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(57) Abstract: A synthesis device (200) for generating a
set of dynamic channel estimation (CE) filter coefficients
(207) for a user equipment includes: a synthesis parameter
generator (201), configured to generate a set of quasi-static
synthesis parameters (202) from a reference symbol (RS)
time-frequency pattern (300) and a set of slowly changing
channel parameters (216), wherein the set of quasi-static
synthesis parameters (202) is derived from a channel auto-
cotrelation matrix ( Ry ) and at least one cross-correlation
vector ( 1; ), and the set of slowly changing channel para-
meters (216) are derived from delay and Doppler power
profiles (210) of a physical channel; a memory (203) con-
figured to store the set of quasi-static synthesis parameters
(202); and a CE filter coefficient generator (205), con-
figured to generate a set of dynamic CE filter coefficients
(w, 207) based on the set of quasi-static synthesis paramet-
ers (202), and a set of dynamic parameters (218) given by a
cross modulation (D, 214) between RS signals from differ-
ent cells (¢) with cell-specitic modulations, and a noise and
interference SINR autocorrelation (I, 212).
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SYNTHESIS DEVICE AND SYSTEM FOR GENERATING CHANNEL ESTIMATION
FILTER COEFFICIENTS

FIELD
[0001] The disclosure relates to a synthesis device, a synthesis
system and a method for generating channel estimation (CE) filter
coefficients for a user equipment, in particular CE filter
coefficients for multi-layer OFDM channel estimation in 4G and 5G

mobile networks.

BACKGROUND
[0002] In both homogenous and heterogeneous cellular mobile
networks, the mobile user equipment (UE) is faced not only with
varying channel conditions but also multiple interfering cells
whose signals and channels likewise exhibit time/frequency-
selective behavior. Channel estimation (CE) filtering, which
is key to the proper receiver operation, must therefore be ready
to master multiple conditions which can be grouped into the
following five categories: 1) reference signal used for CE: RS
type and pattern (CRS, DMRS, etc), possibly variant, depending
on the standard, transmission mode, logical channel, time,
frequency, etc; 2) channel: physical channel parameters, in
particular, delay and Doppler spreads/shifts; 3) interference:
presence and strength of interfering cell signals, their types
(RS, payload, etc) and dynamics (per SF, per PRB, etc); 4) noise:
level of thermal noise and background interference; and 5)
synchronization: frontend/AGC non-idealities affecting

channel estimation.

[0003] LTE-Advanced “3GPP TS 36.211, Physical channels and
modulation” stipulates two important use-cases where common
reference symbols (CRS) of an aggressor cell (A-CRS) collide

with serving-cell RS (S-CRS) intended for channel estimation:
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1) FelICIC (further enhanced inter-cell interference and
coordination): Rel-11 LTE feature calling for CRS interference
cancellation (CRS-IC), i.e., suppression of the aggressor A-CRS
signal and delivery of the purged serving-cell channel estimate
S-CE; and 2) NAICS (network-assisted interference cancellation
and suppression): Rel-12 LTE feature calling for joint
detection (all S/A-payload layers) and corresponding Jjoint
channel estimation, i.e., delivery of both serving-cell (S-CE)
and aggressor (A-CE) channel estimates from the same set of

pilot/reference signals (here colliding CRS).

[0004] It may thus be desirable to provide a new technique for
improving channel estimation for fast adaptation to dynamic
changes of conditions as described above, in particular with
respect to the scenario where reference symbols designed for
serving-cell channel estimation are heavily disturbed by

interfering reference symbols.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The accompanying drawings are included to provide a further
understanding of aspects and are incorporated in and constitute
a part of this specification. The drawings illustrate aspects and
together with the description serve to explain principles of
aspects. Other aspects and many of the intended advantages of
aspects will be readily appreciated as they become better
understood by reference to the following detailed description.

Like reference numerals designate corresponding similar parts.

[0006] Fig. 1 is a schematic diagram of a heterogeneous network
100 including a macro cell 101 and pico cells 103, 105 according

to an interference scenario.
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[0007] Fig. 2 is a block diagram of a synthesis device 200 for
generating channel estimation filter coefficients for a user

egquipment.

[0008] Fig. 3 is a schematic diagram of a reference symbol
time-frequency pattern 300 comprising a first signal layer 310,

a second signal layer 320 and an noise and interference layer 330.

[0009] Fig. 4 is a block diagram of an exemplary synthesis device
400 for generating channel estimation filter coefficients for a

user equipment as an embodiment of the synthesis device 200 shown
in Fig. 2.

[0010] Fig. 5 is a schematic diagram of a method 500 for generating

channel estimation filter coefficients for a user eguipment.

[0011] Fig. 6a is a histogram 600a illustrating mean sgquare error

(MSE) performance for an example of dual-layer RS CE coefficient

synthesis for SNR=0dB and nonselective SINR.

[0012] Fig. 6ob is a histogram 600b illustrating mean square error

(MSE) performance for an example of dual-layer RS CE coefficient

synthesis for SNR=10dR and nonselective SINR.

[0013] Fig. 6c is a histogram 600c illustrating mean square error

(MSE) performance for an example of dual-layer RS CE coefficient

synthesis for SNR=20dBR and nonselective SINR.

[0014] Fig. o6d is a histogram 600d illustrating mean sgquare error

(MSE) performance for an example of dual-layer RS CE coefficient

synthesis for SNR=30dBR and nonselective SINR.



WO 2017/153079 PCT/EP2017/051399

[0015] Fig. 7a is a histogram 700a illustrating mean sgquare error
(MSE) performance for an example of dual-layer RS CE coefficient

synthesis for SNR=0dB and selective SINR=-10dB.

[0016] Fig. 7b is a histogram 700b illustrating mean sgquare error
(MSE) performance for an example of dual-layer RS CE coefficient

synthesis for SNR=10dB and selective SINR=-10dB.

[0017] Fig. 7c is a histogram 700c illustrating mean sgquare error
(MSE) performance for an example of dual-layer RS CE coefficient

synthesis for SNR=20dB and selective SINR=-10dB.

[0018] Fig. 7d is a histogram 700d illustrating mean sgquare error
(MSE) performance for an example of dual-layer RS CE coefficient

synthesis for SNR=30dBR and selective SINR=-10dB.

[0019] Fig. 8 is a performance diagram 800 illustrating an
exemplary MAC (multiply-and-add) complexity of dual-layer CE

coefficient synthesis for dynamic SINR.

[0020] Fig. 9 is a performance diagram 900 illustrating an
exemplary MAC (multiply-and-add) complexity of dual-layer CE

coefficient synthesis for static SINR.

DETATILED DESCRIPTION
[0021] In the following detailed description, reference is made
to the accompanying drawings, which form a part thereof, and in
which is shown by way of illustration specific aspects in which
the invention may be practiced. It is understood that other aspects
may be utilized and structural or logical changes may be made
without departing from the scope of the present invention. The

following detailed description, therefore, is not to be taken in
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a limiting sense, and the scope of the present invention is defined

by the appended claims.

[0022] The following terms, abbreviations and notations will be

used herein:

CRS:
PRB:
3GPP:
LTE:
LTE-A:

REF':
UE:
SINR:
RE:
RB:

Cell specific Reference Signal,
Physical Resource Block,
3rd Generation Partnership Project,
Long Term Evolution,
LTE Advanced, Release 10 and higher wversions of
3GPP LTE,
Radio Frequency,
User Egquipment,
signal-to-interference and noise ratio,
Resource Element,
resource block, e.g., a resource block in freguency
direction times slot in time direction,
Orthogonal Frequency Division Multiplex,
base station,
Interference Rejection Combining,
(enhanced) Inter-Cell Interference Coordination,
Multiple Input Multiple Output,
Channel Estimation,
Reference signal,
Channel,
Noise,

Interference.

[0023] The methods and devices described herein may be based on

resource blocks, in particular resource blocks received from radio

cells,

and clusters. It is understood that comments made in

connection with a described method may also hold true for a
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corresponding device configured to perform the method and vice
versa. For example, if a specific method step is described, a

corresponding device may include a unit to perform the described
method step, even if such a unit is not explicitly described or
illustrated in the figures. Further, it is understood that the
features of the various exemplary aspects described herein may be

combined with each other, unless specifically noted otherwise.

[0024] The methods and devices described herein may be implemented
in wireless communication networks, in particular communication
networks based on mobile communication standards such as LTE, in
particular LTE-A and/or OFDM. The methods and devices described
below may further be implemented in a base station (NodeB, eNodeB)
or a mobile device (or mobile station or User Equipment (UE)). The
described devices may include integrated circuits and/or passives
and may be manufactured according to various technologies. For
example, the circuits may be designed as logic integrated
circuits, analog integrated circuits, mixed signal integrated
circuits, optical circuits, memory circuits and/or integrated

passives.

