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QUAST CO-LQUATED ANTENNA PORTS FOR CHANNEL ESTIMATION

Related Applications

This application claims the benefit of provisional patent application serial
number 61679335, filed Aogust 3. 2012, the disclosure of which 18 hereby

mcorporated heren by reference n its entirety.

Field of the Disclosure

The present disclosuwre relates 1o quasi co-located amtenna ports in a cellular
communications network that can be utilized for estimation of large-scale, or long-

term, channel properties.

Backuround

Third Generation Partnership Project {3GPP} Long Term Evolution (LTE) uses
Orthogonal Frequency Division Multiplexing {(OFDM) in the downlink and Discrete
Fourter Transform {(DFT) spread OFDM in the uplink. The basic LTE physical
resource thus can be seen as a time-frequency grid as illustrated in Figure 1, where each
Resource Element (RE} corresponds to one subcarner during one OFDM symbol
mterval on a particular antenna port.  An antenna port is defined such that a channel
over which a symbol on the antenna port s conveyed can be inferred from a channel
over which another symbol on the same antenna port i3 conveved, There is one
resource grid per gnenna port.  Notably, as discussed in Erik Dghiman et al, 46
LIEATE-Advanced for Mobile Broadbarnd, § 10.1.1.7 (2811), an antenna port does not
necessarily correspond to a specific physical antenna but is instead a more general
concept mtroduced, for example, to allow for beam-forming using multiple physical
antennas. At least for the downlink, an antenna port corresponds to the transmussion of
a reference signal. Aoy data transmitted from the antenna port can then rely on that
reference signal for channel estimation for coherent demodulation. Thus, if the same
reference signal is ransmitted from multiple physical antennas, these physical antennas
cotrrespond 10 a single antenna port. Simlarly, if two different reference signals are
transmitted from the same set of phvsical antennas, this corresponds to two separate

antenna ports.
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In the tme domain, LTE downlink transmissions are cryanized mto radio
frames of 10 mulliseconds {ms), where cach radic frame consists of en egually-sized
sabframes of 1 ms as llustrated in Figare 2. A subframe is divided into two slots, each
of 0.5 ms time duration. Resource allocation in LTE is described m terms of Resonrce
Blocks (RBs), or Physical RBs (PRBs), where a resowrce block corresponds to one slot
m the time domain and 12 contiguous 15 kilohertz (kHz) subcarriers in the frequency
domain. Two consecutive resoarce blocks in the time domain represent a resource
block pair and correspond to the time wterval upon which scheduling operates.

Transmissions in LTE are dynamically scheduled in cach subframe where ¢
base station transmits downlink assigmments/ophink grants to certain User Elements, or
User Equipments, {(UEs) via a Physical Downlink Control Channel (PDCCH) and,
starting 19 LTE Release 11 (Rel-11), an enhanced PDCCH (ePDCCH). PDCCHs are
transmitted in the first OFDM symbol(s) in each subframe and span (more or less) the
whole system bandwidth. A UE that has decoded a downlink assignment, carried by a
PDCCH, knows which resource elements in the subframe that contain data ammed for
the UE. Sumilatly, upon receiving an uplink grant, the UE knows which time/frequency
resources it should transmit upon. In the LTE downlink, data is carried by a Physical
Downlink Shared Channel (PDSCH). In the uplink, the corresponding link is referred
to as a Physical Uplink Shared Channel (PUSCH).

Defimtion of the ePDCCH is ongoing in 3GPP. It &5 hkely that such control
signaling will have simiar functionalities as PDCCH.  However, a fundamental
difference for ePDCCH is that ePDCCH will require UE specific reference signals (ie.,
Demodulation Reference Signals (DMRS)) nstead of cell specific reference signals
{i.e., Common Reference Signals (CRS) for its demodulation. One advantage is that
UK specific spatial processing may be exploited for ePDCCH.

Demodulation of data sent via the PDSCH requires estimation of large-scale
channel properties of the radio channel. This channel estimation s performed using
transmitted reference symbols, where reference symbols are symbols of a Reference
Stgnal {(RS) and are known to the recetver. In LTE, CRS reference symbols are
trapsmitted in all downlink suobframes. In addition 1o assisting downlink channel
estimation, the CRS reference symbols are also used for mobility measurements

performed by the Ubs. LTE also supports UE specific RS reference symbols aimed
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only for assisting channel estimation for demodulation purposes.  Figure 3 illustrates
one example of mapping of physical control/data channels and signals onto resource
elements within a RB pair forming a downlink subframe. In this example, PDCCHs
occupy the first out of three possible OFDM symbols. So, in this particular case, the
mapping of data could start at the second OFDM symbol. Since the CRS is cormamon to
all UEs in the cell, the transnussion of the CRS cannot be easily adapted to suit the
needs of a particular UE. This is in contrast to UE specific RSs where each UE has a
UE specific RS of its own placed in the data regron of Figure 3 as part of the PDSCH.

The length of the control region, which can vary on a subframe basis, is
conveyed m the Physical Control Format Indicator Channel (PCFICH). The PCFICH
1s transmitted within the control region at locations known by the UEs. After a UE has
decoded the PCFICH, the UE knows the size of the control region and in which OFDM
symbol the data wansmission begins. A Physical Hybrid-Automatic Repeat Request
{HARQ) indicator, which carries ACK/NACK responses to a UE to inform the UE of
whether a corresponding uplink data transmission in a previous subframe was
snccesstully decoded by the base station, is also transmutted in the control region.

In LTE Release 10 (Rel-10), all control messages to UEs are demodulated using
the CRSs. Therefore, the control messages have cell wide coverage 1o reach all UEs in
the cell. An exception is the Primary Synchronization Signal (PSS) and the Secondary
Synchronization Signal (§S8), which are stand-alone and do not need reception of a
CRS before demodulation. The first one to fouwr OFDM symbols in a subframe,
depending on the confipuration, are reserved for such control mfermation. Control
messages can be categorized mio control messages that need to be sent ounly to one UE
m the cell (e, UE-specific control messages) and control messages that need to be
sent to all UEs in the cell or some subset of the UEs in the cell numbering more than
one {1L.e., common control messages).

As ilustrated in Figure 4. control messages of the PDCCH tyvpe are
demodulated using CRSs and wransmitted in multiples of units called Control Channel
Elements (CCEs), where each CCE contams 36 REs. A PDCCH mav have an
Aggregation Level (ALY of 1, 2, 4, or 8 CCEs to allow for link adaptation of the control
message. Furthermore, each CCE 15 mapped to € Resoorce Element Groups (REGs)

consisting of 4 REs each.  These REGs are distnbuted over the whole system
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bandwidth to provide frequency diversity for a CCE. Hence, a PDUCH, which consists
of up to 8 CCEs, spans the entire system bandwidth i the first ene to four OFDM
symbols, depending on the configuration.

In LTE Rel-11, it has been agreed to mfroduce UE-specific transmission of
control information in the form of enhanced control channels. More specifically, it has

ges to g UE wsing

pas

been agreed to allow transmission of generic control messa
transpissions based on UE-specific RSs placed in the data region. This is commonty
known as an ePDCCH, an enbanced Physical HARQ Indicator Channel (ePHICH), etc.
Figure 5§ ilustrates a downlink subframe showing 10 RB pairs and configuration of
three ePDCCH regions of size 1 RB pair each. The remaining RB pairs can be used for
PDSCH transmissions. For ePDCCH in LTE Rel-11, #t has been agreed to vse antenna
port p e JOTID8109110} for demodulation as illustrated in Figure 6 for normal
subframes and normal cyclic prefix. More specifically, Figure 6 illustrates an example
of RE locations for UE-specific reference symbols {ie., DMRS reference symbols)
used for ePDCCH m LTE for one PRB par. Note that, starting w LTE Rel. 11, more
thap one UE can, in some cases, unknowingly of each other use the same DMRS
reference symbols 1o demodulate their respective ePDCCH messages.  As such, “"UE
specific” should be interpreted as seen frony the UEs perspective. RS ports R7 and R9
represent the DMRS reference symbols corresponding to antenna port 107 and 109,
respectively. In addition, antenna ports 108 and 110 can be obtained by applying an
orthogonal cover (1, -1) over adjacent pairs of RS ports R7 and R9, respectivelv. The
ePDCCH enables precoding gains to be achieved for the control channels.  Another
benefit of the ePDCCH is that different PRB pairs {or enhanced control regions) can be
allocated to different cells or different transmission points within a cell and, as soch,
inter-cell or inter-point interference coovdination between control channels can be
achieved. This is espectally useful for heterogeneous network scenarios, as discussed
below.

The concept of & pownt is heavily vsed 1w conjunction with technigues for
Coordinated Maolt-Point (CoMP).  In this context, a point corresponds 1o a set of
antennas covering essentially the same peographical area wn a similar manner. Thus, a
point might correspond to one of multiple sectors at a site {L.e, one of two or more

sectors of a cell served by an enhanced Node B (eNB)), but it may also correspond to a
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site having one or more antennas all intending to cover a similar geographical area.
Offten, different points represent different sites, Antennas correspond to different pomts
when they are sufficiently geographically separated and/or have anmenna diagrams
pointing in sufficiently different directions. Technigues for CoMP entail tntroducing
dependencies 18 the scheduling or transmission/reception among different points, in
contrast to conventional cellular systems where a poust from a scheduling point of view
s operated more or less independently from the other points.  Downlink CoMP
operattons may mclude, for example, serving a certain UK from muluple points, either
at different thme instances or for a given subframe, on overlapping or non-overlapping
parls of the spectrum.  Dvnamic swiiching between Hansnussion points serving a
certain UE 15 often termed as Dvnamuc Point Selection (DPS), Simultancously serving
a UE from maoltiple points on overlapping resources s ofien termed as Joint
Transmission (JT). Point selection may be based on, for example, instantaneous
conditions of the channels, mterference, or traffic. CoMP operations are intended to be
performed for data channels (e.g., PDSCH) and/or control channels {e.g., ePDCCH).

