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TECHNICAL FIELD
[0001] This description relates to commumcations, and more specifically to the
over the air {OTA) communication between two of more evolved Node Bs (eNBs) or

base stations (BSs).

BACKGROUND
[0002] Long Term Evolation (LTE) describes the latest standardization work by

3rd Generation Partnership Project (3GPP) in the area of mobile network technology. In
preparation for further incregsing user demands and tougher competition from new radio
access technologies, LTE is generally being enhanced with a new radio access technique
called LTE~Advanced. Via this technology LTE is expected to improve end-user
throughput, increase sector capacity, reduce user plane latency, and consequently ofter
superior user expertence with full mobility.

[0003] The Evolved UMTS Tervestrial Radio Access (E-UTRA) standard
typically includes the air interface of 3GPP's LTE for mobile networks. An E-UTRA
network or, as i is occasionally referred to, a LTE network includes a network that is
substantially in compliance with the LTE standards, their dertvatives, or predecessors
{hereafter, “the LTE standard”™ or “Release 8 standard™). 3rd Generation Partnership

Project, fechnicad Specification Group Rewdio Access Network; Fvolved Universal
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Tervestricd Bodio Accesy (E~-UTRA); Physicad Channels cod Modudation (Release 8),

3GPPTS 36,211 V8.4.0 (2008-09), Sept. 2008.

SUMMARY
[0004] According to one general aspect, an apparatus may include a processor. In

various embodunents, the processor may be configured to select etther an uplink sub-
frame or a special sub-frame o employ for base station~to-base station (B2R)
communication. In some embodiments, the processor may be configured to cause at least
one user equipment (UE), associated with the apparatus, to either refrain from
transmitiing or substantially receiving during the selected sub-frame. In various
embodiments, the processor may be configured to transimit data, from the apparatus to a
recetving BS, during at least a portion of the selected sub-trame.

{0005] According to another general aspect, a method of using a transmitting base
station (BS) may include selecting either an uplink sub-frame or a special sub-frame to
employ for base station-to-base station (B2B} communication. In some embodiments,
the method may also include causing at least one user equipment (UE), associated with
the transmitting BS, 1o either refrain from transmitting or substantially receiving during
the selected sub-framne. In one embodiment, the method may include transmitting data,
from the transmitting BS to a recetving BS, durning at least a portion of the selected sub-
frame.

[0006] According to another general aspect, an apparatus may include a means
for selecting either an uplink sub-frame or a special sub-frame to employ for base
station~to~base station {(B2ZB) communication. In various embodiments, the apparatus
may include a means for causing af least one user equipment (UE), associated with the
transmitting BY, to either be communicatively muted or substantially communicatively
deafened during the selected sub-frame. In some embodiments, the apparatus may
include a means for transmitting data, from the transmitting BS to a receiving BS, during
at least a portion of the selected sub-frame.

[0007] According to another general aspect, a machine readable medinnm may
include instractions capable of being executed by at least one machine. In various

embodiments, the instructions, when executed, cause the machine to select either an

)
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uplink sub-frame or a special sub-frame to employ for base station-to-base station
communication. In some embodiments, the instructions may cause at least one user
equipment, associated with the transmitling base station, to etther refram from
transmitting or substantially receiving within the selected sub-frame. In varicus
embodiments, the instructions may transmit data, from a transmitting base statton to a
receiving base station, during at least a portion of the selected sub-frame.

[0008] The details of one or more implementations are set forth in the
accompanying drawings and the description betow. Other features will be apparent from
the description and drawings, and from the claims.

[0009] A system and/or method for communicating information, substantially as
shown in and/or described in connection with at least one of the figures, as set forth more

completely in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG 1 is a block diagram of an example embodiment of a system in
accordance with the disclosed subject matter.

[0011] FIG 2 is a block diagram of an example embodiment of a system in
accordance with the disclosed subject matter.

[0012} FIG 3 is a block diagram of an example embodiment of an apparatus in
accordance with the disclosed subject matter.

[0013] FIG 4 is a block diagram of an example embodiment of a frame in
accordance with the disclosed subject matter,

[0014] FIG 5 1s a block diagram of an example embodiment of a sub-frame in
accordance with the disclosed subject matter.

[0015] FIG 6 is a block diagram of an example embodiment of a sub-frame in
accordance with the disclosed subject matter

[0016] FIG 7 is a table of example embodiments of a system in accordance with
the disclosed subject matter.

[0017] FIG 8 is a block diagram of an example embodiment of a frame 1n

accordance with the disclosed subject matter,
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[0018] FIG 9 is a flow chart of an example embodiment of a technigue in
accordance with the disclosed subject matter.
[0019] FIG 1015 a block of an example embodiment of a sub-frame in

accordance with the disclosed subject matter.

