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EFFICIENT DOWNLINK OPERATION FOR EIMTA

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present Application for Patent claims priority to U. S. Provisional
Application No. 61/821,882, filed May 10, 2013, which is assigned to the assignee of
the present application and hereby expressly incorporated by reference herein in its
entirety.

FIELD OF INVENTION
[0002] Certain aspects of the disclosure generally relate to wireless communications
and, more particularly, to techniques for efficient downlink (DL) operations for
enhanced interference management for traffic adaptation (elMTA) in long term
evolution (LTE).

BACKGROUND

[0003] Wireless communication networks are widely deployed to provide various
communication services such as voice, video, packet data, messaging, broadcast, etc.
These wireless networks may be multiple-access networks capable of supporting
multiple users by sharing the available network resources. Examples of such multiple-
access networks include Code Division Multiple Access (CDMA) networks, Time
Divison Multiple Access (TDMA) networks, Frequency Division Multiple Access
(FDMA) networks, Orthogonal FDMA (OFDMA) networks and Single-Carrier FDMA
(SC-FDMA) networks.

[0004] A wireless communication network may include a number of base stations
that can support communication for a number of user equipments (UES). A UE may
communicate with a base station via the downlink and uplink. The downlink (or
forward link) refers to the communication link from the base station to the UE, and the

uplink (or reverse link) refers to the communication link from the UE to the base station.

[0005] A base station may transmit data and control information on the downlink to
aUE and/or may receive data and control information on the uplink from the UE. On
the downlink, a transmission from the base station may observe interference due to
transmissions from neighbor base stations. On the uplink, atransmission from the UE

may cause interference to transmissions from other UEs communicating with the
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neighbor base stations. The interference may degrade performance on both the

downlink and uplink.

SUMMARY

[0006] Certain aspects of the present disclosure provide a method of wireless
communications by aUser Equipment (UE). The method generally includes identifying,
within a set of subframes, one or more fixed subframes that are dedicated for either
uplink or downlink communications and one or more flexible subframes that may be
dynamically managed for either uplink or downlink communications, determining a
downlink transmission mode used for one of the flexible subframes used as a downlink
subframe, and processing the flexible subframes used as a downlink subframe in

accordance with the determined downlink transmission mode.

[0007] Certain aspects of the present disclosure provide a method of wireless
communications by aUser Equipment (UE). The method generally includes identifying,
within a set of subframes, one or more fixed subframes that are dedicated for either
uplink or downlink communications and one or more flexible subframes that may be
dynamically managed for either uplink or downlink communications, determining a
downlink transmission mode used for one of the flexible subframes used as a downlink
subframe, and processing the flexible subframes used as a downlink subframe in

accordance with the determined downlink transmission mode.

[0008] Certain aspects of the present disclosure provide a method of wireless
communications by aUser Equipment (UE). The method generally includes identifying,
within a set of subframes, one or more fixed subframes whose directions may not be
dynamically adapted and one or more flexible subframes whose directions may be
dynamically adapted, determining that a structure for at least one subframe in the one or
more flexible subframes isbased on a Multimedia Broadcast Single Frequency Network
(MBSFN) subframe, and processing at least one subframe in the one or more flexible

subframes based on the determination.

[0009] Certain aspects of the present disclosure provide a method of wireless
communications by a Base Station (BS). The method generally includes identifying,
within a set of subframes, one or more fixed subframes that are dedicated for either

uplink or downlink communications and one or more flexible subframes that may be
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dynamically managed for either uplink or downlink communications, transmitting a
Multimedia Broadcast Single Frequency Network (MBSFN) subframe using at least one
of the flexible subframes, and indicating a change to a Multicast Control Channel
(MCCH) based, at least in part, on aformat of the flexible subframe used as a MBSFN

subframe.

[0010] Certain aspects of the present disclosure provide a method of wireless
communications by a Base Station (BS). The method generally includes identifying,
within a set of subframes, one or more fixed subframes that are dedicated for either
uplink or downlink communications and one or more flexible subframes that may be
dynamically managed for either uplink or downlink communications, determining a
downlink transmission mode to be used for one of the flexible subframes used as a
downlink subframe, and transmitting in the flexible subframe used as a downlink

subframe in accordance with the determined downlink transmission mode.

[0011] Certain aspects of the present disclosure provide a method of wireless
communications by a Base Station (BS). The method generally includes identifying,
within a set of subframes, one or more fixed subframes whose directions may not be
dynamically adapted and one or more flexible subframes whose directions may be
dynamically adapted, determining that a structure for a least one subframe in the one or
more flexible subframes is based on a Multimedia Broadcast Single Frequency Network
(MBSFN) subframe, and processing the at least one subframe in the one or more
flexible subframes based on the determination.

[0012] Certain aspects of the present disclosure also provide various apparatuses
and program products corresponding to the methods described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1is ablock diagram conceptualy illustrating an example of awireless

communications network in accordance with certain aspects of the present disclosure.

[0014] FIG. 2 is a block diagram conceptually illustrating an example of a frame
structure in a wireless communications network in accordance with certain aspects of

the present disclosure.
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[0015] FIG. 2A shows an example format for the uplink in Long Term Evolution

(LTE) in accordance with certain aspects of the present disclosure.

[0016] FIG. 3 shows a block diagram conceptually illustrating an example of a
Node B in communication with a user equipment device (UE) in a wireless

communications network in accordance with certain aspects of the present disclosure.

[0017] FIG. 4 illustrates DMRS patterns as defined in Rel-10 for the normal cyclic
prefix case, in accordance with certain aspects of the present disclosure.

[0018] FIG. 5illustrates resource configuration for PSS, SSS and PBCH in an LTE

frame, in accordance with certain aspects of the present disclosure.

[0019] FIG. 6 illustrates DL and UL subframe configurations, in accordance with

certain aspects of the present disclosure.

[0020] FIG. 7 illustrates example operations for wireless communications that may
be performed by a User Equipment (UE), in accordance with certain aspects of the

present disclosure.

[0021] FIG. 8 illustrates example operations for wireless communications that may
be performed by a User Equipment (UE), in accordance with certain aspects of the

present disclosure.

[0022] FIG. 9 illustrates example for wireless communications operations that may
be performed by a User Equipment (UE), in accordance with certain aspects of the

present disclosure.

[0023] FIG. 10 illustrates example operations for wireless communications that may
be performed by a Base Station (BS), in accordance with certain aspects of the present

disclosure.

[0024] FIG. 11illustrates example operations for wireless communications that may
be performed by a Base Station (BS), in accordance with certain aspects of the present

disclosure.
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[0025] FIG. 12 illustrates example operations for wireless communications that may
be performed by a Base Station (BS), in accordance with certain aspects of the present

disclosure.

DETAILED DESCRIPTION

[0026] The techniques described herein may be used for various wireless
communication networks such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and
other networks. The terms "network” and "system” are often used interchangeably. A
CDMA network may implement aradio technology such as Universal Terrestrial Radio
Access (UTRA), cdma2000, etc. UTRA includes Wideband CDMA (WCDMA) and
other variants of CDMA. ¢dma2000 covers 1S-2000, 1S-95 and IS-856 standards. A
TDMA network may implement aradio technology such as Global System for Mobile
Communications (GSM). An OFDMA network may implement a radio technology
such as Evolved UTRA (E-UTRA), Ultra Mobile Broadband (UMB), IEEE 802.1 1 (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
wireless networks and radio technologies mentioned above as well as other wireless
networks and radio technologies. For clarity, certain aspects of the techniques are
described below for LTE/LTE-A, and LTE/LTE-A terminology is used in much of the

description below.

Example Wireless Networ k

[0027] FIG. 1shows awireless communication network 100, which may be an LTE
network. The wireless network 100 may include a number of evolved Node Bs (eNBs)
110 and other network entities. An eNB may be a station that communicates with user
equipment devices (UEs) and may also be referred to as a base station, a Node B, an
access point, etc. Each eNB 110 may provide communication coverage for a particular

geographic area. In 3GPP, the term "cell" can refer to a coverage area of an eNB and/or
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an eNB subsystem serving this coverage area, depending on the context in which the

term isused.

[0028] An eNB may provide communication coverage for a macro cell, apico cell,
a femto cell, and/or other types of cells. A macro cell may cover arelatively large
geographic area (e.g., several kilometers in radius) and may allow unrestricted access by
UEs with service subscription. A pico cell may cover arelatively small geographic area
and may alow unrestricted access by UEs with service subscription. A femto cell may
cover arelatively small geographic area (e.g., ahome) and may alow restricted access
by UEs having association with the femto cell (e.g., UEs in a Closed Subscriber Group
(CSG), UEs for users in the home, etc.). An eNB for amacro cell may bereferred to as
amacro eNB (i.e.,, amacro base station). An eNB for apico cell may bereferred to asa
pico eNB (i.e, apico base station). An eNB for a femto cell may be referred to as a
femto eNB (i.e., afemto base station) or a home eNB. Inthe example shown in FIG. 1,
eNBs 110a, 110b, and 110c may be macro eNBs for macro cells 102a, 102b, and 102c,
respectively. eNB 110x may be apico eNB for apico cell 102x. eNBs 110y and 110z
may be femto eNBs for femto cells 102y and 102z, respectively. An eNB may support

one or multiple (e.g., three) cells.