The same ePDCCH region can be used by different transmission points within a
cell or belong to different cells that are not highly interfering with respect to one
another. A typical case 1s the shared cell scenario dlustrated in Figure 7. As llustrated,
a heterogeneous network includes a macre node, or macro base station, and multiple
fower power pico nodes, or pico base stations, within a coverage srea of the macro
node. The same ePDCCH region can be used by the macro node and the pico nodes.
Nete that, throughout this application, nodes o points in a network are often referred to
as bemng of a certam type, e.g., “macto” or “pico.” Unless exphicitly stated otherwise,
this should not be interpreted as an absolute quantification of the role of the node/point
m the network but rather as a convenient way of discussing the roles of different
nodes/pomts relative each other. Thus, a discussion about macro and pico nodes/points
conld for example just as well be apphicable o the interaction between micro and femto
nodes/points.

For pico nodes that are geographically separted, such as pico nodes B and C,
the same ePDCCH region can be re-used. In this manner the total control chamel
capacity in the shared cell will increase since a given PRB resource is re-nsed,

potentially muldtiple times, n different parts of the cell. This ensures that area splitting
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gains are obtained. An example is given in Figure 8 where pico nodes B and C share
the sgme ePDCCH regions. Conversely, doe to proxinity, pico nodes A and B and
pice nodes A and C are at risk of interfering with each other and, therefore, pico node
A is assigned an ePDCCH region that is non-overlapping with the shared ePDCCH
regions of the pico vodes B and C. luterference coovdination between pico nodes A
and B, or equivalently tranunission pomnts A and B, within the shared macro cell s
thereby achieved. Likewise, interference coordination between pico nodes A and C| or
equivalently transmission points A and €, within the shared macro cell 15 thereby
achieved. In some cases, a UE may need to receive pant of the ePDCCH signaling from
the macre cell and the other part of the ePDCCH signaling from the nearby pico cell.
This area splitting and control channel frequency coordination is not possible with the
PDCCH since the PDCCH spans the whole bandwidth.  Also, the PDCCH does not
provide possibility to use UE specific precoding since it relies on the use of CRS for
demodutation.

Figure 9 illustrates an ePDCCH that, similar 1o the CCE in the PDCCH, is
divided 1nto wudtiple groups and mapped to one of the enhanced control regions of a
subframe. Note that in Figure 9, the ePDCCH regions do not start at OFDM symbol
zero 1w order to accommodate simultancous transnussion of @ PDCCH in the subframe.
However, there may be carner types in future LTE releases that do not have a PDCCH,
m which case the ePDCCH regions could start from OFDM synibol zero within the
subframe.

Even if ¢PDCCH enables UE specific precoding and localized transmission as
discussed above, it can, in some cases, be useful to be able to transmit ePDCCH in a
broadeasted, wide arga coverage fashion. This is usefud if the base station (i.e., eNB)
does not have relable information to perform precoding towards a certain UE. {n this

sifnation, a wide area coverage transnussion is more robnst.  Another case 1s when the

particular control message is intended for more than one UE. In this case, UE specific

precoding cannot be used.  An example is the transmission of the common control
mformation using PDCCH (ie., in the Common Search Space {CSS)), In any of these
cases, a distributed transmission over multiple ePDCCH regions within a subframe can
be used. One example of such distribution is illustrated in Figure 10 where the four

parts belonging to the same ePDCCH are distributed over multiple enbanced countrol
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regions within a subframe. It has been agreed in the 3GPP ePDCCH development that
both distiibuted and localized wansnussion of an ePDCCH should be supported. When
distributed transmussion of ePDCCH i3 used, it is also beneficial if antenna diversity
can be achieved to maximize the diversity order of an ePDCCH message. On the other
hand. sometitges only wideband channel gquality and wideband precoding mformation
is available at the base station, in which case it could be useti] to perfonm a distributed
transmission but with UE specific, wideband precoding.

As discussed above, enhanced control signaling, such as ePDCCH m LTE,
offers many advantages. However, advanced network architectures (e.g.,
heterogeneous network architectures} and downlink CoMP lead to issues that must be
solved. In particular, as discussed below, the inventors have found that there is & need

for systems and methods for improved chanpel estimation techmques.

Swmary

Systems and methods are disclesed for estimating one or more channel
properties of a downlink from a cellular comumunications network based on quast co-
located antenna ports with respect to the one or more channel properties. In one
embodinent, a wireless device receives a downlink subframe wchiding 4 downlink
control channel from the cellular communications network.  The wireless device
estimates one or more large-scale channel properties for an antenna port of intevest
the downlink control channel based on a subset of RSs that correspond to antenna ports
tn the cellular communications network that are quasi co-located with the antenna port
of interest with respect to the one or more channel properties. By estimating the one or
more channel properties based on the subset of the RSs that correspond to the quasi co-
Jocated antenma ports rather than a single RS that corresponds to the antenna port of
interest for which the one or more large-scale channel properties are estimated,
estimation of the one or more large-scale channel properties is substantially nproved.

In one embodiment, the cellular communications network is a Long Term
Evolution (LTE) celtular communications network, and the downhink control channel 18
an enhanced Public Downlink Control Channel (ePDCCH). In one embodiment, the
wireless device does not assume that antenna ports that correspond to RSs i the

ePDCCH are quasi co-located with respect to farge-scale channel properties between
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antenna ports and between physical resource blocks within the downlink subframe. In
one particular embodiment, the wireless device determines whether a Downlink
Control Information (DCI) message in the ePDCCH 1s associated with two or more
Demodulation RS {DMRS) ports andfor two or more physical resource blocks. If so,
the antenna ports that are guast co-located with respect to the one or more chaonel
properties of the RS port withn the ePDCCH include antenna ports, and preferably all
antenna ports, associated with the DCI message.

In another particular embodiment, ePDCCH resources forming a search space
of the wireless device are divided imo two or more sets of ePDCCH resources where
antenna ports within the same set of ePDCCH resowrces must be guast co-located at
teast with respect to the one or more large-scale channel properties according to one or
more predefined roles for the cellular communications network. In this embodiment,
the wireless device estimates the one or more large-scale channel properties for the RS
port within the ePDCCH based on a subset of the RSs that correspond to antenna ports
that are within the same set of ePDCCH resources and, therefore, are quast co-located
with respect to the one or more large-scale chanpel properties.

In another particular embodiment, ePDCCH resources forming a search space
of the wireless device are divided into two or more sets of ePDCCH rvesources. The
wireless device receives signaling from the cellular communications network that
mdicates whether antenna ports within the same set of ePDCCH resources within the
downlink subframe are quasi co-located with respect to the one or more large-scale
channel properties.  If so, the wireless device estimates the one or more large-scale
channel properties for the RS port within the ePDCCH based on a subset of the RSs
that correspond to antenna ports that are within the same set of ePDCCH resources and,
therefore, are quasi co-located with respect to the one or more large-scale chamnel
properties. In one further embodiment, the wireless device may receive signaling from
the cellular commuwmications network that indicates whether antenna ports within two or
more different sets of ePDCCH resources within the downlink subframe are quasi co-
tocated with respect to the one or nore large-scale channel properties, 1 the antenna
ports within two or more different sets of ePDCCH resources arve guast co-located, then
the wireless device estimates the one or more large-scale channel properties for the RS

port withi the ePDCCH based on the subset of the BSs that correspond to antenna
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ports that are within the two or more different sets of ePDCCH resources and,
therefore, are guasi co-located with respect to the one or more large-scale channel
properties.

ln one embodiment, a base station in a cellnlar communications network
mcludes a wdio subsystemn and a processing subsystem associated with the radio
subsystern.  The processing subsystem provides, via the radio subsystem, a downlink
subframe that includes muliiple RSs corresponding to multiple antenna ports according
to one or more predefined rules that define one or more subsets of the antenna ports that
mast be quasi co-located within a downlink control channel of a downlink subframe.
In this manner, the base station enables a wireless device to, for example, estimate one
or more large-scale channel properties based on a subset of the RSs within the
downlink sobframe corresponding to antenna ports that are quasi co-located with
respect to the one or more large-scale channel properties.

In another embodiment, a base station in a cellular communications network
mchides a radio subsvstemy and a processing subsystem associated with the radio
subsystem. The processing subsystem sends, via the radio subsystern, mformation to a
wireless device that is indicative of antenna ports that are quasi co-located within a
downlink control chamnel of a subframne of a downlink from the cellular
communications network. Using this information, the wirelzss device is enabled 1o, for
example, estivonte one or more large-scale channel properties based on RSs thag
correspond to amtenna ports that are quasi co-located with respect o the one or more
targe-scale channel properties.

Those skilted in the art will appreciate the scope of the present disclosure and
realize additional aspects thereof after reading the following detailed description of the

preferred embodiments m association with the accompanying drawing figures.

