices initiate the RA
procedure upon receiving a paging signal from a basc station, which is triggered by a M2M

15 server.

The sixth solution 8 Dynamic Allocation of RACH Resources, wherein the base station
dynamically allocates additional RACH resources based on a RACH load condition and on
the overall traffic load.
20
However, the general idea of all these solutions is to instruct the M2M devices with a proper
back off time, in order that the M2M devices reinitiate their connection or aitach request to
the central unit using proper RA resources. None of the proposed solutions properly addresses
the major cause for bursty M2M traffic, namely a synchronized behavior of a large number of
25  highly correlated M2ZM devices. For instance, a plurality of devices in proximity to cach other
may all be triggered by a common cvent, for cxample a tsunami, an carthquake, a blazc or the

like. A plurality of M2M devices ruay also become active after a period of power outage.

30
In view of the above described problers caused by bursty traffic of M2M devices, the present
invention aims for a suitable control mechanisma for protecting a central unit of a network
from a severe collapse in case of a signaling congestion and/or an overload. The object of the

present invention is therefore to provide a method, a system and a central unit for organizing
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RA resources, in order to prevent a signaling congestion. The present invention understands
that a signaling congestion may result from a limited number of RA resources, and may also
result from a limited number of PUSCH resources. The underlying main problem is recurring
transmissions of redundant messages, when the network 1s simultancously accessed by a large

5  number of devices.

Therefore, the present invention aims in particular to make efficient use of the available RA
resources, in order to support a large number of devices, which simultaneously request access
to a central unit of a network. Further, the present invention shall effectively avoid
10 unnecessary recurring transmissions of redundant messages. In addition, the present invention
aims to optimize the usc of available PUSCH resources, in order to support devices

transmitting diverse messages.

The above-mentioned objoct is achicved by the selution provided in the cnclosed independent
15 claims. Advantageous implementations are defined in the respective dependent claims, in
particular, according to the claimed method, systerm and central umt, respectively, the
probability of a signaling congestion caused by simultancous access to a central unit firom a

large number of devices is significantly reduced.

20 A first aspect of the present invention provides a rocthod for organizing RA resources. The
method comprises forrning a device group including a plurality of group members and at least
one group representative; providing the at least one group representative with priority access
to RA resources; sending, by the at least one group representative, a primary event message to
a central vmit in said RA resources; and sending, by the central unit, a response message,

25  responsive to the primary event message, to the group members for managing access of the

group members to the RA resources.

The group members and the at lcast one group representatives can be devices like M2M
devices, human-based devices, ¢.g. UEs, mobile terminals, mobile phones, various kinds of
30 sensors, e.g. for vibration, impact, pressure, airflow, fire or the like. The central unit can be a

main controller of the network, a base station, a base terminal or the like.

The main advantage of the method according to the first aspect of the present invention is a

reduction of the risk of signaling congestion. The reduced risk of signaling congestion can be
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achieved, because the one or more group representatives are only of limited number, and are
furthermore provided with sufficient RA resources. Moreover, the RA resources of the group
members can be cffectively managed, and thus a collision with the at lcast onc group
representatives can be prevented, which reduces the risk of signaling congestion even further.
5 Moreover, duc to the priority access of the at least one group representative to the RA
resources, the at least one group representative can either always be connected via the RA
resources to the cendral uni, or can be at least connected with a higher probability than the
group members and devices in the prior art. Thus, the method is very reliable, i.c. the central
unit reliably receives the primary event message indicating a certain event.
10
The RA resource organizing method of the present invention can, for example, be applied to
reduce a signaling congestion and a network overload probability, which are caused by
integrating M2M communication into a cellular mobile network, In this case, the group
members are multiplc M2ZM devices having similar featurcs. A plurality of M2M devices can
15 be assorted into the at least one device group. One or more of the M2M devices can be
assigned as at least one group representative. The central unit is preferably 2 base station of
the mobile network. The assigned one or more group represeniatives can, for example, use
reserved RA resources to send the primary event message. The primary event message
indicates, for example, a necessary simultaneous base station handover of a device group, for
20 instance caused by a defective base station or a power outage. The response message, which
the central unit sends to the group members, can be a broadcast-message, a roulti-message or

a UNi-1nIessage.

In a first implermentation form of the method according to the first aspect, a predetermined
25  amount of the RA resources is reserved for the at least one group representative in order to

provide the at {cast onc group representative with the priority access.

Each group representative is preferably preconfigured to use a specific reserved RA resource,
in which it sends its primary cvent message. The ceantral unit is preferably coafigured to
30  identify that an evenl message comes from a group representative based on the used RA
resources. By providing the reserved RA resources, the probability for the at least one group
representative to obtain RA resources for sending the primary event message can at least be
increased. Obtaining RA resources can even be guaranteed, when one RA preamble sequence

is reserved for each group representative. Collisions between multiple group representatives

6
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can be avoided, and the method can therefore ensure that an occurring event is reliably

reported to the central unit by at least one primary event message.

In a second implementation form of the method according to the first aspect as such or
5 according to the first implementation form of the first aspect, at least one RA preamble

sequence is reserved for the at least one group representative.

RA preamble sequences are an easy way to reserve RA resources, and provide compatibility
of the method of the present invention with existing standardization. Each RA preamble
10 sequence can also be considered as a kind of radio resource. Each RA preamble sequence can
be provided to one group representative, but may alse be shared by a plurality of group

representatives, preferably from the same device group.

In a third implementation form of the mcthod according to the first aspcct as such or
15 according to any of the previous implementation forms of the first aspect, the response
message includes the primary event message, and requesting access to the RA resources for
sending a sccondary event message 1s stopped by a group member 1if the secondary event

message corresponds to the primary event message.

20 Each group member, which is triggered by an event, may attempt to seod an own event
message, 1.e. the secondary event message. However, the secondary cvent message from a
certain group member is only beneficial, if its information differs from the information in the
primary event message. I the secondary event message of a group member corresponds in its
information content to the information content of the primary event message, it is

25  unnecessary. By stopping the request for RA resources, the risk of signaling congestion can
be largely reduced, without sacrificing information on the cvent. In particular, the method of
the present invention can avoid that unnecessary cvent messages are sent to the central unit.

Thereby, also an overload of the central unit can be avoided.

30 In a fourth implementation form of the method according to the third implementation form of
the first aspect, a redundancy check is performed by each group member in order to determine
whether the secondary event message is redundant with or is of the same type as the primary
event message, and requesting access to the RA resources is stopped by a group member if its

redundancy check is positive.

~3
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By performing the redundancy cheek, each group member is able to determine, whether its
own sceondary cvent message is redundant or is of the same type, and is thus unncccssary.
Conscquently, the sending thereof can be stopped without a loss of information at the central

5  unit.

In a fifth implementation form of the method according to the first aspect as such or according
to any of the previous implementation forms of the first aspect, at least one secondary event
message from at least one group member is detected by the at feast one group representative,

10 and the at least onc sccondary cvent message is attached by the at lcast onc group
representative to the primary event message, the response message includes the primary event
message and the at least one secondary event message, and requesting access to the RA
resources for sending a secondary event message is stopped by a group member, if its
scoondary cvent message 18 included in the rosponsc message.

15
Each group member may attempt to send a secondary event message in case of an event.
Thus, the at least one group representative can, for example, detect one secondary event
message from one group member, or one secondary event message from cach of multiple
group members, respectively, Le. a plurality of secondary event messages from a plurality of

20 group mernbers. The at least one group representative can include all or only some of the
detected secondary event roessages into the primary ovent message. The central unit can
likewise inciude all or only some of the secondary event messages in the response message.
Each group member, which finds that its own secondary event message 18 included in the
response message, is configured to stop its request for RA resources, in order to avoid

25  collisions and a resulting signaling congestion.

In a sixth implementation form of the method according to the fifth implementation form of
the first aspect, the at least one sccondary cvent message of the at least one group member is
listened by the at least one group representative, or the at least one secondary event message
30  is detected by the at least one group representalive via dedicated communication interfaces

hetween the at least one group representative and the group members.

The listening is preferably carried out on the signaling channel, over which a certain group

member attempts to send its secondary event message. No dedicated channel is required for
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this first alternative. The first alternative is thus less complicated, and requires fewer channels
and consequently hardware components. The sccond alternative increases the effectiveness in

detecting the sccondary cvent messages, and can in particular incrcasce the speed of the

detection.
5
In a seventh implementation form of the method according to the first aspect as such or
according to any of the previous implementation forms of the first aspect, the response
message includes scheduling information for scheduling at least one selected group member
for access to the RA resources.
10

By scheduling the RA resources, the selected (scheduled) group members can be provided
with a higher probability to access RA resources. Preferably, sach selected group member is
even provided with a guaranteed access to RA resources. Collisions between the at least one
group representative and the sclected group members can be avoided, when access to RA
15 resources is requested. Also collisions between selected group members and not selected
other group members can be avoided. Thereby, the risk for a signaling congestion can be

reduced or a signaling congestion can even be prevented.

In an eighth implementation form of the method according to the seventh implementation
20 form of the first aspect, the scheduling information includes priority information for providing

multiple selected group members with a priority for access to the RA resources.

