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(57) Abstract: Embodiments are provided to support device-to-device (D2D) communications in atime- division duplexing (TDD)
communications system, and ensure that D2D discovery signals are transmitted by user devices on an uplink subframe when there is
aTDD frame configuration change. In an embodiment, a user device receives form the network a TDD frame configuration selected
from a set of available TDD frame configurations according to the TDD configuration. The device further receives a D2D discovery
configuration for a discovery time interval. The user device then allocates atransmission resource a D2D discovery signal within the
discovery time interval according to the D2D discovery configuration. The user device is aso configured to receive from another
device a second D2D discovery signal during the discovery time interval in accordance with the TDD configuration and the D2D
discovery configuration.
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System and Method for TDD Configuration for D2D Open Discovery

[0001] This application claims the benefit of U.S. Provisional Application No. 61/822,124
filed on May 10, 2013 and entitled "System and Method for TDD Configuration for D2D Open
Discovery," and U.S. Non-Provisional Application No. 14/198,341, filed on March 05, 2014 and
entitled "System and Method for TDD Configuration for D2D Open Discovery," which are
hereby incorporated herein by reference asif reproduced in their entirety.

TECHNICAL FIELD

[0002] The present invention relates to the field of network communications, and, in
particular embodiments, to a system and method for time-division duplexing (TDD)

configuration for device-to-device (D2D) open discovery.

BACKGROUND

[0003] Device-to-Device (D2D) technology is getting attraction because of the ability to
offer new services, improve system throughput, and offer abetter user experience. Potential use
cases for D2D have been identified by the 3GPP Service and System Aspects working group 1
(3GPP SA WGY1) inthe 3GPP Technical Report (TR) 22.803. However, in order for D2D to be
successful and applicable to various deployment scenarios, there is need to ensure that D2D

works for both time-division duplexing (TDD) and frequency-division duplexing (FDD) systems.

SUMMARY OF THE INVENTION

[0004] In accordance with an embodiment, a method for device-to-device (D2D) discovery
intime division duplexing (TDD) communications includes selecting, a a network component, a
TDD frame configuration from a set of available TDD frame configurations, and sending, from
the network component, an indicator of the TDD frame configuration to aplurality of devices.
The method further includes determining aD2D discovery configuration for a discovery time
interval according tothe TDD frame configuration, and sending, from the network component to
the plurality of devices, the D2D discovery configuration. The D2D discovery configuration
includes parameters enabling the devices to determine transmission resources of D2D discovery

signals and transmit the D2D discovery signals during the discovery time interval.

[0005] In accordance with another embodiment, a method for D2D discovery intime TDD
communications includes receiving, a auser device, an indicator of a TDD frame configuration

selected from a set of available TDD frame configurations, and further receiving aD2D
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discovery configuration for a discovery time interval in accordance with the TDD frame

configuration. The user device allocates atransmissions resource to aD2D discovery signal
within the discovery time interval according tothe D2D discovery configuration. The D2D
discovery signal istransmitted by the user device during the discovery time interval. The user
device also receives from another user device a second D2D discovery signal during the

discovery time interval according to the TDD configuration and the D2D discovery configuration.

[0006] In accordance with another embodiment, a network component for TDD
communications includes at least one processor and a computer readable storage medium storing
programming for execution by the at least one processor. The programming includes instructions
to select a TDD frame configuration from a set of available TDD frame configurations, and send
an indicator of the TDD frame configuration to aplurality of devices. The instructions further
configure the network component to determine aD2D discovery configuration for a discovery
time interval according to the TDD frame configuration, and send, to the plurality of devices, the
D2D discovery configuration. The D2D discovery configuration includes parameters enabling
the devices to determine transmission resources of D2D discovery signals and transmit the D2D

discovery signals during the discovery time interval.

[0007] In accordance with yet another embodiment, auser device for device-to-device
(D2D) and time division duplexing (TDD) communications includes at least one processor and a
computer readable storage medium storing programming for execution by the a least one
processor. The programming includes instructions to receive an indicator of a TDD frame
configuration selected from a set of available TDD frame configurations, and receive aD2D
discovery configuration for a discovery time interval in accordance with the TDD frame
configuration. The user device is further configured to allocate atransmissions resource to a
D2D discovery signal within the discovery time interval according tothe D2D discovery
configuration, and transmit the D2D discovery signal during the discovery time interval. The
programming includes further instructions to receive, from another user device, a second D2D
discovery signal during the discovery time interval according tothe TDD configuration and the

D2D discovery configuration.

[0008] The foregoing has outlined rather broadly the features of an embodiment of the
present invention in order that the detailed description of the invention that follows may be better
understood. Additional features and advantages of embodiments of the invention will be
described hereinafter, which form the subject of the claims of the invention. It should be
appreciated by those skilled in the art that the conception and specific embodiments disclosed

may be readily utilized asabasis for modifying or designing other structures or processes for
-
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carrying out the same purposes of the present invention. It should also be realized by those

skilled in the art that such equivalent constructions do not depart from the spirit and scope of the

invention as set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[ 0009] For amore complete understanding of the present invention, and the advantages
thereof, reference is now made to the following descriptions taken in conjunction with the

accompanying drawing, in which:
[0010] Figure lillustrates an example of adiscovery/cellular subframe partition;

[0011] Figure 2 illustrates abase station or network operation according to an embodiment

of the disclosure;

[0012] Figure 3illustrates auser equipment (UE) operation according to an embodiment of
the disclosure;

[0013] Figure 4 illustrates a base station or UE operation according to an embodiment of the
disclosure;

[0014] Figure 5illustrates a base station operation according to an embodiment of the
disclosure;

[0015] Figure 6 illustrates a base station operation according to an embodiment of the
disclosure;

[ 0016] Figure 7 illustrates a UE operation according to an embodiment of the disclosure;
and

[0017] Figure 8 isadiagram of aprocessing system that can be used to implement various
embodiments.

