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TRANSMISSION TIME INTERVAL (TTI) BUNDLING FOR PHYSICAL
DOWNLINK SHARED CHANNEL (PDSCH)

Claim of Priority under 35 U.S.C. §119

[0001] This application claims benefit of U.S. Provisional Patent Application Serial
No. 61/859,111, filed July 26, 2013, which is herein incorporated by reference in its

entirety.

BACKGROUND

I. Field

[0002] Certain embodiments of the present disclosure generally relate to wireless
communications and, more particularly, to transmission time interval (TTI) bundling for

physical downlink shared channel (PDSCH) in long term evolution (LTE).
1. Background

[0003] Wireless communication systems are widely deployed to provide various
types of communication content such as voice, data, and so on. These systems may be
multiple-access systems capable of supporting communication with multiple users by
sharing the available system resources (e.g., bandwidth and transmit power). Examples
of such multiple-access systems include code division multiple access (CDMA)
systems, time division multiple access (TDMA) systems, frequency division multiple
access (FDMA) systems, 3GPP Long Term Evolution (LTE) systems, and orthogonal
frequency division multiple access (OFDMA) systems.

[0004] Generally, a wireless multiple-access communication system can
simultaneously support communication for multiple wireless terminals. Each terminal
communicates with one or more base stations via transmissions on the forward and
reverse links. The forward link (or downlink) refers to the communication link from the
base stations to the terminals, and the reverse link (or uplink) refers to the
communication link from the terminals to the base stations. This communication link
may be established via a single-in-single-out, multiple-in-single-out or a multiple-in-

multiple-out (MIMO) system.
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[0005] A MIMO system employs multiple (M) transmit antennas and multiple (Ng)
receive antennas for data transmission. A MIMO channel formed by the Ny transmit
and Ny receive antennas may be decomposed into Ny independent channels, which are

also referred to as spatial channels, where Ng <min{Np, Ng}. Each of the Ng

independent channels corresponds to a dimension. The MIMO system can provide
improved performance (e.g., higher throughput and/or greater reliability) if the
additional dimensionalities created by the multiple transmit and receive antennas are

utilized.

[0006] A MIMO system may support time division duplex (TDD) and/or frequency
division duplex (FDD) systems. In a TDD system, the forward and reverse link
transmissions are on the same frequency region so that the reciprocity principle allows
the estimation of the forward link channel from the reverse link channel. This enables
the base station to extract transmit beamforming gain on the forward link when multiple
antennas are available at the base station. In an FDD system, forward and reverse link

transmissions are on different frequency regions.

[0007] Main focus of the traditional LTE design is on the improvement of spectral
efficiency, ubiquitous coverage, enhanced quality of service (QoS) support, and the like.
This typically results in high end devices, such as the state-of-art smart phones, tablets,
etc. However, low cost, low rate devices need to be supported as well. Some market
projections show that the number of low cost devices may largely exceed number of

today’s cell phones.

[0008] A study item on provision of low-cost MTC (machine type communications)
UEs based on LTE was done in LTE Rel-11. Particularly, the following items are under
study: reduction of maximum bandwidth, single receive RF chain, reduction of peak

rate, reduction of transmit power, half duplex operation.

[0009] Since the intended data rate for the low cost device is less than 100 kbps, it is
possible to operate the device only at narrowband width to reduce the cost. Two
operation scenarios may be considered. One straight-forward deployment scenario is to
set aside some narrow bandwidth, e.g. 1.25 MHz, to support the MTC operations. No
standard changes are necessary for such operations. Another, more interesting scenario

is to operate low cost UEs in a large bandwidth. In this case, low cost UEs may co-exist
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with regular UEs. Two possible scenarios may be considered for operation of low cost
UEs in a large bandwidth. In one scenario, low cost UEs may operate over the whole
available bandwidth (e.g., up to 20MHz). This scenario may not have any impact on the
standards, but it may not be helpful in reducing cost and battery power consumption. In

another scenario, low cost UEs may operate over a small portion of the bandwidth.

SUMMARY

[0010] Techniques and apparatus are provided herein for wireless communications
and, more particularly, to transmission time interval (TTI) bundling for physical
downlink shared channel (PDSCH) in long term evolution (LTE). “LTE” may refer to
LTE and LTE-Advanced.

[0011] Certain aspects of the present disclosure provide a method for wireless
communications by a user equipment (UE). The method generally includes identifying
a transmit time interval (TTI) bundle comprising a subset of subframes from a set of
subframes for transmitting data on a physical downlink shared channel (PDSCH) and
receiving the data on the PDSCH in the subset of subframes.

[0012] Certain aspects of the present disclosure provide a method for wireless
communications by a base station (BS). The method generally includes identifying a
transmit time interval (TTI) bundle comprising a subset of subframes from a set of
subframes for transmitting data on a physical downlink shared channel (PDSCH) and
transmitting the data on the PDSCH in the subset of subframes.

[0013] Certain aspects of the present disclosure provide an apparatus for wireless
communications by a user equipment (UE). The apparatus generally includes means for
identifying a transmit time interval (TTI) bundle comprising a subset of subframes from
a set of subframes for transmitting data on a physical downlink shared channel

(PDSCH) and means for receiving the data on the PDSCH in the subset of subframes.