The priority access can provide the selected group members with at least a higher probability
to access RA resources than the not selected group merabers. The priority information can be
25  a predetermined order, according to which the RA resources are distributed to the selected
group members. The priority information can take into account the respective position of the
group members, the type of the group members, and/or a distance of the group members to
the central unit, and/or a reliability of the group members ¢.g. known from previous events.
The ordered scheduling can prevent signaling congestion and overload of the central unit.
30
In a ninth iroplementation form of the method according to the cighth implementation form of
the first aspect, it is determined by cach group member whether it is a selected group member,
and the RA resowrces are accessed by each group member according to the priority

information.
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Each group member is configured to carry out the determination. Thereby, the method of the

present invention can be carricd out cffectively m cach device group.

5 In a tenth implementation form of the method according to the seventh, eighth or ninth
implementation form of the first aspect, at least one RA preamble sequence is reserved for the

at least one sclected group member.

In an eleventh implementation form of the method according to the first aspect as such or
10 according to any of the previous irnplementation forms, the RA resources and/or physical
uplink resources are assigned by the central unit to the at least one group representative and/or

the group members.

Scheduling of the RA resources reduccs signaling congestion as cxplained above. Scheduling
15  of the physical uplink resources further enables transmission of diverse messages of a

plurality of group members without the risk of overlpading the central unit.

In a twelfth implementation form of the method according to the first aspect as such or
according to any of the previous implementation forms, at least one group member is assigned

20 by the central unit statically or dynamucally as the at least one group representative.

A static assignment can, for instance, be predetermined, and can be carried out fast and
without much lead at both the central unit and the group representatives. A dynamic
assignmuent provides more flexibility to the method. In particular, group representatives can be
25  changed when needed, for example, in case of expectation of different events, in case certain
group members arc deemed to be more reliable to a certain cvent, or when a current group

representative 18 found to be unrchable or even defective.

A second aspect of the present invention provides a system for organizing RA resources. The
30 system comprises a central uanit; at least one device group including a plurality of group
members and at least one group representative; wherein the at least one group representative
is provided with priority access to RA resources; the at least one group representative is
configured to send a primary event message to the central unit in said RA resources; and the

central unit is configured to send, responsive to the primary event message, a response

10
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message to the group members for managing access of the group members to the RA

TCROUTCEs.

The systern of the present invention can achieve the same advantages as described above for
5 the method of the present invention. According to the various implementation forms
described above for the method, also the system can be provided with the corresponding

. 5 .
P ementation forms.

A third aspect of the present invention provides a central unit for organizing RA resources.
10 The central unit compriscs a controller for providing at least one group representative of at
least one device group with priority access to RA resources for sending a primary event
message to the central unit, the at least one device group including the at least one group
representative and a plurality of group members: a receiver for receiving the primary event
message from the at lcast onc group represcntative; and a transmitter for sending, responsive
15 to the primary event message, a response message to the group members for managing access

of'the group members to the RA resources.

The use of a central unit of the present invention can achieve the same advantages as
described above for the method and system of the present invention, respectively. According
20 to the various tmplernentation forms described above for the method, also the central vnit can

be provided with the corresponding implementation forms.

BRIEF DESCRIPTION OF DRAWINGS

25  The above aspects and implementation forms of the present invention will be explained in the

following deseription of specific embodiments in relation to the enclosed drawings, in which
Fig. 1 shows the scheme of an RA procedure according to state of the art, carried out between
a device and a base station, and shows the occurrence of a signaling congestion caused by a

30 collision between multiple devices carrying out the first step of the RA procedure.

Fig. 2 shows the simultaneous behavior of a plurality of devices in the exemplary case of an

carthquake detection system.

il
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Fig. 3 shows the step of forming device groups including at least one group representative and

muldtiple group members in a system of the present invention.

Fig. 4 shows the step of sending a primary cvent message in the RA resources by the at least

5  one group representative in the system of the present invention.

Fig. 5 shows the step of sending a responsc message to group mermbers by the central unit in

the system of the present invention.
10 Fig. 6 shows an cxample for providing priority access to RA resources for at least one group
representative and selected (scheduled) group members, and shows steps for the coordinated

usage of the RA resources by the selected group members.

Fig. 7 shows assigned RA rcsource usage by sclected group members following a priority

15 order.

Fig. 8 shows a flow chart illustrating the method steps according to an embodiment of the

present invention.

20 DETAILED DESCRIPTION OF EMBODIMENTS

The present invention provides a method for coordinating RA resources and corresponding
signaling processes within a systemn, which preferably includes a plurality of devices and at
least one central unit. For exaraple, the system is at least a part of a network, and the at least
25  one central unit is at least one network base station. The system particularly comprises related

g. a group of M2M devices. These M2M devices may require simultancous accoss

<

devices, ¢.
to RA resources, t.e. may simultancously send a signaling request each to the same central
unit. Thercfore, a potential risk of signaling congestion and overload of the network,
particularly at the at least one central unit, arises.
30

As shown in Fig. 3, according to the present invention, the plurality of devices is grouped into
at least one device group 2. A device group 2 preferably contains at least one group
representative 4 and a plurality of group members 3. The at least one group representative 4
can be one of the plurality of devices, but can aiso be another dedicated device with e.g.

12
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different abilities. The grouping into the at least one device group 2 can be performed
statically or dynamdcally, for example, by the central unit §. Preferably, the devices are
assortcd wto a plurality of device groups 2 bascd on different metrics and/or featurcs of the
devices, for instance, based on a service type of the devices, proximity of the devices to the
5  centralunit 1, a mobility of the devices, or the like. Thus, a baich of similar behaviors can be

handled in a single shot.

Fig. 2 shows specifically an example of a system, which functions as an carthquake detection
system, and includes a number of seismic-related devices. These seismic-related devices are
10 placed in an carthquake-prone region, in order to provide anti-seismic capacity. Anti-seismic
capacity can, for example, be provided by sensors configured to measure carth surface
tension, vibration, pressure, airflow, velocity, inchnation, power, and/or air temperature. In
case of an earthquake, a8 multiple or even all devices (sensors) may simultaneously observe an
abnormal bchavior, and may thus almost simultancously start initiating a nctwork access, i.c.
15 access to the central unit, in order to report their status, Due to the simultancous signaling of
the devices, the central unit can become overloaded. However, since, according to the present
igvention, devices, which exhibit highly correlated behavior in case of ¢.g. an carthquake, are
grouped together, they can then be dealt with as a whole. In Fig. 2, the earthquake detection
devices are in a device group labeled with G1. Other device groups are labeled with G2 and

20 G3, respectively.

Also in Fig. 3 a plurality of devices is grouped into three device groups 2 {(G1, G2 and G3).
Each device group 2 contains smultiple group members 3 shown as circles i Fig. 3.
Preferably, the group members 3 of cach device group 2 serve the same application, whereas
25  the group members 3 of different device groups 2 serve different applications. For example,
the first dovice group 2 (1) may consist of the above-described mceasuring sensors for
carthquake detection, being tllustrated in Fig. 2, the second device group 2 (G2) may contain
devices, which arc attached to onc and the same vehicle, and the third device group 2 (G3)
may be formed by monitoring devices, which are provided inside one and the same building.
30
After grouping the devices into at least one device group 2, one or several of the devices
among the group members 3 of cach device group 2 arc assigned as one or more group
representatives 4 shown as a star in each device group 2 in Fig. 3. A group representative 4

-~

can be a selected one of the group members 3, or can be a specific device. The group
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representative 4 can, for example, be a device, which is in better condition concerning its role
in the service. For instaunce, the group representative 4 can have a better radio link quality, a
better deviee capacity, and/or a betier battery life than the group members 3. An cxample for a
group representative 4 is a heart rate sensor attached fo a patient, who has a heart discase.
5  Anocther example for a group representative 4 1is a device, which is located i close proximity
of the central unit 1, and/or has a better radio hnk quality and/or is a metering device, which
has longer battery life. Alternatively, a group representative 4 can be a device, which is

directly connected to a charger.

10 For the step of grouping the devices into at least one device group 2 and/or for the step of
assigning the at least one group representative 4, additional information, e.g. context
information, of the devices should be timely updated and notified to the central unit 1 of the
network. Suitable mechavisms for grouping devices into device groups and selecting at Jeast
onc group representative per device group are known from the prior art, for cxample, from US

15 2013/0029716 Al.

According to an embodiment of the present invention, cach group representative 4 of cach
device group 2 is provided with a priority access to available RA resources. Priority access to
RA resources means that the at least one group representative 4 has a higher possibility than
20 the group members 3, preferably the highest possibility of all devices, more preferably even a
guarantee of obtaining RA resources for sending an event message to the central unit 1, when

an event occurs among all group members 3 or a part of the group members 3.

The case afier an event has occurred is shown in Fig. 4. In Fig. 4 a device group 2 is shown,
25  which includes one group representative 4. The group representative 4 sends a primary event
message 5 in said obtained RA resources to the central unit 1. The device group 2 shown in
Fig. 4 further includes group members 3 with redundant messages (shown as solid circles),
c.g. with messages to be sent to the central unit | having the same content as the primary
cvent message 5, and group members 3 with diverse messages (shown as dotted circles), e.o.
30 with messages to be sent to the central unit 1 having a different content than the primary event
message 5. Fig. 4 also illustrates other devices {shown as triangles), which belong to onc or
more other device groups 2, or which may not be grouped at all. The event can, for example,
be a heart attack of a person, and the group representative 4 sending the primary event

message 5 can accordingly be a pulsimeter. The event can also be a fire, and the group

14
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representative 4 sending the primary event message 5 can accordingly be a smoke detector,
which is provided close to a vent-pipe. By means of analyzing the primary event messages 5
reecived from onc or more group roprescntative 4, the contral unit 1 can be well informed of

the event.

