wO 2016/010644 A1 |[IN I/ N0FV0 0 00O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/010644 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

21 January 2016 (21.01.2016) WIPO I PCT
International Patent Classification: (81)
HO04W 72/04 (2009.01)
International Application Number:

PCT/US2015/034121

International Filing Date:
4 June 2015 (04.06.2015)

Filing Language: English
Publication Language: English
Priority Data:

62/025,927 17 July 2014 (17.07.2014) US
14/729,753 3 June 2015 (03.06.2015) US

Applicant: QUALCOMM INCORPORATED [US/US];
ATTN: International IP Administration, 5775 Morehouse
Drive, San Diego, California 92121-1714 (US).

Inventors: LI, Qiao; 5775 Morehouse Drive, San Diego,
California 92121-1714 (US). TAVILDAR, Saurabha,
Rangrao; 5775 Morehouse Drive, San Diego, California
92121-1714 (US).

Agent: KARREN, J. Scott; Holland & Hart LLP, P.O.
Box 11583, Salt Lake City, Utah 84147 (US).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: TYPE 1 AND TYPE 2 HOPPING FOR DEVICE-TO-DEVICE COMMUNICATIONS

400

oo s el e o] s s o

420

ULl
425h

N\

UEL
425-¢

§
.

FIG. 4

(57) Abstract: Methods, systems, and devices are described for coordinating a device to device (D2D) hopping scheme with a wide
area network (WAN) hopping scheme. In one aspect, a method may include identifying, by a base station, a WAN frequency hop-
ping scheme. The base station may coordinate a D2D frequency hopping scheme a D2D enabled user equipment (UE) with the iden -
tified WAN frequency hopping scheme, and communicate the D2D frequency hopping scheme to the D2D enabled UE. In one as -
pect, the D2D frequency hopping pattern may apply to retransmissions between two D2D enabled UEs. Another method may include
receiving, by a D2D enabled UE, a D2D frequency hopping scheme from a base station, where the D2D frequency hopping scheme
is coordinated with a WAN frequency hopping scheme. The D2D enabled UE may transmit at least one message to a second D2D
enabled UE according to the D2D frequency hopping scheme.
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TYPE 1 AND TYPE 2 HOPPING FOR DEVICE-TO-DEVICE COMMUNICATIONS

CROSS REFERENCES
[0001] The present Application for Patent claims priority to U.S. Patent Application No.
14/729,753 by Li et al., entitled “Type 1 and Type 2 Hopping for Device-to-Device
Communications,” filed June 03, 2015, and U.S. Provisional Patent Application No.
62/025,927 by Li et al., entitled “Type 1 and Type 2 Hopping for Device-to-Device

Communications,” filed July 17, 2014; each of which is assigned to the assignee hereof.

FIELD OF THE DISCLOSURE
[0002] The following relates generally to wireless communication, and more specifically to
coordinating re-transmission schemes for device to device (D2D) communications in a wide

arca network (WAN).

DESCRIPTION OF RELATED ART
[0003] Wireless communications systems are widely deployed to provide various types of
communication content such as voice, video, packet data, messaging, broadcast, and so on.
These systems may be multiple-access systems capable of supporting communication with
multiple users by sharing the available system resources (e.g., time, frequency, and power).
Examples of such multiple-access systems include code-division multiple access (CDMA)
systems, time-division multiple access (TDMA) systems, frequency-division multiple access

(FDMA) systems, and orthogonal frequency-division multiple access (OFDMA) systems.

[0004] Generally, a wireless multiple-access communications system may include a
number of base stations, each simultaneously supporting communication for multiple mobile
devices or user equipments (UEs). Base stations may communicate with UEs on downstream
or forward links and on upstream or uplinks. Each base station has a coverage range, which

may be referred to as the coverage area of the cell.

[0005] Multiple UEs connected to a WAN or other networks may transmit data or control
information on the uplink to a serving base station at the same time, which may cause inter-

cell or intra-cell interference. WANSs may utilize different types of frequency hopping



WO 2016/010644 PCT/US2015/034121
2

techniques or schemes to reduce the inter-cell and intra-cell interference for data transmission

or retransmission.

[0006] Some UEs may also be configured to communicate with other UEs via D2D
communication protocols. The transmission or retransmission techniques utilized for D2D
communications may conflict, and thus cause interference with the inter-cell or intra-cell

frequency hopping implemented in the WAN.

SUMMARY
[0007] The described features generally relate to one or more improved systems, methods,
or apparatuses for coordinating D2D frequency hopping schemes with WAN frequency
hopping schemes. More particularly, some examples are directed to coordinating D2D

retransmissions with WAN HARQ transmissions.

[0008] In one aspect, a method of wireless communication may include identifying, by a
base station, a wide area network (WAN) frequency hopping scheme. The method may
further include coordinating a device to device (D2D) frequency hopping scheme for at least
one D2D enabled user equipment (UE) with the identified WAN frequency hopping scheme,
and communicating the D2D frequency hopping scheme to the at least one D2D enabled UE.
In some cases, coordinating the D2D frequency hopping scheme with the WAN frequency
hopping scheme may include configuring the D2D frequency hopping scheme to reduce
interference with the WAN frequency hopping scheme. In some aspects, the WAN
frequency hopping scheme may include a fixed offset signaled via a Physical Downlink
Control Channel (PDCCH) for every other transmission of a Hybrid Automatic Repeat
Request (HARQ) process.

[0009] In some examples, coordinating the D2D frequency hopping scheme with the WAN
frequency hopping scheme may include utilizing a first offset for even transmissions, wherein
cach even transmission is transmitted an even number of subframes after a first transmission,
and utilizing a second offset for odd transmissions. In some implementations, the second
offset may be set to zero. Communicating the D2D frequency hopping scheme to the at least
one D2D enabled UE may include transmitting at least one of the first offset, or the second
offset, or both, via the PDCCH. At least one of the fixed offset, or the first offset, or the

second offset, or a combination thereof may include a number of resource blocks. In certain
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aspects, the method may include identifying a set of resources specific to D2D
communications, wherein the D2D frequency hopping scheme is based at least in part on the

identified set of resources.

[0010] In some cases, the WAN frequency hopping scheme may include a cell specific
hopping and mirroring scheme. In this scenario, coordinating the D2D frequency scheme
with the WAN frequency hopping scheme may include associating a cell identification (ID)
of the base station with the D2D frequency hopping scheme. Communicating the D2D
frequency hopping scheme to the at least one D2D enabled UE may include transmitting a
D2D scheduling grant via the PDCCH to the at least one D2D enabled UE. In some cases,
the D2D scheduling grant may include instructions instructing the D2D enabled UE to
transmit the cell ID to a second D2D enabled UE not associated with the cell ID.

[0011] In some aspects, communicating the D2D frequency hopping scheme to the at least
one D2D enabled UE may include transmitting a D2D scheduling grant to the at least one
D2D enabled UE specifying a first resource to transmit the scheduling assignment. The D2D
scheduling grant may include instructions instructing the D2D enabled UE to transmit the cell
ID to a second D2D enabled UE not associated with the cell ID. In this scenario, the first

resource may implicitly indicate the cell ID.

[0012] In some examples, the WAN frequency hopping scheme may include a cell specific
hopping and mirroring scheme, such that coordinating the D2D frequency hopping scheme
with the WAN frequency hopping scheme includes determining a subset of resources for the
D2D frequency hopping scheme based on resources for the WAN frequency hopping scheme.
In some cases, communicating the D2D frequency hopping scheme to the at least one D2D
enabled UE may include transmitting an indication of the subset of resources for the D2D
frequency hopping scheme to the at least one D2D enabled UE. The indication of the subset
of resources may include a low resource block threshold or a high resource block threshold,
or both. In some cases, the WAN frequency hopping scheme may apply to uplink
transmissions. Additionally or alternatively, the WAN frequency hopping scheme may

utilize HARQ.

[0013] In another aspect, a method of wireless communication may include receiving, by a
D2D enabled UE, a D2D frequency hopping scheme from a base station associated with a
WAN. The D2D frequency hopping scheme may be coordinated with a WAN frequency
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hopping scheme. The method may further include transmitting at least one message to a
second D2D enabled UE according to the D2D frequency hopping scheme. In some cases,

the at least one message may include a scheduling assignment.

[0014] In some examples, the D2D frequency hopping scheme may include a first offset to
be applied for even transmissions, wherein each even transmission is transmitted an even
number of subframes after a first transmission. In some cases, the D2D frequency hopping

scheme may additional include a second offset to be applied for odd transmissions.

[0015] In some cases, the WAN frequency hopping scheme may include a cell specific
hopping and mirroring scheme. In this scenario, the D2D frequency hopping scheme may be
associated with a cell ID, which is further associated with the WAN frequency hopping
scheme. The method may further include determining resources for transmitting the at least
one D2D message based on the WAN frequency hopping scheme. Additionally, the at least
one D2D message may be transmitted on a first resource, with the first resource implicitly

indicating the cell ID.

[0016] In other cases, where WAN frequency hopping scheme may include a cell specific
hopping and mirroring scheme and the D2D frequency hopping scheme may include a low
resource block threshold or a high resource block threshold. In this scenario, the method may
additionally include determining resources for transmitting the at least one D2D message

based on the low resource block threshold or the high resource block threshold.

[0017] In another aspect, a base station may include means for identifying a WAN
frequency hopping scheme, and means for coordinating a D2D frequency hopping scheme for
at least one D2D enabled UE with the identified WAN frequency hopping scheme. The base
station may additionally include means for communicating the D2D frequency hopping

scheme to the at least one D2D enabled UE.

[0018] In another aspect, a UE may include means for receiving a D2D frequency hopping
scheme from a base station associated with a WAN. The D2D frequency hopping scheme
may be coordinated with a WAN frequency hopping scheme. The UE may further include
means for transmitting at least one message to a second D2D enabled UE according to the

D2D frequency hopping scheme.
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[0019] In yet another aspect, a base station may include a WAN frequency hopping module
to identify a WAN frequency hopping scheme. The base station may additionally include a
D2D frequency hopping module to coordinate a D2D frequency hopping scheme for at least
one D2D enabled UE with the identified WAN frequency hopping scheme. The base station
may further include a transmitter to communicate the D2D frequency hopping scheme to the

at least one D2D enabled UE.

