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DESCRIPTION
Technical Field

[0001] The present invention relates to a user terminal, a radio base station and a radio 
communication method in a next-generation mobile communication system.

Background Art

[0002] In LTE (Long Term Evolution) and successor systems of LTE (referred to as, for 
example, "LTE-advanced," "FRA (Future Radio Access)," "4G," etc.), D2D (Device to Device) 
technology is under study, whereby user terminals can communicate with each other directly, 
without involving radio base stations (see, (for example, non-patent literature 1).

[0003] In inter-terminal direct communication (D2D communication), user terminals carry out 
D2D discovery to find other user terminals that are communicable. In D2D discovery, the 
network allocates periodic uplink resource groups as D2D discovery resources, semi-statically. 
The user terminals allocate discovery signals to D2D discovery resources and transmit them. 
Also, the user terminals find other communicable user terminals by receiving discovery signals 
transmitted from other user terminals.

[0004] Document ASUSTEK: "Method of resource allocation for D2D discovery", 3GPP DRAFT; 
R1-134638 METHOD OF RESOURCE ALLOCATION FOR D2D DISCOVERY, 3RD 
GENERATION PARTNERSHIP PROJECT (3GPP), MOBILE COMPETENCE CENTRE; 650, 
ROUTE DES LUCIOLES; F-06921 SOPHIA-ANTIPOLIS CEDEX; vol. RAN WG1, no. 
Guangzhou, China; 20131007-20131011, 28 September 2013 (2013-09-28), XP050717720, 
pertains LTE device-to-device (D2D) proximity services (ProSe), and more in particular relates 
to a method of resource allocation for D2D discovery.

[0005] Patent document EP 2 983 308 A1 relates to a method for performing, by a device, 
device-to-device direct communication in a wireless communication system. In particular, the 
method comprises the steps of: transmitting a device-to-device direct communication signal via 
a first resource block having a resource structure for device-to-device direct communication at 
a first point in time; and transmitting the device-to-device direct communication signal via a 
second resource block having a resource structure for the device-to-device direct 
communication at a second point in time, wherein the first resource block and the second 
resource block are defined by a time unit index and a resource unit index, respectively, and 
wherein the time unit index of the second resource block is determined on the basis of the 
resource unit index ofthe first resource block index, and the resource unit index ofthe second 
resource block is determined on the basis of the time unit index of the first resource block 
index.
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Citation List

Non-Patent Literature

[0006] Non-Patent Literature 1: "Key Drivers for LTE Success: Services Evolution," September, 
2011, 3GPP, Internet URL:
http://www.3gpp.org/ftp/lnformation/presentations/presentations_2011/201 1_09_LTE_
Asia/2011 _LT E-Asia_3GPP_Service_evolution. pdf

Summary of Invention

Technical Problem

[0007] In D2D discovery, type 1 (collision-type) discovery and type 2 (non-collision-type) 
discovery are under study, depending on the method of specifying resources for transmitting 
discovery signals. There is a problem, with type 2 (non-collision-type) discovery, that user 
terminals that are allocated discovery signals at the same time, cannot detect each other.

[0008] The present invention has been made in view of the above, and it is therefore an object 
of the present invention to provide a user terminal, a radio base station and a radio 
communication method to allow adequate mutual detection in non-collision-type D2D discovery 
for inter-terminal direct communication.

Solution to Problem

[0009] The user terminal of the present invention provides a user terminal that can execute 
inter-terminal direct communication, and this user terminal has a receiving section that 
receives initial allocation location information of a resource for transmitting a discovery signal 
for use in inter-terminal direct communication, and a control section that switches the location 
of the resource to transmit the discovery signal, per period, in accordance with a pre-rule.

Advantageous Effects of Invention

[0010] According to the present invention, user terminals can detect each other properly in 
non-collision-type D2D discovery during inter-terminal direct communication.

http://www.3gpp.org/ftp/lnformation/presentations/presentations_2011/201
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Brief Description of Drawings

[0011]

FIG. 1 is a conceptual diagram of D2D discovery resources;

FIG. 2 is a diagram to explain whether or not detection is possible between user terminals in 
type 2 discovery;

FIG. 3 is a diagram to show changes of resource locations for use for transmitting discovery 
signals, in a periodic D2D discovery resource group, according to a first example;

FIG. 4 provides diagrams to show an example in which a given user terminal detects all of the 
other user terminals in a type 2 resource group, according to a second example;

FIG. 5 provides diagrams to show an example of applying a pre-rule of switching the order of 
the time direction and the frequency direction in resource allocation, according to the second 
example;

FIG. 6 provides diagrams to show resource allocation, in which the resource allocation shown 
in FIG. 5 is shifted in the frequency direction, according to the second example;

FIG. 7 is a diagram to show an example of type 2 resource allocation by radio base stations 
eNB #1 and eNB #2 in a synchronous network, according to a fourth example;

FIG. 8 is a schematic diagram to show an example of a radio communication system according 
to the present embodiment;

FIG. 9 is a diagram to explain an overall structure of a radio base station according to the 
present embodiment;

FIG. 10 is a diagram to explain a functional structure of a radio base station according to the 
present embodiment;

FIG. 11 is a diagram to explain an overall structure of a user terminal according to the present 
embodiment;

FIG. 12 is a diagram to explain a functional structure of a user terminal according to the 
present embodiment;

FIG. 13 is a diagram to explain initial resource allocation to user terminals between varying 
cells, according to a fifth example;

FIG. 14 provides diagrams to show O-shift resource allocation, according to the fifth example;

FIG. 15 provides diagrams to show resource allocation where 1-shifts in the frequency 
direction are applied, according to the fifth example;
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FIG. 16 provides diagrams to show resource allocation where 2-shifts in the frequency 
direction are applied, according to the fifth example;

FIG. 17 provides diagrams to show resource allocation where 1-shifts in the time direction are 
applied, according to the fifth example; and

FIG. 18 provides diagrams to show resource allocation where 2-shifts in the time direction are 
applied, according to the fifth example.

Description of Embodiments

[0012] Now, an embodiment of the present invention will be described below in detail with 
reference to the accompanying drawings. FIG. 1 is a conceptual diagram of D2D discovery 
resources. As shown in FIG. 1, a periodic uplink (UL) resource group is allocated, semi- 
statically, as a D2D discovery resource group. In one period of allocation, D2D discovery 
resources are divided into time-frequency resources. Individual resource blocks that neighbor 
each other in two-dimensional directions, namely in the frequency direction and the time 
direction, are formed with, for example, PRB (Physical Resource Block) pairs.

[0013] As shown in FIG. 1, D2D discovery resources are formed by including a type 1 resource 
group and a type 2 resource group. The type 1 resource group and the type 2 resource group 
are orthogonal to each other.

[0014] In type 1 discovery, the network reports the resource group (the type 1 resource group 
in FIG. 1) that can transmit discovery signals, to user terminals, and, from this, each user 
terminal randomly determines the transmission resource for the subject terminal. In type 1 
discovery, each user terminal selects the transmission resource randomly, and therefore there 
is a threat that transmission resources collide between user terminals. Consequently, type 1 
discovery is also referred to as "collision-type." For example, in FIG. 1, there is a collision of 
transmission resource between user terminals UE #2 and UE #3.