DETAILED DESCRIPTION

{0020} Referring to the Figures 1o which like numerals indicate Like elements,
FIG 1 is a block diagram of a wireless network 102 mclading an evolved Node Bs
{eNBs) or base station (BS) 104 and user equipment {UE} or mobile stations {MSs) 106,
108, 110, according to an example embodiment. Each of the MSs 106, 108, 110 may be
assoctated with BS 104, and may transmit data in aon uplink (UL} direction to BS 104, and
may receive data in a downlink (DL) divection from BS 104, for example. Although only
one BS 104 and three mobile stations (MSs 106, 108 and 110) are shown, any number of
base stations and mobile stations may be provided in network 102, Also, although not
shown, mobile stations 106, 108 and 110 may be coupled to base station 104 via relay
stations or relav nodes, for example. The base station 104 may be connected via wired or
wireless links to another network (not shown), such as a Local Area Network (LAN), a
Wide Area Network (WAN), the laternet, efc.. 1n various embodiments, the base station
104 may be coupled or connected with the other network 120 via an access network
controtler {ASN) or gateway (GW) 112 that may control, monitor, or limit access to the
other network,

[0021] FI1G 2 1s a block diagram of an example embodiment of a system 200 in
accordance with the disclosed subject matter. As described above, in various
embodiments, the UEs or MSs may be 10 communication with their respective eNBs or
BSs. In addition, the BSs may be communication with each other. In one embodiment,
the system 200 may include a BS 220 1 direct communication with a MS 210 and the BS
222, The BS 222 may be in direct communication with the MSs 206 and 208, and the BS
220, In various embodiments, the BS 220 may have a certain wireless range 212,

Likewise the BS 222 may have a wireless range 214,
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[0022] In various embodiments, it may be desirable for the BS 220 and the BS
222 to communicate with each other, BS-to-BS (B2B) communication. In various
embodiments, thas may be accomplished via out-of-band communication (e.g., via a
gateway, efc.). In another embodiment, this communication may include an over the air
{OTA) transmission between the two BSs 220 and 222 (illustrated by link 216). In such
an embodiment, the B2B communication may include use of the same antennas, physical
communication resources {e.g., sub-frames, ¢fc.) used to communicate with the
respective MSs {e.g., MSs 206, 208, and 210). In such an embodiment, time division
duplexing {TDD) or time division multiplexing (TDM) may be employed.

[0023] In various embodiments, an eNB or BS {e.g., BS 220 or BS 222} may not
be capable of transmitting and recelving at the same time via the same radio resources.
Therefore, 11 one embodiment, it may be required that the eNB or BS mutes or stop its
transmission during OTA communtcation {OTAC) reception.

[0024] In vanous embodiments involving LTE, downlink transmission is often
continuous 1o the downlink part of the radio frame. For example, some signals {e.g.,
reference signals, synchronization signals, Physical Downlink Control Channel and other
control channels, ¢fc.) may be substantially continuously transmitted. In various
embodiments involving the Release 8 standard, UEs or MSs may expect that, for
example, reference signals are always transmitted in downlink sub-frares, and that the
UEs or MSs may perform channel estimation and power measurements using those
reference signals. Thus 1f the eNB or BS for some reason 1s not transmitting the
reference signals, a UE or MS may make incorrect channel estimation and mobility
measurements.

[0025] In various embodiments, when OTA B2B communication is desired, the
transnutting BS (Hustrated as BS 220) may select a sub-frame to use to communication
with the receiving BS (iltustrated as BS 222) that will not result in a UE or MS (e.ge., MS
210, efe.y making incorrect channel estimation and mobility measurements, for example,
In one embodiment, this may include selecting a non-DL. sub-frame 1o employ or use to
OTA B2B communication. In the illustrated embodiment, the BS 220 may be denoted as
a transmilting BS, and the BS 222 as the receiving BS; it 1s understood that

communication is not necessarily unidirectional and that these labels are merely for the
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sake of iHustration. It is understood that bi~directional B5-10-BS (B2ZB) communication
is included in the disclosed subject matter,

[0026] FIG 3 1s a block diagram of an example embodiment of a system or
apparatus 301 tn accordance with the disclosed subject matter. The apparatus or wireless
station 301 (e.g., base station 104, mobile station 106, relay station, efc. ) mayv include, for
example, an RF (radio frequency) or wireless transceiver 302, including a transmitter to
transmit signals and a receiver to receive signals, a processor or baseband processor 304
to execute instructions or software and control transmission and receptions of signals, and
a memory 306 {o store data and/or instructions.

[0027] Processor 304 may also make decisions or determinations, generate frames
or messages for transmussion, decode received frames or messages for further processing,
and other tasks or functions described heremn. Processor 304, which may be a baseband
processor, for example, may generate messages, packets, frames or other signals for
transmission via wireless transceiver 302, Processor 304 may control transmission of

ges over a wireless network, and may receive signals or messa

=
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vig a wireless network (e.g., after being down-converted by wireless transceiver 302, for
example). Processor 304 may be programmable and capable of executing software,
firmware, or other wstructions stored in memory or on other computer media to perform
the various tasks and functions described above, such as one or more of the tasks or
methods described above. Processor 304 may be (or may include), for example,
hardware, programmable logic, a programmable processor that executes software or
firmware, and/or any combination of these. Using other terminology, processor 304 and
transceiver 302 together may be considered as a wireless fransmitter/receiver system, for
example.

[0028] In addition, a controlier {or processor) 308 may execute software and
mstructions, and may provide overall control for the station 301, and may provide control
for other systems not shown in FIG 3, such as controlling input/ontput devices {e.g.,
display, keypad), and/or may execute software for one or more applications that may be
provided on wireless station 301, such as, for example, an email program, audio/video
applications, a word processor, a Yoice over IP application, or other application or

software.
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[0029] In addition, a storage medivm may be provided that includes stored
instructions, which when executed by a controller or processor mav result in the
processor 304, or other controller or processor, perfornung one or more of the functions
or tasks described above.

[0030] FIG 4 is a block diagram of an example embodiment of a series of
physical resource units (grouped as, for example, frames, super-frames, sub-frames, efc )
in accordance with the disclosed subject matter. In one embodiment, the eNB or base
station and various UEs or mobile stattons may communicate with each other using a
series or plurality of phyvsical resource units (PRUSs) organized into frames 402 or super-
frames 400, although, 1t 15 understood that various embodiments using other
communication standards may organize PRUS differently.