[0029] The wireless network 100 may also include relay stations. A relay station is
a station that receives atransmission of data and/or other information from an upstream
station (e.g., ah eNB or a UE) and sends a transmission of the data and/or other
information to a downstream station (e.g., aUE or an eNB). A relay station may aso be
a UE (eg. UE relay station) that relays transmissions for other UES. In the example
shown in FIG. 1, arelay station 110Or may communicate with eNB 110a and a UE 120r
in order to facilitate communication between eNB 110a and UE 120r. A relay station
may also bereferred to asarelay eNB, arelay, etc.

[0030] The wireless network 100 may be a heterogeneous network (HetNet) that
includes eNBs of different types, e.g., macro eNBs, pico eNBs, femto eNBs, relays, etc.
These different types of eNBs may have different transmit power levels, different
coverage areas, and different impact on interference in the wireless network 100. For
example, macro eNBs may have a high transmit power level (e.g., 20 watts) whereas

pico eNBs, femto eNBs, and relays may have alower transmit power level (e.g., 1watt).
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[0031] The wireless network 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 aigned 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 both synchronous and asynchronous operation.

[0032] A network controller 130 may couple to a set of eNBs and provide
coordination and control for these eNBs. The network controller 130 may communicate
with eNBs 110 via abackhaul. The eNBs 110 may also communicate with one another,

e.g., directly or indirectly viawireless or wireline backhaul.

[0033] The UEs 120 (e.g., 120x, 120y) may be dispersed throughout the wireless
network 100, and each UE may be stationary or mobile. A UE may also be referred to
as aterminal, amobile station, a subscriber unit, a station, etc. A UE may be a cellular
phone, a smart phone, apersona digital assistant (PDA), awireless modem, awireless
communication device, a handheld device, a laptop/notebook computer, a cordless
phone, a wireless local loop (WLL) station, a tablet, etc. A UE may be able to
communicate with macro eNBs, pico eNBs, femto eNBs, relays, etc. In FIG. 1, asolid
line with double arrows indicates desired transmissions between a UE and a serving
eNB, which is an eNB designated to serve the UE on the downlink and/or uplink. A
dashed line with double arrows indicates interfering transmissions between a UE and an

eNB. For certain aspects, the UE may comprise an LTE Release 10 UE.

[0034] LTE utilizes orthogonal frequency divison multiplexing (OFDM) on the
downlink and single-carrier frequency division multiplexing (SC-FDM) on the uplink.
OFDM and SC-FDM partition the system bandwidth into multiple (K) orthogonal
subcarriers, which are also commonly referred to as tones, bins, etc. Each subcarrier
may be modulated with data. In general, modulation symbols are sent in the frequency
domain with OFDM and in the time domain with SC-FDM. The spacing between
adjacent subcarriers may be fixed, and the total number of subcarriers (K) may be
dependent on the system bandwidth. For example, K may be equal to 128, 256, 512,
1024, or 2048 for system bandwidth of 1.25, 2.5, 5, 10, or 20 megahertz (MH2z),
respectively. The system bandwidth may also be partitioned into subbands. For
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example, a subband may cover 1.08 MHz, and there may be 1, 2, 4, 8, or 16 subbands
for system bandwidth of 1.25, 2.5, 5, 10, or 20 MHz, respectively.

[0035] FIG. 2 shows a frame structure used in LTE. The transmission timeline for
the downlink may be partitioned into units of radio frames. Each radio frame may have
a predetermined duration (e.g., 10 milliseconds (ms)) and may be partitioned into 10
subframes with indices of O through 9. Each subframe may include two dlots. Each
radio frame may thus include 20 dots with indices of O through 19. Each dot may
include L symbol periods, eg., L =7 symbol periods for a normal cyclic prefix (as
shown in FIG. 2) or L =6 symbol periods for an extended cyclic prefix. The 2L
symbol periods in each subframe may be assigned indices of O through 2L-1. The
available time frequency resources may be partitioned into resource blocks. Each

resource block may cover N subcarriers (e.g., 12 subcarriers) in one slot.

[0036] In LTE, an eNB may send a primary synchronization signal (PSS) and a
secondary synchronization signal (SSS) for each cell in the eNB. The primary and
secondary synchronization signals may be sent in symbol periods 6 and 5, respectively,
in each of subframes O and 5 of each radio frame with the norma cyclic prefix, as
shown in FIG. 2. The synchronization signals may be used by UEs for cell detection
and acquisition. The eNB may send a Physical Broadcast Channel (PBCH) in symbol
periods 0to 3in dlot 1of subframe 0. The PBCH may carry certain system information.

[0037] The eNB may send a Physical Control Format Indicator Channel (PCFICH)
in the first symbol period of each subframe, as shown in FIG. 2. The PCFICH may
convey the number of symbol periods (M) used for control channels, where M may be
equal to 1, 2, or 3 and may change from subframe to subframe. M may also be equal to
4 for asmall system bandwidth, e.g., with less than 10 resource blocks. The eNB may
send a Physical HARQ Indicator Channel (PHICH) and a Physical Downlink Control
Channel (PDCCH) in the first M symbol periods of each subframe (not shown in FIG.
2). The PHICH may carry information to support hybrid automatic repeat request
(HARQ). The PDCCH may carry information on resource allocation for UEs and
control information for downlink channels. The eNB may send a Physical Downlink
Shared Channel (PDSCH) in the remaining symbol periods of each subframe. The
PDSCH may carry data for UEs scheduled for data transmission on the downlink. The
various signals and channels in LTE are described in 3GPP TS 36.211, entitled
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"Evolved Universa Terrestrial Radio Access (E-UTRA); Physical Channels and
Modulation,” which ispublicly available.

[0038] The eNB may send the PSS, SSS, and PBCH in the center 1.08 MHz of the
system bandwidth used by the eNB. The eNB may send the PCFICH and PHICH
across the entire system bandwidth in each symbol period in which these channels are
sent. The eNB may send the PDCCH to groups of UES in certain portions of the system
bandwidth. The eNB may send the PDSCH to specific UEs in specific portions of the
system bandwidth. The eNB may send the PSS, SSS, PBCH, PCFICH, and PHICH in a
broadcast manner to all UEs, may send the PDCCH in aunicast manner to specific UES
and may also send the PDSCH in aunicast manner to specific UEs.

[0039] A number of resource elements may be available in each symbol period.
Each resource element may cover one subcarrier in one symbol period and may be used
to send one modulation symbol, which may be a real or complex value. Resource
elements not used for areference signa in each symbol period may be arranged into
resource element groups (REGs). Each REG may include four resource elements in one
symbol period. The PCFICH may occupy four REGs, which may be spaced
approximately equally across frequency, in symbol period 0. The PHICH may occupy
three REGs, which may be spread across frequency, in one or more configurable symbol
periods. For example, the three REGs for the PHICH may al belong in symbol period O
or may be spread in symbol periods 0, 1, and 2. The PDCCH may occupy 9, 18, 32, or
64 REGs, which may be selected from the available REGs, in the first M symbol
periods. Only certain combinations of REGs may be allowed for the PDCCH.

[0040] A UE may know the specific REGs used for the PHICH and the PCFICH.
The UE may search different combinations of REGs for the PDCCH. The number of
combinations to search istypicaly lessthan the number of allowed combinations for the
PDCCH. An eNB may send the PDCCH to the UE in any of the combinations that the

UE will search.

[0041] FIG. 2A shows an exemplary format 200A for the uplink in LTE. The
available resource blocks for the uplink may be partitioned into a data section and a
control section. The control section may be formed at the two edges of the system

bandwidth and may have a configurable size. The resource blocks in the control section
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may be assigned to UEs for transmission of control information. The data section may
include all resource blocks not included in the control section. The design in FIG. 2A
results in the data section including contiguous subcarriers, which may allow a single

UE to be assigned all of the contiguous subcarriers in the data section.

[0042] A UE may be assigned resource blocks in the control section to transmit
control information to an eNB. The UE may aso be assigned resource blocks in the
data section to transmit data to the eNB. The UE may transmit control information in a
Physical Uplink Control Channel (PUCCH) 210a, 210b on the assigned resource blocks
in the control section. The UE may transmit only data or both data and control
information in a Physical Uplink Shared Channel (PUSCH) 220a, 220b on the assigned
resource blocks in the data section. An uplink transmission may span both dots of a

subframe and may hop across frequency as shown in FIG. 2A.

[0043] A UE may be within the coverage of multiple eNBs. One of these eNBs
may be selected to serve the UE. The serving eNB may be selected based on various

criteria such as received power, pathloss, signal-to-noise ratio (SNR), etc.