[0015] In type 2 discovery, the network reports resources for transmitting discovery signals, 
which are selected from the type 2 resource group, on a per user terminal basis, and each 
user terminal transmits the discovery signal in the specified transmission resource. In type 2 
discovery, the network specifies the transmission resource for use by each user terminal, so 
that there is no collision of transmission resource between user terminals. Consequently, type 
2 discovery is also referred to as "non-collision-type."

[0016] In type 2 discovery, the network needs to report separate transmission resources to 
each user terminal, and therefore only user terminals that are in network-connected-mode can 
be supported. User terminals to execute type 2 discovery will be hereinafter also referred to as 
"type 2 UEs."
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[0017] A user terminal carries out transmission and receipt in one uplink frequency, and 
therefore is subject to the limitation of half duplex of being unable to receive while transmission 
is in progress. Consequently, when transmission resources for discovery signals are allocated 
at the same time, type 2 UEs cannot detect each other.

[0018] In the example shown in FIG. 2, user terminal UE #1 can detect user terminal UE #2. 
As shown in FIG. 2, the transmission resources for user terminal UE #1 and UE #2 for 
transmitting discovery signals are present on different time axes. In this case, user terminal UE 
#1 can receive the discovery signal transmitted from user terminal UE #2. Similarly, user 
terminals UE #2 and UE #3 can detect each other.

[0019] On the other hand, in the example shown in FIG. 2, user terminal UE #1 is unable to 
detect user terminal UE #3. As shown in FIG. 2, the transmission resources for user terminal 
UE #1 and UE #3 for transmitting discovery signals are present on the same time axis. In this 
case, due to the limitation of half duplex, user terminal UE #1 is unable to receive the discovery 
signal transmitted from user terminal #3.

[0020] Unless the relative locations of transmission resources which each user terminal uses 
to transmit discovery signals are changed in every D2D discovery resource group that is 
allocated periodically, a problem arises that, due to the limitation of half-duplex, a given user 
terminal stays being unable to detect certain user terminals.

[0021] By contrast with this, if the network changes and reports the resource allocation for 
each user terminal in every period, it is possible to change the relative locations of 
transmission resources. However, this method increases signaling and therefore is not 
efficient.

[0022] The present inventors have found out, when type 2 discovery of D2D is carried out, 
using transmission resource locations specified by the network in the D2D discovery resource 
group in the first period, and, in the D2D discovery resource groups of subsequent periods, 
changing the transmission resource locations for use in accordance with predetermined rules. 
That is, transmission resources are hopped per period, in order to solve the problem with half 
duplex.

[0023] Now, the method of determining resources for transmitting discovery signals in type 2 
discovery of D2D will be described in detail below.

(First Example)

[0024] A method will be described here, with a first example, where, in type 2 discovery of 
D2D, the transmission resource locations which each user terminal uses to transmit discovery 
signal are changed according to "predetermined rules." These "predetermined rules" will be
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hereinafter referred to simply as "pre-rules."

[0025] FIG. 3 is a diagram to show changes of transmission resource locations for use for 
transmitting discovery signals in a periodic D2D discovery resource group. The network reports 
the resource locations for transmitting discovery signals, to type 2 UEs, separately, only at 
timings where the D2D discovery group is broadcast semi-statically. This reporting is carried 
out by using, for example, SIB (System Information Block) signaling, RRC (Radio Resource 
Control) signaling, a broadcast channel (PBCH: Physical Broadcast Channel) and so on.

[0026] In this case, the network may report pre-rules to the user terminals. Also, the user 
terminals may use pre-rules that are stipulated as common specifications of D2D discovery 
functions.

[0027] Each user terminal uses the transmission resource that is specified by the network, only 
in the D2D discovery resource group of the first period (in FIG. 3, D2D discovery resource 
group #1).

[0028] In the D2D discovery resource groups of subsequent periods (in FIG. 3, D2D discovery 
resource groups #2 and #3), each user terminal uses transmission resources that are changed 
in accordance with pre-rules to transmit discovery signals.

[0029] In the example shown in FIG. 3, in the first period, in which D2D discovery resource 
group #1 is used, transmission resources on the same time axis are allocated to user terminal 
UE #1 to user terminal UE #3. Consequently, user terminal UE #1 to user terminal UE #3 
transmit discovery signals at the same timing. Due to the limitation of half-duplex, each of user 
terminal UE #1 to user terminal UE #3 is unable to receive while transmission is in progress, 
and therefore is unable to receive the discovery signals transmitted from user terminals other 
than the subject terminal. Consequently, in the first period shown in FIG. 3, user terminal UE 
#1 to user terminal UE #3 cannot detect each other.

[0030] In the period in which D2D discovery resource group #2 is used, user terminal UE #1 to 
user terminal UE #3 change the discovery signal transmission resource locations from those of 
the first period, based on pre-rules.

[0031] In the period in which D2D discovery resource group #2 is used, user terminal UE #1 
transmits the discovery signal at a different timing from that of user terminal UE #2, and 
therefore is able to receive the discovery signal transmitted from user terminal UE #2. 
Consequently, in the period in which D2D discovery resource group #2 is used, user terminal 
UE #1 can detect user terminal UE #2.

[0032] Meanwhile, in the period in which D2D discovery resource group #2 is used, user 
terminal UE #1 transmits the discovery signal at the same timing with user terminal UE #3, and 
therefore is unable to receive the discovery signal transmitted from user terminal UE #3. 
Consequently, in the period in which D2D discovery resource group #2 is used, user terminal
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UE #1 is unable to detect user terminal UE #3.

[0033] In the period in which D2D discovery resource group #2 is used, user terminal UE #2 
can detect user terminal UE #1 and user terminal UE #3 that transmit discovery signals at 
different timings. In period in which D2D discovery resource group #2 is used, user terminal UE 
#3 can user terminal UE #2, but cannot detect user terminal UE #1.

[0034] In the period in which D2D discovery resource group #3 is used, user terminal UE #1 to 
user terminal UE #3 change the discovery signal transmission resource locations from the 
previous period, according to pre-rules. In the period in which D2D discovery resource group 
#3 is used, user terminal UE #1 and user terminal UE #3 transmit discovery signals at different 
timings, and therefore can detect each other.

[0035] In the example shown in FIG. 3, in the three periods in which D2D discovery resource 
groups #1 to #3 are used, a given user terminal that carries out D2D discovery is enabled to 
detect all of the other user terminals.

[0036] In this way, in type 2 discovery of D2D, each user terminal changes the transmission 
resource location for use for transmitting the discovery signal, on a per period basis, according 
to pre-rules, so that even user terminals, to which transmission resources are allocated at the 
same timing in a given period, are allocated transmission resources at different timings in 
another period, and therefore can detect each other.

(Second Example)

[0037] With a second example, the "pre-rules" for use in type 2 discovery of D2D will be 
described in detail.

