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Method and Processing Arrangement for Joint Processing of Uplink Data

Field of the Invention

The invention relates to the field of signal processing in wireless
communication systems, and, in particular, to joint processing of uplink data
transmitted from user equipments to coordinated reception points in wireless

communication systems.

Background

This section introduces aspects that may be helpful in facilitating a better
understanding of the invention. Accordingly, the statements of this section are
to be read in this light and are not to be understood as admissions about what

is in the prior art or what is not in the prior art.

When performing joint processing (JP) of uplink coordinated multi-point trans-
missions (so-called COMP), one has to deal with multi-path propagations
leading to different timing / propagation delays to the different reception points
(e.g. base stations) of a COMP coordination cluster. If the difference of the
timing offsets due to the different propagation delays exceeds the length
reserved for the cyclic prefix in an Orthogonal Frequency Division Multiplex,
OFDM, transmission scheme, the joint processing of the uplink signals of
different COMP reception points (for example located in different base stations
(BS), such as enhanced NodeBs “eNBs”) in a single receiver is no longer

possible.

For this reason 3GPP has defined two different cyclic prefixes (CP), a normal

and an extended one. To allow for joint processing, the length of the extended
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cyclic prefix can be configured to allow for a corresponding maximum difference
of the timing offsets (delay spread) of the uplink radio signals received in the
different reception points. However, using such an extended cyclic prefix has
the disadvantage of generating an additional overhead, which reduces the
achievable overall uplink throughput. With the normal cyclic prefix, 14 OFDM
symbols can be used for the transmission within one sub-frame of the duration
of 1 ms. Using the extended cyclic prefix allows for only 12 OFDM symbols per
sub-frame. Using the extended cyclic prefix instead of the conventional cyclic

prefix thus results in a throughput reduction that amounts to about 20 percent.

Summary of the Invention

One aspect of the invention relates to a method for joint processing of uplink
data transmitted from at least one user equipment to a plurality of coordinated
reception points of a wireless communication system, the method comprising:
estimating and preferably compensating for individual propagation delays of
the uplink data transmitted from one of the user equipments to the coordinated
reception points, and compensating for a timing difference between a
propagation delay of a coordinated reception point which serves the user
equipment and at least one propagation delay of at least one coordinated
reception point which does not serve the user equipment for performing the
joint processing of the uplink data, wherein the step of compensating the timing
difference comprises modifying a channel matrix associated with uplink
channels from the at least one user equipment to the coordinated reception

points.

Typically, each user equipment is served with downlink data from only one so-
called “serving” reception point, a timing advance being provided for aligning
the timing of the user equipment to its serving reception point (in the following

also referred to as a cell). Thus, the propagation delay from a user equipment
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to its serving coordinated reception point may be compensated by adjusting, in
the time domain, the position of a processing window for performing a time-to-
frequency-domain transformation, in particular a Fast-Fourier-Transformation,
FFT, on symbols of the uplink data. A dedicated timing delay / offset estimation
within the layer1 processing of the serving cell may be used for this purpose.
However, when multiple user equipments have to be detected on the same
multiple access (time/frequency/code) resource over several cells by multiple-
input-multiple-output (MIMOQO) receiver strategies / multi-user detection, the

problem occurs that the timing of the cells may be different.

For overcoming this problem, the inventors propose to perform a timing offset
estimation also in the non-serving cells of the coordination cluster in order to
detect the correct timing of the sub-frames and OFDM symbols per user
equipment. Thus, the difference in the timing offsets / propagation delays
between different cells can be taken into account and can be used to modify
the channel matrix (per sub-carrier, see below) associated with the uplink
transmissions for taking the timing difference into account. In such a way, joint
processing may be performed even if the difference in the propagation delays
from one user equipment to different reception points exceeds the length of the
cyclic prefix being used in classical OFDMA-based systems. As this solution
compensates the propagation delay differences of COMP cells, a type of cyclic
prefix can be used that is appropriate for the multi-path propagation conditions,
disregarding the timing offset to the non-serving COMP reception points.
Hence, there is no need to increase the overhead when applying the COMP

reception scheme.

In one variant, the step of modifying the channel matrix comprises performing a
phase-shift on channel coefficients of the channel matrix associated with non-
serving coordinated reception points. By multiplying the phase into the MIMO
channel matrix of the composite COMP MIMO channel, a modified MIMO
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channel matrix may be generated which compensates for the difference of the

timing delays, thus allowing joint processing of the uplink data.