[0031] Fig. 4 illustrates a plurality of frames, In various embodiments, the
plurality of frames may be organized into a super-frame 400, 1n one embodiment, this
super-frame 400 may include frames 402a, 402b, 402, and 402n. Frame 402 may inclade
a down-link (DL} portion, an uplink (UL) portion and a special (SP) portion.

[0032] I various embodiments, a DL sub-frame 404 may be reserved for
communication from the base station to a mobile station. Conversely, an UL sub~frame
408 may be reserved for communication from the mobile station to the base station.
Downlink (DL) may refer to a direction of transmission from base station to a roobile
station, and uplink (UL) may refer to a direction of transnussion from a mobile station to
a base station.

[0033] In various embodiments, a special {SP or 8) sub-frame 406 may be used to
transmit pilot information and provide a gap peried, in which the BS may transition from
transmitter to receiver {e.g., DL to UL}, In some embodiments, the SP sub~frame 406
may include at least three fields: Downlink Pilot Thmeslot (DwWPTS), Guard Period (GP),
and Uplink Pilot Timeslot {UpPTR), as described below.

[0034] In one embodiment, a frame 402 may include at least one DL sub-frame
{e.g., DL sub-frames 404 and 404a, ¢fc), at least one SP or § sub-frame {e.g.. $P sub-~
frames 406 and 4064, ¢ic.) and at least one UL sub-frame {e.g., UL sub-frames 408, 408a,
408b, 408¢, 408d, and 408¢, ¢fc). In various embodiments, a SP or S sub-frame 406 and

406a may, respectively, delineate the transition between the DL and UL portions of the
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frame 402.

[0035] In varions embodiments, a DL sub-frame 404 or UL sub-frame 408 may
include messages or signals generally intended for a specific recetver or group of
recetvers. Occasionally these sub-frames may be used to broadcast control information
{e.gz., resource allocation, channel condition feedback, efe)), or more typieally user data.

[00386] FIG: 5 is a bloek diagram of an example embodiment of a special (8) sub-
frame 300 in accordance with the disclosed subject matter. In one embodiment, a
transmitting BS {e.g., BS 220 of Fig. 2) may use an S sub-frame to communicate with a
receiving BS {e.g., BS 222 of Fig. 2). In one embodiment, the S sub-frame may include a
Downlink Pilot Timestot (DwWPTS) 5302, a Guard Pertod (GP) portion S04, and Uplink
Pilot Timeslot (UpPTS) 506,

[0037] In various embodiments, the DwWPTS 502 may mclade a Physical
Downlink Control Channel {PDCCH} portion 508, and a Physical Downlink Shared
Chanmnel (PDSCH) portion 310, In some embodiments, the PDCCH 508 mav include
scheduling assignments and other control information. In various embodunents, the
PDSCH 510 may mclude higher layer control information (e.g., system information, a
synchronization signal, efc ) or user data,

{0038} In various embodiments, the GP 504 may include a period of time in
which transmission and reception are muted or not scheduled to occur. In various
embodiments, such a time period mav allow re-configuration of the antenna or
transceiver of a device from recelver to a transmitter or vice versa. o vartous
embodiments including loosely synchronized svstems or asynchronous systems, the GP
504 may also account for transmission time between devices (e.g., eNB & UE, BS or M§,
el ).

[0039] In one example embodiment, a BS or eNB mav select from 4 plarality of
verstons of the § sub-frame. In various embodiments, (e.g., the Release 8 standard) a
special sub-frame configuration with a long or extended guard period {(GP) may be
signaled by the BS or eNB to the UEs or MSs. For example, such § sub-frame
configurations may mclude configurations 0 or 3 as specitied in Release 8 standard with a
GP 504 of 10 or @ symbols, respectively. See, 3rd Generation Partnership Project,

Technical Specification Group Radio Access Network, Ivolved Universal Terrestrial
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Radio Access (F-UTRA), Physical Chommels arnd Modulation (Refease 8), Table 4.2-1:
Configuration of special subframe (lengths of DwPTS/GP/UpPTS), 3GPP TS 36.211
V8.4.0 (2008-09), Sept. 2008, In various embodiments, the symbols may include
orthogonal trequency-division multiplexing (OFDM) symbols.

[0040] In vanous embodiments, however, only a GP 304 of one or two symbols
may be required in local area scenarios. In such an embodiment, some of the extra long
or extended GP 504 may be now utilized for OTA B2B communication. For example, in
one embodiment, if an S sub-frame configuration with a GP of 10 symbols, one or two
symbols may be used to an actual GP, leaving 8 or 9 symbols available for OTA B2B
commumeation. Although, it is understood that the above is merely one ustrative
example to which the disclosed subject matter is not limited.

[0041] In various embodiments, a BS or eNB may signal to the MSs or UEs that
an S sub-frame including an extended GP portion 504 is scheduled to occur {e.g, S sub-
frame 500). In such an embodiment, the MSs or UEs may react as if the S sub-frame 500
is occurring. During the extended GP 504, the MSs or UEs may stop or refrain from their
tvpical channel measurement, efc. and react as if they consider the BS or eNB
transmissions to be muted or substantially silent. Likewise, the MSs and UEs may be
configured to refrain from transmitting during this extended GP 504, However, in
actuality, 1in one erobodiment, the BS or eNB may employ the § sub-frame 501.