Preferably, a predetermined amount of the RA resources, e.g. certain RA preamble sequences,
is reserved for the at least one group representative 4, in order to provide the at least one
group representative 4 with the priority access. The at least one group representative 4 is
preferably configured to send the primary event message 5 in these RA resources, in case that
10 an event occurs. Additional data describing the ongoing event can be additionally attached by

the at least one group representative 4 to the primary event message 5.

The additional data can, for exaraple, include relevant messages, which the at least one group
representative 4 captures from group moembers 3 in its neighborhood, preferably from group
15 members 3 of its device group 2. The additional data can be a secondary ¢vent message,
which a group member 3 triggered by the event attempts to send. The sccondary event
message can correspond to the above-mentioned redundant message or diverse message. That
means, the secondary event message can correspond to or differ from the primary event
message 5. Preferably, the at least one group representative 4 adds enly a secondary event
20 message that is a diverse message to the primary event message 3. For capturing the relevant
messages from group members 3, the at least one group representative 4 may have the ability
to detect preferably each secondary event message sent respectively from the group members
3. This ability can either be realized merely by listening of the at least one group

representative 4 to the uplink channel of each group member 3. For instance, if the at least

25  one group representative 4 is located in a central position of the device group 2, #t may be
casy to listen to scoondary cvent messages sent from multiple group members 3 located in the
surrounding area. Alternatively, one or more additional dedicated conumunication interfaces,
for example, air interfaces, like ZigBee, Wifi or Bluctooth, can be provided, in order to carry
out Device-to-Device (D2D) communications between the at [east one group representative 4

30  and the group members 3 of the device group 2, particularly if all the group members 3 are
located in proximity. The at least one group representative 4 can forward one, some or all of
the detected secondary event messages to the central unit 1, so that RA resource allocation

may be better organized and scheduled. For instance, the at least one group representative 4
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can attach one or a plurality of secondary event messages, which it detects from one or a

lurality of group members 3, to the primary cvent message 5
Y ) £

The central unit 1 can extract sufficient information about the cvent occurring to the whole
5  device group 2 from the at least onc primary cvent message 5 received from the at feast onc
group representative 4. After receiving a primary event message 5 from at least one group
representative 4, the central unit 1 sends a response message 6 to the group members 3 of the
at least one device group 2, as shown in Fig. 5. The response message 6 is sent for managing
access of the group members 3 to the RA resources. The central unit 1 can send the same
10 response message 6 to group members 3 with a redundant reessage and to group rembers 3
with a diverse message, respectively, However, the group representative 4 can also send
different response messages to group members 3 with a redundant message and to group
mernbers 3 with a diverse message, respectively, Preferably, the central unit 1 broadceasts the
response moessage 6, and preferably includes the reccived primary ovent message 5 in the
15 response message 6. The response message 6 may further include service type information
and other relevant mtormation, which can better describe the event. For example, one or more
secondary event messages, which the at least one group representative 4 has detected from
one or more group members 3 and has transmitted to the central unit 1, can be included in the
response message 6.
20
In the exaraple of the carthquake detection system, in case an ecarthquake happens, for
instance a vibration sensor, which is assigned as & group representative 4, is triggered and
starts requesting access to RA resources, in order to send in the RA resources a report of the
occurring event as the priraary event message 5 to the central unit 1. Thereby, the vibration
25  sensor has priority access to RA resources, i.e. at least a higher probability than group
members 3 to obtain RA resources, and uses preferably dedicated RA rosowrces cxphicitly
reserved for group representatives 4. Meanwhile, other group members 3 may also be
triggered by the same event, and may desire to send secondary cvent messages. Thus, the
group members 3 may also request access to RA resources. The other group members 3 can,
30  in the present example, be pressure sensors and/or airflow sensors, which are located in the
neighborhood of the vibration sensor. The secondary event messages may be detected by the
vibration sensor, either through pure listening or through specific D2D channels, as described
above. After receiving the primary event messags 5 from the vibration sensor, the central unit

will send a response message 6 as a broadcast-message, a roulti-message or one or more uni-

16
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messages to the group members 3, wherein the response message 6 includes preferably both
the primary event message S and other information describing, for example, the pressure

status as well as the airflow condition concerning the device group 2.

5  Upon receiving the rosponse message 6, the group members 3 preferably perform a
redundancy check, in order to determine, whether the secondary event messages, which they
desire or arc atternpting to send to the central unit 1, arc redundant messages and/or are of the
same information type than the primary event message 5. If said determination yields a
positive result, 1.e. if a secondary event message is found to be redundant by a group member

10 3, said group member 3 will stop requesting aceess to RA resources to the central unit 1. For
example, said group member 3 may stop requesting access to RA resources to the central unit
1, if its secondary event message corresponds to the primary event message 5 and/or is
included in the response message 6 of the central unit 1. In other words, the group members 3
arc informed that the sccondary cvent messages, which they desire to send to the contral unit
15 1, have alrcady been reccived at the cemtral unit 1. In this way, unnecessary recurring

transmissions of the redundant messages can be effectively avoided.

In the example of the carthquake detection systern, the response message 6, which is sent by
the central unit T to the group members 3, indicates that the central unit 1 has been informed
20 about the earthquake. When the response message 6 is received at the group roerobers 3, e.g.
at the pressure and airflow sensors, these devices go through the redundancy check and
determine, whether it is necessary to fransmit own secondary event messages. All group
members 3, which are trying to send redundant messages and/or messages of the same type to
the central untt 1, such as vibration sensors in a proximate area of the group representative 4,
25  stop requesting access to RA resources for communicating with the central unit 1, and rather

koep silent untif called by the contral unit 1 or until triggercd by another cvent.

Preferably, when the occurrence of an event is reported to the central unit 1, a set of group
members 3 can furthermore be selected based, for example, on the information content of the
30  received primary event message 5. These selected group members are expected to report
diverse racssages to the central unit 1. A scheduling and assignment of RA resources can be
performed at the central unit 1 for the expected diverse messages of the selected group
members 3, and certain RA resources, ¢.g. RA preamble sequences, as well as, for example,

PUSCH resources can be assigned to the selected group members 3. It is also possible that the
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central unit 1 performs scheduling and assignment of RA and PUSCH resources to the at least

ong groap representative 4. Information describing the assigmmuent and scheduling of the RA

and PUSCH rcsources can be encloscd and sent in the responsc mcessage 6 by the contral unit

1. This scheduling mformation can include priority information for providing multiple

5  sclected group members 3 with a priority for accessing the RA resources. The priority
information can include or be a priority order determining the order, by which the selected
group nmembers 3 access the assigned RA resources. The assigned RA or PUSCH resources

are then preferably shared among the scheduled group members 3. The scheduled group
members 3 can, for example, successively reuse the assigned resources once they are freed by

10 the previous group members 3. Thereby, the group members 3 can cither follow the priority
order, or can follow some other criteria. In this way, the available RA and PUSCH resources

can be efficiently used.

As shown in Fig. 6, suttabic available RA rcsources can be RA prcambic scquences.
15 However, the present invention is not limited thereto. RA resources can also be realized
differently, e.g. by specific bits or data fields. In Fig. 6 a part of the RA preamble sequences,
1e. at least one first RA preamble sequence 7, is reserved for the at least one group
representative 4, labeled as “Preamble 17, Another part of the RA preamble sequences, Le. at
feast one second RA preamble sequence 8, is assigned for selected, ie. scheduled, group
20 members 3, labeled as “Preamble 2”7 and “Preamble 37, vespectively. The remaining part of
the RA preamble sequences, i.c. at least one third RA preamble sequence 9, can be randomly
selected by the not scheduled group members, which may be trying {o send diverse messages,
labeled with “Preamble 4” .... In the case shown in Fig. 6, two sccond RA preamble
sequences 8, the “Prearable 27 and the “Preamble 37, are assigned RA resources for selected
25  group members 3, wherein “Preamble 27 is a RA resource, which is supposed to be
successively uscd by the group members 3 labeled “Dovice 17, “Bevice 27, and somce further

selected group memibers 3 following a priority order.

The “Device 17, which has the highest priority according to said priority order, ficst sends #ts
30 RA request using the “Preamble 2” to the central unit I, which is for example a base station.
Thereaticr, the “Device 17 receives a RA response from the central unit 1, wherein the RA
response may include information about an assignment of PUSCH resources to the “Device
17, The “Device 17 will then report its diverse message using the assigned PUSCH resources,

t.e. the “Device 1”7 will send a PUSCH transmussion to the centrat unit 1. The diverse

18
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message, which is transmitted by the “Device 17 as a PUSCH transmission in the PUSCH
resources to the central unit 1, can correspond to a secondary event message described above

of “Device 17, Oncce the RA resources are released by the “Device 17, the “Beovice 27 will
start its RA procedure, thereby reusing the same RA preamble sequence as “Device 17, 1. in

5  this case reusing the “Preamble 27, in order to send its RA request to the central unit 1. In
response to its RA request, the “Device 27 then receives a RA response from the central unit

1, and can finally send its diverse message as a PUSCH transmission to the central unit 1.
Thereby, the “Device 27 uses the same PUSCH resources, which the “Device 17 has used
before. Further selected group members 3, which may follow after the “Device 17 and the

a9

10 “Device 27 in the priority order, will behave likewise in terms of RA procedure and PUSCH

transmission.

