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METHODSANDARRANGEMENTSFOR 
CHANNEL ESTIMATION 

RELATED APPLICATION(S) 

This application claims priority and benefit from U.S. Pro­
visional Patent Application No. 61/594,566, filed Feb. 3, 
2012, the entire teachings of which are incorporated herein by 
reference. 

TECHNICAL FIELD 

The present invention relates to methods and arrangements 
for improved channel estimation. 

BACKGROUND 

The 3rd Generation Partnership Project (3GPP) is respon­
sible for the standardization of the Universal Mobile Tele­
communication System (UMTS) and Long Term Evolution 
(LTE). The 3GPP work on LTE is also referred to as Evolved 
Universal Terrestrial Access Network (E-UTRAN). LTE is a 
technology for realizing high-speed packet-based communi­
cation that can reach high data rates both in the downlink and 
in the uplink, and is thought of as a next generation mobile 
communication system relative to UMTS. In order to support 
high data rates, LTE allows for a system bandwidth of 20 
MHz, or up to 100 Hz when carrier aggregation is employed. 
LTE is also able to operate in different frequency bands and 
can operate in at least Frequency Division Duplex (FDD) and 
Time Division Duplex (TDD) modes. 

2 
and enhanced PDCCH, ePDCCH). The PDCCHs are trans­
mitted in the first OFDM symbol(s) in each subframe and 
spans more or less the whole system bandwidth. A UE that 
has decoded a downlink assignment, carried by a PDCCH, 

5 knows which resource elements in the subframe contain data 
aimed for the UE. Similarly, upon receiving an uplink grant, 
the UE knows which time/frequency resources it should 
transmit upon. In LTE downlink, data is carried by the physi­
cal downlink shared data link (PDSCH) and in the uplink the 

10 corresponding link is referred to as the physical uplink shared 
channel (PUSCH). 

Demodulation of received data requires estimation of the 
radio channel, which is performed using reference signals 
(RS). A reference signal comprises a collection ofreference 

15 symbols, and these reference symbols and their position in the 
time-frequency grid are known to the receiver. In LTE, cell­
specific reference signals (CRS) are transmitted in all down­
link subframes. In addition to assisting downlink channel 
estimation, they are also used for measurements, e.g. mobility 

20 measurements, performed by the UEs. As of Release 10, LTE 
also supports VE-specific RS aimed for assisting channel 
estimation for demodulation of the PDSCH, as well as RS for 
measuring the channel for the purpose of channel state infor­
mation (CSI) feedback from the UE. The latter are referred to 

25 as CSI-RS. CS I-RS are not transmitted in every subframe and 
they are generally sparser in time and frequency than RS used 
for demodulation. CSI-RS transmissions may occur every 
5th, 10th, 20th, 40th, or 80th subframe according to an RRC 
configured periodicity parameter and an RRC configured 

30 subframe offset. 

LTE uses orthogonal frequency-division multiplexing 
(OFDM) in the downlink and discrete-Fourier-transform­
spread (DPT-spread) OFDM in the uplink. The basic LTE 
physical resource can be seen as a time-frequency grid, as 35 

illustrated in FIG. 1, where each resource element corre­
sponds to one subcarrier during one OFDM symbol interval 

FIG. 3 illustrates how the mapping of physical control and 
data channels and reference signals may be done on resource 
elements within a downlink subframe. In this example, the 
PDCCHs occupy the first out of three possible OFDM sym­
bols, so in this particular case the mapping of data could start 
already at the second OFDM symbol. Since the CRS are 
common to all UEs in the cell, the transmission of CRS 
cannot be easily adapted to suit the needs of a particular UE. ( on a particular antenna port). There is one resource grid per 

antenna port. 
An antenna port is a "virtual" antenna, which is defined by 40 

an antenna port-specific reference signal. An antenna port is 
defined such that the channel over which a symbol on the 
antenna port is conveyed can be inferred from the channel 
over which another symbol on the same antenna port is con­
veyed. The signal corresponding to an antenna port may 45 

possibly be transmitted by several physical antennas, which 
may also be geographically distributed. In other words, an 
antenna port may be transmitted from one or several trans­
mission points. Conversely, one transmission point may 
transmit one or several antenna ports. In the following, an 50 

antenna port will be interchangeably referred to as an "RS 
port". 

In the time domain, LTE downlink transmissions are orga­
nized into radio frames of 10 ms, each radio frame consisting 
often equally-sized subframes ofl ms as illustrated in FIG. 2. 55 

A subframe is divided into two slots, each of 0.5 ms time 
duration. 

This is in contrast to VE-specific RS, where each UE has RS 
of its own placed in the data region of FIG. 3 as part of 
PDSCH. 

A UE operating in connected mode may be requested by 
the base station to report channel state information (CSI), 
e.g., reporting a suitable rank indicator (RI), one or more 
precoding matrix indices (PMis) and a channel quality indi­
cator (CQI). Other types ofCSI are also conceivable, includ-
ing explicit channel feedback and interference covariance 
feedback. The CSI feedback assists the base station in sched­
uling, including deciding the subframe and RBs for the trans­
mission, which transmission scheme/precoder to use, and 
also provides information on a suitable user bit rate for the 
transmission (link adaptation). A detailed illustration of 
which resource elements within a resource block pair may 
potentially be occupied by VE-specific RS and CSI-RS is 
provided in FIG. 4. The CSI-RS utilizes an orthogonal cover 
code of length two to overlay two antenna ports on two 
consecutive REs. As seen, many different CSI-RS pattern are 
available. For the case of2 CSI-RS antenna ports we see that 
there are 20 different patterns within a subframe. The corre-

The resource allocation in LTE is described in terms of 
resource blocks, where a resource block corresponds to one 
slot in the time domain and 12 contiguous 15 kHz subcarriers 
in the frequency domain. Two time-consecutive resource 
blocks represent a resource block pair, which corresponds to 
the time interval upon which scheduling operates. 

60 sponding number of patterns is 10 and 5 for 4 and 8 CSI-RS 
antenna ports, respectively. For TDD, some additional CSI­
RS patterns are available. 

Transmissions in LTE are dynamically scheduled in each 
subframe. The base station transmits downlink assignments/ 
uplink grants to certain UEs via the physical downlink control 
information (Physical Downlink Control Channels, PDCCH, 

Improved support for heterogeneous network operations is 
part of the ongoing specification of 3GPP LTE Release- I 0, 

65 and further improvements are discussed in the context of new 
features for Release-I 1. In heterogeneous networks, a mix­
ture of cells of differently sized and overlapping coverage 

Ex.1016 
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basis. Another important advantage is that interference from 
CRS is greatly reduced since CRS does not have to be trans­
mitted from every point. There is also much greater flexibility 
in coordination and scheduling among the points. 

areas are deployed. One example of such deployments is 
illustrated in FIG. 5, where pico cells are deployed within the 
coverage area of a macro cell. Other examples oflow power 
nodes, also referred to as points, in heterogeneous networks 
are home base stations and relays. The aim of deploying low 5 

power nodes such as pico base stations within the macro 
coverage area is to improve system capacity by means of cell 
splitting gains as well as to provide users with wide area 
experience of very high speed data access throughout the 
network. Heterogeneous deployments are in particular effec­
tive for covering traffic hotspots, i.e., small geographical 
areas with high user densities served by e.g., pico cells, and 
they represent an alternative deployment to denser macro 
networks. 