[0044] A UE may operate in adominant interference scenario in which the UE may
observe high interference from one or more interfering eNBs. A dominant interference
scenario may occur due to restricted association. For example, in FIG. 1, UE 120y may
be close to femto eNB HOy and may have high received power for eNB HOy.
However, UE 120y may not be able to access femto eNB HOy due to restricted
association and may then connect to macro eNB 110c with lower received power (as
shown in FIG. 1) or to femto eNB 110z aso with lower received power (not shown in
FIG. 1). UE 120y may then observe high interference from femto eNB HOy on the

downlink and may also cause high interference to eNB 110y on the uplink.

[0045] A dominant interference scenario may also occur due to range extension,
which is a scenario in which a UE connects to an eNB with lower pathloss and lower
SNR among all eNBs detected by the UE. For example, in FIG. 1, UE 120x may detect
macro eNB 110b and pico eNB 110x and may have lower received power for eNB 110x
than eNB 110b. Nevertheless, it may be desirable for UE 120x to connect to pico eNB
110ox if the pathloss for eNB 11ox islower than the pathloss for macro eNB 110b. This

may result in less interference to the wireless network for a given datarate for UE 120x.
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[0046] According to certain aspects, communication in a dominant interference
scenario may be supported by having different eNBs operate on different frequency
bands. A frequency band is arange of frequencies that may be used for communication
and may be given by (i) a center frequency and a bandwidth or (ii) a lower frequency
and an upper frequency. A frequency band may aso be referred to as a band, a
frequency channel, etc. The frequency bands for different eNBs may be selected such
that a UE can communicate with a weaker eNB in a dominant interference scenario
while allowing a strong eNB to communicate with its UES. An eNB may be classified
as a "weak" eNB or a "strong" eNB based on the received power of signals from the
eNB recelved a aUE (and not based on the transmit power level of the eNB).

[0047] FIG. 3isablock diagram of a design of abase station or an eNB 110 and a
UE 120, which may be one of the base stations/eNBs and one of the UEs in FIG. 1. For
arestricted association scenario, the eNB 110 may be macro eNB 110c in FIG. 1, and
the UE 120 may be UE 120y. The eNB 110 may aso be a base station of some other
type. The eNB 110 may be equipped with T antennas 334a through 334t, and the UE
120 may be equipped with R antennas 352a through 352r, where in genera T > 1 and
R>1.

[0048] At the eNB 110, a transmit processor 320 may receive data from a data
source 312 and control information from a controller/processor 340. The control
information may be for the PBCH, PCFICH, PHICH, PDCCH, etc. The data may be for
the PDSCH, etc. The transmit processor 320 may process {e.g., encode and symbol
map) the data and control information to obtain data symbols and control symbols,
respectively. The transmit processor 320 may also generate reference symbols, e.g., for
the PSS, SSS, and cell-specific reference signal. A transmit (TX) multiple-input
multiple-output (MIMO) processor 330 may perform spatial processing {e.qg.,
precoding) on the data symbols, the control symbols, and/or the reference symbols, if
applicable, and may provide T output symbol streams to T modulators (MODs) 332a
through 332t. Each modulator 332 may process arespective output symbol stream {e.g.,
for OFDM, etc.) to obtain an output sample stream. Each modulator 332 may further
process {e.g., convert to analog, amplify, filter, and upconvert) the output sample stream
to obtain a downlink signal. T downlink signals from modulators 332a through 332t
may betransmitted via T antennas 334athrough 334t, respectively.
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[0049] At the UE 120, antennas 352a through 352r may receive the downlink
signals from the eNB 110 and may provide received signals to demodulators
(DEMODs) 354a through 354r, respectively. Each demodulator 354 may condition
(e.q., filter, amplify, downconvert, and digitize) a respective received signal to obtain
input samples. Each demodulator 354 may further process the input samples (e.g., for
OFDM, etc.) to obtain received symbols. A MIMO detector 356 may obtain received
symbols from al R demodulators 354a through 354r, perform MIMO detection on the
received symbols, if applicable, and provide detected symbols. A receive processor 358
may process (e.g., demodulate, deinterleave, and decode) the detected symbols, provide
decoded data for the UE 120 to a data sink 360, and provide decoded control

information to a controller/processor 380.

[0050] On the uplink, a the UE 120, a transmit processor 364 may receive and
process data (e.g., for the PUSCH) from a data source 362 and control information (e.g.,
for the PUCCH) from the controller/processor 380. The transmit processor 364 may
also generate reference symbols for a reference signal. The symbols from transmit
processor 364 may be precoded by a TX MIMO processor 366 if applicable, further
processed by modulators 354athrough 354r (e.g., for SC-FDM, etc.), and transmitted to
the eNB 110. At the eNB 110, the uplink signals from the UE 120 may be received by
the antennas 334, processed by the demodulators 332, detected by aMIMO detector 336
if applicable, and further processed by a receive processor 338 to obtain decoded data
and control information sent by the UE 120. The receive processor 338 may provide the
decoded data to a data sink 339 and the decoded control information to the

controller/processor 340.

[0051] The controllers/processors 340 and 380 may direct the operation a the eNB
110 and the UE 120, respectively. The controller/processor 340, receive processor 338,
and/or other processors and modules at the eNB 110 may perform or direct operations
800 in FIGs. 7, 8, 9, 10, 11, 12, and/or other processes for the techniques described
herein. The memories 342 and 382 may store data and program codes for the eNB 110
and the UE 120, respectively. A scheduler 344 may schedule UEs for data transmission
on the downlink and/or uplink. eNB 110 may transmit static resource partitioning
information (SPRI) 390 to UE 120. UE 120 may transmit sounding reference signals
(SRS) 392 to eNB 110.
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Example Resource Allocation for EPDCCH

[0052] In existing wireless communications systems (eg., so caled "legacy" LTE
Rel-8/9/10 systems), PDCCH is located in the first several symbols of an LTE
subframe. The PDCCH is generally distributed across the entire bandwidth of the
subframe and is time division multiplexed with PDSCH. In other words, the subframe
is effectively divided into a control region and a data region, and the PDCCH occupies
the first several symbols of the control region.

[0053] An enhanced PDCCH (EPDCCH) may be defined, for example, in non-
legacy systems (eg., Rel-12) which may complement or replace the legacy PDCCH.
Unlike the legacy PDCCH, which occupies the control region of the subframe in which
it is transmitted, the EPDCCH generally occupies the data region of the subframe,
similar to the legacy PDSCH. In other words, an EPDCCH region may be defined that
occupies the conventional/legacy PDSCH region. The EPDCCH region may consist of
multiple contiguous or non-contiguous Resource Blocks (RBs) and may occupy a subset
of OFDM symbols within those RBs.

[0054] Usage of EPDCCH by a network may have several advantages over usage of
legacy PDCCH. For example, use of EPDCCH may, for example, increase control
channel capacity, add to the capacity of the legacy PDCCH), support frequency-domain
Inter-Cell Interference Cancellation (ICIC), achieve improved spatial reuse of control
channel resources, support beamforming and/or diversity, operate on a New Carrier
Type (NCT) (eg, Re-12 and later) and in Multicast-Broadcast Single Frequency

Network (MBSFN) subframes, and/or coexist on a same carrier as legacy UESs.

[0055] According to certain aspects, UE-specific demodulation reference signals
(DMRSs) may be used for downlink channel estimation for coherent demodulation of
PDSCH and EPDCCH. For example, a UE scheduled to receive a downlink
transmission in a subframe may estimate the channel conditions in the subframe based
on DMRS received during the subframe, then demodulate a PDSCH or EPDCCH
received in the subframe based on the received DMRS.

[0056] According to certain aspects, to provide good channel estimation for PDSCH
and EPDCCH, each RB carrying a PDSCH or EPDCCH may include sufficient DMRS
for good channel estimation within the RB. For example, an eNB may transmit a
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PDSCH to aUE in a RB and transmit DMRS on twelve resource e ements within the
RB. The same eNB may not transmit DMRS in a RB if it has not scheduled any

downlink transmissions using that RB.

[0057] FIG. 4 illustrates example DMRS patterns 400a-c, as defined in Rel-10 for
the normal cyclic prefix case, which may be used in accordance with certain aspects of

the present disclosure.

[0058] Asillustrated, resource elements (REs) 410 and 420 are allocated for DMRS
transmissions. In the illustrated example, REs 410 are used to transmit DMRS for code
divison multiplexing (CDM) Group 1 and REs 420 are used to transmit DMRS for
CDM Group 2. DMRS pattern 400a shows a DMRS pattern for anormal subframe. As
shown in pattern 400a, the DMRSs occupy the sixth and seventh symbols of each of the
first and second dlots of anormal (i.e., not specia) subframe. Asused herein, the term
normal subframe is a relative term, referring to a subframe that does not have a
Downlink Pilot Time Slot (DWPTS), a special downlink timeslot that typically occursin
certain subframes (e.g., the 2nd or 7t subframe in a radio frame, depending on a
subframe configuration) when an LTE cell is operated in a Time Division Duplex
(TDD) configuration. The length of DWPTS subframes is variable, to allow for different
DownLink-UpLink switching periods to be configured.