[0042] In one embodiment, the S sub-frame 501 may include an extended DwPTS
portion 518, In various embodiments, the extended DwPTS portion S18 may include a
PDCCH 308, a PDSCH 510, g first GP 514, an OTA B2B communication portion 516,
and a second GP 520 In vanous embodiments, only one GP portion may be included. In
such an embodiment, the eNB may transmit or receive data from a second eNB during
the OTA B2B communication portion 516, without interfering with the MSs and UEs as
those devices are ignoring the supposedly muted or silenced eNB (as they expect the eNB
to be in the extended GP portion 504).

[0043] In various embodiments, the transmitting eNB or BS {e.g., BS 220), may
use the last symbol or symbols of the extended DwPTS 518 or first OFDM symbols of
the configured GP o transnmt OTA B2B information {(e.g., OTA B2B communicalion

516). 1n various embodiments, the number of symbols (e.g., OFDM symbols) available

G
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or emploved to the OTA B2B (portion 516) may depend upon the signaled or indicated $
sub-frame configurations and/or additional system information.

[0044] In various embodiments, the receiving eNB or BS {e.g., BS 222 of Fig. 2)
may include the typical non-extended DwPTS portion 502 (e.g., PDCCH 508, PDSCH
510, efe ) and switch to receiving OTA B2B communication mode right after transmitting
last symbol of the typical non-extended DwPTS. 1n such an embodiment, the first GP
514 may be used to transition to receiving mode, The OTA B2B communication from the
transmitting BS or eNB (e.g., BS 220} may be received during the OTA BZB
communication portion S16.

[0045] In various embodiments, the transmiting eNB or BS may insert a GP 514
before starting the OTA B2B transmisston 516 to account for synchronization errors and
transceiver re~configuration time (e.g., of the recetving eNB or BS, efc)). In another
embodiment, a second GP 520 may be inserted after the OTA B2B transmission 516 to
account to, once again account for synchronization errors and transceiver re-
configuration time (e.g., of the transnutting eNB or BS, efe.) and to provide a
substantially quite period for UEs or MSs to transmit their respective UpPTS 306, which
may be timed {due to, for example, propagation delay, ¢4c.) to arrive at the eNB or BS
during the tlustrated UpPTS 306 period.

[0048] In various embodiments, the first symbol of the OTA B2B commumication
516 may include an extended or longer cvelic prefix (CP) acting as a GP (e g, GP 314d) or
producing a substantially stmnilar effect. In some embodiments, the cyclic prefix of a
symbol {e.&, an OFDM symbol) may include a repeat of the end of the symbol at the
beginning symbol. 1o various embodiments, an extended CP may nclude 1667 us or
more; although, it is understood that the above 1s merely one iustrative example to
which the disclosed subject matter 15 not hmited. 1n some embodiments, the use of an
extended CP as a GP, for example to allow for eNB or BS DL-UL switching time, may be
employed 1 a systent in which the synchromzation errors are small; although, itis
understood that the above s merely one illustrative example to which the disclosed
subject matter is not limited.

[0047] In another embodiment, one or more whole symbols may be used as the

GP 514 or 520, as described above. Although, it is understood that the above is merely

10
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one iJustrative example to which the disclosed subject matier is not limited.

[0048] In various embodiments, the transmitting eNB or BS {e.g., BS 220 of Fig.
2) may utilize the downlink transmission schemes {e. g, timing, encoding, efe.) for the
OTA B2B communication 516. However, in other embodiments, the uplink transmission
schernes may be utilized. In some embodiments, employing the uplink transmission
schemes may be easier to implement since the eNB or BS receiver may be reused. In
such an embodiment, neither the DL nor the UL schemes may be used for the OTA B2B
communication 316, It is understood that the above are merely a few illustrative
examples to which the disclosed subject matter is not lumited.

[0049] FIG 6 is a block diagram of an example embodiment of a sub-frame 601
in accordance with the disclosed subject matter. In one embodiment, the S sub-frame 601
may include a DwPTS portion 502, an extended GP 504, and an UpPTS 506, Sab-frame
601 illustrates that, in one embodiment, OTA BZB communication portion 516 may ocour
as part of the extended GP 304, as opposed to an extended DwPTS 518 of Fig. 5. In
various embodiments, the resultant sub-frame may be substantially equivalent; however,
the implementation and conceptual view of the sub-frame and the OTA B2B
communication may differ. However, either conception, implementation or their
substantial equivalents are within the scope of the disclosed subject matter.

[0050] FIG 10 is a block diagram of an example embodiment of a sub~frame
1001 1n accordance with the disclosed subject matter. In one embodiment, the
transmutting eNB or BS may indicate that an extended DwPTS period 1002 and a non-
extended GP 1004 will oceur, resulting in the sub-frame 1000, For example, such § sub-
frame configurations may include configurations 4 or B as specified in Release 8
standard, as described above, having a GP 512 of | symbol. In such an embodiment, it
may appear to the UEs or MSs as if the PDSCH 1010 1s extended. However, in various
embodiments, the eNB or BS may take or employ some symbols from this extended
DwPTS 1002 for OTA B2B communication S16 and a GP 514, resulting in the actual
sub-frame 1001, In various emboduments, the GP 514 of the extended DwPTS 1018 may
be absent if an extended cyclic prefix i1s used for the first OTA B2B symbol, as described
above.

[0051] FIG 8 is a block diagram of an example embodiment of a frame 802 in

11
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accordance with the disclosed subject matter. In another embodument, the OTA B2B
communication may occur during a presumptive UL sub-frame.