[0025] The methods and devices described herein may be configured
to transmit and/or receive radio signals. Radio signals may be or
may include radio frequency signals radiated by a radio
transmitting device (or radio transmitter or sender) with a radio
frequency lying in a range of about 3 Hz to 300 GHz. The frequency
range may correspond to frequencies of alternating current

electrical signals used to produce and detect radio waves.

[0026] The methods and devices described herein after may be
designed in accordance to mobile communication standards such as
e.g. the Long Term Evolution (LTE) standard or the advanced version

LTE-A thereof. LTE (Long Term Evolution), marketed as 4G, 5G LTE
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and beyond, is a standard for wireless communication of high-speed

data for mobile phones and data terminals.

[0027] The methods and devices described hereinafter may be
applied in OFDM systems. OFDM is a scheme for encoding digital data
on multiple carrier frequencies. A large number of closely spaced
orthogonal sub-carrier signals may be used to carry data. Due to
the orthogonality of the sub-carriers crosstalk between

sub-carriers may be suppressed.

[0028] The methods and devices described hereinafter may be
applied in multi-layer heterogeneous networks. Multi-layer
heterogeneous networks (HetNet) may be used in LTE and
LTE-Advanced standards to build up the network of not only a single
type of eNodeB (homogeneous network), but to deploy eNodeBs with
different capabilities, most importantly different Tx-power
classes. These eNodeBs may commonly be referred to as macro eNodeBs
or macro cells, pico eNodeBs or pico cells and femto/home eNodeBs
or femto cells. Alternatively, the term “small cells” might be used

as a broader term covering pico and femto cells.

[0029] The methods and devices described hereinafter may be

applied in eICIC systems. ICIC based on Carrier Aggregation may
enable an LTE-A UE to connect to several carriers simultaneously.
It not only may allow resource allocation across carriers, it also
may allow scheduler based fast switching between carriers without

time consuming handover.

[0030] The methods and devices described hereinafter may be

applied in interference aware receivers such as IRC (Interference
Rejection Combining) receivers. IRC is a technique that may be used
in an antenna diversity system to suppress co-channel interference

by using the cross covariance between the noise in diversity
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channels. Interference rejection combining (IRC) may be used as
an efficient alternative to increase uplink bit rates in areas
where cells overlap. The interference rejection combining (IRC)
receiver may be effective in improving the cell-edge user

throughput because it may suppress inter-cell interference. The
IRC receiver may be based on a minimum mean square error (MMSE)
criterion, which may require channel estimation and covariance
matrix estimation including the inter-cell interference with high

accuracy.

[0031] The methods and devices described hereinafter may be
applied in MIMO systems. Multiple-input multiple-output (MIMO)
wireless communication systems employ multiple antennas at the
transmitter and at the receiver to increase system capacity and
to achieve better quality of service. In spatial multiplexing
mode, MIMO systems may reach higher peak data rates without
increasing the bandwidth of the system by transmitting multiple

data streams in parallel in the same frequency band.

[0032] Fig. 1 is a schematic diagram of a heterogeneous network
100 including a macro cell 101 and pico cells 103, 105. The pico
base stations 103, 105 may be characterized by substantially lower
transmit power as compared to the macro base station 101. Due to
the large disparity between the transmit power levels among two
type of base stations, the coverage 112, 114 of the pico base

station 103, 105 is significantly limited than the coverage 110
of the macro base station 101 as shown in Fig. 1. The larger

coverage 110 of the macro cells 101 may attract more users 107,
109 towards high power macro eNodeR although there might not be
enough resources to efficiently serve all user terminals. At the
same time, the resources of smaller power base station may remain

underutilized.
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[0033] The UEs 107, 109 may include methods and/or devices for
generating channel estimation filter coefficients as described in
the following in order to improve channel estimation in such
environments. Thus, channel estimation allows fast adaptation to
dynamic changes for conditions as such as, for example,
interference patterns with respect to multiple aggressor cells
and synchronization errors. Such channel estimation filtering
may be adapted for OFDM-based systems such as LTE-Advanced, in
the presence of various challenges and non-idealities such as
time-frequency selective channels, time-frequency-selective
co-channel interference, symbol timing error, carrier
frequency offset, and gain imbalances. Because some of these
parameters can be very dynamic in both time-and frequency
directions, UEs 107, 109 including methods and/or devices for
generating channel estimation filter coefficients according to
the disclosure are highly and quickly adaptive to such

potentially highly selective channel conditions.

[0034] Fig. 2 is a block diagram of a synthesis device 200 for
generating channel estimation filter coefficients for a user
equipment or data terminal. The synthesis device 200 can be
implemented in one physical device including the below described
units as shown in Fig. 2. Alternatively, at least some of the below
described units can be implemented as separate physical devices

such that the below described units form a synthesis system 200.

[0035] The synthesis device 200 or system, respectively, includes
a synthesis parameter generator 201, configured to generate a set
of quasi-static synthesis parameters 202 from a reference symbol
(RS) time-frequency pattern, e.g. a RS time-frequency pattern 300
as described below with respect to Fig. 3, and a set of slowly
changing channel parameters 216. The set of quasi-static synthesis

parameters 202 is derived from a channel autocorrelation matrix,
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e.g. a channel autocorrelation matrix R, as described below with
respect to Fig. 4, and at least one cross-correlation vector, e.qg.
cross correlation vectors r, as described below with respect to

Fig. 4.

[0036] The set of slowly changing channel parameters 216 are
derived from delay and Doppler power profiles 210 of a physical
channel. The synthesis device 200 includes a memory 203 configured

to store the set of quasi-static synthesis parameters 202.

[0037] The synthesis device 200 or system, respectively, includes
a CE filter coefficient generator 205, configured to generate a
set of dynamic CE filter coefficients w, 207 based on the set of
quasi-static synthesis parameters 202 and a set of dynamic
parameters 218 given by a cross modulation D, 214 between RS
signals from different cells with cell-specific modulations, and
a autocorrelation 212, e.g. a noise and interference SINR

autocorrelation I' as described below with respect to Fig. 4.

[0038] These colliding S/A-CRS (signal/aggressor cell-specific
reference signals), in general, any colliding RS, share the same
RS time-frequency pattern 300, thus forming multiple (in LTE-A
two) layers on RS positions as illustrated in Fig. 3. The

synthesis device may therefore be based on RS layer separation

for S-CE according to FeICIC or joint S/A-CE according to NAICS.

[0039] A target cell reference signal, e.g. a target cell reference
signal 312 as described below with regspect to Fig. 3, and at least
one aggressor cell reference signal, e.g. an aggressor cell

reference signal 322 as described below with respect to Fig. 3,
may share at least one resource element on the RS time-frequency

pattern 300.
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[0040] One cell reference signal, e.g. a target cell reference
signal 312 as described below with respect to Fig. 3, and at least
one other cell reference signal, e.g. an aggressor cell reference
signal 322 as described below with respect to Fig. 3, may collide
on the RS time-frequency pattern 300.

[0041] Each reference signal 312, 322 associated with a particular
cell (c¢) may be modulated by its own cell-specific modulation,

e.g. a cell-specific modulation X, as described below with

respect to Fig. 4. The cell-specific modulations X, may also

include a symbol rotation due to a time delay or a frequency shift.

[0042] The synthesis device 200 or system, regpectively, further
includes a controller 209, that may be configured to control the
CE filter coefficients generator 205 to generate the set of dynamic
CE filter coefficients w, 207 based on one or more fast changing
parameters of the set of dynamic parameters 218 and based on one
or more slow changing parameters of the set of slowly changing
channel parameters 216. The at least one fast changing parameter
changes over one receive signal observation interval. The at least
one slowly changing parameter 216 changes over multiples of the

receive signal observation interval.

[0043] One receive signal observation interval may correspond to
the length of a subframe according to LTE or any other mobile
communication standard, for example 1 millisecond in LTE.
Alternatively the receive signal observation interval may
correspond to the length of a slot according to LTE or any other
mobile communication standard, for example 0.5 milliseconds in
LTE. It is understood that any other observation interval may be
applied, for example according to other or future communication

standards. The observation interval may be denoted as the length
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of a data field captured by the receiver for further processing

in terms of time units.

[0044] The at least one slow changing parameter may include the

channel autocorrelation matrix R, and the at least one cross
correlation vector r,. The at least one fast changing parameter

may include the cross modulation D, 214 and the noise and

interference SINR autocorrelation I, 212.