[0038] In the example shown in FIG. 3, it takes a given user terminal that carries out type 2 
discovery of D2D three periods to be able to detect all of the other user terminals. In type 2 
discovery of D2D, the periods it takes a given user terminal to be able to detect all of the other 
user terminals is determined depending on the "pre-rules" for changing the discovery signal 
transmission resource locations.

[0039] In type 2 discovery of D2D, in order to allow a given user terminal to detect all of the 
other user terminals in a certain period, this given user terminal has only to transmit the 
discovery signal to all the other user terminals, at least once, at different timings, within this 
period. It is preferable to employ pre-rules that minimize this period.

[0040] FIG. 4 provides diagrams to show a case where, when a resource group of a given size 
is configured as the type 2 resource group, a given user terminal detects all the other user 
terminals. To be more specific, an example will be described here where, as shown in FIG. 4, 
among the index numbers assigned to the resource blocks constituting the type 2 resource 
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group, the user terminal to which the "first" resource is allocated detects the user terminals to 
which the "second" to "fortieth" resources are allocated.

[0041] FIG. 4A is a diagram to show resource allocation in the first period of type 2 discovery 
of D2D. In this case, the user terminal allocated the "first" resource can detect each of the user 
terminals to which the "ninth" to "fortieth" resources are allocated and which transmit discovery 
signals at different timings from that of the subject terminal. However, the user terminal to 
which the "first" resource is allocated cannot detect the user terminals to which the "second" to 
"eighth" resources are allocated and which transmit discovery signals at the same timing with 
the subject terminal.

[0042] FIG. 4B is a diagram to show the resource allocation in the next period following FIG. 
4A. The resource locations have been changed from the resource allocation of FIG. 4A, 
specified by the network, according to pre-rules. In this case, the user terminal to which the 
"first" resource is allocated can detect the user terminals to which the "second" to "fifth," the 
"seventh" and the "eighth" resource are newly allocated. However, the user terminal allocated 
the "first" resource still cannot detect the user terminal allocated the "sixth" resource.

[0043] FIG. 4C is a diagram show the resource allocation in the next period following FIG. 4B. 
The resource locations have been changed from the resource allocation of FIG. 4B, according 
to pre-rules. In this case, the user terminal to which the "first" resource is allocated can detect 
the user terminal to which the "sixth" resource is newly allocated.

[0044] As shown in FIG. 4, user terminals, to which resources are allocated to transmit 
discovery signals at the same timing, change the resource locations to transmit discovery 
signals at different timings in the next period, and therefore can detect all of the other user 
terminals in fewer periods.

[0045] Following this, the pre-rules, by which user terminals where the transmission resources 
specified by the network assume the same timing use transmission resources of different 
timings in the next period, will be described in detail. Such pre-rule can be implemented by 
switching the order of the time direction and the frequency direction in resource allocation.

[0046] FIG. 5 is a diagram to show an example of applying pre-rules for switching the order of 
the time direction and the frequency direction in resource allocation. FIG. 5A is a diagram to 
show the resource allocation in the first period in type 2 discovery of D2D. In FIG. 5A, from the 
upper left resource block on, index numbers 1 to 40 are assigned to each resource block, in 
order, in the frequency direction.

[0047] FIG. 5B shows the resource allocation in the next period following FIG. 5A. In FIG. 5B, 
resources are allocated by switching the frequency direction (column direction) and the time 
direction (row direction) in FIG. 5A. To be more specific, in FIG. 5A, the index numbers that are 
aligned in the frequency direction (column direction) from the upper left resource block on are 
re-arranged and allocated in the time direction (row direction) from the upper left resource 
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block. That is, in FIG. 5B, from the upper left resource block on, index numbers 1 to 40 are 
assigned to each resource block, in order, in the time direction (row direction).

[0048] FIG. 5C is a diagram to show the resource allocation in the next period following FIG. 
5B. In FIG. 5C, resources are allocated by switching the frequency direction (column direction) 
and the time direction (row direction) in FIG. 5B. To be more specific, in FIG. 5B, the index 
numbers that are aligned in the frequency direction (column direction) from the upper left 
resource block on are re-arranged and allocated in the time direction (row direction) from the 
upper left resource block. That is, the index numbers {1, 6, 11, 16, 21, ...} that are aligned in 
the frequency direction (column direction) from the upper left resource block on in FIG. 5B are, 
in FIG. 5C, assigned to each resource block, in order, in the time direction (row direction), from 
the upper left resource block.

[0049] As shown in FIG. 5A, when index numbers are first assigned in the frequency direction, 
in order, from the upper left resource block, the N-th resource, which can be defined by 
following equation 1, is allocated to a user terminal.
N=f+(t-l)*F, l<f<F, l<t<T ... (Equation 1)
where F is the number of resource blocks in the frequency direction, and T is the number of 
resource blocks in the time direction.

[0050] According to pre-rules, the user terminal to which the N-th resource is allocated will, in 
the next period, be allocated the Ν'-th resource, which can be defined by the following equation 
2:
N’=f’+(t’-l)*F, t’=[f+(t-l)*F-l mod T] + l, f’=floor([f+(t-l)*F-l]/T} + l

... (Equation 2)
where F is the number of resource blocks in the frequency direction, and T is the number of 
resource blocks in the time direction.

[0051] In the example shown in FIG. 5, the "twenty-first" resource is assigned to assume 
different locations on the time axis in the period shown in FIG. 5Aand in the next period shown 
in FIG. 5B. Also, the "twenty-first" resource is assigned to assume different locations on the 
time axis in the period shown in FIG. 5B and in the next period shown in FIG. 5C.

[0052] In this way, in the above-described example of applying pre-rules, type 2 discovery of 
D2D is configured so that a transmission resource that is allocated to a user terminal assumes 
different timings in a given period and the following period. Meanwhile, with the above­
described example, the locations of transmission resources in the frequency direction are not a 
problem.

[0053] For example, in the examples shown in FIG. 5, the user terminals to which the "first" to 
"fortieth" resources are allocated have to use the same frequency resource every period, and 
therefore cannot provide a frequency diversity effect.

[0054] So, as shown in FIG. 6, it may be possible to switch the resource locations in the 
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frequency direction (row direction) on a per period basis. The examples shown in FIG. 6 are 
resource allocation that is given by shifting the resource allocation shown in FIG. 5 in the 
frequency direction. That is, FIG. 6B shows resource allocation that applies a 1-shift to the 
resource allocation shown in FIG. 5B in the frequency direction (row direction). That is, FIG. 6C 
shows resource allocation that applies a 2-shift to the resource allocation shown in FIG. 6B in 
the frequency direction (row direction).

[0055] In the example shown in FIG. 6, even the user terminals that are allocated the "first" 
resource, the "fortieth" resource and so on use varying frequency resources in every period, 
and therefore can provide a frequency diversity effect.

[0056] This frequency shift operation may be implemented by reporting the amount of shift 
from the network, or by determining the amount of shift on the user terminal side based on cell 
ID of the connecting cell and so on.

(Third Example)

[0057] A method of semi-statically adjusting the number of type 1 resources and type 2 
resources in D2D discovery resources will be described with a third example.