Brief Description of the Drawing Figures
The accompanying drawing figures incorporated in and forming a part of this
spectfication illustrate several aspects of the disclosure, and together with the

description serve to explain the principles of the disclosure.
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Figure 1 Ulustrates a resource block of a downlink in a 3™ Generation
Partnership Project (3GPP) Long Tenm Evolation (LTE) cellular communications
network:

Figure 2 iHustrates the tme-domam structure of a downlink m a 3GPP LTE
cellufar commronications petwork:

Figure 3 illustrates mapping of LTE physical control signaling, data link, and
Commpon Reference Signals (CRS) within a downlink subframe in a 3GPP LTE cellular
commuications network;

Figure 4 illustrates mapping of one Control Channel Element (CCE) belonging
to a Public Downlmk Control Channel (PDCCH) to the control region within a
downlink subframe in g 3GPP LTE cellular communications network;

Figure S Ulustrates enhanced control regions, or enhanced PRCCH (ePDCCH)
regions, in & downlink subframe in a 3GPP LTE cellular communications network;

Figure 6 ilusirates an example of Demodulation Reference Signal {DMRS)
ports used for ePDCCH, where the DMRS perts correspond to antenna ports;

Figure 7 llustrates a heterogeneons network architecture for a cellular
conununications network;

Figure § iltustrates different ePDCCH resource regions where some ePDCCH
resource regions are reused by pico nodes in the heterogeneons network architecture
without interference;

Figure 9 tllustrates a downlink subframe mchiding 2 CCE belonging to an
ePDCCH mapped to one of the ePDCCH regions n the downlink subframe;

Figure 10 Ulustrates a downhink subframe including a CCE belonging to an
ePDCCH mapped to mmiluple ePDCCH regions to achieve distributed transmission and
frequency diversity or subband precoding;

Figure 11 illustrates a cellular communications network in which a wireless
device performs channel estimation for a downlink control channel using reference
signals that correspond o quasi co-located antenna ports according to one embodiment
of the present disclosure;

Figure 12A illustrates one example of a cellular conumunications network in

which reference signals corresponding o quast co-located antenna ports within a
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downlink subframe are utilized for channel estimation of a downlink control channel
according to one embodiment of the present disclosure,

Figure 12B illustrates another example of a cellular communications network in
which reference signals corresponding to quasi co-located antenna ports within a
downlink subframe are utilized for channel estimation for 8 downlink control channel
according to one embodiment of the present disclosure,;

Figure 13 ilfostrates the operation of the cellular commumcations network of
Figare H to provide channel estimation for a downlink control channel usmg reference
signals in a downlink subframe corresponding to guasi co-located antenna ports
according to one embodiment of the present disclosure;

Figure 14 illustrates the operation of the cellular communications network of
Figare 11 to provide channel estimation for a downlink control channel using reference
signals corresponding to quast co-located antenna ports in which the quasi co-located
antenna ports are signaled by the cellular communications network according to one
embodiment of the present disclosure;

Figure 15 illostrates the operation of the cellular commumcations network of
Figure 11 to provide channel estimation for a downlink control channel using reference
signals corresponding to quasi co-located antenma ports in which the quast co-located
antenna ports are predefined for the cellular conununications network according to one
embodiment of the present disclosure;

Figure 16 Ulustrates muitiple ePDCCH resonrce regions withm a subframe;

Figures 17A through 17C illustrate differemt CRS ports that correspond to
different antenna ports that are found in the ePRDCCH resowrce regions of Figure 16;

Figures I8A and I18B illustrate differemt Demodulation Reference Signal
{DMRS) ports that covrespond lo different antenna ports that are found in the ePDCCH
resource regions of Figurs 16

Figure 19 sllustrates different Channel State Information Reterence Signal (CSI-
RS} ports that correspond to different antenna ports that are found in the ePDCCH
resource regions of Figure 16;

Figure 20 iHlustrates the operation of the wireless device of Figure 11 o perform

channel estimation for a Reference Signal (RS) port within an ePDCCH region based



WO 2014/020580 PCT/IB2013/056357

10

15

20

25

30

-42.

on RSs that correspond to quasi co-located antenna posts according to one embodiment
of the present disclosure;

Figure 21 tlustrates the operation of the wireless device of Figure 11 10 perform
channel estimation for an RS port within an ePDCCH region based on RSs that
correspond to quast co-located antenna ports according to another embodiment of the
present disclosure in which antenna ports within the same set of ePDRCCH resonrces are
predefined as being quasi co-located;

Frgure 22 illustrates the operation of the base station of the cellular
communications network of Figure 11 to transmit ePDCCH according to one or more
predefined rules indicating that all antenna ports in a set of ePDCCH resources must be
quasi co-tocated according to one entbadiment of the present disclosure;

Figure 23 dlustrates the operation of the wireless device of Figure 11 to perform
channel estimation for an RS port within an ePDCCH region based on RSs that
cosrespond to quasi co-located antenna ports according to another embodiment of the
present disclosure i which antenna ports within the same set of ePDCCH resources
and potentially different sets of ePDUCCH resources that are quast co-located are
signaled to the wireless device;

Figure 24 lustrates one example of the process of Figure 23 according to one
embodiment of the present disclosure;

Figure 25 s a block diagram of a wireless device according to one embodiment
of the present disclosure; and

Figure 26 is a block diagram of a base station according to ong embodiment of

the present discloswre.

Detailed Description

The embodiments set forth below represent the necessary information 1o enable
those skilled in the art to practice the embodunents and illustrate the best mode of
practicing the embodiments. Upon reading the following description in light of the
accompanving drawing figures, those skilled i the art will understand the concepts of
the disclosure and will recognize applications of these concepts not particularly
addressed heretn. It should be understood that these concepts and applications fall

within the scope of the disclosare and the accompanying claums.
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Naote that although terminology from the 3% Generation Pastnership Project
{3GPP} Long Tenm Evolution {LTE) specifications is used i much of the description
below to exemplify preferred embodiments of the present disclosure, this should not be
seen as limiting the scope of the present disclosure to only 3GPP LTE. Other wireless
systeras such as, but not linuted to, Wideband Code Division Multiple Access
{WCDMA), Worldwide Inmteroperability for Microwave Access {WiMax), Ulira Mobile
Broadband (UMB), and Global System for Mobile conumnunications (GSM) may also
benefit from exploiting the concepts disclosed herein.

Before discussing varions embodiments of the present disclosure, a discussion a
fundamental problem discovered by the mventors 8 beneficial. One of the principles
guiding the design of the 3GPP LTE cellular conumunications network s transparency
of the network to the User Equipment (UE}. In other words, in LTE, the UE 15 able to
demodulate and decode its intended channels without specific knowledge of scheduling
assignments for other UEs or network deployments. However, i advanced scenarios
such as downlink Coordinated Multi-Point (CoMP) and distributed wplink and
downlink, this concept of network transparency results in the fact that the UE cannot
assume that reference signals within a subframe oniginate from the same transmit points
in the cellular communications network.

For example, in LTE, different Downlink Control Information {DCl) messages
on an cnhanced Physical Downlink Coutrel Channel (ePDCCH) may be transmitied
from ports belonging to different transmission pomts. Even though there are several
regsons for serving g UE with control signaling from different pomnts, one application
consists of distributing parts of the scheduling algorithm at different points such that,
for example, downlink (DL) transmissions are associated to a different point than
uphink (UL)Y transmissions.  This scenario 18 referred to heremn as a distributed uphink
ancd downlink scenario. In such a case, it makes sense to schedule downlink and oplink
transmissions with control signaling provided directly trom the respective points. As
another example, a UE may be served with parallel data transmissions from different
points {e.g., for mcreasing data rate or dunng handover between pownts). As another
example, system control information can be transmitted from a “master” point and data
transmissions can be transmitted from other points, tvpically associated with pico

nodes. In all the above examples, 1t makes sense to have the possibility to serve the Ul
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with control signaling on ePDCCH from different points m the same subframe.
However, due to network transparency, UEs are not aware of the geographical location
from which each Reference Signal {RS) portis transmitted.

Demodufation RSs {DMRSs), or UE specific RSs, are employed for
demodulation of data channels and possibly certain control channels (Le, ePDCCH). A
DMRS relieves the UE from having to know many of the properties of the transmission
and thus allows flexible ransmission schemes to be used from the network side. This
18 referred to as transmussion transparency (with respect to the UE). However, the
trventors have found that the estimation accuracy of a DMRS may not be sufficient in
some suations.

Geographical separation of RS ports imphies that mstantancous channel
coefficients from each port towards the UE are in general different. Furthermore, even
statistical properties of the channels for different RS ports and RS types may be
significantly different. Examples of sach statistical properties include received power
for each port, delay spread, Doppler spread, received timing {Le., timing of a first
significant channel tap), a nwmber of significant channel taps, frequency shifi, average
gain, and average delay. In LTE, nothing can be assumed about the properties of the
channel corresponding to an antenna port based on the properties of the chamnel of
another antenna port.  This is in fact a key part of mamtaining transmission
transparency.