[0020] In one aspect, a UE may include a D2D frequency hopping determination module to
receive a D2D frequency hopping scheme from a base station associated with a WAN, where
the D2D frequency hopping scheme is coordinated with a WAN frequency hopping scheme.
The UE may additionally include a transmitter to transmit at least one message to a second

D2D enabled UE according to the D2D frequency hopping scheme.

[0021] In some examples, a non-transitory computer-readable medium may store
computer-executable code for wireless communication. The code may be executable by a
processor of a base station to identify a WAN frequency hopping scheme and to coordinate a
D2D frequency hopping scheme for at least one D2D enabled UE with the identified WAN
frequency hopping scheme. The code may further be executable by the processor to
communicate the D2D frequency hopping scheme to the at least one D2D enabled UE.

[0022] In some examples, a non-transitory computer-readable medium may store
computer-executable code for wireless communication. The code may be executable by a
processor of a D2D enabled UE to receive a D2D frequency hopping scheme from a base
station associated with a WAN, where the D2D frequency hopping scheme is coordinated
with a WAN frequency hopping scheme. The code may further be executable by the
processor to transmit at least one message to a second D2D enabled UE according to the D2D

frequency hopping scheme.

[0023] Further scope of the applicability of the described methods and apparatuses will

become apparent from the following detailed description, claims, and drawings. The detailed
description and specific examples are given by way of illustration only, since various changes
and modifications within the scope of the description will become apparent to those skilled in

the art.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0024] A further understanding of the nature and advantages of the present disclosure may
be realized by reference to the following drawings. In the appended figures, similar
components or features may have the same reference label. Further, various components of
the same type may be distinguished by following the reference label by a dash and a second
label that distinguishes among the similar components. If only the first reference label is
used in the specification, the description is applicable to any one of the similar components

having the same first reference label irrespective of the second reference label.
[0025] FIG. 1 shows a block diagram of a wireless communications system;

[0026] FIG. 2 shows a block diagram of an exemplary wireless communications system

including a first UE in communication with a base station and a second UE;

[0027] FIG. 3A shows a block diagram of communication resources including one

subframe divided into multiple resource blocks;

[0028] FIG. 3B shows another block diagram of communication resources including two

slots of one subframe divided into multiple resource blocks;

[0029] FIG. 4 shows a block diagram of an example coordination of communications

resources utilized by three WAN UEs and a D2D enabled UE;

[0030] FIG. 5 shows a block diagram of another example coordination of communications

resources utilized by four WAN UEs and a D2D enabled UE;

[0031] FIG. 6 shows a block diagram of another example coordination of communications

resources utilized by four WAN UEs and a D2D enabled UE;

[0032] FIG. 7 is a block diagram of a device for coordinating a D2D frequency hopping
scheme with a WAN frequency hopping scheme;

[0033] FIG. 8 is a block diagram of a device for communicating with an inter-cell D2D

enabled UE according to a received D2D frequency hopping scheme;

[0034] FIG. 9 is a block diagram of a base station for coordinating a D2D frequency
hopping scheme with a WAN frequency hopping scheme;

[0035] FIG. 10 is a block diagram of a D2D enabled UE for communicating with an inter-
cell D2D enabled UE via a received D2D frequency hopping scheme; and
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[0036] FIGs. 11-12 illustrate flowcharts of methods for coordinating D2D frequency
hopping with WAN frequency hopping.

DETAILED DESCRIPTION
[0037] The described features generally relate to one or more improved systems, methods,
or apparatuses for coordinating device to device (D2D) frequency hopping schemes with
wide area network (WAN) frequency hopping schemes. In one aspect, a base station, which
may be associated with a WAN, may identify a WAN frequency hopping scheme. The base
station may coordinate a D2D frequency hopping scheme for at least one D2D enabled user
equipment (UE) with the identified WAN frequency hopping scheme. The base station may
then communicate the D2D frequency hopping scheme to the D2D enabled UE. The WAN
may coordinate or configure the D2D frequency hopping scheme to reduce interference with
the WAN frequency hopping scheme. In some examples, the described techniques may be
applied to coordinating uplink D2D retransmissions with uplink WAN Hybrid Automatic

Repeat Request (HARQ) transmissions/retransmissions.

[0038] In one aspect, the WAN frequency hopping scheme may include using a fixed
frequency offset for every other retransmission in a HARQ process (type 1 frequency
hopping). In FDD systems, HARQ transmissions/retransmissions may occur every 8th
subframe. The D2D UE, on the other hand, may use a randomized
transmission/retransmission scheme that may potentially interfere or conflict (overlap) with
the resources used by the WAN frequency hopping scheme. In this scenario, coordinating the
D2D frequency hopping scheme may include setting a first frequency offset for
retransmissions of a control block over even numbered subframes after the first transmission
of the same control block. Similarly, a second frequency offset may be set for odd numbered
retransmissions. In some cases, the second offset may be set to zero. In this way,
interference due to overlapping resources used for WAN HARQ transmissions and D2D

transmissions may be reduced.

[0039] In one aspect, the WAN frequency hopping scheme may include using cell-specific
frequency hopping and mirroring (type 2 frequency hopping). As in the type 1 case, D2D
transmissions/retransmissions may interfere with type 2 WAN frequency hopping schemes.
To avoid/reduce this interference, the WAN base station may associate a cell identification

(ID) with a D2D frequency hopping scheme. The D2D frequency hopping scheme may be
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generated by the same random or pseudo random number generator seed as the WAN
frequency hopping scheme. The base station may communicate the cell ID/D2D frequency
hopping scheme to the D2D UE, for example in a scheduling grant over the Physical
Downlink Control Channel (PDCCH). The D2D UE may then communicate the cell ID
(which is associated with the D2D frequency hopping scheme) to another D2D UE, for
instance, that is not associated with the same cell, in a scheduling assignment (either
explicitly or implicitly). In this way, communications of the D2D UE with an inter-cell D2D

UE may be coordinated with the WAN frequency hopping scheme to reduce interference.

[0040] In yet one aspect, coordinating a D2D frequency hopping scheme with a type 2
WAN frequency hopping scheme may include determining a subset of available resources
and reserving those resources for D2D transmissions/retransmissions. That is, resources
(e.g., time and frequency) may be specifically allocated for, or assigned to, D2D
communications (i.e., some resources may be D2D-specific resources). The subset of
resources may be defined by a low resource block threshold, a high resource block threshold,
or both. The subset of resources may be communicated to the D2D UE(s) and other devices
associated with the WAN to enable coordination and thus reduce interference between D2D
and WAN communications. In some examples, a base station may associate a D2D
frequency hopping scheme with D2D-specific resources. That is, the D2D frequency

hopping scheme may be specific to the resources allocated or reserved for D2D use.

[0041] The WAN base station may communicate a D2D frequency hopping scheme to a
D2D UE in the form of one or more instructions. The D2D UE may then transmit one or
more messages (e.g., a scheduling assignment) to another D2D UE according to the D2D
frequency hopping scheme. In some examples, the base station may communicate the
resources that are specifically allocated for D2D communications to the D2D UE. In certain
aspects, the base station may communicate the D2D-specific resources and the associated

D2D frequency hopping scheme to the D2D UE.

[0042] Thus, the following description provides examples, and is not limiting of the scope,
applicability, or configuration set forth in the claims. Changes may be made in the function
and arrangement of elements discussed without departing from the spirit and scope of the
disclosure. Various examples may omit, substitute, or add various procedures or components

as appropriate. For instance, the methods described may be performed in an order different
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from that described, and various steps may be added, omitted, or combined. Also, features

described with respect to certain examples may be combined in other examples.

[0043] Referring first to FIG. 1, a block diagram illustrates an example of a wireless
communications system 100. The wireless communications system 100 includes base
stations (or cells) 105, user equipments (UEs) 115, and a core network 130. The base stations
105 may communicate with the UEs 115 under the control of a base station controller, which
may be part of the core network 130 or the base stations 105 in various examples. Base
stations 105 may communicate control information or user data with the core network 130
through backhaul 132. In some examples, the base stations 105 may communicate, either
directly or indirectly, with each other over backhaul links 134, which may be wired or
wireless communication links. The wireless communications system 100 may support
operation on multiple carriers (waveform signals of different frequencies). Multi-carrier
transmitters may transmit modulated signals simultancously on the multiple carriers. For
example, each communication link 125, between a base station 105 and UE 115, or
communication link 126, between two UEs 115, may be a multi-carrier signal modulated
according to the various radio technologies described above. Each modulated signal may be
sent on a different carrier and may carry control information (e.g., reference signals, control

channels, etc.), overhead information, data, etc.

[0044] The base stations 105 may wirelessly communicate with the UEs 115 via one or
more base station antennas. Each of the base station 105 sites may provide communication
coverage for a respective coverage area 110. In some examples, a base station 105 may be
referred to as a base transceiver station, a radio base station, an access point, a radio
transceiver, a basic service set (BSS), an extended service set (ESS), a NodeB, an evolved
NodeB (eNodeB or eNB), a Home NodeB, a Home eNodeB, or some other suitable
terminology. The coverage area 110 for a base station may be divided into sectors making up
only a portion of the coverage area. The wireless communications system 100 may include
base stations 105 of different types (e.g., macro, micro, or pico base stations). There may be

overlapping coverage areas for different technologies.

[0045] In some examples, the wireless communications system 100 may be an LTE/LTE-A
network, wide area network (WAN), etc. In LTE/LTE-A networks, the terms evolved Node
B (eNB) may be generally used to describe the base stations 105. The wireless

communications system 100 may be a Heterogeneous LTE/LTE-A network in which
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different types of eNBs provide coverage for various geographical regions. For example,
cach eNB 105 may provide communication coverage for a macro cell, a pico cell, a femto
cell, or other types of cell. A macro cell generally covers a relatively large geographic area
(e.g., several kilometers in radius) and may allow unrestricted access by UEs with service
subscriptions with the network provider. A pico cell may generally cover a relatively smaller
geographic area and may allow unrestricted access by UEs with service subscriptions with
the network provider. A femto cell may also generally cover a relatively small geographic
area (e.g., a home) and, in addition to unrestricted access, may also provide restricted access
by UEs having an association with the femto cell (e.g., UEs in a closed subscriber group
(CSQG), UEs for users in the home, and the like). An eNB for a macro cell may be referred to
as a macro eNB. An eNB for a pico cell may be referred to as a pico eNB. And, an eNB for
a femto cell may be referred to as a femto eNB or a home eNB. An eNB may support one or

multiple (e.g., two, three, four, and the like) cells.