[0014] Certain aspects of the present disclosure provide an apparatus for wireless
communications by a user equipment (UE). The apparatus generally includes at least
one processor configured to identify a transmit time interval (TTI) bundle comprising a
subset of subframes from a set of subframes for transmitting data on a physical

downlink shared channel (PDSCH) and receive the data on the PDSCH in the subset of
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subframes. The apparatus generally also includes a memory coupled with the at least

onc proccssor.

[0015] Certain aspects of the present disclosure provide a computer-readable storage
media comprising program instructions to implement a wireless communication system.
The storage media generally include program instructions that identify a transmit time
interval (TTI) bundle comprising a subset of subframes from a set of subframes for
transmitting data on a physical downlink shared channel (PDSCH) and program

instructions that receive the data on the PDSCH in the subset of subframes.

[0016] Certain aspects of the present disclosure provide an apparatus for wireless
communications by a base station (BS). The apparatus generally includes means for
identifying a transmit time interval (TTI) bundle comprising a subset of subframes from
a set of subframes for transmitting data on a physical downlink shared channel

(PDSCH) and means for transmitting the data on the PDSCH in the subset of subframes.

[0017] Certain aspects of the present disclosure provide an apparatus for wireless
communications by a base station (BS). The apparatus generally includes at least one
processor configured to identify a transmit time interval (TTI) bundle comprising a
subset of subframes from a set of subframes for transmitting data on a physical
downlink shared channel (PDSCH) and transmit the data on the PDSCH in the subset of
subframes. The apparatus generally also includes a memory coupled with the at least

onc proccssor.

[0018] Certain aspects of the present disclosure provide a computer-readable storage
media comprising program instructions to implement a wireless communication system.
The storage media generally include program instructions that identify a transmit time
interval (TTI) bundle comprising a subset of subframes from a set of subframes for
transmitting data on a physical downlink shared channel (PDSCH) and program

instructions that transmit the data on the PDSCH in the subset of subframes.

[0019] Numerous other aspects are provided including methods, apparatus, systems,

computer program products, and processing systems.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0020] So that the manner in which the above-recited features of the present
disclosure can be understood in detail, a more particular description, briefly summarized
above, may be had by reference to aspects, some of which are illustrated in the
appended drawings. It is to be noted, however, that the appended drawings illustrate
only certain typical aspects of this disclosure and are therefore not to be considered

limiting of its scope, for the description may admit to other equally effective aspects.

[0021] FIG. 1 illustrates a multiple access wireless communication system, in

accordance with certain aspects of the present disclosure.

[0022] FIG. 2 illustrates a block diagram of a communication system, in accordance

with certain aspects of the present disclosure.

[0023] FIG. 3 illustrates example possible subframes for broadcast PDSCH TTI

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

[0024] FIG. 4 illustrates example operations for wireless communications by a user

equipment (UE), in accordance with certain aspects of the present disclosure.

[0025] FIG. 5 illustrates example operations for wireless communications by a base

station (BS), in accordance with certain aspects of the present disclosure.

DETAILED DESCRIPTION

[0026] Techniques are provided herein for transmission time interval (TTI)
bundling and physical downlink shared channel (PDSCH) in long term evolution (LTE).
According to certain aspects, TTI bundling for PDSCH may be subframe dependent in
order to ensure proper system operation in the cases of collisions with reference signals
(RS) (e.g., channel state information (CSI) RS or positioning RS (PRS). For example,
only a subset of possible of subframes may be bundled. In order to avoid collisions,
reference signals may be dropped in certain subframes. For certain aspects, the
reference signals may puncture the PDSCH or rate matching may be performed around
resource clements occupied by the reference signals. For certain aspects, different
techniques may be used for different types of PBSCH (e.g., paging or PBSCH with

system information broadcast (SIB)).



WO 2015/012927 PCT/US2014/036101

[0027] Various aspects are now described with reference to the drawings. In the
following description, for purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of one or more aspects. It may be

evident, however, that such aspect(s) may be practiced without these specific details.

2% << 2% ¢

[0028] As used in this application, the terms “component,” “module,” “system” and
the like are intended to include a computer-related entity, such as but not limited to
hardware, software/firmware, a combination of hardware and software/firmware, or
software/firmware in execution. For example, a component may be, but is not limited
to being, a process running on a processor, a processor, an object, an executable, a
thread of execution, a program and/or a computer. By way of illustration, both an
application running on a computing device and the computing device can be a
component. One or more components can reside within a process and/or thread of
execution and a component may be localized on one computer and/or distributed
between two or more computers. In addition, these components can execute from
various computer readable media having various data structures stored thercon. The
components may communicate by way of local and/or remote processes such as in
accordance with a signal having one or more data packets, such as data from one

component interacting with another component in a local system, distributed system,

and/or across a network such as the Internet with other systems by way of the signal.