[0018] Corresponding numerals and symbols in the different figures generally refer to

corresponding parts unless otherwise indicated. The figures are drawn to clearly illustrate the
relevant aspects of the embodiments and are not necessarily drawn to scale.
DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0019] The making and using of the presently preferred embodiments are discussed in detail
below. It should be appreciated, however, that the present invention provides many applicable

inventive concepts that can be embodied in awide variety of specific contexts. The specific
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embodiments discussed are merely illustrative of specific ways to make and use the invention,

and do not limit the scope of the invention.

[0020] One D2D technique is discovery. The discovery technique includes the ability for a
user equipment (UE) to discover neighboring UEs and devices. A genera description of
discovery isthat of one or more UEs transmitting D2D discovery signal(s) while one or more
UEs attempt to receive those D2D discovery signal(s). The number of UEs transmitting, the
number of UEs receiving, and the number/type of signals may vary in accordance with
configuration/ operation. For instance, discovery can be either network/base station-assisted or
open discovery. With network/base station-assisted discovery, one UE is directed to transmit a
signal (e.g., a Sounding Reference Signal (SRS) signal), and another UE isrequired to listen and
report the signal quality to the base station, for example a communications controller/network
device such as an evolved node B (eNB). The eNB can, based on this reported signal quality,
decide if Proximity-based Services (ProSe) can be enabled for these two UEs. With open
discovery, any UE can transmit a"beacon” signal to advertise its presence to other UEs. This
process can possibly involve idle UEs (e.g., UEs in the idle state). Given that open discovery
involves idle UEs, it is performed with limited available information. These UEs typically have
to rely on the information broadcasted by the eNB, such asthe system information block (SIB)
or master information block (MIB). It would berelatively costly (in terms of power and network
signaling) for most of the cases to wake up these UEs and transmit Radio Resource Control
(RRC) or other higher layer signaling to them. Furthermore, the location of idle UES is

approximate, and the exact cell where they camp may not be known by the network.

[0021] Discovery transmissions may occur onthe uplink (UL) portion of the bandwidth
since the interference would be less prejudicial to cellular UEs onthe UL than on the downlink
(DL). In general, the bandwidth for the uplink can be different than the bandwidth for the
downlink. Intypical deployments, the bandwidths for the uplink and downlink are equal. On
the UL, atransmission of aD2D discovery signal may interfere with the reception of cellular
signals a the eNB. Consequently, aslong asthe D2D UE is a areasonable distance from the
eNB and/or transmitting with power restrictions, the interference created by the D2D discovery
signal transmission has little impact. A D2D UE isaUE capable of transmitting D2D discovery
signals aswell asreceiving D2D discovery signals. The D2D UE supports transmitting and
receiving cellular signals. Conversely, onthe DL, interference from D2D discovery signal
transmissions can affect neighboring UEs and potentially disrupt/hinder their ability to receive
synchronization channels and physical downlink control channels (PDCCHs), which can result in

significantly higher impact than if the D2D UE istransmitting D2D discovery signals on the UL.
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[0022] Embodiments are provided herein to ensure that D2D discovery signals are

transmitted on an uplink subframe when there isa TDD frame configuration change, e.g., when a
TDD frame configuration or reconfiguration istransmitted. A plurality of schemes herein
consider that TDD frame configurations can change at higher frequency than changes to D2D
discovery configuration. The embodiment schemes work for in-coverage UEs. Some of the
embodiments also work for in-extended coverage UEs, e.g., when UEs are able to receive
primary synchronization signals (PSS)/secondary synchronization signals (SSS), possibly after

several transmissions.

[0023] Many cellular systems employ time division multiple access and use frames and
subframes to mark transmissions opportunities. In one system, long term evolution (LTE), each
subframe is 1 millisecond in duration and there are 10 subframes in each frame. The subframes
are numbered 0 through 9. Figure 1 shows an example of a discovery/cellular subframe partition
100 in acellular or wireless network. The partition 100 reflects the frequency of discovery
subframes versus cellular subframes. For open discovery, agiven number of available
subframes (e.g., about 1% of the subframes) can be reserved for discovery, while the remaining
subframes are used as for cellular communications. During the discovery subframes, there
usually are no cellular communications in the network. Only UE D2D discovery signals may be
transmitted during the discovery subframes 120. Some D2D UEs may transmit D2D discovery
signals while other D2D UEs may attempt to receive D2D discovery signals during the discovery

subframe.