[0046] The core network 130 may communicate with the eNBs 105 via a backhaul 132
(e.g., S1, etc.). The eNBs 105 may also communicate with one another (e.g., directly or
indirectly) via backhaul links 134 (e.g., X2, etc.) or via backhaul 132 (e.g., through core
network 130). The wireless communications system 100 may support synchronous or
asynchronous operation. For synchronous operation, the eNBs may have similar frame
timing, and transmissions from different eNBs may be approximately aligned in time. For
asynchronous operation, the eNBs may have different frame timing, and transmissions from
different eNBs may not be aligned in time. The techniques described herein may be used for

either synchronous or asynchronous operations.

[0047] The UEs 115 may be dispersed throughout the wireless communications system
100, and each UE may be stationary or mobile. A UE 115 may also be referred to by those
skilled in the art as a mobile station, a subscriber station, a mobile unit, a subscriber unit, a
wireless unit, a remote unit, a mobile device, a wireless device, a wireless communications
device, a remote device, a mobile subscriber station, an access terminal, a mobile terminal, a
wireless terminal, a remote terminal, a handset, a user agent, a mobile client, a client, or some
other suitable terminology. A UE 115 may be a cellular phone, a personal digital assistant
(PDA), a wireless modem, a wireless communication device, a handheld device, a tablet

computer, a laptop computer, a cordless phone, a wireless local loop (WLL) station, or the
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like. A UE may be able to communicate with macro eNBs, pico eNBs, femto ¢eNBs, relays,

and the like.

[0048] In some cases, a UE 115 may operate within the coverage areas 110 of more than
one base station 105. A UE 115 may also operate within the coverage area 110 of a single
base station 105. In cither case, various UEs 115 may be within close enough proximity to

communicate directly via D2D communications.

[0049] The communication links 125 shown in wireless communications system 100 may
include uplink (UL) transmissions from a UE 115 to a base station 105, or downlink (DL)
transmissions, from a base station 105 to a UE 115. The downlink transmissions may also be
called forward link transmissions while the uplink transmissions may also be called reverse
link transmissions. In some cases, communication links 126 may support device to device

(D2D) communications between UEs 115.

[0050] In some instances, interference may occur between D2D communications over
link(s) 126 and uplink communications over link(s) 125. For example, wireless
communications system 100, which may also be called a WAN, or base station 105 of WAN
100 may implement a WAN frequency hopping scheme for communications over links 125,
particularly for retransmissions according to a HARQ process. The WAN frequency hopping
scheme may conflict with D2D communications between two UEs 115 over links 126, thus
causing interference and degrading communication performance (e.g., throughput, error

correction, etc.).

[0051] Referring to FIG. 2, a block diagram illustrates an example of a wireless
communications system 200. The wireless communications system 200, which may be an
example of wireless communications system 100 described in reference to FIG. 1, includes
two D2D enabled UEs 115-a and 115-b and a base station 105-a. D2D UE 105-a may
communicate with base station 105-a over link 125-a and with UE 115-b over link 126-a.
UEs 115-a and 115-b or base station 105-a may be examples of UEs 115 or base stations 105

described in reference to FIG. 1.

[0052] In some examples, base station 105-a may implement a frequency hopping scheme
or sequence for communications across link 125-a with UE 115-a. The frequency hopping
scheme may be a type 1 hopping scheme (fixed frequency offset for transmissions) or a type

2 hopping scheme (cell specific hopping and mirroring), or other types of hopping schemes.
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In some cases, type 1 WAN frequency hopping may provide for hopping with limited
resource options, whereas type 2 WAN frequency hopping may provide for better diversity
due to sub-band hopping and mirroring operations. Type 2 hopping may provide for better
inter-cell interference management. In yet some cases, both type 1 and type 2 are limited by
resource allocation constraints, as both are limited by the size of resource allocation field in
DCI format 0. Additionally, the maximum number of RBs for a single user for type 2

hopping is further limited by the size of a sub-band.

[0053] In order to reduce signaling overhead for the retransmissions of UE 115-a, the
retransmissions of UE 115-a may assume synchronous operation (e.g., fixed timing across a
cell served by base station 105) with automatic scheduling of retransmissions every fixed

number of subframes (e.g., 8 subframes).

[0054] In some examples, the frequency hopping scheme may be applied to uplink
communications from the UE 115-a over links 125-a, such as for HARQ retransmissions
when a first transmission over link 125-a fails (e.g., when an acknowledgment (ACK)
message 1s not received by the UE 115-a). HARQ retransmissions by the UE 115-a may
occur at set intervals after the first (original) transmission is sent. For example, in FDD

systems, the interval may be every 8th subframe.

[0055] In some cases, the UE 115-a may concurrently communicate with base station 105-a
over link 125-a and UE 115-b over link 126-a. The UE 115-a may communicate with UE
115-b over link 126-a via D2D communication protocols, which may be different than WAN
communication protocols used by the UE 115-a to communicate with base station 105-a over
link 125-a. In particular, D2D frequency hopping schemes for retransmissions may be
random or pseudo random. This may result in interference between WAN HARQ

retransmissions over link 125-a and D2D retransmissions over link 126-a.

[0056] In order to mitigate this interference, the base station 105-a may coordinate a D2D
frequency hopping scheme with a WAN frequency hopping scheme. The base station 105-a
may communicate the D2D frequency hopping scheme to the UE 115-a via control signaling
over link 125-a (e.g., using the PDCCH). In this way, the UE 115-a may communicate with
UE 115-b over link 126-a without causing unavoidable interference with WAN
communications, and particularly uplink HARQ transmissions from UE 115-a and other UEs

115 (not shown) communicating with base station 105-a.



WO 2016/010644 PCT/US2015/034121
13

[0057] Referring to FIGs. 3A and 3B, block diagrams illustrates communication resources
300-a and 300-b including one subframe 305 divided into resource blocks that may be used
by a UE 115 for communicating with one or more UEs 115 or base stations 105 on the
uplink, as described in reference to FIGs. 1 or 2. Each subframe 305 may be approximately 1
millisecond (ms) in duration, and 10 subframes may make up a radio frame. Each subframe

305 voay include two slots, 310, 315, Each radio frame roay thus mclude 20 slots.

[0058] LTE utilizes orthogonal frequency division multiplexing {OFDM) on the downlink
and single-carrier frequency division multiplexing (SC-FDM) on the uplink. OFDM and SC-
FDM partition the systern bandwidth into multiple orthogonal subcarviers, which are also
commonly referred to as tones, bins, cte. Each subcarrier may be modulated with data. In
general, modulation syrbols are sent in the frequency domain with OFDM and 1o the time
domatn with SC-FDM. The spacing between adjacent subcarriers may be fixed, and the total
number of subcarricrs raay be dependent on the system bandwidth. For example, the number
of subcarriers may be equal to 128, 256, 512, 1024 or 2048 for system bandwidth of 1.25,

2.5, 5, 10 or 20 MHz, respectively.

[0059] Resource blocks 320-a, 320-b may be defined n cach slot 310, 315, Each resource
block may cover multiple subcarriers (e.g., 12 subcarriers) in one slot 310, 315, The number
of resource blocks 1 cach slot may be dependent on the system bandwidth and may range
from 6 to 110, The resource blocks may also be referred to as physical resource blocks
{PRBs). Multiple subbands (not shown) including one or more PRBs may also be defined,

where the mumber of subbands may be dependent oun the system bandwidth.
[0060] Referring 1o particular to resources 300-a of FIG. 3A, roultiple resource blocks 320
numbered npry = 0 t0 My, = Ny —1 of subframe 305 are shown. Each resource block 320

may be partitioned by slot, such as m=0 through m=3. The physical resource mapping for

cach slot 310, 315 of resource block 300-a may be represented by:

L%J if (m+n, mod 2)mod 2 =0
Pprp = -
N ¥ —1—L7J if (m +n,mod 2)mod 2 =1
" prB Physical resource block number
where

n, Slot number within a radio frame
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[0061] Referring now to resources 300-b of FIG. 3B, a frequency hopping pattero may be
repeated across subframes in a radio frame for the same resource index. The hopping pattern
may be carried out over the Physical Uplink Control Channel (PUCCH), and may include
multiple PUCCH formats, such as 1/1a/1b, 2/2a/2b, 3, ¢tc. For exarple, generally each

resource block per slot may be represented by:

©) . 1,7) (1) / APUCCH
Ny if ngjeey <c-Ng /Ashlﬁ
m= 1,7) (1) / A\APUCCH 6y}
nPUCCH —C- N /Ashlﬁ + N(Z) + Ncs OtherWise
RB / A PUCCH RB 8
shift

where size VR {in resource blocks (RBs)) is specified by higher layers, and the PUCCH

. RS . . . o 4o e .
resource fndex MputicH s given by higher layers for periodic CSI reporting.

[0062] For PUCCH formats 2/2a/2b, each resource block may be mapped on band-edge

RBs (m=0,1), where m may be re ted by
L S /N2

[0063] For PUCCH formats 1/1a/tb mixed with formats 2/2a/2b {m=2), m may be

represented by:

@ e, 0D) (1) PUCCH
= Ngg  if npgeey < / At
In some cases, multiplexing may be performed by applying different cyclic time shifts to

formats 1/1a/1b and 2/2a/2b. For example, with 12 shifts, Neg' & {0 L T are assigned to

; \»‘\U ;A PUCOH { & (‘}% L
format 1/1a/1b, resulting in N "‘*E‘S,,u::’s. ossible shifts, where 3’ L{LEAE 1
g p

sore cases, both pararocters may be provided by higher layers. A pov-muixed region muay be
et R
allocated if ¥os” == U In addition, for each time shift, a parameter ¢ representing a number of

tirne domain orthogonal spreading codes for multiplexing {also corresponding to the nurber

o~ . . e FAE Rt R
of reference syrmbols per slot) may be chosen resulting in a total of ©* shift  possible

resource indices for format 1/1a/1b.



