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an infrastructure equipment via a wireless access interface. 
The user device is configured to receive an indication from 
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temporal response window for receiving response messages, 
the response messages being received in response to access 
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request message from the infrastructure equipment, wherein 
the user device is configured to receive the response mes 
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1. 

USER DEVICE FOR COMMUNICATING 
DATA AND METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 5 

The present application is based on PCT filing PCT/ 
GB2014/052012 filed Jul. 2, 2014, and claims priority to 
European Patent Application 13 179 325.9, filed in the 
European Patent Office on Aug. 5, 2013, the entire contents 10 
of each of which being incorporated herein by reference. 

FIELD OF THE DISCLOSURE 

The present disclosure relates to user devices for com- 15 
municating data and methods of communicating data. 

BACKGROUND OF THE DISCLOSURE 

Extending mobile communications network coverage and 20 
increasing a number of devices a mobile communications 
network can serve is an important aspect of the design and 
deployment of such networks. Recently, the use of relay 
nodes and or nodes with reduced functionality compared to 
an infrastructure equipment such as for example base sta- 25 
tions have been promoted as means to achieve both 
increased coverage by extending the range of base stations, 
and increased capacity by defining an increased number of 
Smaller cells. In a downlink (transmission from base station 
to mobile user device) of a communications system, con- 30 
ventional relaying commonly involves a signal transmitted 
from a base station being repeated by one or more relays of 
a relay chain until it is received by an intended user device. 
Similarly, in the uplink (transmission from the mobile user 
device to base station) the user device would transmit a 35 
signal to a relay and the signal would be repeated by one or 
more relay nodes in a relay chain until it is received by the 
base station. In this conventional approach, the downlink 
and uplink signals received and transmitted by the user 
device will be transmitted from and received at a same relay 40 
and or infrastructure equipment and so the uplink and 
downlink may be said to be coupled. 

However, more recently decoupled uplink and downlink 
communication networks have been proposed in order to 
increase coverage and capacity. Decoupled uplink and 45 
downlink operation may occur for example when uplink 
only relays are utilised and or uplink and downlink signals 
are transmitted from and received at different relay nodes 
and or different infrastructure equipment. For instance, a 
user device may transmit an uplink signal to a nearby relay 50 
but receive its downlink signal directly from a base station, 
thus the communications paths of the uplink and downlink 
signals are different. This scenario can lead to increased 
coverage provided by the base station and may occur due to 
the greater transmission power of a base station compared to 55 
a user device. For example, due to power constraints, a 
mobile user device may only be able to transmit to a nearby 
relay whereas the higher transmission power associated with 
the base station will allow the downlink signal to be trans 
mitted with sufficient power that it can be received directly 60 
by the mobile user device. 

Although the use of decoupled uplink and downlink 
communications may provide additional coverage and flex 
ibility to a communications network, a number of problems 
are presented. For instance, the timing of downlink signals 65 
whose transmission time is defined with respect to a trans 
mission of an associated uplink signal may no longer be able 

2 
to be reliably known at a user device because of the variable 
and unpredictable propagation times between the user 
device and the base station due to the presence of relays for 
example. Communications of this nature are often termed 
semi-synchronous communications and the random access 
procedure in an LTE network is an example of Such a 
semi-synchronous procedure. In an LTE network a user 
device may require uplink resources in order to send a 
message. If in an unconnected State, the user device may 
transmit a request for access to the network. In an LTE 
network, the request for access can be a random access 
preamble transmitted on a physical random access channel 
(PRACH). In some networks, the user device may transmit 
the request for access to a relay which may pass on the 
request to a base station or another relay, or indicate to the 
base station by an alternative means that a request for access 
has been received. The mobile device is configured to wait 
once the request has been sent and attempt to receive a 
response to the request during a predefined time period after 
the transmission of the request. If a response is not received 
within this period the mobile device may attempt to initiate 
a Subsequent access request procedure. However, due to the 
variable time for the request to reach the base station via one 
or more relay nodes, the response to the request for access 
may not be transmitted by the base station within the 
predefined time period. Consequently, the user device may 
waste power by attempting to receive a response to the 
request when one may not be transmitted until Some time 
into the predefined time period and/or before the end of the 
predefined time period and also by unnecessarily initiating a 
Subsequent access request procedure when a response is not 
received before the end of the predefined time period. 

SUMMARY OF THE DISCLOSURE 

According to an example embodiment of the present 
disclosure, a user device for transmitting and receiving data 
to and from an infrastructure equipment via a wireless 
access interface is provided. The user device is configured to 
receive an indication from the infrastructure equipment of a 
location and duration of a temporal response window for 
receiving response messages, the response messages being 
received in response to access request messages and the 
location and duration of the temporal response window 
having been determined by the infrastructure equipment. 
The user device is figured to transmit an access request 
message for requesting access to the wireless access inter 
face to the infrastructure equipment, and to receive a 
response message in response to the access request message 
from the infrastructure equipment, wherein the user device 
is configured to receive the response message in the tem 
poral response window. 
The provision of a response window whose timing is 

determined by the infrastructure equipment allows the 
response window to be adapted to the transmission of the 
response message when there is a dynamic or cell specific 
delay in transmitting the response message. For instance, if 
the time taken for a access request message to reach the 
infrastructure equipment and be processed at the infrastruc 
ture equipment is variable and unpredictable, the infrastruc 
ture defined response window enables the period of time 
over which the infrastructure equipment may transmit and a 
user device may receive a response message to be delayed 
and or extended to a later end time. This may mean that 
fewer resources in the downlink are allocated to the response 
window(s) compared to a response window which is not 
delayed but extended to an equivalent end time, and the user 
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device is not required to be in a receiving mode for an 
extended continuous window, thus conserving power. Fur 
thermore, this approach increases the probability that a 
response message transmitted by the infrastructure equip 
ment will be received by the user device. Consequently, this 
will also reduce the probability that additional access request 
messages will be made by the user device, thus reducing 
uplink resource requirements and reducing power consump 
tion at the user device. 