[0024] For TDD systems, there are several possible configurations for aradio frame in
terms of UL/DL subframes aswell as special subframes. For example, Table 1below shows a
set of possible TDD frame configurations for 3GPP Rel-1 1, which are also indicated in Table
4.2-2 of the 3GPP Technical Specification (TS) 36.211. In Table 1, "D" represents aDL
subframe, "U" represents an UL subframe, and "S" represents a specia subframe, which may

comprise UL and DL portions (symbols).

Table 1: TDD uplink-downlink configurations.
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Uplink-Downlink Downlink-to-Uplink Subframe number
Configuration Switch-point periodicity | 0|12 |3|4|5|6|7|8|9
0] ms D|S|UJUj{U|D|[S|U|U]U
1 5ms D/S[uju[D|D[SJu]u]D
2 5ms D|S|U/D/D/D|S|U/D|D
3 10 ms D S{U/U/U/D/D/D/D|D
4 10 ms pD/s/ulUD|D|[D|D|[D|D
5 10 ms D|S|U/D/D/D|D|D|D|D
6 5ms D/ S{U/U/U/D|S|U|U|D
[0025] TDD frame reconfiguration can occur relatively often in a cellular or wireless

network. For instance, in Rel-1 1 and earlier releases, the TDD reconfiguration is done by
sending anew System Information Block 1(SIB1) message. For Rel-12, in the context of the
International Mobile Telecommunication Advanced (IMTA) work item, other faster TDD
configuration mechanisms are discussed, e.g., as summarized in 3GPP RANI contribution RI-
130883. The discussed options include RRC signaling, Physical broadcast channel (PBCH),
Media Access Control (MAC) signaling, and Physical (PHY) layer signaling. Such
reconfiguration options would not be received by idle UES. Since the set of TDD frame
configurations are known to both the eNB and the UEs, the eNB can transmit an indicator of a

selected TDD frame configuration, such as an index between 0 and 6.

[0026] It islikely that the D2D discovery reconfiguration would not change/occur very
frequently in the network. On the other hand, the TDD configuration can change relatively
frequently, especially with the standardization of IMTA. The idle UEs may not be notified of
these TDD configuration changes. Since it is preferable to have the D2D subframes on the UL,
as described above, it is practical and desirable to have a mechanism which ensures that the D2D
discovery subframes remain on the UL when TDD reconfiguration occurs. Additionally, the
mechanism may need to work properly for inter-cell D2D discovery, e.g., inthe case of a

synchronized network.

[0027] A plurality of embodiment schemes are provided herein to ensure that the D2D
discovery subframes are transmitted onthe UL. In an embodiment scheme, the transmission of a
D2D discovery isrestricted to subframe 2 for TDD UL/DL configurations, as shown in Table 1
(or Table 4.2-2 of 3GPP TS 36.211). When looking a Table 1, it can be seen that subframe 2 is
always UL, regardless of the TDD frame configuration. The network or base station, e.g., an
eNB, can use arule that the discovery subframe is aways transmitted on subframe 2. As such,
the UE does not need to know the TDD frame configuration. One implication isthat the
discovery subframe interval isamultiple of 10 millisecond (ms). This scheme provides a

compact way to signal which subframes are discovery subframes, which can reduce the
-6-
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frequency of transmitting D2D discovery configuration for idle UESs that need to get this message

while powering on. In another rule, a compact way to signal where the discovery subframes are
located isto send the following: an initial radio frame index r, and a spacing index i. The
receiving UE interprets this message as follows: the first discovery subframe is subframe 2 in
radio frame r, the next is subframe 2 in radio frame r+i, then subframe 2 in radio frame r+2/, and
so forth. The addition ismodulo. For instance, in LTE, the frames are numbered Oto 1023. If
the value of {r+ki) exceeds 1023 for some integer k, the frame is (r+ki) modulo 1024. This
approach may impose certain restrictions on both discovery and cellular operations, considering

UL subframes may be used for other applications.

[0028] Other embodiment schemes include alternatives to place the discovery subframes a
desired transmission locations. For instance, the network may locate the discovery subframe on
other subframes than subframe 2. This can be achieved by noticing that in Table 1, except for
TDD frame configurations 2 and 5, al the other configurations have subframe 3 asUL. Thus,
another way to achieve the goal of having discovery subframes onthe UL isto prohibit the use
of TDD frame configurations 2 and 5in aradio frame where D2D discovery transmission occurs
and to always use subframe 3 for transmitting the D2D discovery signa during the discovery
subframe. In another example, another alternative embodiment comprises using subframe 7 as

discovery subframe and preventing the use of TDD frame configurations 3, 4, and 5.

[0029] The embodiment further comprises a scheme in which RRC-connected mode UEs
can be assigned a second set of discovery subframe locations. The set can be signaled to idle
UEs aswell. The network can instruct UES to always listen for D2D discovery signas in the
second set. In an alternative approach, each UE uses a pseudo-random binary sequence
generator to decide whether it isgoing to listen to discovery messages potentially transmitted in
the second set. The probability rule associated to the pseudo-random binary generator can be
signaled by the network. Assigning such a set may help in faster discovery of the information
conveyed inthe D2D discovery signals transmitted by RRC-connected UEs. The RRC-
connected UEs may be aware of the actual TDD frame configuration and therefore, they can
transmit for instance in subframe 3 if they have been instructed to do so and if subframe 3isan
UL subframe inthe present TDD frame configuration. The RRC-connected UEs that are not
transmitting D2D discovery signals may listen to D2D discovery signals transmitted by other

RRC-connected UEs in such subframes.