The concept of a point is heavily used in conjunction with 
techniques for coordinated multipoint (CoMP). In the present 
disclosure, a point ( also referred to as a "transmission point" 
and/or a "reception point") corresponds to a set of antennas 
covering essentially the same geographical area in a similar 

10 manner. Thus, a point might correspond to one of the sectors 
at a site, but it may also correspond to a site having one or 
more antennas all intending to cover a similar geographical 
area. Often, different points represent different sites. Anten-

A classical way of deploying a network is to let different 
transmission/reception points form separate cells. That is, the 
signals transmitted from or received at a point is associated 
with a cell-id that is different from the cell-id employed for 
other nearby points. Typically, each point transmits its own 
unique signals for broadcast (PBCH) and sync signals (PSS, 
SSS). 

15 nas correspond to different points when they are sufficiently 
geographically separated and/or have antenna diagrams 
pointing in sufficiently different directions. 

Techniques for CoMP entail introducing dependencies in 
the scheduling or transmission/reception among different 

The mentioned classical strategy of one cell-id per point is 
depicted in FIG. 6 for a heterogeneous deployment where a 
number of low power (pico) points are placed within the 
coverage area of a higher power macro point. Similar prin­
ciples apply to classical macro-cellular deployments, where 
all points have similar output power and may be placed in a 
more regular fashion than what is the case for a heterogeneous 
deployment. 

20 points, in contrast to conventional cellular systems where a 
point, from a scheduling point of view, is operated more or 
less independently from the other points. One fundamental 
property ofDL CoMP is the possibility to transmit different 
signals and/or channels from different geographical loca-

25 tions. One of the principles guiding the design of the LTE 
system is transparency of the network to the UE. In other 
words, the UE should be able to demodulate and decode its 
intended channels without specific knowledge of scheduling 

An alternative to the classical deployment strategy is to 30 

instead let all the UEs within the geographical area outlined 
by the coverage of the high power macro point be served with 
signals associated with the same cell-id. In other words, from 

assignments for other UEs or network deployments. 
For example, different CS I-RS patterns may be transmitted 

from ports belonging to different transmission points. Feed­
back based on such patterns may be exploited e.g. for point 
selection and/or for optimization of precoding weights and 
CoMP scheduling. Alternatively, the same CSI-RS pattern 

35 may be jointly transmitted by different transmission points in 
order to generate an aggregated feedback including joint spa­
tial information for multiple points. In any case, UEs are 
generally not aware of the geographical location from which 

a UE perspective, the received signals appear to be coming 
from a single cell. This is illustrated in FIG. 7. Note that only 
one macro point is shown, other macro points would typically 
use different cell-ids ( corresponding to different cells) unless 
they are co-located at the same site, corresponding to other 
sectors of the macro site. In the latter case of several co­
located macro points, the same cell-id may be shared across 40 

the co-located macro-points and those pico points that corre­
spond to the union of the coverage areas of the macro points. 
Sync, BCH and control signals are all transmitted from the 
high power point while data can be transmitted to a UE also 
from low power points by using shared data transmissions 
(PDSCH) relying on UE specific RS. Such an approach has 
benefits for those UEs that are capable of receiving the 
PDSCH based on VE-specific RS. Those UEs that only sup­
port CRS for PDSCH (which is likely to at least include all 
Release 8/9 UEs for FDD) have to settle for the transmission 
from the high power point and thus will not benefit in the 
downlink from the deployment of additional low power 
points. 

each antenna port is transmitted. 
CRS are typically transmitted from a static set of points. 

Nevertheless, for certain deployments, it is possible to trans­
mit different CRS ports from different geographical loca­
tions. One application of this technique is in distributed 
deployments, where the transmit antennas belonging to the 

45 same node are deployed in a non-collocated fashion. 
DMRS or VE-specific RS are employed for demodulation 

of data channels and possibly certain control channels ( ePD­
CCH). Data may be transmitted from different points than 
other information (e.g. control signaling). This is one of the 

50 main drivers behind the use ofUE-specific RS, which relieves 
the UE from having to know many of the properties of the 
transmission and thus allows flexible transmission schemes 
to be used from the network side. This is referred to as trans­
mission transparency (with respect to the UE). A problem is, The single cell-id approach is geared towards situations in 

which there is fast backhaul communication between the 
points associated to the same cell. A typical case would be a 
base station serving one or more sectors on a macro level as 
well as having fast fiber connections to remote radio units 
(RRU s) playing the role of the other points sharing the same 
cell-id. Those RRUs could represent low power points with 60 

one or more antennas each. Another example is when all the 
points have a similar power class with no single point having 
more significance than the others. The base station would 
then handle the signals from all RRUs in a similar manner. 

55 however, that the estimation accuracy ofUE-specific RS may 
not be sufficient in some situations. Furthermore, especially 
in case of Co MP and/or distributed deployments, the DMRS 
for a specific UE-might be transmitted from geographically 

A clear advantage of the shared cell approach compared 65 

with the classical one is that the typically involved handover 
procedure between cells only needs to be invoked on a macro 

separated ports. 
There is a need in the art for mechanisms for improved 

channel estimation. 

SUMMARY 

An object of some embodiments is to provide a mechanism 
for improved channel estimation, in particular in CoMP sce­
nar10s. 
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Some embodiments provide a method for channel estima­
tion in a wireless device. According to this method, the wire­
less device obtains an indication that a set of antenna ports, or 
antenna port types, share at least one channel property. The 
device then estimates one or more of the shared channel 5 

6 
FIG. 2 is a schematic diagram showing the LTE time­

domain structure. 
FIG. 3 is a schematic diagram showing an LTE downlink 

subframe. 
FIG. 4 is a schematic diagram showing possible reference 

signal patterns. 
FIG. 5 is a schematic diagram showing an example macro 

and pico cell deployment. 

properties. The estimation is based at least on a first reference 
signal received from a first antenna port included in the set, or 
having a type corresponding to one of the types in the set. 
Further, the wireless device performing channel estimation 
based on a second reference signal received from a second 
antenna port included in the set, or having a type correspond­
ing to one of the types in the set. The channel estimation is 
performed using at least the estimated channel properties. 

FIG. 6 is a schematic diagram showing an example hetero-
10 geneous deployment. 

In particular embodiments, the wireless device receives a 
message from the network node comprising the indication. In 15 

other embodiments, the set is determined based on a rule. 

FIG. 7 is a schematic diagram showing another example 
heterogeneous deployment. 

FIG. 8 is a schematic diagram illustrating a wireless com­
munication system. 

FIG. 9 is a flow chart showing an example method in a 
network node. 

FIG. 10 is a flow chart showing an example method in a 
wireless device. 

In some embodiments, the wireless device is thus able to 
use estimated channel properties for one antenna port in the 
estimation for another antenna port, by assuming co-location 
of certain antenna ports. In a particular example, the device 
may perform joint estimation based on two or more antenna 
ports, which leads to improved estimation accuracy. In 
another example, the device may apply an estimated property 
for one port to another port in the set, which may lead to a 
faster estimation process. 