In the example of the carthquake detection system, once the event is reported to the central
unit 1, diverse messages from group members 3 such as an impact scnsor, an airflow scnsor,

15 an inclination sensor and/or an air temperature sensor may be required in an carthquake
control center, 1.e. at the central unit 1. Therefore, a certain number of RA and PUSCH
resources need to be arranged for the sclected group members 3 during the scheduling process
in the central unit 1. Information on these RA and PUSCH resources is preferably included in
the response message 6, which is sent to the group members 3 together with the primary event

20 message 5. When, for instance, a sensor for measurement of the pressure, airflow, inclination
and/or air temperature receives the response message 6 from the central unit 1, said group
member 3 merely needs to wait for its scheduled turn, and can use the assigned RA and
PUSCH resources, once freed by the last group member 3 according to the priority order.

25  As shown in Fig. 7, “Assigned Resource 17 and “Assigned Resource 27 may illustrate
assigned RA and/or PUSCH resources for the scheduled group members 3. For instance,
“Assigned Resource 17 may be a RA resource supposed to be suceessively used by an impact
sensor, an airflow sensor, and some other scheduled group members 3 following a certain
priority order. The “Assigned Resource 27 may likewise be shared by an inclination sensor,

30 an air temperature sensor, and some other selected devices following either the same or

another priority order.

Group members 3, which have diverse messages to transmit, but do not find themselves in the

scheduling information included in the response message 6 from the central unit 1, will
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reinitiate their request for access to RA resources to the central unit 1 immediately or after
some back-off time, and will preferably use the rest of the RA resources, which are not yet
pre-assigned to cithor the at least onc group representative 4 or the at least onc sclected

(scheduled) group member 3, in order to aveid collision.

Fig. 8 shows a flow chart illustrating the method steps according to an embodiment of the
present invention. In a first step 51, 2 plurality of devices, which may have simultancous need
of RA resources, are dynamically assorted into at least one device group 2. Thereafter, still in
step S1, one or more group members 3 among cach device group 3 are assigned as at least one
10 group representative 4, as shown i Fig. 3. Preferably, the at least one group representative 4
has a certain advantage for the targeted service over the other group members 3. Certain RA
resources are preferably reserved for the at least one group representative 4, in order to
guarantee that the central unit T can have a good cownection with a higher probability,
preferably @ guaranteed conncetion, with the at fcast onc group representative 4, and can thus
15 be well informed when an event occurs. It an event is triggered, the action of cach device of
the at least one device group 2 depends on whether the device 1s a group representative 4 or a
group member 3. Tn case of an event, cach device of a device group 2 may perform a self
check, in step 82, for determining, whether it is carrently a group member 3 or a group
representative 4. In the case of “yes” in step 82, a group representative 4 will initiate, in step
20 83, its RA procedure using priority access to RA resources, preferably using reserved RA and
PUSCH resources, and will aficrwards start its data transmission, in step 84, ie. a
transmission of a primary event message 5, as shown in Fig. 4. Upon receiving the primary
event message 3 from said group representative 4, the central umt 1 will send a response
message 6 including preferably the received primary event message 5 and further relevant
25  information to the group members 3 of said group representative 4, as shown in Fig. 5. A
scheduling of RA and PUSCH resources is preferably also porformed at the central unit 1 for
diverse messages expected from certain group members 3, and the assignment and scheduling

information are preferably enclosed in the response message 6.

30 In the case of “no” in step 82, a group member 3, ie. a device which is not chosen as a group
represertative 4, will go through a redundancy check, in step S5, when i receives the
response message 6 from the central unit 1. The redundancy check is carried out to determine,
whether it is necessary to transmit an own second event message. Each group member 3 that

finds that it is not necessary to transmit an own secondary event message {“positive™ in stey

20
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$3), i.e. the redundancy check is positive, will stop requesting access to RA resources for
communicating with the central unit 1, and will keep silent ("End”) until triggered by another
cvent, Each group momber 3 that finds that it is still necessary to transmit an own sceondary
cvent message (“negative’” in step S3), ie. the redundancy check is negative, will perform

5  another check, in step 86, for determining, whether it 13 one of the group members 3, of which
diverse messages are expected by the central unit 1, and which the central unit 1 has
scheduled based on cither a priority order or some other criteria. Each group mermber 3 that

finds #self, in step S6, from the response message 6 of the central unit 1 to be one of the
selected, i.e. scheduled, group members 3 (“yes” in step S6), merely needs to wait for its

10 scheduled turn, in step S7, and can then start its RA procedure according to step 83, and #s
transmission of a secondary event message, as explained above for step 84, using the assigned

RA and PUSCH resources, respeciively, once these resources are freed by the previous group
mermber 3 according to the priority order or order based on some other criteria. Each group
member 3 that finds tself to be not sclected (“no” in stop S6) and nevertheless has a diverse

15 message to transmit to the central unit 1, will restart its RA procedure, in step S8, using the
remaining RA resources, which are neither reserved by a group representative 4 nor assigned

to any scheduled group member 3. Thereby, a collision of requesting for RA resources can be

avoided with the at least one group representative 4 and the scheduled group members 3.

20 The method of the present invention is particularly useful for optimizing a M2M signaling
procedure, in order to reduce a risk of signaling congestion and a probability of network
overload, which may, for example, incur from integrating M2M communication to a cellular
mobile network. The method of the present invention can be widely applied to all kinds of
cxisting devices, without special requirements and limitation on the distance between the

25  group members. No additional air interface between the group members is needed. Following
the scheme of the present invention, a signaling congestion probability incurrcd from a large
number of M2M devices, which are triggered simultancously, can be significantly reduced,
becausc unnccessary retransmissions can be effectively avoided. Also the amount of network
signaling can be greatly reduced with an efficient internal scheduling mechanism carried out

30 preferably by the central unit. The described RA resource organization scheme can oplimize
the use of available RA resources, and thus can greatly improve the cfficiency of management

in performing a service for a plurality of M2M devices.
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The present invention has been described in conjunction with various embodiments as
examples as well as implementations. However, other variations can be undersiood and
cffccted by those skilicd in the art m practicing the claimed mvention, from the study of the
drawings, the disclosure and the independent claims. In the claims as well as in the
5  description the word “comprising” does not exclude other clements or steps and the indefinite
article “2” or “an” does not exclude a plurality. A single element or other unit may fulfill the
functions of several entitics or items recited in the claims. The mere fact that certain measures
are recited in the mutual different dependent claims does not indicate that a combination of

these measures cannot be used in an advantageous implementation.

2
2
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CLAIMS
1. Mcthod for organizing random access, RA, resourecs, comprising:

forming a device group (2) including a phurality of group members (3) and at least one
5  group representative (4);

providing the at least one group representative (4) with priority access to RA
1CSOUICES;

sending, by the at least one group representative {4), 4 primary event message (5) to &
central unit {1} in said RA resources; and

10 sending, by the central unit (1), a response message (6), responsive to the primary

event message (5), to the group members (3) for managing access of the group members (3}

to the RA resources.

2. Method according to claim 1, wherein
15 a predetermined amount of the RA resources is reserved for the at least one group

representative (4) in order to provide the at least one group representative (4) with the priority

2CCESS,
3. Method according to claim 1 or 2, wherein
20 at feast one RA preamble sequence (7) is reserved for the at least oue group

representative (4).

4, Method according to one of the claims | to 3, wherein
the response message (6) includes the primary event message (5), and
25 requesting access to the RA resources for sending a secondary event message is
stopped by a group member {3} if the sccondary ovent message corresponds to the primary

event message (5).

5. Method according to claim 4, wherein
30 a redundancy check is performed by each group member (3) in order to determine
whether the secondary event message is redundant with or is of the same type as the primary
cvent message (5), and
requesting access to the RA resources is stopped by a group member (3) if its

redundancy check is positive.

(3]
[FS]
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6. Method according to one of the claims 1 to 5, wherein

at Icast onc sceondary cvent macssage frora at least onc group member (3) 15 detected
by the at least one group representative {4), and the at least one secondary cvent message is
attached by the at least one group representative {4) to the primary event message (53,

the response message (6) includes the primary event message (5) and the at least one
secondary event message, and

requesting access to the RA resources for sending a secondary event message 1s
stopped by a group member (3}, if its secondary event message is included in the response

message (6).

=3

Method according to claim 6, wherein
the at least one secondary event message of the at least one group member (3} s
listened by the at Icast onc group representative {(4), or

the at lcast one secondary event message is detected by the at least one group
representative (4) via dedicated communication interfaces between the at least one group

representative (4) and the group members (3).