[0059] DMRS pattern 400b shows an example DMRS pattern for a DwWPTS
subframe with 11 or 12 symbols available for downlink (i.e., the last 2 or 3 symbols are
not used for downlink transmissions to allow time for UEs to switch from receiving to
transmitting). As shown in this example, the DMRSs occupy the third and fourth
symbols of each of the first and second dlots of the subframe. DMRS pattern 400c
shows a DMRS pattern for a DwWPTS subframe with 9 or 10 symbols available for
downlink (i.e., the last 4 or 5 symbols are not used for downlink transmissions to alow
time for UEs to switch from receiving to transmitting). As shown in this example, the
DMRSs occupy the third, fourth, sixth, and seventh symbols of the first ot of the

subframe.

[0060] In legacy systems (e.g., Rel-8/9/10), the Primary Synchronization Signal
(PSS) and the Secondary Synchronization Signal (SSS) are generally transmitted in the
center six RBs of the system bandwidth in subframes 0 and 5 only (e.g., as shown in
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FIG. 2). The Primary Broadcast Channel (PBCH) is also generally transmitted in the

center six RBs of the system bandwidth, but only in subframe 0.

[0061] FIG. 5 illustrates an example resource configuration 500 for PSS, SSS and
PBCH in an LTE frame, in accordance with certain aspects of the present disclosure. As
shown in FIG. 5, an LTE frame 10ms long is typically divided into ten subframes each
Ims long. Each subframe may further be divided into two dlots, slot 0 and slot 1. As
shown, PSS and SSS are typically transmitted every 5msin subframes 0 and 5. The PSS
and SSS are transmitted back to back in the last two symbols of the first dot in the
subframes 0 and 5. Typically, SSS istransmitted before PSS.

[0062] According to certain aspects of the present disclosure, as shown in FIG. 5, in
order to differentiate the 10ms boundary, the two SSS signals, SSSI (subframe 0) and
SSS2 (subframe 5) may have different arrangements. The PSS arrangement, however,
may be fixed. PBCH is transmitted every 10ms in the first four symbols of the second
dot of subframe 0. According to certain aspects, the above defined PSS/SSS/PBCH

configuration isused for frequency division duplex (FDD) transmission.

[0063] According to certain aspects, for TDD operations, SSS may be transmitted in
the last symbol of subframes 0 and 5, and PSS may be transmitted in the third symbol of

subframes 1and 6.

EFFICIENT DOWNLINK OPERATION FOR EIMTA

[0064] FIG. 6 illustrates 7 possible DL and UL subframe configurations 602
supported in LTE, when a cell is operating in aTDD configuration. Note that there are
2 switching periodicities 604 in the 7 subframe configurations, 5 ms and 10 ms. For 5
ms periodicity subframe configurations 606 (i.e. configurations 0, 1, 2, and 6), there are
two special subframes 610, 612 in each frame (10 ms). For 10 ms periodicity subframe
configurations 608 (i.e. configurations 3, 4, and 5), there is one special subframe 612 in

each frame.

[0065] In LTE Rel-12, it is possible to dynamically adapt TDD DL/UL subframe
configurations based on the actua traffic needs. This isknown as evolved interference
management for traffic adaptation (elMTA). For example, if during a short duration a
large data burst on downlink isneeded, the configuration of a cell may be changed from,
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e.g., configuration #1 (6 DL subframes and 4 UL subframes) to configuration #5 (9 DL

subframes and 1UL subframe).

[0066] The adaptation of TDD configuration is expected to be no slower than
640ms. In the extreme case, the adaptation may be as fast as 10ms. For example, a cell
may be operating in configuration #1 (6 DL subframes and 4 UL subframes), determine
that the cell needs to transmit a significant quantity of data in the next frame (i.e., 10 ms
later), switch to configuration #5 (9 DL subframes and 1 UL subframe), transmit the
guantity of data to served UEs, determine that the cell needs to receive a significant
quantity of data in the next frame (i.e, 10 ms later), and switch to configuration #0 (4
DL subframes and 6 UL subframes) after using configuration #5 for only 10 ms. The
adaptation, however, may cause overwhelming interference to both downlink and uplink
when two or more cells have different downlink and uplink subframes. For example, a
first UE operating in a first cell using TDD configuration 1 may have difficulty
receiving a DL transmission from the first cell in subframe 9 if the first UE is near a
second UE operating in a second cell using TDD configuration 0, due to interference
from the UL transmission from the second UE in the second cell. In the example, the
second cell usng TDD configuration O may have difficulty receiving the UL
transmission from the second UE, due to interference from the DL transmission from
the first cell.

[0067] The adaptation causes some complexity in DL and UL HARQ timing
management. Each of the seven DL/UL subframe configurations has its own DL/UL
HARQ timing. The DL/UL HARQ timing is optimized for each configuration (in terms
of HARQ operation efficiency), i.e, the timing from PDSCH to the corresponding
ACK/NAK can be different for different TDD DL/UL subframe configurations. For
example, a UE receiving a DL transmission in acell operating in TDD configuration 5
may wait up to 9 subframes in order to acknowledge a DL transmission, while a UE
receiving aDL transmission in a cell operating in TDD configuration O may wait 4 or 6
subframes before acknowledging a DL transmission. Dynamic switching among the 7
configurations (or even more, if more flexible adaptation is deemed as necessary)
implies that if current DL/UL HARQ timing is kept, there would be missed ACK/NAK
transmission opportunities for some of the DL or UL transmissions. For example, aUE

may receive aDL transmission in subframe 9 of acell operating in TDD configuration 1
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and schedule an ACK for transmission in subframe 3 of the following frame. In the
example, if the cell switchesto TDD configuration 2 in the following frame, the UE will
be unable to transmit the ACK in subframe 3 because subframe 3 isa DL subframe in
TDD configuration 2.

[0068] According to certain aspects, in elMTA, subframes can be generally
categorized as "fixed" subframes and "flexible" subframes. Fixed subframes are not
expected to change in adynamic or semi-static manner, but only when a cell determines
to change from one of the 7 subframe configurations to another of the 7 subframe
configurations in a static manner. Flexible subframes may change in a dynamic manner.
As an example, the direction of a flexible subframe may change due to scheduler
decisions based on traffic needs. As another example, the direction of a flexible

subframe may change due to inter-cell and/or intra-cell interference considerations.

[0069] According to certain aspects, different cells may also share a common set of
fixed subframes such that there is generally no DL to UL interference or UL to DL
interference in the fixed subframes. Flexible subframes, on the other hand, may be
subject to interference (DL to UL, or UL to DL).

[0070Q] According to certain aspects, the designation of a fixed subframe vs. a
flexible subframe may be indicated to a UE via signaling or it may be predefined. For
example, if in SIB1, the broadcast configuration is DSUUUDSUUU (i.e, TDD
configuration 0), fixed subframes may be subframes 0, 1, 2, 5, 6, and 7, while flexible

subframes may be 3, 4, 8, and 9.

[0071] According to certain aspects, a Rel-12 UE may be explicitly indicated a set
of fixed subframes via dedicated signaling or broadcast signaling. For example, a Rel-
12 UE operating in aTDD cell may receive RRC signaling indicating that subframes 0,

1,2,5, 6, and 7 are fixed subframes, and subframes 3, 4, 8, and 9 are flexible subframes.

[0072] According to certain aspects, in fixed subframes, when the cell is of legacy
carrier type (LCT) or backward compatible carrier type, CRS are always transmitted on
up to four CRS antenna ports. For example, a cell with four physica antennas using
elMTA, legacy carrier type, and normal cyclic prefix transmits CRS in symbols 0, 1,
and 4 using four antenna ports in fixed subframes, but may transmit a reduced number

of CRS using only a single antenna port in flexible subframes.
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[0073] According to certain aspects, a cell transmitting using the new carrier type
(NCT) may not transmit CRS in al subframes, and the number of CRS ports is fixed
a 1. For example, a cell with four physical antennas using eeMTA, new carrier type,
and normal cyclic prefix may transmit CRS in symbols 0, 1, and 4 using one antenna

port in fixed subframes, and may not transmit CRS in flexible subframes.

[0074] According to certain aspects, a LCT cell may transmit flexible subframes
with no CRS. This may alow more efficient DL operations, in that transmission
resources that would have been used for transmitting CRS may be used to transmit data.
For example, a LCT cell may transmit fixed subframes with CRS and flexible
subframes in the same frame without CRS (i.e., the LCT cell refrains from transmitting
CRS in the flexible subframes). In the example, the LCT cell may transmit DM-RS

and/or CSI-RS in the flexible subframes.

[0075] According to certain aspects, flexible subframes in aLCT cell may not have
alegacy control region. For example, aLCT cell may transmit fixed subframes with a
legacy control region, and the same cell may transmit flexible subframes without a
legacy control region (e.g., refraining from transmitting legacy control channels, such as
PHICH, and using EPDCCH starting in any symbol for control in the flexible

subframes).