[0030] In yet other embodiments, a similar scheme can be used onthe DL instead of UL.
For instance, by noting that subframe 5 is aways DL, subframe 5 can be used for D2D discovery

no matter the TDD frame configuration. Assuming that the UEs decode SIB1, and that the TDD
-
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frame configuration is aways indicated by SIB1, other rules can also be implemented. For

instance, the D2D discovery subframe can have priority over the DL cellular subframe. Another
rule can be the discovery subframe isrestricted to odd numbered frames (1, 3, ...) since SIB1 is

transmitted from the eNB on subframe 5 every even numbered frame.

[0031] In another embodiment, the uplink pilot timeslot (UpPTS) portion of a special
subframe can be used for D2D discovery. When looking at Table 1, subframe 1isa special
subframe among the configurations. A special subframe contains a downlink portion, e.g., a
downlink pilot timeslot (DWPTS), some guard time, and an uplink pilot timeslot (UpPTYS).
There isalisting of special subframe configurations with various combinations of symbols for
the DWPTS and UpPTS in Table 4.2-1 of 3GPP TS 36.211. The UpPTS portion of the subframe
is short, and in practice, may not be useful for certain cellular transmissions, such asthe Physical
Uplink Shared Channel (PUSCH) transmission. In various deployments, the UpPTS section is
unused for uplink signal transmission since it isonly 1to 2 symbolsin length. Thus, the D2D
discovery signal may be transmitted in the UpPTS section of the special subframe. Deploying
this solution is similar to deploying the solution described above using the subframe 2 for D2D
discovery. However, the solution using the UpPTS portion of the special subframe for D2D
discovery may place some constraints on the D2D discovery signal design. For example, the
D2D discovery signal may have to betransmitted on a most 1 symbol, since the minimum
UpPTS length is 1 symbol. The random access channel (RACH) can be supported on the special
subframe even when there is one uplink symbol for certain special subframe configurations.
Because the RACH requires two symbols, the standard allows some guard time to be used for
RACH transmission. The usage of guard time for certain special subframe configurations can be
extended for the discovery, and thus allows the D2D discovery signal to betransmitted over two
symbols. The duration of one symbol is approximately 1/14% of a subframe for certain cyclic

prefix configurations.

[0032] Another embodiment based onthe specia subframe isto reserve several symbols of
DwPTS for discovery. Asnoted, subframe 1lisaways a specia subframe. Due to overhead
transmitted by the eNB in the first 3 symbols of the DWPTS, the first 3 symbols of DWPTS may
be inappropriate for discovery. Although several special subframe configurations have the
DwWPTS as 3 symbols, other configurations have longer durations, such as 6 symbols. The
symbols that are not reserved for cellular transmissions in the DWPTS can be used for discovery.
For example, specia subframe configuration 1 (Table 4.2-1 of 36.21 1) has aDwPTS of 9
symbols. A part of the DWPTS, for instance the last 6 symbols (the symbols following the first 3
symbols of the DWPTS), can be reserved for discovery. Some portion of the DWPTS symbols

-8-
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reserved for discovery may be used for switching between transmit and receive modes. In

another embodiment, subframe 6 is either a special subframe or aDL subframe. A similar usage

of symbols after the first 3 symbols of the subframe can be used for discovery.

[0033] In another embodiment, a combination of the aforementioned discovery locations
can beused. In particular, discovery resources may be available in UpPTS (1-2 symbols) and/or
in DWPTS (for some special subframe configurations), and/or in other subframes (like subframe
#2).

[0034] The embodiment further comprises having different discovery resource sizes
corresponding to the location of D2D discovery signal. In an example, adiscovery resource is
1RB in subframe 2 and 6 RBs in UpPTS (having a2-symbol length). These resources can be

located in same or different radio frames.

[0035] In another embodiment, the discovery subframes are allowed to be either UL or DL.
One possible implementation isbased on that for TDD, whether the subframe isDL or UL, the
interference level in the cellular system isthe same aslong asonly D2D discovery signals are
transmitted. Consequently, it is possible to alow discovery to be performed either on an UL or
DL subframe, aslong as no cellular transmission occurs. Hence, & least in theory, doing nothing
other than allowing discovery subframes to be either DL and UL isenough. While this solution
may work, it may bein practice difficult to implement. Since there are more signals and
channels transmitted on specific subframes of the DL (e.g., PBCH, SIBs), having DL D2D
discovery subframes may result in these subframes colliding with the subframes where these DL
channels are transmitted. This could cause some backwards probability problems. Furthermore,
the UE needs to perform channel measurements onthe DL. If the UE happens to perform
channel measurements on a discovery subframe, the measurements may be incorrect.
Consequently, while possible, this solution may not be a preferred solution to have DL discovery

subframes.