In an improvement of this variant, the step of modifying the channel matrix
further comprises modifying an amplitude of the channel coefficients of the
channel matrix associated with the non-serving coordinated reception points,
preferably by multiplying the channel coefficients with a real number smaller
than one. In particular when the difference between the propagation delays of
different reception points is large, the size of the processing window for
performing a time-to-frequency domain transformation (FFT) on the user data
from the non-serving reception points may be considerably reduced. The
influence of the reduced size of the processing window may be taken into
account by multiplying the corresponding channel coefficients of the channel
matrix with a factor smaller than one, the factor depending on the size

reduction of the FFT window.

In a further variant, the uplink transmissions from the at least one user
equipment to the coordinated reception points are performed in an orthogonal
frequency division multiplex, OFDM, transmission scheme, an individual chan-
nel matrix being preferably defined for each sub-carrier of the OFDM
transmission scheme. When using such a transmission scheme, typically, an
individual MIMO channel matrix is defined for each of the sub-carriers or for a
group of sub-carriers used for the uplink transmission of the same user

equipment.

In one improvement the method further comprises: performing a joint
calculation of receiver antenna weights for the plurality of user equipments, the
calculation being based on the modified cannel matrix. The modified MIMO
channel matrix allows using a single receive combining set of antenna weights

for all the antennas of the reception points, i.e. for the whole COMP cluster. It
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will be understood that several different receiver types may be used for
performing the joint processing, for example receivers of the minimum mean-

square error, MMSE, and/or successive interference cancellation, SIC, type.

In a further variant, the uplink data is transferred from the coordinated
reception points to a centralized unit for performing the joint processing, the
uplink data being preferably transferred in the form of time domain or of
frequency domain in-phase and quadrature—phase (IQ)-samples, in particular
together with information about the propagation delay from each user
equipment. In case of frequency domain IQ-samples, also the channel
coefficients have to be exchanged between the base stations. When each user
on its individual time-base (creating one FFT per user equipment and
performing COMP in a non-serving cell with individually matched timing) is
detected, the frequency domain IQ samples or soft bits can be transported over
the backhaul to a central point (usually the base station of the serving cell) for
performing the joint processing of the coordinated multipoint reception. It will be
understood that when transferring the uplink data as time domain 1Q samples,
the information about the timing offset is not required but may nevertheless be
present, whereas when transferring frequency domain IQ samples, typically
additional information about the propagation delay has to be transferred to the
centralized unit. Of course, the uplink data may also be transferred to the

centralized unit in another format, e.g. as soft bits or as decoded data.

In a further variant, the joint processing comprises: performing a joint time-to-
frequency domain transformation, in particular a Fast-Fourier-Transformation,
FFT, on time domain samples of the uplink data of a plurality of user
equipments having similar propagation delays to a common non-serving
reception point. When two or more user equipments are present which have a
similar distance from the same reception point, a joint FFT may be performed

for transforming time domain samples of the uplink data to frequency domain
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samples, thus reducing the overall number of FFTs being required for this
purpose, and consequently also the complexity of the calculations. It will be
understood that for this purpose, typically the user equipments will be grouped

into different sets, each having a similar propagation delay.

A further variant comprises choosing the repetition rate for estimating the
propagation delay in dependence of the speed of movement of the user
equipment. In particular, the rate for updating of the timing offset estimation
(and optionally the grouping as described above) may decrease with
decreasing mobility of the (mobile) user equipment, i.e. updates have to be
performed less often for slowly moving mobile stations than for rapidly moving
mobile users. One skilled in the art will appreciate that different types of user
equipment with different mobility characteristics may be used in the wireless

network, such as mobile phones, PDAs, Laptops, or also stationary equipment.

In one improvement, the joint processing comprises: performing a Fast-Fourier-
Transformation, FFT, on a number of time domain samples of the uplink data in
a processing window, the method preferably further comprising: shifting the
processing window by subtracting a discrete Fourier transform, DFT,
contribution for each sub-carrier of one or more time domain samples at one
end of the processing window and adding a discrete Fourier transform, DFT,
contribution for each sub-carrier of a corresponding number of time domain
samples at the other end of the processing window. One skilled in the art will
readily recognize that in the present case, the “processing window” is defined
in the frequency domain for a parallel processing of a number of samples

corresponding to adjacent sub-carriers of the OFDMA signal.

In the way described above, a further reduction of the number of necessary
FFTs for an OFDMA transmission scheme can be performed, as follows: For

processing a new set of samples having a FFT window which is just shifted (in
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the frequency domain) by one or by several samples with respect to a
previously processed set of samples, instead of processing a new FFT for the
new set of samples, it is proposed to add the DFT contribution per sub-carrier
of the one or more new sample values at one end of the FFT window and to
subtract the first sample value(s) of the previous FFT window. This concept can
also be combined with the concepts described above, e.g. first grouping the
user equipments according to their propagation delays, doing a FFT for each of
the groups and shifting the FFT window in the above-described manner until all
the user equipments of a particular group are covered, thus possibly requiring

to perform only one FFT for each group of user equipments.