[0076] According to certain aspects, flexible subframes in a LCT cell may only
support DM-RS based EPDCCH and PDSCH. In flexible subframes PDSCH and
EPDCCH may start from symbol 0. For example, aLCT cell may transmit PDCCH in a
legacy control region and CRS based PDSCH in fixed subframes, and the LCT cell may
transmit DM-RS based EPDCCH and PDSCH in flexible subframes beginning a
symbol O of the flexible subframes. In the example, the LCT cell may refrain from

transmitting legacy control channels (e.g., PHICH and PCFICH) in flexible subframes.

[0077] According to certain aspects, CSI-RS may be transmitted in the flexible
subframes to allow CSI feedback corresponding to these flexible subframes. For
example, a cell may transmit flexible subframes without CRS, but may determine that
CSl feedback is needed in a flexible subframe and transmit CSI-RS in the flexible

subframe.
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[0078] According to certain aspects, when acell is performing e MTA, PDSCH and
EPDCCH transmissions may not be alowed in some RBs in some subframes due to
collision with other signals. For example, PDSCH and EPDCCH may not be allowed in
the center 6 RBs of subframe 6 and in specia subframes for some TDD DL/UL

subframe configurations, due to the presence of PSS in the center 6 RBs.

[0079] According to certain aspects, cells scheduling multimedia broadcast
multicast service (MBMYS) on flexible subframes may transmit a legacy control region
and/or CRS in the corresponding flexible subframes. The cells may transmit multicast
control channel (MCCH) changes using DCI format 1C in PDCCH in the flexible
subframes, where the PDCCH is based on CRS. For example, a cell operating using
NCT and e MTA may transmit DM-RS based EPDCCH and PDSCH starting at symbol
in some flexible subframes. In the example, the cell may schedule MBMS service on
some flexible subframes, and transmit CRS and a CRS based PDCCH conveying a
MCCH change in the flexible subframes scheduled for MBMS service.

[0080] According to certain aspects, cells scheduling MBMS service on flexible
subframes may not transmit a legacy control region and/or CRS in the subframes. The
cells may use the entire subframe for MBMS services, as there is no legacy control
region. In this case, the cells may transmit MCCH changes in a non-MBMS, flexible
subframe or a fixed subframe. As an example, MCCH changes may be transmitted via
PDCCH or EPDCCH in a fixed subframe, or via EPDCCH in a flexible, non-MBMS

subframe.

[0081] According to certain aspects, cells may not configure certain types of
transmission modes for a UE in any frame in which a least one flexible subframe is
configured for the UE. According to certain aspects, cells may not configure any CRS-
based DL transmission modes for a UE in any frame in which a least one flexible
subframe is configured for the UE. For example, a cell scheduling a UE to receive
PDSCHs in flexible subframe 4 and fixed subframe 5 may configure the UE with aDM-
RS based type of DL transmission mode, but not with a CRS-based type of DL
transmission mode. Transmission modes are described in 3GPP TS 36.213, entitled
"Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Physical Layer
Procedures’ which ispublicly available.
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[0082] According to certain aspects, a cell may configure for a UE a first DL
transmission mode for a first subframe within fixed subframes of a frame and a second
DL transmisson mode, different from the first DL transmission mode, for a second
subframe within flexible subframes of aframe. According to certain aspects, a cell may
configure CRS-based DL transmission modes for a UE in fixed subframes and DM-RS
based DL transmission modes for the same UE in flexible subframes of a frame. For
example, acell may configure the UE with DL transmission mode 4 in afixed subframe

and DL transmission mode 10 in aflexible subframe.

[0083] According to certain aspects, a cell which schedules afirst type of subframe
(e.g., a specia subframe) and a second type of subframe (e.g., a normal subframe) as
flexible subframes may transmit a legacy control region and CRS-based DL
transmissions in the first type of subframe, and transmit the second type of subframe
without a legacy control region and with DM-RS based DL transmissions. For
example, a cell operating in TDD configuration 1 may schedule subframes 1 and 3 as
flexible subframes, transmit alegacy control region and CRS-based DL transmissions in
subframe 1, and transmit subframe 3 with DM-RS based DL transmissions and without
alegacy control region. By so doing, the cell may prevent a collision between primary
or secondary synchronization signas (PSSSSS) and DM-RS.  This may be
advantageous for small bandwidth deployments (eg., 1.4MHz), because collisions
between PSS/SSS and DM-RS may prevent any data transmission by the cell. Loss of a
transmission opportunity may have a much larger system impact in a small bandwidth

deployment than in deployments with larger bandwidths.

[0084] According to certain aspects, cells in small bandwidth (for example, less
than 10 MHz) deployments may transmit legacy control regions and CRS-based
transmissions in special subframes scheduled as flexible subframes, while cells in larger
bandwidth deployments of the same system would not transmit legacy control regions

and CRS-based transmissions in special subframes scheduled as flexible subframes.

[0085] According to certain aspects, cells may allow DM-RS transmissions to be
punctured by PSS/SSS in special subframes scheduled as flexible subframes. For
example, acell operating in TDD configuration 1 may schedule subframe 1 as aflexible
subframe including a DM-RS based DL transmission. In the example, the cell may
puncture some of the DM-RS in subframe 1with PSS or SSS.
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[0086] According to certain aspects, cells may transmit CRS in only the first symbol
(i.e., symbol 0) of some or al flexible subframes. Cells may also transmit legacy control
signas in the first symbol of flexible subframes. For example, a cell operating with
elMTA may transmit CRS and legacy control signals in symbol 0 of flexible subframes
while transmitting DM-RS based PDSCH or EPDCCH in the remaining symbols of a
flexible subframe. In the example, the cell may transmit a PDCCH in alegacy control
region of afixed subframe, and CRS and CRS based PDSCH in the remaining symbols

of the fixed subframe.

[0087] According to certain aspects, cells may start PDSCH and EPDCCH from the
first symbol, as well as some other legacy control signals/channels in the first symbol.
For example, a cell may transmit PCFICH or PHICH starting from the first symbol of a
flexible subframe, and transmit PDSCH/EPDCCH rate matched around the legacy

control signals/channels or punctured by the control signals/channels.

[0088] According to certain aspects, NCT-like operation in a least some flexible
subframes helps reduce downlink interference to UL in neighboring cells. This is
because the cell transmits fewer CRS in NCT-like operations. For example, a cell
operating with eeMTA and NCT may transmit no CRS in aflexible subframe scheduled

for DL operations, causing less interference to UL transmissions to adjacent cells.

[0089] According to certain aspects, aneighboring cell may rely on CRS to identify
DL transmissions, in order to make better eNB-eNB interference measurements. eNBs
may exchange information regarding NCT-like operation for the set of subframes in
order to allow the eNBsto identify DL transmissions in flexible subframes which do not
transmit asmany CRS asin legacy carrier type DL transmissions. For example, an eNB
may send a list of flexible subframes which the eNB is scheduling for NCT DL
transmissions and a list of flexible subframes which the eNB is scheduling for LCT DL
transmissions in the next frame to neighboring eNBs, and the neighboring eNBs may
schedule UL transmissions during the flexible subframes scheduled for NCT DL

transmissions.

[0090] According to certain aspects, a cell may transmit an indication to a UE

regarding whether the flexible subframes are NCT-like or LCT-like. For example, a cell



WO 2014/182503 PCT/US2014/035842
22

may transmit RRC signaling indicating flexible subframes 3, 4, and 8 are NCT-like, and
flexible subframe 9isLCT-like.

[0091] According to certain aspects, a UE may acquire an implicit indication of
whether flexible subframes are NCT-like or LCT-like. For example, a UE may be
configured to treat al flexible subframes asNCT-like for aslong as elMTA is enabled.

[0092] According to certain aspects, a UE may acquire an implicit indication of
whether flexible subframes are NCT-like or LCT-like, subject to some restrictions. For
example, a UE may be configured to treat special subframes when there is a collision
between DM-RS and PSS/SSS as LCT-like, while treating all other flexible subframes
asNCT-like for aslong as elMTA is enabled.

[0093] FIG. 7 illustrates example operations 700 that may be performed by a User
Equipment (UE) to receive MCCH changes scheduled on flexible subframes, in
accordance with certain aspects of the present disclosure. Operations 700 may begin, at
702, by identifying, within a set of subframes, one or more fixed subframes that are
dedicated for either uplink or downlink communications and one or more flexible
subframes that may be dynamically scheduled for either uplink or downlink
communications. At 704, the UE may determine a least one of the flexible subframesis
used as a Multimedia Broadcast Single Frequency Network (MBSFN) subframe. At
606, the UE may detect a change to a Multicast Control Channel (MCCH) based, at
least in part, on aformat of the flexible subframe used as an MBSFN subframe.

[0094] According to certain aspects, a flexible subframe used as an MBSFN
subframe may have a control region with cell-specific reference signals, and a UE may
detect a change to an MCCH by detecting a control channel transmitted in the control
region. For example, a UE may receive signaling indicating that a flexible subframe is
scheduled as an MBSFN subframe, and the UE may decode a PDCCH conveying a

changeto an MCCH in alegacy control region of the flexible subframe.