[0036] In another embodiment, a subframe configured as a Multicast-Broadcast Single
Frequency Network (MBSFN) subframe isused for signaling the D2D discovery onthe DL. For
instance, subframes 0 or 5in Table 1 can be used, since these subframes are always DL
subframes. One solution isto periodically configure aDL subframe asaMBSFN subframe. All
the UEs need to know when this subframe occurs (e.g., by specification, by having its location
broadcasted, and by any other suitable means). The periodically scheduled MBSFN subframe is
reserved for D2D discovery. Sincethisisan MBSFN subframe, it can be empty, except for the

cell-specific reference signal (CRS) in symbol 0, and possibly 1if 4 CRS ports are used, of the

9.
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subframe, if the eNB does not send any grants in the PDCCH region (e.g., first few symbols of

the subframe) for this subframe and if no Semi-Persistent Scheduling (SPS) transmission is
scheduled. The D2D UEs can transmit their D2D discovery signals in one of these scheduled
subframes. With some guard time, it is possible to have the D2D discovery signal sent in the
empty or blank part of the MBSFN subframe. It may also be possible to send the D2D discovery
signal at the same time asthe CRS on symbol 0 of the MBSFN subframe, although this would
create some interference, e.g., for the receiving UESs closeto the eNB. The CRS interference
impact may be more in case of having a cluster of small cells. However, the cellular UEs are not
affected by this increase in interference. The scheme may also suffer from additional discovery
performance degradation in the presence of atransmission power hopping mechanism allowing a

UE to transmit its D2D discovery signal with a smaller power than its maximum transmit power.

[0037] In another embodiment, anew D2D discovery configuration isbroadcasted every
time anew TDD frame configuration is selected. The new D2D discovery configuration
broadcast message can occur on the PBCH, which conveysthe MIB, or a SIB message. While
relatively easy, this solution may have drawbacks. The TDD frame configuration may change
quite often, since it adapts to the instantaneous traffic demand. On the other hand, the D2D
discovery configuration may not need to change that often since it adapts to the density of
present users, which may more stable than the traffic demand. Inidle mode, a UE may not listen
very often to the control channels (e.g., PBCH, PDCCH). In order not to miss any message, an
idle UE would have to listen more often, resulting in increased power consumption. In addition,
the D2D discovery configuration needs to be sent out quite often, resulting in high overhead for

the system.

[0038] In another embodiment, anew D2D discovery configuration isbroadcasted every
time the TDD frame configuration is broadcasted, asin the solution above. An additional stepis
implemented. The UE knows where UL subframes are located. However, according to the
broadcasted D2D discovery configuration, the D2D discovery subframe may coincide with the
UL subframes. Therefore, an additional rule isthat when the D2D discovery subframe does not
coincide with the UL subframe, the UE selectsthe closest UL subframe for the D2D discovery
subframe. The closest UL subframe may bethe first UL subframe after where the D2D
subframe should be, or before, or any similar criterion. The closest UL subframe can mean: the
first UL subframe after where the discovery subframe should be, or before, or any similar

criterion.

[0039] Figure 2 illustrates a base station or network operation 130 for configuring D2D

discovery a aplurality of UEs. At step 201, the base station or network component selects a
-10-
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TDD frame configuration from a set of available TDD frame configurations. The base station

further determines a suitable D2D discovery configuration according tothe TDD frame
configuration, for instance to ensure that D2D discovery signals are transmitted on an uplink
subframe when there isa TDD frame configuration change. At step 202, the base station or
network component sends an indicator of the TDD frame configuration and the D2D discovery
configuration to aplurality of UEs. The D2D discovery configuration includes parameters that
enable the UES to determine transmission resources of D2D discovery signas and transmit the

D2D discovery signals during the discovery time interval.

[0040] Figure 3 illustrates a UE operation 140 for handling transmissions of D2D discovery
signals. At step 301, the UE receives, from abase station or the network, an indicator of a TDD
frame configuration selected from a set of available TDD frame configurations, and aD2D
discovery configuration for a discovery time interval in accordance with the TDD frame
configuration. At step 302, the UE allocates atransmissions resource to aD2D discovery signa
within the discovery time interval according tothe D2D discovery configuration. At step 303, the
UE transmits the D2D discovery signal during the discovery time interval. At step 304, the UE
receives, from another user device, a second D2D discovery signal during the discovery time

interval according tothe TDD configuration and the D2D discovery configuration.

[0041] Figure 4 shows abase station or UE operation method 200 for determining whether a
subframe isaD2D discovery subframe. Note that having a predefined subframe can also apply
to aFDD system (systems that support FDD and TDD), and would lead to a similar logic, with
minor changes. The method 200 may be used in any suitable embodiment of the embodiments
described above. Inthe case of abase station, e.g., an eNB, implementing the method 200, the
eNB determines, in step 210, the current subframe number N (N is an integer). For example N
can range from Oto 9 for LTE Rel-11.