[0045] The CE filter coefficient generator 205 may be configured
to generate the set of dynamic CE filter coefficients w, 207 to
include a first subset of CE filter coefficients for estimating
a channel of a first cell, and at least one second subset of CE
filter coefficients for estimating a channel of at least one second
cell. When generating the set of dynamic CE filter coefficients,
the CE filter coefficient generator 205 may consider all signal
layers 310, 320, 330 superimposed onto a received RS signal which
comprises an RS signal 311 of the first cell, an RS signal 321 of
the at least one second cell, and a noise and interference layer

330, e.g. as described below with respect to Fig. 3.

[0046] In the case of dual-layer CE filter coefficient generation,
the CE filter coefficient generator 205 may be configured to

generate the first subset of CE filter coefficients for estimating
the channel of the first cell as complex conjugates of the second
subset of CE filter coefficients for estimating the channel of the

second cell.

[0047] The CE filter coefficient generator 205 may be configured
to generate the set of dynamic CE filter coefficients w, 207 by
applying a matrix transformation, e.g. a matrix transformation as
described below with respect to Fig. 4, based on an eigenvalue

based decomposition, a QR decomposition, a Cholesky decomposition
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or any other rank-reducing decomposition to a matrix function of
the set of quasi-static synthesis parameters 202 and the set of
dynamic parameters 218, in order to obtain a rank reduction for
the matrix function, e.g. a matrix function as described below with

respect to Fig. 4.

[0048] The CE filter coefficient generator 205 may be configured
to split the matrix function into a first part and a second part
which isolate components of the RS signal layers 310, 320 from
components of the noise and interference layer 330, e.g. as

described below with respect to Fig. 4.

[0049] The CE filter coefficient generator 205 may be configured
to apply a rank reduction to the matrix function based on the
following relation:

1 1
(IL + AL(I)II) o (IL + AL(I)II) AL(I)IZ

n
1+A,@)" = . L

where A, is an original rank eigenvalue matrix of the channel
autocorrelation matrix R,, A, is a reduced-rank eigenvalue

matrix of the channel autocorrelation matrix R,, and ® is a
matrix depending on a function of the channel autocorrelation

matrix R,, the at least one cross correlation vector r,, the cross

modulation D, 214 and the noise and interference SINR
autocorrelation I', 212, e.g. as described below with respect to

Fig. 4.

[0050] The synthesis device 200 or system, respectively, may
represent a two-stage framework for dynamic online coefficient
computation, featuring the generation of quasi-static
synthesis parameters in the first stage, i.e. the synthesis
parameter generator 201, followed by dynamic coefficient

synthesis in the second stage, i.e. the CE filter coefficient
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generator 205. As the RS symbols used for CE filtering change
dynamically with each new observation (time/frequency
subplane), the synthesis device 200 may be used for performing
multi-layer RS channel estimation. The dynamic part, i.e. the
CE filter coefficient generator 205, copes with both multiple
RS layers (RS-to-RS colliders) with dynamically varying
modulation, and non-RS interference plus noise with dynamically

varying SIR.

[0051] The synthesis device 200 or system, respectively, provides
a low-complexity solution to quasi-optimal channel estimation
filter coefficient computation in the presence of both RS and
non-RS interference with dynamic and highly selective profiles.

The new concept comprises the following two parts:

[0052] stage 1: generation 201 of a semi-static set of
coefficient synthesis parameters 202 based on the system
parameters (RS, channel, noise) 216 which are slowly changing

with time,

[0053] stage 2: computation 205 of dynamic CE coefficients 206
from the semi-static synthesis parameters 202 (stage 1) and the
dynamic parameters 218 pertaining to both RS and non-RS

interference types, i.e., multi-layer RS modulation and SINR

profile, respectively.

[0054] The new dual-layer processing part of the synthesis device
200 can also serve as the core element of iterative and effective
multi-layer channel estimation schemes. Channel estimation and
other functions relying on it (detection, parameter estimation)
benefit from dynamic CE coefficient generation in many

respects: Both the gquasi-static synthesis parameters and the

dynamic CE coefficients are generated on demand, i.e., only when
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the relevant RS/channel parameters (stage 1) or interference
parameters (stage 2) change significantly within the span of
CE filtering. This saves processing power and reduces the memory
footprint: The CE coefficients generated by the synthesis

device 200 are (quasi-) optimal, regardless of the selectivity,
dynamics, and profile of both RS and non-RS interference. The
computational complexity of CE coefficient synthesis is reduced
significantly with respect to the conventional computation of

optimal Wiener filter coefficients.

[0055] Fig. 3 is a schematic diagram of a reference symbol
time-frequency pattern 300 comprising a first signal layer 310,
a second signal layer 320 and a noise and interference layer 330.
A receive signal received by a receiver and provided to the
synthesis device 200 described above with respect to Fig. 2 may
be represented as an RS time-frequency pattern 300 including a
first signal layer 310 with reference signals 312, e.g. from a
serving cell, a second signal layer 320 with reference signals 322,
e.g. from an aggressor cell and a noise and interference layer 330
with interferer reference signals 332 and noise. The receive
signal may include further data and/or control resource elements
on the RS time-frequency pattern 300 that are not depicted in Fig.
3.

[0056] The RS time-frequency pattern 300 may include further
second signal layers (not depicted in Fig. 3) having further

reference signals, e.g. from further aggressor cells.

[0057] The three layers 310, 320, 330 depicted in Fig. 3 are

superimposed on the RS time-frequency pattern 300. The reference
signals 312, 322, 332 of a specific layer 310, 320, 330 are arranged
on specific sections 311, 321, 331 of the respective layer 310,

320, 330.
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[0058] The reference symbol time-frequency pattern 300 may be part
of a resource block according to LTE, e.g., a resource block (RB)
in frequency direction times slot (e.g. 0.5 milliseconds) in time
direction, for example a RB having one slot of Ngym symbols (for
example Ngyp=7) in time direction and Ngc subcarriers in frequency
direction (for example Ngc=12). One symbol in time direction times
one symbol in frequency direction is referred to as resource

element (RE).

[0059] Fig. 4 is a block diagram of an exemplary synthesis device
400 for generating channel estimation filter coefficients for a
user eqguipment. The synthesis device 400 is an exemplary
embodiment of the synthesis device 200 described above with
respect to Fig. 2. The synthesis device 400 can be implemented in
one physical device including the below described units.
Alternatively, at least some of the below described units can be
implemented as separate physical devices such that the below

described units form a synthesis system 400.

[0060] The synthesis device 400 or system, respectively, includes

a synthesis parameter generator 406, configured to generate a set
of quasi-static synthesis parameters A,,V,,U,=V,A, and e¢=V/Tr,
from a reference symbol (RS) time-freguency pattern, e.g. a RS

time-frequency pattern 300 as described above with respect to Fig.

3, and a set of slowly changing channel parameters 414.

[0061] The synthesis parameter generator 406 includes a
correlation processing module 401, a transform module 403, a
reduction module 405, a first multiplier module 407 and a second

multiplier module 409.
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[0062] The set of quasi-static synthesis parameters A,,V,,
U,=V,A, and ¢=V/r, is derived from a channel autocorrelation

matrix R, and at least one cross-correlation vector r, which are

processed in the correlation processing module 401, e.g. as

described below. The transform module 403 which is coupled to the
correlation processing module 401 computes the parameters A,,V,
based on the channel autocorrelation matrix R,, e.g. as described
below. The reduction module 405 which is coupled to the transform
module 403 computes the parameters A,,V, based on the parameters
A,,V,, e.g. as described below. The first multiplier module 407
which is coupled to the reduction module 405 computes the parameter
U, =V,A, . The second multiplier module 409 which is coupled to
the reduction module 405 and the correlation processing module 401
computes the parameter c::Vfﬁb. The set of slowly changing channel

parameters 414 are derived from delay and Doppler power profiles

of a physical channel.

[0063] The synthesis device 400 or system, respectively, includes

a memory (not depicted in Fig. 4) to store the set of quasi-static

synthesis parameters A,,V,, U, =V,A, and ¢=V/r,.

[0064] The synthesis device 400 or system, respectively, includes
a CE filter coefficient generator 408, 410, configured to generate
a set of dynamic CE filter coefficients w based on the set of
quasi-static synthesis parameters A,,V,, U, =V,A, and e¢=V/Tr,
and a set of dynamic parameters I'D given by a cross modulation
between RS signals from different cells with cell-specific
modulations D, and a noise and interference SINR autocorrelation
I' 212, being the inverse of a noise and interference

autocorrelation X.
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[0065] The CE filter coefficient generator 408, 410 includes a SINR
part 408 and a dual-layer RS modulation part 410. In a general
implementation of the synthesis device 400, the dual-layer RS
modulation part 410 is a multi-layer RS modulation part that has
a similar structure as the dual-layer RS modulation part 410.
However, due to simplicity reasons only the dual-layer RS

modulation part 410 is described in the following.