Based on the above observations, the inventors have found that the UK needs to
perform independent estimation for each RS port of interest for each RS, In general,
this results i occasionally inadequate channel estimation quality for certain RS ports,
leading to undesirable link and system performance degradation.  However, the
mventors have also found that, even though in general the channel from each antenna

port to each UE receive port is substantially unigne, some statistical properties and

propagation parameters may be common or similar among different antenna ports,

depending on whether or not the different antenna ports originate from the same
transmit point.  Such properties include, for example, a received power level for each
antenna port, a delay spread, a Doppler spread, received timing {i.e., timing of a first

significant channel tap), frequency shift, average gain, and average delay. Thus, the
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channel estimation for one RS port may be performed based on other RS poris having
sufficiently sinular channel properties,

Typically, channel estimation algorithms perform a three step operation. A first
step is estimating some statistical properties of the channel. A second step is
generating an estimation filter based on the estimated statistical properties. A third step
is applving the estimation filter to the received signal in order to obtain channel
estimates.  The estimation filter may be equivalently applied in the time or the
frequency domain. Some channel estimator implementations may not be based on the
three step method described above, but still exploit the same principles.

Obviously, accurate estimation of the filter parameters m the fust step leads to
unproved channel estimation. Even though it is often in principle possible for the UE
to obtain such filter parameters from observation of the channel over a single subframe
and for one RS port, it is usually possible for the UE to improve estimation accuracy of
the filter parameters by combining measurements assoctated with different antenna
ports  {t.e., different RS transmissions) sharing sinular  statistical properties.
Furthermore, the channel estimation accuracy may be improved by combinmg RSs
associated with multiple PRBs.

Systems and methods are disclosed heretn for estimating one or more channel
properties of a downlink from a cellular conununications network based on qguast co-
focated autenna ports with respect to the one or more channel properties. In the
preferred embodiments described below, systems and methods are disclosed for
estimating one or more channel properties for an ePDCCH contamed i 8 downlink
subframe from a 3GPP LTE cellular communications network.  Again, while the
preferred embodiments disclosed herein focus on LTE, the concepts disclosed herein
can be utilized for estimating one or more channel properties for a downhink, and in
particular a downlink control channel in & downlink subframe, from other types of
celtular communications networks,

In one embodiment, a wireless device estimates one or more large-scale channel
properties for an antenna port of mterest within an ePDCCH of a downlink subframe
received from a celinlar communications network based on a subset of RSs withm the
downlink subframe of the downlink. The subset of the RSs used for estimating the one

or more large-scale channel properties cormrespond to antenna posts in the cellular
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communications network that are quasi co-located with the antenna port of interest with
respect to the ene or more chanuel properties of the ePDCCH. Preferably, in addition
to the subset of the RSs that correspond to the quasi co-located antenna ports,
estimation s also based on a RS that corresponds to the antenna port of interest within
the ePDCCH. By estimating the one or more channel properties based on the subset of
the RSs that correspond 1o the quast co-located amtenna ports rather than only the single
RS that corresponds to the amenna port for which the one or more large-scale channel
properties are estimated, estimation of the one or more large-scale channel properties 1s
substantially improved.

In this regard, Figure 11 illustrates a cellular communications network 10 that
enables channel estimation based on RSs from quast co-located antenna ports within a
subframe according to one embodiment of the present discloswe. In this embodiment,
the cellular communications network 10 s a 3GPP LTE cellular communications
network.,  As illostrated, the cellular communications network 10 includes a Radio
Access Network (RAN) 12, which itself mchudes base stations (BSs) 14, The base
stattons 14 provide service to wireless devices, soch as wireless device {WI) 16,
located within corresponding service areas, or cells. The base stations 14 mcluded in
the RAN 12 can be macro or high power base stations {i.e., enhanced Node Bs (eNBs)),
pico or other low power base stations, or a combination thereof,

As allustrated in Figure 11 and move specifically illustrated in Figure 124, m
one particular embodiment, the RAN 12 and the WD 16 operate to provide a distributed
UL and DL for the WD 16, In particular, uplink data transmissions from the WD 106
{t.e., Physical Uplink Shared Chamel (PUSCH]}) are directed to and scheduled by a
first point {e.g., a first base station 14) in the RAN 12 whereas DL data transmissions to
the WD 16 (i.e., Physical Downlink Shared Channel (PDSCH)} are transmitted from
andl scheduled by a second point {2.g., a second base station 143 m the RAN 12, This
may be beneficial, for example, in a heterogeneous network scenano where the uplink
data transmissions of the WD 16 are directed to and scheduled by a pico or low power
base station 14 and the downlink data trausnussions of the WD 10 are transmmitted and
scheduled by a macro or high power base station 14, In this case, ap ePDCCH within a
subframe of the downlink to the WD 16 may mclude both ePDCCH transmission{s}

from the pico or low power base station 14 {(e.g., an ePDCCH transmission for aplink
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scheduling} as well as ePDCCH transmission(s) from the macro base station 14 {e.g.,
an ePDCCH fransmission for downlink scheduling).

As discussed below, in ordes to demodulate the ePDCCH within the subframe,
the WD 16 needs to estimate one or more large-scale, or long-term, channel properties
for each RS port of interest within the subfiame. However, using conventional channel
estimation technigques, channel estimation would need to be performed independently
for each RS port of interest for each RS, This 1s because differemt RS ports for RSs of
the same or different RS types within the same subframe can be transmitted from
different points in the RAN 12 and, therefore, can have significantly different large-
scale channel properties.  Farther, the same RS port m different Physical Resowce
Blocks (PRBs} within the same subframe can be transmitted from different points,
which again means that the chansel properties for those antenna ports can have
significantly  different large-scale channel properties. As noted above, using
conventional channel  estimation  technigques 1o independently perform channel
estimation for each RS port of interest for each RS wonld lead to inadequate channel
estimation goahity for certamm RS ports, which would lead to undesirable hink and
system performance degradation.

In order to improve channel estimation for ePDCCH, the WD 16 performs jownt
estimation of one or more large-scale channel properties for each RS port of interest
witlin the ePDCCH of a dowalink subframe based on RSs within the downhnk
subframe that correspond 1o antenna ports that are quasi co-located. As used herem,
two antenna ports are “gquasi co-located” if the large-scale channel properties of the
channel over which a symbol on one antenna port 1s conveyed can be imferred from the
channel over which a symbol on the other antenna port is conveyved. The large-scale
channe! properties preferably include one or more of delay spread, Doppler spread,
Doppler shift, average gain, and average delay. In addition or alternatively, the large-
scale channel properties can include one or more of received power for each port,
received timing (i.e., timing of a first significant channel tap), a number of significamt
chanuel taps, and frequency shift. By performing channel estimation based on the RSs
corresponding to the quasi co-located antenna ports, a quality of the channel estimation

is substantially improved.
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As ilustrated in Figure 11 and more specifically illustrated m Figuwre 128, i
another particular embodiment, the RAN 12 provides downlink CoMP i which the
downlink to the WD 16 is provided from multiple base stations 14 i a coordinated
manner. In this case, the ePDCCH within a subframe of the downlink to the WD 16
may mclude ePDCCH transmussions from two or more transmit points {e.g., two or
more base stations 14).  Again, as discussed below, in order wo demodulate the
ePDCCH ransmissions within the subframe, the WD 16 needs to estimate one or more
large~-scale, or long-termy, channel properties for each RS port of mnterest within the
subframe.  However, using conventional channel estimation technigues, channel
estimation would need to be performed independently for each RS port of interest for
each RS, This wonld lead to inadequate channel estimation quality for certain RS
poris, which would fead to undesirable link and system performance degradation. In
order 1o improve channel estimation for the ePDCCH, the WD 16 performs joint
estimation of the large-scale channel properties of each RS port of interest based on
RSs within the subframe that correspond to antenna ports that are quast co-located.

Figure 13 dlustrates the operation of the cellolar communications network 10 of
Figure 11 according to one embodinent of the present disclosure. As tllustrated, the
WD 16 receives a downhink subframe from the RAN 12, wherein the downlink
subframe includes an ePDCCH and multiple RSs within the ePDCCH {step 100}, The
subframe may contain RS of different types. such as common reference signals {CRS)
or channel state information reference signals (CSI-RS). The ePDRCCH utilizes PRBs
tocated within one or more ePDCCH resource regions within the subframe. Note that
the RSs in the ePDCCH resource regions are more specifically referred to herein as
ePDCCH RSs on corresponding ePDCCH RS ports.  The RSs in the downlink
subframe, and more specifically the ePDCCH RSs in the ePDCCH, can include:

. multiple RSs of the same RS type in the same andior different PRB{s} (2., two
or more DMRSs on two or more corresponding DMRS ports m the same andfor
different PRB(s)); and/or

* multiple RSs of different RS types on the same andfor different PRB{(s) (e.g.. a
DMRS on a DMRS port and a Channel State Information RS (CSI-RS) on a CSI-RS

port 1 the same and/or different PRB{s)}.
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Note that CSI-RS and CRS are wideband reference signals. In other words, CSI-RS
and CRS found across the entire bandwidth of the downlink and wot only in the
EPDCCH. As such, when performing channel analysis on, e.g., CSI-RS, the whole
bandwidth of CSI-RS can be used, not only the part that resides within the EPDCCH
RBs. Due to network transparency, the WD 16 does not assume that any particular RS
on any particular RS port is transmitted from the same transmit point across resource
blocks within the ePDCCH of the downlink sabframe. For example, a DMRS on
DMRS port 7 cannot be assemed to be from the same transmit point across different
ePDCCH resource regions or even across different PRBs in the same o PDCCH region.