Accordingly to another example embodiment of the pres 
ent disclosure, the user device is configured to receive the 
response message in one or more of a plurality of temporal 
response windows, the plurality of response windows sepa 
rated in time, a location and duration of the temporal 
response windows having been determined by the infrastruc 
ture equipment and the user device having received an 
indication of a location and duration of at least one of the 
response windows from the infrastructure equipment. 
The provision of a plurality of response windows which 

are determined by the infrastructure equipment allow the 
response windows to be adapted to the transmission of the 
response message when there is a variable, unknown or cell 
specific delay in transmitting the response message. For 
instance, if the time taken for a access request message to 
reach the infrastructure equipment is variable and unpre 
dictable, the response windows enable the period of time 
over which the infrastructure equipment may transmit a 
response message and a user device may receive the 
response message to be extended in a predetermined way 
without requiring a continuous extended window or delay 
ing of a single window. This means that fewer resources in 
the downlink are allocated to the response window(s) and 
the user device is not required to be in a receiving mode for 
an extended continuous period, thus conserving power. 
Furthermore, the distribution of the timing of the response 
windows may take account of a probability that a response 
message will be ready to be transmitted at a certain point in 
time. This therefore enables the user device to concentrate 
its reception efforts on periods where it is most likely that a 
response message will be transmitted. Consequently, this 
will also reduce the probability that additional access request 
messages will be made by the user device, thus reducing 
uplink resource requirements and further reducing power 
consumption at the user device. 

In another example embodiment of the present disclosure, 
the user device is configured to transmit the access request 
message to the infrastructure equipment via one or more 
relay nodes. 
The use of relays in the uplink of the communications 

system allows the communications system's coverage to be 
increased. However, introducing relays into the uplink can 
add further unpredictability to the timing of receiving an 
access request message and transmitting a response message 
at the infrastructure equipment. The use of a plurality of 
response windows may take account of this increased unpre 
dictability by allowing the response windows to be adapted 
to take account of the unpredictability whilst avoiding 
unnecessary control information reception and energy con 
Sumption the user device. 

In another example embodiment of the present disclosure, 
the indication of a location and duration of at least one of the 
response windows is received by the user device from the 
infrastructure equipment prior to the transmission of the 
access request message. 

Providing an indication of the response windows to the 
user device allows the infrastructure equipment to set cell 
and user specific response windows. These windows may 
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4 
then take account of delay characteristics and user device 
priorities which are specific to the infrastructure equip 
ment's cell, thus leading to a more efficient operation of the 
cell. 

In another example embodiment of the present disclosure, 
the user device is configured to enter a reduced power State 
during the time separating the response windows. Entering 
a reduced power state during the period between the 
response windows allows the user device to conserve power 
when it has knowledge that a response message will not be 
transmitted by the infrastructure equipment, thus leading to 
extended battery life at the user device. 

In another example embodiment of the present disclosure, 
the user device is configured to receive an indication of a 
timing of at least one of the response windows from the 
infrastructure equipment in one of the response windows. 

Allowing an indication of the timing of a response win 
dow in a preceding response window allows the timing of 
response windows to be dynamically controlled by the 
infrastructure equipment. For example, if an unforeseen 
delay has occurred and a response message is unable to be 
transmitted in a Subsequent response window, this may be 
indicated to the user device. This will therefore allow the 
user device to avoid attempting to receive a response mes 
sage during the Subsequent response window, thus conserv 
ing power. 

In another example embodiment of the present disclosure, 
the user device has an identifier associated therewith and the 
infrastructure equipment is configured to determine the 
location and duration of at least one of the response windows 
based upon the identifier of the user device and a predeter 
mined rule, and the user device is configured to determine 
the location and duration of the at least one of the response 
windows based on the identifier associated therewith and the 
predetermined rule. 

Allocating response windows based on user device's 
identity allows a plurality of response windows to be allo 
cated among a plurality of user devices without the require 
ment of user device specific signalling information, thus 
conserving downlink resources and reducing a quantity of 
signalling information required to be received the user 
device. 

In another example embodiment of the present disclosure 
the user device is a 3GPP LTE compliant device. 

In another example embodiment of the present disclosure 
the access request message includes a random access pre 
amble and the response message is a random access 
response 

Various further aspects and features of the present disclo 
Sure are defined in the appended claims, including but not 
limited to, methods of communicating data between a user 
device and an infrastructure equipment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the present disclosure will now be 
described by way of example only with reference to the 
accompanying drawing in which like parts are provided with 
corresponding reference numerals and in which 

FIG. 1 provides a schematic illustration of a coupled 
uplink and downlink relay communications network; 

FIG. 2a provides an illustration of a contention based 
access request procedure; 

FIG. 2b provides an illustration of non-contention based 
access request procedure; 

FIG. 3 provides a schematic illustration of a decoupled 
uplink and downlink relay communications network; 
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FIG. 4 provides an illustration of response windowing in 
accordance with an embodiment of the present disclosure; 

FIG. 5 provides an illustration of response windowing in 
accordance with an embodiment of the present disclosure; 

FIG. 6 provides an illustration of response windowing in 
accordance with an embodiment of the present disclosure; 

FIG. 7 provides an illustration of response windowing in 
accordance with an embodiment of the present disclosure; 

FIG. 8 provides an illustration of response windowing in 
accordance with an embodiment of the present disclosure; 

FIG. 9 provides an illustration of an access request 
procedure in accordance with an embodiment of the present 
disclosure; 

FIG. 10 provides an illustration of an access request 
procedure in accordance with an embodiment of the present 
disclosure; 

FIG. 11 provides an illustration of an access request 
procedure in accordance with an embodiment of the present 
disclosure; and 

FIG. 12 provides an illustration of an access request 
procedure in accordance with an embodiment of the present 
disclosure. 

DETAILED DESCRIPTION OF EXAMPLE 
EMBODIMENTS 

Coupled Communications System Architecture 
FIG. 1 provides a schematic illustration of a relay based 

communications system where the uplink and the downlink 
communications are coupled Such that the uplink and down 
link signals propagate via the same communications net 
work infrastructure. The system comprises infrastructure 
equipment Such as for example a control node or base station 
101, one or more user devices or user equipment (UE) 102 
and one or more relays or relay nodes 103, where the base 
station is arranged to provide a wireless access interface to 
the user device and to transmit and receive data to and or 
from the user device 102 via the wireless access interface. 
The user device 102 communicates in the uplink by trans 
mitting a signal via one or more relay nodes 103 to the base 
station 101, where the uplink signal path is represented by 
the arrow 104 and the user device may for example be a high 
data rate mobile device Such as a Smartphone or a lower data 
rate device Such as a machine type communications (MTC) 
device e.g. a Smart meter or medical device. In the downlink, 
the base station 101 transmits a downlink signal via one or 
more relay nodes 103 where the downlink signal path is 
represented by the arrow 105. The system of FIG. 1 may 
operate in accordance with any mobile communications 
network protocol known in the art, for example it may 
operate in accordance with 3GPP LTE where the base station 
may be an enhanced NodeB (eNB). The relay nodes may be 
dedicated relays nodes which repeat a received signal via 
known repeating techniques such as amplify and forward or 
decode and forward. The relay nodes may also be lower 
functionality base station or user devices which are config 
ured to provide relay functionality. The relay nodes may be 
connected to the base station via a dedicated backhaul link 
such as an X2 link or X2 interface, or any other suitable 
wired or wireless link Such as point to point microwave 
connection. In examples where the relays are lower func 
tionality base stations or eNBs, the relays may form separate 
cells such as a pico cells, however, the scheduling tasks and 
the like may still be performed by the base station 101. The 
uplink and downlink communications over the wireless 
access interface between the base station, relay nodes and 
user devices take place within the framework of uplink and 
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6 
downlink time frames which are divided into a number of 
separate physical channels. The system may also operate in 
accordance with time division duplexing, frequency division 
duplexing or any other duplexing or multiple access Scheme 
known in the art. In examples where the network of FIG. 1 
operates in accordance with LTE, the user devices 103 will 
be allocated resources in uplink frames by the base station 
101. For example, if the user device is in an unconnected 
state with the base station and wishes to connect to the base 
station, the user device is required to perform a random 
access procedure which acts as request for access to the 
network. 
LTE Random Access Procedure 