[0029] Furthermore, various aspects are described herein in connection with a
terminal, which can be a wired terminal or a wireless terminal. A terminal can also be
called a system, device, subscriber unit, subscriber station, mobile station, mobile,
mobile device, remote station, remote terminal, access terminal, user terminal,
communication device, user agent, user device, or user equipment (UE). A wireless
terminal may be a cellular telephone, a satellite phone, a cordless telephone, a Session
Initiation Protocol (SIP) phone, a smart phone, a tablet, an ultrabook, a netbook, a
smartbook, a wireless local loop (WLL) station, a personal digital assistant (PDA), a
handheld device having wireless connection capability, a computing device, or other
processing devices connected to a wireless modem. Moreover, various aspects are
described herein in connection with a base station. A base station may be utilized for
communicating with wireless terminal(s) and may also be referred to as an access point,

a Node B, or some other terminology.
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[0030] Moreover, the term “or” is intended to mean an inclusive “or” rather than an
exclusive “or.” That is, unless specified otherwise, or clear from the context, the phrase
“X employs A or B” is intended to mean any of the natural inclusive permutations.
That is, the phrase “X employs A or B” is satisfied by any of the following instances: X
employs A; X employs B; or X employs both A and B. In addition, the articles “a” and
“an” as used in this application and the appended claims should generally be construed
to mean “one or more” unless specified otherwise or clear from the context to be

directed to a singular form.

[0031] The techniques described herein may be used for various wireless
communication networks such as Code Division Multiple Access (CDMA) networks,
Time Division Multiple Access (TDMA) networks, Frequency Division Multiple
Access (FDMA) networks, Orthogonal FDMA (OFDMA) networks, Single-Carrier
FDMA (SC-FDMA) networks, etc. The terms “networks” and “systems” are often used
interchangeably. A CDMA network may implement a radio technology such as
Universal Terrestrial Radio Access (UTRA), CDMA 2000, etc. UTRA includes
Wideband-CDMA (W-CDMA). CDMA2000 covers 1S-2000, IS-95 and IS-856
standards. A TDMA network may implement a radio technology such as Global
System for Mobile Communications (GSM).

[0032] An OFDMA network may implement a radio technology such as Evolved
UTRA (E-UTRA), The Institute of Electrical and Electronics Engineers (IEEE) 802.11,
IEEE 802.16, IEEE 802.20, Flash-OFDM®, etc. UTRA, E-UTRA, and GSM are part
of Universal Mobile Telecommunication System (UMTS). Long Term Evolution
(LTE) is a recent release of UMTS that uses E-UTRA. UTRA, E-UTRA, GSM, UMTS
and LTE are described in documents from an organization named ‘“3rd Generation
Partnership Project” (3GPP). CDMA2000 is described in documents from an
organization named “3rd Generation Partnership Project 2 (3GPP2). These various
radio technologies and standards are known in the art. For clarity, certain aspects of the
techniques are described below for LTE/LTE-Advanced (LTE-A), and LTE/LTE-A
terminology is used in much of the description below. It should be noted that the LTE
terminology is used by way of illustration and the scope of the disclosure is not limited
to LTE. Rather, the techniques described herein may be utilized in various applications

involving wireless transmissions, such as personal area networks (PANs), body arca
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networks (BANs), location, Bluetooth, GPS, UWB, RFID, and the like. Further, the
techniques may also be utilized in wired systems, such as cable modems, fiber-based

systems, and the like.

[0033] Single carrier frequency division multiple access (SC-FDMA), which
utilizes single carrier modulation and frequency domain equalization has similar
performance and essentially the same overall complexity as those of an OFDMA
system. SC-FDMA signal may have lower peak-to-average power ratio (PAPR)
because of its inherent single carrier structure. SC-FDMA may be used in the uplink
communications where lower PAPR greatly benefits the mobile terminal in terms of
transmit power efficiency. SC-FDMA is currently a working assumption for uplink

multiple access scheme in 3GPP Long Term Evolution (LTE), or Evolved UTRA.

Example Wireless Communications System

[0034] Referring to Fig. 1, a multiple access wireless communication system 100
according to one aspect is illustrated. An access point 102 (AP) includes multiple
antenna groups, one including 104 and 106, another including 108 and 110, and an
additional including 112 and 114. In Fig. 1, only two antennas are shown for each
antenna group, however, more or fewer antennas may be utilized for each antenna
group. Access terminal 116 (AT) is in communication with antennas 112 and 114,
where antennas 112 and 114 transmit information to access terminal 116 over forward
link 120 and receive information from access terminal 116 over reverse link 118.
Access terminal 122 is in communication with antennas 106 and 104, where antennas
106 and 104 transmit information to access terminal 122 over forward link 126 and
receive information from access terminal 122 over reverse link 124. In a Frequency
Division Duplex (FDD) system, communication links 118, 120, 124 and 126 may use a
different frequency for communication. For example, reverse link 118 may use a

different frequency than that used by forward link 120.

[0035] Each group of antennas and/or the area in which they are designed to
communicate is often referred to as a sector of the access point. In an aspect, antenna
groups each are designed to communicate to access terminals in a sector of the areas

covered by access point 102.
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[0036] In communication over forward links 120 and 126, the transmitting antennas
of access point 102 utilize beamforming in order to improve the signal-to-noise ratio of
forward links for the different access terminals 116 and 122. Also, an access point
using beamforming to transmit to access terminals scattered randomly through its
coverage causes less interference to access terminals in neighboring cells than an access

point transmitting through a single antenna to all its access terminals.

[0037] An access point may be a fixed station used for communicating with the
terminals and may also be referred to as a Node B, an evolved Node B (eNB), or some
other terminology. An access terminal may also be called a mobile station, user
equipment (UE), a wireless communication device, terminal, or some other
terminology. For certain aspects, cither the AP 102 or the access terminals 116, 122
may utilize the proposed interference cancellation technique to improve performance of

the system.