FIG. 11 is a flow chart showing an example method in a 
20 network node. 

25 

Some embodiments provide a method in a network node. 
The method comprises obtaining an indication that a set of 
antenna ports, or antenna port types, share at least one channel 
property. The network then transmitting signals correspond­
ing to at least two of the antenna ports in the set, or antenna 30 

ports having types comprised in the set, from the same set of 
transmission points. 

FIG. 12 is a flow chart showing an example method in a 
wireless device. 

FIG. 13 is a flow chart showing an example method in a 
network node. 

FIG. 14 is schematic diagram showing an example net­
work. 

FIG. 15 is a block diagram showing an example network 
node. 

FIG. 16 is a block diagram showing an example wireless 
device. 

DETAILED DESCRIPTION 

As explained above, reference signals may be transmitted 
Thus, in some embodiments the network node enables the 

wireless device to perform improved channel estimation, by 
ensuring that certain antenna ports are co-located. 35 from geographically separated ports. Geographical separa­

tion of RS ports implies that instantaneous channel coeffi­
cients from each port towards the UE are in general different. 
Furthermore, even the statistical properties of the channels 

Some embodiments provide a wireless device for perform­
ing channel estimation. The device comprises radio circuitry 
and processing circuitry. The processing circuitry further 
comprises a channel analyzer and a channel estimator. The 
processing circuitry is configured to obtain an indication that 40 

a set of antenna ports, or antenna port types, share at least one 
channel property. The channel analyzer is configured to esti­
mate one or more of the shared channel properties based at 
least on a first reference signal transmitted from a first antenna 
port included in the set, or having a type corresponding to one 45 

of the types in the set, wherein the first reference signal is 
received via the radio circuitry. The channel estimator is 
configured to perform channel estimation based on a second 
reference signal transmitted from a second antenna port 
included in the set, or having a type corresponding to one of 50 

the types in the set, wherein the channel estimation is per­
formed using at least the estimated channel properties, and 
wherein the second reference signal is received via the radio 
circuitry. 

Some embodiments provide a network node comprising 55 

radio circuitry and processing circuitry. The processing cir­
cuitry is configured to obtain an indication that a set of 
antenna ports, or antenna port types, share at least one channel 
property. The processing circuitry is further configured to 
transmit, via the radio circuitry, at least two of the antenna 60 

ports in the set, or antenna ports having types comprised in the 
set, from the same transmission point; 

BRIEF DESCRIPTION OF THE DRAWINGS 

for different ports and RS types may be significantly different. 
Example of such statistical properties include the SNR for 
each port, the delay spread, the Doppler spread, the received 
timing (i.e., the timing of the first significant channel tap), and 
the number of significant channel taps. In LTE, nothing can be 
assumed about the properties of the channel corresponding to 
an antenna port based on the properties of the channel of 
another antenna port. This is in fact a key part of maintaining 
transmission transparency. 

Based on the above observations, the UE needs to perform 
independent estimation for each RS port of interest for each 
RS. This may result in inadequate channel estimation quality 
for certain RS ports, leading to undesirable link and system 
performance degradation. A related problem which indirectly 
also affects the estimation accuracy is that it is not possible for 
the UEs to assume co-location ofDMRS ports with other RS 
ports, particularly in CoMP scenarios. 

Some embodiments disclosed herein provide the UE with 
selected information about RS ports grouping, in order to 
allow channel estimator implementations to exploit common 
channel properties for different RS ports and/or RS types 
within a group. The information comprises e.g. of signaling 
which reference signals may be assumed to be used in com-
bination with each other to form a channel estimate corre­
sponding to a certain antenna port. Similarly but stated dif­
ferently, which antenna ports may be assumed to have 

FIG. 1 is a schematic diagram showing the LTE downlink 
physical resource. 

65 channels that can be utilized for inferring properties of the 
channel over which symbols for the antenna port of interest is 
conveyed. That is, the UE may be signaled that it is allowed to 
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assume that reference signals on some antenna ports may be 
used to assist in the channel estimation of a channel for 
another antenna port. 

8 
may indicate by signaling to the UE at least a subset of the RS 
that are transmitted from a common point. 

Signaling to the UE of the RS ports associated with similar 
channel properties may be defined in different ways. In one 

5 example, the network includes in the semi-static RRC signal­
ing an index for at least some of the RS ports and types sharing 
similar properties. RS ports associated with the same index 
are assumed by the UE to be associated with similar channel 

The antenna ports whose channels exhibit such mutual 
dependence can be said to form a group. In practice, this 
assumption would allow the UE to assume that at least some 
statistical properties of the channels are similar over different 
antenna ports. Such information allows the UE to jointly 
estimate channel properties and to achieve increased estima­
tion accuracy for the corresponding channels estimates. Thus, 10 

particular embodiments enable improved channel estimation 
by enabling joint channel parameters when it is applicable. 

The network typically configures the UE to assist reception 
of various signals and/or channels based on different types of 
reference signals including, e.g., CRS, DMRS, CSI-RS. Pos- 15 

sibly, RS may be exploited for estimation of propagation 
parameters and preferred transmission properties to be 
reported by the UEs to the network, e.g., for link adaptation 
and scheduling. 

It is observed here that, even though in general the channel 20 

from each antenna port to each UE receive port is substan­
tially unique, some statistical properties and propagation 
parameters may be common or similar among different 
antenna port, depending on whether the different antenna 
ports originate from the same point or not. Such properties 25 

include, e.g., the SNR level for each port, the delay spread, the 
Doppler spread, the received timing (i.e., the timing of the 
first significant channel tap) and the number of significant 
channel taps. 

Typically, channel estimation algorithms perform a three 30 

step operation. A first step consists of the estimation of some 
of the statistical properties of the channel. A second step 
consists of generating an estimation filter based on such 
parameters. A third step consists of applying the estimation 
filter to the received signal in order to obtain channel esti- 35 

mates. The filter may be equivalently applied in the time or 
frequency domain. Some channel estimator implementations 
may not be based on the three steps method described above, 
but still exploit the same principles. 

Obviously, accurate estimation of the filter parameters in 40 

the first step leads to improved 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 the filter parameters estimation accuracy 45 

by combining measurements associated with different 
antenna ports (i.e., different RS transmissions) sharing simi-
lar statistical properties. It is observed here that the network is 
typically aware of which RS ports are associated with chan­
nels with similar properties, based on its knowledge of how 50 

antenna ports are mapped to physical points, while the UE is 
not aware a-priori of such information because of the network 
transparency principle. 

properties. 
In another example, a signaling flag is employed to signal 

if a certain subset of RS ports is associated to the same 
channel. 

In another example additional bits may be provided to 
signal ifa certain RS type (e.g., CRS, DMRS, CSI-RS) may 
be assumed to share similar channel properties of some of the 
other channel types. In one example, a flag is provided for at 
least some of the DMRS and/or CS I-RS ports. When such flag 
is enabled, the UE assumes that all the corresponding RS 
ports share the similar channel properties as CRS. 