[0042] In step 220, the eNB determines if subframe N should be a subframe for D2D
discovery signal transmission among UES according to the D2D discovery configuration or the
scheme adopted. One example is comparing the current frame number to the frame number
when adiscovery subframe isto be sent. If the result of the decision step 220 isyes, then the
eNB determines, in step 230, if the current subframe N isan uplink subframe. Otherwise, the
method 200 ends. If the result of the decision step 230 isyes, then, in step 240, the eNB assigns
subframe N asaD2D discovery subframe. Otherwise, in step 250, the eNB configures the next
uplink subframe following subframe N asaD2D discovery subframe. Note that this last step is

optional, and may not be necessary for some embodiments.
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[0043] In the case of aUE implementing the method 200, the UE, in step 210, determines

the current subframe number N. In step 220, the UE determines if subframe N should be a
subframe where the D2D discovery signal should be sent according to the D2D discovery
configuration or the scheme adopted. If not, then the method 200 ends. If yes, then the UE
determines, in step 230, if the current subframe N isan uplink subframe. If yes, then in step 240,
the UE processes subframe N asaD2D discovery subframe. If not, then in step 250, the UE
treats the next uplink subframe following subframe N as a discovery subframe. Note that this

last step is optional, and may not be necessary for some embodiments.

[0044] Figure 5 shows abase station operation method 300 that may be used in any suitable
embodiment of the embodiments described above, for instance in the case of using the MBSFN
subframe for D2D discovery. The method 300 implies that the base station, e.g., an eNB, has
previously sent aD2D discovery configuration and aMBSFN configuration with no error, e.g.,
indicating that the D2D discovery subframe isaways on aMBSFN subframe. If that is not the
case, an operation similar to that in method 200 can also be implemented to determine where to
locate the D2D discovery subframe. In step 310 of the method 300, the eNB determines the
current DL subframe N. In step 320, the eNB determines if subframe N should be a subframe
where the D2D discovery signal is sent according to the D2D discovery configuration or the
scheme adopted. If not, then the method 300 ends. If yes, then in step 330, the eNB does not
schedule any transmission during the subframe. In step 340, the eNB configures subframe N as
D2D subframe.

[0045] Figure 6 shows abase station operation method 400 that may be used in any suitable
embodiment of the embodiments described above, for instance in the case of broadcasting (e.g.,
on aPBCH or SIB message) anew D2D discovery configuration every time anew TDD
configuration is selected. In step 410, the base station, e.g., communications controller or eNB,
decides to use anew D2D discovery configuration. In step 420, the eNB encodes anew SIB
message accordingly. In step 430, the eNB transmits the new SIB aswell asthe resource

allocation for transmitting this SIB.

[0046] Figure 7 shows a UE operation method 500 that may be used corresponding to the
operation method 400 of the base station, for instance in the case of broadcasting (e.g., on a
PBCH or SIB message) anew D2D discovery configuration every time anew TDD
configuration is selected. In step 510, the UE monitors the common PDCCH search space on
some subframes to determine if the SIB containing the new discovery allocation istransmitted.
If it is determined in step 520 that a SIB istransmitted, the UE decodes the SIB in step 530, and

the method 500 proceeds to step 540. Otherwise, the method 500 ends. If it is determined in
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step 540 that the SIB includes a new D2D discovery configuration, the UE switches to the new

discovery configuration in step 550. Otherwise, the UE continues to use the previous discovery

configuration in step 560.

[0047] Figure 8isablock diagram of an exemplary processing system 600 that can be used
to implement various embodiments. Specific devices may utilize al of the components shown,
or only a subset of the components and levels of integration may vary from device to device.
Furthermore, adevice may contain multiple instances of a component, such as multiple
processing units, processors, memories, transmitters, receivers, etc. The processing system 600
may comprise aprocessing unit 601 equipped with one or more input/output devices, such asa
network interfaces, storage interfaces, and the like. The processing unit 601 may include a
central processing unit (CPU) 610, amemory 620, a mass storage device 630, and an I/O
interface 660 connected to abus. The bus may be one or more of any type of several bus

architectures including a memory bus or memory controller, aperipheral bus or the like.

[0048] The CPU 610 may comprise any type of electronic data processor. The memory 620
may comprise any type of system memory such as static random access memory (SRAM),
dynamic random access memory (DRAM), synchronous DRAM (SDRAM), read-only memory
(ROM), acombination thereof, or the like. In an embodiment, the memory 620 may include
ROM for use a boot-up, and DRAM for program and data storage for use while executing
programs. In embodiments, the memory 620 is non-transitory. The mass storage device 630 may
comprise any type of storage device configured to store data, programs, and other information
and to make the data, programs, and other information accessible viathe bus. The mass storage
device 630 may comprise, for example, one or more of a solid state drive, hard disk drive, a

magnetic disk drive, an optical disk drive, or the like.

[0049] The processing unit 601 also includes one or more network interfaces 650, which
may comprise wired links, such asan Ethernet cable or the like, and/or wireless links to access
nodes or one or more networks 680. The network interface 650 allows the processing unit 601 to
communicate with remote units via the networks 680. For example, the network interface 650
may provide wireless communication via one or more transmitters/transmit antennas and one or
more receivergreceive antennas. In an embodiment, the processing unit 601 is coupled to a
local-area network or awide-area network for data processing and communications with remote

devices, such as other processing units, the Internet, remote storage facilities, or the like.

[0050] While severa embodiments have been provided in the present disclosure, it should

be understood that the disclosed systems and methods might be embodied in many other specific
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forms without departing from the spirit or scope of the present disclosure. The present examples

areto be considered asiillustrative and not restrictive, and the intention is not to be limited to the
details given herein. For example, the various elements or components may be combined or

integrated in another system or certain features may be omitted, or not implemented.