FIG. 2a illustrates an LTE contention based random 
access procedure that a user device may perform in order to 
request access to an LTE network. Firstly, the user device 
selects a random access preamble from a set of contention 
based random access preambles that has been broadcast in a 
system information block (SIB) such as SIB2 in a downlink 
frame by the base station. The user device then transmits the 
selected random access preamble 201 to the base station 
where this transmission acts as an access request message 
for requesting access to the network and the preamble acts 
as a user device identifier. The random access preamble may 
be transmitted on a physical channel within the wireless 
access interface Such as a physical random access channel 
(PRACH) of an uplink frame. Once the random access 
preamble has been received by the base station, at step 202 
the base station transmits a response message. Such as for 
example, a random access response (RAR). The resources in 
time and frequency of a downlink channel. Such as a 
physical downlink shared channel (PDCCH), in which the 
user device can find the RAR are indicated in a message on 
a control channel Such as physical downlink control channel 
(PDCCH) addressed to a random access radio network 
temporary identifier (RA-RNTI) and which is transmitted in 
the same subframe as the response message. This message is 
therefore required to be received prior to receiving the 
response message. In particular, a downlink control infor 
mation (DCI) message informing the user device of the 
resources where the response message can be found in the 
current subframe is sent on the PDCCH, where the RA 
RNTI is formed from a time and, in some examples, a 
frequency identifier of transmission of the associated access 
request message. The response message contains at least the 
identity of the received preamble, a timing alignment com 
mand, an allocated uplink resource grant and a temporary 
Cell RNTI (C-RNTI). Upon receiving the response message, 
the user device transmits a scheduled transmission contain 
ing its intended message. Such as a radio resource controller 
(RRC) connection request, in the allocated uplink resources 
as shown by step 203. Finally at step 204, upon receiving the 
intended message the base station transmits a contention 
resolution message. The contention resolution message is 
then acknowledged by the user device to which the conten 
tion resolution message is addressed, for example with a 
HARO ACK/NACK. This procedure thus overcomes the 
possibility of multiple user devices utilising the same pre 
amble and or transmitting a random access request over the 
same channel at the same time. 

FIG. 2b illustrates an example non-contention based 
random access procedure for requesting resources in an LTE 
network. At step 251, prior to the transmission of a random 
access preamble from the user device in the access request 
message, the base station allocates a preamble from a 
non-contention based set of preambles to the user device. 
This allocation may be performed via a format 1A downlink 
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control information (DCI) message on the PDCCH or in a 
handover command if the user device has recently entered a 
cell served by the base station. At step 252 the user device 
transmits its allocated preamble to the base station. Once the 
preamble has been received at the base station, the base 
station transmits a response message, such as for example a 
random access response, at step 253 where the response 
message contains similar information to the response mes 
sage sent at step 202 of FIG. 2a. Once the response message 
has been received at the user device, the user device then 
transmits its intended message in the allocated uplink 
resources indicated in the response message. 

Although the access request procedures of FIGS. 2a and 
2b has been described with reference to sending a receiving 
messages directly from a base station, the messages may 
also be sent and received via one or more relays using the 
same procedure. For example, the messages may be sent and 
received via the communications paths illustrated in FIG. 1, 
where in the uplink a receiving relay either relays a message 
to another relay or a base station, and in the downlink relays 
the message to another relay or a user device. 
Response Windowing 

Both access request procedures described above are reli 
ant on reception of a response message at the user device. In 
an LTE system the response message is transmitted on a 
physical downlink shared channel (PDSCH) and is sched 
uled by information on a physical control channel Such as a 
PDCCH. In systems such as LTE, in order to ensure that a 
user device does not attempt to receive a response message 
continuously from the point in time of the transmission of 
the access request message until a response is received, the 
response message is transmitted by the base station in a 
predetermined temporal response message window. In LTE, 
when the access request message is a random access request 
and the response message is a random access response. Such 
a window may be referred to as a random access response 
window or a RAR window. A response window may reduce 
the amount of power consumed at the user device because a 
finite time period during which the user device will attempt 
to receive a response message is defined. The response 
window is defined with respect to the transmission of the 
access request message. Such as three subframes after trans 
mission in LTE, and the user device is configured to begin 
to attempt to receive the response message when the 
response window commences. In an LTE system the process 
of receiving a response message includes the user device 
checking the PDCCH of each subframe within the response 
window for a relevant DCI containing PDSCH scheduling 
information addressed to its RA-RNTI. When such sched 
uling information is found, the user device receives and 
decodes the response message in the PDSCH of the corre 
sponding Subframe, where the response message contains an 
indication of the preamble the user device sent to the base 
station in the access request message. Once a response 
message is successfully received the user devices ceases to 
check the PDCCH for response message scheduling infor 
mation. If a response message is not received by a user 
device within the response window, after a minimum wait 
period the user device begins a Subsequent new access 
request procedure, where the Subsequent access request 
procedure is similar to those previously described with 
reference to FIGS. 2a and 2b. Multiple response messages 
for different user devices may be transmitted by the base 
station within each response window therefore reducing 
congestion. If multiple response messages are present in a 
single response window the user devices may differentiate 
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8 
between them by means of the RA-RNTI to which they are 
addressed and the preamble they each contain. 
An access request procedure Such as that described above 

may be referred to as being semi-synchronous with the user 
device preamble transmission. This is as a result of the 
response window being defined with respect to the subframe 
containing the end of the user device preamble transmission. 
This is opposed to the response window being directly 
defined with regards to a downlink subframe. More specifi 
cally, in LTE systems the response window commences 
three subframes after the subframe containing the end of the 
user device preamble transmission and has a length indi 
cated in the SIB2 block in which the preamble configuration 
is broadcast. According to 3GPP LTE Release 11 specifica 
tions, the duration of the response window may be at least 
one subframe for the contention based random access pro 
cedure and at least two subframes for the non-contention 
based random access procedure. However, these windows 
may not be longer than 10 subframes. The response window 
lengths and structure specified for LTE are suitable for 
coupled uplink and downlink LTE system such as that 
illustrated in FIG. 1 and non-relay based systems where the 
latency of communications between a user device and a base 
station are consistent and predictable and there beginning of 
the response window can be fixed. However, the length, 
location and structure of the response window may not be 
Suitable where latency in communications between the user 
device and the base station are neither consistent not pre 
dictable. 
Decoupled Communications System Architecture 