One skilled in the art will appreciate that the method as described above may
also be realized in the form of a computer program product which may be
implemented in a suitable software or hardware, in particular a field program-
mable gate array (FPGA), an application-specific integrated circuit (ASIC), or a
digital signal processor (DSP). Of course, the computer program product may
also comprise a plurality of separate parts which may be arranged at different
locations. It will be understood that the method may in particular be
implemented in a suitable software or hardware of a receiver for performing the
joint processing, the latter possibly not performing the first step of estimating
the propagation delays, as it may receive the information about the estimation

from another physical entity together with samples of downlink data.

A further aspect of the invention is implemented in a processing arrangement
for joint processing of uplink data transmitted from at least one user equipment
to a plurality of coordinated reception points of a wireless communication
system, the processing arrangement being adapted to estimate and preferably
to compensate for individual propagation delays of the uplink data transmitted
from one of the user equipments to the coordinated reception points, the pro-

cessing arrangement being further adapted to compensate for a timing
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difference between a propagation delay of a coordinated reception point which
serves the user equipment and a propagation delay of at least one coordinated
reception point which does not serve the user equipment for performing the
joint processing of the uplink data, the processing arrangement being adapted
to compensate for the timing difference by modifying a channel matrix
associated with uplink channels from the at least one user equipment to the

coordinated reception points.

The processing arrangement as described above allows for performing COMP
using joint detection without having to increase the length of the cyclic prefix,
thus increasing the throughput. It will be understood that in the most simple
case, the processing arrangement may be implemented as a receiver for
performing the joint processing. However, it may also be possible that the
estimation and compensation of the propagation delay to the serving reception
point may be performed at a different location as the compensation of the

timing difference to the non-serving cells.

In one embodiment, the processing arrangement is adapted for compensating
the timing difference adapted for performing a phase-shift on channel
coefficients of the channel matrix associated with non-serving coordinated
reception points. The channel coefficients which are related to the non-serving
reception points typically correspond to the non-diagonal elements of the MIMO
channel matrix, whereas the diagonal elements of the MIMO channel matrix
represent channels between the user equipment and a respective serving

reception point.

In one improvement, the processing arrangement is further adapted for
modifying an amplitude of the channel coefficients of the channel matrix asso-
ciated with the non-serving coordinated reception points, preferably by multi-

plying the channel coefficients by a real number smaller than one. As described
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above, in this way, the influence of a size reduction of a processing window for
performing a FFT on the non-serving reception points may be taken into

account.

In one improvement, the processing arrangement is adapted to perform a joint
calculation of receiver weights for the plurality of user equipments, the cal-
culation being based on the modified channel matrix. The receiver weight
matrix may be derived from the modified channel matrix by performing matrix

calculations, as detailed further below.

In a further embodiment, the uplink data is transmitted from the at least one
user equipment to the coordinated reception points in an orthogonal frequency
division multiplex, OFDM, transmission scheme, and the processing arrange-
ment is preferably adapted to generate an individual channel matrix for each
sub-carrier of the OFDM transmission scheme. In this way, the transmission
properties for each sub-carrier of the frequency band of the ODFMA

transmission scheme may be optimized individually.

A further aspect is implemented in a base station comprising a processing ar-
rangement as described above. The base station may comprise a central unit
comprising a receiving device which is adapted for performing the joint
processing of the uplink data. In this case, the reception points may e.g. be
implemented as remote radio heads (RRHs) being arranged remotely from the
central unit and serving different sectors of the base station, or the base station
may be the serving reception point, the uplink data of further base stations,
forming the non-serving coordinated reception points, being transferred to the
serving base station e.g. via a backhaul network, the estimation of the
propagation delays of the non-serving reception points being performed in the

serving base station.
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Yet another aspect is implemented in a wireless communication network com-
prising at least one processing arrangement as described above. In this case,
the processing arrangement may comprise several physical entities which may
be located at different positions within the network. For example, the reception
points may correspond to base stations which are connected via a common
backhaul, e.g. packet-based (IP) network, the central unit being located in the
backhaul network. It may also be possible to transfer uplink data from the non-
serving reception points being located e.g. at different base stations, to the
serving reception point (serving base station), the serving base station then
performing the joint processing for the user equipment. It will be understood
that typically, the serving base station compensates for the propagation delay
e.g. in the way described above, and that the propagation delay of the other
base stations may be taken into account by an appropriate modification of the

channel matrix.

Further features and advantages are stated in the following description of
exemplary embodiments, with reference to the figures of the drawing, which
shows significant details, and are defined by the claims. The individual features
can be implemented individually by themselves, or several of them can be

implemented in any desired combination.