[0051] In addition, techniques, systems, subsystems, and methods described and illustrated
in the various embodiments as discrete or separate may be combined or integrated with other
systems, modules, techniques, or methods without departing from the scope of the present
disclosure. Other items shown or discussed as coupled or directly coupled or communicating
with each other may be indirectly coupled or communicating through some interface, device, or
intermediate component whether electrically, mechanically, or otherwise. Other examples of
changes, substitutions, and alterations are ascertainable by one skilled in the art and could be

made without departing from the spirit and scope disclosed herein.
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WHAT ISCLAIMED IS:

1 A method for device-to-device (D2D) discovery in time division duplexing (TDD)
communications, the method comprising:

selecting, a anetwork component, a TDD frame configuration from a set of available
TDD frame configurations;

sending, from the network component, an indicator of the TDD frame configuration to a
plurality of devices;

determining aD2D discovery configuration for a discovery time interval according tothe
TDD frame configuration; and

sending, from the network component to the plurality of devices, the D2D discovery
configuration,

wherein the D2D discovery configuration includes parameters relating to resources of
D2D discovery signals and transmission of the D2D discovery signas during the discovery time

interval.

2. The method of claim 1, wherein the discovery time interval corresponds to defined
symbols in adesignated subframe or multiple subframes of the set of available TDD frame

configurations.

3. The method of claim 2, and wherein the set of available TDD configurations includes
configurations 010 6,

wherein configuration 0 comprises corresponding subframes 0 and 5 on downlink
bandwidth, subframes 1 and 6 defined as special subframes including an uplink bandwidth
portion and a downlink bandwidth portion, and subframes 2, 3, 4, 7, 8, and 9 on uplink
bandwidth,

wherein configuration 1 comprises corresponding subframes 0, 4, 5, and 9 on downlink
bandwidth, subframes 1 and 6 defined as special subframes, and subframes 2, 3, 7, and 8 on
uplink bandwidth,

wherein configuration 2 comprises corresponding subframes 0, 3, 4, 5, 8and 9 on
downlink bandwidth, subframes 1 and 6 defined as specia subframes, and subframes 2, and 7 on
uplink bandwidth,

wherein configuration 3 comprises corresponding subframes 0, 5, 6, 7, 8and 9 on
downlink bandwidth, subframe 1 defined as a specia subframe, and subframes 2, 3, and 4 on
uplink bandwidth,
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wherein configuration 4 comprises corresponding subframes 0, 4, 5, 6, 7, 8and 9 on

downlink bandwidth, subframe 1 defined as a specia subframe, and subframes 2, and 3 on
uplink bandwidth,

wherein configuration 5 comprises corresponding subframes 0, 3, 4, 5, 6, 7, 8and 9 on
downlink bandwidth, subframe 1 defined as a special subframe, and subframe 2 on uplink
bandwidth, and

wherein configuration 6 comprises corresponding subframes 0, 5, and 9 on downlink
bandwidth, subframes 1 and 6 defined as special subframes, and subframes 2, 3, 4, 7 and 8 on
uplink bandwidth.

4. The method of claim 3, wherein, according to the D2D discovery configuration, the

transmissions of the D2D discovery signals are on the uplink bandwidth.

5. The method of claim 3, wherein, according to the D2D discovery configuration, the

transmissions of the D2D discovery signals are on the downlink bandwidth.

6. The method of claim 5, wherein the designated subframe is a common subframe on the

downlink bandwidth for all configurations in the set of available TDD configurations.

7. The method of claim 5, wherein the designated subframe is subframe 5 in the set of

available TDD configurations.

8. The method of claim 5, wherein the designated subframe is aMulticast-Broadcast Single
Freguency Network (MBSFN) subframe.

9. The method of claim 3, wherein the designated subframe is a special subframe in the set
of available TDD configurations, and comprising both an uplink bandwidth portion and a

downlink bandwidth portion of symbals.

10. The method of claim 9, wherein the designated subframe is subframe 1in the set of

available TDD configurations.

11. A method for device-to-device (D2D) discovery in time division duplexing (TDD)
communications, the method comprising:
receiving, a auser device, an indicator of a TDD frame configuration selected from a set

of available TDD frame configurations,
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receiving, at the user device, aD2D discovery configuration for a discovery time interval

in accordance with the TDD frame configuration;

allocating atransmissions resource to aD2D discovery signal within the discovery time
interval according tothe D2D discovery configuration;

transmitting, from the user device, the D2D discovery signa during the discovery time
interval; and

receiving, at the user device from another user device, a second D2D discovery signal
during the discovery time interval according to the TDD configuration and the D2D discovery

configuration.

12. The method of claim 11wherein, the indicator of the TDD frame configuration is

received via higher layer signaling.

13. The method of claim 11, wherein the discovery time interval corresponds to allocated
symbols in a designated subframe of multiple subframes of the set of available TDD frame
configurations, and wherein the D2D discovery signal istransmitted only using the allocated

symbols on the designated subframe.