[0066] The SINR part 408 includes a third multiplier module 411,
a first identity matrix adder module 413, a first inverter module

415 and a fourth multiplier module 417.

[0067] The third multiplier module 411 and the first identity
matrix adder module 413 are coupled to the first multiplier module
407 to compute the parameter F, =1, +UYV,. The first inverter
module 415 is coupled to the third multiplier module 411 and the

first identity matrix adder module 413 to compute the parameter

G,=F,'. The fourth multiplier module 417 is coupled to the

reduction module 405 to compute the parameter V. =TIV, .

[0068] The dual-layer RS modulation part 410 includes a fifth
multiplier module 421, a sixth multiplier module 423, a seventh
multiplier module 419, an eighth multiplier module 425, an adder
module 427, aninthmultiplier module 429, a second identity matrix
adder module 431, a second inverter module 433, a tenth multiplier
module 435 and an expansion module 412 including an eleventh

multiplier module 437.

[0069] The fifth multiplier module 421 is coupled to the first
multiplier module 407 to compute the parameter P,=UYV,.. The

sixth multiplier module 423 is coupled to the fifth multiplier
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module 421 and the first inverter module 415 to compute the

parameter E, =G,P,.

[0070] The seventh multiplier module 419 is coupled to the fourth

multiplier module 417 to compute the parameter V,.=DV.. The

eighth multiplier module 425 and the adder module 427 are coupled
to the sixth and seventh multiplier modules 423, 419 to compute
the parameter B, =V.-V,E;,. The ninth multiplier module 429 and
the second identity matrix adder module 431 are coupled to the

first multiplier module 407 and the eighth multiplier module 425

and the adder module 427 to compute the parameter A, =I,+UYB,.

The second inverter module 433 is coupled to the ninth multiplier

module 429 and the second identity matrix adder module 431 to

compute the parameter C,=A; .

[0071] The tenth multiplier module 435 is coupled to the second
inverter module 433 to compute the parameter b=C,¢. The expansion
module 412 with the eleventh multiplier module 437 is coupled to

the tenth multiplier module 435 to compute the parameter w=B,b.

[0072] The correlation processing module 401, the transform module
403 and the reduction module 405 are performing computing
operations in the full-dimension observation space 402, while the
remaining modules are performing computing operations in the

reduced-dimension subspace 404.

[0073] The full-dimension observation space 402 may correspond to
the time-frequency space of one receive signal observation
interval. The reduced-dimension subspace 404 may correspond to the
subspace of the full-dimension observation space 402 in which

resource elements are present, i.e. have a power above a
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predetermined threshold. The reduced-dimension subspace 404 may
be derived from the full dimension observation space 402 by
applying eigenvalue-based decomposition or other related methods

as described below.

[0074] As described above with respect to Fig. 2, one receive
signal observation interval may correspond to the length of a
subframe according to LTE or any other mobile communication
standard, for example 1 millisecond in LTE. Alternatively the
receive signal observation interval may correspond to the length
of a slot according to LTE or any other mobile communication
standard, for example 0.5 milliseconds in LTE. It is understood
that any other observation interval may be applied, for example
according to other or future communication standards. The
observation interval may be denoted as the length of a data field
captured by the receiver for further processing in terms of time

units.

[0075] The functionality of the various above-indexed modules is

described in the following. In order to estimate a particular

channel h, (cell ¢, target RE position(s) t) from the received
RS signal y:ZCXChCJrn (layered RS channels h, modulated by
symbols X, possibly rotated by frequency or time shifts), the

optimal filter and its coefficients W, (length-N Wiener
filter) are given by

hct:wgy (qu 1a)
-1
Wo = @CXCRMX? +Z) X 1, (Eg. 1b)
with ]RM::Eﬁ%hf} the c¢-th RS channel autocorrelation matrix

(ACM) , l%f:Eﬁly} the cross-correlation vector (CCV) between

c'et

the c-th RS and target RE channel, and E::EanJ the noise ACM,
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which for the general case of noise and interference SINR

according to Figure 2 reads:

Zzzdhg@f,ai.uai) o, noise power on n-th RS sample (Eq. 2a)

lfzﬁflszg@byp””yN) v, SINR on n-th RS sample (Eg. 2b)

[0076] For the most important case of dual-layer CE with same
channel ACM R,.=R, and CCM qn:lﬂhﬁ} for both cells (index ¢t

dropped), the optimal coefficients for cell-1 and 2 channel

estimation favorably turn out to be complex conjugates of each
other (only w=w, to be computed):
w, = (R, +DR,D" + Z) r, (Eq. 3a)
W, =W, (Eq. 3b)
with cross-modulation I)zX&Xf possibly including

cross-rotation.

[0077] Reduced-complexity CE coefficient generation can be

devised through a structural analysis of the channel by a number
of techniques, e.g., eigenanalysis R,=V,A, V), OR

decomposition R, =V,U,, or Cholesky decomposition Ilh:I%DDALZ.

[0078] Depending on the channel selectivity, the channel ACM
R, is reducible to lower rank L<N, i.e., R, =V,A,V/ with
eigenvalues A, =A,(:L]1:L) (IxL) and eigenvectors V,=V,(l:N]1:L)

(NxL) .

[0079] Unfortunately, this does not translate into the
observation ACM R=R,+DR,D” +X (Eg 3a) since the presence of

the second term (modulated aggressor channel) essentially doubles
the rank (to 2L) of R, thereby erasing most of the rank reduction

potential.
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[0080] Despite this daunting diagnosis, one can nevertheless
arrive at the desired reduced-complexity solution of this
disclosure by deriving a mapping between subspaces that
isolates the RS modulation from the channel selectivity such

that rank reduction becomes possible.

[0081] The inverse observation ACM Q=R (needed to solve Eqg 3a)

can be reformulated as

H

-1
Q=DQ, D"V, (1+A,[v/DQ, D"V, | 'V, (Eq. 4a)

QOZF'Vh(I_‘_Ah[VhHFVh])AVhH (Eq. 4Db)

[0082] Thanks to pre-multiplication of ®=V/DQ,D”V, by the
eigenvalue matrix A,, partitioning of A, and ® of the inner

term @+1‘#Dy1 into L- / (N-L)-dim submatrices (subspace / null

space) yields

(IL + AL(I)II )71 B (IL + AL(I)II )71 AL(I)IZ
0 IN—L

1+A,@)" = {

Vir
[0083] Further using V,f’rh;{ Lﬂh] inserting ®=V/DQ,D”V, and
expanding (Egs 3,4,5) yields the following expression for
near-optimal CE coefficients (here w=w, for serving cell 1):
Hyr* H Hyr* Yy H

w=[V, -V, G, UV, |-t, + U7 |v, -v,.G, U7V, | 'V, (Eq. 6)
with quantities V. =IV,, V, =DV, GL:(ILJrUer)fl.
[0084] From this expression, the following

implementation-friendly embodiment can be derived:

Channel-dependent part (gquasi-static):
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AV, ALV, U, =VA, c=V/r, (Eq. 7a)
SINR-dependent part (quasi-static or dynamic):
V. =TV, F, =1, +UV, G,=F/ (Eq. 7b)
RS-modulation-dependent part (dynamic):
V,. =DV, P, =UYV,_ E,=G,P, B,=V.-V,E, (Eq. 7c)
A, =1,+U'B, C,=A) b=C,c w=Bb (Eg. 7d)

[0085] Figure 4 shows an embodiment of dual-layer subspace CE
coefficient synthesis (here eigensystem-based), featuring

computation of quasi-static channel synthesis parameters (A,, YV,
, A,,V,, U =V,A,, ¢=V/r, (Eq7a)), SINR-dependent quantities (
V., F,, G,=F,' (Eq 7b)), and dynamic RS-modulation-dependent

quantities (V,., P,, E,, B, (Eq7c) and A,,C,, b=Cec, w=Bb

(Eq 7d)). Note that all critical dynamic operations are done in

the reduced-dimension subspace 404.

[0086] Another embodiment is QRD-based coefficient synthesis,

featuring simplified channel parameter computation (single QRD
producing U,,V, thus U,,V, directly). All subsequent processing

is then identical to that of Figure 4.

[0087] The new solution also effectuates that neither the
aggressor RS modulation nor the SINR selectivity have an impact
on the choice of L. Hence, the regquired dimension L can be
determined in advance as a function of channel selectivity and

the SNR (max SINR) alone.