The WD 16 then estimates one or more large-scale channel properties for an
antenna port of interest of the downlink subframe based on a subset of the RSs in the
subframe and/or previous subframe(s) that correspond to antenna ports that are quasi
co-located with the antenna port of interest with respect to the one or more large-scale
channel properties {step 102). The antenna port of interest corresponds to an ePDCCH
RS port of interest within a PRB m an ePDCCH resource region. In one embodiment,
the one or more large-scale channel properties are one or more large-scale channel
properties of a channel between a transmit point from which the antenna port of interest
within the PRB onginated and the WD 16, The one or more large-scale channel
properties preferably include one or more of delay spread, Doppler spread. Doppler
shift, average gain, and average delay. In addition or aliernatively, the one or more
farge-scale channel properties can include one or more of received power for each port,
received timing {Le., thming of a first significant channel tap), a number of significant
channel taps, and frequency shift.

Estimation of the one or more large-scale channel properties may be performed
using any suitable jomnt estimation technique that ustihizes the quast co-located antenna
ports 1o estimate the large-scale channgl properties for the desired antenna port. The
estimation is preferably hased on the RS that corresponds to the antenna port of interest
within the downlink subframe as well as the RSs that correspond to the antenna ports
that are guasi co-located with the antenpa port of interest with respect to the large-scale
channel properties. The RSs that correspond o the antenna ports that are quasi co-
located with the antenna port of interest with respect to the large-scale channel

properties can include RSs within the same downlink subframe as the antenna port of
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mterest andéior RSs within one or more previous downlink subframes. Using R8s in
one or previous subframes may be beneficial where, for example, CSI-RS are nat
trapsmitted 18 the downlink subframe of the antenna port of imterest. Notably, the
estimates generated in step 102 may be initial estimates for the one or more large-scale
channel properties or updated estimates of the one or more large-scale chanvel
properties.  For instance, estimation/apdating across muitiple subframes can be used to
mmprove the estimates of the one or more large-scale channel properties.

Lastly, the WD 16 utilizes the one or more large-scale channel properties, or
more specifically utilizes the estimates of the one or more large-scale channel
properties (step 104). More specifically, iy one embodiment, the WD 16 atilizes the
estimates of the one or more large-scale channel properties to configure one or more

parameters of an estimation filter that is applied by the WD 16 i the time or the
frequency domain to perform the channel estimate used o receive the downlink signal
to enable reception and demodulation of the ePDCCH.

In 3GPP LTE, a key feature of the cellular commumications network 10 is
network transparency. As a result of network transparency, the WD 10 is not aware of
the points s the RAN 12 from which the different antenna ports originate. As such, in
order for the WD 16 to estimate the one or more large-scale channel properties in step
102 of Figure 13, the WD 16 must have knowledge of which antenna ports are quast
co-tocated with the antenna port of interest with respect to the one or more large-scale
channel properties. Figures 14 and 15 illustrate two embodiments m which the WD 16
obtains knowledge of the antenna ports that are quasi co-located via signaling from the
RAN 12 and via predefined rule(s) for the cellular communications network 10.

More specifically, referring to Figure 14, the WD 16 receives information from
the RAN 12 that i3 indicative of antenna ports that are quasi co~located (step 200}, In

the preferred embodiment, the information from the RAN 12 is indicative of antenna

ports that are guasi co-located with respect to ePDCCH. This wformation may be

explicitly signaled to the W 16 from the RAN 12 via Radio Resource Control (RRC)
signahing or the like. Alternatively, this information may be impheitly signaled to the
WD 16 from the RAN 12 via, for example, DCI messages transmitied in the ePDCCH,
The information from the RAN 12 indicates which antenna ports are guasi co-located

with respect to one or more large-scale channel properties and physical resources over
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which those antenna ports are guasi co-located with respect to the one or more large-
scale channel properties. In one particular embodiment, the information from the RAN
12 indicates which antenna ports are quasi co~located with respect to one or more large-
scale channel properties within a subframe of a downlink to the WD 16 and physical
resources with the subframe over which those antenna ports are quast co-located with
respect to the one or more large-scale channel properties.

From this point, the process continues as described above with respect 1o steps
160-104 of Figoere 13, More specifically, the WD 16 recerves a downlink subirame
from the RAN 12, wherein the downlink subframe inclades an ePDCCH and moltiple
RSs within the ePDCCH {step 202). The WI) 16 then estimates one or more large-
scale channel properties for an antenna port of interest within a sublrame based on a
subset of the RSs 1o the subframe andior a previous subframe(s) that correspond to
antenna ports that are quasi co-located with the antenna port of interest with respect 1o
the one or more large-scale channel properties {step 204). The antenna port of interest
corresponds to an ePDCCH RS port of aterest within a PRB i an ePDCCH resource
region. Here, the antenna ports that are gquasi co-located with respect to the one oy
more {arge-scale channel properties are ndicated by the information received from the
RAN 12 in step 200. In one embodiment, the one or more large-scale channel
properties are one or more large-scale chanunel properties of a channel between a
transnut point from which the antenna port of interest originated and the WD 16, The
one or more large-scale channel properties preferably mciude one or more of delay
spread, Doppler spread, Doppler shift, average gain, and average delay. In addition or
alternatively, the one or more large-scale channed properties can include one or more of
received power for each port, received timing {(i.e., timing of a first significant channel
tap}, a number of significant channel taps, and frequency shift.

Estimation of the one or more large-scale channel properties may be performed
asing any suiable joint estimation technigue that utilizes the quasi co-located antenna
ports to estimate the large-scale channel properties for the desired antenna port. The
estimation 1s preferably based on the RS that corresponds to the antenna port of interest
of the downlink subframe as well as the RSs that correspond 1o the antenna ports that
are quast co-located with the antenna port of interest with respect to the large-scale

channel properties. The RSs that comrespond to the antenna ports that are quasi co-
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located with the amtenna port of interest with respect to the large-scale channel
properties can include RSs within the same downlink subframe as the antenna port of
interest andfor RSs within one or more previous downhink subframes. Using RSs in
one or previous subframes may be beneficial where, for example, CSI-RS are not
transmitted in the downhink subframe of the antenna port of interest.  Notably, the
estimates generated m step 204 may be miual estimates for the one or more large-scale
channe!l properties or updated estimates of the one or more large-scale channel
properties. For instance, estimation/updating across multiple subframes can be used to
improve the estimates of the one or more large-scale channel properties.

Lastly, the WD 16 utilizes the one or more large-scale channel properties, and
more  specifically otilizes the estimates of the one or more large-scale channel
properties (step 206). More specifically, in one embodiment, the WD 16 utilizes the
estimates of the one or more large-scale channel propenties to configure one or more
parameters of an estimation filter that is apphed by the WD 16 1n the time or the
frequency domain to performy channe! estimation required for the reception and
demodulation of the ePDCCH.

Figure 13 illustrates the operation of the cellular communications network 18 of
Figure 11 in which quasi co-located antenna ports are predefined for the cellular
commmunications network 10 according to one embodiment of the present disclosure. In
one particular embodiment, the quasi co-located antenna ports are defined by one or
more specifications {Le., 3GPP specifications) that define the operation of the cellular
commuynications network 10, Thus, in this embodiment, the RAN 12 tansmits a
downlink including RSs to the WD 16 according to one or more predefined rules that
define antenna ports that must be quasi co-located {step 300). More specifically, the
downlmk includes a downlink subframe that includes an ePDCCH. The RS ports of the
RSs transmifted in the ePDCCH correspond to amtenna ports.  The one or more
predefined rules define which of the antenna ports must be quasi co-located for the
ePDCCH. Thus, n other words, the one or more predefined rules define which of the
RSs in the ePDCCH must originate from guasi co-located antenna ports. For example,
as discussed below in detail, in one embodiment, ePDCCH resources within a subframe
are divided mto two or more sets of ePDCCH resources where the WD 16 is configured

to search at least two of the sets of ePDCCH resources. In this example, the one or
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more predefined rules may state, for example, that antenna ports corresponding to all
RS ports in the same set of ePDCCH resources must be quast co-located.  Note,
however, that this example i3 not Bmiting. The rules may define antenma ports that
nust be quasi co-located in any desired manner.

The WD 16 then estimates one or more large-scale channel properties for an
antenna port of mterest of the subframe based on a subset of the RSs in the subframe
and/or a previous subframe(s) that correspond to antenna ports that are guasi co-located
with the antenna port of interest with respect to the one or more large-scale channel
properties (step 302). The amenna port of interest corresponds to an ePDCCH RS port
of interest within a PRB in an ePDCCH resource region. Here, the antenna ports that
are quasi co-focated with respect to the one or more large-scale channel properties are
predefined for the cellular communications network 19, In one embodiment, the one or
more large-scale channel properties are one or more large-scale channel properties of a
channel between a transmit point from which the antenna port of interest originated and
the WD 16. The one or more large-scale channel properties preferably include one or
more of delay spread, Doppler spread, Doppler shifl, average gain, and average delay.
In addition or alternatively, the one or more large-scale channel properties can melude
one or more of received power for each port, received timing (e, timng of a first
significant channel tap), a mumber of significant channel taps, and frequency shift.