14. The method of claim 13, and wherein the set of available TDD configurations includes
configurations 010 6,

wherein configuration O comprises corresponding subframes 0 and 5 on downlink
bandwidth, subframes 1 and 6 defined as special subframes including an uplink bandwidth
portion and a downlink bandwidth portion, and subframes 2, 3, 4, 7, 8, and 9 on uplink
bandwidth,

wherein configuration 1 comprises corresponding subframes 0, 4, 5, and 9 on downlink
bandwidth, subframes 1 and 6 defined as special subframes, and subframes 2, 3, 7, and 8 on
uplink bandwidth,

wherein configuration 2 comprises corresponding subframes 0, 3, 4, 5, 8and 9 on
downlink bandwidth, subframes 1 and 6 defined as specia subframes, and subframes 2, and 7 on
uplink bandwidth,

wherein configuration 3 comprises corresponding subframes 0, 5, 6, 7, 8and 9 on
downlink bandwidth, subframe 1 defined as a specia subframe, and subframes 2, 3, and 4 on
uplink bandwidth,
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wherein configuration 4 comprises corresponding subframes 0, 4, 5, 6, 7, 8and 9 on

downlink bandwidth, subframe 1 defined as a specia subframe, and subframes 2, and 3 on
uplink bandwidth,

wherein configuration 5 comprises corresponding subframes 0, 3, 4, 5, 6, 7, 8and 9 on
downlink bandwidth, subframe 1 defined as a special subframe, and subframe 2 on uplink
bandwidth, and

wherein configuration 6 comprises corresponding subframes 0, 5, and 9 on downlink
bandwidth, subframes 1 and 6 defined as special subframes, and subframes 2, 3, 4, 7 and 8 on
uplink bandwidth.

15. The method for claim 14, wherein, in accordance with the D2D discovery configuration,

the D2D discovery signa istransmitted only on the uplink bandwidth.

16. The method of claim 15, wherein the designated subframe is subframe 2 in the set of

available TDD configurations.

17. The method of claim 15, wherein the designated subframe is subframe 3 in configurations
0, 1, 3, 4, and 6 in the set of available TDD configurations.

18. The method of claim 15, wherein the designated subframe is subframe 7 in configurations
0, 1, 2, and 6 in the set of available TDD configurations.

19. The method for claim 14, wherein, in accordance with the D2D discovery configuration,

the D2D discovery signal istransmitted only on downlink bandwidth.

20. The method of claim 19, wherein the designated subframe is subframe O or 5in the set of

available TDD configurations.

21. The method of claim 19, wherein the designated subframe is a Multicast-Broadcast
Single Frequency Network (MBSFN) subframe.

22. The method of claim 14, wherein the designated subframe is a special subframe.

23. The method of claim 22, wherein the specia subframe comprises both an uplink portion

and a downlink portion of symbols, and wherein the method further comprises detecting the D2D
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discovery signal on the uplink bandwidth portion of the special subframe in accordance with the

D2D discovery configuration.

24. A network component for time division duplexing (TDD) communications, the network
component comprising:
a least one processor; and
a computer readable storage medium storing programming for execution by the at least one
processor, the programming including instructions to:
select a TDD frame configuration from a set of available TDD frame configurations;
send an indicator of the TDD frame configuration to a plurality of devices; and
determine aD2D discovery configuration for a discovery time interval according to the
TDD frame configuration; and
send, to the plurality of devices, the D2D discovery configuration,
wherein the D2D discovery configuration includes parameters relating to resources of
D2D discovery signals and transmission of the D2D discovery signals during the discovery time

interval.

25. The network component of claim 24, wherein the discovery time interval corresponds to
defined symbols in a designated subframe or multiple subframes of the set of available TDD

frame configurations.

26. The network component of claim 25, wherein, according tothe D2D discovery

configuration, the transmissions of the D2D discovery signals are on uplink bandwidth.

27. The network component of claim 25, wherein, according tothe D2D discovery

configuration, the transmissions of the D2D discovery signals are on downlink bandwidth.

28. The network component of claim 27, wherein the designated subframe is aMulticast-
Broadcast Single Frequency Network (MBSFN) subframe.

29. The network component of claim 25, wherein the designated subframe is a special
subframe comprising an uplink bandwidth portion and a downlink bandwidth portion, and
wherein, according to the D2D discovery configuration, the transmissions of the D2D discovery

signals are only on the uplink bandwidth portion or only on the downlink bandwidth portion.
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30. The network component of claim 24, wherein the network component is abase station.

31 A user device configured for device-to-device (D2D) and time division duplexing (TDD)
communications, the user device comprising:
at least one processor; and
a computer readable storage medium storing programming for execution by the at least one
processor, the programming including instructions to:
receive an indicator of a TDD frame configuration selected from a set of available TDD
frame configurations;
receive aD2D discovery configuration for a discovery time interval in accordance with
the TDD frame configuration;
allocate atransmissions resource to aD2D discovery signal within the discovery time
interval according tothe D2D discovery configuration;
transmit the D2D discovery signal during the discovery time interval; and
receive, from another user device, a second D2D discovery signa during the discovery

time interval according tothe TDD configuration and the D2D discovery configuration.

32. The user device of claim 31, wherein the discovery time interval corresponds to alocated
symbols in a designated subframe of multiple subframes of the set of available TDD frame
configurations, and wherein the instructions to transmit the D2D discovery signal include
instructions to transmit the D2D discovery signal only using the allocated symbols on the

designated subframe.
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