[0088] This reduced-complexity solution covers not only any kind
of channel and SINR selectivity but, in addition, any kind of
serving/aggressor-cell modulation, including any symbol

rotation due to a time/delay or frequency/Doppler shift, and
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including pathological cases such as collinear S/A modulations

occasionally arising in the received RS vector.

[0089] The three parts 406, 408, 410 of this scheme (see Figure
4) can be processed independently on-demand. This solution has
a superior implementation of the channel estimation function
supporting highly dynamic environments and signal reception
conditions, in particular, the presence of a colliding RS
aggressor on top of selective channels and selective

interference.

[0090] This solution provides improved UE robustness against
co-channel interference in LTE (or other OFDM-based) cellular
(or other interference-prone) networks, resulting in higher
network capacity, user throughput, more stable user experience,

and reduced complexity.

[0091] Fig. 5 is a schematic diagram of a method 500 for generating
a set of channel estimation filter coefficients for a user

egquipment.

[0092] The method 500 includes generating 501 a set of quasi-static
synthesis parameters, e.g. a set of quasi-static synthesis
parameters 202 as described above with respect to Figure 2 or
Figure 4, from a reference symbol (RS) time-frequency pattern,
e.g. an RS time-frequency pattern 300 as described above with
respect to Fig. 4, and a set of slowly changing channel parameters,
e.g. parameters 216 as described above with respect to Figure 2
or Figure 4, wherein the set of quasi-static synthesis parameters

202 1s derived from a channel autocorrelation matrix R, and at

least one cross-correlation vector r,, e€.g. as described above

with respect to Figure 2 or Figure 4, and the set of slowly changing

channel parameters 216 is derived from delay and Doppler power



WO 2017/153079 PCT/EP2017/051399
25

profiles 210 of a physical channel, e.g. as described above with

respect to Figure 2 or Figure 4.

[0093] The method 500 includes storing 502 the set of quasi-static
synthesis parameters 202, e.g. as described above with respect to

Figure 2 or Figure 4.

[0094] The method 500 includes generating 503 a set of dynamic CE
filter coefficients, e.g. dynamic CE filter coefficients w, 207
as described above with respect to Figure 2 or Figure 4, based on
the set of quasi-static synthesis parameters 202, and a set of
dynamic parameters 218 given by a cross modulation, e.g. a cross
modulation D, 214 as described above with respect to Figure 2 or
Figure 4, between RS signals from different cells (c) with
cell-specific modulations, and a noise and interference
autocorrelation, e.g. a noise and interference SINR
autocorrelation I', 212 as described above with respect to Figure

2 or Figure 4.

[0095] The generating 503 the set of dynamic CE filter coefficients
w, 207 may be based on applying a rank reduction to a matrix

function of the channel autocorrelation matrix R,, the at least
one cross-correlation vector r,, the cross modulation D, 214 and

the noise and interference SINR autocorrelation I', 212.

[0096] The method 500 may include further blocks corresponding to
specific processing modules as described above with respect to

Figure 2 or Figure 4.

[0097] The method 500 provides a solution to the above-mentioned
problems. The method 500 provides a solution for online CE filter
coefficient computation which handles all three signal types

and their selectivities simultaneously, i.e. the serving-cell
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RS signal with respect to channel selectivity (delay/Doppler)
and any S-RS modulation, the aggressor-cell RS signal with

respect to channel selectivity (delay/Doppler) and any A-RS
modulation and the non-RS interference/noise with respect to

interference power selectivity and any SINR profile.

[0098] The method 500 provides a solution for online CE filter
coefficient computation which handles dynamic interference
profiles, where both RS modulation and non-RS SINR profile may
change rapidly, in general, per observation window

(time/frequency subplane).

[0099] The method 500 provides a solution for online CE filter
coefficient computation which exhibits quasi-optimal
performance, i.e. its performance is very close to that of

optimal Wiener filtering.

[0100] The method 500 provides a solution for online CE filter
coefficient computation which has low complexity, in particular
complexity that is significantly lower than Wiener coefficient
computation. The method 500 provides a solution for online CE
filter coefficient computation with low complexity, especially

for longer filters.

[0101] Figures b6a, 6b, o6c, 6d and 7a, 7b, 7c, 7d display the
MSE (mean square error) performance for an example of dual-layer
RS CE coefficient synthesis according to the disclosure. In
Figures 6a, 6b, 6c and 6d 8-tap filtering is applied with SNR
0,10,20,30 dB and no interference (SINR = SNR), while in Figures
7a, 7Tb, 7c and 7d 8-tap filtering is applied with SNR 0,10,20, 30
dB and noise and interference SINR of -10dB for 2 taps.
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[0102] The curves 601 (Figures 6a-6d) and 701 (Figures 7a-7d)
illustrate the performance for a subspace order L=1. The curves
602 (Figures 6a-6d) and 702 (Figures 7a-7d) illustrate the
performance for a subspace order L=2. The curves 603 (Figures
ba-o6d) and 703 (Figures 7a-7d) illustrate the performance for a
subspace order L=3. The curves 604 (Figures 6a-6d) and 704 (Figures
7a-7d) illustrate the performance for a subspace order L=4. The
curves 605 (Figures 6a-6d) and 705 (Figures 7a-7d) illustrate the
performance for a subspace order L=5. The curves 606 (Figures
ba-o6d) and 706 (Figures 7a-7d) illustrate the performance for a
subspace order L=6, where in this example the full channel rank

space is N=8§.

[0103] The MSE histograms shown in the figures reflect the
(pseudo-) randomness of RS modulation symbols of both S/A-RS
layers. One observes that (quasi-)optimal performance (bold
curves) 1s achieved for low or moderate subspace orders L
(between 2 and 3 in this example, see the description with
respect to Fig. 4), depending on the channel selectivity and
the SNR. This is also true if non-RS interference with strongly
selective SINR pattern is present (Figures 7a, 7b, 7c, 7d);
although degraded with respect to non-RS interference being
absent, the performance is still optimal given the presence of

this additional disturbance.

[0104] Figures 8 and 9 display the complexity of dual-layer CE
coefficient synthesis (detailed in the description with respect
to Fig. 4) in terms of multiply-and-add (MAC) operations per
dynamic coefficient generation. Compared with the baseline

(full N-dim QRD), subspace coefficient synthesis reguires much
less MAC operations, especially for higher filter lengths N and

low/moderate channel rank L.
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[0105] The curves 801 (Figure 8) and 901 (Figure 9) illustrate the
performance for a subspace order L=1. The curves 802 (Figure 8)
and 902 (Figure 9) illustrate the performance for a subspace order
L=2. The curves 803 (Figure 8) and 903 (Figure 9) illustrate the
performance for a subspace order L=3. The curves 804 (Figure 8)
and 904 (Figure 9) illustrate the performance for a subspace order
L=4. The curves 805 (Figure 8) and 905 (Figure 9) illustrate the
performance for a subspace order L=5. The curves 806 (Figure 8)
and 906 (Figure 9) illustrate the performance for a subspace order

L=6.

[0106] The methods, systems and devices described herein may be
implemented as software in a Digital Signal Processor (DSP), in
a micro-controller or in any other side-processor or as hardware
circuit on a chip or within an application specific integrated

circuit (ASIC).

[0107] Embodiments described in this disclosure can be implemented
in digital electronic circuitry, or in computer hardware,
firmware, software, or in combinations thereof, e.g. in available
hardware of mobile devices or in new hardware dedicated for

processing the methods described herein.

[0108] The present disclosure also supports a computer program
product including computer executable code or computer executable
instructions that, when executed, causes at least one computer to
execute the performing and computing blocks described herein, in
particular the method 500 as described above with respect to Fig.
5. Such a computer program product may include a readable storage
medium storing program code thereon for use by a processor, the
program code comprising instructions for performing any of the

method 500 blocks as described above.
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EXAMPLES

[0109] The following examples pertain to further embodiments.
Example 1 is a synthesis device for generating a set of dynamic
channel estimation (CE) filter coefficients for a user equipment,
the synthesis device comprising: a synthesis parameter generator,
configured to generate a set of quasi-static synthesis parameters
from a reference symbol (RS) time-frequency pattern and a set of
slowly changing channel parameters, wherein the set of
quasi-static synthesis parameters is derived from a channel
autocorrelation matrix and at least one cross-correlation vector,
and the set of slowly changing channel parameters are derived from
delay and Doppler power profiles of a physical channel; a memory
configured to store the set of quasi-static synthesis parameters;
and a CE filter coefficient generator, configured to generate a
set of dynamic CE filter coefficients based on the set of
quasi-static synthesis parameters, and a set of dynamic parameters
given by a cross modulation between RS signals fromdifferent cells
with cell-specific modulations, and a noise and interference

autocorrelation.