8. Method according to one of the claims 1 to 7, wherein
the response message (6) includes scheduding information for scheduling at least one

selected group member (3) for access to the RA resources,

9. Method according to claim &, wherein
the scheduling information includes priority information for providing multiple

selected group members (3) with a priority for access to the RA resources.

10, Method according to claim 9, wherein
it is determined by each group member (3) whether it is a sclected group member (3},

and the RA resources are accessed by each group member (3) according to the priority

information.

11.  Method according to one of the claims § to 10, wherein
at least one RA preamble sequence (8) is reserved for the at least one selected group

member (3).
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12, Method according to one of the claima | to 11, wherein
the RA resources and/or physical uplink resources arc assigned by the contral unit (1)

fo the at least one group representative (4) and/or the group members (3).

13, Method according to one of the claims | to {2, wherein
at least one group member (3) is assigned by the central unit (1) statically or

dynamically as the at least one group representative (4).

14.  System for organizing random access, RA, resources, conmprising:

a central unit (1)

at least one device group (2} including a plurality of group members (3} and at least
one group representative (4); wherein

the at lcast onc group represcatative (4) 1s provided with priority acccss to RA
res0urces;

the at least one group representative (4) is configured to send a primary event message
(5) to the central unit (1) in said RA resources; and

the central unit (1) is configured to send, responsive to the primary event message (5},
a response message {6) to the group members (3) for managing access of the group members

{3) to the RA resources.

15.  Central unit for organizing random access, RA, resources, comprising:

a controller for providing at least one group representative (4) of at least one device
group (2 with priority access to RA resources for sending a primary event message (5) to the
central unit (1), the at least one device group (2} including the at least one group
representative (4) and a plurality of group members (3);

a recciver for receiving the primary event message (5) from the at least one group
representative (4); and

a transmitter for sending, responsive to the primary cvent message (53, a response
message {0) to the group members (3) for managing access of the group members (3) to the

RA resources.

(3]
W
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The Applicant hereby makes of record in the above-identified application the
information listed on the attached form PTO/SB/08A. The order of presentation of the
references should not be construed as an indication of the importance of the references.
Documents cited on the attached form PTO/SB/08A are enclosed unless otherwise
indicated. It is respectfully requested that:

1. The Examiner consider completely the cited information, along with any other
information, in reaching a determination concerning the patentability of the present
claims;

2. The enclosed form PTO/SB/08A be signed by the Examiner to evidence that
the cited information has been fully considered by the Patent and Trademark Office
during the examination of this application;

3. The citations for the information be printed on any patent which issues from

this application.

By submitting this Information Disclosure Statement, the Applicant makes no
representation that a search has been performed, of the extent of any search performed,
or that more relevant information does not exist.

By submitting this Information Disclosure Statement, the Applicant makes no
representation that the information cited in the Statement is, or is considered to be,
material to patentability as defined in 37 C.F.R. § 1.56(b).

By submitting this Information Disclosure Statement, the Applicant makes no
representation that the information cited in the Statement is, or is considered to be, in

fact, prior art as defined by 35 U.S.C. § 102.
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Notwithstanding any statement by the Applicant, the Applicant urges the
Examiner to form his own conclusion regarding the relevance of the cited information.

An early and favorable action is hereby requested.

Respectfully submitted,

Date_May 30, 2018 By:_/Marcus A. Fischer/

Marcus A. Fischer

Reg. No. 61,201

Cooper Legal Group LLC
6505 Rockside Road Suite 330
Independence, OH 44131
Telephone No. 216-654-0090

Fax: 216-373-3450

CERTIFICATE OF MAILING OR TRANSMISSION
(Under 37 CFR & 1.8(a)) or ELECTRONIC FILING

| hereby certify that this correspondence is being electronically deposited with the USPTO
via EFS-Web on the date shown below:

May 30, 2018 /Christine Gillroy/
Date Signature

Christine Gillroy
Printed Name

Page 3 of 3 Docket No: 176423PCT-US-ZTE-ZY

Page 378 of 683



UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
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WWW.USDIO.gOV

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
15/738,233 12/20/2017 1480 CHENP325WOUS 20
CONFIRMATION NO. 5481
11283 FILING RECEIPT

C L 1G ,LLC
6505 Rookeide Hoad Suite 330 T

Independence, OH 44131
Date Mailed: 03/21/2018

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Wen Zhang, Shenzhen, CHINA;
Shugiang Xia, Shenzhen, CHINA;
Bo Dai, Shenzhen, CHINA;
Qian Dai, Shenzhen, CHINA;
Zhaohua Lu, Shenzhen, CHINA;
Kun Liu, Shenzhen, CHINA,;
Xianming Chen, Shenzhen, CHINA;
Jing Shi, Shenzhen, CHINA;
Xincai Li, Shenzhen, CHINA;
Huiying Fang, Shenzhen, CHINA;
Applicant(s)
ZTE Coporation, Shenzhen, CHINA

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/CN2016/082087 05/13/2016

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
CHINA 201510368321.1 06/26/2015

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 03/19/2018

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/738,233

Projected Publication Date: 06/28/2018

Non-Publication Request: No

Early Publication Request: No

Title

RANDOM ACCESS METHOD, DEVICE AND SYSTEM
Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents”) for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 0or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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| U.S. APPLICATION NUMBER NO. FIRST NAMED INVENTOR ATTY. DOCKET NO.
15/738,233 Wen Zhang CHENP325WOUS
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Cooper Legal Group, LLC PCT/CN2016/082087
6505 Rockside Road Suite 330 LA. FILING DATE PRIORITY DATE
Independence, OH 44131 05/13/2016 06/26/2015

CONFIRMATION NO. 5481
371 ACCEPTANCE LETTER

L

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495

The applicant is hereby advised that the United States Patent and Trademark Office, in its capacity as a
Designated / Elected Office (37 CFR 1.495), has ACCEPTED the above identified international application for
national patentability examination in the United States Patent and Trademark Office.

The United States Application Number assigned to the application is shown above. A Filing Receipt will be
issued for the present application in due course. THE DATE APPEARING ON THE FILING RECEIPT AS THE
"FILING DATE or 371(c) DATE" IS THE DATE ON WHICH THE LAST OF THE 35 U.S.C. 371 (c)(1) and (c)(2)
REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE IS SHOWN BELOW. The filing date of
the above identified application is the international filing date of the international application (Article 11(3) and 35
U.S.C. 363)

12/20/2017
DATE OF RECEIPT OF 35 U.S.C.
371(c)(1) and (c)(2) REQUIREMENTS

The following items have been received:

« Copy of the International Application filed on 12/20/2017

+ English Translation of the IA filed on 12/20/2017

+ Copy of the International Search Report filed on 12/20/2017
+ Preliminary Amendments filed on 12/20/2017

« Inventor's Oath or Declaration filed on 12/20/2017

* Request for Immediate Examination filed on 12/20/2017
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+ Authorize Access to Search Results filed on 12/20/2017
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+ Authorization to Permit Access filed on 12/20/2017

+ Application Data Sheet (37 CFR 1.76) filed on 12/20/2017
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to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

FRANCINE YOUNG

Telephone: (703) 756-1462
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Docket No. CHENP325WOUS 176423PCT-US-ZTE-ZY

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re PATENT application of:

Inventor: Wen Zhang

Application No.: Unknown

For: RANDOM ACCESS METHOD, DEVICE AND SYSTEM
Filing Date: Filed Herewith

Examiner: Unknown

Art Unit: Unknown

PRELIMINARY AMENDMENT TO PCT/CN2016/082087

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Commissioner:

Favorable reconsideration of the above-identified application is respectfully

requested in view of the following remarks and amendments.
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AMENDMENTS

IN THE CLAIMS:
Please amend claims 4, 10, and 13 and cancel claims 6, 12, 14, 23-37, and 39-

71 as follows:

1. (Original) A random access method, comprising:

sending, by a first User Equipment (UE) in a UE group, a preamble to an evolved
Node B (eNB) over a time-frequency resource, the time-frequency resource comprising a
time domain resource and a frequency domain resource; and

monitoring, by the first UE and/or a second UE in the UE group, a Random Access
Response (RAR) corresponding to the preamble and sent by the eNB, wherein the first
UE is at least one UE in the UE group, and the second UE is all or some UEs in the UE

group.

2. (Original) The method according to claim 1, wherein the first UE is at least one of the
following:

at least one fixed UE; or,

at least one UE determined according to a pre-set rule; or,

at least one UE notified by the eNB.

3. (Original) The method according to claim 1, wherein the preamble and/or the time
domain resource and/or the frequency domain resource are/is pre-set, or determined by
a group Identifier (ID) of the UE group, or notified by the eNB.