[0038] FIG. 2 is a block diagram of an aspect of a transmitter system 210 and a
receiver system 250 in a MIMO system 200. At the transmitter system 210, traffic data
for a number of data streams is provided from a data source 212 to a transmit (TX) data
processor 214. Embodiments of the present disclosure are also applicable to a wireline
(wired) equivalent system of FIG. 2. Both transmitter system 210 and receiver system

250 may transmit and receive (for example, as outlined below).

[0039] In an aspect, each data stream is transmitted over a respective transmit
antenna. TX data processor 214 formats, codes, and interleaves the traffic data for each
data stream based on a particular coding scheme selected for that data stream to provide

coded data.

[0040] The coded data for each data stream may be multiplexed with pilot data
using OFDM techniques. The pilot data is typically a known data pattern that is
processed in a known manner and may be used at the receiver system to estimate the
channel response. The multiplexed pilot and coded data for each data stream is then
modulated (e.g., symbol mapped) based on a particular modulation scheme (e.g., Binary
Phase Shift Keying (BPSK), Quadrature Phase Shift Keying (QPSK), M-PSK in which
M may be a power of two, or M-QAM (Quadrature Amplitude Modulation)) selected

for that data stream to provide modulation symbols. The data rate, coding and
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modulation for each data stream may be determined by instructions performed by

processor 230 that may be coupled with a memory 232.

[0041] The modulation symbols for all data streams are then provided to a TX
MIMO processor 220, which may further process the modulation symbols (e.g., for
OFDM). TX MIMO processor 220 then provides NT modulation symbol streams to NT
transmitters (TMTR) 222a through 222t. In certain aspects, TX MIMO processor 220
applies beamforming weights to the symbols of the data streams and to the antenna from

which the symbol is being transmitted.

[0042] Each transmitter 222 receives and processes a respective symbol stream to
provide one or more analog signals, and further conditions (e.g., amplifies, filters, and
upconverts) the analog signals to provide a modulated signal suitable for transmission
over the MIMO channel. NT modulated signals from transmitters 222a through 222t
are then transmitted from NT antennas 224a through 224t, respectively.

[0043] At receiver system 250, the transmitted modulated signals are received by
NR antennas 252a through 252r and the received signal from each antenna 252 is
provided to a respective receiver (RCVR) 254a through 254r. Each receiver 254
conditions (e.g., filters, amplifies, and downconverts) a respective received signal,
digitizes the conditioned signal to provide samples, and further processes the samples to

provide a corresponding “received” symbol stream.

[0044] An RX data processor 260 then receives and processes the NR received
symbol streams from NR receivers 254 based on a particular receiver processing
technique to provide NT “detected” symbol streams. The RX data processor 260 then
demodulates, deinterleaves and decodes each detected symbol stream to recover the
traffic data for the data stream. The processing by RX data processor 260 is
complementary to that performed by TX MIMO processor 220 and TX data processor
214 at transmitter system 210. As described in further detail below, the RX data
processor 260 may utilize interference cancellation to cancel the interference on the

received signal.

[0045] Processor 270, coupled to a memory 272, formulates a reverse link message.
The reverse link message may comprise various types of information regarding the

communication link and/or the received data stream. The reverse link message is then
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processed by a TX data processor 238, which also receives traffic data for a number of
data streams from a data source 236, modulated by a modulator 280, conditioned by

transmitters 254a through 254r, and transmitted back to transmitter system 210.

[0046] At transmitter system 210, the modulated signals from receiver system 250
are received by antennas 224, conditioned by receivers 222, demodulated by a
demodulator 240 and processed by a RX data processor 242 to extract the reserve link

message transmitted by the receiver system 250.

Example TTI Bundling For PDSCH

[0047] In certain systems (e.g., long term evolution (LTE) Releases 8-10),
transmission time interval (TTI) (or subframe) bundling can be configured on a per user
equipment (UE) basis. The subframe bundling operation may be configured by the
parameter #tiBundling provided by higher layers.

[0048] If TTI bundling is configured for a UE, the subframe bundling operation may
only be applied to uplink (UL) shared channel (SCH)—not applied to other UL
signals/traffic (e.g., uplink control information (UCI)). The bundling size may be fixed
at 4 subframes. That is, physical uplink shared channel (PUSCH) may be transmitted in
4 consecutive subframes. The same hybrid automatic repeat request (HARQ) process
number may be used in each of the bundled subframes. The resource allocation size
may be restricted to up to 3 resource blocks (RBs). The modulation order may be set to
2 (e.g., quadrature phase shift keying (QPSK)). A bundle may be treated as a single
resource, for example, a single grant and a single HARK acknowledgement (ACK) is

used for each bundle.

[0049] TTI Bundling may mainly be used for low rate traffic. If voice over internet
protocol (VoIP) packets are not transmitted in a single TTI due to a low link budget for
uplink, Layer 2 (L2) segmentation may be applied. For example, a VoIP packet may be
segmented in four radio link control (RLC) protocol data units (PDUs) that are
transmitted in four consecutive TTIs and two or three HARQ retransmissions may be
targeted to achieve sufficient coverage. However, this approach may have some
drawbacks. For example, each additional segment may introduce a one byte RLC, one

byte medium access control (MAC), and three byte L1 cyclic redundancy check (CRC)
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overhead, (e.g., 15 % overhead assuming a 33 byte RLC service data unit (SDU) size).

This means that for four segments, there may be an additional L1/L2 overhead of 45%.