FIG. 3 provides a schematic diagram of a second example 
communications network. The networks of FIG. 1 and FIG. 
3 are substantially similar, however, the uplink and down 
link of the network of FIG. 3 are decoupled. In FIG. 3 
decoupling refers to the different nodes which the user 
device transmits data to and receives data from, for example 
the user device transmits data to a relay node but receives 
data directly from the control node or infrastructure equip 
ment 1011 in this example, these communications paths may 
arise because the relay nodes are uplink only relays and 
therefore unable to participate in the downlink. A situation 
as illustrated in FIG.3 may also arise without the presence 
of uplink only relays when a base station transmits at a 
significantly higher power than a user device. In such a 
scenario, the downlink signal may have Sufficient power to 
reach the user device directly but the user device may only 
be able to transmit at a power sufficient to reach a nearby 
relay node which then relays the uplink signal to the base 
station. The aforementioned definition of decoupling is from 
the user device's perspective, however, a more general 
definition may be to define decoupling as when the com 
munications paths of the uplink and down link are different 
i.e. the relays and/or the infrastructure equipment involved 
in the uplink and downlink communications paths differ. An 
advantage of uncoupled communications is that coverage 
provided by a base station may be increased because a 
greater number of user devices may be able to connect to a 
base station even though they cannot directly communicate 
with the base station. 

Semi-synchronous access request procedures such as 
those described with reference to FIGS. 2a and 2b may also 
be used in conjunction with the communication network 
arrangement of FIG. 3. However, a number of problems may 
result due to the decoupled nature of the uplink and down 
link communications and the fixed response window timing. 
The propagation time of an uplink access request message 

from the user device to the base station may be variable due 
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to the latency associated with the communications interfaces 
between the relay nodes and the base station. In some 
circumstances, these delays may result in the base station 
being unable to transmit the response message within a 
response window as described above. This may in turn lead 
to the user device which transmitted the access request 
message expending power attempting to receive a response 
message within the response window when it is unlikely that 
one will be transmitted. For the case of delay tolerant user 
devices such as for example MTC devices, a delay in 
performing an access request procedure in itself is not 
critical. However, these devices are commonly low power 
devices and therefore the power expended in an extended 
access request procedure is a concern. In the case of user 
devices such as Smartphones, they may require both a rapid 
and low power access request procedure thus failing to 
receive a response message is also a concern. Furthermore, 
in LTE systems if a response message is not received at a 
user device, the user device may increase the transmit power 
of a Subsequent access request message and may therefore 
expend a comparatively greater amount of power when 
performing a Subsequent access request procedure. These 
problems may also be exacerbated by the presence of an 
increased number of relays in the uplink and/or downlink 
communications path. A number of relays in the uplink 
communications path may increase unpredictability in the 
propagation time of an access request message to the base 
station. A simple solution to these problems would be to 
extend the maximum length of the response window so that 
the probability of a response message being transmitted 
within the response window is increased. For instance, a 
maximum response window could be defined according to a 
maximum delay associated with the number of relays in the 
uplink. Although this would reduce the probability that a 
Subsequent access request procedure will be performed by 
the user device, attempting to receive a response message 
over an extended window would increase the power con 
Sumption of the user device. For example, in an LTE system 
the user device will be required to receive control informa 
tion in the PDDCH of each subframe of the response 
window for an indication of the access response message in 
the downlink data channel PDSCH. This approach is not an 
efficient means to achieve reception of a response message 
nor does it provide the flexibility that may be required when 
the latency of communications between relay nodes and the 
base station are highly variable and unpredictable due, for 
example, to congestion on backhaul links. 

Although the problems associated with unpredictable 
response message transmissions are present in a decoupled 
uplink downlink communications system, they may also 
apply to other network architectures and semi-synchronous 
communications procedures. For example, the presence of at 
least one relay in the either the uplink or downlink may 
introduce variability and unpredictability into the reception 
of access request messages at a base station and the Subse 
quent reception of a response messages at a user device. This 
variability and unpredictability, may thus lead to inefficien 
cies in the reception of semi-synchronous message 
responses i.e. response messages as previously described. 
Furthermore, in Systems where there is a varied processing 
time associated with a semi-synchronous or synchronous 
request at the base station it may prove difficult to accurately 
define an anticipated reception time of a reply to the request 
without wasting power at the user device due to the use of 
an extended response window. 
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10 
Flexible Response Windowing 

According to an example embodiment, in a communica 
tions system such as an LTE system, a timing of a plurality 
of temporal response windows are determined and indicated 
to a user device by the base station, where the timing may 
include locations in time and durations, both of which may 
be variable. The base station is then configured to transmit 
response messages only within a response window. How 
ever, in some embodiments one or more response windows 
with a variable start time and length may be used and the 
base station’s transmission adjusted accordingly. The user 
device is configured to receive and check a control channel 
for an indication of a response message only during the 
response window(s). For instance an LTE device may check 
the PDCCH of subframes during a response window for a 
DCI message addressed to its RA-RNTI, where the PDCCH 
corresponds to the content of the PDSCH in the subframe. 
Outside of the response windows the user device may enter 
a reduced power state such as DRX. FIG. 4 provides a 
schematic illustration of a response windowing pattern or 
scheme in accordance with this embodiment where an 
indication of the response windowing may be transmitted 
within a physical layer control channel such as a PDCCH in 
LTE. The response windows 401 are separated in time where 
the time periods between the windows may be referred to as 
response gaps 402 and during which the user device may 
enter a reduced power state such that it does not receive or 
transmit. Response messages are transmitted by the base 
station within one of the response windows 401 after the 
access request message 403 has been transmitted by the user 
device 102 and received by the base station 101. Response 
messages are attempted to be received by a user device 
within each of the response windows 401. Also in FIG. 4, 
downlink subframes 404 of a wireless access interface that 
correspond in time with the response windows are illus 
trated, where each subframe 404 includes a control channel 
PDCCH 405 and a data channel PDSCH 406 as may be 
found in LTE subframes. During the response windows the 
user device receives resource allocation data in the PDDCH 
407 transmitted by the base station. If the presence of a 
response message is indicated by data received across a 
PDCCH the user device will then receive the relevant data 
transmitted across an associated PDSCH. The response 
windows may be synchronous or non-synchronous with the 
Subframes of the downlink, where in a synchronous imple 
mentation the response windows may commence at the same 
time as a PDDCH. However, in either case, if a PDDCH of 
a subframe does not fall within a response window the effect 
is that the PDSCH of the subframe is not received by the user 
device. 