In a further example, two flags per subset of RS ports are 
provided, one of such flags indicating that all the associated 
ports share similar channel properties and the other flag indi-
cating that the associated ports share similar channel proper­
ties as at least some of the CRS ports. 

The flexibility of signaling grouping of at least partly 
dependent antenna ports can vary and in one embodiment it 
may be based on signaling dependence between antenna ports 
of different types, e.g., that the channels on the antenna ports 
where CRS are transmitted may be used to infer properties of 
the channel on antenna ports over which UE specific RS are 
transmitted (e.g., DMRS). Alternatively, CSI-RS may be 
exploited for assisting in the estimation of channels for 
antenna ports carrying UE specific RS. 

All the signaling examples described above may be alter­
natively carried dynamically by scheduling assignments, i.e., 
DCI formats. In such case, PDCCH should be decoded based 
on the RS properties indicated by RRC signaling (if any), 
while the additional RS properties indicated by the schedul­
ing grants are exploited for PDSCH demodulation. The 
dynamic signaling could even include signaling which CSI-
RS resource ( or CRS including information for identifying 
which cell the CRS is associated with) may be assumed by the 
UE to be allowed to be used in assisting in DMRS/UE specific 
RS channel estimation in a certain transmission, providing 
efficient support for dynamic point selection. 

Furthermore, the above examples may be combined for 
further flexibility. 

In further examples, the network may base grouping of RS 
properties on a subset of the channel properties, as well as 
other criteria. 

One possibility is to define that RS ports that are made 
orthogonal by use of orthogonal codes (e.g., OCC) always 
share the similar channel properties. Such assumption may be 
statically defined a-priori (i.e., defined in the standard) or 
alternatively signaled in a semi-static fashion by the network. 

In another example the network signals to the UE that a 
subset of RS ports shares similar propagation properties when 
such RS ports are associated with collocated antennas with 

60 the same polarization. 

Some embodiments comprise including information in the 
downlink signaling in order to enable improved channel esti- 55 

mation in the UE. More specifically, the signaling from the 
network to the UE includes information about which refer­
ence signals and/or antenna ports and/or RS types may be 
assumed by the UE to be used together when demodulating 
signals on certain antenna port(s), i.e., which antenna ports 
can be assumed to share similar channel properties. The UE 
may then exploit such information to perform joint or partly 
joint channel estimation for at least some of the channels with 
similar properties. 

Often, channels associated to RS transmitted from the 
same point share similar statistical properties and propaga­
tion characteristics. Therefore, in one example, the network 

In further examples the network signals to the UE that a 
limited set of channel properties ( e.g., timing and/or Doppler 
and/or delay spread and/or SNR) are shared by a subset of RS 
ports. Some of the signaling procedures described above may 

65 be exploited, in addition to the definition of which set of 
channel properties shall be assumed by the UE to be common 
to the indicated RS ports. 
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Within the context of this disclosure, the term "shared 
channel property", "shared channel parameter", or "shared 
propagation parameter", means that the value of a propaga­
tion parameter, i.e. channel property, for the channel corre­
sponding to one antenna port is the same as, or similar to, the 
value of the same parameter for the channel corresponding to 
another antenna port. In this context, "similar" means that the 
values differ by less than a predefined amount, which may be 
viewed as a margin of tolerance. Thus, the shared properties 
are either the same, or similar enough that they may be used 
for channel estimation for any of the channels with acceptable 
accuracy. Stated differently, shared properties are sufficiently 
similar to allow improved estimation by jointly estimating 
them as a common property for the corresponding RS ports. 

10 
integrated or embedded wireless card, an externally plugged 
in wireless card, a dongle etc. The wireless device may also be 
a network node, e.g. a base station. 

With reference to FIG. 8 and the flowchart in FIG. 9, a 
5 method in a network node according to some embodiments 

will now be described. The method may be executed in one of 
the network nodes 820, 850, or 870. 

Throughout this disclosure, whenever it is stated that two 
antenna ports are co-located, or can be assumed to be co­

IO located, this means, in a general sense, that at least one of the 
following channel parameters, i.e. propagation properties: 

Delay spread 
Doppler spread 
Signal to noise ratio 
Frame synchronization 
of the channel overwhicha symbol on the first antenna port 

is conveyed can be inferred from the channel over which 
another symbol on the other antenna port is conveyed. As a 

In further examples, in order to reduce signaling overhead, 15 

grouping of RS ports is defined a-priori for certain RS ports of 
the same type. This allows UEs to exploit common channel 
properties for such groups without need of dedicated signal­
ing. In case some of the above signaling techniques are also 
employed, it is possible to signal channel properties common­
ality between a-priori defined groups of RS ports, instead for 
each port individually. Such hard-coded dependence man­
dates in fact that the corresponding ports are transmitted from 
the same point( s) by the network. 

20 particular example, a set of antenna ports are co-located if 
their corresponding signals are transmitted from the same set 
of transmission points, where the set may comprise one or 
more points. It should be noted in this context that the signal 
(e.g. RS) corresponding to an antenna port may be transmit-

Additionally, some embodiments include the possibility of 
defining an a-priori timing relation between synchronization 
signals ( e.g., SSS and/or PSS) and some RS-port(s ), enabling 
the UE to infer RS timing from the synchronization signals. 
The UE is thus able to perform joint timing estimation for the 
synchronization signals and the RS ports with related timing. 
The timing relation may be expressed, e.g., in terms of a 
pre-defined timing difference range and/or offset. 

25 ted in distributed fashion from multiple points. Two such 
distributed antenna ports are considered to be co-located if the 
corresponding signals are transmitted from the same set of 
points. For example, referring to FIG. 8, CSI-RS 19 is trans­
mitted from points 830 and 840, and CS I-RS 20 is also trans-

30 mitted from 830 and 840. Thus, CSI-RS ports 19 and 20 are 
co-located. Stated differently, two antenna ports may be con­
sidered to be co-located if their corresponding reference sig­
nals are mapped to the same "virtual point", where a virtual FIG. 8 illustrates a wireless communications system 800 in 

which various embodiments of the invention may be imple­
mented. Three network nodes 820, 850 and 870 are shown. 35 

Network node 820 control two transmission points 830 and 
840. Similarly, network node 850 controls one transmission 
point 860, and network node 870 controls transmission points 
880 and 890. In the following, for purposes of illustration and 
not limitation, it will be assumed that the communications 
system 800 is an LTE system, and that the network nodes 820, 
850 and 870 are eNodeBs. The transmission points may cor­
respond to separate antennas at the eNodeBs, e.g. sector 
antennas, or they may be remote radio units (RRU:s) con­
nected to the respective eNodeB. The number of transmission 
points shown shall not be construed as limiting; it will be 
appreciated that, generally speaking, each network node may 
control one or more transmission points, which may either be 
physically co-located with the network node, or geographi­
cally distributed. Furthermore, although this example shows 
different transmission points being controlled by different 
network nodes, another possible scenario is that one single 
network node controls several or even all of the transmission 
points 830, 840, 860, 880 and 890. In the scenario shown in 
FIG. 8, it is assumed that some or all of the network nodes 
820, 850, and 870 are connected, e.g. by means of a transport 
network, to be able to exchange information for possible 
coordination of transmission and reception. 

point is defined as a combination of one or more points. 
According to the method, the network node obtains 910 an 

indication that a set of antenna ports share at least one channel 
property. It will be appreciated that this is just a short-hand 
way of saying that the channels corresponding to each of the 
antenna ports in the set share at least one channel property, i.e. 