[0050] In addition, HARQ transmissions/retransmissions for every segment may use
grants on physical downlink control channel (PDCCH), which may consume significant
PDCCH resources. Each HARQ transmission or retransmission may be followed by
HARQ feedback on physical HARQ indicator channel (PHICH). Assuming a NACK-
ACK error ratio of 107, the large number of HARQ feedback signals may lead to high
packet loss probabilities. For example, if twelve HARQ feedback signals are sent, the
HARQ feedback error ratio may be on the order of 1.2%107. Packet loss rates of more

than 10 may not be acceptable for VolP traffic.

[0051] In TTI bundling, usage of only a single uplink grant and a single PHICH
signal per TTI bundle may be advantageous. Also the L1 and L2 overhead may be

minimized since no L2 segmentation is required.

[0052] Coverage improvements for medium data rate physical uplink shared
channel (PUSCH) and UL VoIP may be desirable. The minimum gain for consideration
of specifying the potential solution may be 1 dB for both medium data rate PUSCH and
UL VolP. Potential solutions are TTI bundling enhancements for medium data rate and

VolP, while considering L1/Higher layer protocols overhead and latency.

[0053] In addition to low cost, a 15dB to 20dB coverage enhancement may be
desirable, in order to cover devices (e.g., machine type communications (MTC) devices)
that are in low coverage areas (e.g., in the basement). Large TTI bundling size (e.g., in
order of 100 subframes) may be one possible solution to address UL coverage
enhancements. Large TTI bundling size may possibly be considered for downlink (DL)

coverage enhancements as well.

[0054] On the downlink, TTI bundling has been proposed for physical broadcast
channel (PBCH), physical downlink control channel (PDCCH), enhanced PDCCH
(ePDCCH), PHICH, and physical downlink shared channel (PDSCH). On the uplink,
TTI bundling has been proposed for random access channel (RACH), physical uplink
control channel (PUCCH), and PUSCH.
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[0055] Broadcast PDSCH includes PDSCH for paging, PDSCH for system
information broadcast (SIB), PDSCH for random access response, etc. In case of TTI

bundling for broadcast PDSCH, some special rules may ensure proper system operation.

[0056] In a first example, the UE may assume that channel state information (CSI)
reference signals (RSs) are not transmitted in the primary cell in subframes configured
for transmission of paging messages in the primary cell for any UE with the cell-

specific paging configuration.

[0057] In a second example, the UE may assume that CSI-RS are not transmitted in
subframes  where  transmission of a CSI-RS  would collide with

SystemlInformationBlockTypel messages.

[0058] In a third example, a UE may assume that positioning reference signals
(PRS) are not present in RBs in which the UE decodes PDSCH according to a detected
PDCCH with cyclic redundancy check (CRC) scrambled by the system information
radio network temporary identifier (SI-RNTI) or paging RNTI (P-RNTI) with downlink
control information (DCI) format 1A or 1C intended for the UE.

[0059] In a fourth example, broadcast PDSCH may be based on cell-specific
reference signal (CRS). In multimedia-broadcast single frequency network (MBSFN)
subframes where non-MBMS (multimedia broadcast multicast service) traffic is
allowed, there may be no CRS and only UE-RS based PDSCH may be supported
(MBSFN may also be referred to as MBMS single frequency network, multimedia

broadcast single frequency network, etc.).

[0060] Accordingly, what is desired are techniques for TTI bundling for PDSCH,

which may ensure proper system operation.

[0061] Techniques are provided herein for transmission time interval (TTI)
bundling and physical downlink shared channel (PDSCH) in long term evolution (LTE).
According to certain aspects, TTI bundling for PDSCH may be subframe dependent in
order to ensure proper system operation in the cases of collisions with reference signals
(RS) (e.g., channel state information (CSI) RS or positioning RS (PRS)). For example,

only a subset of possible of subframes may be bundled. In order to avoid collisions,
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reference signals may be dropped in certain subframes. For certain aspects, the
reference signals may puncture the PDSCH or rate matching may be performed around
resource clements occupied by the reference signals. For certain aspects, different
techniques may be used for different types of PDSCH (e.g., PDSCH for paging,
broadcast PDSCH with system information broadcast (SIB), PDSCH for random access

response).

[0062] According to certain aspects, TTI bundling for broadcast PDSCH may be
performed in only a subset of subframes—versus in all possible subframes. FIG. 3
illustrates example frame configuration 300 with possible subframes for broadcast
PDSCH TTI bundling for FDD, in accordance with certain embodiments of the present
disclosure. In aspects, TTI bundling may be subframe-dependent, that is, TTI bundling
may be performed in some subframes and not performed in other subframes. As
illustrated in FIG. 3, in one example, for frequency division duplex (FDD) PDSCH
transmissions, TTI bundling may be performed only in subframes 0, 4, 5, and 9.
Although not illustrated in FIG. 3, in another example, for time division duplex (TDD)
PDSCH transmissions, TTI may be performed in subframes 0, 1, 5, and 6.

[0063] According to certain aspects, the subset of subframes for broadcast PDSCH
TTI bundling may be hardcoded in the specifications. Alternatively, the subset of
subframes for broadcast PDSCH TTI bundling may be signaled (e.g., via broadcast or
dedicated signaling) to the UE. Signaling the subset may be a more flexible approach.