[0052] In various embodiments, the eNB or BS may indicate when DL, UL or §
{SP) sub-frames may occur. In some embodiments, the eNB or BS may select a frame
configuration from a list of possible frame configurations dictated by a standard (e.g., the
Release 8 standard, efc.). One such configuration s iHustrated in frame 402 {reproduced
in Fig. 8 from Fig. 4).

[0053] Furthermore, in various embodiments, the eNB or BS allocates time and
frequency segments {¢.g., resource units, resource blocks, efe.) for communication with
its respective UEs or MSs, as described above. Therefore, an eNB or BS may dictate
when and from where a transmission will ocour during any given UL sub-frame.

[0054] In various embodiments, the eNB or BS may select one or more UL sub-
frames for OTA B2B communication. Fig 8 illustrates once such configuration in which
UL sub-frame 408b is selected as a B2B communication sub-frame 810. In various
embodiments, this may occur by the eNB or BS selecting an uplink (UL} sub-frame to
employ for BZB communication, and allocating the selected UL sub~frame to none of the
UlZs. In various embodiments, this may be referred to as the eNB or BS “stealing” a UL
sub-frame for B2B communication. In various embodiments, the replacement of a UL
sub-frame with a B2B sub~frame need not oceur every frame, merely when needed or
convenient for the eNB or BS.

[0055] As described above in Figs S and 6, in such an embodiment, the UEs and
MSs need not be gware that a B2B communication is occurring. Furthermore, as with
Figs S and 6, such an embodiment may be employed withowt a need to alter the set of
possible frame configurations dictated by the networking standard used.

[0056] I such an embodiment, from the UEs or MSs point of view the B2B sub-
frame 810 may appear to be a standard but unallocated UL sub-frame fe.g., UL sub-frame
408b). During such an unallocated UL sub-frame, the UEs or MSs mav be, in one
embodiment, muted or substantially silent as they refram from transmission due to lack of
allocation.

[0057] In such an embodiment, during the unaliocated UL sub-frame {(e.g., BZB

sub-frame 810), the transmitting eNB or BS may switch from a receiving configuration to
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a transmitting configuration. The transmitting BS may then, in one embodiment, transmit
OTA B2B information to a receiving BS (e.g., BS 222 of Fig. 2). In various
embaodiments, the entire or merely of a portion of the sub-frame may be used, depending
on the amount of information to be transmitted. In various embodiments, the transnutting
BS may then switch back fromt the transmitiing configuration to a receiving
configuration, depending upon whether or not the immediately subsequent sub-frame is a
DL sub-frame or a UL sub-frame.

f0058] In some embodiments, a recetving eNB or BS may monttor or be aware of
the transmitting BS’s UL sub-frame allocations. In such an embodiment, when the
transmaitiing eNB or BS does not allocate a UL sub-frame to any UEs or MSs, the
receiving BS or eNB may expect a B2B communication to occur during that sub-frame.
In some embodiments, the recerving BS may be incorrect and the sub-frame may merely
be unallocated and not “stolen” for B2B purposes. In another embodiment, the
transmitiing eNB or BS may indicate {e.g., directly, indirectly via a gateway, wdirectly
via inference and/or assumption, ef¢.} to the receiving base station 8BS, which UL sub-
frame {or more generally non-DL. sub-frame; e.g. | in the case of embodiments ilustrated
by Figs. 5 and 0) has been selected for B2B communication. Although, it is understood
that the above are merely a few ilustrative examples to which the disclosed subject
matter is not limited.

[0059] In varions embodiments, an eNB or BS may select a particular UL sub-
frame in order to minimize loss of system or device efficiency. In one embodiment, the
eNB or BS may select the uplink (UL} sub-frame directly before a DL sub-frame to
employ for B2B commumication. 1n such an embodiment, this may mean that the eNB or
BS need not switch its transceiver from a recelving configuration {o a transmitting
configuration more than it would had a non-B2B frame occurred. In such an
embodiment, the eNB or BS would merely switch modes one sub-frame earlier than in
the equivalent non-B2B frame {e.g., frame 802 versus frame 402),

[00860] In another embodiment, the B2B transmission period may be extended
bevond one UL sub-frame (e.g., 2 UL sub~frames, ¢fc.). In such an embodiment, a frame
configuration {see Fig. 7) may be chosen that facilitates the selection of multiple UL sub-

frames for use in B2B communication.
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[0061] FIG 7 is a table 700 of example embodiments of a system 10 accordance
with the disclosed subject matter. Table 700 illustrates a plurality of frame configurations
that may be predefined by a standard (e.g., the Release 8 standard, efe)) or generally used
in vartous embodiments. In various embodiments, the highlighted UL sub-frames 720
may be emploved or “stolen”™ for B2B communication; although, it is understood that the
above are merely a few ustrative examples to which the disclosed subject matter is not
limited. For example, if configuration 702 is emploved sub~frame 4 {a UL sub-frame)
may be unallocated to any UEs or MSs and used instead for B2ZB communication.

[0062] In the iltustrated embodiment, the last UL sub-frame directly before a DL
sub~frame s emploved for B2ZB communication. It is understood that the dlustrated 1s
merely one example to which the disclosed subject matter s not limited and that sub-
frames not directly before a DL sub-frame may be emploved.