WO 2016/010644 PCT/US2015/034121
15

[0064] For PUCCH formats 1/1a/1b (e.g., not mixed with formats 2/2a/2b) (m=3, 4, or 5),

m may be represented by:

a1,p) (€8] PUCCH (€8]
m= nPUCCH —C- Ncs Ashift + N(Z) + Ncs
. NRB APUCCH RB
c sc shift

In some cases, the calculation of the number of indices may be the same as the mixed case

described above, with all 12 shifts applied. e may be determined for semi-persistent
scheduled downlink data transmissions over the Physical Downlink Shared Channel

(PDSCH) by a higher layer. For dynamic downlink data transmissions (including HARQ

-

. . . b LB . . . .
retransmissions for semi-persistent data), "*#u<cH may be determined implicitly based on

the index of the first CCE of the PDCCH message.

[0065] For PUCCH format 3, such as for multiple acknowledgement/negative
acknowledgements (ACK/NACKS) for carrier aggregation, m may be represented by:

ey PUCCHJ
m = [ Npiicen / N SF,0

where NfFLf()C CHrepresents a number of non-reference symbols in the first slot of a subframe

(which may also correspond to the number of orthogonal spreading codes).

[0066] Referring to FIG. 4, a block diagram illustrates uplink communication resources
400 divided into 0 through 49 resource blocks (RBs) 405 and multiple subframes represented
by index i 410. Resources 400 may be examples of one or more aspects of resources 300-a or
300-b described in reference to FIGs. 3A or 3B. Resources 400 may be used for uplink
communications, such as over links 125, 126 by a UE 115 (e.g., UE 115-a of FIG. 2), with
base station(s) 105 (e.g., base station 105-a of FIG. 2), or communications with UE(s) 115
(e.g., UE 115-b of FIG. 2), as described above in reference to FIGs. 1 or 2.

[0067] As illustrated, resources 415 and 420 (corresponding to RBs 0-2 and 47-49) may be
reserved for communication over the PUCCH, such as for control information, etc.; however,
it should appreciated that other RBs 405 may be reserved or utilized for the PUCCH.
Additionally, RBs 0-49 may represent one subband, with RBs 3-46 representing PUSCH
resources. However, it should be appreciated that any other number of RBs 405 are

contemplated herein, and the RBs 405 may be divided into any number of subbands. In the



WO 2016/010644 PCT/US2015/034121
16

example illustrated, resources 400 are utilized by three UEs 115 and a D2D UE. For
example, UE1 may assigned to transmit on the uplink at resources 425, UE2 at 430, and UE3

at 435. D2D UE transmissions may be scheduled on resources 440.

[0068] A serving base station 105 may assign particular resources to each of UE1 through
UE3 and may define a WAN frequency hopping pattern for such transmissions (e.g. for
uplink transmissions to the base station 105). In some cases, a transmission from any of UEs
1-3 may fail such that the same information (e.g., packet, code block, etc.) may need to be
retransmitted. In some cases, retransmission may be scheduled according to a HARQ
process, such that retransmissions occur at a given interval of subframes after the first failed
transmission (e.g., when no ACK is received). For example, in FDD systems, the interval

may be set at 8 subframes.

[0069] Base station 105 may instruct UEs 1-3 to utilize a fixed frequency offset for every
other retransmission for HARQ, to improve transmission diversity and reduce interference.
This may correspond to type 1 hopping. The first time slot (which may represent a subframe
410 as shown in FIG. 4 or a slot, such as 310, 315 of FIGs. 3A and 3B) may be represented
by:

S1 . ~S1 . 7 HO s M A FarHEY By
nppg () = fipgs () + Nep /2 (pere NS s MR+ (VR mod 2)

and
nprs (1) = RBspupr  (obtained from uplink scheduling grant)
where \‘51«3’}3 is equal to the PUSCH hopping offset determined by the higher layers.
The second time slot may be determined by applying the fixed offset:
Hpp (i) = ipgg (i) + Ny /2

and may be according to the following relationship:
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Type 2 PUSCH Haopping

~
SFwe-Et v .en N mrremrr

S s F=AP \ LT
Es] W7 f4 L + iR (D) tmod Nz

&

01

H Type 2 FUSCH Hopping

For inter-subframe hopping, the above may be applied the to even and odd transmissions.

[0070] For example, UE1 may transmit on RBs 5-7 in subframe 0 at 425-a. After
determining that transmission 425-a was not properly received, UE1 may then be instructed
to retransmit at RBs 26-29 in subframe 8 at 425-b. This retransmission may be according to a
fixed offset of 22 RBs; however, it should be appreciated that other frequency offsets may be
utilized. If the retransmission fails again, UE1 may be instructed to retransmit over RBs 4-7
in subframe 16 at 425-c, and so forth. UEs 2 and 3 may be instructed to follow the same
retransmission hopping pattern (e.g., 22 RB offset for every other transmission), but starting
at different RBs (e.g., UE2 at RBs 11-20 in subframe 0 at 430-a and UE3 at RBs 35-41 in
subframe 1 at 435-a).

[0071] To coordinate a D2D frequency hopping pattern for retransmissions with the type 1
WAN frequency hopping described above, the base station 105 may instruct the D2D UE to
apply a first offset on even numbered subframes after the first transmission 440-a and apply a
second offset on odd numbered subframes after the first transmissions 440-a. In some cases,
the second offset may be set to zero RBs. Because D2D retransmission schemes are
generally not synchronized as HARQ retransmission schemes, D2D retransmissions may
occur on a more random basis such that retransmissions may occur at any number of
subframes after a first transmission 440-a. A base station 105 may determine the D2D
frequency hopping scheme and communicate the scheme to the D2D UE. In this way,
interference/conflicts on RBs may be reduced between WAN HARQ retransmissions 425,

430, or 435, and D2D retransmissions 440.

[0072] Asillustrated, the D2D UE may first transmit to another D2D UE at 440-a including
RBs 22-25 at subframe 0. The D2D UE may be instructed to retransmit 440-b in subframe 1
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at the zero offset (e.g., at RBs 22-25). The D2D UE may then be instructed, according to the
D2D frequency hopping pattern, to retransmit at 440-c in subframe 4 (even subframe) at RBs
38-41 (e.g., a 16 RB offset), at 440-d at RBs 22-25 in subframe 9 (e.g., a 0 RB offset), and at
440-¢ at RBs 38-41 in subframe 16 (e.g., a 16 RB offset). In this way, a D2D retransmission
frequency hopping scheme may be coordinated by the base station 105 to avoid or minimize

collisions with other uplink transmissions of UEs 115 communicating via the WAN.

[0073] It should be appreciated that other offsets are contemplated for D2D
retransmissions, and may vary for each retransmission. Furthermore, other numbers of
subframe intervals may be implemented between D2D retransmissions, according to different
schemes, patterns, etc. The D2D frequency hopping scheme may be determined based on
congestion in the served network, number of UEs 115 communicating on the uplink,

previously collected or determined interference metrics, etc.

[0074] Inter-subframe hopping is shown in FIG. 4. However, it should be appreciated that
intra-subframe hopping may be implemented in a similar manner, with every subframe split

into two slots 310, 315.

[0075] Referring to FIG. §, a block diagram illustrates uplink communication resources
500 divided into 0 through 49 resource blocks (RBs) 405-a and multiple subframes
represented by index 7 410-a. Resources 500 may be examples of one or more aspects of
resources 300-a, 300-b, or 400 described in reference to FIGs. 3A, 3B, or 4. Resources 500
may be used by a UE 115 (e.g., UE 115-a of FIG. 2) for uplink communications over links
125 with base station(s) 105, and D2D communications over link 126 with other D2D UE(s)

115, as described above in reference to FIGs. 1 or 2.

[0076] As illustrated, resources 415-a and 420-a (corresponding to RBs 0-2 and 47-49) may
be reserved for communication over the PUCCH, such as for control information, etc. RBs
3-46 (e.g., PUSCH resources) may be partitioned into 4 subbands 505, 510, 515, and 520,
with each subband including 11 RBs. In the example illustrated, resources 500 are utilized
by four UEs 115 and a D2D UE. For example, UEI may assigned to transmit on the uplink
at resources 525, UE2 at 530, UE3 at 535, and UE4 at 545. D2D UE transmissions may be

scheduled on resources 540.

[0077] A serving base station 105 may assign particular resources to each of UE1 through
UE4 and may define a WAN frequency hopping pattern for such transmissions (e.g., for
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uplink transmissions to the base station 105). In some cases, a transmission from any of UEs
1-4 may fail, such that the same information (e.g., packet, code block, etc.) may need to be
retransmitted. In some cases, retransmission may be scheduled according to a HARQ
process, such that retransmissions occur at a given interval of subframes after the first failed

transmission (e.g., 8 subframes).

[0078] Base station 105 may instruct UEs 1-4 to utilize a type 2 frequency hopping scheme
for HARQ retransmissions, for example to improve transmission diversity and reduce
interference. Type 2 hopping may include cell-specific hopping and mirroring. Type 2
hopping may be represented by:

no(n,) = R (1) Ny, =1
e ﬁPRB(ns)—i_’VNl?]g/z—‘ N, >1

where N nursber of sub-bands given by higher layvers

NI puseh-HoppingOffset, siven by higher layers

Type 2 hopping may also be represented by:

o (1) = (o + frop (1) N+ (V32, — 1) 2(i mod N3 ))- £, ())mod( N, - N,.)

\ ]\ ]
! |
Hopping Mirroring within a subband
across subbands
where: \_ns / 2J inter — subframe hopping Specgges inia or'inter
1=
n, intra and inter — subframe hopping Sublrame hopping
~ nVRB N sb - 1
o = nVRB_’VNII{{];)/z—‘ Nsb>l

yrss st of virtuad RBs from schednding grant

Calculation of subband size may be given by:

N Ny N, =1
87| (N2 - NEO - NRO mod2)/N, | N, 1

The subband hopping function may be represented by:
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i-10+9 O NSb - 1
(frop( =D+ D clk)x2" " ymod N, N, =2
Jrop(D) = f=i-10+1
i-10+9
(frop(i—D+ [ Zc(k) X 2"(1"10“)Jmod(NSb -)+)modN, N, >2
k=i10+1

where c(k): pseudo-random sequence initialized with cell ID.