[0058] When changing transmission resources based on pre-rules, user terminals need to 
share common pre-rules and type 2 resource size information. However, when a fixed type 2 
resource size is used regardless of the number of connecting user terminals, the problem 
arises that type 2 resources not in use become a waste if there are few type 2 UEs, and 
therefore it is necessary to adjust the resource size and report resource size information on a 
semi-static basis.

[0059] As shown in FIG. 1, D2D discovery resources are formed by including a type 1 resource 
group and a type 2 resource group. Type 2 UEs that execute type 2 discovery require UE- 
specific D2D resource allocation, and therefore the mode of connection between the user 
terminals and the network needs to be RRC connected mode (RRC_CONNECTED).

[0060] On the other hand, as for type 1 UEs that execute type 1 discovery, the mode of 
connection between the user terminals and the network may be RRC idle mode (RRCJDLE) if 
the type 1 resource group is broadcast.

[0061] Type 2 discovery is free of collisions and more efficient than type 1 discovery, so that it 
is preferable to allocate type 2 resources as much as possible to user terminals in RRC 
connected mode. However, if the number of user terminals in connected mode is greater or 
lower than the number of resources, the number of resources may be adjusted.

[0062] If the number of type 2 resources is greater than the number of user terminals in 
connected mode, there must be resources in the type 2 resource group that are not allocated 
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for use for transmitting the user terminals' discovery signals. It is inefficient to have type 2 
resources that are not even allocated, and, in this case, it is effective to reduce the number of 
type 2 resources and increase the number of type 1 resources. As for type 2 resources, if 
resources are allocated so that there are at least two or more resources in the time direction, 
in the order of the initial state shown in FIG. 4A, it is possible to provide substantially the same 
number of time resources and frequency resources so that none will remain unused.

[0063] When the number of type 2 resources is smaller than the number of user terminals in 
connected mode, user terminals to exceed the number of resources may be made type 1 UEs, 
without specifying type 2 resource for these user terminals, until the number of type 1 and type 
2 resources are next determined, broadcast and ready to change.

(Fourth Example)

[0064] A method of preventing type 2 resource collisions in a synchronous network will be 
described with a fourth example.

[0065] The allocation of type 2 resources in D2D discovery is managed on a per radio base 
station (eNB) basis. In a synchronous network, it is possible to prevent collisions of resources 
that are in use, by exchanging information about the type 2 resources that are allocated, 
between radio base stations.

[0066] FIG. 7 is a diagram to show an example of type 2 resource allocation by radio base 
stations eNB #1 and eNB #2 in a synchronous network. The radio base stations each report 
the resource locations for transmitting discovery signals separately, to type 2 UEs. If radio base 
stations eNB #1 and eNB #2 employ common pre-rules, it is only necessary to exchange the 
information for the initial allocation for the D2D discovery resource group in the first period, 
between radio base stations eNB #1 and eNB #2.

[0067] To be more specific, radio base station eNB #1 has only to report, to radio base station 
eNB #2 that is nearby, the type 2 resource index that was used in initial allocation, and type 2 
resource size information. The radio base station eNB #2 has only to report, to radio base 
station eNB #1 that is nearby, the type 2 resource index that was used in initial allocation, and 
type 2 resource size information.

[0068] In the D2D discovery resource groups in subsequent periods, each user terminal uses 
resource locations that are changed according to common pre-rules for transmitting discovery 
signals. If there was no collision in the stage of initial allocation, given that the resource 
locations are changed based on common rules, the resources that are used will not collide 
afterward.

[0069] In the example shown in FIG. 7, radio base station eNB #1 carries out the initial 
allocation of type 2 resources for user terminals UE #1 to user terminal UE #3 that are present 
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in the cell formed by the subject base station. Radio base station eNB #2 carries out the initial 
allocation of type 2 resources for user terminal UE #4 to user terminal UE #6 that are present 
in the cell formed by the subject base station.

[0070] Radio base station eNB #1 reports, to radio base station eNB #2 that is nearby, the type 
2 resource index that was used in initial allocation, and type 2 resource size information. Radio 
base station eNB #2 reports, to radio base station eNB #1 that is nearby, the type 2 resource 
index that was used in initial allocation, and type 2 resource size information. Also, radio base 
stations eNB #1 and eNB #2 may report the common pre-rules to each user terminal. Still, the 
user terminals may employ the pre-rules that are stipulated in D2D discovery specifications.

[0071] If the exchange of information about the initial allocation of type 2 resources between 
the radio base stations makes it clear that a collision occurred, one of the radio base stations 
has only to re-execute the initial allocation of type 2 resource, so that collisions will not be 
produced.

[0072] Alternatively, the timing of initial allocation and reporting initial allocation information to 
nearby radio base stations may be shifted between the radio base stations, so that the radio 
base station to determine new allocation may determine the initial allocation of type 2 resource 
to avoid collisions, based on the other radio base station's initial allocation information, which is 
already reported by then.

[0073] Alternatively, it is also possible to configure priorities on a per radio base station basis 
and report these priorities with initial allocation information. The priorities may be determined 
based on the degree of congestion. If it is found out that a collision occurred between the radio 
base stations in the initial allocation of type 2 resources, it is possible to avoid collisions by 
prioritizing the allocation information of the radio base station of the higher priority.

[0074] In the first period, all the user terminals transmit discovery signals by using initial 
resources that are allocated from the radio base stations. In subsequent periods, all the user 
terminals switch the locations of the resources for transmitting discovery signals, per period, 
according to common pre-rules. Even if initial resources are allocated from varying radio base 
stations, unlike FIG. 7, the resources do not collide because common pre-rules are applied.

(Fifth Example)

[0075] The time or frequency shift, which is applied in addition to "pre-rules," will be described 
in detail with a fifth example.

[0076] As shown in FIG. 13, between varying cells, initial resource allocation for user terminals 
UE is carried out separately. Consequently, there is a possibility that user terminals UE that 
serve varying cells are assigned together to the same time-frequency resource. In the example 
shown in FIG. 13, the same time-frequency resource is allocated as the initial resource to user
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terminals UE that serve varying cells #1 and UE #2.

[0077] In this case, if a hopping pattern that is common to all cells and all user terminals is 
used, collisions of transmission resources will keep occurring, on a constant basis, between 
these user terminals UE. In the example shown in FIG. 13, there is a collision of transmission 
resources between user terminal UE #1 and UE #2, in every period. In this case, user terminal 
UE #1 and UE #2 are unable to discover one another, and, in addition, there is a problem that 
nearby user terminals cannot discover these user terminals UE #1 and UE #2 either.

[0078] By contrast with this, if cell-specific shift patterns are employed in addition to the pre­
rule of hopping shown with the above second examplethat is, switching the order of the time 
direction and the frequency direction in resource allocation — collisions can be avoided. The 
shift patterns may apply shift either in the time direction or in the frequency direction.

[0079] The user terminals employ cell-specific shift patterns by using reports from the cells, 
PCIDs (Physical Cell IDs) and so on.