40 propagation parameter. The indication may be obtained in 
different ways. In one variant, the network node determines 
the set based on a rule. In another variant, the network node 
obtains the indication either from another network node, or 
from a storage area, e.g. a memory or a database. The storage 

45 area may be internal to the network node, or connected to it. 
As a specific example, the network node obtains an indi­

cation that CRS O and CRS 2, and CRS 1 and 3 should be 
co-located. Thus, CRS O and CRS 2 form one set, and CRS 1 
and CRS 3 form another set. This is illustrated in FIG. 8 by 

50 network node 820, which transmits CRS 0 from point 830, 
and CRS 1 from point 840. This particular grouping is thus 
compatible with distributed antenna deployment for two 
transmit antennas. It is further noted that, since cross-polar­
ized antennas are often employed when two transmit anten-

55 nas are used, it may be beneficial to enforce independent 
channel estimation for ports 0 and 1. However, if the perfor­
mance for two antennas is a concern, it is equally possible to 
group the ports CRS O and CRS 1, and the ports CRS 2 and 
CRS 3. This would limit distributed CRS deployments to the The communications system 800 further comprises two 

wireless devices 810 and 812. Within the context of this 
disclosure, the term "wireless device" encompasses any type 
of wireless node which is able to communicate with a network 
node, such as a base station, or with another wireless device 
by transmitting and/or receiving wireless signals. Thus, the 
term "wireless device" encompasses, but is not limited to: a 
user equipment, a mobile terminal, a stationary or mobile 
wireless device for machine-to-machine communication, an 

60 4 antenna case. 
In another specific example, obtaining the indication com­

prises determining that antenna ports transmitting reference 
signals that are code multiplexed using an orthogonal cover 
code are part of the same set. For example, a possible group-

65 ing ofCSI-RS is (15,16) (17,18) (19,20) (21,22), and a pos­
sible grouping of DMRS is (7,8) (9,10) (11,13) (12,14) or 
(7,8,11,13) (9,10,12,14). 
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One of the possible CS I-RS groupings is illustrated in FIG. 
8 by network node 820. An advantage of transmitting signals 
corresponding to antenna ports that are divided by an OCC 
from the same antenna port is that the signals will have the 
same Doppler. OCC is ineffective at high Doppler, and 5 

orthogonality is destroyed. If we divide high and low Doppler 
ports by OCC, all slow ports will be interfered by the fast 
ports. On the contrary, ifOCC-multiplexed ports are grouped 
by Doppler, the paired slow ports will preserve orthogonality 
while only the fast ports, mutually interfering with each other, 10 

will lose orthogonality. 
In a variant of this embodiment, the indication is based on 

antenna port types, rather than individual antenna ports. That 
is to say, in step 910 the network node obtains an indication 

15 
that a set of antenna port types share at least one channel 
property. The antenna port types correspond to types ofref­
erence signals transmitted by the ports. Some examples of 
antenna port types are DMRS, CSI-RS, orCRS.As a particu-
lar example, the network node obtains an indication that CRS 20 

and DMRS ports should be co-located, i.e. that all CRS and 
DMRS ports should be transmitted from the same transmis­
sion point, or set of points. As another example, the network 
node obtains an indication that ports of type DMRS should be 
co-located, i.e. the antenna ports that are transmitting DMRS 25 

should be co-located. Optionally, the indication may be 
device-specific. For example, the network node may obtain 
an indication that CRS and DMRS ports for a specific device 
should be co-located. This option is illustrated in FIG. 8 by 
network node 870, which transmits CRS 0 and DMRS 9-10, 30 

directed to wireless device 810, from the single transmission 
point 890, and transmits CRS 1 and DRMS 11-12, which are 
directed to wireless device 812, from transmission point 880. 

Further example groupings, which may be applied in this 
embodiment, are shown in Table 1 below. 35 

TABLE 1 

Examples of pre-defined co-location rules. 
40 

Example 
groupings CRS DMRS CSI-RS 

Example 1 (0, 2), (1, 3) (7, 8), (9, 10), (15, 16), (17, 18), 
(suitable for (11, 13), (12, 14) (19, 20), (21, 22) 
interleaved indoor 

45 
deployments) 

Example 2 (0, 1), (2, 3) (7, 8), (9, 10), (15, 16), (17, 18), 
( optimized for 2tx (11, 13), (12, 14) (19, 20), (21, 22) 
non-interleaved 
deployments) 

50 

12 
to some embodiments will now be described. The method 
may be implemented in one of the wireless devices 810 or 
812. 

According to the method, the wireless device obtains 1010 
an indication that a set of antenna ports, or antenna port types, 
share at least one channel property. The indication may be 
obtained in different ways. In one variant, the wireless device 
determines the set based on a rule. In another variant, the 
wireless device obtains the indication from an internal storage 
area, e.g. a memory or a database. 

The indication may indicate that the set of antenna ports or 
antenna port types can be considered to be co-located. As 
mentioned above, this implies that at least one of the proper­
ties delay spread, Doppler spread, signal-to-noise ratio, and 
frame synchronization are shared. In particular variants, the 
indication may indicate that all these properties are shared. In 
the case where only some properties are shared, the wireless 
device may further obtain, from the network node, an indica­
tion of which properties are shared. Alternatively, the wireless 
device could be preconfigured to assume that certain proper­
ties are shared. 

In a particular example, antenna ports whose reference 
signals are code multiplexed using an orthogonal cover code 
are considered to be part of the same set, and antenna ports 
whose reference signals are not code multiplexed using an 
orthogonal cover code are considered to be part of different 
sets. 

Other example port groupings correspond to those 
described above in connection with FIG. 9. Notably, when the 
indication is based on a rule or obtained from internal storage, 
it is implied that the network node or nodes serving the 
wireless device follow the same rule, and actually transmit the 
ports that are assumed to be co-located from the same point. 
This may be ensured by encoding the rule or rules into a 
standard. 

The wireless device then jointly estimates 1020 one or 
more of the shared channel properties, based on a first refer­
ence signal received from a first antenna port included in the 
set, or having a type corresponding to one of the types in the 
set, and on a second reference signal received from a second 
antenna port included in the set, or having a type correspond­
ing to one of the types in the set. Optionally, the joint estima­
tion may be based on more than two reference signals corre­
sponding to antenna ports or port types in the set. The channel 
properties to be estimated may be one or more of the signal­
to-noise ratio, delay spread, doppler spread, received timing, 
and the number of significant channel taps. 