Brief Description of the Drawings

Exemplary embodiments are shown in the diagrammatic drawing and are

explained in the description below. The following are shown:

Fig. 1 shows a schematic diagram of an embodiment of a wireless

communication network,
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Fig. 2 shows a schematic diagram of uplink data from two user
equipments received in one of the base stations of the network of

Fig. 1, and

Fig. 3 shows a schematic diagram of the shifting of a FFT processing

window in the frequency domain.

Detailed Description of Preferred Embodiments

Fig. 1 shows a wireless communication network 1 which may be in compliance
with e.g. the Long-Term Evolution, LTE, standard, the WiMax standard, or
another wireless communication standard. The wireless communication
network 1 has a plurality of user equipments; however, for the sake of
simplicity, only a first and second user equipment UE1, UE2 are shown. The
first user equipment UE1 is served by a first base station BS,, and the second
user equipment UE2 is served by a second base station BSg of the network 1,
respectively. The term “serving” base station refers to the provisioning of
downlink data from the respective base station BS,, BSg to the user equipment
UE1, UE2, typically the serving base station being the one which is closest to
the served user equipment. Each base station BS,, BSg defines a cell, being

represented by a hexagon in Fig. 1.

The first and second user equipment UE1, UE2 transmit their respective uplink
data g(n), s(n) to both the first and to the second base station BSa, BSg,
respectively. The base stations BSa, BSg thus form coordinated reception
points for performing uplink coordinated multi-point transmission (COMP) and
are operatively connected to a centralized unit 2 for performing joint processing
(JP) of the uplink data, the centralized unit 2 being arranged at a remote
location, e.g. in a (high-speed) data network. Thus, the first and second base

stations BS,, BSg are coordinated, whereas a third base station BSc¢ of the
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network 1 does not form part of the COMP coordination cluster as defined by

the first and second base stations BS,, BSk.

One skilled in the art will appreciate that alternatively, the coordinated
reception points may be implemented as different sectors (corresponding e.g.
to remote radio heads, RRHs) of the same base station, a backhaul processing
unit of the base station serving as a centralized unit in this case (the
propagation delays of the uplink signal in the sectors being different e.g. due to

different multiple reflections.

It will be understood that, instead of performing the joint processing in the
centralized unit 2, it is also possible to perform the joint processing of the uplink
data originating from one user equipment in its serving base station or cell,
respectively. In this case, the data of the at least one non-serving base station
will be transferred to the serving base station, e.g. over a cable connection, a
data network, etc. as indicated by a dashed line in Fig. 1. In the latter case, the
base station BS, forms a centralized unit for performing joint processing of the
uplink data g(n) from the first user equipment UE1, and the second base station
BSg is used as a centralized unit for joint processing of the uplink data s(n)

from the second user equipment UE2.

In the following, time synchronicity and frequency synchronicity of the base
stations BSa, BSg and thus also frequency synchronicity of the uplink data g(n),
s(n) will be assumed. Further, it will be assumed that in each base station BS,,
BSg, the uplink data g(n), s(n) will be received in an individual time base which
is aligned to the propagation delay of the user equipment UE1, UE2 served by

the respective base station BS,, BSg.

For the first base station BSp, the received signal ra(t) is represented in Fig. 2,

showing in the upper part OFDM symbols ug(n), u4(n), ... of the uplink data g(n)
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from the first user equipment UE1 which is served by the first base station BSa.
The uplink data g(n), resp., the OFDM symbols ug(n), us(n) are time-aligned to
respective FFT processing window W1, covering only that part of the OFDM
symbols ug(n), uq(n) which does not contain the cyclic prefix. Thus, the signal
g(n) received from the served user equipment UE1 is in its optimum position for
decoding. An analogous time alignment is also performed for the uplink data
s(n) of the second user equipment UE2 which is received in the second base

station BSg (the respective signal not being shown for the sake of simplicity).

The lower part of Fig. 2 shows the OFDM symbols v.i(n), vo(n), ... of the uplink
data s(n) received from the second user equipment UE2 in the first base station
BSa. As can be seen from Fig. 2, the position of a FFT processing window W2
for processing the uplink data s(n) is shifted by a timing difference 1= t; — t,, the
latter being due to the different propagation delays from the first and second
user equipment UE1, UE2 to the first base station BSa. In a similar way, the
uplink data g(n) of the first user equipment UE1 is shifted by a timing difference
with respect to the optimum position of the FFT window. Consequently, when
performing joint processing of uplink data g(n), s(n) received in a common FFT
window which is time-aligned to the serving base station BS,, BSg, the
influence of the time shift of the signal g(n), s(n) received in the non-serving

base station BSg, BSa has to be taken into account.