[0095] According to certain aspects, flexible subframes used as MBSFN subframes
may have cell-specific reference signals present only in the first symbol of the flexible
subframe. For example, a UE may receive CRS in the first symbol of a flexible
subframe used as an MBSFN subframe and receive MBSFN data in other symbols of

the flexible subframe.
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[0096] According to certain aspects, flexible subframes used as MBSFN subframes
may lack cell-specific reference signals, and a UE may detect a change to an MCCH by
detecting a control channel transmitted in a different subframe than the flexible
subframe used as an MBSFN subframe. For example, a UE may detect a change to an
MCCH by detecting a control channel transmitted in fixed subframe 2, and receive
MBSFN datain flexible subframe 3.

[0097] According to certain aspects, a UE may detect a change to an MCCH by
receiving aphysical downlink control channel (PDCCH) transmitted in one of the fixed

subframes.

[0098] According to certain aspects, a UE may detect a change to an MCCH by
receiving an enhanced physical downlink control channel (EPDCCH) transmitted in a

flexible non-MBSFN subframe or afixed subframe.

[0099] According to certain aspects, a UE may receive an indication of whether
flexible subframes have reference signals transmitted in a manner corresponding to a
new carrier type (NCT) or alegacy carrier type (LCT). This indication may be received
by explicit signaling, or implicitly. For example, a UE may receive RRC signaling
indicating that all flexible subframes will have NCT reference signals.

[0100] According to certain aspects, a UE may receive an indication that traffic
adaptation involving dynamic switching of flexible subframes is enabled, and the UE
may implicitly determine whether flexible subframes have NCT or LCT reference
signals based on whether traffic adaptation involving dynamic switching of flexible
subframes is enabled. For example, a UE may be configured to determine that
subframes 3 and 4 have NCT reference signals when dynamic switching of flexible
subframes is enabled, while subframes 8 and 9 have LCT reference signals when

dynamic switching of flexible subframes is enabled.

[0101] FIG. 8 illustrates example operations 800 that may be performed by a User
Equipment (UE) for receiving DL transmissions scheduled on flexible subframes, in
accordance with certain aspects of the present disclosure. Operations 800 may begin, at
802, by identifying, within a set of subframes, one or more fixed subframes that are
dedicated for either uplink or downlink communications and one or more flexible

subframes that may be dynamically scheduled for either uplink or downlink
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communications. At 804, the UE may determine a downlink transmission mode used for
one of the flexible subframes used as a downlink subframe. At 806, the UE may process
the flexible subframes used as downlink subframes in accordance with the determined

downlink transmission mode.

[0102] According to certain aspects, aUE may determine that one or more downlink
transmission modes may be alowed for fixed subframes and one or more other
downlink transmission modes may be alowed for flexible subframes. For example, a
UE may determine from RRC signaling that only transmission modes 1-7 are allowed

for fixed subframes, transmission modes 8-10 are allowed for flexible subframes.

[0103] According to certain aspects, a UE may determine that downlink
transmission modes allowed for fixed subframes may be based on cell-specific reference
signals and downlink transmission modes allowed for flexible subframes may be based

on demodulation reference signals.

[0104] According to certain aspects, a UE may determine that downlink
transmission modes based on cell-specific reference signals may not be allowed in a
frame as long as there is a least one flexible subframe. For example, a UE may
determine based on RRC signaling that cell-specific reference signals are not allowed in

aframeif there is aflexible subframe in the frame.

[0105] According to certain aspects, a UE may determine that flexible subframes
have cell-specific reference signals present only in a first symbol of the flexible

subframe.

[0106] According to certain aspects, a UE may determine that one of the flexible
subframes is a special subframe with a collision between one or more synchronization
signals and demodulation reference signals. A UE may process the specia subframe
based on a downlink transmission mode based on cell-specific reference signals. For
example, a UE may determine that subframe 1 is a speciad subframe in a small
bandwidth system, may determine that DM-RS collides with PSS or SSS in subframe 1,
and may process the subframe using a DL transmission mode based on cell-specific

reference signals.
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[0107] According to certain aspects, a UE may determine that one of the flexible
subframes is a specia subframe with demodulation reference signals punctured by one
or more synchronization signals, and process the special subframe based on a downlink
transmission mode based on the demodulation reference signals. For example, a UE
may determine that subframe 1is a specia subframe in a small bandwidth system, may
determine that some DM-RS have been punctured by PSS or SSS in subframe 1, and
may process the subframe using a DL transmission mode based on DM-RS which were
not punctured by PSS or SSS.

[0108] According to certain aspects, a UE may receive an indication of whether
flexible subframes have reference signals transmitted in a manner corresponding to a
new carrier type (NCT) or alegacy carrier type (LCT). For example, aUE may receive
RRC signaling indicating that flexible subframes 3 and 4 have NCT reference signals

and flexible subframes 8 and 9 have LCT reference signals.

[0109] According to certain aspects, a UE may receive an indication that traffic
adaptation involving dynamic switching of flexible subframes is enabled. Dynamic
switching of flexible subframes may implicitly indicate whether flexible subframes have
reference signals transmitted in a manner corresponding to anew carrier type (NCT) or
alegacy carrier type (LCT). For example, a UE may receive RRC signaling indicating
dynamic switching of flexible subframes is enabled. The UE may be preconfigured to
treat flexible subframes as having been transmitted with NCT reference signals when

dynamic switching of flexible subframes is enabled.

[0110] FIG. 9 illustrates example operations 900 that may be performed by a User
Equipment (UE) for receiving MBSFN and special subframes scheduled on flexible
subframes, in accordance with certain aspects of the present disclosure. Operations 900
may begin, a 902, by identifying, within a set of subframes, one or more fixed
subframes whose directions may not be dynamically adapted and one or more flexible
subframes whose directions may be dynamically adapted. At 904, the UE may
determine that a structure for a least one subframe in the one or more flexible
subframes is based on a Multimedia Broadcast Single Frequency Network (MBSFN)
subframe. At 906, the UE may process a least one subframe in the one or more flexible

subframes based on the determination.
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[0111] According to certain aspects, the dynamic adaptation of subframe directions
may include changing a subframe direction chosen from one of a downlink subframe, an
uplink subframe, or a special subframe, to a different subframe direction chosen from

one of adownlink subframe, an uplink subframe, or a special subframe.

[0112] According to certain aspects, the identifying of the one or more fixed
subframes and the one or more dynamic subframes may be based at least on one of a

broadcast signaling and a UE-specific signaling.

[0113] According to certain aspects, the determination of the structure may be based
on asignaling specific to the UE.

[0114] According to certain aspects, the MBSFN subframe may comprise a legacy
control region carrying at least a cell-specific reference signal (CRS), and a non-control

region not carrying the CRS.

[0115] According to certain aspects, a UE may determine a downlink transmission
mode which utilizes a UE-specific demodulation reference signal (DM-RS) for
downlink transmissions. The UE may receive one or more DL transmissions using the

determined DL transmission mode.

[0116] According to certain aspects, a UE may determine a starting symbol in the at
least one subframe in the one or more flexible subframes for a least one of a physical
downlink shared channel (PDSCH) or an enhanced physical downlink control channel
(EPDCCH).

[0117] According to certain aspects, the one or more flexible subframes may
comprise a least two different subframe types, wherein one subframe type has a cell-
specific reference signal (CRS) as in the one or more flexible subframes and the other
subframe type has reduced CRS or no CRS.

[0118] According to certain aspects, a UE may identify the a flexible subframe as a
Multimedia Broadcast Single Frequency Network (MBSFN) subframe or a speciad

subframe, and another subframe as one or more other types of subframes.

[0119] According to certain aspects, a UE may determine that cell-specific reference
signals are present only in the first symbol of a Multimedia Broadcast Single Frequency



WO 2014/182503 PCT/US2014/035842
27

Network (MBSFN) subframe. For example, a UE may determine that the first symbol
of a MBSFN subframe has cell-specific reference signals, and may interpret all other
symbols of the MBSFN subframe as conveying MBSFN data.

[0120] According to certain aspects, a UE may determine that aflexible subframeis
a special subframe, and cell-specific reference signals are in one or more symbols of the
special subframe. For example, a UE may determine that flexible subframe 1is a
specia subframe, and that cell-specific reference signals are in symbols 3 and 4 of the

specia subframe.

[0121] According to certain aspects, a UE may determine a starting symbol for a
least one of a physical downlink shared channel (PDSCH) or an enhanced physical
downlink control channel (EPDCCH). For example, aUE may receive DL transmission
in a flexible subframe and determine that an EPDCCH starts in symbol O of the

subframe.

[0122] According to certain aspects, a UE may determine the starting symbol of a
physical downlink shared channel (PDSCH) or an enhanced physical downlink control
channel (EPDCCH) may bein the first symbol in the first subframe.

[0123] According to certain aspects, a UE may determine the starting symbol of a
physical downlink shared channel (PDSCH) or an enhanced physical downlink control
channel (EPDCCH) may be no earlier than the second symbol in the second subframe.
For example, a UE may determine that second subframe has legacy control channels

and CRS in symbol 0, and aPDSCH in the subframe isno earlier than symbol 1.