This arrangement of response windows allows for 
extended delays to be accounted for in the access request 
procedure without the use of an extended continuous 
response window, thus reducing a number of consecutive 
PDDCH instances that the user device is required to receive 
data from. For example, not all the PDDCH instances 
between the start of the first response window and the end 
of the last response window are required to be received with 
the aforementioned response windowing. This in turn may 
reduce power consumption at the user device because it can 
enter a reduced power state during periods when a response 
message will not be transmitted Such as during the response 
gaps. In addition to this, the procedure may also increase the 
likelihood of receiving a response message. For instance, the 
overall period between transmission of an access request 
message and the end of the response window(s) may be 
increased compared to a single response window with an 
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equivalent total duration. Furthermore, variable duration in 
time and multiple response windows may also reduce the 
adverse effects on system capacity that an extended con 
tinuous response window may have. 

Although the response windows are shown to be of equal 
duration in time in FIG. 4 they may also be of different 
durations. Likewise, the response gaps may also be of 
different durations. When implemented in the previously 
described relay systems, the user device transmits an access 
request message at 403 and after an initial delay 408 the 
response windowing begins. The response windowing is 
defined by the base station and may either be cell specific or 
user device specific. In the case of cell specific response 
windowing, an indication of the timing of the response 
windows in terms of duration and location may be signalled. 
For instance, in an LTE system response windows may be 
signalled in a system information block such as SIB2 by 
adding an additional information element (IE), or in another 
signalling resources that a user device is capable of receiv 
ing prior to transmitting an access request message. In the 
case of user device specific windowing, in an LTE system if 
a non-contention based random access procedure is utilised 
a device specific response windowing could be signalled to 
a user device along with a preamble prior to the random 
access procedure illustrated in FIG. 2b. 

Cell specific response windowing may require less sig 
nalling overheads than user device specific response win 
dowing but may not provide the same degree of flexibility. 
For instance, with user device specific response windowing 
the base station may take account of different priorities of 
different user devices and schedule their response windows 
accordingly. For example, if a particular user device Such as 
a Smart phone requires a rapid response to a request for 
access, the base station may schedule response windows of 
a longer duration and closer to the initial request than for a 
user device which does not require a rapid response. Such as 
Smart meter. A situation Such as this may occur when a high 
mobility user device is passing through a cell served by a 
base station and therefore has a high probability of handover. 
Due to the possibility that the user device may enter and 
leave a cell in a relatively short period of time it would be 
beneficial for an access request procedure for this device to 
be completed more quickly than for a stationary device 
within the cell. Examples of prioritisation procedures may 
include prioritised scheduling over a communications inter 
face between relay nodes and the base station in order to 
reduce any latency, and or the prioritisation of processing of 
the access request message at the base station. 

The duration of a plurality of response windows may be 
signalled by the base station using an indication of their 
periodicity, window duration and a total number of win 
dows, the start and end of each response window individu 
ally, the response gaps, or a combination of these indicators. 
Each of these indicators may be suited to a different arrange 
ment of response windowing. For instance, individual 
response windowing may be Suited to response windows 
which are of different durations, whereas indicating the 
periodicity of the response window may be suited for 
response windowing where the windows are of an equal 
duration and equally spaced. In some embodiments, signal 
ling of the response windowing by the base station may not 
be required but instead the response windowing will be 
hardcoded into the user device by virtue of for example the 
specifications of the wireless access interface. This hard 
coded response windowing may act as default response 
windowing that may be overridden or adapted by Subsequent 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
signalling. However, in some embodiments it may be the 
only response windowing available in the cell or to a user 
device. 

In another example embodiment a base station may 
indicate an initial cell specific response windowing pattern 
but in a Subsequent control message, such as a DCI message 
in LTE. The control message may be transmitted in a 
response window where the the base station may indicate in 
the control message a dynamic configuration of the next 
response window, thus overriding the initial windowing. For 
example, in LTE in a response window numbered in the base 
station may transmit a DCI message indicating the location 
and duration of the next response window numbered n+1, or 
a later response window. In some embodiments a user device 
may cease to attempt to receive a response message in the 
current window when a dynamic response windowing mes 
sage is received and enter a reduced power mode because it 
infers that there is to be no response message for it in the 
current response window. Alternatively, user devices may 
continue to attempt to receive a response message in the 
current response window and if one is received, ignore the 
n+1 response window. If an updated response window 
configuration is not received the user devices may return to 
using the cell specific response windowing pattern. Dynamic 
response windowing may be applied to both individual and 
multiple user devices and also include response windowing 
which is dependent on the current conditions within the 
system, Such as communications latency and processing 
times at the base station. 
The time period 404 represents the initial time period 

before the start of response windowing and may be signalled 
in response window signalling. However, in some embodi 
ments it may be a common time period equal to a conven 
tional delay in a fixed response window System i.e. three 
Subframes in an LTE system. An initial time period equal to 
a conventional delay may be required in order to provide 
compatibility with legacy user devices which utilise a single 
fixed response window. In other embodiments, in order to 
further aid compatibility with legacy devices in LTE sys 
tems, the total duration of the response windowing including 
the response gaps may be configured to be equal to the 
conventional single response window duration Such that 
even a response message transmitted in one of a plurality of 
response windows may be received by a legacy device 
which operates with a single response window. 

Outside of the response windows in the response gaps, 
user devices may be configured to enter a reduced power 
state in which they do not attempt to receive downlink and 
or transmit uplink signals. In LTE devices, DRX is an 
example of Such a state where in order to reduce power 
consumption the user device does not attempt to receive 
Some downlink signals. 
Once a user device has received a response message in a 