[0064] According to certain aspects, different types of broadcast PDSCH (e.g.,
paging, PDSCH with SIBs, etc.) may use the same or a different subset of subframes.
For example, paging TTI bundling may be in only subframes 0/4/5/9, while broadcast
PDSCH with SIBs may be in any non-MBSFN subframes configured for the cell (e.g.,
if the cell has subframes 3 and 7 for MBSFN subframes, then TTI bundling for
broadcast PDSCH with SIBs may be in subframes 0, 1, 2, 4, 5, 6, &, and 9.

[0065] In some cases, PDSCH may collide with RSs. According to certain aspects,
PDSCH may collide with CSI-RS. In aspects, if the UE is aware of TTI bundling for
paging, CSI-RS may be dropped in all subframes that may potentially be involved in
TTI bundling for paging. The dropping of CSI-RS may not be just limited to the set of

cell-specific paging subframes originally defined.
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[0066] In aspects, CSI-RS may be dropped only for the set of cell-specific paging
subframes originally defined, and CSI-RS may not be dropped in other subframes
involved in TTI bundling for paging. In aspects, CSI-RS may then puncture the
corresponding PDSCH in the other subframes involved in TTI bundling for paging.
Alternatively, rate-matching for PDSCH may be performed around REs occupied by
CSI-RS.

[0067] According to certain aspects, PDSCH with SIBs may collide with CSI-RS.
In aspects, CSI-RS that collides with PDSCH with SIBs may be dropped—regardless of
whether the PDSCH is in the first subframe in the bundle or in subsequent subframes in
the bundle. Alternatively, CSI-RS may be dropped only in the first subframe in the
bundle, but not in subsequent subframes in the bundle. The first subframe of PDSCH in
the bundle for SIBs and PDSCH without bundling for SIBs for other UEs may be in the
same subframe. For example, there may be two sets of PDSCH with SIBs—one of UEs
performing bundling and the other for regular UEs—and the two sets may be aligned in
subframes. In a third alternative, CSI-RS may be dropped only in the subframes where
PDSCH with SIBs for regular UEs (e.g., no PDSCH TTI bundling with SIBs) is
transmitted. This approach may be especially desirable if CSI-RS is configured to be
cell-specific, and/or CSI-RS for regular UEs and machine type communication (MTC)
UEs are largely overlapped.

[0068] According to certain aspects, if CSI-RS collides with any PDSCH with SIBs,
PDSCH may be punctured by CSI-RS. Alternatively, rate matching may be performed
around REs occupied by CSI-RS.

[0069] According to certain aspects, for PDSCH associated with SI-RNTI or P-
RNTTI under TTI bundling, some PDSCH transmissions in the bundle may not collide
with PRS (e.g., in non-PRS subframes), while other PDSCH transmissions in the bundle
may collide with PRS (e.g., in PRS subframes and PRS is either narrow band or
wideband).

[0070] According to certain aspects, the collision handling may depend on the
subframes within a bundle. As an example, if there is collision in the first subframe of
the TTI bundling, the UE may assume PRS are to be dropped. However, if there is
collision in a subframe other than the first subframe of the TTI bundling, the UE may
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assume that PDSCH transmissions are to be dropped. Alternatively, the UE may assume
PRS are to be dropped in the first subframe of the TTI bundling if there is collision and
PDSCH transmissions are partially dropped in subsequent subframes of the TTI
bundling if the transmissions collide with PRS, and the dropping is only for the
overlapped part. In a third alternative PRS may always be dropped when there is a

collision regardless of the subframes within a bundle.

[0071] According to certain aspects, a TTI bundle may fall in a MBSFN subframe.
In aspects, the UE may skip the MBSFN subframe for decoding. Alternatively, the UE
may transmit PDSCH based on CRS in the subframe (e.g., CRS is re-activated in
MBSFN region, either partially or completely). In another alternative, the UE may
transmit PDSCH based on a UE-RS pattern in the subframe. In a fourth alternative, the

UE may treat the collision as an error event.

[0072] According to certain aspects, the above approaches may apply to either
unicast or broadcast PDSCH. In particular, for unicast PDSCH and MBSFN subframes,
it is possible but may not be desirable to have CRS based PDSCH and UE-RS based
PDSCH in different subframes for the same TTI bundle.

[0073] FIG. 4 illustrates example operations 400 for wireless communications, in
accordance with certain aspects of the present disclosure. The operations 400 may be
performed, for example, by a UE (e.g., similar to AT 122). The operations 400 may
begin, at 402, by identifying a transmit time interval (TTI) bundle comprising a subset
of subframes from a set of subframes for transmitting data on a physical downlink
shared channel (PDSCH). In aspects, the UE may receive signaling from the BS
indicating the subset of subframes. The subset of subframes may be MBSFN subframes

for PDSCH with SIBs.

[0074] At 404, the UE may receive the data on the PDSCH in the subset of
subframes. For certain aspects, the PDSCH may be broadcast or unicast PDSCH and
may be in frame structure of FDD or TDD.

[0075] According to certain aspects, the UE may identify another signal configured
to transmit in at least one subframe in the subset of subframes (e.g., detect a collision

between PDSCH and the other signal). In aspects, the signal may be a PRS, CSI-RS, or
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MBSFN subframe. The UE may drop the other signals, the signals may puncture
PDSCH, or rate matching may be performed around REs occupied by the signals.