After estimating the shared properties, the wireless device 
performs 1030 channel estimation based on the second refer­
ence signal. The channel estimation is performed using at 
least the estimated channel properties. In particular embodi-
ments, the step of performing channel estimation comprises 
generating an estimation filter based on the estimated channel 
properties, and applying the estimation filter to the second 

The network node then transmits 920 signals correspond­
ing to at least two of the antenna ports in the set from the same 
transmission point or points. By transmitting signals for sev­
eral antenna ports from the same point or points, the network 
node ensures that those antenna ports will be co-located 
according to the above definition. This enables a wireless 
device, e.g. device 810 or 812, to perform joint estimation of 
the shared channel properties. Alternatively, a UE with lim­
ited processing capabilities may estimate the channel prop­
erties for the signal corresponding to one or more of the 60 

antenna ports and exploit such properties for estimating the 
channels corresponding to other co-located antenna ports. 

55 reference signal to obtain a channel estimate. Optionally, the 
wireless device may apply the estimation filter to at least one 
other reference signal received from an antenna port included 
in the set, or having a type corresponding to one of the types 

In this context, the signals corresponding to an antenna port 
comprise the antenna port-specific reference signal, as well as 
the corresponding data transmitted on the antenna port. 

With reference to FIG. 8 and the flowchart in FIG. 10, a 
method for channel estimation in a wireless device according 

in the set, to obtain a second channel estimate. 
With reference to FIG. 8 and the flow chart in FIG. 11, a 

method in a network node according to some embodiments 
will now be described. The method may be executed in one of 
the network nodes 820, 850, or 870. 

According to the method, the network node obtains 1110 
65 an indication that a set of antenna ports, or antenna port types, 

share at least one channel property. This step corresponds to 
910 above, and the same variants apply. 
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The network node then transmits 1120 signals correspond­
ing to at least two of the antenna ports or antenna port types in 
the set from the same transmission point or points. This step 
corresponds to 920 above, and the same variants apply. 

The network node then transmits 1130 an indication of the 
set of antenna ports, or antenna port types, to at least one 
wireless device served by the network node, e.g. wireless 
device 810 or 812. The indication may be transmitted in 
system information, in an RRC message, or in downlink 
control information. 

In a variant, the indication further indicates one or more 
resource block groups (RBGs) across which the set of 
antenna ports or antenna port types share at least one channel 
property. A resource block group (RBG) consists of a set of 
consecutive physical resource blocks, which are not neces­
sarily adjacent to each other. Generally, an RBG may com­
prise 1 to 4 resource blocks, depending on the system band­
width. The network node may apply a different precoder for 
each RBG, which implies that different channel properties 
may exist for each RBG. Different transmission points may 
also employed for each resource block group. 

As a particular example, the network node may indicate to 
the wireless device that certain DMRS ports share the same 
channel properties for a given set ofRBGs in a subframe, and 
for the given wireless device. 

As another example, the network node indicates to the 
wireless device that a set of RBGs share similar channel 
properties as a given set of antenna ports, or antenna port 
types. 

In another variant, the indication further indicates a time 
interval during which the set of antenna ports or antenna port 
types share at least one channel property. The network node 
transmits 1120 signals corresponding to at least two of the 
antenna ports in the set, or antenna ports having types com­
prised in the set, from the same set of transmission points 
during the indicated time interval. The time interval may e.g. 
be indicated as a number of subframes. This enables the 
wireless device to time-average the corresponding estimated 
channel. If no time interval is indicated, the network node 
may transmit the antenna ports in the set from the same set of 
transmission points during a predefined time period, or until 
a new indication is sent. This variant may be used in conjunc­
tion with signalling a set ofRBGs over which the ports share 
similar channel properties. 

In another variant, the network node transmits a further 
indication of a timing relation between one or more antenna 
ports, and one or more synchronization signals, e.g. SSS 
and/or PSS. This enables the wireless device to infer RS 
timing from the synchronization signals and to perform joint 
timing estimation as discussed above. The timing relation 
may be indicated, e.g., in terms of a pre-defined timing dif­
ference range and/or offset. 

In yet another variant, the indication is provided in the form 

14 
indication that a set of antenna ports, or antenna port types, 
share at least one channel property. The indication may indi­
cate that the set of antenna ports or antenna port types can be 
considered to be co-located, i.e. that all channel properties are 

5 shared. 
The wireless device then jointly estimates 1020 one or 

more of the shared channel properties, as has been described 
above. 

After estimating the shared properties, the wireless device 
10 performs 1030 channel estimation based on the second refer­

ence signal, in the same way as has been described above. 
In a variant, the indication further indicates one or more 

resource block groups (RBGs) across which the set of 
antenna ports or antenna port types share at least one channel 

15 property. As a particular example, the wireless device may 
receive an indication that certain DMRS ports share the same 
channel properties for a given set of RBGs in a subframe. In 
step 1020, the wireless device then estimates the shared prop­
erties over the given set of RBGs. Across the remaining 

20 RBGs, the wireless device performs individual estimation of 
channel properties. 

As another example, the network node indicates to the 
wireless device that a set of RBGs share similar channel 
properties as a given set of antenna ports, or antenna port 

25 types. 
In another variant, the indication further indicates a time 

interval during which the set of antenna ports or antenna port 
types share at least one channel property. The channel esti­
mator may then time-average the corresponding channel esti-

30 mates. The time interval may e.g. be indicated as a number of 
subframes. If no time interval is indicated, the wireless device 
may assume the channel properties will be shared during a 
predefined time period, or until a new indication is received. 
This variant may be used in conjunction with receiving an 

35 indication of a set ofRBGs over which the ports share similar 
channel properties. 

In another variant, the wireless device receives a further 
indication of a timing relation between one or more antenna 
ports, and one or more synchronization signals, e.g. SSS 

40 and/or PSS. The wireless device infers RS timing from the 
synchronization signals, and in step 1020 the wireless device 
also performs joint timing estimation as discussed above. 

In yet another variant, the indication is received in the form 
of a message configuring the device to report wideband feed-

45 back ( e.g., wideband PMI on PVCCHl-1 or PVCCH2-1 or 
PVCCH3-l). This indicates to the wireless device that the 
VE-specific DMRS ports are co-located over the entire 
PDSCH bandwidth. Alternatively, the wireless device obtains 
a first indication that the DMRS are co-located (this indica-

50 tion may be obtained in any of the ways described above). 

of a message configuring the device to report wideband feed­
back (e.g., wideband PMI on PVCCHl-1 or PVCCH2-1 or 55 

PVCCH3-l). This indicates to the wireless device that the 
VE-specific DMRS ports are co-located over the entire 
PDSCH bandwidth. Alternatively, a first indication may indi­
cate that the DMRS are co-located. Subsequently, the net­
work node configures the device to report wideband feed- 60 

back, and this indicates that the co-location applies over the 
entire bandwidth. 

Subsequently, the wireless device receives a message config­
uring it to report wideband feedback, and this indicates to the 
wireless device that the co-location applies over the entire 
bandwidth. 

In the embodiments described in connection with FIGS. 
9-11, it has been assumed that the wireless device applies 
joint estimation, i.e. performs measurements on several ref­
erence signals, which are combined to form a joint estimate. 
This leads to improved accuracy. However, another possibil­
ity is to estimate the shared properties based on one reference 
signal, and then apply the estimated properties when perform-
ing channel estimation on another reference signal. This may 
lead to improved performance, as fewer measurements need 
to be performed. 