response window, it may cease receiving and checking a 
relevant control channel such as a PDCCH for information 
on downlink resources. This situation is illustrated in FIG. 5 
where downlink subframes 404 that correspond in time with 
the response widows are illustrated in a similar manner to 
FIG. 4. In FIG. 5, the user device receives data across 
PDDCH instance 501 but does not receive a response 
message. However, in PDCCH 502 and PDSCH 503 the 
response message 504 is sent by the base station 101 and 
received by the user device. Therefore the user device no 
longer attempts to receive a response message in the remain 
ing response window 505 and partial response windows 506. 
Consequently, the user device does not receive data across 
the PDDCH instances following PDCCH 502. 
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FIG. 6 provides an illustration of an embodiment of 
response windowing which is similar to that described with 
reference to FIG. 4 but where the duration of the one or more 
of the response windows is different. Also in FIG. 6, 
downlink subframes which correspond in time with the 
response windows are shown alongside the response win 
dows as illustrated in FIGS. 4 and 5. This windowing 
arrangement may be beneficial when the probability of a 
response message being transmitted varies over time and 
therefore between the response windows. For example, in 
the system of FIG. 3, due to propagation delays, processing 
delays, latency and or congestion it may be unlikely that a 
response message will be transmitted by the base station 
within the first response window 601. Response window 601 
has been configured to have a shorter duration. Likewise, 
there may be an increased probability that a response 
message will be transmitted after point 602 compared to 601 
and therefore response window 603 is of an increased 
duration. Response window 605 is thus the longest duration 
response window because there is a highest probability that 
a response message will be transmitted after point 604. 
Although in Some embodiments a response message may 
only be transmitted in a response window, the actual 
response message may have been processed and generated at 
the base station prior to commencement of a next response 
window. Consequently, if a response message has been 
generated at a base station it may be buffered or stored in an 
appropriate memory until the commencement of the next 
response window. 
Punctured Response Windowing 

In some embodiments the base station and the user device 
may be configured to perform response window puncturing, 
where in one response window the base station indicates to 
the user device that a response will not be transmitted in the 
next response window(s) or until a specified point in time. 
FIG. 7 illustrates response windowing in accordance with 
such an embodiment, where downlink subframes 404 which 
correspond in time with the response windows are shown in 
a similar manner to FIGS. 4, to 6. During response window 
701 the base station indicates to the user device at 702 via 
a response window puncturing message in PDCCH 703 that 
a response message will not be transmitted in the next 
response window 704 and the remaining period of the 
current response window 705, or not transmitted until the 
response window 706. Consequently, the user device may 
cease attempting to receive data indicating a response mes 
sage transmitted across the PDCCH until the commence 
ment of the response window 706, where it receives data 
across PDCCH 707. Consequently, the user device may 
enter a reduced power mode, such as DRX, after reception 
of the response window puncturing message in PDDCH 703 
and until the commencement of the response window 706. 
This procedure may therefore also include immediately 
ceasing to attempt to receive a response message in the 
current response window 701. Signalling of the response 
widowing in this embodiment is required to be performed 
during a preceding response window so that the user device 
is not in a reduced power state and thus able to receive the 
signalling. For example, in an LTE system the signalling to 
skip a response window n+1 may take the form of a DCI 
transmitted during the nth response window. An advantage 
of placing the response window skip message in a resource 
such as a DCI is that the user device only need decode and 
receive data from the PDCCH rather than the PDCCH and 
the PDSCH, thus reducing power consumption. Further 
more, resources in the PDSCH are not taken up by the 
response window signalling and so the associated adverse 
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14 
effects on the capacity of the PDSCH are avoided. The 
decision to skip a response window by a base station may be 
based on a number of factors that affect the ability of a base 
station to transmit a response message. For instance, latency 
and delays on interfaces between relay nodes and the base 
station, processing delays at the base station, congestion and 
associated scheduling decisions at the base station, current 
access request message load such as random access channel 
(RACH) load in LTE, and any other system condition that 
the base station may have knowledge of 
User Device Dependent Response Windowing 

In another embodiment, the response windowing for a 
user device may be dependent on the identity of the user 
device. For example, in an LTE system a user device's 
response windowing may be dependent on its non-access 
stratum (NAS) identity such as a system architecture evo 
lution (SAE)-temporary mobile subscriber identity 
(S-TMSI), random access preamble identifier (RAPID) or if 
it is RRC CONNECTED, its C-RNTI. In a previous 
embodiment it was described that each user device may be 
allocated an individual response windowing pattern. How 
ever, in this present embodiment the identity of a user device 
may be used to select a response windowing pattern from a 
set of cell specific response windowing patterns. FIG. 8 
illustrates such an arrangement where downlink subframes 
404 which correspond in time with the response windows 
are shown in a similar manner to FIGS. 4 to 7. In FIG. 8 each 
of the response windows is numbered from n=1 to n=5 and 
in one example the allocation of the response windows to 
user devices may be performed in accordance with the rule 
in mod 1=k where 1 is a decimal identity associated with a 
user device. For instance, in FIG. 8, if a user device has 
identity 1-2 and k=0, the user device will be allocated 
response windows 802 (n=2) and 804 (n=4) and therefore 
the base station would only transmit a response message 
intended for this device in response windows 802 and 804 
and across corresponding PDCCH 806 and PDSCH 807. 
Accordingly, the user device would therefore attempt to 
receive a response message in the response windows 802 
and 804 and across corresponding PDDCH 806 and PDSCH 
807. Likewise, if l=5 and k=0 a user device and the base 
station would be configured to transmit and receive respec 
tively a response message in response window 805. Conse 
quently the user device would receive control data across 
PDCCH 808 and the associated response message across 
PDSCH 809 if a response message is indicated by the 
control data. In some embodiments the rule with which the 
window allocation is determined may also be predetermined 
and known to user devices Such that a user device is able to 
determine which windows it has been allocated based on the 
rule and its identifier. This approach therefore overcomes the 
need for window allocations to be indicated to the user 
device by the infrastructure equipment. These embodiments 
may find application when a large number of response 
messages are required to be sent by the base station due to 
an event triggering many user devices to perform an access 
request procedure. In Such a scenario, in order to avoid 
congestion in the response windows, response window 
allocation described above may be used to avoid transmit 
ting every pending response message in each response 
window. Although in this and previous embodiments it has 
been described that each user device may be allocated 
response window or response windowing pattern, in some 
embodiments one or more user devices may be allocated the 
same response window or response window pattern and 
multiple response messages sent in them. An approach Such 
as this allows increased flexibility in response window 
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allocation thus reducing congestion, whilst also reducing the 
required downlink resources compared to allocating a 
unique response window or response window pattern to each 
user device. 

FIGS. 9 to 12 provide illustrations of example access 
request procedures with response windowing which are in 
accordance with a number of the previously described 
embodiments and implemented in an LTE systems. In the 
LTE system the access request procedure is a random access 
procedure where an access request message is a random 
access preamble transmission and a response message is a 
random access response (RAR). FIGS. 9 and 11 illustrate 
contention based random access procedures with response 
windowing, where a number of the steps are substantially 
similar to those of FIG. 2a and only the additional steps are 
described below. FIGS. 10 and 12 illustrate non-contention 
based random access procedures with response windowing 
where a number of the steps are substantially similar to those 
of FIG.2b and only the additional steps are described below. 