[0076] FIG. 5 illustrates example operations 500 for wireless communications, in
accordance with certain embodiments of the present disclosure. The operations 500
may be performed, for example, by a base station (BS) (e.g., similar to AP 102). The
operations 500 may begin, at 502, by identifying a transmit time interval (TTI) bundle
comprising a subset of subframes from a set of subframes for transmitting data on a
physical downlink shared channel (PDSCH). In aspects, the BS may signal the UE an
indication of the subset of subframes. The subset of subframes may be MBSFN
subframes for PDSCH with SIBs.

[0077] At 504, the BS may transmit the data on the PDSCH in the subset of
subframes. In aspects, the PDSCH may be broadcast or unicast PDSCH and may be in a
frame structure of FDD or TDD.

[0078] According to certain aspects, the BS may identify another signal configured
to transmit in at least one subframe in the subset of subframes (e.g., detect a collision
between PDSCH and the other signal, e.g., a PRS, CSI-RS, or MBSFN subframe). The
BS may drop the other signals, the signals may puncture PDSCH, or rate matching may

be performed around REs occupied by the signals.

[0079] As used herein, a phrase referring to “at least one of” a list of items refers to
any combination of those items, including single members. As an example, “at least one

of: a, b, or ¢” is intended to cover: a, b, ¢, a-b, a-¢, b-c, and a-b-c.

[0080] The various operations of methods described above may be performed by
various hardware and/or software/firmware component(s) and/or module(s)
corresponding to means-plus-function blocks illustrated in the Figures. The various
illustrative logical blocks, modules and circuits described in connection with the present
disclosure 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 signal (FPGA) or other programmable logic device (PLD),
discrete gate or transistor logic, discrete hardware components or any combination
thereof designed to perform the functions described herein. A general purpose

processor may be a microprocessor, but in the alternative, the processor may be any
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commercially available processor, controller, microcontroller or state machine. A
processor may also be implemented as a combination of computing devices, ¢.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.

[0081] The steps of a method or algorithm described in connection with the present
disclosure may be embodied directly in hardware, in a software/firmware module
executed by a processor, or in a combination therecof. A software/firmware module may
reside in any form of storage medium that is known in the art. Some examples of
storage media that may be used include random access memory (RAM), read only
memory (ROM), flash memory, EPROM memory, EEPROM memory, phase change
memory (PCM), registers, a hard disk, a removable disk, a CD-ROM and so forth. A
software/firmware module may comprise a single instruction, or many instructions, and
may be distributed over several different code segments, among different programs, and
across multiple storage media. A storage medium may be coupled to a processor such
that the processor can read information from, and write information to, the storage

medium. In the alternative, the storage medium may be integral to the processor.

[0082] The methods disclosed herein comprise one or more steps or actions for
achieving the described method. The method steps and/or actions may be interchanged
with one another without departing from the scope of the claims. In other words, unless
a specific order of steps or actions is specified, the order and/or use of specific steps

and/or actions may be modified without departing from the scope of the claims.

[0083] The functions described may be implemented in  hardware,
software/firmware, or combinations thercof. If implemented in software/firmware, the
functions may be stored as one or more instructions on a computer-readable medium. A
storage media may be any available media that can be accessed by a 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 in the form of instructions or data structures and that can be accessed by a
computer. Disk and disc, as used herein, include compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk, and Blu-ray® disc where disks usually

reproduce data magnetically, while discs reproduce data optically with lasers.
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[0084] Software/firmware instructions may also be transmitted over a transmission
medium. For example, if the software/firmware is transmitted from a website, server, or
other remote source using a coaxial cable, fiber optic cable, twisted pair, digital
subscriber line (DSL), or wireless technologies such as infrared, radio, and microwave,
then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless technologies
such as infrared, radio, and microwave are included in the definition of transmission

medium.

[0085] Further, it should be appreciated that modules and/or other appropriate
means for performing the methods and techniques described herein can be downloaded
and/or otherwise obtained by a user terminal and/or base station as applicable. For
example, such a device can be coupled to a server to facilitate the transfer of means for
performing the methods described herein. Alternatively, various methods described
herein can be provided via storage means (e.g., RAM, ROM, a physical storage medium
such as a compact disc (CD) or floppy disk, etc.), such that a user terminal and/or base
station can obtain the various methods upon coupling or providing the storage means to
the device. Moreover, any other suitable technique for providing the methods and

techniques described herein to a device can be utilized.

[0086] It is to be understood that the claims are not limited to the precise
configuration and components illustrated above. Various modifications, changes and
variations may be made in the arrangement, operation and details of the methods and

apparatus described without departing from the scope of the claims.

[0087] While the foregoing is directed to embodiments of the present disclosure,
other and further embodiments of the disclosure may be devised without departing from

the basic scope thereof, and the scope thereof is determined by the claims that follow.
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CLAIMS

1. A method for wireless communications by a user equipment (UE), comprising:
identifying a transmit time interval (TTT) bundle comprising a subset of
subframes from a set of subframes for transmitting data on a physical downlink shared

channel (PDSCH); and
receiving the data on the PDSCH in the subset of subframes.

2. The method of claim 1, wherein the PDSCH is broadcast or unicast.

3. The method of claim 1, wherein the data is in a frame structure of frequency

division duplex (FDD) or time division duplex (TDD).

4. The method of claim 1, further comprising receiving signaling indicating the

subset of subframes.

5. The method of claim 1, wherein the subset of subframes comprises non-multi-

broadcast single frequency network (MBSFN) subframes for broadcast PDSCH.