4. (Currently Amended) The method according to claim 1, wherein monitoring, by the first
UE and/or the second UE, the RAR corresponding to the preamble and sent by the eNB
comprises:

descrambling, by the first UE and/or the second UE, a Cyclic Redundancy Check
(CRC) of Downlink Control Information (DCI) for scheduling the RAR according to a pre-
set Random Access Radio Network Temporary Identity (RA-RNTI) or an RA-RNTI

corresponding to the preamble, and receiving the RAR, the RAR comprising at least one
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Temporary Cell Radio Network Temporary Identity (TC-RNTI) and/or at least one Uplink
(UL) grant; and

determining, by the first UE and/or the second UE, a TC-RNTI and/or UL grant
allocated thereto according to at least one TC-RNTI and/or at least one UL grant
contained in the RAR_or

monitoring, by the first UE and/or the second UE, the RAR corresponding to the

preamble and sent by the eNB comprises:

determining, by the first UE and/or the second UE, corresponding RA-RNTIs

according to respective IDs and/or preambles, descrambling a CRC of DCI for scheduling

the RAR according to the corresponding RA-BNTIs, and receiving corresponding RARS,
the RAR comprising a TC-RNTI and/or a UL grant allocated to the first UE or second UE.

5. (Original) The method according to claim 4, wherein determining, by the first UE and/or
the second UE, the TC-RNTI and/or the UL grant allocated thereto according to at least
one TC-RNTI and/or at least one UL grant contained in the RAR comprises:

determining, by the first UE and/or the second UE, a TC-RNTI and/or a UL grant
allocated thereto according to an ID of the first UE and/or the second UE in accordance
with a pre-set rule.

6. (Cancelled)

7. (Original) The method according to claim 4, further comprising: after monitoring, by the
first UE and/or the second UE, the RAR corresponding to the preamble and sent by the
eNB,

sending, by the first UE and/or the second UE, a message 3 according to the UL
grant allocated thereto.

8. (Original) The method according to claim 7, further comprising: after sending, by the

first UE and/or the second UE, a message 3 according to the UL grant allocated thereto,
receiving, by the first UE and/or the second UE, a message 4 sent by the eNB.

Page 388 of 683



Page 4

9. (Original) The method according to claim 8, wherein receiving, by the first UE and/or
the second UE, the message 4 sent by the eNB comprises:

scrambling a CRC of DCI for scheduling the message 4 by using the TC-RNTI
allocated to the first UE and/or the second UE.

10. (Currently Amended) The method according to claim 9, wherein the message 4
comprises at least one set of radio resources, radio resources allocated to the first UE
and/or the second UE determined by the first UE and/or the second UE according to at
least one set of radio resources in the message 4, or

the message 4 comprises a set of radio resources allocated to the first UE or

second UE.

11. (Original) The method according to claim 10, wherein the radio resources allocated
to the first UE and/or the second UE are further determined by the first UE and/or the
second UE according to an ID of the first UE and/or the second UE in accordance with a

pre-set rule.

12. (Cancelled)

13. (Currently Amended) The method according to claim 8, further comprising: after
receiving, by the first UE and/or the second UE, the message 4 sent by the eNB,
sending, by the first UE and/or the second UE, an indicating signal for notifying the
eNB of a successful access of the first UE and/or the second UE to the eNB,
wherein the indicating signal is a Scheduling Request (SR) or an

Acknowledgement (ACK) signal.

14. (Cancelled)
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15. (Original) The method according to claim 8, further comprising: after receiving, by the
first UE and/or the second UE, a message 4 sent by the eNB,

receiving, by the first UE and/or the second UE, indicating information, sent by the
eNB, for indicating re-initiation of a random access of the first UE and/or the second UE.

16. (Original) The method according to claim 1, further comprising: before sending, by the
first UE in the UE group, the preamble over the time-frequency resource,

receiving, by the first UE and/or the second UE, DCI or a paging message or a
Radio Resource Control (RRC) message sent by the eNB; or,

receiving, by the first UE, random access request information sent by the second
UE.

17. (Original) The method according to claim 16, wherein receiving, by the first UE and/or
the second UE, DCI or a paging message or an RRC message sent by the eNB comprises
at least one of the following:

the DCI or a CRC of DCI for scheduling the paging message or the RRC message
is scrambled by using a group ID of the UE group;

the DCI or the paging message or the RRC message comprises a group ID of the
UE group;

the DCI or the paging message or the RRC message comprises an ID of the first
UE and/or the second UE; and

the DCI or the paging message or the RRC message comprises an ID of a
preamble and/or a time domain resource of a preamble and/or a frequency domain
resource of a preamble.

18. (Original) The method according to claim 16, further comprising: after receiving, by
the first UE, random access request information sent by the second UE,

counting, by the first UE, received random access requests of the second UE in
the group; and

when a count reaches a pre-set threshold, sending, by the first UE, a preamble

over a time-frequency resource.
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19. (Original) The method according to claim 1, wherein sending, by the first UE in the
UE group, the preamble over the time-frequency resource comprises:
periodically sending, by the first UE, the preamble over a frequency domain

resource.

20. (Original) The method according to claim 8, wherein the message 3 and the message
4 comprise the group ID of the UE group or a pre-set field.

21. (Original) The method according to claim 7, wherein the message 3 comprises a
number of UEs having random access requests in the UE group or a number of UEs
contained in the UE group or a pre-set UE number.

22. (Original) The method according to claim 3, wherein the preamble and/or the time
domain resource and/or the frequency domain resource correspond(s) to the number of
UEs having random access requests in the UE group or the number of UEs contained in
the UE group or the pre-set UE number.

23. — 37. (Cancelled)

38. (Original) A User Equipment (UE), comprising: a sending unit and a monitoring unit,
wherein the sending unit is configured to: send a preamble to an evolved Node B
(eNB) over a time-frequency resource, the time-frequency resource comprising a time
domain resource and a frequency domain resource; and
the monitoring unit is configured to: monitor a Random Access Response (RAR)
corresponding to the preamble and sent by the eNB.

39. — 71. (Cancelled)
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REMARKS

Claims 1-5, 7-11, 13, 15-22, and 38 are pending in the application as claims 6,
12, 14, 23-37, and 39-71 are cancelled herein. Claims 4, 10, and 13 are amended
herein. Although the present communication may include alterations to the application
or claims, the Applicant is not conceding that previously pending claims are not
patentable. Rather, any alterations or characterizations are being made to facilitate
expeditious prosecution of this application. Applicant reserves the right to pursue at a
later date any previously pending or other broader or narrower claims that capture any
subject matter supported by the present disclosure, including subject matter found to be
specifically disclaimed herein or by any prior prosecution. Accordingly, reviewers of this
or any parent, child, or related prosecution history shall not reasonably infer that the
Applicants have made any disclaimers or disavowals of any subject matter supported by
the present application. Additionally, at least one of A and B and/or the like generally
comprises A or B and/or both A and B. Also, first, second, third, etc. are generally
merely used as names, designators, etc. and are not necessarily meant to imply an
ordering, temporal relation, etc. Consideration of the application is respectfully

requested.

Page 392 of 683



Page 8

CONCLUSION
Favorable consideration of this application is respectfully requested. Should the

Examiner feel that a telephone interview would be helpful to facilitate favorable
prosecution of the above-identified application, the Examiner is invited to contact the
undersigned at the telephone number provided below.

Should any fees be due as a result of the filing of this response, the
Commissioner is hereby authorized to charge the Deposit Account Number 50-5088,
CHENP325WOUS.

Respectfully submitted,
COOPER LEGAL GROUP, LLC

By: _/Marcus A. Fischer/

Marcus A. Fischer
Reg. No. 61,201

Cooper Legal Group, LLC
6505 Rockside Road Suite 330
Independence, OH 44131

(p) 216-654-0090

(f) 216-373-3450
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Basic Filing:
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Electronic Acknowledgement Receipt
EFS ID: 31286378
Application Number: 15738233
International Application Number: PCT/CN2016/082087
Confirmation Number: 5481
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First Named Inventor/Applicant Name: Wen Zhang
Customer Number: 11283
Filer: William Joseph Cooper/Emily Arkutik
Filer Authorized By: William Joseph Cooper
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Application Type: U.S. National Stage under 35 USC 371
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Document ... . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
108649
1 Application Data Sheet ADS.pdf no 11
Scfaebe495084c7b865a9c3badc34elee2l
Warnings:
Information:
This is not an USPTO supplied ADS fillable form
125293
2 Transmittal Letter TransmittalLetter.pdf no 4
241ect6fac4402e44597c556baad64e47042
7c89
Warnings:
Information:
4188188
3 Oath or Declaration filed Declarations.pdf no 10
a898ddc2bc7ea3ee24817a%eef2b9%a93e42|
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284811
4 Application.pdf yes 59
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Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 45
Claims 46 58
Abstract 59 59
Warnings:
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drawings
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8167950
6 W02016206497.pdf yes 57
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7c640
Multipart Description/PDF files in .zip description
Document Description Start End
Specification - Not in English 1 43
Claims 44 53
Abstract 54 54
Drawings-only black and white line drawings 55 57
Warnings:
Information:
58971
P325WOUS_PreliminaryAmend
7 o yes 8
ment.p 78ac0cd0696fda220d 1cfe654c5250121¢51]
Oe6a
Multipart Description/PDF files in .zip description
Document Description Start End
Preliminary Amendment 1 1
Claims 2 6
Applicant Arguments/Remarks Made in an Amendment 7 8
Warnings:
Information:
35430
8 Fee Worksheet (SB06) fee-info.pdf no 2
5df7c1f9e4d47871265a444c88893993ee]
6bcd
Warnings:
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Total Files Size (in bytes):‘ 13132760

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. . Attorney Docket Number | CHENP325WOUS
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention RANDOM ACCESS METHOD, DEVICE AND SYSTEM