With reference to FIG. 8 and the flowchart in FIG. 10, a 
method for channel estimation in a wireless device according 
to some embodiments will now be described. 

According to the method, the wireless device receives 1010 
a message from a network node, the message comprising an 

65 According to some embodiments, a method in a wireless 
device, e.g., a VE, for performing channel estimation is pro­
vided. This method is illustrated in FIG. 12. 
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The wireless device obtains information indicating that a 
set of reference signal (RS) ports share at least one channel 
property, or channel parameter. 

In a variant, the wireless device receives information from 
a network node, e.g., a base station such as an eNB, indicating 
the set of reference signal ports. The set may be associated 
with an index, and the information may then comprise an 
indication that one or more RS ports are associated with the 
index. Various other ways of representing the information are 
possible, and will be described below. The information may 
be comprised in an RRC message, or in a DCI format. 

In another variant, the wireless device determines the set of 
RS ports sharing at least one channel property based on a rule 

16 
functionality described above as being provided by mobile 
communication devices or other forms of wireless device 
may be provided by the processing circuitry 1620 executing 
instructions stored on a computer-readable medium, such as 

5 the memory 1630 shown in FIG. 16. Alternative embodi­
ments of the wireless device 1600 may include additional 
components beyond those shown in FIG. 16 that may be 
responsible for providing certain aspects of the wireless 
device's functionality, including any of the functionality 

10 described above and/or any functionality necessary to support 
the solution described above. 

or predetermined mapping. For example, the wireless device 
may assume that RS ports that are code division multiplexed 15 

together using orthogonal codes share the same channel prop-

Still with reference to FIG. 16, some embodiments provide 
a wireless device 1600 for performing channel estimation. 
The device comprises radio circuitry 1610 and processing 
circuitry 1620. The processing circuitry 1620 further com­
prises a charmel analyzer 1640 and a channel estimator 1650. erties. 

The wireless device then performs joint estimation of the 
shared channel properties for the reference signals corre­
sponding to the ports in the set. 

The set of reference signals may be equivalently referred to 
as a group of reference signals. 

According to some embodiments, a method in a network 
node, e.g., a base station such as an eNB, is provided. This 
method is illustrated in FIG. 13. 

The network node determines a set of reference signal (RS) 
ports that share at least one channel property, or channel 
parameter. In one example, the network node determines that 
RS ports that are transmitted from the same transmission 
point, or set of transmission points, are part of the same set. 
Other ways of determining the set are possible, and will be 
described below. 

The processing circuitry 1620 is configured to obtain an 
indication that a set of antenna ports, or antenna port types, 

20 share at least one charmel property. In some variants, the 
processing circuitry 1620 is configured to obtain the indica­
tion by receiving a message via the radio circuitry 1610. In 
other variants, the processing circuitry 1620 is configured to 
determine the set of antenna ports or antenna port types based 

25 on a rule. 
The charmel analyzer 1640 is configured to estimate one or 

more of the shared charmel properties based at least on a first 
reference signal transmitted from a first antenna port included 
in the set, or having a type corresponding to one of the types 

30 in the set, wherein the first reference signal is received via the 
radio circuitry 1610. The channel estimator 1650 is config­
ured to perform charmel estimation based on a second refer­
ence signal transmitted from a second antenna port included 
in the set, or having a type corresponding to one of the types 

The network node then transmits information indicating 
the set of RS ports to a wireless device, thereby enabling the 
wireless device to perform joint charm el estimation for the RS 
corresponding to the ports in the set. The set may be associ­
ated with an index, and the information may then comprise an 
indication that one or more RS ports are associated with the 
index. Various other ways of representing the information are 
possible, and will be described below. The information may 40 

be transmitted in an RRC message, or in a DCI format. 

35 in the set, wherein the channel estimation is performed using 
at least the estimated channel properties, and wherein the 
second reference signal is received via the radio circuitry 
1610. 

In some variants, the channel analyzer 1640 is configured 
to perform joint estimation of one or more of the shared 
channel properties, based on the second reference signal and 
one or more additional reference signals received from 
respective antenna ports included in the set, or having a type 
corresponding to one of the types in the set. The one or more 

Although the described solutions may be implemented in 
any appropriate type of telecommunication system support­
ing any suitable communication standards and using any 
suitable components, particular embodiments of the 45 

described solutions may be implemented in an LTE network 
using downlink CoMP, such as that shown in FIG. 8, or that 
illustrated in FIG. 14. 

additional reference signals may comprise the first reference 
signal. 

In particular embodiments, the channel estimator 1650 is 
configured to generate an estimation filter based on the esti­
mated charmel properties, and to apply the estimation filter to The example network may further include any additional 

elements suitable to support communication between wire­
less devices or between a wireless device and another com­
munication device (such as a landline telephone). Although 
the illustrated wireless device may represent a communica­
tion device that includes any suitable combination of hard­
ware and/or software, this wireless device may, in particular 
embodiments, represent a device such as the example wire­
less device 1600 illustrated in greater detail by FIG. 16. 
Similarly, although the illustrated network nodes may repre­
sent network nodes that includes any suitable combination of 
hardware and/or software, these network nodes may, in par­
ticular embodiments, represent devices such as the example 
network node 1500 illustrated in greater detail by FIG. 15. 

As shown in FIG. 16, the example wireless device 1600 
includes processing circuitry 1620, a memory 1630, radio 
circuitry 1610, and at least one antenna. The radio circuitry 
may comprise RF circuitry and baseband processing circuitry 
(not shown). In particular embodiments, some or all of the 

50 the second reference signal to obtain a channel estimate. The 
channel estimator 1650 may be further configured to apply 
the estimation filter to at least one other reference signal 
received from an antenna port included in the set, or having a 
type corresponding to one of the types in the set, to obtain a 

55 second charmel estimate. 
In particular embodiments, the processing circuitry 1620 is 

further configured to receive an indication of one or more 
resource block groups across which the set of antenna ports or 
antenna port types share at least one channel property, and to 

60 estimate one or more charm el properties over the indicated set 
ofresource block groups. 

In particular embodiments, the processing circuitry 1620 is 
further configured to receive an indication of a time interval 
during which the set of antenna ports or antenna port types 

65 share at least one channel property, and to estimate one or 
more channel properties during the indicated time interval, 
possibly by time-averaging. 
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limiting. It should be appreciated that the methods and con­
cepts apply to wireless devices in general. Furthermore, 
wherever examples herein refer to actions performed by "the 
network", in many implementations such actions will be per-

5 formed by a network node, in particular a base station such as 
aneNB. 