The mirroring function may be represented by:

imod?2 N, =1 and intra and inter —subframe hopping
f..(()=4CURRENT TX NBmod2 AN, =1 andinter —subframe hopping
c(i-10) N, >1

[0079] In one example, UE]1 may transmit on resources 525-a (RBs 9-13) in subframe 0 in
subband 505. After determining that transmission 525-a was not properly received, UE1 may
then retransmit, according to a WAN frequency hopping scheme, at 525-b (RBs 42-46) in
subframe 8 in subband 520. This retransmission may represent a subband hop of 3 subbands
and no mirroring (transmissions 525-b is at the end of subband 520 as transmission 525-a was
also at the end of subband 505). Similarly, UE3 may be instructed to transmit on resources
535-a (RBs 30-35) in subframe 0 in subband 515. After a failed transmission, UE3 may,
according to a WAN frequency hopping pattern, retransmit at resources 535-b (RBs 20-24) in
subframe 8 in subband 510. This retransmission may represent a subband hop of 1 subband
and no mirroring. UE2 may first transmit at 530-a (RBs 36-40) in subframe 1 in subband
520. After a failed transmission, UE2 may retransmit at 530-b (RBs 30-35) in subframe 9 in
subband 515. UE4 may first transmit at 545-a (RBs 14-19) in subframe 1 in subband 510,
and after a failed transmission, may retransmit at 545-b (RBs 8-13) in subframe 9 in subband
505. The retransmissions of one or more of UEs 1-4 may continue according to any of a
variety of hopping schemes. Thus, because the resources utilized according to type 2
hopping are less consistent than type 1 hopping, a simple offset based on the number of

subframes may be less effective (e.g., the example described in reference to FIG. 4).

[0080] To coordinate a D2D frequency hopping pattern for retransmissions with the type 2
WAN frequency hopping described above, the base station 105 may associate a cell
identification (ID) of the base station 105 with a D2D frequency hopping scheme. The D2D
frequency hopping scheme may be coordinated with the type 2 WAN frequency hopping
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scheme. In some cases, coordinating may include seeding the D2D frequency hopping
pattern with the same seed used for the type 2 WAN frequency hopping scheme (e.g., based
on the equations as described above, with the same seed in a random number generator, etc.).
In other cases, coordinating may include predictively avoiding resources utilized by the
WAN frequency hopping scheme. In some aspects, the base station 105 may associate D2D-
specific resources with a D2D frequency hopping scheme. For instance, the D2D frequency

hopping scheme may be specific to the resources reserved for D2D communications.

[0081] In some cases, the WAN frequency hopping scheme and the D2D frequency
hopping scheme may have the same logical RB to physical RB mapping sequence. In this
scenario, the base station 105 may know which logical RBs are occupied by the WAN UEs 1-
4 due to the nature of synchronous HARQ implemented on the uplink. In this case, the base

station 105 may easily allocate D2D resources to avoid collisions.

[0082] In some examples, the base station 105 may determine the D2D frequency hopping
scheme. In other examples, the D2D UE 115 may receive information of the WAN
frequency hopping scheme, and determine at least part of the D2D frequency hopping
scheme/determine when to transmit one or more messages to another D2D UE 115 based on

the WAN frequency hopping information.

[0083] As illustrated, the D2D UE may first transmit to another D2D UE at 540-a (RBs 14-
19) in subframe 0 in subband 510. The D2D UE may be instructed to retransmit at 540-b
(RBs 30-35) in subframe 1 in subband 515. The D2D UE may then be instructed, according
to the D2D frequency hopping pattern, to retransmit at 540-c (RBs 20-24 in subframe 4 in
subband 510), and at 540-d (RBs 25-30 in subframe 9 in subband 515), and so on. In this
way, a D2D retransmission frequency hopping scheme may be coordinated by the base
station 105 to avoid or minimize collisions with other uplink transmissions of UEs 115

communicating via the WAN.

[0084] In some examples, the base station 105 may transmit a D2D scheduling grant
according to the D2D frequency hopping scheme via the PDCCH to the D2D enabled UE
115. The scheduling grant may include instructions instructing the D2D enabled UE to
transmit the cell ID to a second D2D enabled UE, wherein the second D2D enabled UE is not
associated with the cell ID (i.e., is associated with another cell). In this way, inter-cell

interference may be mitigated by coordinating inter-cell D2D retransmissions.
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[0085] In other examples, the scheduling grant may specify a first resource for the D2D UE
115 to transmit a scheduling assignment to an inter-cell D2D UE 115. In this scenario, the
first resource used to transmit the scheduling assignment may implicitly indicate the cell ID.
In this instance, the base station 105 may establish rules for determining/indicating which
resources are associated with different neighboring cell IDs, and thus what D2D frequency
hopping scheme is applicable. When the D2D UE 115 transmits a scheduling assignment to
an inter-cell D2D UE 115, the inter-cell D2D UE 115 may determine which cell ID (and
hence what D2D frequency scheme) is to be utilized for communications with the sending
D2D UE 115. In some examples, the base station 105 may determine a D2D frequency
scheme based on the resources specifically reserved for D2D communications. In such an
instance, the base station 105 may send an indication of the D2D-specific resources and the

associated frequency hopping scheme to the D2D UE 115.

[0086] Inter-subframe hopping is shown in FIG. 5. However, it should be appreciated that
intra-subframe hopping may be implemented in a similar manner, with every subframe split

into two slots 310, 315.

[0087] Referring to FIG. 6, a block diagram illustrates uplink communication resources
600 divided into 0 through 49 resource blocks (RBs) 405-b and multiple subframes
represented by index 7 410-b. Resources 600 may be examples of one or more aspects of
resources 300-a, 300-b, 400, or 500 described in reference to FIGs. 3A, 3B, 4, or 5.
Resources 600 may be used by a UE 115 (e.g., UE 115-a of FIG. 2) for uplink
communications over links 125 with base station(s) 105, and D2D communications over link

126 with other D2D UE(s) 115, as described above in reference to FIGs. 1 or 2.

[0088] As illustrated, resources 415-b and 420-b (corresponding to RBs 0-2 and 47-49)
may be reserved for communication over the PUCCH, such as for control information, etc.
RBs 3-46 (e.g., PUSCH resources) are partitioned into 4 subbands 505-a, 510-a, 515-a, and
520-a, with each subband including 11 RBs. In the example illustrated, resources 600 are
utilized by four UEs 115 and a D2D UE. For example, UE1 may assigned to transmit on the
uplink at resources 525, UE2 at 530, UE3 at 535, and UE4 at 545. D2D UE transmissions
may be scheduled on resources 540. The frequency hopping for uplink transmissions for UEs
1-4 may follow a type 2 hopping pattern as described above in reference to FIG. 5.
Accordingly, the frequency hopping of UEs 1-4 will not be repeated here for the sake of
brevity.
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[0089] As illustrated in FIG. 6, coordination of a D2D frequency hopping scheme with a
type 2 WAN frequency hopping scheme may include partitioning off a portion or subset of
PUSCH resources (e.g., RBs 3-7 and 42-46 as illustrated) for D2D communications only.
The base station 105 may set one or more thresholds to indicate to the D2D UE 115 and UEs
1-4 which resources are to be utilized by the D2D UE 115. In some cases the threshold may
include one or more high resource block thresholds, such as 605, 610, or one or more low
resource block thresholds 615, 620. In this example, the D2D UE may transmit/retransmit
between thresholds 605 and 610 in subframe 0, and between thresholds 610 and 620 in
subframes 1, 4, and 9. In this implementation, intra-cell and inter-cell interference may be
reduced or eliminated with minimum overhead (e.g., only the four thresholds may be needed
to implement this D2D frequency hopping scheme). It should be appreciated that other hops
of varying subframes, RBs, etc., may be utilized with similar effect. In this scenario, a
default cell ID may be used at least in part to indicate the D2D frequency hopping scheme
(e.g., a value of 510).

[0090] In any of the examples described above in reference to FIGs. 4, 5, or 6, the D2D
frequency hopping scheme may be communicated by the base station 105 to the D2D UE 115
via a scheduling grant. The scheduling grant may be in the form of a system information

block (SIB) and may include one or more of the following parameters:

1. A PUSCH upper hopping offset (N_HO RB), which may indicate how many RBS

are utilized on each edge of the available resources for the PUCCH;

2. A number of subbands (N_sb), which may indicate the number of sub-bands for

Type 2 hopping;

3. A PUSCH lower hopping offset (N_LO_ RB ), which may be used to avoid conflict
with PUSCH for D2D only communications; or

4. A D2D cell ID, which may be used for D2D hopping pattern determination.

[0091] FIG. 7 shows a block diagram 700 of a base station 105-b configured for
coordinating a D2D frequency hopping scheme with a WAN frequency hopping scheme, in
accordance with various examples described herein. The base station 105-b may be an
example of at least one aspect of base stations 105 described above with reference to FIGs. 1

or 2. The base station 105-b may communicate with at least one UE 115 via communication
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link 125, as described above in reference to FIGs. 1 or 2 or via the coordination techniques
described in reference to FIGs. 4, 5, or 6. The base station 105-b may include a receiver
module 705, a WAN frequency hopping module 710, a D2D frequency hopping coordination
module 715, and a transmitter module 735. In various examples, the D2D frequency hopping
coordination module 715 may include one or more of a D2D offset module 720, an inter-cell
scheduling grant module 725, or a D2D resource determination module 730. Each of these

components may be in communication with each other.

[0092] The components of the base stations 105 may, individually or collectively, be
implemented using at least one application-specific integrated circuit (ASICs) adapted to
perform some or all of the applicable functions in hardware. Alternatively, the functions may
be performed by at least one other processing unit (or core), on at least one integrated circuit.
In other examples, other types of integrated circuits may be used (e.g., Structured/Platform
ASICs, Field Programmable Gate Arrays (FPGAs), and other Semi-Custom ICs), which may
be programmed in any manner known in the art. The functions of each unit may also be
implemented, in whole or in part, with instructions embodied in a memory, formatted to be

executed by at least one general or application-specific processor.

[0093] The receiver module 705 may receive information such as packet, data, or signaling
information regarding what the base station 105-b has received or transmitted. The received
information may be utilized by the base station 105-b for a variety of purposes. In some
cases, the receiver module 705 may be configured to receive data or transmissions, for
example from at least one UE 115, to further enable the various techniques described above
for coordinating a D2D retransmission frequency hopping scheme with a WAN frequency

hopping scheme for D2D enabled UEs 115.