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Wen Zhang

Residence Information (Select One) () US Residency (8 Non US Residency () Active US Military Service

City Shenzhen Country of Residence i CN

Mailing Address of Inventor:

Address 1 ZTE Plaza, Keji Road South

Address 2 Hi-Tech Industrial Park, Nanshan

City Shenzhen | State/Province GD

Postal Code 518057 | Country CN

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Shugiang Xia

Residence Information (Select One) () US Residency (8 Non US Residency () Active US Military Service

City Shenzhen Country of Residence i CN

Mailing Address of Inventor:

Address 1 ZTE Plaza, Keji Road South

Address 2 Hi-Tech Industrial Park, Nanshan

City Shenzhen | State/Province GD
Postal Code 518057 | Country: CN

Inventor 3
Legal Name

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

CHENP325WOUS

Application Number

Title of Invention

RANDOM ACCESS METHOD, DEVICE AND SYSTEM

Prefix| Given Name Middle Name Family Name Suffix
Bo Dai
Residence Information (Select One) () US Residency (8 Non US Residency () Active US Military Service
City Shenzhen Country of Residence i CN
Mailing Address of Inventor:
Address 1 ZTE Plaza, Keji Road South
Address 2 Hi-Tech Industrial Park, Nanshan
City Shenzhen | State/Province GD
Postal Code 518057 | Countryi CN
Inventor 4
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Qian Dai
Residence Information (Select One) (O US Residency  (® Non US Residency (O Active US Military Service
City Shenzhen Country of Residence i CN
Mailing Address of Inventor:
Address 1 ZTE Plaza, Keji Road South
Address 2 Hi-Tech Industrial Park, Nanshan
City Shenzhen | State/Province GD
Postal Code 518057 | Countryi CN
Inventor 5§
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Zhaohua Lu

Residence Information (Select One) (O US Residency

(® Non US Residency

(O Active US Military Service

City Shenzhen

Country of Residence i

CN

Mailing Address of Inventor:

Address 1 ZTE Plaza, Keji Road South

Address 2 Hi-Tech Industrial Park, Nanshan

City | Shenzhen | State/Province GD
Postal Code 518057 | Countryi CN

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. . Attorney Docket Number | CHENP325WOUS
Application Data Sheet 37 CFR 1.76 —
Application Number
Title of Invention RANDOM ACCESS METHOD, DEVICE AND SYSTEM
Inventor 6
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Kun Liu
Residence Information (Select One) (O US Residency  (® Non US Residency (0 Active US Military Service
City Shenzhen Country of Residence i CN
Mailing Address of Inventor:
Address 1 ZTE Plaza, Keji Road South
Address 2 Hi-Tech Industrial Park, Nanshan
City Shenzhen | State/Province GD
Postal Code 518057 | Country CN
Inventor 7
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Xianming Chen
Residence Information (Select One) (O US Residency  (® Non US Residency (O Active US Military Service
City Shenzhen Country of Residence i CN
Mailing Address of Inventor:
Address 1 ZTE Plaza, Keji Road South
Address 2 Hi-Tech Industrial Park, Nanshan
City Shenzhen | State/Province GD
Postal Code 518057 | Country! CN
Inventor 8
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Jing Shi
Residence Information (Select One) (O US Residency (8 Non US Residency () Active US Military Service
City Shenzhen Country of Residence i CN
Mailing Address of Inventor:
Address 1 ZTE Plaza, Keji Road South
Address 2 Hi-Tech Industrial Park, Nanshan

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | CHENP325WOUS

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | RANDOM ACCESS METHOD, DEVICE AND SYSTEM

City Shenzhen | State/Province | GD

Postal Code 518057 | Country! CN

Inventor 9

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Xincai Li

Residence Information (Select One) (O US Residency (@ Non US Residency () Active US Military Service

City Shenzhen Country of Residence i CN

Mailing Address of Inventor:

Address 1 ZTE Plaza, Keji Road South

Address 2 Hi-Tech Industrial Park, Nanshan

City Shenzhen | State/Province | GD

Postal Code 518057 | Countryi CN

Inventor 10

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Huiying Fang

Residence Information (Select One) (O US Residency (8 Non US Residency () Active US Military Service

City Shenzhen Country of Residence i CN

Mailing Address of Inventor:

Address 1 ZTE Plaza, Keji Road South

Address 2 Hi-Tech Industrial Park, Nanshan

City Shenzhen | State/Province | GD
Postal Code | 518057 | Countryi CN

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 11283
Email Address ‘ i

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | CHENP325WOUS
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | RANDOM ACCESS METHOD, DEVICE AND SYSTEM

Application Information:

Title of the Invention RANDOM ACCESS METHOD, DEVICE AND SYSTEM

Attorney Docket Number| CHENP325WOUS Small Entity Status Claimed [ |
Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). )
Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country N

filed application

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

] 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: @ Customer Number | (O US Patent Practitioner | () Limited Recognition (37 CFR 11.9)

Customer Number 11283

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. . Attorney Docket Number | CHENP325WOUS
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | RANDOM ACCESS METHOD, DEVICE AND SYSTEM

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
a 371 of international PCT/CN2016/082087 2016-05-13

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number Countryi Filing Date (YYYY-MM-DD) Access Code (if applicable)
201510368321.1 CN 2015-06-26

Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[ ] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | CHENP325WOUS

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | RANDOM ACCESS METHOD, DEVICE AND SYSTEM

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

(1).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | CHENP325WOUS

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | RANDOM ACCESS METHOD, DEVICE AND SYSTEM

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

O Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

@ Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name

ZTE Corporation

Mailing Address Information For Applicant:

Address 1 ZTE Plaza, Keji Road South

Address 2 Hi-Tech Industrial Park, Nanshan

City Shenzhen State/Province GD
Country | CN Postal Code 518057
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. . Attorney Docket Number | CHENP325WOUS
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | RANDOM ACCESS METHOD, DEVICE AND SYSTEM

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application

publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. ]

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country Postal Code
Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |/Marcus A. Fischer/ Date (YYYY-MM-DD)| 2017-12-20

First Name | Marcus A. Last Name | Fischer Registration Number | 61201

Additional Signature may be generated within this form by selecting the Add button.

EFS Web 2.2.12
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PTO/AIA/14 (11-15)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number

CHENP325WOUS

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | RANDOM ACCESS METHOD, DEVICE AND SYSTEM

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

1

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy
Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.S.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential violation of law or regulation.
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FTO-1390 {06-13}

Approved for use through 6/30/2013. CMB 0651-0021

U.S. Patent and Trademark Office; US *ARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a coilection of information uniess it dispiays a valid OMB control number.

TRANSMITTAL LETTER TO THE UNITED STATES | iiamemons

DESIGNATED/ELECTED OFFICE (DO/EG/US) ST Applioation No. (f kiown, 556 37 CFR 1.5)
CONCERNING A SUBMISSION UNDER 35 U.S.C. 371 '

international Application No. International Filing Date Priority Date Claimed

PCT/CN2016/062087 May 13, 2106 June 26, 2015

Title of invention

RANDOM ACCESS METHOD, DEVICE AND S5YSTEM

First Named Inventor

Wen Zhang

Applicant herewith submits to the United States Designated/Elected Office (DO/ECAUS) the following itemns and other information.

-~

1. This is an express request to begin national examination procedures (35 U.S.C. 371(f)). NOTE. The express request under
BFUSF 371(f\ ” ,ib.‘f'f,\' .i e Fh Hy =183 o drBPU F"T1(,~‘~\ /’;} aret (AN £y Y -.f-hcb;-‘ ..'.,-!
5 U.8.C. 371(f}y will not be effective unless the requirements under 35 U.8.C. 371(c){1}, (2), and {4) for payment of the basic nationa
fee, copy of the International Application and English transiation thereof (if required), and the oath or declaration of the inventor(s)
tiave been received.

-~ a7

2. A copy of the International Application (35 U.8.C. 371(c){(2)) is attached hereto {not required if the International Application was
previously communicated by the International Bureau or was filed in the United States Receiving Office (RQ/US)).

.(1)

An English language translation of the internationa Appiication (35 U.8.C. 371{c)2))
a. is aftached hereto.
b. |:| has been previously submitied under 35 U.8.C. 154(d}{4).
4. An oath or declaration of the inventor(s) (35 U.S.C. 371{(c}4})
a. is aitachad.
b. |:| was previously filed in the international phase under FCT Rule 4.17(iv).

ftems 5 to 8 below concern amendments made in the international phase.

icte 19 and 34 amendments

5. D Amendments to the claims under PCT Article 19 are attached (not required if communicated by the International Bureau) (35 U.S.C.
371{c)3)).

6. D English translation of the PCT Article 19 amendment is attached (35 U.S.C. 371{(c}{(3)).

7. D Engiish translation of annexes (Articie 19 and/or 34 amendments only} of the International Preliminary Examination Report is
attached (35 U.S.C. 371(c)(5)).

Cancellation of amendments made in the iniernational phase

8a. D Do not enter the amendment made in the inlernational phase under PCT Adticle 19.
8b. D Do not enter the amendment made in the international phase under PCT Article 34,

NOTE: A proper amendment made in English under Articie 19 or 34 will be enferad in the U.S. national phase application absent a clear
instruction from applicant not to enter the amendment(s}.