In the following, with reference to Fig. 2, the steps will be given to calculate the
influence of the signal s(n) in OFDM symbol s¢(n) or of the respective sub-
carrier complex amplitude Sy(f= fi) at sub-carrier frequency fx on the FFT
window W1 if no time shifts of the receive signals ra(t) at base station BS, (or
rs(t) at base station BSg) are performed. For this purpose, the signal s(n)

received from UE2 depicted in the lower part of Fig. 2 will be analyzed.
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If one looks at the signal s(n) in a time-base starting at t;, the signal is

described by

Socp(n) *h, (1) =v,(n)

where socp(n) is the transmit signal from the first user equipment UE1 including

a cyclic prefix. In FFT window W2 the result from the FFT would be
So(f)'HzA(f)_

However, when performing a FFT on the signal s(n) using the FFT window W1,
the window function w(t) has to be taken into account. First, there is the
problem that not all sinusoids are contiguously in the window w(t) (which
introduces cross talk between the frequencies of Sy(f)). Second, even if this
would be the case, still because of the time windowing by w(t), in the frequency
domain there occurs a convolution with a window function W(f). If one ignores
the discontinuity in the time-base starting at t,, the windowed result is:
c;fl
Vo (1) %[, (1) * hy ()], ()

and

Vo) = [So (HDH,,(DI*W.(f)

Then, the result from that in FFT window W1 is

Vo(H)= {[So(f)HzA(f)]*VVT(f)}e_jzﬂﬁ.

Thus, for sub-carrier frequency fy, i.e. the value Vo(fx), not only the transmitted
sub-carrier amplitude Sy(fx), but also Sy(fv.1) and So(fc+1) are relevant (cross-
talk). So the decoupling that allowed that one sub-carrier frequency can be
detected with a linear equation system in that sub-carrier frequency fi only, is

no longer valid. Further, there is an additional influence from the previous
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OFDM symbol, that is from s.4(n), such that again, there is a coupling in time-

direction between the symbols.

If one ignores also this coupling and models the previous OFDM symbol part as
noise, cross-talk over neighboring sub-carriers is still present. If one also wants
to ignore this frequency coupling, one has for the resulting coefficients in FFT

window W1

[So (fOH (SO W.(f =0) e /2l .

That is, there is not only a phase factor but due to the windowing with partial
size there is also an amplitude change with a real factor W (f=0)< 1. This
contribution needs to be taken into account especially for larger shifts. It may
also influence the rank of the derived matrix that needs to be inverted, e.g. for

use in a MMSE reception algorithm, which will be detailed in the following.

The uplink COMP joint processing system 1 which is exemplarily illustrated in
Fig. 1 may be regarded as a composite MIMO system with an associated
channel matrix H, having a dimension corresponding to the number of receiver
antennas times the number of transmitter antennas, being a 2 x 2 matrix in the
present (simplified) example with two user equipments UE1, UE2 serving as
transmitters and two base stations BS,, BSg serving as receivers (and
supposing that each of these is only equipped with a single antenna). Thus, in

the present example, the channel matrix H is given by:

H:[}LIA th),
My oy

wherein the first row vector hia, hza is related to the first uplink data g(n)
transmitted from the first user equipment UE1 to the first and second base

station BSa, BSg, respectively, and the second row vector hqg, hys is related to
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second uplink data s(n), being transmitted from the second user equipment
UE2 to the first and second base stations BS,, BSg.

In the present example, the wireless communication network 1, more precisely
the user equipments UE1, UE2 and the base stations BSa, BSg, are adapted for
performing uplink transmissions in an orthogonal frequency division multiplex,
OFDM, transmission scheme, dividing the frequency band reserved for the
uplink transmission into a plurality of orthogonal sub-carriers. For such an
OFDMA transmission scheme, an individual channel matrix H may be defined

for each sub-carrier (or for a group of sub-carriers).

A receiver in the centralized unit 2 will jointly process the uplink data g(n), s(n)
from the user equipments UE1 and UE2 and may e.g. be devised as a linear
Minimum Mean Square Error, MMSE, receiver which calculates its weight

matrix

G- [glA 81 j _ (gi)
&4 & g

as a function of the channel matrix H (see below). The first row vector of the
weight matrix G is the complex antenna weight set used to decode the first
uplink data g(n) received from the first user equipment UE1, the second row
vector is the antenna weight set used to decode the second uplink data s(n)
received from the second user equipment UE2. The formula for the calculation
of the weight matrix G in dependence of the channel matrix H for the MMSE

receiver is given as follows:

G yse = (H H+0,71) 'HY

H
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wherein H" = H*" is the Hermitian conjugate of the matrix H, o, is the standard
deviation of the Gaussian noise due to the transmission, an the letter |

designates the identity matrix.