Estimation of the one or more large-scale chamnel propertics may be performed
using any suitable joint estunation technique that utilizes the quast co-located antenna
ports to estimate the large-scale channel properties for the desired antenna port. The
estimation is preferably based on the RS that corresponds to the antenna port of interest
of the downlink subframe as well as the RSs that correspond to the antenna ports that
are quast co-located with the antenma port of mterest with respect to the large-scale
channel properties. The RSs that correspond to the antenna ports that are quasi ¢o-
located with the antenna port of inferest with respect to the large-scale channel
properties can include RSs within the same downlink subframe as the antenna port of
miterest and/or RSs within oune or more previous downlink subframes. Using RSs in
one or previous subframes may be beneficial where, for example, CSI-RS are not
transmitted in the downlink subframe of the antenna port of interest.  Notably, the

estimates generated tn step 302 may be initial estimates for the one or more large-scale
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channel properties or ppdated estimates of the one or more large-scale channel
properties. For instance, estimation/updating across niultiple subframes can be used to
improve the estimates of the one or more large-scale channel properties.

Lastly, the WD 16 utilizes the one or more large-scale channel properties, or
more specifically utifizes the estimates of the one or more large-scale channel
properties (step 304). More specifically, in one embodiment, the WD 16 utilizes the
one or more large-scale channel properties to configure one or more parameters of an
estimation filter that 15 apphied by the WD 16 in the time or the frequency domain to the
received downlink signal to perform channel estimation required for the reception and
demodulation of the ePDCCH.

In preferred emboduments of the present disclosure, channel estmation is
performed for RS ports in ePDCCH resource regions within a subframe of a downlink
from the RAN 12, Before discussing further details of these preferred embodiments, a
discussion of ePDCCH resource regions within a subframe and various RSs and
corresponding antenna ports that can be found in the ePDCCH resource regions is
provided. In this regard, Figwre 16 sllostrates a subframe of an LTE downlink that
includes multiple ePDCCH resource regions. In this example, each ePDCCH resource
region includes a portion of a PRB m the first half of the subframe (i.e, the first slot of
the subframe) and a PRB in the second half of the subframe {i.e., the second slot of the
subframe).  Note that, in another embodiment, there are no Orthogonal Frequency
Division Multiplexing (OFDM) symbol mtervals reserved for contrel information {e.g.,
PDCCH) at the start of the subframe, and each ¢ePDCCH resource region mncludes g full
PRB pair. Note that while fowr ePDCCH resowrce regions are illustrated in the
example of Figure 16, any number of ePDCCH resource regions may be included in the
subirame.

Figures 17A through 17C illustrate a2 Conynon Reference Signal {URS) within a

pair of PRBs in a subframe. A CRS i3 cell-specific RS that consists of CRS reference

symbols of predefined values inserted at time and frequency locations within the PRBs
m cach subframe. Figure 17A illustrates 2 CRS port that corresponds to g single
antenna port. In contrast, Figures 178 and 17C illustrate CRS ports corresponding 1o

two and up to four antenna ports, respectively. As such, depending on the particular
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configuration, each ePDCCH region within a subframe may mclude from one up to
four CRS ports (e, from ene up to four antenna ports carrving CRSs).

Figures 18A and 188 ilustrate DMRS ports within a pair of PRBs s a
subframe. A DMRS is a UE specific RS transmitted in PRBs assigned to that specific
UE. DMRSs are intended to be used for channel estimation for PDSCH transmissions
particularly for non-codebook-based precoding. A DMRS includes DMRS reference
symbols of known values at known time and frequency locations within the PRBs in
the sobitame.  Figure 18A ilustrates two DMRS ports using 12 DMRS resource
elements (REs), where the two DMRS ports correspond fo two anfenna ports.
Conversely, Figure 18B illustrates eight DMRS ports using 24 DMRS REs, where the
eight DMRS ports correspond to eight antenna ports. Thus, depending on the particalar
configuration, each ePDCCH region within a subframe may inclade from one ap to
gight DMRS ports corresponding to from one up to eight antenna ports.

Figure 19 illustrates CSI-RS ports within a pair of PRBs in a subframe. As
ithustrated, there can be from one up to eight CSI-RSs within the pair of PRBs in the
subframe on one vp to eight CSI-RS ports, respectively. Each CSI-RS port 18 asig two
resource elements m the PRB paiwr. CSI-RS{s} can be utilized by a WD 10 acquire
channel-state ntormation when DMRSs are used for chaonel estimation {e.g., in
transimission mode 9 of LTE Rel-10 and Rel-11). A CSI-RS includes CSI-RS reference
symbols of known values at known time and frequency locations within the PRBs for
the corresponding CSI-RS port. As the CSI-RS(s) are transmitted in all PRBs of the
systemn bandwidth, corresponding CSI-RS ports within the ePDCCH resource regions
of Figure 16 can be found. Depending on the particular configuration, each ePDCCH
resource region within a subframe mav mclude from one wp to eight CSI-RS ports
corresponding to from one up to eight antenna ports.

Figure 20 illustrates the operation of the WD 16 1o estimate one or more large-
scale channel properties for an RS port of interest {or correspondingly an antenna port
of interest} within an ePDCCH resource region of a subframe using RSs that
correspond to quasi co-located antenna ports according to ove embodiment of the
present disclosure. In this embodiment, the WD 16 does not assume that the antenna
ports corresponding to DMRS ports are quast co-located with respect to any of the

ltarge-scale channel properties between DMRS ports and between PRBs within a
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subframe. ln this embodiment, the WD 16 recetves a downlink from the RAN 12 (step
4007 and determunes that a DCI message of an ePDCCH w g subframe of the downlink
15 associated with two or more DMRS ponts (e.g., for spatal diversity transmission)
and/or two or more PRBs {step 402). In thiz case, the DCI message is an maplici
signaling from the RAN 12 that all antenna ports associated with the DCI message are
quast co-located for the subframe. In other words, the WD 16 can infer from the DCI
message that all antenna ports associated with the DCI message are guasi co-located for
the subframe.  As such, the WD 16 estimates one or more large-scale channel
properties for the RS port of interest in the ePDCCH based on reference symbols in RS
ports associated with the DCI message, where the RS ports associated with the DCI
message correspond to guast co-located antenna ports {step 404).  Lastly, the WD 1o
utitizes the one or more large-scale channel properties, as discussed above {step 406).

Notably, the estimates of the large-scale channel properties can be used for
channel estimation using DMRS. However, channel estimation algorithms use Doppler
shift, delay spread. and other large-scale channel properties. These large-scale channel
properties can be obtained from, for example, CSI-RS(s} since CSI-RSs are wideband
and periodic i time. However, in order to obtain the proper estimates of the channel
properties, the WD 16 must be ensured that the estimates of the large-scale channel
properties obtained using CSI-RS({s) actually reflect the same channel as the DMRS(s)
of interest.  This s done by, for example, estimating the desired large-scale chamnel
properties for the DMRS port of interest utilizing CSERS ports that are quast co-
tocated with the DMRS port of interest.

When estimating the one or more large-scale channel properties based on CS]-
RS(s) that are guasi co-located with a DMRS port of interest, the WD 16 can determine
which UCSI-RS(5) are quasi co-located with the DMRS port of interest in any suitable
manner. For mstance, the WD 16 may be configured to receive two CSI-RS{x) (i,
two CSE-RS ports). The WD 16 can then determune which CSI-RS port(s) are quasi co-
located with a DMRS port of interest based on resource allocation (Le., which ePDCCH
resources are received by the WD 16, winch 15 indicated by the DCI message). Thus,
the CSE-RS(s) associated with the DCI message can be used to estimate the large-scale
channel properties for the DMRS port of interest.  In another embodiment, the WD 16

can determine which CSI-RS port{s) are quasi co-located with a DMRS port of mterest
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based on the type of wansmission scheme. More specifically, the ePDCCH can be
transmitied 10 localized mode or distributed mode. Then, DMRS ports for locaied
ePDCCH reception can be defined as being quasi co-located with a first CSI-RS port(s)
and any DMRS ports for distributed ePDCCH reception can be defined as being quasi
co-located with a second CSE-RS pori(s).

Figure 21 ilustrates the operation of the WD 16 to estimate one or more large-
scale channel properties for an RS port of interest {or correspondingly an amenna port
of Interest) withm a set of ePDCCH resowces within a subframe usmg RSs that
correspond to guast co-located antenna ports according to one embodiment of the
present disclosure. 1 this embodiment, the ePDCCH resource regions in the subframe
are divided ito two or more sets of ePDCCH resources. For example, each ¢PDCCH
resource region may correspond to a different set of ePDCCH resources. However, the
sets of ePDCCH resources are not limited thereto. For instance, a set of ePDCCH
resources may include ePDCCH resources from multiple different ePDCCH resowrce
regions within the subframe. Conversely, a set of ePDCCH resources may mchude only
a subset of the resources in an ePRCCH resource region.

In this embodiment, the WD 16 does not assume that the antenna ports
corresponding to DMRS ports are quast co-located with respect to any of the large-
scale channel properties between DMRS ports and between PRBs that belong to
different sets of ePDCCH resources. However, the WD 16 does assume that DMRS
ports, and potentially all or some other types of RS ports, within the same set of
ePDCCH resources are quast co-located with respect to one or more of the large-scale
channel properties.