[0110] In Example 2, the subject matter of Example 1 can optionally
include that a target cell reference signal and at least one
aggressor cell reference signal share at least one resource

element on the RS time-frequency pattern.

[0111] In Example 3, the subject matter of Example 2 can optionally
include that one cell reference signal and at least one other cell

reference signal collide on the RS time-frequency pattern.

[0112] In Example 4, the subject matter of any one of Examples 1-3

can optionally include that each reference signal associated with
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a particular cell is modulated by its own cell-specific

modulation.

[0113] In Example 5, the subject matter of Example 4 can optionally
include that the cell-specific modulations also include a symbol

rotation due to a time delay or a frequency shift.

[0114] In Example 6, the subject matter of any one of Examples 1-5
can optionally include a controller, configured to control the CE
filter coefficients generator to generate the set of dynamic CE
filter coefficients based on at least one fast changing parameter
of the set of dynamic parameters which changes over one receive
signal observation interval and based on at least one slow changing
parameter of the set of slowly changing channel parameters (216)
which changes over multiples of the receive signal observation

interval.

[0115] In Example 7, the subject matter of Example 6 can optionally
include that the at least one slow changing parameter comprises
the channel autocorrelation matrix and the at least one cross
correlation vector; and that the at least one fast changing
parameter comprises the cross modulation and the noise and

interference autocorrelation.

[0116] In Example 8, the subject matter of any one of Examples 1-7
can optionally include that the CE filter coefficient generator
is configured to generate the set of dynamic CE filter coefficients
comprising a first subset of CE filter coefficients for estimating
a channel of a first cell, and at least one second subset of CE
filter coefficients for estimating a channel of at least one second
cell, considering all signal layers superimposed onto a received

RS signal which comprises an RS signal of the first cell, an RS
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signal of the at least one second cell, and a noise and interference

layer.

[0117] In Example 9, the subject matter of Example 8 can optionally
include that in the case of dual-layer CE filter coefficient

generation, the CE filter coefficient generator is configured to
generate the first subset of CE filter coefficients for estimating
the channel of the first cell as complex conjugates of the second
subset of CE filter coefficients for estimating the channel of the

second cell.

[0118] In Example 10, the subject matter of Example 9 can
optionally include that the CE filter coefficient generator is
configured to generate the set of dynamic CE filter coefficients
by applying a matrix transformation based on one of an eigenvalue
based decomposition, a QR decomposition or a Cholesky
decomposition to a matrix function of the set of quasi-static
synthesis parameters and the set of dynamic parameters, in order

to obtain a rank reduction for the matrix function.

[0119] In Example 11, the subject matter of any one of Examples
8-10 can optionally include that the CE filter coefficient

generator is configured to split the matrix function into a first
part and a second part which isolate components of the RS signal

layers from components of the noise and interference layer.

[0120] In Example 12, the subject matter of any one of Examples
10-11 can optionally include that the CE filter coefficient
generator is configured to apply a rank reduction to the matrix
function based on the following relation:

1 1
(IL + AL(I)II) o (IL + AL(I)II) AL(I)IZ

n
1+A,@)" = . L
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where A, is an original rank eigenvalue matrix of the channel
autocorrelation matrix, A, is a reduced-rank eigenvalue matrix of

the channel autocorrelation matrix, and ® is a matrix depending
on a function of the channel autocorrelation matrix, the at least
one cross correlation vector, the cross modulation and the noise

and interference autocorrelation.

[0121] Example 13 is a method for generating a set of channel
estimation (CE) filter coefficients for a user equipment, the
method comprising: generating a set of quasi-static synthesis
parameters from a reference symbol (RS) time-frequency pattern and
a set of slowly changing channel parameters, wherein the set of
quasi-static synthesis parameters is derived from a channel
autocorrelation matrix and at least one cross-correlation vector,
and the set of slowly changing channel parameters is derived from
delay and Doppler power profiles of a physical channel; storing
the set of quasi-static synthesis parameters; generating a set of
dynamic CE filter coefficients based on the set of gquasi-static
synthesis parameters, and a set of dynamic parameters given by a
cross modulation between RS signals from different cells with
cell-specific modulations, and a noise and interference

autocorrelation.

[0122] In Example 14, the subject matter of Example 13 can

optionally include that generating the set of dynamic CE filter
coefficients is based on applying a rank reduction to a matrix
function of the channel autocorrelation matrix, the at least one
cross—-correlation vector, the cross modulation and the noise and

interference autocorrelation.

[0123] Example 15 is a computer readable non-transitory medium on

which computer instructions are stored which when executed by a
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computer, cause the computer to perform the method of one of

Examples 13-14.

[0124] In Example 16, the subject matter of Example 14 can
optionally include that applying the rank reduction transforms the
matrix function to a reduced-rank matrix function having a

reduced-rank of a small integer number.

[0125] In Example 17, the subject matter of Example 16 can
optionally include that the small integer number is one of 2 or

3.

[0126] Example 18 is a channel estimation (CE) filter coefficient
generator circuit, comprising: a parameter generator circuit,
configured to generate a set of first parameters based on a channel
autocorrelation and at least one cross-correlation of a reference
symbol (RS) time-frequency pattern received over a communication
channel, and based on delay and Doppler power profiles of the
communication channel; a memory configured to store the set of
first parameters; a filter coefficient generator circuit,
configured to generate a set of CE filter coefficients based on
the set of first parameters modified by a set of second parameters
which account for a cross modulation between RS signals from

different cells and a noise and interference autocorrelation.

[0127] In Example 19, the subject matter of Example 18 can
optionally include that the filter coefficient generator circuit
is configured to generate the set of CE filter coefficients for
each receive signal observation interval; and that the parameter
generator circuit is configured to generate the set of first
parameters based on multiples of the receive signal observation

interval.



WO 2017/153079 PCT/EP2017/051399
34

[0128] In Example 20, the subject matter of any one of Examples
18-19 can optionally include that a target cell reference signal
and at least one aggressor cell reference signal share at least

one resource element on the RS time-frequency pattern.

[0129] In Example 21, the subject matter of Example 20 can
optionally include that one cell reference signal and at least one
other cell reference signal are colliding on the RS time-frequency

pattern.

[0130] In Example 22, the subject matter of any one of Examples
18-19 can optionally include that each reference signal associated
with a particular cell is modulated by its own cell-specific

modulation.

[0131] In Example 23, the subject matter of Example 22 can
optionally include that the cell-specific modulations also

include a symbol rotation due to a time delay or a frequency shift.

[0132] In Example 24, the subject matter of any one of Examples
18-19 can optionally include that the filter coefficient generator
circuit is configured to generate the set of CE filter coefficients
to comprise a first subset of CE filter coefficients for estimating
a channel of a first cell, and at least one second subset of CE
filter coefficients for estimating a channel of at least one second

cell.

[0133] In Example 25, the subject matter of Example 24 can

optionally include that the filter coefficient generator circuit
is configured to generate the set of CE filter coefficients based
on a superimposition of an RS signal layer of the first cell, an
RS signal layer of the at least one second cell and a noise and

interference layer.
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[0134] In Example 26, the subject matter of Example 25 can
optionally include that in the case of dual-layer CE filter
coefficient generation, the filter coefficient generator circuit
is configured to generate the first subset of CE filter
coefficients as complex conjugates of the second subset of CE

filter coefficients.

[0135] In Example 27, the subject matter of Example 26 can

optionally include that the filter coefficient generator circuit
is configured to generate the set of CE filter coefficients based
on a matrix function of the set of first parameters and the set

of second parameters.

[0136] In Example 28, the subject matter of Example 27 can
optionally include that the filter coefficient generator circuit
is configured to apply a rank reduction to the matrix function to
obtain a reduced-rank matrix function of the set of first

parameters and the set of second parameters.

[0137] In Example 29, the subject matter of Example 28 can

optionally include that the filter coefficient generator circuit
is configured to apply a matrix transformation based on one of an
eigenvalue based decomposition, a QR decomposition or a Cholesky
decomposition to the matrix function to obtain the reduced-rank

matrix function.

[0138] In Example 30, the subject matter of Example 29 can

optionally include that the filter coefficient generator circuit
is configured to split the matrix function into a first part and
a second part which isolate components of the RS signal layers from

components of the noise and interference layer.
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[0139] Example 31 is a device for generating channel estimation
(CE) filter coefficients, the device comprising: means for
generating a set of first parameters based on a channel
autocorrelation and at least one cross-correlation of a reference
symbol (RS) time-frequency pattern received over a communication
channel, and based on delay and Doppler power profiles of the
communication channel; means for storing the set of first
parameters; means for generating a set of CE filter coefficients
based on the set of first parameters modified by a set of second
parameters which account for a cross modulation between RS signals

fromdifferent cells and a noise and interference autocorrelation.