As described above, a timing advance for the propagation delay of the uplink
data g(n) to first user equipment UE1 may be implemented in the serving base
station BS, by shifting the processing window W1 of the time-to-frequency
transformation (FFT) accordingly, for example by using a timing offset
estimation within the layer1 processing of the serving base station BS,.
Likewise, a timing advance may be performed for the second uplink data s(n)
being received in the second base station BSg serving the second user

equipment UE2.

The above formula for calculating the receiver weight matrix G is however only
valid when both user equipments UE1, UE2 are processed on a common time
basis, using a joint Fast-Fourier-Transform. However, as outlined above, the
user equipment UE1 has a different distance to the first and to the second base
station BS,, BSg, respectively, and the propagation delay of the uplink data
g(n) from the first user equipment UE1 to the first and second base station BS,,
BSg will be different.

Thus, when multiple user equipments shall be detected on the same multiple
access (time/frequency/code) resource over several base stations BSa, BSg by
MIMO receiver strategies / multi-user detection, the problem occurs that the
timing between the uplink signals g(n), s(n) being received in the different base

stations BSa, BSg is completely different.

This problem may be mitigated in an OFDMA transmission system by using an
(extended) cyclic prefix that is large enough for the multi-path propagation plus

additional propagation differences of the multi-cell COMP system 1. However,
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using such an extended prefix will increase the overhead and thus reduce the

throughput of the system.

In order to avoid such an (extended) cyclic prefix, the timing for each user
equipment UE1, UE2 to its own serving base station BSa, BSg is controlled by
the timing advance in the way described above. For the uplink signals g(n), s(n)
from the user equipment UE1, UE2 which are received in the respective non-
serving base stations BSg, BSa, a separate timing offset / propagation delay
estimation is performed and their FFT processing window may be shifted by a
corresponding amount in order to be aligned with the individual symbol borders

of the user equipments UE1, UE2.

However, the different additional (uncontrolled) propagation delays to non-
serving base stations BSg, BSa for the first and second user equipment UE1
and UE2 have to be taken into account. The derivations above now allow one

to define a modified channel matrix:

_ ( h hy W, (f =0)exp(—j27f,T,, )]
el hIBVVrlB (f=0) eXp(—jzﬂfleB) th

The modified channel matrix Hnos may then be used for calculating the complex
weight matrix G in the centralized unit 2 (see below), the inter-symbol

interference being treated as noise.

For the aggregation of the uplink data s(n), g(n) from the different coordinated
reception points BS,, BSg to the centralized unit 2 (coordinator), several
options exist: For example, the uplink data s(n), g(n) may be transferred in the
form of time domain (1Q) samples to the centralized unit 2. One skilled in the art

will appreciate that 1Q samples correspond to the Quadrature Phase-Shift
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Keying (QPSK) modulation format, but that other modulation formats may be

used as well.

The timing offset estimation may be performed e.g. in the centralized unit 2.
Alternatively, each base station may perform a timing offset estimation for
searched user equipments and a calculation of the channel coefficients (in the
UE-specific time-base) on its own, and also perform the calculation of the

modified channel matrix.

Alternatively, the uplink data may be transferred as frequency domain I1Q
samples, in the form of soft bits or as decoded data to the centralized unit 2. It
will be understood that in any case, the uplink data UD1, UD2 may be
transferred to the centralized unit 2 together with information about the timing

offset / propagation delay.

In particular, when frequency domain 1Q samples are transferred, the steps for

multi-user detection may be as follows:

a) In each cell the served user equipments are time-adjusted by TA (timing
advance) commands,

b) for non-served user equipments, the timing is estimated to find the UE
time base. FFTs are performed for doing the channel estimation based
on demodulation reference symbols, DM RS, in this shifted time base.
The result is the set of channel coefficients per sub-carrier for this
timing, and

c) the frequency domain 1/Q samples from FFTs of the original time base
are exchanged together with non—served UE’s timing information and
channel coefficient information for these UEs, such that the receiving

base station can then calculate the modified channel matrix.
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Thus, for an optimized performance of a centralized weight processing in the
centralized unit 2, it is proposed to transfer the uplink data in the form of time or
frequency 1Q samples, taking into account the timing offset and the
corresponding phase shift per sub-carrier in the updated channel matrix Hmod,
and processing the receiver weights according to:

GMMSE =(H i H

2y\-1 gyH
mod mod+6n [) H

mod ?

i.e. by replacing the channel matrix H by the modified channel matrix Hpoq.

Those skilled in the art will appreciate that although the approach for
calculating the weight matrix G in dependence of the modified channel matrix
Hmoa has been described for the example of a MMSE receiver, this approach is

not limited to a specific receiver type, and may also be applied to other receiver

types.