As illustrated, the WD 16 receives a downlink signal from the RAN 12 (step
500). The WD 16 then estimates one or more large-scale channel properties for an RS
port in a set of ePDCCH resources within a subframe of the downlink signal based on
the RSs that correspond to antenna ports in the set of ePDCCH resources (step 502).
The RSs within the set of ePDCCH resources, or more specifically the reference
symbols in the RS ports within the set of ePDCCH resources, correspond o antenna
ports that are quasi co-located with respect 10 the one or more large-scale channel
properties according to the assumption noted above. For instance, the WD 16 may

estimate the one or wore large-scale channel properties for a DMRS port of mterest
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based on the CSI-RS port{s) within the same set of ePDCCH resources. Lastly, the
WD 16 utilizes the one or more large-scale channel properties of the RS port as
discussed above {step 504}

Figure 22 illustrates the operation of one of the base stations 14 m the RAN 12
to provide the dowslink in accordance with the embodiment of Figure 21 according to
one embodiment of the present disclosure. As Hlustrated, the base station 14 configures
sets of ePDCCH resources (step 600). More specifically, the base station 14 configures
the WD 16 to monitor one or wore of the sets of ePDOCH resources {1.e., configures a
search space of the WD 16 for ePDCCH). The base station 14 then transmits ePDCCH
n accordance with the predefined role(s) that all antenna ports m the same set of
ePDCCH resowrces must be quast co-located {step 602}, Notably, at the WD 10,
auntenna ports m different sets of ePDCCH resowrces within a subframe are assamed to
not be quasi co-focated.

Figure 23 dlusirates the operation of the cellular communications network 10
according to another embodiment of the present disclosure. This embodiment is similar
that that described above with respect to Figures 21 and 220 However, in this
embodiment, the RAN 12 provides information 1o the W12 16 that indicates whether ali
RS ports or some defined subset of RS ports within the same set of ¢PDCCH resources
correspond to quasi co-located antenna ports and, in some embodiments, information
that ts indicative of whether RS ports i two or more different sets of ePDCCH
resources correspond to quasi co-located antenna ports.  More specifically, as
tilustrated in Figure 23, the RAN 12 configures a search space of the WD 16 for
ePDCCH (step 700). In particular, the RAN 12 configures the search space to mclede
one or more sets of ePDCCH resources. The configuration of the search space may be
performed, for example, via RRC signaling.

In addition, the RAN 12 provides mformation to the WD 16, which is referred
to as quasi co-tocated antenna information, that is indicative of winch RS ports the WD
16 can assume correspond to quast co-located antenna ports {step 702). In one
preferred embodiment, the wtormation indicates whether the WD 16 can assume that
all RS ports or some subset of the RS ports within the same set of ePDCCH resources
correspond to quasi co-located antenna ports. In some embodiments, the information

also indicates whether the WD 16 can assume that all RS ports or some subset of the
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RS ports within two or more different sets of ePDCCH resources correspond o quasi
co-located antenng ports, S0, for example, if there are two sets of ePDCCH resources,
the information indicates: (1} whether the RS ports or some subset of the RS ports
within the same set of ePDCCH resources correspond to quasi co-located antenna ports
and, optionally, (2) whether the RS ports or some subset of the RS ports in the two
different sets of ePDCCH resources correspond to guasi co-located antenna ports. The
mformation provided in step 702 may be provided by, for example, RRC signaling.
Note that while steps 700 and 702 are iHustrated as separate steps, steps 700 and 702
may be performed using a single message.

Sometime thereafter, the RAN 12 transmits a downlink subframe that mcludes
ePDCCH (step 704). The WD 16 estimates one or more large-scale channel properties
for an RS port within a set of ePDCCH resources based on RSs, or more specifically
reference symbols in RS ports, that comrespond to quast co-located antenmna ports as
indicated 1 the mformation received from the RAN 12 1o step 702 (step 706). The WD
16 then utilizes the one or more large-scale channel estimates as discussed above (step
TOR).

Figure 24 illustrates the operation of the cellular communications network 10
according to one embodiment in which the WD 10 receives ePDCCH from two
different base stations 14 (Le., two different transmission points). As iHustrated, in this
embodunent, one of the base stations 14 (base station 14 corresponding to transmit
point 1) transmits configuration mformation © the WD 16 that configures ePDCCH
resources, namely, a fisst set of ePDCCH resources for transnut pomt | and a second
set of ePDOCCH resowrces for transmit point 2 (steps 800 and 802). In addition to
configuring the ePDCCH resource sets, the base statton 14 transmits guasi co-located
antenna information to the WD 16 (step 804). In this embodument, the guasi co-located
antenna information indicates that the WD 16 can assome that antenna ports, or the
corresponding RS ports, in the same ePDCCH resource set are goast co-located.
Notably, while steps 800-804 are illustrated as separate steps, the corresponding
information may be transmitted in a single message.

Sometime thereafler, the base station 14 corresponding to transmit point 1
transmits a downlink subframe mcluding ePDCCH transmission(s) in the first set of

ePDCCH resonrces 1o the WD 16 (step 800}, In the same downhnk subframe, the base
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station 14 corresponding o transmit point 2 transmits ePDOCH transmission(s) o the
second set of ePDCCH resources (step 808), The WD 16 estimates one or more large-
scale chamnel properties for an RS port within the first set andfor the second set of
ePDCCH resources based on RSs, or more specifically reference symbols in RS ports,
in the same set of ePDCCH resources {step 810). Thus, the WD 16 estimates the one or
more large-scale channel properties for an RS port in the first set of ePDCCH resources
based on all of the other RS ports in the first set of ePDCCH resources, which for this
embodiment can be assumed by the WD 16 to correspond 1o quast co-located antenna
ports. Likewise, the WD 16 estimates the one or more large-scale channel properties
for an RS port in the second set of ePDCCH resources based on all of the other RS
ports in the second set of ePDUCH resources, which for this embodiment can be
assumed by the WD 16 to correspond to quast co-located antenna ports. The WD 16
then utilizes the one or more large-scale channel estimates as discussed above (step
812y

Figure 25 is a block diagram of one of the Wi 16 according to eone
embodiment of the present disclosure.  As llustrated, the WD 16 includes a radio
subsystem 18 and a processing subsystem 20. The radio subsystem 18 generally
includes analog and, in some embodiments, digital components for sending and
receiving data to and from the base stations 4. In particular embodiments, the radio
subsystern 18 may represent or mclude one or more Radio Frequency (RF) transceivers,
or separate RF transmitter(s) and receiver(s), capable of transmitting suitable
tnformation wirelessly to and receiving suitable information from other network
components or nodes.  From a wireless comynunications protocol view, the radio
subsvstem 18 implements at least part of Layer 1 {iLe., the Physical or “PHY™ Layer).

The processing subsystem 28 generally implements any remaining portion of
Laver | as well as functions for higher layers in the wireless communications protocol
{e.g.. Laver 2 (data link laver), Layer 3 {(nmetwork laver), etc.). In particular
embodiments, the processing subsystem 20 may comprise, for example, one or several
general-purpose  or  special-purpose  nucroprocessors o other  microcomtrollers
programmed with suitable software and/or firavware to camy out some or all of the
functionality of the WD 16 described herein.  In addition or alternatively, the

processing subsystem 20 may comprise vanous digital hardware blocks (e.g., one or
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more Application Specific lntegrated Ciwentts {ASICs), one or more off-the-shelf
digital and analog hardware components, or g combinatien thereof) configured 1o carry
out some or all of the functionality of the WD 16 described herein.  Additionally, in
particular embodiments, the above described functionality of the WD 16 may be
tmplemented, in whole ot in part, by the processing subsvstern 20 executing software or
other instructions stored on a non-transitory computer-readable mediom, such as
Random Access Memory (RAM), Read Only Memory {(ROM), a magnetic storage
device, an optical stovage device, or any other sutable type of data storage components.
Of course, the detailed operation for each of the fonctional protocel layers, and thus the
radio subsystem 18 and the processing subsystem 20, will vary depending on both the
particular implementation as well as the standard or standards supported by the WD 16,

Figure 26 15 a block diagram of one of the base stations 14 according to one
embodiment of the presemt disclosure.  As illustrated, the base station 14 inclades a
radio subsystem 22 and a processing subsystem 24, The radio subsystem 22 generally
mchides analog and, m some embodiments, digital components for sending and
receiving data to and from wireless devices, such as the W 16, within a corresponding
cell of the cellular communications network 10. 1n particular embodiments, the radio
subsystemn 22 may represent or include one or more RF transceiver(s), or separate RF
transmitter{s} and receiver(s), capable of transmitting suitable information wirelessly to
and recetving suitable mformation from other network components or nodes. From a
wireless communications protocol view, the radio subsystem 22 implements at least
part of Laver 1 (i.¢., the Physical or "PHY™ Layer).

The processing subsystem 24 generally implements any remaining portion of
Layer 1 not implemented in the radio subsystem 22 as well as functions for higher
fayers in the wireless conumuuications protocol (e.g., Laver 2 (data link laver}, Laver 3
{network laver), etc.). In particalar embodiments, the processing subsystem 24 may
comprise, for example, one or several general-purpose or  special-purpose
microprocessors or other microcontrollers progranmuned with suitable software andior
firmware to carry out some or all of the functionality of the base station 14 described
herein. In addition or alternatively, the processing subsystem 24 may comprise various
digital hardware blocks (2.g., one or more ASICs, one or more off-the-shelf digital and

analog hardware components, or a combination thereof} configured to carry out some
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or all of the functionality of the base station 14 described herein.  Addiionally, i

particular embodiments, the above described functionality of the base station 14 mav be

implemented. in whole or in part, by the processing subsystem 24 executing software or

other mstructions stored on a non-transitory computer-readable medium, such as RAM,

ROM, a magnetic storage device, an optical storage device, or any other suutable type

of datd storage CoOmponents.

The following acronyms are used throughout this disclosure.