[0094] The transmitter module 735 may transmit information such as packet, data, or
signaling information from the base stations 105-b. In some cases, the transmitter module
735 may be configured to transmit data to one or more UEs 115, such as to coordinate D2D

communications or retransmissions.

[0095] The WAN frequency hopping module 710, and in some cases with the receiver
module 705, may identify a WAN frequency hopping scheme utilized in the WAN served by
the base station 105-b. In some cases, the WAN frequency hopping module 710 may
configure the WAN frequency hopping scheme, and in other cases the hopping scheme may
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be accessed from another network device via a request transmitted by the transmitter module
735. The WAN frequency hopping module 710 may communicate the WAN hopping
scheme to the D2D frequency hopping coordination module 715.

[0096] The D2D frequency hopping coordination module 715 may utilize the WAN
frequency hopping scheme to coordinate a D2D frequency hopping scheme, to be utilized for
D2D retransmissions, that may interfere with uplink communications in the WAN. The D2D
frequency hopping scheme may be coordinated to minimize interference with the WAN
frequency hopping scheme. The D2D frequency hopping coordination module 715 may then
communicate the D2D frequency hopping scheme to the transmitter module 735 to be

transmitted to a D2D enabled UE 115, to implement the frequency hopping scheme.

[0097] In some examples, the D2D frequency hopping coordination module 715 may
include a D2D offset module 720. If the WAN frequency hopping module 710 determines
that the WAN frequency hopping scheme is type 1, the D2D offset module 720 may then be
instructed to determine a first or second offset for D2D retransmissions. The D2D offset
module 720 may determine a first offset for transmissions transmitted an even number of
subframes after a first transmission or a second offset for transmissions transmitted an odd
number of subframes after a first transmission. In some instances, the first or second offsets
may be set to zero. The D2D offset module 720 may then communicate the first or second
offsets to the transmitter module 735 to be transmitted to a D2D enabled UE 115, for
example over the PDCCH.

[0098] In some examples, the D2D frequency hopping coordination module 715 may
include an inter-cell scheduling grant module 725 and a D2D resource determination module
730. If the WAN frequency hopping module 710 determines that the WAN frequency
hopping scheme is type 2, the inter-cell scheduling grant module 725 may then be instructed
to configure a scheduling grant to be communicated via transmitter module 735 to a D2D
enabled UE 115. The scheduling grant may include an indication of resources reserved for
D2D communications. Accordingly, the scheduling grant may include a D2D frequency
hopping scheme associated with the D2D-specific resources. In some cases, the scheduling
grant may include an indication of the D2D frequency hopping scheme associated with a cell
ID of the base station 105-b. The scheduling grant may further include instructions
instructing the D2D enabled UE 115 to transmit the cell ID to a second D2D enabled UE 115,
where the second D2D enabled UE 115 is not associated with the cell ID (e.g., an inter-cell
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UE 115). In this way, D2D inter-cell communications may be coordinated with the WAN

frequency hopping scheme.

[0099] In some examples, the D2D resource determination module 730 may determine a
subset of available PUSCH resources to be reserved for D2D communications (e.g.,
retransmissions). This may include determining a low resource block threshold, a high
resource block threshold, or both. The D2D resource determination module may then
communicate the one or more thresholds to the transmitter module 735 to be transmitted to
the D2D enabled UE 115 to similarly reduce interference between WAN uplink

retransmissions and D2D retransmissions.

[0100] FIG. 8 shows a block diagram 800 of a UE 115-c configured for retransmitting one
or more messages to a D2D enabled UE 115 according to a D2D frequency hopping scheme
communicated by a base station 105, in accordance with various examples described herein.
The UE 115-c may be an example of at least one aspect of UEs 115 described above with
reference to FIGs. 1, or 2. The UE 115-c may communicate with at least one base station 105
via communication link 125 or at least one UE 115 via link 126 as described above in
reference to FIGs. 1 or 2 or via the coordination techniques described in reference to FIGs. 4,
5,or 6. The UE 115-c may include a receiver module 805, a D2D frequency hopping
determination module 810, which may further include an offset determination module 815,
and a transmitter module 820. Each of these components may be in communication with

each other.

[0101] The components of the UE 115-c may, individually or collectively, be implemented
using at least one application-specific integrated circuit (ASICs) adapted to perform some or
all of the applicable functions in hardware. Alternatively, the functions may be performed by
at least one other processing unit (or core), on at least one integrated circuit. In other
examples, other types of integrated circuits may be used (e.g., Structured/Platform ASICs,
Field Programmable Gate Arrays (FPGAs), and other Semi-Custom ICs), which may be
programmed in any manner known in the art. The functions of each unit may also be
implemented, in whole or in part, with instructions embodied in a memory, formatted to be

executed by at least one general or application-specific processor.

[0102] The receiver module 805 may receive information such as packet, data, or signaling

information regarding what the UE 115-c has received or transmitted. The received
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information may be utilized by the UE 115-c for a variety of purposes. In some cases, the
receiver module 805 may be configured to receive data or transmissions, for example from a
base station 1035, to further enable the various techniques described above for communicating
with a D2D enabled UE 115 according to a base station determined D2D frequency hopping

scheme.

[0103] The transmitter module 820 may transmit information such as packet, data, or
signaling information from the UE 115-c. In some cases, the transmitter module 820 may be
configured to transmit data on the uplink to a one or more base stations 105 via links 125 or
transmit one or more D2D messages to a D2D enabled UE 115 via links 126 described in

reference to FIGs. 1 or 2.

[0104] The receiver module 805 may receive a D2D frequency hopping scheme from a
base station 105 associated with a WAN with a coverage are corresponding to a location of
the UE 115-c. The D2D frequency hopping scheme may be coordinated with a WAN
frequency hopping scheme, for example by the base station 105. The receiver module 805
may communicate this information to the D2D frequency hopping determination module 810,

which may identify the communicated D2D frequency hopping scheme.

[0105] In some instances, the offset determination module 815 of the D2D frequency
hopping determination module 8§10 may identify/determine one or more offsets (e.g., in the
WAN type 1 hopping scheme example), for retransmitting one or more messages to another
D2D enabled UE 115. In some cases, a first offset may correspond to transmissions
transmitted on even subframes after a first transmission, whereas a second offset may
correspond to transmissions transmitted on odd subframes after the first transmission. Once
the offsets have been identified/determined from the information communicated in the
message from the base station 105, the offset determination module 815 may instruct the
transmitter module 830 to transmit a scheduling assignment/retransmit a D2D message

according to the first or second offsets to the another D2D enabled UE 115.

[0106] In other instances, the D2D frequency hopping determination module 810 may
determine resources reserved for D2D communications. In such a case, the D2D frequency
hopping determination module 810 may determine a D2D frequency hopping scheme based
on the D2D-specific resources. In this or other instances, the D2D frequency hopping

determination module 810 may determine resources for transmissions/retransmissions to
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another D2D enabled UE 115 based on information received from the base station 105. In
some cases, this may include identifying one or more thresholds for D2D allocated resources.
The D2D frequency hopping determination module 810 may then instruct the transmitter

module 820 to transmit/retransmit to the D2D UE 115 on the allocated resources.

[0107] In some cases, the D2D frequency hopping determination module 810 may
determine a cell ID associated with the base station 105 or the WAN frequency hopping
scheme implemented by the base station 105. The UE 115-c may then instruct the transmitter
module 820 to communicate the cell ID to the inter-cell D2D enabled UE 115 to instruct the
inter-cell D2D enabled UE 115 to avoid retransmitting on resources utilized by the WAN

hopping scheme, etc., as described above.

[0108] FIG. 9 shows a block diagram 900 of a base station 105-c configured for
coordinating a D2D frequency hopping scheme with a WAN frequency hopping scheme for a
D2D enabled UE 115, in accordance with various examples described herein. The base
station 105-b may be an example of at least one aspect of base stations 105 described above
with reference to FIGs. 1, 2 or 7 or may implement at least one aspect of the WAN frequency
hopping module 710 or the D2D frequency hopping coordination module 715 described
above with reference to FIG. 7. The base stations 105-c may communicate with at least one
UE 115 via communication link 125, as described above in reference to FIGs. 1 or 2 or via

the coordination techniques described in reference to FIGs. 4, 5, or 6.

[0109] The components of the base station 105-¢ may, individually or collectively, be
implemented using at least one application-specific integrated circuit (ASIC) adapted to
perform some or all of the applicable functions in hardware. Alternatively, the functions may
be performed by at least one other processing unit (or core), on at least one integrated circuit.
In other examples, other types of integrated circuits may be used (e.g., Structured/Platform
ASICs, Field Programmable Gate Arrays (FPGAs), and other Semi-Custom ICs), which may
be programmed in any manner known in the art. The functions of each unit may also be
implemented, in whole or in part, with instructions embodied in a memory, formatted to be

executed by at least one general or application-specific processor.

[0110] The base station 105-¢ includes antenna(s) 915, transceiver(s) 920, memory 935, a
processor 930, and I/O devices 925, which each may be in communication, directly or

indirectly, with each other, for example, via at least one bus 945. The transceiver(s) 920 may
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be configured to communicate bi-directionally, via the antennas 915 with at least one wired
or wireless link, such as any of communication links 125 or 126 described above in reference
to FIGs. 1, or 2. The transceiver(s) 920 may include a modem configured to modulate the
packets and provide the modulated packets to the antennas 915 for transmission, and to
demodulate packets received from the antennas 915. The transceiver(s) 920 may, in
conjunction with the antennas 915, transmit and receive packets. The transceiver(s) 920 may
be configured to maintain multiple concurrent communication links using the same or
different radio interfaces (e.g., Wi-Fi, cellular, etc.). The base station 105-c may include a
single antenna 915, or the base station 105-c may include multiple antennas 915. The base
station 105-c may be capable of employing multiple antennas 915 for transmitting and
receiving communications in a multiple-input multiple-output (MIMO) communication

System.

[0111] The memory 935 may include random access memory (RAM) and read-only
memory (ROM). The memory 935 may store computer-readable, computer-executable
software 940 containing instructions that are configured to, when executed, cause the
processor 930 to perform various functions described herein. Alternatively, the software 940
may not be directly executable by the processor 930 but may be configured to cause the
computer (e.g., when compiled and executed) to perform functions described herein. The
processor 930 may include an intelligent hardware device (e.g., a central processing unit

(CPU), a microcontroller, an application specific integrated circuit (ASIC), etc.).