In FIG. 9 the random access procedure includes the user 
device receiving device specific or cell specific information 
at step 901 which indicates the response windowing, where 
the response windowing may correspond to that of FIG. 4. 
Once the user device has transmitted its access request 
message at Step 201 it is configured to enter a reduced power 
state and then exit the reduced power State for each response 
window 401 until it receives the response message as a RAR 
during the third response window at step 202. Once the RAR 
has been received the random access procedure continues as 
described with reference to FIG. 2a. 

In FIG. 10 the random access procedure includes the user 
device receiving device specific response windowing infor 
mation at step 1001, where the response windowing may 
correspond to that of FIG. 6. Once the user device has 
transmitted its access request message at step 252 it is 
configured to enter a reduced power state and then exit the 
reduced power state for each response window 601, 603 and 
605 until it receives the RAR during the third response 
window 605 at step 253. Once the RAR has been received 
the random access procedure continues as described with 
reference to FIG. 2b. 

In FIG. 11 the random access procedure now includes 
receiving cell specific information indicating the response 
windowing at step 1101, and Subsequently receiving a 
secondary indication of response windowing at step 1102, 
where the response windowing may correspond to that of 
FIG. 7. Once the user device has transmitted its access 
request message 201 it is configured to enter a reduced 
power state and then exit the reduced power state for each 
response window 1103 to 1106. However, during response 
window 1104 the user device receives a secondary indica 
tion of response windowing at step 1102 which specifies that 
response window 1105 is punctured i.e. no RAR will be 
transmitted in the next response window or the RAR will be 
transmitted in the nth--2 response window. Consequently, 
the user device may remain in the reduced power State 
between response windows 1104 and 1106 and exit for 
response window 1106 in which it receives the RAR at step 
202. Once the RAR has been received the random access 
procedure continues as described with reference to FIG.2a. 

In FIG. 12 the random access procedure now includes the 
user device receiving device specific and or cell specific 
response windowing information at step 1201 and Subse 
quently receiving a secondary indication of response win 
dowing at step 1202. Once the user device has transmitted 
its access request message at step 252 it is configured to 
enter a reduced power state and then to exit the reduced 
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power state for each response window 1203 to 1205. How 
ever, during response window 1204 the user device receives 
a secondary indication of response windowing at Step 1202 
which indicates that the next response window 1205 has 
been extended in duration to form response window 1206. 
As a consequence the user device exits the reduced power 
mode for an extended period corresponding to response 
window 1206. Once the RAR has been received at step 253 
the random access procedure continues as described with 
reference to FIG. 2b. 
The above described embodiments allow request proce 

dures Such as access request procedures in Systems with 
variable and unpredictable delays, for example those with 
decoupled uplink and downlink communications, to operate 
more efficiently. In particular, user devices that are perform 
ing a request procedure that require a response to be trans 
mitted are no longer dependent on fixed response windows 
when the transmission of a response may be unpredictable 
due to latency and delays between relay nodes and a base 
station for example. This may result in a reduced number of 
unsuccessful request procedures and therefore a reduced 
number of request procedures in total. In addition to the 
power savings at the user device and in the system as a 
whole, the reduction in request procedures may also lead to 
reduced interference in a systems wireless access interface. 
For example, for random access requests in an LTE system, 
interference in physical channels such as the physical uplink 
shared channel (PUSCH) and physical uplink control chan 
nel and across cell edges may be reduced. Furthermore, 
fewer request procedures will also utilise fewer resources in 
the wireless access interface. For example, in LTE systems 
because response messages are transmitted in the PDSCH 
(with control information in the PDDCH), a reduced number 
of access request messages will reduce the impact on the 
capacity of the PDSCH. 

Although embodiments have been described with refer 
ence to messages for requesting access and to random access 
procedures in an LTE system, embodiments may also find 
application in other semi-synchronous and synchronous 
procedures in both LTE systems and other communications 
system. For example, flexible and control node defined 
windowing may be applied to the broadcast and reception of 
system information in an LTE system. In an LTE system 
SIB2 and higher SIBS are transmitted periodically over the 
PDSCH within system information windows (SI-windows). 
Consequently, if a base station wishes to use the capacity on 
PDSCH for other data, it may signal to user devices the 
revised windowing in which the SIBs will be transmitted in 
a manner analogous to that described above. Furthermore, 
although the embodiments have been described with refer 
ence to particular physical and logical channels of an LTE 
system, their operation is not limited to use with these 
channels. The embodiments may be used with any equiva 
lent physical or logical channels in LTE or other commu 
nication architecture, for example, PDCCH communications 
may be conveyed on the enhanced PDCCH (EPDCCH) in 
future releases of LTE or in another form of control channel 
in an alternative communications system. Likewise, 
response windowing may be utilised when no control data 
specifying resources in a data channel is transmitted but 
instead the response in transmitted directly in the data 
channel. 

Various further aspects and features of the present tech 
nique are defined in the appended claims and various 
combinations of the features of the dependent claims may be 
made with those of the independent claims other than the 
specific combinations recited for the claim dependency. 



US 9,655,141 B2 
17 

Modifications may also be made to the embodiments here 
inbefore described without departing from the scope of the 
present technique. For instance, although a feature may 
appear to be described in connection with particular embodi 
ments, one skilled in the art would recognise that various 
features of the described embodiments may be combined in 
accordance with this disclosure. 
The following numbered clauses provide further aspects 

and examples of the present disclosure: 
1. A user device for transmitting and receiving data to and 

from an infrastructure equipment via a wireless access 
interface, the user device configured 

to receive an indication from the infrastructure equipment 
of a location and duration of a temporal response window for 
receiving response messages, the response messages being 
received in response to access request messages and the 
location and duration of the temporal response window 
having been determined by the infrastructure equipment, 

to transmit an access request message for requesting 
access to the wireless access interface to the infrastructure 
equipment, and 

to receive a response message in response to the access 
request message from the infrastructure equipment, wherein 

the user device is configured to receive the response 
message in the temporal response window. 

2. A user device according to clause 1, wherein the user 
device is configured to receive the response message in one 
or more of a plurality of temporal response windows, the 
plurality of response windows separated in time, a location 
and duration of the temporal response windows having been 
determined by the infrastructure equipment and the user 
device having received an indication of a location and 
duration of at least one of the response windows from the 
infrastructure equipment. 

3. A user device according to clauses 1 or 2, wherein the 
user device is configured to transmit the access request 
message to the infrastructure equipment via one or more 
relay nodes. 

4. A user device according to clauses 2 or 3, wherein the 
indication of a location and duration of at least one of the 
response windows is received by the user device from the 
infrastructure equipment prior to the transmission of the 
access request message. 

5. A user device according to any of clauses 2 to 4. 
wherein the user device is configured to enter a reduced 
power state during the time separating the response win 
dows. 