As shown in FIG. 15, the example network node 1500 
includes processing circuitry 1520, a memory 1530, radio 
circuitry 1510, and at least one antenna. The processing cir­
cuitry 1520 may comprise RF circuitry and baseband pro­
cessing circuitry (not shown). In particular embodiments, 
some or all of the functionality described above as being 
provided by a mobile base station, a base station controller, a 
relay node, a NodeB, an enhanced NodeB, and/or any other 
type of mo bile communications node may be provided by the 
processing circuitry 1520 executing instructions stored on a 10 

computer-readable medium, such as the memory 1530 shown 

Throughout this disclosure, nodes or points in a network 
are often referred to as being of a certain type, e.g., "macro" 
or "pico". Unless explicitly stated otherwise, this should not 
be interpreted as an absolute quantification of the role of the 
node/point in the network but rather as a convenient way of 
discussing the roles of different nodes/points relative to each 
other. Thus, a discussion about macro and picas could for 
example just as well be applicable to the interaction between 

in FIG. 15. Alternative embodiments of the network node 
1500 may include additional components responsible for pro­
viding additional functionality, including any of the function­
ality identified above and/or any functionality necessary to 
support the solution described above. 

15 micros and femtos. 
Note that although terminology from 3GPP LTE has been 

used herein to exemplify the disclosed concepts, this should 
not be seen as limiting the scope of this disclosure to only the 
aforementioned system. Other wireless systems, including 

Referring once more to the block diagram in FIG. 15, some 
embodiments provide a network node 1500 comprising radio 
circuitry 1510 and processing circuitry 1520. The processing 
circuitry 1520 is configured to obtain an indication that a set 20 WCDMA, WiMax, UMB and GSM, may also benefit from 

exploiting the ideas covered within this disclosure. of antenna ports, or antenna port types, share at least one 
channel property. In some variants, the processing circuitry 
1520 is configured to obtain the indication by determining 
that antenna ports transmitting reference signals that are code 
multiplexed using an orthogonal cover code are part of the 25 

same set. The antenna port types correspond to types of ref­
erence signals transmitted by the ports, and comprise one or 
more of: DMRS, CSI-RS, CRS. 

The processing circuitry is further configured to transmit, 
via the radio circuitry 1510, at least two of the antenna ports 30 

in the set, or antenna ports having types comprised in the set, 
from the same transmission point. 

In some variants, the processing circuitry 1520 is config­
ured to transmit, via the radio circuitry 1510, an indication of 
the set of antenna ports, or antenna port types, to at least one 35 

wireless device served by the network node. The processing 
circuitry 1520 may be configured to transmit the indication in 
system information, in an RRC message, or in downlink 
control information. 

The word "comprise" or "comprising", as used herein, is 
intended to be interpreted as non-limiting, i.e., meaning "con­
sist at least of'. 

The invention claimed is: 
1. A method for channel estimation in a wireless device, the 

method comprising: 
obtaining an indication that a set of antenna ports, or 

antenna port types, share at least one channel property; 
estimating one or more of the shared charmel properties 

based at least on a first reference signal received from a 
first antenna port included in the set, or having a type 
corresponding to one of the types in the set; and 

performing the channel estimation based on a second ref­
erence signal received from a second antenna port 
included in the set, or having a type corresponding to one 
of the types in the set, 

wherein the charmel estimation based on the second refer­
ence signal is performed using at least the estimated one 
or more of the shared channel properties. 

In some variants, the indication further indicates one or 40 

more resource block groups across which the set of antenna 
ports or antenna port types share at least one charmel property. 
The processing circuitry 1520 is then configured to transmit, 
via radio circuitry 1510, signals corresponding to at least two 

2. The method of claim 1, wherein the estimation of one or 
more of the shared channel properties is performed jointly, 
based on the first reference signal and the second reference 

45 signal. of the antenna ports in the set, or antenna ports having types 
comprised in the set, from the same set of transmission points 
over the indicated resource block groups. 

In some variants, the indication further indicates a time 
interval during which the set of antenna ports or antenna port 
types share at least one charmel property, and the processing 
circuitry 1520 is configured to transmit, via radio circuitry 
1510, signals corresponding to at least two of the antenna 
ports in the set, or antenna ports having types comprised in the 
set, from the same set of transmission points during the indi­
cated time interval. 

Modifications and other variants of the described embodi­
ments will come to mind to one skilled in the art having the 
benefit of the teachings presented in the foregoing descrip­
tions and the associated drawings. Therefore, it is to be under­
stood that the embodiments are not to be limited to the spe­
cific examples disclosed and that modifications and other 
variants are intended to be included within the scope of this 
disclosure. Although specific terms may be employed herein, 
they are used in a generic and descriptive sense only and not 
for purposes of limitation. 

In particular, although various examples disclosed herein 
refer to a user equipment (UE), this shall not be construed as 

3. The method of claim 2, wherein the estimation of one or 
more of the shared channel properties which is performed 
jointly is based also on one or more additional reference 
signals received from respective antenna ports included in the 

50 set, or having a type corresponding to one of the types in the 

55 

set. 
4. The method of claim 1, wherein the step of performing 

channel estimation comprises: 
generating an estimation filter based on the estimated chan­

nel properties; and 
applying the estimation filter to the second reference signal 

to obtain a channel estimate. 
5. The method of claim 4, further comprising applying the 

estimation filter to at least one other reference signal received 
60 from an antenna port included in the set, or having a type 

corresponding to one of the types in the set, to obtain a second 
channel estimate. 

6. The method of claim 1, wherein the indication indicates 
that the set of antenna ports or antenna port types can be 

65 considered to be co-located. 
7. The method of claim 1, wherein obtaining the indication 

comprises receiving a message from a network node. 
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8. The method of claim 7, wherein the indication further 
indicates one or more resource block groups across which the 
set of antenna ports or antenna port types share at least one 
channel property, and wherein the estimation step is per-
formed over the indicated resource block groups. 5 

9. The method of claim 7, wherein the indication further 
indicates a time interval during which the set of antenna ports 
or antenna port types share at least one channel property, and 
wherein the estimation step is performed during the indicated 
time interval. 10 

10. The method of claim 1, wherein obtaining the indica­
tion comprises determining the set of antenna ports or 
antenna port types based on a rule. 

11. The method of claim 10, wherein antenna ports whose 
reference signals are code multiplexed using an orthogonal 15 

cover code are considered to be part of the same set, and 
antenna ports whose reference signals are not code multi­
plexed using an orthogonal cover code are considered to be 
part of different sets. 

12. The method of claim 1, wherein the channel properties 20 

are one or more of: signal-to-noise ratio, delay spread, dop­
pler spread, received timing, and number of significant chan­
nel taps. 

20 
13. A wireless device for performing channel estimation, 

the device comprising radio circuitry and processing cir­
cuitry, the processing circuitry further comprising a channel 
analyser and a channel estimator, wherein: 

the processing circuitry is configured to obtain an indica­
tion that a set of antenna ports, or antenna port types, 
share at least one channel property; 

the channel analyzer is configured to estimate one or more 
of the shared channel properties based at least on a first 
reference signal transmitted from a first antenna port 
included in the set, or having a type corresponding to one 
of the types in the set, wherein the first reference signal 
is received via the radio circuitry; and 

the channel estimator is configured to perform the channel 
estimation based on a second reference signal transmit­
ted from a second antenna port included in the set, or 
having a type corresponding to one of the types in the set, 

wherein the channel estimation based on the second refer­
ence signal is performed using at least the estimated one 
or more channel properties, and 

wherein the second reference signal is received via the 
radio circuitry. 

* * * * * 
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