[0063] FIG 9 is a flow chart of an example embodiment of a technique 900 in
accordance with the disclosed subject matter. In various embodiments, the technique 900
may be performed by the system of Figs. 1 or 2, the apparatus of Fig. 3, as described
above. In some embodiments, the technique 900 may be used with a sub~frame as
llustrated by Figs. 5 andfor 6, as described above. In some embodiments, the technique

gs. 7 and/or 8, as described above.

b=

900 may be used with a frame as iHlustrated by Fi

[0064] Block 902 ilustrates that, in one embodiment, a non-downlink (DL} sub-
frame may be selected by an eNB or BS to be employed for base station-to-base station
{(B2ZB) communication, as described above. In one embodiment, selecting may mclude
indicating to at least one UE that & sub-frame including an extended guard period (GP)
will oceur, as described above. In such an embodiment, the selected sub-frame may
include a downlink pilot time slot {DwPTS) portion, and a GP portion, and the extended
GP portion may include at least one GP, and a B2ZB communication portion, as described
above. In one embodiment, the selected sub-frame may include an extended downlink
pilot time slot (DwPTS) portion, and a GP portion, and the extended DwPTS portion may
include a non-extended DwPTS portion, at least one GP, and a B2B commumication
portion, as described above. In various embodiments, the action(s) illustrated by this
block may be performed by various elements, such as the BS 104 of Fig. 1, the BS 220 of
Fig. 2, the apparatus 301, and/or the processor 304 of Fig. 3, as described above.

b=

14
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[0065] In another embodiment, selecting may include selecting an uplink (UL}
sub-frame to employ for B2B communication, and allocating the selected UL sub-frame
to none of the UEs or MSs, as described above. In some embodiments, allocating may
include causing the receiving BS to expect a B2B communication, as described above. in
one embodiment, selecting may include selecting an uphuk (UL) sub-frame directly
before a DL sub-frame to employ for B2B communication, as described above. In varnious
embodiments, the action(s} ilustrated by this block may be performed by various
elements, such as the BS 104 of Fig. 1, the BS 220 of Fig. 2, the apparatus 301, and/or
the processor 304 of Fig. 3, as described above.

[0068] Block 904 illustrates thai, in one embodiment, the eNB or BS mav cause
at least one user equipment (LIE) or MS, associated with the eNB or BS, to either refrain
from transmiting or substantially recerving during the selected in-band non-downlink
sub-frame, as described above. In one embodiment, causing or refratning from
substantially receiving (e.g., performing channel measurements, efe.) may include
indicating to the UEs or MSs that a guard period (GP) will occur when in actually a B2B
communication will occur, as described above. In another embodiment, causing or
refraining from transmitting may include not allocating a selected UL sub-frame to any of
the UEs or MSs, as described above. 1n various embodiments, the action(s) iftustrated by
this block may be perforrued by various elements, such as the BS 104 of Fig, 1, the BS
220 of Fig. 2, the apparatus 301, and/or the processor 304 and/or transcetver 302 of Fig,
3, as described above.

[0067] Block 906 illustrates that, in one embodiment, the eNB or BS may
indicate, to the recetving base station (BS), which non-downlink sub-frame has been
selected or that 2 B2B communication will occur, as described above. In one
erabodiment, indicating may include causing the receiving BS to expect 2 B2B
communication due to no UL allocations to a UE or MS oceurting during a UL sub-
framme, as described above. In various embodiuments, the slots or sub-frames for B2B
commumcation may be configured beforehand via wired interface, in one embodiment,
In another embodiment, the slots or sub~frames may be configured during base station
start-up by listening to the broadcast information of other base stations before starting
normal operation. In such an embodiment, this broadeast information may include

15
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indications about which slots or sub~frames are used for B2B communication. In other
embodiments, indicating mayv include a message (e.g., direct, indirect via a third device,
indirect via inference, efc ), as described above. In varous embodiments, the action{s}
Ulustrated by this block may be performed by vanous elements, such as the BS 104 of
Fig. 1, the BS 220 of Fig. 2, the apparatus 301, and/or the processor 304 andfor
transceiver 302 of Fig. 3, as described above.

[0068] Block 908 sttustrates that, in one embodiment, the eNB or BS may
transmit data, from the transmiitting BS 1o a receiving BS, during at {east a portion of the
selected in-band non-downlink sub-frame, as described above. In one embodiment,
transmitiing may include during at feast a portion of the extended GP, transmitting data to
the receiving BS, as described above. In another embodiment, transnitting may include
during at least a portion of the selected UL sub-frame, transmitling data to the receiving
BS, as described above. In various embodiments, the action(s) iltustrated by this block
may be performed by various elements, such as the BS 104 of Fig. 1, the BS 220 of Fig.
2, the apparatus 301, and/or the processor 304 and/or transcetver 302 of Fig. 3, as
described above.

[0069] In various embodiments, the transmitting eNB or BS and the receiving
eNB or BS may be configured to operate substantially asynchronously. In another
embodiment, the transmitting eNB or BS and the receiving eNB or BS may be configured
to operate loosely synchronously, as described above.  In yet another embodument, the
eNBs or BSs may be strictly synchronized.

[0070] Implementations of the various techniques described herein may be
implemented in digital electronic circuilry, or in computer hardware, firmware, software,
or in combinations of them. Implementations may be implemented as a computer
program product, f.¢., a computer program tangibly embodied in an information carrier,
e, in a machine-readable storage device or in a propagated signal, for execution by, or
to control the operation of, data processing apparatus, e g, a programmable processor, a
compter, or multiple computers. A computer program, such as the computer program(s}
described above, can be written in any form of programming language, including
compiled or interpreted languages, and can be deployed in any form, including as a

stand-alone program or as a module, component, subrontine, or other unit suitable for use
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in a computing environment. A computer program can be deployed to he executed on one
computer or on multiple computers at one site or distiibuted across multiple sites and
interconnected by a communication network.

f0071} Method steps may be performed by one or more programmable processors
executing a computer program to perform functions by operating on input data and
generating output. Method steps also may be performed by, and an apparatus may be
implemented as, special purpose logic circuitry, e.g., an FPGA (field programmable gate
array ) or an ASIC {(application-specific integrated cireuit}.