[0112] According to the architecture of FIG. 9, the base station 105-c may further include a
WAN frequency hopping module 710-a and a D2D frequency hopping coordination module
715-a. By way of example, these components of base station 105-¢ may be in
communication with some or all of the other components of the base station 105-c via bus
945. Additionally or alternatively, functionality of these modules may be implemented via
the transceiver 920, as a computer program product stored in software 940, or as at least one
controller element of the processor 930. In some examples, the WAN frequency hopping
module 710-a and the D2D frequency hopping coordination module 715-a, including one or
more of the D2D offset module 720, the inter-cell scheduling grant module 725, or the D2D
resource determination module 730, may be implemented as subroutines in memory
935/software 940 executed by the processor 930. In other cases, these modules may be

implemented as sub-modules in the processor 930 itself.
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[0113] The WAN frequency hopping module 710-a and the D2D frequency hopping
coordination module 715-a of base station 105-c may further implement the procedures
described above for coordinating a D2D frequency hopping pattern with a WAN frequency
hopping pattern for D2D retransmissions of a UE 115, and for the sake of brevity, will not be

repeated here.

[0114] FIG. 10 is a block diagram 1000 of a UE 115-d configured for retransmitting one or
messages to a D2D enabled UE 115 according to a D2D frequency hopping scheme
communicated by a base station 105, in accordance with various examples described herein.
The UE 115-d may be an example of at least one aspect of UEs 115 described above with
reference to FIGs. 1, 2, or 8 or may implement at least one aspect of the D2D frequency
hopping determination module 810 or the offset determination module 815 described above
with reference to FIG. 8. The UE 115-d may communicate with at least one base station 105
via communication link 125 or at least one UE 115 via link 126 as described above in
reference to FIGs. 1 or 2 or via the coordination techniques described in reference to FIGs. 4,
5,or 6. The UE 115-d may have any of various configurations, such as personal computers
(e.g., laptop computers, netbook computers, tablet computers, etc.), smartphones, cellular
telephones, PDAs, wearable computing devices, digital video recorders (DVRS), internet
appliances, routers, gaming consoles, e-readers, display devices, printers, etc. The UE 115-d
may have an internal power supply (not shown), such as a small battery, to facilitate mobile

operation.

[0115] The components of the UE 115-d may, individually or collectively, be implemented
using at least one application-specific integrated circuit (ASIC) adapted to perform some or
all of the applicable functions in hardware. Alternatively, the functions may be performed by
at least one other processing unit (or core), on at least one integrated circuit. In other
examples, other types of integrated circuits may be used (e.g., Structured/Platform ASICs,
Field Programmable Gate Arrays (FPGAs), and other Semi-Custom ICs), which may be
programmed in any manner known in the art. The functions of each unit may also be
implemented, in whole or in part, with instructions embodied in a memory, formatted to be

executed by at least one general or application-specific processor.

[0116] The UE 115-d includes antenna(s) 1015, transceiver(s) 1020, memory 1035, a
processor 1030, and 1/O devices 1025, which each may be in communication, directly or

indirectly, with each other, for example, via at least one bus 1045. The transceiver(s) 1020
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may be configured to communicate bi-directionally, via the antennas 1015 with at least one
wired or wireless link, such as any of communication links 125 or 126 described above in
reference to FIGs. 1, or 2. The transceiver(s) 1020 may include a modem configured to
modulate the packets and provide the modulated packets to the antennas 1015 for
transmission, and to demodulate packets received from the antennas 1015. The transceiver(s)
1020 may, in conjunction with the antennas 1015, transmit and receive packets. The
transceiver(s) 1020 may be configured to maintain multiple concurrent communication links
using the same or different radio interfaces (e.g., Wi-Fi, cellular, etc.). The UE 115-d may
include a single antenna 1015, or the UE 115-d may include multiple antennas 1015. The
UE 115-d may be capable of employing multiple antennas 1015 for transmitting and
receiving communications in a multiple-input multiple-output (MIMO) communication

System.

[0117] The memory 1035 may include random access memory (RAM) and read-only
memory (ROM). The memory 1035 may store computer-readable, computer-executable
software 1040 containing instructions that are configured to, when executed, cause the
processor 1030 to perform various functions described herein. Alternatively, the software
1040 may not be directly executable by the processor 1030 but may be configured to cause
the computer (e.g., when compiled and executed) to perform functions described herein. The
processor 1030 may include an intelligent hardware device (e.g., a central processing unit

(CPU), a microcontroller, an application specific integrated circuit (ASIC), etc.).

[0118] According to the architecture of FIG. 10, the UE 115-d may further include a D2D
frequency hopping determination module 810-a. By way of example, this and other
components of UE 115-d may be in communication with some or all of the other components
of the UE 115-d via bus 1045. Additionally or alternatively, functionality of these modules
may be implemented via the transceiver 1020, as a computer program product stored in
software 1040, or as at least one controller element of the processor 1030. In some examples,
the D2D frequency hopping module 810-a, including the offset determination module 815,
may be implemented as subroutines in memory 1035/software 1040 executed by the
processor 1030. In other cases, these module may be implemented as sub-modules in the

processor 1030 itself.

[0119] The D2D frequency hopping determination module 810-a may further implement

the procedures described above for communicating (e.g., via retransmissions) with a D2D
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enabled UE 115 according to a D2D frequency hopping scheme communicated from a

serving base station 105, and for the sake of brevity, will not be repeated here.

[0120] FIG. 11 is a flow chart illustrating one example of a method 1100 for coordinating a
D2D frequency hopping scheme for D2D retransmissions with a WAN frequency hopping
scheme used for HARQ retransmissions, in accordance with various examples described
herein. For clarity, the method 1100 is described below with reference to at least one aspect
of one of the base stations 105 described with reference to FIGs. 1,2, 7, or 9. In some
examples, a device, such as one of the base stations 105, may execute at least one set of codes

to control the functional elements of the device to perform the functions described below.

[0121] Atblock 1105, a base station 105 may identify a WAN frequency hopping scheme
used in the WAN served by the base station 105. The operation(s) at block 1105 may in
some cases be performed using the WAN frequency hopping module 710 described with

reference to FIGs. 7 or 9.

[0122] Atblock 1110, the base station 105 may coordinate a D2D frequency hopping
scheme for at least one D2D enabled UE with the identified WAN frequency hopping
scheme. The operation(s) at block 1110 may in some cases be performed using the D2D

frequency hopping module 715 described with reference to FIGs. 7 or 9.

[0123] Atblock 1115, the base station 105 may communicate the D2D frequency hopping
scheme to the at least one D2D enabled UE. The operation(s) at block 1115 may in some
cases be performed using the transmitter module 735 described with reference to FIGs. 7 or

9.

[0124] Thus, the method 1100 may provide for coordinating a D2D frequency hopping
scheme with a WAN frequency hopping scheme. It should be noted that the method 1100 is
Jjust one implementation and that the operations of the method 1100 may be rearranged or

otherwise modified such that other implementations are possible.

[0125] FIG. 12 is a flow chart illustrating one example of a method 1200 for
communicating with a D2D enabled UE 115 according to a D2D frequency hopping scheme
coordinated with a WAN frequency hopping scheme, in accordance with various examples
described herein. For clarity, the method 1100 is described below with reference to at least

one aspect of one of UEs 115 described with reference to FIGs. 1, 2, 8, or 10. In some
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examples, a device, such as one of the UEs 115, may execute at least one set of codes to

control the functional elements of the device to perform the functions described below.

[0126] At block 1205, a UE 115 may receive a D2D frequency hopping scheme, which is
coordinated with a WAN frequency hopping scheme, from a base station 105 associated with
the WAN. The operation(s) at block 1205 may in some cases be performed using the WAN
frequency hopping determination module 810 or the receiver module 805 described with

reference to FIGs. § or 10.

[0127] Atblock 1210, UE 115 may transmit at least one message to a second D2D enabled
UE 115 according to the D2D frequency hopping scheme. The operation(s) at block 1210
may in some cases be performed using the WAN frequency hopping determination module

810 or the transmitter module 820 described with reference to FIGs. & or 10.

[0128] Thus, the method 1200 may provide for communicating with a D2D enabled UE
115 according to a D2D frequency hopping scheme. It should be noted that the method 1200
18 just one implementation and that the operations of the method 1200 may be rearranged or

otherwise modified such that other implementations are possible.

[0129] The detailed description set forth above in connection with the appended drawings
describes exemplary examples and does not represent the only examples that may be
implemented or that are within the scope of the claims. The term “exemplary” used
throughout this description means “serving as an example, instance, or illustration,” and not
“preferred” or “advantageous over other examples.” The detailed description includes
specific details for the purpose of providing an understanding of the described techniques.
These techniques, however, may be practiced without these specific details. In some
instances, well-known structures and devices are shown in block diagram form in order to

avoid obscuring the concepts of the described examples.

[0130] Techniques described herein may be used for various wireless communications
systems such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA, and other systems. The
terms “system’ and “network” are often used interchangeably. A CDMA system may
implement a radio technology such as CDMA2000, Universal Terrestrial Radio Access
(UTRA), etc. CDMA2000 covers 1S-2000, IS-95, and IS-856 standards. 1S-2000 Releases 0
and A are commonly referred to as CDMA2000 1X, 1X, etc. 1S-856 (TIA-856) is commonly
referred to as CDMA2000 1xEV-DO, High Rate Packet Data (HRPD), etc. UTRA includes
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Wideband CDMA (WCDMA) and other variants of CDMA. A TDMA system may
implement a radio technology such as Global System for Mobile Communications (GSM).
An OFDMA system may implement a radio technology such as Ultra Mobile Broadband
(UMB), Evolved UTRA (E-UTRA), IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE
802.20, Flash-OFDM, etc. UTRA and E-UTRA are part of Universal Mobile
Telecommunication System (UMTS). 3GPP Long Term Evolution (LTE) and LTE-
Advanced (LTE-A) are new releases of UMTS that use E-UTRA. UTRA, E-UTRA, UMTS,
LTE, LTE-A, and GSM are described in documents from an organization named “3rd
Generation Partnership Project” (3GPP). CDMA2000 and UMB are described in documents
from an organization named “3rd Generation Partnership Project 2 (3GPP2). The
techniques described herein may be used for the systems and radio technologies mentioned
above as well as other systems and radio technologies. The description above, however,
describes an LTE system for purposes of example, and LTE terminology is used in much of

the description above, although the techniques are applicable beyond LTE applications.