In the following, several ways for reducing the computational complexity of the
present approach will be explained, the computational complexity in particular
being reduced by reducing the number of FFTs required for performing the

time-to-frequency transformation of the time domain samples of the uplink data.

First, a single joint FFT may be performed for a set of user equipments which
have roughly the same propagation delays to the non-serving base station,
resp. cell. For that purpose, the user equipments may be grouped into different
sets, each set comprising only user equipments having similar propagation

delay.

A further approach for complexity reduction may be to update the timing offset

estimation (and optionally the grouping as described above) in dependence of
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the velocity of the user equipments: For slowly moving mobile stations, updates

have to be performed less often than for high-speed mobile stations.

A further complexity reduction by reducing the number of necessary FFTs may
be achieved in the following way: After a FFT has been performed for a set of
time domain samples, e.g. samples ap to as being related to different sub-
carriers in a processing window W in the frequency domain, as shown in Fig. 3,
instead of performing another FFT for a processing window W’ being shifted by
two neighbouring time domain samples as, az it is proposed to add the
DFT(discrete Fourier transform) contribution per sub-carrier of the two new
sample values as, a; from the DFT sum and to subtract the first two sample
values ap, a| from the DFT sum, thus resulting in the processing of the samples

a, to ay in the shifted processing window W'.

The above approach is based on the fact that the DFT sum for the time-to-
frequency domain transformed sample ax of the k-th sub-carrier of the OFDMA

scheme can be written as:
N—1
N Ty A
Be= Y e TR g
~" L, J
:‘;:E‘
with k = 0,...,N — 1; wherein N represents the number of sub-carriers for which

the processing window is defined.

One skilled in the art will appreciate that using such an approach may result in
performing only a few FFTs and shifting the processing window in the above-
described manner for generating the other frequency domain samples ax. For
instance, it may be possible to group the user equipments UE1, UE2 according
to their propagation delays, to perform a FFT for each group of user equip-
ments UE1, UE2 and to shift the FFT window in the way described above until

all of the user equipments of a particular group are covered.
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In summary, by applying the approach described above, uplink coordinated
multi-point transmissions may be performed without having to enlarge the cyclic
prefix of the OFDMA scheme. Using the above approach thus avoids
increasing the overhead due to such a cyclic prefix extension, thus increasing
the spectral efficiency of the COMP scheme. It will be readily understood that
the approach described above may also be used in transmission schemes
being derived from the OFDMA scheme, for example in the so-called Single-
Carrier Frequency Division Multiple Access, SC-FDMA, transmission scheme,

being a linear pre-coded OFDMA scheme.

The above description of the preferred embodiments has been given by way of
example. From the disclosure given, those skilled in the art will not only
understand the present invention and its attendant advantages, but will also
find apparent various changes and modifications to the structures and methods
disclosed. The applicant seeks, therefore, to cover all such changes and

modifications as defined by the appended claims, and equivalents thereof.
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1.

New Patent Claims

Method for joint processing of uplink data (g(n), s(n)) transmitted from at
least one user equipment (UE1, UE2) to a plurality of coordinated
reception points (BSa, BSg) of a wireless communication system (1), the
method comprising:

estimating and preferably compensating for individual propagation
delays of the uplink data (g(n), s(n)) transmitted from one of the user
equipments (UE1, UE2) to the coordinated reception points (BSa, BSg),
and

compensating for a timing difference (t) between a propagation delay of
a coordinated reception point (BSa, BSg) which serves the user
equipment (UE1, UE2) and at least one propagation delay of at least
one coordinated reception point (BSg, BSA) which does not serve the
user equipment (UE1, UE2) for performing the joint processing of the
uplink data (g(n), s(n)), wherein the step of compensating the timing
difference comprises modifying a channel matrix (H) associated with
uplink channels from the at least one user equipment (UE1, UE2) to the
coordinated reception points (BSa, BSg) by performing a phase-shift on
channel coefficients (hqg, h2a) of the channel matrix (H) associated with
non-serving coordinated reception points (BSg, BS4), wherein

the step of modifying the channel matrix (H) further comprises modifying
an amplitude of the channel coefficients (h+g, h2a) Of the channel matrix
(H) associated with the non-serving coordinated reception points (BSg,
BSa),

. Method according to claim 1, wherein the step of modifying the

amplitude of the channel coefficients (hsg, h2a) Of the channel matrix (H)

80
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is performed by multiplying the channel coefficients (h4g, h2a) with a real

number smaller than one.