. 3GPP

» AL

. ASIC

. B8

. CCE

. CoMP
» CRS

* CSI-RS
. €3S

» DCY

» DFYT

» DL

. DMRS
. DPS

. eNB

» ePDCCH
. ePHICH
. GSM

. HARO
. It

» KHz

. LTE

3" Generation Partnership Project
Aggregation Level

Application Specific Integrated Circuit
Base Station

Control Chamnel Element

Coordinated Multi-Point

Comimon Reference Signal

Channel State Information Reference Signal
Commaon Search Space

Downlink Control Information

Piscrete Fourter Transform

Downlink

Demodulation Reference Signal

Dynamic Point Selection

Enhanced Node B

Enbanced Physical Dowalink Control Channet
Enhanced Physical Hybnid Automatic Repeat Request Indicator
Channet

Global System for Mobile Communications
Hybrid Automatic Repeat Reguest

Joint Transmission

Kilohertz

Long Term Evolution

Milhisecond
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. OFDM Orthogonal Frequency Division Multiplexing
. PCFICH Physical Contral Format Indicator Channel
. PDCCH Physical Downlink Control Channet
» PDSCH Physical Downlink Shared Channel
» PRB Physical Resource Block
. PSS Primary Synchronization Signal
. PUSCH Physical Uplink Shared Channel
» RAM Random Access Memory
» RAN Radio Access Network
* RB Resource Block
. RE Resowrce Element
» REG Resource Element Group
» Rel-10 Long Term Evolution Release 10
» Rel-11 Long Term Evolation Release 11
. RF Radio Frequency
) ROM Read Only Memory
» RR{ Radio Resowrce Control
» RS Reference Signal
* SSS Secondary Synchronization Signal
. UE User Element
. UL Uplink
» UMB Ultra Mobile Broadband
» WCDMA Wideband Code Division Multiple Access
» Wh Wireless Device
. WiMAX Worldwide Interoperability for Microwave Access

Those skilled in the art will recognize mprovements and maodifications o the
preferred embodiments of the present discloswre.  All such improvements and
modifications are considered within the scope of the concepts disclosed herein and the

claims that follow.
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WHAT ISCLAIMED IS:

1. A wireless device (16) configured to operate in a cellular communications

network (10), comprising:
aradio subsystem (18); and
a processing subsystem (20) associated with the radio subsystem (18)
configured to:
receive, viathe radio subsystem (18), a downlink subframe comprising a
downlink control channel from the cellular communications network (10), a
search space of the wireless device (16) with respect to the downlink control
channel comprising one or more sets of downlink control channel physical
resources, and
estimate one or more large-scale channel properties for an antenna port
of interest in a set of downlink control channel physical resources in the search
space of the wireless device (16) based on a subset of a plurality of reference
signals corresponding to antenna ports in the cellular communications network
(10) that are quasi co-located with the antenna port of interest with respect to
the one or more large-scale channel properties, the antenna ports that are quas
co-located with the antenna port of interest comprising at least a subset of
antenna ports in the same set of downlink control channel physical resourcesin
the search space of the wireless device (16).

2. The wireless device (16) of clam 1 wherein the cellular communications
network (10) is a Long Term Evolution, cellular communications network, the
downlink control channel is an enhanced Physical Downlink Control Channel, the one
or more sets of downlink control channel physical resources are one or more sets of
enhanced Physical Downlink Control Channel physical resource block pairs, where
each set of enhanced Physical Downlink Control Channel physical resource block pairs
includes one or more physical resource block pairs in one or more enhanced Physical

Downlink Control Channel regions within the downlink subframe.

3. The wireless device (16) of claim 1 or claim 2 wherein the search space of the
wireless device (16) includes two or more sets of downlink control channel physical
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resources, and the wireless device (16) does not assume that antenna ports in different
sets of downlink control channel physical resources are quasi co-located with respect to

the one or more large-scale channel properties.

4, The wireless device (16) of any one of claims 1-3 wherein the antenna port of
interest is a Demodulation Reference Signal, DMRS, port, and the at least a subset of
antenna ports in the same set of downlink control channel physical resources in the
search space of the wireless device (16) comprise at least one of a group consisting of:
a least one other DMRS port in the same set of downlink control channel physical
resources and at |east one Reference Signal, RS, port of atype other than DMRS.

5. The wireless device (16) of claim 1 wherein the processing subsystem (20) is
further configured to receive, via the radio subsystem (18), information from the
cellular communications network (10) that is indicative of the antenna ports that are
guas co-located with the antenna port of interest with respect to the one or more large-

scale channel properties.

6. The wireless device (16) of clam 5 wherein the information from the cellular
communications network (10) is further indicative of one or more physical resource
blocks over which the antenna ports are quasi co-located with the antenna port of

interest with respect to the one or more large-scale channel properties.

7. The wireless device (16) of clam 1 wherein the antenna ports that are quasi co-
located with the antenna port of interest with respect to the one or more large-scale

channel properties are predefined for the cellular communications network (10).

8. The wireless device (16) of clam 7 wherein one or more physical resource
blocks over which the antenna ports are quasi co-located with the antenna port of
interest with respect to the one or more large-scae channel properties are aso
predefined by the cellular communications network (10).
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0. The wireless device (16) of clam 1 wherein the antenna ports that are quasi co-
located with the antenna port of interest with respect to the one or more large-scale
channel properties comprise first antenna ports that are predefined for the cellular
communications network (10) as being quas co-located with the antenna port of
interest with respect to the one or more large-scale channel properties and second
antenna ports indicated as being quasi co-located with the antenna port of interest with
respect to the one or more large-scale channel properties via signaling from the cellular

communications network (10).

10.  The wireless device (16) of clam 9 wherein one or more physical resource
blocks over which the first antenna ports are quasi co-located with the antenna port of
interest with respect to the one or more large-scale channel properties are aso

predefined by the cellular communications network (10).

11.  The wireless device (16) of clam 9 wherein one or more physical resource
blocks over which the second antenna ports are quasi co-located with the antenna ort of
interest with respect to the one or more large-scale channel properties are also indicated
to the wireless device (16) via signaling from the cellular communications network
(20).

12.  The wireless device (16) of clam 1 wherein the cellular communications
network (10) is a Long Term Evolution cellular communications network, and the
downlink control channel is an enhanced Physical Downlink Control Channel.

13. Thewireless device (16) of claim 1 wherein:

the wireless device (16) does not assume that antenna ports that correspond to
reference signals in an enhanced Physical Downlink Control Channel are quasi co-
located with respect to large-scale channel properties between antenna ports and

between physical resource blocks within a subframe; and
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the antenna ports that are quasi co-located with the antenna port of interest with
respect to the one or more large-scale channel properties comprise antenna ports

signaled by the cellular communications network (10).

14. Thewireless device (16) of claim 1 wherein:

the cellular communications network (10) is a Long Term Evolution cellular
communications network;

the downlink control channel is an enhanced Physica Downlink Control
Channel; and

the plurality of reference signals comprise a pluraity of reference signas

transmitted within the enhanced Physical Downlink Control Channel.

15.  The wireless device (16) of clam 14 wherein a search space of the wireless
device (16) with respect to the enhanced Physical Downlink Control Channel includes
two or more sets of physical resources, and the processing subsystem (20) is further
configured to:

receive information from the cellular communications network (10) that is
indicative of which antenna ports within the two or more sets of physical resources are
quas co-located with respect to the one or more large-scale channel properties.

16.  The wireless device (16) of claim 15 wherein the information from the cellular
communications network (10) indicates that at least some of the antenna ports within
the same set of physical resources are quasi co-located with respect to the one or more

large-scale channel properties.

17.  The wireless device (16) of claim 15 wherein the information from the cellular
communications network (10) indicates that at least some of the antenna ports within
two or more different sets of physical resources from the two or more sets of physical
resources are quasi co-located with respect to the one or more large-scale channel

properties.
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18. Thewireless device (16) of claim 1 wherein the one or more large-scale channel
properties include one or more of a group consisting of: delay spread, Doppler spread,
Doppler shift, average gain, and average delay.

19. A method of operation of a wireless device (16) in a cellular communications
network (10), comprising:

receiving a downlink subframe from the cellular communications network (10),
the downlink subframe comprising a downlink control channel from the cellular
communications network (10), a search space of the wireless device (16) with respect
to the downlink control channel comprising one or more sets of downlink control
channel physical resources; and

estimating one or more large-scale channel properties for an antenna port of
interest in a set of downlink control channel physical resources in the search space of
the wireless device (16) based on a subset of a plurality of reference signals
corresponding to antenna ports in the cellular communications network (10) that are
quas co-located with the antenna port of interest with respect to the one or more large-
scale channel properties, the antenna ports that are quasi co-located with the antenna
port of interest comprising at |least a subset of antenna ports in the same set of downlink

control channel physical resources in the search space of the wireless device (16).

20. A base station (14) of a cellular communications network (10), comprising:
aradio subsystem (22); and
a processing subsystem (24) associated with the radio subsystem (22)
configured to:
provide, via the radio subsystem (22), a downlink subframe comprising
a plurality of reference signals corresponding to a plurality of antenna ports
according to one or more predefined rules that define one or more subsets of the
plurality of antenna ports that must be quasi co-located within a downlink
control channel of the downlink subframe, the one or more rules comprising a
rule that at least some antenna ports within the same set of downlink control

channel physical resources in a configured search space of a wireless device
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(16) are to be quasi co-located with respect to one or more large-scale channel

properties.