[0131] Information and signals may be represented using any of a variety of different
technologies and techniques. For example, data, instructions, commands, information,
signals, bits, symbols, and chips that may be referenced throughout the above description
may be represented by voltages, currents, electromagnetic waves, magnetic fields or particles,

optical fields or particles, or any combination thereof.

[0132] The various illustrative blocks and modules described in connection with the
disclosure herein may be implemented or performed with a general-purpose processor, a
digital signal processor (DSP), an application specific integrated circuit (ASIC), a field
programmable gate array (FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any combination thereof designed to
perform the functions described herein. A general-purpose processor may be a
microprocessor, but in the alternative, the processor may be any conventional processor,
controller, microcontroller, or state machine. A processor may also be implemented as a
combination of computing devices (e.g., a combination of a DSP and a microprocessor,
multiple microprocessors, one or more microprocessors in conjunction with a DSP core, or

any other such configuration).

[0133] The functions described herein may be implemented in hardware, software executed

by a processor, firmware, or any combination thereof. If implemented in software executed
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by a processor, the functions may be stored on or transmitted over as one or more instructions
or code on a computer-readable medium. Other examples and implementations are within the
scope and spirit of the disclosure and appended claims. For example, due to the nature of
software, functions described above can be implemented using software executed by a
processor, hardware, firmware, hardwiring, or combinations of any of these. Features
implementing functions may also be physically located at various positions, including being
distributed such that portions of functions are implemented at different physical locations.
Also, as used herein, including in the claims, “or’” as used in a list of items (for example, a list
of items prefaced by a phrase such as “at least one of” or “one or more of”’) indicates a
disjunctive list such that, for example, a list of “at least one of A, B, or C” means A or B or C

or AB or AC or BC or ABC (i.e., A and B and C).

[0134] Computer-readable media includes both computer storage media and
communication media including any medium that facilitates transfer of a computer program
from one place to another. A storage medium may be any available medium that can be
accessed by a general purpose or special purpose computer. By way of example, and not
limitation, computer-readable media can comprise RAM, ROM, EEPROM, CD-ROM or
other optical disk storage, magnetic disk storage or other magnetic storage devices, or any
other medium that can be used to carry or store desired program code means in the form of
instructions or data structures and that can be accessed by a general-purpose or special-
purpose computer, or a general-purpose or special-purpose processor. Also, any connection
is properly termed a computer-readable medium. For example, if the software is transmitted
from a website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies such as infrared, radio, and microwave are included in the definition of medium.
Disk and disc, as used herein, include compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk and Blu-ray disc where disks usually reproduce data
magnetically, while discs reproduce data optically with lasers. Combinations of the above

are also included within the scope of computer-readable media.

[0135] The previous description of the disclosure is provided to enable a person skilled in
the art to make or use the disclosure. Various modifications to the disclosure will be readily

apparent to those skilled in the art, and the generic principles defined herein may be applied
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to other variations without departing from the spirit or scope of the disclosure. Throughout
this disclosure the term “example” or “exemplary” indicates an example or instance and does
not imply or require any preference for the noted example. Thus, the disclosure is not to be
limited to the examples and designs described herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.
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CLAIMS
What is claimed is:
1. A method of wireless communication comprising:

identifying, by a base station, a wide area network (WAN) frequency hopping
scheme;

coordinating a device to device (D2D) frequency hopping scheme for at least
one D2D enabled user equipment (UE) with the identified WAN frequency hopping scheme;
and

communicating the D2D frequency hopping scheme to the at least one D2D

enabled UE.

2. The method of claim 1, wherein coordinating the D2D frequency
hopping scheme with the WAN frequency hopping scheme comprises:
configuring the D2D frequency hopping scheme to reduce interference with

the WAN frequency hopping scheme.

3. The method of claim 1, wherein the WAN frequency hopping scheme
comprises a fixed offset signaled via a Physical Downlink Control Channel (PDCCH) for
every other transmission of a Hybrid Automatic Repeat Request (HARQ) process.

4. The method of claim 3, wherein coordinating the D2D frequency
hopping scheme with the WAN frequency hopping scheme comprises:

utilizing a first offset for even transmissions, wherein each even transmission
1s transmitted an even number of subframes after a first transmission; and

utilizing a second offset for odd transmissions, wherein each odd transmission

1s transmitted an odd number of subframes after the first transmission.
5. The method of claim 4, wherein the second offset is set to zero.

6. The method of claim 4, wherein communicating the D2D frequency
hopping scheme to the at least one D2D enabled UE comprises:
transmitting at least one of the first offset, or the second offset, or both, via the

PDCCH.

7. The method of claim 4, wherein at least one of the fixed offset, or the
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first offset, or the second offset, or a combination thereof comprise a number of resource

blocks.

8. The method of claim 1, further comprising:
identifying a set of resources specific to D2D communications, wherein the

D2D frequency hopping scheme is based at least in part on the identified set of resources.

9. The method of claim 1, wherein,
the WAN frequency hopping scheme comprises a cell specific hopping and
mirroring scheme; and
the coordinating the D2D frequency hopping scheme with the WAN frequency
hopping scheme comprises:
associating a cell identification (ID) of the base station with the D2D

frequency hopping scheme.

10.  The method of claim 9, wherein communicating the D2D frequency
hopping scheme to the at least one D2D enabled UE comprises:
transmitting a D2D scheduling grant via a physical downlink control channel

(PDCCH) to the at least one D2D enabled UE.

11. The method of claim 10, wherein the D2D scheduling grant comprises:
instructions instructing the D2D enabled UE to transmit the cell ID to a second

D2D enabled UE, wherein the second D2D enabled UE is not associated with the cell ID.

12. The method of claim 9, wherein communicating the D2D frequency
hopping scheme to the at least one D2D enabled UE comprises:
transmitting a D2D scheduling grant to the at least one D2D enabled UE

specifying a first resource to transmit a scheduling assignment.

13. The method of claim 11, wherein the D2D scheduling grant comprises
instructions instructing the D2D enabled UE to transmit the cell ID to a second D2D enabled
UE, wherein the second D2D enabled UE is not associated with the cell ID, wherein a first

resource implicitly indicates the cell ID.

14.  The method of claim 1, wherein the WAN frequency hopping scheme

comprises a cell specific hopping and mirroring scheme; and
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wherein coordinating the D2D frequency hopping scheme with the WAN
frequency hopping scheme comprises:
determining a subset of resources for the D2D frequency hopping

scheme based on resources for the WAN frequency hopping scheme.

15.  The method of claim 14, wherein communicating the D2D frequency
hopping scheme to the at least one D2D enabled UE comprises:
transmitting an indication of the subset of resources for the D2D frequency

hopping scheme to the at least one D2D enabled UE.

16. The method of claim 15, wherein the indication of the subset of

resources comprises a low resource block threshold or a high resource block threshold, or

both.

17.  The method of claim 1, wherein the WAN frequency hopping scheme

applies to uplink transmissions.

18.  The method of claim 17, wherein the WAN frequency hopping scheme
utilizes synchronous Hybrid Automatic Repeat Request (HARQ).

19. A method of wireless communication comprising:

receiving, by a device to device (D2D) enabled user equipment (UE), a D2D
frequency hopping scheme from a base station associated with a wide area network (WAN),
wherein the D2D frequency hopping scheme is coordinated with a WAN frequency hopping
scheme; and

transmitting at least one D2D message to a second D2D enabled UE according

to the D2D frequency hopping scheme.

20. The method of claim 19, wherein the at least one message comprises a

scheduling assignment.

21.  The method of claim 19, wherein the D2D frequency hopping scheme
comprises a first offset to be applied for even transmissions, wherein each even transmission

1s transmitted an even number of subframes after a first transmission.
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22.  The method of claim 21, wherein the D2D frequency hopping scheme
further comprises a second offset to be applied for odd transmissions, wherein each odd

transmission is transmitted an odd number of subframes after the first transmission.

23.  The method of claim 19, wherein the WAN frequency hopping scheme
comprises a cell specific hopping and mirroring scheme;
wherein the D2D frequency hopping scheme is associated with a cell
identification (ID), wherein the cell ID is further associated with the WAN frequency
hopping scheme; and
wherein the method further comprises:
determining resources for transmitting the at least one D2D message

based on the WAN frequency hopping scheme.

24.  The method of claim 23, further comprising transmitting the at least
one D2D message on a first resource, wherein the first resource implicitly indicates the cell

ID.

25.  The method of claim 19, wherein the WAN frequency hopping scheme
comprises a cell specific hopping and mirroring scheme; and
wherein the D2D frequency hopping scheme further comprises a low resource
block threshold or a high resource block threshold; and
wherein the method further comprises:
determining resources for transmitting the at least one D2D message

based on the low resource block threshold or the high resource block threshold.

26. A base station comprising:

a wide area network (WAN) frequency hopping module to identify a WAN
frequency hopping scheme;

a device to device (D2D) frequency hopping module to coordinate a D2D
frequency hopping scheme for at least one D2D enabled user equipment (UE) with the
identified WAN frequency hopping scheme; and

a transmitter to communicate the D2D frequency hopping scheme to the at

least one D2D enabled UE.
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27.  The base station of claim 26, wherein the D2D frequency hopping
module is configured to configure the D2D frequency hopping scheme to reduce interference

with the WAN frequency hopping scheme.

28.  The base station of claim 26, wherein the WAN frequency hopping
scheme comprises a fixed offset signaled via a Physical Downlink Control Channel (PDCCH)
for every other transmission of a Hybrid Automatic Repeat Request (HARQ) process.

29. A user equipment (UE) comprising:

a device to device (D2D) frequency hopping determination module to receive
a D2D frequency hopping scheme from a base station associated with a wide area network
(WAN), wherein the D2D frequency hopping scheme is coordinated with a WAN frequency
hopping scheme; and

a transmitter to transmit at least one message to a second D2D enabled UE

according to the D2D frequency hopping scheme.

30.  The UE of claim 29, wherein the at least one message comprises a

scheduling assignment.
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