6. The method of claim 1, further comprising:
identifying another signal configured to transmit in at least one subframe in the
subset of subframes; and

taking action in response to the identification.

7. The method of claim 6, wherein:

the PDSCH is for at least one of paging, system information broadcast, or
random access response;

the another signal comprises a channel state information (CSI) reference signal
(CSI-RS); and

the taking action comprises at least one of puncturing the PDSCH with the CSI-
RS in the subset of subframes or performing rate matching for the PDSCH around

resource elements (REs) occupied by the CSI-RS.
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8. The method of claim 6, wherein:
the another signal comprises a reference signal (RS); and

the taking action comprises dropping the RS.

9. The method of claim &, wherein:
the RS comprises a channel state information (CSI) reference signal (CSI-RS);
and
the dropping the RS comprises dropping the CSI-RS in at least one of:
all possible subframes for TTI bundling for paging,
cell-specific subframes involved in TTI bundling for paging,
the subset of subframes for broadcast PDSCH with system information
broadcast (SIBs), or

a first subframe of the subset of subframes.

10. The method of claim 8, wherein:

the RS comprises a positioning reference signal (PRS); and

the dropping the RS comprises dropping the PRS in a first subframe of the
subset of subframes, further comprising;:

dropping or partially dropping PDSCH transmissions in remaining subframes of

the subset of subframes.

11. The method of claim &, wherein:
the RS comprises positioning reference signals (PRS); and

the dropping the RS comprises dropping the PRS in the subset of subframes.

12. The method of claim 6, wherein:
the taking action comprises skipping decoding multi-broadcast single frequency

network (MBSFN) subframes in the subset of subframes.

13. The method of claim 6, wherein the taking action comprises receiving PDSCH
based on cell-specific reference signal (CRS) or UE specific RS in multi-broadcast

single frequency network (MBSFN) subframes in the subset of subframes.
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14.  The method of claim 6, wherein the taking action comprises declaring an error
event for multi-broadcast single frequency network (MBSFN) subframes in the subset

of subframes.

15. A method for wireless communications by a base station (BS), comprising:
identifying a transmit time interval (TTT) bundle comprising a subset of
subframes from a set of subframes for transmitting data on a physical downlink shared

channel (PDSCH); and
transmitting the data on the PDSCH in the subset of subframes.

16. The method of claim 15, wherein the PDSCH is broadcast or unicast.

17. The method of claim 15, wherein the data is in a frame structure of frequency

division duplex (FDD) or time division duplex (TDD).

18.  The method of claim 15, further comprising signaling an indication of the subset
of subframes.
19. The method of claim 15, wherein the subset of subframes comprises non-

multimedia-broadcast single frequency network (MBSFN) subframes for PDSCH with

system information blocks (SIBs).

20.  The method of claim 15, further comprising:
identifying another signal configured to transmit in at least one subframe in the
subset of subframes; and

taking action in response to the identification.

21. The method of claim 20, wherein:
the PDSCH is for at least one of paging, system information broadcast, or
random access response;

the another signal comprises a channel state information (CSI) reference signal

(RS); and
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the taking action comprises at least one of puncturing the PDSCH with the CSI-
RS in the subset of subframes or performing rate matching for the PDSCH around

resource elements (REs) occupied by the CSI-RS.

22. The method of claim 20, wherein:
the another signal comprises a reference signal (RS); and

the taking action comprises dropping the RS.

23. The method of claim 22, wherein:
the RS comprises a channel state information (CSI) reference signal (CSI-RS);
and
the dropping comprises dropping the CSI-RS in at least one of:
all possible subframes for TTI bundling for paging,
cell-specific subframes involved in TTI bundling for paging,
the subset of subframes for broadcast PDSCH with system information
broadcast (SIBs), or

a first subframe of the subset of subframes.

24. The method of claim 22, wherein:

the RS comprises a positioning reference signal (PRS); and

the dropping the RS comprises dropping the PRS in a first subframe of the
subset of subframes, further comprising;:

dropping or partially dropping PDSCH transmissions in remaining subframes of

the subset of subframes.

25. The method of claim 22, wherein:
the RS comprises a positioning reference signal (PRS); and

the dropping the RS comprises dropping the PRS in the subset of subframes.

26.  The method of claim 20, wherein the taking action comprises transmitting
PDSCH based on cell-specific reference signal (CRS) or UE specific RS in multi-

broadcast single frequency network (MBSFN) subframes in the subset of subframes.
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27. An apparatus for wireless communications by a user equipment (UE),
comprising:

means for identifying a transmit time interval (TTI) bundle comprising a subset
of subframes from a set of subframes for transmitting data on a physical downlink
shared channel (PDSCH); and

means for receiving the data on the PDSCH in the subset of subframes.

28.  The apparatus of claim 27, further comprising:
means for identifying another signal configured to transmit in at least one
subframe in the subset of subframes; and

means for taking action in response to the identification.

29. An apparatus for wireless communications by a base station (BS), comprising:

means for identifying a transmit time interval (TTI) bundle comprising a subset
of subframes from a set of subframes for transmitting data on a physical downlink
shared channel (PDSCH); and

means for transmitting the data on the PDSCH in the subset of subframes.

30.  The apparatus of claim 29, further comprising:
means for identifying another signal configured to transmit in at least one
subframe in the subset of subframes; and

means for taking action in response to the identification.
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