. Method according to claim 1, wherein uplink transmissions from the at

least one user equipment (UE1, UE2) to the coordinated reception
points (BSa, BSg) are performed in an orthogonal frequency division
multiplex, OFDM, transmission scheme, an individual channel matrix (H)
being preferably defined for each sub-carrier of the OFDM transmission

scheme.

. Method according to claim 1, further comprising: performing a joint

calculation of receiver antenna weights (G) for the plurality of user
equipments (UE1, UE2), the calculation being based on the modified

cannel matrix (Hvop)-

. Method according to claim 1, further comprising:

compensating the propagation delay from a user equipment (UE1) to its
serving coordinated reception point (BSa) by adjusting the position of a
processing window (W1) for performing a time-to-frequency-domain
transformation, in particular a Fast-Fourier-Transformation, FFT, on

symbols (uo(n), uq(n), ...) of the uplink data (g(n)).

. Method according to claim 1, wherein the uplink data (g(n), s(n)) is

transferred from the coordinated reception points (BS,, BSg) to a
centralized unit (2) for performing the joint processing, the uplink data
(g(n), s(n)) being preferably transferred in the form of time domain or of
frequency domain in-phase and quadrature—phase samples (ao to a;), in
particular together with information about the propagation delay from

each user equipment (UE1, UE2).

80
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. Method according to claim 1, wherein the joint processing comprises:

performing a joint time-to-frequency domain transformation, in particular
a Fast-Fourier-Transformation, FFT, on time domain samples of the
uplink data (g(n), s(n)) of a plurality of user equipments (UE1, UE2)
having similar propagation delays to a common non-serving reception
point (BSc).

. Method according to claim 1, further comprising: choosing the repetition

rate for estimating the propagation delay in dependence of the speed of

movement of the user equipment (UE1, UE2).

. Method according to claim 1, wherein the joint processing comprises:

performing a Fast-Fourier-Transformation, FFT, on a number of time
domain samples (ao to ay) of the uplink data (g(n), s(n)) in a processing
window (W), the method preferably further comprising: shifting the
processing window (W) by subtracting a discrete Fourier transform,
DFT, contribution for each sub-carrier of one or more time domain
samples (ao, a1) at one end of the processing window (W) and adding a
discrete Fourier transform, DFT, contribution for each sub-carrier of a
corresponding number of time domain samples (as, a7) at the other end

of the processing window (W).

10.Processing arrangement (BSa, BSg, 2) for joint processing of uplink data

(s(n), g(n)) transmitted from at least one user equipment (UE1, UE2) to a
plurality of coordinated reception points (BSa, BSg) of a wireless
communication system (1),

the processing arrangement being adapted to estimate and preferably to

compensate individual propagation delays of the uplink data (s(n), g(n))

80
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transmitted from one of the user equipments (UE1, UE2) to the
coordinated reception points (BSa, BSg), the processing arrangement
being further adapted to compensate a timing difference between a
propagation delay of a coordinated reception point (BSg, BSa) which
serves the user equipment (UE1, UE2) and a propagation delay of at
least one coordinated reception point (BSa, BSg) which does not serve
the user equipment (UE1, UE2) for performing the joint processing of the
uplink data (s(n), g(n)), the processing arrangement being adapted to
compensate the timing difference by modifying a channel matrix (H)
associated with uplink channels from the at least one user equipment
(UE1, UE2) to the coordinated reception points (BSa, BSg) by performing
a phase-shift on channel coefficients (hig, h2a) of the channel matrix (H)
associated with non-serving coordinated reception points (BSg, BSa), the
processing arrangement being further adapted for modifying an
amplitude of the channel coefficients (hsg, h2a) Of the channel matrix (H)

associated with the non-serving coordinated reception points (BSg, BSa).

.Processing arrangement according to claim 10, being adapted for

modifying the amplitude of the channel coefficients (h4g, h2a) Of the
channel matrix (H) by multiplying the channel coefficients (hg, h2a) with

a real number smaller than one.

12.Processing arrangement according to claim 10, adapted to perform a

joint calculation of receiver weights (G) for the plurality of user
equipments (UE1, UE2), the calculation being based on the modified

cannel matrix (Hvop)-

13.Processing arrangement according to claim 10, wherein the uplink data

(s(n), g(n)) is transmitted from the at least one user equipment (UE1,

80
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UE2) to the coordinated reception points (BSa, BSg) in an orthogonal
frequency division multiplex, OFDM, transmission scheme, and wherein
the processing arrangement is preferably adapted to generate an
individual channel matrix (H) for each sub-carrier of the OFDM

5 transmission scheme.

14.Base station (BSa, BSg) comprising a processing arrangement according

to claim 10.

10 15.Wireless Communication Network (1) comprising at least one processing

arrangement (BS,, BSg, 2) according to claim 10.
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