[0140] In Example 32, the subject matter of Example 31 can
optionally include that the means for generating the set of CE
filter coefficients is configured to generate the set of CE filter
coefficients for each receive signal observation interval; and
that the means for generating the set of first parameters is
configured to generate the set of first parameters based on

multiples of the receive signal observation interval.

[0141] Example 33 is a system for generating channel estimation
(CE) filter coefficients, the system comprising: a first subsystem
configured to generate a set of first parameters based on a channel
autocorrelation and at least one cross-correlation of a reference
symbol (RS) time-frequency pattern received over a communication
channel, and based on delay and Doppler power profiles of the

communication channel; a second subsystem, configured to store the
set of first parameters; a third subsystem, configured to generate
a set of CE filter coefficients based on the set of first parameters
modified by a set of second parameters which account for a cross
modulation between RS signals from different cells and a noise and

interference autocorrelation.



WO 2017/153079 PCT/EP2017/051399
37

[0142] In Example 34, the subject matter of Example 33 can
optionally include that the third subsystem is configured to
generate the set of CE filter coefficients for each receive signal
observation interval; and that the first subsystem is configured
to generate the set of first parameters based on multiples of the

receive signal observation interval.

[0143] Example 35 is a synthesis system for generating a set of
dynamic channel estimation (CE) filter coefficients for a user
equipment, the synthesis system comprising: a synthesis parameter
generator, configured to generate a set of gquasi-static synthesis
parameters from a reference symbol (RS) time-frequency pattern and
a set of slowly changing channel parameters, wherein the set of
quasi-static synthesis parameters is derived from a channel
autocorrelation matrix and at least one cross-correlation vector,
and the set of slowly changing channel parameters are derived from
delay and Doppler power profiles of a physical channel; a memory
configured to store the set of quasi-static synthesis parameters;
and a CE filter coefficient generator, configured to generate a
set of dynamic CE filter coefficients based on the set of
quasi-static synthesis parameters, and a set of dynamic parameters
given by a cross modulation between RS signals fromdifferent cells
with cell-specific modulations, and a noise and interference

autocorrelation.

[0144] In Example 36, the subject matter of Example 35 can
optionally include that a target cell reference signal and at least
one aggressor cell reference signal share at least one resource

element on the RS time-frequency pattern.

[0145] In addition, while a particular feature or aspect of the
invention may have been disclosed with respect to only one of

several implementations, such feature or aspect may be combined
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with one or more other features or aspects of the other
implementations as may be desired and advantageous for any given
or particular application. Furthermore, to the extent that the
terms "include", "have", "with", or other variants thereof are
used in either the detailed description or the claims, such terms
are intended to be inclusive in a manner similar to the term
"comprise". Furthermore, it is understood that aspects of the
invention may be implemented in discrete circuits, partially
integrated circuits or fully integrated circuits or programming
means. Also, the terms "exemplary", "for example" and "e.g." are

merely meant as an example, rather than the best or optimal.

[0146] Although specific aspects have been illustrated and
described herein, it will be appreciated by those of ordinary skill
in the art that a variety of alternate and/or equivalent
implementations may be substituted for the specific aspects shown
and described without departing from the scope of the present
invention. This application is intended to cover any adaptations

or variations of the specific aspects discussed herein.
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CLAIMS

1. A synthesis device for generating a set of dynamic channel
estimation (CE) filter coefficients for a user equipment, the
synthesis device comprising:

a synthesis parameter generator, configured to generate
a set of quasi-static synthesis parameters from a reference symbol
(RS) time-frequency pattern and a set of slowly changing channel
parameters, wherein the set of quasi-static synthesis parameters
is derived from a channel autocorrelation matrix and at least one
cross-correlation vector, and the set of slowly changing channel
parameters are derived from delay and Doppler power profiles of
a physical channel;

a memory configured to store the set of quasi-static
synthesis parameters; and

a CE filter coefficient generator, configured to generate
a set of dynamic CE filter coefficients based on the set of
quasi-static synthesis parameters, and a set of dynamic parameters
given by a cross modulation between RS signals fromdifferent cells
with cell-specific modulations, and a noise and interference

autocorrelation.

2. The synthesis device of claim 1,
wherein a target cell reference signal and at least one
aggressor cell reference signal share at least one resource

element on the RS time-frequency pattern.
3. The synthesis device of claim 2,
wherein one cell reference signal and at least one other

cell reference signal collide on the RS time-freguency pattern.

4, The synthesis device of claim 1 or 2,
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wherein each reference signal associated with a

particular cell is modulated by its own cell-specific modulation.

5. The synthesis device of claim 4,
wherein the cell-specific modulations also include a

symbol rotation due to a time delay or a frequency shift.

6. The synthesis device of claim 1 or 2, comprising:

a controller, configured to control the CE filter
coefficients generator to generate the set of dynamic CE filter
coefficients based on at least one fast changing parameter of the
set of dynamic parameters which changes over one receive signal
observation interval and based on at least one slow changing
parameter of the set of slowly changing channel parameters which

changes over multiples of the receive signal observation interval.

7. The synthesis device of claim 6,

wherein the at least one slow changing parameter comprises
the channel autocorrelation matrix and the at least one cross
correlation vector; and

wherein the at least one fast changing parameter comprises
the cross modulation and the noise and interference

autocorrelation.

8. The synthesis device of claim 1 or 2,

wherein the CE filter coefficient generator is configured
to generate the set of dynamic CE filter coefficients comprising
a first subset of CE filter coefficients for estimating a channel
of a first cell, and at least one second subset of CE filter
coefficients for estimating a channel of at least one second cell,
considering all signal layers superimposed onto a received RS
signal which comprises an RS signal of the first cell, an RS signal

of the at least one second cell, and a noise and interference layer.
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9. The synthesis device of claim 8,

wherein, in the case of dual-layer CE filter coefficient
generation, the CE filter coefficient generator is configured to
generate the first subset of CE filter coefficients for estimating
the channel of the first cell as complex conjugates of the second
subset of CE filter coefficients for estimating the channel of the

second cell.

10. The synthesis device of claim 9,

wherein the CE filter coefficient generator is configured
to generate the set of dynamic CE filter coefficients by applying
a matrix transformation based on one of an eigenvalue based
decomposition, a QR decomposition or a Cholesky decomposition to
a matrix function of the set of quasi-static synthesis parameters
and the set of dynamic parameters, in order to obtain a rank

reduction for the matrix function.

11. The synthesis device of claim 10,

wherein the CE filter coefficient generator is configured
to split the matrix function into a first part and a second part
which isolate components of the RS signal layers from components

of the noise and interference layer.

12. The synthesis device of claim 10,

wherein the CE filter coefficient generator is configured
to apply a rank reduction to the matrix function based on the
following relation:

| |
(IL + AL(I)II) - (IL + AL(I)II) AD,

1+A,@) = . .

N-L
where A, is an original rank eigenvalue matrix of the channel

autocorrelation matrix, A; is a reduced-rank eigenvalue matrix of
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the channel autocorrelation matrix, and ® is a matrix depending
on a function of the channel autocorrelation matrix, the at least
one cross correlation vector, the cross modulation and the noise

and interference autocorrelation.

13. A method for generating a set of channel estimation (CE)
filter coefficients for a user equipment, the method comprising:
generating a set of quasi-static synthesis parameters
from a reference symbol (RS) time-frequency pattern and a set of
slowly changing channel parameters, wherein the set of
quasi-static synthesis parameters is derived from a channel
autocorrelation matrix and at least one cross-correlation vector,
and the set of slowly changing channel parameters is derived from
delay and Doppler power profiles of a physical channel;
storing the set of gquasi-static synthesis parameters;
generating a set of dynamic CE filter coefficients based
on the set of quasi-static synthesis parameters, and a set of
dynamic parameters given by a cross modulation between RS signals
from different cells with cell-specific modulations, and a noise

and interference autocorrelation.

14. The method of claim 13,

wherein generating the set of dynamic CE filter
coefficients is based on applying a rank reduction to a matrix
function of the channel autocorrelation matrix, the at least one
cross—-correlation vector, the cross modulation and the noise and

interference autocorrelation.

15. The method of claim 14,
wherein applying the rank reduction transforms the matrix
function to a reduced-rank matrix function having a reduced-rank

of a small integer number.
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lo. The method of claim 15,

wherein the small integer number is one of 2 or 3.

17. A computer readable non-transitory medium on which
computer instructions are stored which when executed by a
computer, cause the computer to perform the method of one of claims

13 to 1le.