[0080] In the event reports are sent from the cells, each base station has only to report the 
shift pattern together when broadcasting type 2 resource pool information (D2D discovery 
resource group) to the D2D UEs in the subject cell. Which of shift in the time direction and shift 
in the frequency direction is used for the shift pattern may be reported together at this time, or 
may be fixed in advance.

[0081] When PCIDs and so on are used, a user terminal determines the shift pattern by using 
the PCID, VCID (Virtual Cell ID), or, alternatively, TPID (Transmission Point ID) for the Rel. 12 
DRS (Discovery Reference Signal).

[0082] If which of shift in the time direction and shift in the frequency direction is used is 
determined in advance, the user terminal uses the value X of either the size in the time 
direction or the size in the frequency direction, in the type 2 resource pool information for the 
subject cell that is broadcast, and uses mod (504, X) as the amount of shift.

[0083] If which of shift in the time direction and shift in the frequency direction is used is not 
determined in advance, the user terminal uses the value X' of the greater one of the size in the 
time direction and the size in the frequency direction, in the type 2 resource pool information 
for the subject cell that is broadcast, and uses mod (504, X') as the amount of shift. That is, 
shift in the direction to correspond to the value of X' is used for the shift pattern.

[0084] After the user terminal transmits the discovery signal in the resource location initially 
allocated from the base station, in subsequent periods, the user terminal transmits the 
discovery signal in resource locations that are determined by switching the order of time­
frequency in accordance with pre-rules and by applying the above shift, based on the resource 
location in the previous period.
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[0085] Assume that the resource that is specified by the base station upon initial allocation is 
(f,t). In this case, the initially allocated resource index N in the resource pool can be 
represented by above equation 1. According to pre-rules, the user terminal that is allocated the 
N-th resource will use the Ν'-th resource (f, t'), which is represented by above equation 2, in 
the next period.

[0086] When frequency shift is applied in addition to pre-rules, the Ν'-th resource (f, t') can be 
represented by following equation 3:
N’=f’+(t’-l)*F, t’=[f+(t-l)*F-l mod T] + l,

f’ =floor{[f+(t-1 )*F-1 ]/T} +1 +f_shift ... (Equation 3)
where, for f_shift, the value that is specified by RRC is used, and if no value is specified, mod 
(PCID, F) is used.

[0087] When time shift is employed in addition to pre-rules, the Ν'-th resource (f, t') can be 
represented by following equation 4:
N’=f’+(t’-l)*F, t’=[f+(t-l)*F-l mod T]+l+t_ shift,

f’=floor{[f+(t-l)*F-l]/T} + l ... (Equation 4)
where, for t_shift, the value that is specified by RRC is used, and if no value is specified, mod 
(PCID, T) is used.

[0088] FIG. 14 to FIG. 16 are diagrams to explain resource allocation where frequency shift is 
applied in addition to the pre-rule of hopping. FIG. 14 shows examples of 0-shifts, FIG. 15 
shows examples of 1-shifts and FIG. 16 shows examples of 2-shifts.

[0089] Referring to the examples shown in FIG. 14, FIG. 14B shows the resource allocation in 
the next period following FIG. 14A. That is, in FIG. 14B, the resources are allocated by 
switching the frequency direction (column direction) and the time direction (row direction) of 
FIG. 14A. FIG. 14C shows the resource allocation in the next period following FIG. 14B. That 
is, in FIG. 14C, the resources are allocated by switching the frequency direction (column 
direction) and the time direction (row direction) of FIG. 14B.

[0090] Referring to the examples shown in FIG. 15, FIG. 15B shows the resource allocation in 
the next period following FIG. 15A. That is, in FIG. 15B, the resources are allocated by 
switching the frequency direction (column direction) and the time direction (row direction) in 
FIG. 15A, and by, furthermore, applying a 1-shift in the frequency direction. FIG. 15C shows 
the resource allocation in the next period following FIG. 15B. That is, in FIG. 15C, the 
resources are allocated by switching the frequency direction (column direction) and the time 
direction (row direction) in FIG. 15B, and by, furthermore, applying a 1-shift in the frequency 
direction.

[0091] Referring to the examples shown in FIG. 16, FIG. 16B shows the resource allocation in 
the next period following FIG. 16A. That is, in FIG. 16B, the resources are allocated by 
switching the frequency direction (column direction) and the time direction (row direction) in 
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FIG. 16A, and by, furthermore, applying a 2-shift in the frequency direction. FIG. 16C shows 
the resource allocation in the next period following FIG. 16B. That is, in FIG. 16C, the 
resources are allocated by switching the frequency direction (column direction) and the time 
direction (row direction) in FIG. 16B, and by, furthermore, applying a 2-shift in the frequency 
direction.

[0092] For example, assume that the "first" resource is initially allocated to user terminals 
serving varying cells. In this case, a collision of resource occurs in the first period (see FIG. 
14A, FIG. 15Aand FIG. 16A).

[0093] However, by applying cell-specific shift patterns, in the next period, the location of the 
"first" resource becomes different among a user terminal serving under the O-shift cell, a user 
terminal serving under the 1-shift cell and a user terminal serving under the 2-shift cell (see 
FIG. 14B, FIG. 15B and FIG. 16B). Consequently, collisions are avoided. The location of the 
"first" resource varies in the next period as well, thereby preventing collisions (see FIG. 14C, 
FIG. 15C and FIG. 16C).

[0094] FIG. 17 and FIG. 18 are diagrams to explain resource allocation where time shift is 
applied in addition to the pre-rule of hopping. FIG. 17 shows examples of 1-shifts, and FIG. 18 
shows examples of 2-shifts. Note that the resource allocation shown in FIG. 14 is assumed in 
the event of 0-shifts.

[0095] Referring to the examples shown in FIG. 17, FIG. 17B shows the resource allocation in 
the next period following FIG. 17A. That is, in FIG. 17B, the resources are allocated by 
switching the frequency direction (column direction) and the time direction (row direction) in 
FIG. 17A, and by applying a 1-shift in the time direction. FIG. 17C shows the resource 
allocation in the next period following FIG. 17B. That is, in FIG. 17C, the resources are 
allocated by switching the frequency direction (column direction) and the time direction (row 
direction) in FIG. 17B, and by applying a 1-shift in the time direction.

[0096] Referring to the examples shown in FIG. 18, FIG. 18B shows the resource allocation in 
the next period following FIG. 18A. That is, in FIG. 18B, the resources are allocated by 
switching the frequency direction (column direction) and the time direction (row direction) in 
FIG. 18A, and by applying a 2-shift in the time direction. FIG. 18C shows the resource 
allocation in the next period following FIG. 18B. That is, in FIG. 18C, the resources are 
allocated by switching the frequency direction (column direction) and the time direction (row 
direction) in FIG. 18B, and by applying a 2-shift in the time direction.

[0097] For example, assume that the "first" resource is initially allocated to user terminals 
serving varying cells. In this case, a collision of resource occurs in the first period (see FIG. 
14A, FIG. 17Aand FIG. 18A).