[0124] According to certain aspects, a UE may determine absence of legacy control
channels or signas in a first subframe, and presence of legacy control channels or

signals in asecond subframe.

[0125] According to certain aspects, aUE may determine afirst subframe contains a
physical control format indication channel (PCFICH), aphysical hybrid ARQ indicator
channel (PHICH), or aphysical downlink control channel (PDCCH).

[0126] FIGs. 10-12 describe operations that may be performed by a Base Station
(BS) which are complementary to the operations performed by a User Equipment (UE)
in FIGs. 7-9 respectively.
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[0127] FIG. 10 illustrates example operations 1000 that may be performed by a
Base Station (BS) for transmitting MCCH changes scheduled on flexible subframes, in
accordance with certain aspects of the present disclosure. Operations 1000 may begin, at
1002, with the BS identifying, within a set of subframes, one or more fixed subframes
that are dedicated for either uplink or downlink communications and one or more
flexible subframes that may be dynamically managed for either uplink or downlink
communications. At 1004, the BS may transmit a Multimedia Broadcast Single
Frequency Network (MBSFN) subframe using &t least one of the flexible subframes. At
1006, the BS may indicate a change to a Multicast Control Channel (MCCH) based, at

least in part, on aformat of the flexible subframe used as a MBSFN subframe.

[0128] FIG. 11 illustrates example operations 1100 that may be performed by a
Base Station (BS) for transmitting DL transmissions scheduled on flexible subframes, in
accordance with certain aspects of the present disclosure. Operations 1100 may begin, at
1102, with the BS identifying, within a set of subframes, one or more fixed subframes
that are dedicated for either uplink or downlink communications and one or more
flexible subframes that may be dynamically managed for either uplink or downlink
communications. At 1104, the BS may determine a downlink transmission mode to be
used for one of the flexible subframes used as a downlink subframe. At 1106, the BS
may transmit in the flexible subframe used as a downlink subframe in accordance with

the determined downlink transmission mode.

[0129] FIG. 12 illustrates example operations 1200 that may be performed by a
Base Station (BS) for transmitting MBSFN and special subframes scheduled on flexible
subframes, in accordance with certain aspects of the present disclosure. Operations 1200
may begin, a& 1202, with the BS identifying, within a set of subframes, one or more
fixed subframes whose directions may not be dynamically adapted and one or more
flexible subframes whose directions may be dynamically adapted. At 1204, the BS may
determine that a structure for a least one subframe in the one or more flexible
subframes is based on a Multimedia Broadcast Single Frequency Network (MBSFN)
subframe. At 1206, the BS may process the at least one subframe in the one or more

flexible subframes based on the determination.

[0130] According to certain aspects, the dynamic adaptation of subframe directions

may include changing a subframe direction chosen from one of a downlink subframe, an
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uplink subframe, or a special subframe, to a different subframe direction chosen from

one of adownlink subframe, an uplink subframe, or a specia subframe.

[0131] According to certain aspects, a BS may transmit signaling identifying one or

more fixed subframes and one or more dynamic subframes within a set of subframes.

[0132] According to certain aspects, a BS may transmit UE-specific signaling
indicating that the structure for a least one subframe in the one or more flexible
subframes is based on aMBSFN subframe.

[0133] According to certain aspects, the MBSFN subframe may comprise a legacy
control region carrying a least a cell-specific reference signal (CRS), and a non-control

region not carrying the CRS.

[0134] According to certain aspects, a BS may determine a downlink transmission
mode which utilizes a UE-specific demodulation reference signal (DM-RS) for

downlink transmissions.

[0135] According to certain aspects, a BS may determine a starting symbol in the at
least one subframe in the one or more flexible subframes for at least one of a physical
downlink shared channel (PDSCH) or an enhanced physical downlink control channel
(EPDCCH).

[0136] Those of skill in the art would understand that 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.

[0137] Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits and algorithm steps described in connection with the
disclosure herein may be implemented as electronic hardware, computer software, or
combinations of both. To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, circuits and steps have been
described above generally in terms of their functionality. Whether such functionality is

implemented as hardware or software depends upon the particular application and
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design constraints imposed on the overal system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from the

scope of the present disclosure.

[0138] The various illustrative logical blocks, modules, and circuits 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 amicroprocessor, but in the aternative, 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, a plurality of microprocessors, one or more

microprocessors in conjunction with a DSP core, or any other such configuration.

[0139] The steps of a method or algorithm described in connection with the
disclosure herein may be embodied directly in hardware, in a software/firmware module
executed by a processor, or in a combination of the two. A software/firmware module
may reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, hard disk, a removable disk, a CD-ROM or any other
form of storage medium known in the art. An exemplary storage medium is coupled to
the processor such that the processor can read information from, and/or write
information to, the storage medium. In the alternative, the storage medium may be
integral to the processor. The processor and the storage medium may reside in an ASIC.
The ASIC may reside in a user terminal. In the alternative, the processor and the
storage medium may reside as discrete components in auser terminal. Generaly, where
there are operations illustrated in Figures, those operations may have corresponding

counterpart means-plus-function components with similar numbering.

[0140] In one or more exemplary designs, the functions described may be
implemented in hardware, software/firmware or combinations thereof. 1f implemented
in software/firmware, the functions may be stored on or transmitted over as one or more

instructions or code on a computer-readable medium. Computer-readable media
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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
media may be any available media that can be accessed by a general purpose or special
purpose computer. By way of example, and not limitation, such 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 istransmitted 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, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and Blu-ray disc where disks usually
reproduce data magneticaly, while discs reproduce data optically with lasers.
Combinations of the above should aso be included within the scope of computer-
readable media.

[0141] The previous description of the disclosure is provided to enable any 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 to other variations without departing from the spirit or scope of
the disclosure. Thus, the disclosure is not intended 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

1 A method for wireless communications by auser equipment (UE), comprising:

identifying, within a set of subframes, one or more fixed subframes whose
directions may not be dynamically adapted and one or more flexible subframes whose
directions may be dynamically adapted;

determining that a structure for at least one subframe in the one or more flexible
subframes isbased on a Multimedia Broadcast Single Frequency Network (MBSFN)
subframe; and

processing the at least one subframe in the one or more flexible subframes based

on the determination.

2. The method of claim 1, wherein the dynamic adaptation of subframe directions
includes changing a subframe direction chosen from one of a downlink subframe, an
uplink subframe, or a special subframe, to adifferent subframe direction chosen from

one of adownlink subframe, an uplink subframe, or a specia subframe.

3. The method of claim 1, wherein the identifying of the one or more fixed
subframes and the one or more flexible subframes is based at least on one of abroadcast

signaling and a UE-specific signaling.

4, The method of claim 1, wherein the determination is based on a signaling

specific to the UE.

5. The method of claim 1, wherein the MBSFN subframe comprises alegacy
control region carrying at least a cell-specific reference signal (CRS), and anon-control

region not carrying the CRS.

6. The method of claim 1, further comprising determining a downlink transmission
mode which utilizes a UE-specific demodulation reference signal (DM-RS) for

downlink transmissions.
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7. The method of claim 1, further comprising determining a starting symbol in the
a least one subframe in the one or more flexible subframes for at |east one of a physical
downlink shared channel (PDSCH) or an enhanced physical downlink control channel
(EPDCCH).

8. The method of claim 1, wherein the one or more flexible subframes comprise a
least two different subframe types, wherein one subframe type has a cell-specific
reference signal (CRS) asin the one or more flexible subframes and another subframe
type has reduced CRS or no CRS.

9. A method for wireless communications by abase station (BS), comprising:

identifying, within a set of subframes, one or more fixed subframes whose
directions may not be dynamically adapted and one or more flexible subframes whose
directions may be dynamically adapted;

determining that a structure for at least one subframe in the one or more flexible
subframes is based on a Multimedia Broadcast Single Frequency Network (MBSFN)
subframe; and

processing the a least one subframe in the one or more flexible subframes based

on the determination.

10. The method of claim 9, wherein the dynamic adaptation of subframe directions
includes changing a subframe direction chosen from one of a downlink subframe, an
uplink subframe, or a special subframe, to adifferent subframe direction chosen from

one of adownlink subframe, an uplink subframe, or a specia subframe.

11.  Themethod of claim 9, further comprising:
transmitting signaling identifying the one or more fixed subframes and the one

or more flexible subframes within the set of subframes.

12. The method of claim 9, further comprising:
transmitting UE-specific signaling indicating that the structure for the a |east

one subframe in the one or more flexible subframes is based on the MBSFN subframe.
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13. The method of claim 9, wherein the MBSFN subframe comprises alegacy
control region carrying at least a cell-specific reference signal (CRS), and anon-control

region not carrying the CRS.

14. The method of claim 9, further comprising determining a downlink transmission
mode which utilizes a UE-specific demodulation reference signal (DM-RS) for

downlink transmissions.

15. The method of claim 9, further comprising determining a starting symbol in the
a least one subframe in the one or more flexible subframes for at |east one of a physical
downlink shared channel (PDSCH) or an enhanced physical downlink control channel
(EPDCCH).