6. A user device according to any of clauses 2 to 5. 
wherein the user device is configured is configured to 
receive the indication of a location and duration of at least 
one of the response windows from the infrastructure equip 
ment in one of the response windows. 

7. A user device according to any of clauses 2 to 6. 
wherein the user device has an identifier associated there 
with and the infrastructure equipment is configured to deter 
mine the location and duration of at least one of the response 
windows based upon the identifier of the user device and a 
predetermined rule, and the user device is configured to 
determine the location and duration of the at least one of the 
response windows based on the identifier associated there 
with and the predetermined rule. 

8. A user device according to any preceding clause, 
wherein the user device is a 3GPP LTE compliant device. 

9. A user device according to any preceding clause, 
wherein the access request message includes a random 
access preamble and the response message is a random 
access response. 
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10. A method for transmitting and receiving data from and 

to a user device to and from an infrastructure equipment via 
a wireless access interface, the method comprising 

receiving an indication from the infrastructure equipment 
of a location and duration of a temporal response window for 
receiving response messages, the response messages being 
received in response to access request messages and the 
location and duration of the temporal response window 
having been determined by the infrastructure equipment, 

transmitting an access request message for requesting 
access to the wireless access interface to the infrastructure 
equipment from the user device, and 

receiving a response message in response to the access 
request message from the infrastructure equipment at the 
user device, wherein the method comprises 

receiving the response message at the user device in the 
temporal response window. 

11. A user device for transmitting and receiving data to 
and from an infrastructure equipment via a wireless access 
interface, the user device configured 

to transmit an access request message for requesting 
access to the wireless access interface to the infrastructure 
equipment, and 

to receive a response message in response to the access 
request message from the infrastructure equipment, wherein 

the user device is configured to receive the response 
message within one or more of a plurality of temporal 
response windows, the plurality of response windows sepa 
rated in time and the user device having been provided with 
an indication of the location and duration of at least one of 
the plurality of temporal response windows. 

12. A user device according to clause 11, wherein the user 
device is configured to transmit the access request message 
to the infrastructure equipment via one or more relay nodes. 

13. A user device according to clauses 11 or 12, wherein 
the user device is configured to enter a reduced power State 
during the time separating the response windows. 

14. A user device according to any of clauses 11 to 13, 
wherein the access request message includes a random 
access preamble and the response message is a random 
access response 

The invention claimed is: 
1. A user device for transmitting and receiving data to and 

from an infrastructure equipment via a wireless access 
interface, the user device comprising: 

circuitry configured to: 
receive an indication from the infrastructure equipment of 

a location and duration of a temporal response window 
for receiving response messages, the response mes 
Sages being received in response to access request 
messages and the location and duration of the temporal 
response window having been determined by the infra 
structure equipment, 

transmit an access request message for requesting access 
to the wireless access interface to the infrastructure 
equipment, 

receive a response message in response to the access 
request message from the infrastructure equipment in 
the temporal response window, 

associate an identifier with the user device, wherein the 
infrastructure equipment is configured to determine the 
location and duration of at least one of temporal 
response windows based upon the identifier associated 
with the user device and a predetermined rule, and 
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determine the location and duration of the at least one of 
the temporal response windows based on the identifier 
associated with the user device and the predetermined 
rule. 

2. The user device as claimed in claim 1, wherein the 
circuitry is further configured to receive the response mes 
sage in one or more of a plurality of temporal response 
windows, the plurality of temporal response windows sepa 
rated in time, a location and duration of the temporal 
response windows having been determined by the infrastruc 
ture equipment and the user device having received an 
indication of a location and duration of at least one of the 
temporal response windows from the infrastructure equip 
ment. 

3. The user device as claimed in claim 1, wherein the 
circuitry is further configured to transmit the access request 
message to the infrastructure equipment via one or more 
relay nodes. 

4. The user device as claimed in claim 2, wherein the 
indication of a location and duration of at least one of the 
temporal response windows is received by the user device 
from the infrastructure equipment prior to the transmission 
of the access request message. 

5. The user device as claimed in claim 2, wherein the 
circuitry is further configured to enter a reduced power state 
during the time separating the temporal response windows. 

6. The user device as claimed in claim 2, wherein the 
circuitry is further configured is configured to receive the 
indication of a location and duration of at least one of the 
temporal response windows from the infrastructure equip 
ment in one of the temporal response windows. 

7. The user device as claimed in claim 1, wherein the user 
device is a 3GPP LTE compliant device. 

8. The user device as claimed in claim 1, wherein the 
access request message includes a random access preamble 
and the response message is a random access response. 

9. A method for transmitting and receiving data from and 
to a user device to and from an infrastructure equipment via 
a wireless access interface, the method comprising: 

receiving an indication from the infrastructure equipment 
of a location and duration of a temporal response 
window for receiving response messages, the response 
messages being received in response to access request 
messages and the location and duration of the temporal 
response window having been determined by the infra 
structure equipment; 

transmitting an access request message for requesting 
access to the wireless access interface to the infrastruc 
ture equipment from the user device; 
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receiving a response message in response to the access 

request message from the infrastructure equipment at 
the user device in the temporal response window; 

associating an identifier with the user device; 
determining, by the infrastructure equipment, the location 

and duration of at least one of temporal response 
windows based upon the identifier associated with the 
user device and a predetermined rule; and 

determining, by the user device, the location and duration 
of the at least one of the temporal response windows 
based upon the identifier associated with the user 
device and the predetermined rule. 

10. A user device for transmitting and receiving data to 
and from an infrastructure equipment via a wireless access 
interface, the user device comprising: 

circuitry configured to: 
transmit an access request message for requesting access 

to the wireless access interface to the infrastructure 
equipment, 

receive a response message in response to the access 
request message from the infrastructure equipment 
within one or more of a plurality of temporal response 
windows, the plurality of temporal response windows 
separated in time and the user device having been 
provided with an indication of a location and a duration 
of at least one of the plurality of temporal response 
windows, 

associate an identifier with the user device, wherein the 
infrastructure equipment is configured to determine the 
location and duration of the at least one of the temporal 
response windows based upon the identifier associated 
with the user device and a predetermined rule, and 

determine the location and duration of the at least one of 
the temporal response windows based on the identifier 
associated with the user device and the predetermined 
rule. 

11. The user device as claimed in claim 10, wherein the 
circuitry is further configured to transmit the access request 
message to the infrastructure equipment via one or more 
relay nodes. 

12. The user device as claimed in claim 10, wherein the 
circuitry is further configured to enter a reduced power state 
during the time separating the response windows. 

13. The user device as claimed in claim 10, wherein the 
access request message includes a random access preamble 
and the response message is a random access response. 
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