[0098] However, by applying cell-specific shift patterns, in the next period, the location of the 
"first" resource becomes different among a user terminal serving under the O-shift cell, a user 
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terminal serving under the 1-shift cell and a user terminal serving under the 2-shift cell (see 
FIG. 14B, FIG. 17B and FIG. 18B). Consequently, collisions are avoided. The location of the 
"first" resource varies in the next period as well, thereby preventing collisions (see FIG. 14C, 
FIG. 17C and FIG. 18C).

[0099] Note that this is by no means limited to the "first" resource, and collisions can be 
avoided likewise in other resources as well. For example, the "sixth" resource in FIG. 14 to 
FIG. 18 derives the same result as in the above examples.

[0100] In this way, even when the same time-frequency resource is allocated to user terminals 
that serve varying cells as the initial resource, it is still possible to prevent continued collisions, 
by applying cell-specific shift patterns in addition to the pre-rule of hopping.

[0101] (Structure of Radio Communication System) Now, a structure of a radio communication 
system according to the present embodiment will be described below. In this radio 
communication system, the above radio communication methods according to the first 
example to the fourth example are employed.

[0102] FIG. 8 is a schematic diagram to show an example of a radio communication system 
according to the present embodiment. As shown in FIG. 8, the radio communication system 1 
includes a plurality of radio base stations 10, and a plurality of user terminals 20 that are 
present in cells formed by each radio base stations 10, and that can communicate with each 
radio base station 10. The radio base station 10 are each connected with a higher station 
apparatus 30, and connected with a core network 40 via the higher station apparatus 30.

[0103] The radio base stations 10 are radio base stations having predetermined coverages. 
That is, a radio base station 10 may be a macro base station having a relatively wide coverage 
(eNodeB, macro base station, aggregation node, transmission point, transmitting/receiving 
point), or may be a small base station having a local coverage (small base station, pico base 
station, femto base station, HeNB (Home eNodeB), RRH (Remote Radio Head), micro base 
station, transmission point, transmitting/receiving point).

[0104] The user terminals 20 are terminals to support various communication schemes such 
as LTE and LTE-A, and may not only be mobile communication terminals, but may also be 
stationary communication terminals as well. A user terminal 20 can communicate with other 
user terminals 20 via the radio base stations 10. Also, a user terminal 20 can directly 
communicate with other user terminals 20 (D2D) without involving the radio base stations 10.

[0105] The higher station apparatus 30 may be, for example, an access gateway apparatus, a 
radio network controller (RNC), a mobility management entity (MME) and so on, but is by no 
means limited to these.

[0106] Also, in the radio communication system 1, a downlink shared channel (PDSCH: 
Physical Downlink Shared Channel), which is used by each user terminal 20 on a shared basis, 
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downlink control channels (PDCCH (Physical Downlink Control Channel) and EPDCCH 
(Enhanced Physical Downlink Control Channel)), a broadcast channel (PBCH) and so on are 
used as downlink channels. User data and higher layer control information and predetermined 
SIBs (System Information Blocks) are communicated by the PDSCH. Downlink control 
information (DCI) is communicated by the PDCCH and the EPDCCH.

[0107] Also, in the radio communication system 1, an uplink shared channel (PUSCH: Physical 
Uplink Shared Channel) that is used by each user terminal 20 on a shared basis, an uplink 
control channel (PUCCH: Physical Uplink Control Channel) and so on are used as uplink 
channels. User data and higher layer control information are communicated by the PUSCH.

[0108] In the radio communication system 1, discovery signals for allowing the user terminals 
20 to detect each other are transmitted on the uplink.

[0109] FIG. 9 is a diagram to show an overall structure of a radio base station 10 according to 
the present embodiment. The radio base station 10 has a plurality of transmitting/receiving 
antennas 101 for ΜΙΜΟ communication, amplifying sections 102, transmitting/receiving 
sections 103, a baseband signal processing section 104, a call processing section 105 and an 
interface section 106.

[0110] User data to be transmitted from the radio base station 10 to a user terminal 20 on the 
downlink is input from the higher station apparatus 30, into the baseband signal processing 
section 104, via the interface section 106

[0111] The baseband signal processing section 104 performs a PDCP (Packet Data 
Convergence Protocol) layer process, division and coupling of user data, RLC (Radio Link 
Control) layer transmission processes such as an RLC retransmission control transmission 
process, MAC (Medium Access Control) retransmission control, including, for example, an 
HARQ (Hybrid Automatic Repeat reQuest) transmission process, scheduling, transport format 
selection, channel coding, an inverse fast Fourier transform (IFFT) process and a precoding 
process, and the result is forwarded to each transmitting/receiving section 103. Furthermore, 
downlink control signals are also subjected to transmission processes such as channel coding 
and an inverse fast Fourier transform, and are forwarded to each transmitting/receiving section 
103.

[0112] Each transmitting/receiving section 103 converts the downlink signals, which are pre­
coded and output from the baseband signal processing section 104 on a per antenna basis, 
into a radio frequency band. The amplifying sections 102 amplify the radio frequency signals 
having been subjected to frequency conversion, and transmit the results through the 
transmitting/receiving antennas 101.

[0113] On the other hand, as for uplink signals, radio frequency signals that are received in the 
transmitting/receiving antennas 101 are each amplified in the amplifying sections 102, 
converted into the baseband signal through frequency conversion in each
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transmitting/receiving section 103, and input in the baseband signal processing section 104.

[0114] Each transmitting/receiving section 103 reports the D2D discovery resource group to 
each user terminal 20. Each transmitting/receiving section 103 transmits, to each user terminal 
20, initial allocation location information of the resource for transmitting the discovery signal for 
use in D2D discovery. Each transmitting/receiving sections 103 reports pre-rules to each user 
terminal 20.

[0115] In the baseband signal processing section 104, the user data that is included in the 
input uplink signals is subjected to a fast Fourier transform (FFT) process, an inverse discrete 
Fourier transform (IDFT) process, error correction decoding, a MAC retransmission control 
receiving process and RLC layer and PDCP layer receiving processes, and the result is 
forwarded to the higher station apparatus 30 via the interface section 106. The call processing 
section 105 performs call processing such as setting up and releasing communication 
channels, manages the state of the radio base station 10 and manages the radio resources.

[0116] The interface section 106 transmits and receives signals to and from neighboring radio 
base stations (backhaul signaling) via an inter-base station interface (for example, optical fiber, 
X2 interface, etc.). Alternatively, the interface section 106 transmits and receives signals to and 
from the higher station apparatus 30 via a predetermined interface.

[0117] The interface section 106 transmits the type 2 resource indices that were used for each 
user terminal 20 upon initial allocation, and type 2 resource size information, with neighboring 
radio base stations.

[0118] FIG. 10 is a diagram to show a principle functional structure of the baseband signal 
processing section 104 provided in the radio base station 10 according to the present 
embodiment. As shown in FIG. 10, the baseband signal processing section 104 provided in the 
radio base station 10 is comprised at least of a control section 301, a downlink control signal 
generating section 302, a downlink data signal generating section 303, a mapping section 304, 
a demapping section 305, a channel estimation section 306, an uplink control signal decoding 
section 307, an uplink data signal decoding section 308 and a decision section 309.