16. An apparatus for wireless communications, comprising:

aprocessor configured to

identify, within a set of subframes, one or more fixed subframes whose
directions may not be dynamically adapted and one or more flexible subframes
whose directions may be dynamically adapted,

determine that a structure for a least one subframe in the one or more
flexible subframes is based on an Multimedia Broadcast Single Frequency
Network (MBSFN) subframe, and

process the a least one subframe in the one or more flexible subframes
based on the determination; and

amemory coupled with the processor.

17. The apparatus of claim 16, wherein the dynamic adaptation of subframe
directions includes changing a subframe direction chosen from one of a downlink
subframe, an uplink subframe, or a special subframe, to a different subframe direction

chosen from one of a downlink subframe, an uplink subframe, or a special subframe.

18. The apparatus of claim 16, wherein the identifying of the one or more fixed
subframes and the one or more flexible subframes is based at least on one of abroadcast

signaling and a UE-specific signaling.
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19. The apparatus of claim 16, wherein the determination isbased on asignaling
specific to aUE.

20. The apparatus of claim 16, wherein the MBSFN subframe comprises alegacy
control region carrying at least a cell-specific reference signal (CRS), and anon-control

region not carrying the CRS.

21.  The apparatus of claim 16, wherein the processor is further configured to
determine a downlink transmission mode which utilizes a UE-specific demodulation

reference signa (DM-RS) for downlink transmissions.

22. The apparatus of claim 16, wherein the processor is further configured to
determine a starting symbol in the at least one subframe in the one or more flexible
subframes for at least one of aphysical downlink shared channel (PDSCH) or an
enhanced physical downlink control channel (EPDCCH).

23. The apparatus of claim 16, wherein the one or more flexible subframes
comprises a least two different subframe types, where one subframe type has a cell-
specific reference signal (CRS) as in the one or more flexible subframes and another
subframe type has reduced CRS or no CRS.

24. An apparatus for wireless communications, comprising:

aprocessor configured to

identify, within a set of subframes, one or more fixed subframes whose
directions may not be dynamically adapted and one or more flexible subframes
that may be dynamically managed for either uplink or downlink
communications,

determine that a structure for a least one subframe in the one or more
flexible subframes is based on a Multimedia Broadcast Single Frequency
Network (MBSFN) subframe, and

process the at least one subframe in the one or more flexible subframes
based on the determination; and

amemory coupled with the processor.
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25. The apparatus of claim 24, wherein the dynamic adaptation of subframe
directions includes changing a subframe direction chosen from one of a downlink
subframe, an uplink subframe, or a special subframe, to adifferent subframe direction

chosen from one of a downlink subframe, an uplink subframe, or a special subframe.

26. The apparatus of claim 24, wherein the processor is further configured to
transmit signaling identifying the one or more fixed subframes and the one or more

flexible subframes within the set of subframes.

27. The apparatus of claim 24, wherein the processor is further configured to
transmit UE-specific signaling indicating that the structure for the a least one subframe

in the one or more flexible subframes is based on the MBSFN subframe.

28. The apparatus of claim 24, wherein the MBSFN subframe comprises alegacy
control region carrying at least a cell-specific reference signal (CRS), and anon-control

region not carrying the CRS.

29. The apparatus of claim 24, wherein the processor is further configured to
determine a downlink transmission mode which utilizes a UE-specific demodulation

reference signa (DM-RS) for downlink transmissions.

30. The apparatus of claim 24, wherein the processor is further configured to
determine a starting symbol in the at least one subframe in the one or more flexible
subframes for at least one of aphysical downlink shared channel (PDSCH) or an
enhanced physical downlink control channel (EPDCCH).
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IDENTIFY, WITHIN A SET OF SUBFRAMES, ONE OR MORE FIXED
SUBFRAMES THAT ARE DEDICATED FOR EITHER UPLINK OR
DOWNLINK COMMUNICATIONS AND ONE OR MORE FLEXIBLE
SUBFRAMES THAT MAY BE DYNAMICALLY SCHEDULED FOR
EITHER UPLINK OR DOWNLINK COMMUNICATIONS

f704

DETERMINE AT LEAST ONE OF THE FLEXIBLE SUBFRAMES IS
USED AS A MULTIMEDIA BROADCAST SINGLE FREQUENCY
NETWORK (MBSFN} SUBFRAME

K%

DETECT A CHANGE TO A MULTICAST CONTROL CHANNEL
(MCCH) BASED, AT LEAST IN PART, ON A FORMAT OF THE
FLEXIBLE SUBFRAME USED AS AN MBSJFN SUBFRAME
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IDENTIFY, WITHIN A SET OF SUBFRAMES, ONE OR MORE FIXED
SUBFRAMES THAT ARE DEDICATED FOR EITHER UPLINK OR
DOWNLINK COMMUNICATIONS AND ONE OR MORE FLEXIBLE
SUBFRAMES THAT MAY BE DYNAMICALLY SCHEDULED FOR
EITHER UPLINK OR DOWNLINK COMMUNICATIONS

/8()4

DETERMINE A DOWNLINK TRANSMISSION MODE USED FOR ONE
OF THE FLEXIBLE SUBFRAMES USED AS A DOWNLINK SUBFRAME

/806
PROCESS THE FLEXIBLE SUBFRAMES USED AS DOWNLINK
SUBFRAMES IN ACCORDANCE WITH THE DETERMINED
DOWNLINK TRANSMISSION MODRE

FIG. &
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960\\
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IDENTIFY, WITHIN A SET OF SUBFRAMES, ONE OR MORE FIXED
SUBFRAMES WHOSE DIRECTIONS MAY NOT BE DYNAMICALLY
ADAPTED AND ONE OR MORE FLEXIBLE SUBFRAMES WHOSE
DIRECTIONS MAY BE DYNAMICALLY ADAPTED

/9(}4

DPETERMINE THAT A STRUCTURE FOR AT LEAST ONE
SUBFRAME IN THE ONE OR MORE FLEXIBLE SUBFRAMES IS
BASED ON A MULTIMEDIA BROADCAST SINGLE FREQUENCY
NETWORK (MBSFN) SUBFRAME

/90(&

PROCESS AT LEAST ONE SUBFRAME IN THE ONE OR MORE
FLEXIBLE SUBFRAMES BASED ON THE DETERMINATION

FIG. 9
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1040

/1082

IDENTIFY, WITHIN A SET OF SUBFRAMES, ONE OR MORE FIXED
SUBFRAMES THAT ARE DEDICATED FOR EITHER UPLINK OR
DOWNLINK COMMUNICATIONS AND ONE OR MORE FLEXIBLE
SUBFRAMES THAT MAY BE DYNAMICALLY MANAGED FOR
EITHER UPLINK OR DOWNLINK COMMUNICATIONS.

Vs 1044

TRANSMIT A MULTIMEDIA BROADCAST SINGLE
FREQUENCY NETWORK (MBSFN) SUBFRAME USING

AT LEAST ONE OF THE FLEXIBLE SUBFRAMES
Vs 1006
INDICATE A CHANGE TO A MULTICAST CONTROL CHANNEL

(MCCH) BASED, AT LEAST IN PART, ON A FORMAT OF THE
FLEXIBLE SUBFRAME USED AS A MBSFN SUBIFRAME

FI1G. 10
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100
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IDENTIFY, WITHIN A SET OF SUBFRAMES, ONE OR MORE FIXED
SUBFRAMES THAT ARE DEDICATED FOR EITHER UPLINK OR
DOWNLINK COMMUNICATIONS AND ONE OR MORE FLEXIBLE
SUBFRAMES THAT MAY BE DYNAMICALLY MANAGED FOR
EITHER UPLINK OR DOWNLINK COMMUNICATIONS,

Vs 1io4
DETERMINE A DOWNLINK TRANSMISSION MODE TO

BE USED FOR ONE OF THE FLEXIBLE SUBFRAMES
USED AS A DOWNLINK SUBFRAME

fﬂﬂé

TRANSMIT IN THE FLEXIBLE SUBFRAME USED AS A
DOWNLINK SUBFRAME IN ACCORDANCE WITH THE
DETERMINED DOWNLINK TRANSMISSION MODE,

FIG. 11
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Vs 1202

IDENTIFY, WITHIN A SET OF SUBFRAMES, ONE OR MORE FIXED
SUBFRAMES WHOSE DIRECTIONS MAY NOT BE DYNAMICALLY
ADAPTED AND ONE OR MORE FLEXIBLE SUBFRAMES WHOSE
DIRECTIONS MAY BE DYNAMICALLY ADAPTED

2
/1‘“04

DETERMINE THAT A STRUCTURE FOR AT LEAST ONE SUBFRAME
IN THE ONE OR MORE FLEXIBLE SUBFRAMES IS BASED ON A
MULTIMEDIA BROADCAST SINGLE FREQUENCY NETWORK
(MBSFN)} SUBFRAME

/ 11.()6

PROCESS THE AT LEAST ONE SUBFRAME IN THE ONE OR MORE
FLEXIBLE SUBFRAMES BASED ON THE DETERMINATION

FI1G. 12
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