18. A channel estimation (CE) filter coefficient generator
circuit, comprising:

a parameter generator circuit, configured to generate a
set of first parameters based on a channel autocorrelation and at
least one cross-correlation of a reference symbol (RS)
time-frequency pattern received over a communication channel, and
based on delay and Doppler power profiles of the communication
channel;

a memory configured to store the set of first parameters;

a filter coefficient generator circuit, configured to
generate a set of CE filter coefficients based on the set of first
parameters modified by a set of second parameters which account
for a cross modulation between RS signals from different cells and

a noise and interference autocorrelation.

19. The channel estimation (CE) filter coefficient generator
circuit of claim 18,

wherein the filter coefficient generator circuit is
configured to generate the set of CE filter coefficients for each
receive signal observation interval; and

wherein the parameter generator circuit is configured to
generate the set of first parameters based on multiples of the

receive signal observation interval.
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20. The channel estimation (CE) filter coefficient generator
circuit of claim 18 or 19,

wherein a target cell reference signal and at least one
aggressor cell reference signal share at least one resource

element on the RS time-frequency pattern.

21. The channel estimation (CE) filter coefficient generator
circuit of claim 20,

wherein one cell reference signal and at least one other
cell reference signal are colliding on the RS time-frequency

pattern.

22. A device for generating channel estimation (CE) filter
coefficients, the device comprising:

means for generating a set of first parameters based on
a channel autocorrelation and at least one cross-correlation of
a reference symbol (RS) time-frequency pattern received over a
communication channel, and based on delay and Doppler power
profiles of the communication channel;

means for storing the set of first parameters;

means for generating a set of CE filter coefficients based
on the set of first parameters modified by a set of second
parameters which account for a cross modulation between RS signals

fromdifferent cells and a noise and interference autocorrelation.

23. The device of claim 22,
wherein the means for generating the set of CE filter
coefficients is configured to generate the set of CE filter
coefficients for each receive signal observation interval; and
wherein the means for generating the set of first
parameters is configured to generate the set of first parameters

based on multiples of the receive signal observation interval.
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24. A system for generating channel estimation (CE) filter
coefficients, the system comprising:

a first subsystem configured to generate a set of first
parameters based on a channel autocorrelation and at least one
cross-correlation of a reference symbol (RS) time-frequency
pattern received over a communication channel, and based on delay
and Doppler power profiles of the communication channel;

a second subsystem, configured to store the set of first
parameters;

a third subsystem, configured to generate a set of CE
filter coefficients based on the set of first parameters modified
by a set of second parameters which account for a cross modulation
between RS signals from different cells and a noise and

interference autocorrelation.

25. The system of claim 24,

wherein the third subsystem is configured to generate the
set of CE filter coefficients for each receive signal observation
interval; and

wherein the first subsystem is configured to generate the
set of first parameters based on multiples of the receive signal

observation interval.



WO 2017/153079 PCT/EP2017/051399

119

100

Fig. 1



WO 2017/153079 PCT/EP2017/051399

2/9
200

ZS 202 ZS 204 ZS 206 g

synthesis 6 : ? : € coeffi-

parameter | synthet&s > coegllmept o) cients ﬁtCE

computation parameters synthesis W ilters
RS delay/ quasi-static 219 dynamic
cinflg Doppler ‘7/210 SINR D 214
) RC control . I/N multi-layer
< slowly changing ( fast changing
208 é 209 9

216 218



WO 2017/153079

300

3/9

PCT/EP2017/051399

311
8 310
=L =7
. W=
= =~
- p Fa—) RS layer 1
e~ 321
— = — 320
)
312/\ = > G
| o?/ RS layer 2
T —— 7 331
- = = / J 330
e v = G
2| e =2 =
N\ RS noise +
Q(Q- <
/' e P interference
/ — Fa—
Time P

Fig. 3



PCT/EP2017/051399

WO 2017/153079

4/9

=

<r
Ry
LL.
137 Ly
g€y Ley
_ uogenpow 1 HNIS _@ov
-$S010QY  [OA}OSaS
\.mx\_ GEY eey VeV g7y LCV o7y S = Py
T O O .ﬂ
[ pe=febosanr - «..:.-m ..... Fr— .:.n.:..:xn..i il mEeslk
| [ gy S gy gy g U Y “
- W [ INW [« NW [ |+ 2 - — “
“ : ol Inw y b | Inw o Pp _:ﬁE. vor | up| wioy A oy rl>_ym_p=cowp_mm
| m ﬁ: Hiw .ﬁsw@_ — -w:,mb 0y [ tpuoo e
NN O T 1 N L= 1P D e il =l
| . 0¥
x4 m.---A/\\ ..w,u\.-.t "mov €0y
| Oly _ 90Y
Gly mEL Ly
, 807 I\ \
1 1
14414 20%



WO 2017/153079 PCT/EP2017/051399

5/9

generating quasi-static synthesis
parameters

l

L 501
storing the synthesis parameters L 502
=

l

generating dynamic channel estimation
filter coefficients

503

Fig. 5



WO 2017/153079 PCT/EP2017/051399

6/9
600a 600b
SNR O dB SNR 10dB
£ 601 Ly L=1 e i
g 03 s wl=3| o g0
e 604 507Gy L=4 |1 = 604
= 605, 604 Lo 0.2le0s
w 0.2 400 605"y L=5 [ 1 606
= ey L=6| =
-10 -5 0 5 20 15 ~10 -5 0
a) QRD-based MSE [dB] b) QRD-based MSE [dB]
SNR 20 dB SNR 30 dB
0.4 o §
0.3 L
E £
% 0.3 %
B 02| oot I 0.2 s 601 /
! 603, %
w 603, (33 i B4 gfb g
O — o " oL ' i
-30 25 20 -15 -10 40 35 -30 -25 -20
c) QRD-based MSE [dB] d) QRD-based MSE [dB]
600d

600c

Fig. 6




WO 2017/153079 PCT/EP2017/051399

719
700a 700b
SNR 0 dB SNR 10 dB
e 01" 03
= 065y L=6 | =
o d L N T 0 sdiD. :
-10 -5 0 5 20 15 10 5 0
a) QRD-based MSE [dB] b) QRD-based MSE [dB]
SNR 20 dB SNR 30 dB
0.3 : . :
g 02 g <
g 3 |
£ z 102 1
W 01l [y 91 708,
) w 704,
= = 705,
G ; - . {} L b i "
30 25 200 15 -10 40 35 30 25 20
c) QRD-based MSE [dB] d) QRD-based MSE [dB]
700c 700d

Fig. 7



WO 2017/153079

real MAC (dynamic): T=1 (bold), T=2,3,4 (light)

800

C

8/9

PCT/EP2017/051399

x 10" Complexity: Dual-layer CE coefficient synthesis, dynamic SINR

2.5

e rodiiced L=1
e roduced L=2
s roduced L=3

\_ 801
\_ 802

\..803

smen. raciiicod L=4 4
e roduced L=5
e fll QORD &

1.5

“\_ 804
T\ 805
\_ 806

0.5

10
filterlength N

Fig. 8




WO 2017/153079

real MAC (dynamic): T=1 (bold), T=2,3,4 (light)

2.5

9/9

900

C

x 10" Complexity: Dual-layer CE coefficient synthesis, static SINR

PCT/EP2017/051399

— re;juceci L=1 t"\/ 901

m——— reduced L=2
e reduced L=3 j\\i 88%

X

e rocticed L=4 4’"\/ 904
e roduced L=5 r/\/ 905
womeme Ul QRD & \/ 906

A

i

1.5

0.5

filter length N

Fig. 9




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/051399

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4L25/02
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO4L

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A YIN HAIFAN ET AL:
in massive MIMO systems",

COMMUNICATIONS (ICC), IEEE,

XP032522053,

ISSN: 1550-3607, DOI:
10.1109/1CC.2013.6655031
[retrieved on 2013-11-04]
the whole document

"Decontaminating pilots
2013 TEEE INTERNATIONAL CONFERENCE ON
9 June 2013 (2013-06-09), pages

1-25

3170-3175,

Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

23 March 2017

Date of mailing of the international search report

03/04/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Baltersee, Jens

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/051399

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A JIANCHAO XIE ET AL: "A Tow complexity
channel estimation algorithm for massive
MIMO system",

2015 10TH INTERNATIONAL CONFERENCE ON
COMMUNICATIONS AND NETWORKING IN CHINA
(CHINACOM), IEEE,

15 August 2015 (2015-08-15), pages
702-707, XP032915200,

DOI: 10.1109/CHINACOM.2015.7498028

the whole document

1-25

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - wo-search-report
	Page 57 - wo-search-report