[0119] The control section 301 controls the scheduling of downlink user data that is 
communicated in the PDSCH, downlink control information that is transmitted in one or both of 
the PDCCH and the enhanced PDCCH (EPDCCH), downlink reference signals and so on. Also, 
the control section 301 also controls the scheduling of RA (Random Access) preambles that 
are communicated in the PRACH (Physical Random Access Channel), uplink data that is 
communicated in the PUSCH, uplink control information that is communicated in the PUCCH or 
the PUSCH and uplink reference signals (allocation control). Information regarding the 
allocation control of uplink signals (uplink control signals and uplink user data) is reported to 
the user terminals 20 by using downlink control signals (DCI).

[0120] The control section 301 controls the allocation of radio resources to the downlink 
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signals and the uplink signals based on command information from the higher station 
apparatus 30, feedback information from each user terminal 20 and so on. That is, the control 
section 301 functions as a scheduler.

[0121] The control section 301 allocates D2D discovery resource groups to user the terminals 
semi-statically. The control section 301 allocates type 2 resources to type 2 UEs separately.

[0122] The downlink control signal generating section 302 generates downlink control signals 
that are determined to be allocated by the control section 301 (both or either one of the 
PDCCH signal and the EPDCCH signal). To be more specific, the downlink control signal 
generating section 302 generates a DL assignment, which reports downlink signal allocation 
information, and a UL grant, which reports uplink signal allocation information, based on 
commands from the control section 301.

[0123] The downlink data signal generating section 303 generates the downlink data signal 
(PDSCH signal) that is determined to be allocated to resources by the control section 301. The 
data signals that is generated in the downlink data signal generating section 303 is subjected 
to a coding process and a modulation process in a coding rate and a modulation scheme 
determined based on CSI (Channel State Information) from each user terminal 20 and so on.

[0124] The mapping section 304 controls the allocation of the downlink control signals 
generated in the downlink control signal generating section 302 and the downlink data signal 
generated in the downlink data signal generating section 303 to radio resources, based on 
commands from the control section 301.

[0125] The demapping section 305 demaps the uplink signals transmitted from the user 
terminals and separates the uplink signals. The channel estimation section 306 estimates 
channel states from the reference signals included in the received signals separated in the 
demapping section 305, and outputs the estimated channel states to the uplink control signal 
decoding section 307 and the uplink data signal decoding section 308.

[0126] The uplink control signal decoding section 307 decodes the feedback signals (delivery 
acknowledgement signals and so on) transmitted from the user terminals in uplink control 
channels (PRACH, PUCCH), and outputs the results to the control section 301. The uplink data 
signal decoding section 308 decodes the uplink data signals transmitted from the user 
terminals in the uplink shared channel (PUSCH), and outputs the results to the decision section 
309. The decision section 309 makes retransmission control decisions (A/N 
(Acknowledgement/Negative acknowledgement) decisions) based on the decoding results in 
the uplink data signal decoding section 308, and outputs results to the control section 301.

[0127] FIG. 11 is a diagram to show an overall structure of a user terminal 20 according to the 
present embodiment. As shown in FIG. 11, the user terminal 20 has a plurality of 
transmitting/receiving antennas 201 for ΜΙΜΟ communication, amplifying sections 202, 
transmitting/receiving sections (receiving sections) 203, a baseband signal processing section
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204 and an application section 205.

[0128] As for downlink data, radio frequency signals that are received in a plurality of 
transmitting/receiving antennas 201 are each amplified in the amplifying sections 202, and 
subjected to frequency conversion and converted into the baseband signal in the 
transmitting/receiving sections 203. This baseband signal is subjected to an FFT process, error 
correction decoding, a retransmission control receiving process and so on, in the baseband 
signal processing section 204. In this downlink data, downlink user data is forwarded to the 
application section 205. The application section 205 performs processes related to higher 
layers above the physical layer and the MAC layer, and so on. Also, in the downlink data, 
broadcast information is also forwarded to the application section 205.

[0129] Meanwhile, uplink user data is input from the application section 205 into the baseband 
signal processing section 204. The baseband signal processing section 204 performs a 
retransmission control (HARQ) transmission process, channel coding, pre-coding, a DFT 
(Discrete Fourier Transform) process, an IFFT process and so on, and the result is forwarded 
to each transmitting/receiving section 203. The baseband signal that is output from the 
baseband signal processing section 204 is converted into a radio frequency band in the 
transmitting/receiving sections 203. After that, the amplifying sections 202 amplify the radio 
frequency signal having been subjected to frequency conversion, and transmit the result from 
the transmitting/receiving antennas 201.

[0130] The transmitting/receiving sections 203 receive, from the radio base stations 10, type 1 
/2 resource size information in the D2D discovery resource groups and initial allocation 
information of the resources for transmitting discovery signals for use in D2D discovery. The 
transmitting/receiving sections 203 allocate discovery signals for D2D discovery to the specified 
type 2 resources and transmit these signals. The transmitting/receiving sections 203 receives 
the discovery signals for D2D discovery transmitted from other user terminals 20.

[0131] FIG. 12 is a diagram to show a principle functional structure of the baseband signal 
processing section 204 provided in a user terminal 20. As shown in FIG. 12, the baseband 
signal processing section 204 provided in the user terminal 20 is comprised at least of a control 
section 401, an uplink control signal generating section 402, an uplink data signal generating 
section 403, a mapping section 404, a demapping section 405, a channel estimation section 
406, a downlink control signal decoding section 407, a downlink data signal decoding section 
408 and a decision section 409.

[0132] The control section 401 controls the generation of uplink control signals (A/N signals 
and so on) and uplink data signals based on downlink control signals (PDCCH signals) 
transmitted from the radio base stations, retransmission control decisions in response to the 
PDSCH signals received, and so on. The downlink control signals received from the radio base 
stations are output from the downlink control signal decoding section 407, and the 
retransmission control decisions are output from the decision section 409.
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[0133] The control section 401 changes the resource locations to transmit discovery signals, 
on a per period basis, according to pre-rules. To be more specific, where index numbers are 
assigned to individual resources that neighbor each other in two-dimensional directions, 
namely the frequency direction and the time direction, the control section 401 rearranges the 
index numbers aligned in the frequency direction, in the time direction, and assigns the 
rearranged numbers. Also, the control section 401 shifts the resources that are rearranged in 
accordance with pre-rules, in the frequency direction.

[0134] The uplink control signal generating section 402 generates uplink control signals 
(feedback signals such as delivery acknowledgement signals, channel state information (CSI) 
and so on) based on commands from the control section 401. The uplink data signal 
generating section 403 generates uplink data signals based on commands from the control 
section 401. Note that the control section 401 commands the uplink data signal generating 
section 403 to generate an uplink data signal when a UL grant is contained in a downlink 
control signal reported from the radio base station.

[0135] The mapping section 404 controls the allocation of the uplink control signals (delivery 
acknowledgment signals and so on) and the uplink data signals to radio resources (PUCCH 
and PUSCH) based on commands from the control section 401. The mapping section 404 
controls the allocation of discovery signals for D2D discovery to resources in the type 2 
resource groups based on commands from the control section 401.