[0072] Processors suitable for the execution of a computer program include, by
way of example, both general and special purpose microprocessors, and any ovne or more
processors of any kind of digital computer. Generally, a processor will receive
instructions and data from a read-only memory or a random access memory or baoth.
Elements of a computer may include at feast one processor for executing instructions and
one or more memaory devices for storing instructions and data. Generally, a computer
also may wclude, or be operatively coupled to receive data from or transfer data to, or
both, one or more mass storage devices for storing data, e g, magnetic, magneto-optical
disks, or optical disks. Information carriers suitable for embodying computer program
istructions and data mclude all forms of non-volatile memory, mcluding by way of
example semiconductor memory devices, e.g., EPROM, EEPROM, and flash memory
devices; magunetic disks, e g, internal hard disks or removable disks; magneto-optical
disks; and CD-ROM and DVID-ROM disks. The processor and the mentory may be
supplemented by, or incorporated n special purpose logic cireuitry.

[0073] While certain features of the described implementations have been
illustrated as described herein, many modifications, substitutions, changes and
equivalents will now occur to those skilled in the art. It s, therefore, to be understood
that the appended claims are intended to cover all such modifications and changes as fali

within the scope of the embodiments.
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WHAT IS CLAIMED 18:

1. An apparatus comprising:
a processor; and
wherein the processor is configured to:
select either an uplink sub-frame or a special sub-frame to employ for base
station-to-base station communication;
cause at {east one user equipment, associated with the apparatus, to either
refrain from transmitting or substantially receiving within the selected sub-frame; and
transmit data, from the apparatus to a receiving BS, during at least a

portion of the selected sub-frame.

2. The apparatus of ¢laim 1, wherein the processor is configured to:
indicate, to the receiving base station, which sub-frame has been selected.
3. The apparatus of claim 1, wherein the processor is configured to:

indicate to at least one user equapment that a sub-frame including either an
extended guard period or an extended downlink pilot time slot portion will occur; and
within at least a portion of the either extended guard period or extended

downlink pilot time slot, transmit data to the receiving base station,

4. The apparatus of claim 1, wherein the processor is configured to:
indicate, to the receiving base station, that a base station-to-base station

communication will occur duning the extended GP.

5. The apparatus of ¢laim 3, wherein the selected sub-frame includes:
a downlink pilot time slot portion, and an extended guard period portion;
and
wherein the extended guard period portion includes:
at least one non-extended guard pertod portion, and a base station-to-base

station communication portion.
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6. The apparatus of claim 3, wherein the selected sub-frame includes:
an extended downlink pilot time slot portion, and a guard period portion;
and
wherein the extended downlink pilot time slot porfion includes:
a non-extended downlink pilot time slot portion and a base station~to-base

station communication portion.

7. The apparatus of claim 1, wherein the processor is configured to
select an uplink sub-frame to employ for base station-to-base station
communication; and

allocate the selected uplink sub-frame to none of the user equipment,

8. The apparatus of claim 1, wherewn the processos is configured to:
select an uplink sub-frame directly before a downlink sub-frame to employ

for base station~to-base station communication,
9. The apparatus of claim 7, wherein the processor is contigured to:

cause the receiving base station to expect a base station-to-base station

commucation.

18
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1. A method comprising:
selecting either an uplink sub-frame or a special sub-frame to emplov for
base station-to-base station commumnication,
causing at least one user equipment, associated with the transnutting base
station, to either refrain from transmitting or substantially receiving within the selected
sub-frame; and
transmitiing data, from a transnitting base station to a receiving base

station, during at least a portion of the selected sub-frame.

1. The method of claim 10 further including:
indicating, to the receiving base station, which sub-frame has been

sedected,

12, The method of claim 10 wherein selecting includes:
indicating to at least one user equipment that a sub-frame including either
an extended guard period or an extended downlink pilot time stot portion will occur; and
wherein transmitting includes
during at least a portion of the either extended guard pertod or extended

downlink pilot time slot, trapsmitting data to the receiving base station.

13, The method of claim 12 further including:
indicating, to the receiving base station, that a base station-to-base station

commumeation will oceur during the extended guard period.

14, The method of claim 12 wherein the selected sub~frame includes:
an extended downlink pilot time slot portion, and a guard period portion;
and
wherein the extended downlink pilot time slot portion includes:
a non~exiended downlink pitot time slot portion and a base station-to-base

station communication portion.
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15 The method of claim 12, wherein the selected sub-frame includes:
a downlink pilot time slot portion, and an extended guard period portion;
and
wherein the extended guard period portion includes:
at least one non-extended guard period portion, and a base station-to-base

station communication portion.

16, The method of claim 10 wherein selecting includes:
selecting an uplink sub-frame to employ for base station-to-base station
communication; and

allocating the selected uplink sub-frame to none of the user equipment.

17.  The method of claim 10 wherein selecting includes:
selecting an uplink sub-frame directly before a downlink sub-frame to

employ for base station-to-base station communication.

18 The method of claim 16 wherein allocating includes:
causing the receiving base station to expect a base station-to-base station

coOnmuication.
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19, Anapparatus comprising:

a means for selecting either an uphink sub-frame or a special sub-frame to
employ for base station-to-base stalion communication;

a means for causing at least one user equipment, associated with the
transmitiing base station, to either refrain from transmuitting or substantially receiving
within the selected sub-frame; and

a means for transmitting data, from the transmitting base station to a

recetving base station, during at least a portion of the selected  sub-frame.