The following items 8 to 17 concern a document(s} or information included.

9. D An information Disclosure Statement under 37 CFR 1.87 and 1.98

10. A preliminary amendment.

An Application Data Sheet under 37 CFR 1.76.

A substitute specification. NOTE: A substitute specification cannot include claims. See 37 CFR 1.125(b).

A power of attorney and/or change of address letter.

A computer-readable form of the sequence listing in accordance with PCT Rule 13fer.3 and 37 CFR 1.821-1.825.

Assignment papers (cover sheef and documenti{s)). Name of Assignee:

37 CFR 3.73(c) Statement {when there is an Assignee).

This collection of information is required by 37 CFR 1.414 and 1.491-1.482. The information is required {o obtain or retain a bensfit by the public, which is fo file
{and by the USFTO o process) an application. Confidentiality is govermned by 38 U.S.C. 122 and 37 CFR 1.11 and 1.14 collection is estimated to take 1
minutes to complete, including gathering, preparing, and submitting the complieted application form to the USPTO. Time wiil vary depending upon the individual
case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden shouid be sent to the Chief Information
Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DG NOT SEND FEES OR COMPLETED
FORMS TQO THIS ARDRESS. SEND TO: Mail Stop PCT, Commissioner for Patents, P.Q. Box 1450, Alexandria, VA 22313-1450.
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FTO-1390 (08-13)
use through 6/30/2013. CMB 06510021
1.5 DEPARTMENT OF COMMERCE

Approved for
U.S. Patent and Trademark Offic

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information uni i vs a valid OMB controi number.
U.S. APPLN. No. (if known — see 37 CFR 1.5} INTERNATIONAL ARPPLICATION No. ATTORNEY DOCKET No.

PCT/CN2016/082087 CHENP325W0OUS

17. D Other items or information:

The following fees have been submitted. CALCULATIONS PTO USE ONLY
18. Basic national fee (37 CFR 1.492(8)) ..o oo $280 $ 280.00
19. Examination fee (37 CFR 1.492(c))
If the written opinion prepared by ISA/US or the international preliminary 720.00
examination report prepared by IPEA/US indicates all claims satisfy provisions of $
PCT Article 33(1)-(4) ... 8O
Al other sHUBHONS ... $720
20. Search fee (37 CFR 1.482({b}}
If the written opinion prepared by iSA/US or the international preliminary 480.00

examination report prepared by IPEA/US indicates all claims satisfy provisions of
PCT Articte 33(1)-{(4)
Search fee (37 CFR 1.445(a)(2)) has been paid on the international application to $
the USPTO as an international Searching Authority
International Search Report prepared by an iSA other than the US and provided to
the Office or previously communicated o the US by the IB ... $480

Al other SHUREONS ...t $800

TOTAL OF 18,18, and 280 = § § 1480.00

D Additionat fee for specification and drawings filed in paper over 100 sheels
(exciuding sequence listing in compliance with 37 CFR 1.821(c} or (e} in an
electronic madium or computer program listing in an electronic medium} (37 CFR
1.492(})).

Fee for each additional 50 sheats of paper or fraction theraof ............... $400

Total Sheets | Exira Sheets Number (?f eaa?h adldsnon 5{:.) o fracho-{i RATE
thereof (round up tc a whole number)

- 100 = 150 = x $400 $
Surcharge of $140.68 for furnishing any of the search fee, examination fee, or the oath or $
deciaration after the date of commencement of the national stage (37 CFR 1.492(h)). h

CLAIMS NUMBER FILED NUMBER EXTRA RATE

Total claims x -20 = 0 x $80 %
independent claims {2 ~3= { x $420 $
MULTIPLE DEPENDENT CLAIM(S) (if applicable) + $780 $
FProcessing fee of $140.00 for furnishing the English transiation later than 30 months from the $

earliest claimed priority date (37 CFR 1.492(0}). +
TOTAL OF ABOVE CALCULATIONS = § §

D Applicant asserts small entity status. See 37 CFR 1.27. Fees above are reduced by %.

|:| Applicant certifies micro entity status. See 37 CFR 1.29. Fees above are reduced by %.
Applicant must attach form PTO/SE/18A or B or equivalent.

TOTAL NATIONALFEE={ §

Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be

accompanied by an appropriate cover shaet (37 CFR 3.28, 3.31). $40.00 per property. + $

TOTAL FEES ENCLOSED = | $ 14R0.00

Amount to be ¢
refunded:

Amount to be 3
charged:

{Page 2 of 3}
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DEPARTMENT OF COMMERCE

Approved for
U.S. Patent and Trademark Offic

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information uni lisplays a valid OMB control number.
a. D A check in the amount of § to cover the above fees is enclosed.
b. D Please charge my Deposit Account No. in the amount of § to cover the above fees.

The Director is hereby authorized to charge additional fees which may be required, or credit any overpayment, to Deposit Account
Mo, sosose as follows:

@

|:| any required fee.

I:' any required fee except for excess claims fees required under 37 CFR 1.492{d) and (e) and muitiple dependent claim fee
required under 37 CFR 1.492(f).

d. Fees are to be charged to a credii card. WARNING: Information on this form may become public. Credit card information should not
be included on this form. Provide credit card information and authorization on PT0-2038. The PT0O-2038 shouid only be mailed or
faxed to the USPTO. Howaver, when paying the basic national fee, the PT0-2038 may NOT be faxed to the USPTO.

ADVISORY: If filing by EFS-Web, do NOT attach the PTO-2038 form as a FDF along with your EF8-Web submission. Please be
advised that this is not recommended and by doing so yvour credit card information may be displayed via PAIR. To protect your
information, it is recommended to pay fees online by using the electronic payment method.

NOTE: Where an appropriate time limit under 37 CFR 1.485 has not been met, a petition to revive {37 CFR 1.137{a} or {b}} must be
filed and granted to restore the International Application to pending status.

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File)Transition Applications
This application (1) claims priority to or the benefit of an application filed bafore March 16, 2013, and (2) also contains, or contained at
any time, a claim to a claimed invention that has an effective filing date on or after March 16, 2013,
NOTE 1: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 16, 2013, will be
examined under the first inventor to file provisions of the AlA.
NOTE 2: A U.S. national stage application may not claim priority to the international application of which it is the national phase. The filing
date of a U.S. national stage application is the internationat filing date. See 35 U.8.C. 363

Correspondence Address

The address associated with Customer Number: 1283 OR D Correspondence address below
Narne
Address
City State Zip Code
Country Telephone
Email

senatwre | [Marcus A. Fischer/ oae | December 20, 2017

s | Marcus A. Fischer e 161,201
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 83-578) raquires that you be given certain information in connection with your
submission of the atfached form related to a patent application or patent. Accordingly, pursuant to the requirements of
the Act, please be advised that: (1) the genaral authority for the collection of this information is 35 U.S.C. 2(b}{2); (2)
furnishing of the information solicitad is voluntary; and (3) the principal purpose for which the information is used by the
U.8. Patent and Trademark Office is to process and/or examine your submission related to a patent application or
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able fo
procass and/or examing your subrnission, which may result in termination of procesdings or abandonment of the
application or axpiration of the patent.

The information provided by you in this form will be subject fo the following routine uses:

1. The information on this form will be {reated confidentially to the extent allowed under the Freedom of
Information Act (5 U.8.C. 552} and the Privacy Act (5 U.8.C 552a). Records from this system of records may
be disclosed {o the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. Arecord from this systemn of records may be disclosad, as a routine use, in the course of presenting evidance
to a court, magistrate, or administrative tribunal, including disclosures o opposing counsel in the course of
settisment negotiations.

3. Avrecord in this system of racords may be disclosed, as a routine use, to a Member of Congress submitling a

request invoiving an individual, to whom the record pertains, when the individual has requasted assistance from

tha Membar with respect to the subject mattar of the record.

A record in this system of records may be disclosed, as a routine use, to a confractor of the Agency having

nead for the information in order to perform a contract. Recipients of information shall be required to comply

with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.8.C. 552a{m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of
records may he disclosed, as a routine use, to the International Bureau of the World Inteliectual Property
Organization, pursuant to tha Patent Cooperation Treaty.

8. Arecord in this system of records may be disclosed, as a routine use, to ancther federal agency for purposes
of National Security review (35 U.8.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218{cH).

7. Avrecord from this system of records may be disclosed, as a routine use, o the Adminisirator, General
Services, or histher dasignee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under authority of
44 1}.8.C. 2804 and 2808. Such disciosura shali be made in accordance with the GSA regulations governing
inspection of records for this purpese, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosura shall not be usad to make determinations about individuals.

8. Avrecord from this system of records may be disclosed, as a routine use, to the public after sither publication of

the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a

record may be disclosed, subiject {o the limitations of 37 CFR 1.14, as a routine use, to the pubiic if the record

was filed in an application which became abandonad or in which the proceedings ware tarminated and which
application is referanced by either a published application, an application open to public inspection or an issued
patent.

Arecord from this sysiem of records may be disclosed, as a routine use, {0 a Federal, State, or local law

anforcement agency, if the USPTO becomes aware of a violation or potential violation of law or reguiation.

A

©

Page 414 of 683