[0136] The demapping section 405 demaps the downlink signals transmitted from the radio 
base stations 10 and separates the downlink signals. The channel estimation section 406 
estimates channel states from the reference signals included in the received signals separated 
in the demapping section 406,and outputs the estimated channel states to the downlink control 
signal decoding section 407 and the downlink data signal decoding section 408.

[0137] The downlink control signal decoding section 407 decodes the downlink control signal 
(PDCCH signal) transmitted in the downlink control channel (PDCCH), and outputs the 
scheduling information (information about the allocation to uplink resources) to the control 
section 401. Also, if information related to the cells for feeding back delivery acknowledgment 
signals and information as to whether or not RF (Radio Frequency) tuning is applied are 
included in downlink control signals, these pieces of information are also output to the control 
section 401.

[0138] The downlink data signal decoding section 408 decodes the downlink data signals 
transmitted in the downlink shared channel (PDSCH), and outputs the result to the decision 
section 409. The decision section 409 makes retransmission control decisions (A/N decisions) 
based on the decoding results in the downlink data signal decoding section 408, and outputs 
the results to the control section 401.

[0139] The control section 401 detects other communicable user terminals 20 based on the 
discovery signals for D2D discovery transmitted from other user terminals 20.



DK/EP 3065487 T3

[0140] The present invention is by no means limited to the above embodiment and can be 
implemented in various modifications. The sizes and shapes illustrated in the accompanying 
drawings in relationship to the above embodiment are by no means limiting, and may be 
changed as appropriate within the scope of optimizing the effects of the present invention. 
Besides, implementations with various appropriate changes may be possible without departing 
from the scope of the object of the present invention.
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Patentkrav

1. Brugerterminal (20) omfattende:
et modtageafsnit (103) konfigureret til at modtage initial 

fordelingsplaceringsinformation for en ressource til at sende et findesignal 

for at finde en anden brugerterminal (20); og

et styreafsnit (301) konfigureret til at ændre en placering af ressourcen for 

at sende findesignalet, per periode, i overensstemmelse med en 

forudbestemt regel,

hvor indeksnumre tildeles individuelle ressourcer, der grænser op til 

hinanden i todimensionelle retninger omfattende en frekvensretning og en 

tidsretning, og styreafsnittet (301) er konfigureret til at omordne 

indeksnumre, der er rettet i frekvensretningen, til tidsretningen, i 

overensstemmelse med den forudbestemte regel; hvor 

styreafsnittet (301) er yderligere konfigureret til at ændre ressourcen, hvis 

indeksnumre er omordnet i overensstemmelse med den forudbestemte 

regel, til tidsretningen og ændringen i tidsretningen er celle-specifik 

ændring.

2. Brugerterminal (20) ifølge krav 1, hvor modtageafsnittet (103) er konfigureret 

til at modtage information om et antal af ændringer samtidigt med den initiale 

fordelingsplaceringsinformation.

3. Radiokommunikationsfremgangsmåde omfattende:

et modtagetrin til at modtage initial fordelingsplaceringsinformation for en 

ressource til at sende et findesignal for at finde en anden brugerterminal 

(20); og

et styretrin til at ændre en placering af ressourcen for at sende 

findesignalet, per periode, i overensstemmelse med en forudbestemt regel, 

hvor indeksnumre tildeles individuelle ressourcer, der grænser op til 

hinanden i todimensionelle retninger omfattende en frekvensretning og en 

tidsretning, og i styretrinnet omordnes indeksnumre, der er rettet i 

frekvensretningen, til tidsretningen, i overensstemmelse med den 

forudbestemte regel;
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2

hvor i styretrinnet ressourcen, hvis indeksnumre er omordnet i 

overensstemmelse med den forudbestemte regel, ændres til tidsretningen, 

og ændringen i tidsretningen er celle-specifik ændring.



DK/EP 3065487 T3

DRAWINGS

ό



DK/EP 3065487 T3

D
2D

 D
IS

C
O

V
ER

Y
 R

ES
O

U
R

C
E G

R
O

U
P



DK/EP 3065487 T3

D
2D

 DI
SC

O
V

ER
Y

 RE
R

O
U

TE
 G

R
O

U
P o

0
E



DK/EP 3065487 T3

A . IQ. Ά o LO o LO O in O
T” CM CM CO co ■^·

■α-.-Μάά· o M- <5> cn M· Gi
T_" CM CM co CO

A-.-.O.· ·/ VA-äÖAV? ΓΟ CO CO CO co CO
CM CM co co

VAWA·. ΑΑΓΛΑ'.·. CM r* CM Γ- CM Γ**
CM CM co co

r- VAXØA-A· - <0
CM

<0 
CM co

<0 
co

00 'st
0
Lu

+ M-

co <?ί· LO CO r- co o o
co co CO CO co co co *3-

LO co r* 03 o o CM
CM CM CM CM CM co co CO

Γ* CO o O CM co M-
*■* CM CM CM CM CM

0> o CM CO M" LO CO
- 'r~ T”

— 'Λ·.·^Α·Λ· .·λ·:<«·λ·λ ■Α·.?&Α·Α· 7Α<*!·Λ·Α· ■:·:·:·:«ί·:ΐ·

<
0

■» M-



DK/EP 3065487 T3

© r*. 32 CO 29 in / o \

i »cj* / 
X Z

co CM r*- 
CM

CO co co 24 o 35

36 22 CO 33 O) m 30

C© Ύ"·· co r*
-r— CO 28 xf 39 25

I 1
x _ z

co 
CM

CM r- 
co 23 O 34 20

ΈΓ

<in
0
C



DK/EP 3065487 T3

1-
SH

IF
T 

IN
 FR

EQ
U

EN
C

Y
 

2-
SH

IF
T 

IN
 FR

EQ
U

EN
C

Y
D

IR
EC

TI
O

N
 

D
IR

EC
TI

O
N

in © CM r* 32 co «qj- 29

o LO CO CM r* co CO 'S*
co CM CO CM

LO o CD CM 00 co σ>
co T“ 00 CM co

σ> LO
CD r* co co

oo CM 00 CM

O co CM co
00 CM <7 CM T“ co CM

in o in O in O LO'O' T— V— CM CM co co

O> σ> ’S“ O ’S“ o *5“
CO CM CM co

co
co co co co co CO co

co Ί— *“ CM CM co

Γ**
CM

CM r* CM r* CM
co CM CM CO

CD (O)
co co co

co <7 CM CM CO

co
0
Ll

co M“ in CO r* 00 σ> 77
co CO co co co co co O'

LO CD r> co CD o CM
CM CM CM CM CM co co CO

r*· 00 σ> o
CM

CM co ’S*
T“ CM CM CM CM

æ
o γ» CM co 'st ID CO
T~ r· 1 T""’

Θ CM co ■s- ID CD r* oo

< 
co
0
Ll

9 *+■



DK/EP 3065487 T3

D
2D

 DI
SC

O
V

ER
Y

 R
ES

O
U

R
C

E G
R

O
U

P

r* 

d
4Ll



DK/EP 3065487 T3

30

FIG.8
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