20, The apparatus of claim 19 wherein the means for selecting includes:
a means for indicating to at least one user equipment that a sub-frame
including an extended download pilot ime slot vill oceur; and
wherein the means for transmitting includes:
a means for, during at least a portion of the extended downhink pilot time

stot, transmitting data 1o the receiving base station.

21, The apparatus of claim 19 wherein the means for selecting includes:
a means for selecting an uplink sub-trame to employ for base station-to-
hase station communication; and
wherein the means for causing includes:
a means for allocating the selected uplink sub-frame to none of the user

equipment.
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22, A machine readable medium comprising instructions capable of being
executed by at least one machine, wherein the instructions, when executed, cause the
machine o

select either an uplink sub-frante or a special sub-tranie to employ for base
station-to-base station communication;

cause at least one user equipment, associated with the transmitting base
station, to either refrain from tfransmitting or substantially receiving within the selected
sub-frame; and

transnit data, from a transmitting base station to a receiving base station,

during at {east a portion of the selected sob-frame.

12
(V5]



WO 2010/055367 PCT/IB2008/054748

Page 1 0f 10

Wireless Network e -
1 Q? L ~ao

/ S 106 Y
o < Mobite -
/. Mobile 7 Station

;. Station /J

N

Base
Station
104

i o e i
. —

-

X “ Mﬂb”e “\ ,.-f}
N S Station -

PSR S

FIG. 1

e

SO s e e s W

.



WO 2010/055367 PCT/IB2008/054748

Page 2 of 10

e

- - BN ~.
FIG.2 .~
-~ Y
f ) ” \\
f, )
200 P .
4 N
£ n \
/ \
, .
f’f ;206 \
/ TOMS \\
S e, Ay \
/ X
/ %
/ Receiving \
/7 \/BS Range \\
!f 214 . !
¥ P - ; : “
I . o ~ §
/ L . Receiving | N A
i .~ . BS Station | S §
’ . o222 N §
' g o= N .
| r : 3 N |
] ff ...................................... A ;
i / \\ {
H ! Y H
v v
f
tos \
v {
A A
A A
fA E
§ \ ¢
£ A
! ' / !
‘ ' / \
' 5 / \
! * f 1
f \ / X
i N b J; :
I \ : , \
t AN e s ]
! “ Transmitting L i
i N Base Station L )
! N 220 - i
; N = L t
§ s - J
Y Network e /
i Range /!
\ 212 §
\ N i
3 > /
X ;
\ p
\ 210 ;
\ COMS ’
N T P
\ ’
S /
N ’
h z
A s
h #
> &
N ~
s -
~ -’
™~ -
\.\ . -
~ e ~ _ - -



WO 2010/055367 PCT/IB2008/054748

Page 3 of 10

FIG. 3

Wireless Transceiver Processor

Controller Memory
308 306




PCT/IB2008/054748

WO 2010/055367

FPage 4 of 10

o980y
n

P8Oy
n

Y80y
kil




PCT/IB2008/054748

WO 2010/055367

FPage & of 10

505

5 [ gdp”0CE dOm 815 S1dma pepusixa >
- E 0% 51% PI§ Ol €05
8lddn | dO UOHEDIUNWWOD 824 / Y.LO d9 | HOSGd HOOAd
- o0s Zis DI | 805

- siddn do HOSAd | HO0Ad
< 905 »--t P0G 49 pepusixy P0G S MG
S1ddn

G Old

o
-
©y



PCT/IB2008/054748

WO 2010/055367

FPage & of 10

505

“s1adn” ™ FOS dO pepusix3 »4—Z05 SLdMG—>
Slddn | d© UOHEIUNWWOD 828 / VL0 d9 | HOSOd | HOOAd
0% A% 015 8%

- siddn do HOSAd | HO0Ad
- 905 - P08 49 pepusix3 »a—C0G SLdMQ—w
81iddn

9 "Old

|

o
-
©y



WO 2010/055367 PCT/IB2008/054748

Page 7 of 10

Sub-Frame Number

FIG. 7

— o o jos jo. |on o o
CF FC O { LD FCD 62 OO
R Do DNNUNE BN SRUNUNE DN DNNUUE DN DUUIUE D BRI B R |

L lalcaaiaalialdaldm o

Configuration
102
104
706

0
1
1




PCT/IB2008/054748

WO 2010/055367

FPage & of 10

Zov

awel
5307 PEOR 380F E50% B%0F = G80% B30% 50% 5% 0%
n 1N 1N ds e N 1N N d4s 1a
O Pagh 550 BG0F &0F 018 BE0% 50% 5% ¥OF
n n 1N d4s 1@ | gz 10 0 d4s 1a
Uzeh 755 GHAG B35
SUIBS awiel sweld Sl
008



WO 2010/055367 PCT/IB2008/054748
Page 9of 10

FIG. 9 =D

Y

902 Selecting a non-downlink (DL) sub-frame to employ for base station-{o-
base station (B2B) communication ’

904 Causing at least one user equipment (UE), associated with the
transmitting BS, to either refrain from transmitting or substantially receiving
during the selected sub-frame

908 Indicating, to the receiving base station (BS), which sub-frame has been
selected or that a B2B communication will ococur :

\/

808 Transmitting data, from the transmitting BS to a receiving BS, during at
: least a portion of the selected sub-frame

End
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An example of this would be when “select an uplink sub-frame”
in claim 1 is read together with “the selected sub-frame
includes a downlink pilot time slot portion” in claim 5.
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