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1. Title of Invention

A User Selection Apparatus for a Mobile Communication

System

2. Detailed Explanation of the Invention

The present invention 1is in the field of communication
systems utilizing multiple-input-multiple-output (MIMO =
10 multiple-input-multiple-output) radio channels.

Development in mobile communications constantly seeks for
improvement of each user’s data rate and system capacity in
order to provide as many users as possible with high
15 qguality services. In a point to multipoint communication
system, as for instance the downlink of a mobile
communication system, a transmitter has the important task
of assigning resources such as time, frequency and space
components to the receivers under its coverage. If the
20 transmitter knows the channel of each user, multiple users
can be served at the same time and over the same frequency
multiplexing them in space. In a multipoint to point
communication system, as for example the uplink of a mobile
communication system, this task has to be accomplished by

25 the receiver.

In the following, analysis will be directed to the downlink,
application to the wuplink 1is straightforward. For this
purpose multiple antennas at a base station or access point
30  and at mobile users are employed which leads to the well-
known Multiple-Input-Multiple-Output systems. Here a MIMO-
system with K users and with M, antennas at the
transmitter and Mg, antennas at the k -th receiver is
considered. The &k -th user’s channel is described by the
35 matrix

M gy <M,
H eC .
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Assuming perfect knowledge o©f these matrices at the
transmitter a common optimization problem looked at is the
maximization of sum capacity. The optimum solution to that
problem can be found by iterative waterfilling, cf. in W,
Yu, Sum-Capacity Computation for the Gaussian Vector
Broadcast Channel, IEEE Transactions on Information Theory,
52:754-759, 2006, and in W. Yu, W. Rhee, S. Vishwanath, S.
Jafar, and A. Goldsmith, Sum Power Iterative Waterfilling
for Multi-antenna Gaussian Broadcast Channels, IEEE
Transactions on Information Theory, 51:1570-1580, 2005.

As an efficient non-iterative approach to this problem the
Successive Encoding Successive Allocation Method (SESAM =
Successive Encoding Successive Allocation Method) has been
proposed in P. Tejera, W. Utschick, G. Bauch, and J. A.
Nossek, Subchannel Allocation in Multiuser Multiple Input
Multiple Output Systems, IEEE Transactions on Information
Theory, 52:4721-4733, Oct. 2006, which is able to achieve
the optimum solution very closely. Both algorithms rely on
the principle of Dirty Paper Coding (DPC = Dirty Paper
Coding) M.H.M. Costa, Writing on Dirty Paper, ITEEE
Transactions on Information Theory, 29:439-441, May 1983,
which states that interference that is known when a certain
data stream 1is encoded can be perfectly canceled and the
maximum achievable rate of this stream is the same as if
that interference was not present. The practical
implementation of nearly optimum DPC, however, is

numerically involved.

Furthermore the complexity of both algorithms linearly
scales with the number of users, although the number of
users actually served is usually smaller or equal to the
number of transmit antennas. For this reason several user
selection algorithms have been proposed which select a
subset of users based on a simple criterion with which the
corresponding algorithms are executed. For the optimum
approach a user pre-selection method is presented in G.

Aniba and S. Aissa, Multi-User Capacity Maximization for
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MIMO Gaussian Broadcast Channels, In Proc. of International
Conference on Communications (ICC), 2006, which relies on
the Singular Value Decomposition (SVD = Singular Value
Decomposition) of the composed channel matrix and is
therefore rather complicated as well. The composed channel
matrix H contains the channel matrices of all users
stacked row-wise in one matrix. In case of 3 users for

example, the composed channel matrix is given by

Hl
H=|H,
H3

Correspondingly a lot of research has Dbeen conducted
regarding user selection, when only linear approaches such
as Block Diagonalization or Zero-Forcing Beamforming (ZFBF
= Zero-Forcing Beamforming) are used for the maximization
of sum rate, cf.

Q.H. Spencer, A.L. Swindlehurst, and M. Haardt, Zero-
forcing Methods for Downlink Spatial Multiplexing in
Multiuser MIMO Channels, IEEE Trans. on Signal Processing,
52(2):461-471, February 2004, and

G. Caire and S. Shamai, On the Achievable Throughput of
Multiantenna Gaussian Broadcast Channel, TEEE Transactions
on Information Theory, 49(7):1691-1706, July 2003.

G. Dimic and N.D. Sidoropoulos, On Downlink Beamforming
with Greedy User Selection, IEEE Transactions on Signal
Processing, 53(10):3857-3868, October 2005, discuss the
problem of simultaneous multi user downlink beam forming,
also called spatial interference cancellation. The authors
employ a transmit antenna array to create multiple antenna
beams directed towards the individual users, where they
seek to increase the throughput measured by a sum capacity
or a sum rate. The sum capacity or sum rate is determined
by accumulating the individual user capacities depending on
the individual user antenna diagrams and the corresponding

Cross interference introduced therewith. The authors
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investigate the case of having more users than transmit
antennas, which requires user selection. Optimal solutions
to this problem can be prohibitively complex for online
implementation at the base station. Other solutions may
capitalize on multi user diversity to achieve a significant
fraction of sum capacity at a lower complexity cost. The
authors analyzed the throughput performance in Rayleigh
fading of a sub-optimal greedy pre-coding based scheme and
propose a wuser selection method based on simple =zero-

forcing beam forming.

Further details can be found in J. Wang, D.J. Love, and M.
Zoltowski, User Selection for the MIMO Broadcast Channel
with a Fairness Constraint, In Proc. of IEEE International
Conference on Acoustics, Speech, and Signal Processing
(ICASSP), 2007, and further approaches for zero forcing are
disclosed in

T. Yoo and A. Goldsmith, On the Optimality of Multiantenna
Broadcast Scheduling Using Zero-Forcing Beamforming, IEEE
Journal on Selected Areas in Communications, 24(3):528-541,
March 2006, and

T. Yoo and A. Goldsmith, Sum-Rate Optimal Multi-Antenna
Downlink Beamforming Strategy Based on Clique Search, In
Proc. of Global Telecommunications Conference (GLOBECOM),
2005.

Z. Shen, R. Chen, J.G. Andrews, R.W. Heath, and B.L. Evans,
Low Complexity User Selection Algorithms for Multiuser MIMO
Systems with Block Diagonalization, IEEE Transactions on
Signal Processing, 54(9):3658 - 3663, September 2006,
disclose a pre-coding technique called block
diagonalization that eliminates inter-user interference in
downlink multi user multiple-input multiple-output systems.
The authors assume that all users have the same number of
receive antennas and utilize all receive antennas when
scheduled for transmission. The number of simultaneously
supportable users with block diagonalization is limited by

the ratio of the number of base station transmit antennas
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to the number of user receive antennas. In a downlink MIMO
system with a large number of users, the base station may
select a subset of users to serve in order to maximize the
total throughput. A brute-force search for the optimal user
set, however, 1is computationally prohibitive. The authors
propose two low complexity sub-optimal user selection
algorithms for multi user MIMO systems with block
diagonalization. Both algorithms try to select a subset of
users such that a total throughput is nearly maximized. The
total throughput is evaluated by accumulating the
individual user capacities or throughput. A first method
greedily maximizes the total throughput, whereas the second
criteria 1is based on channel energy. Both algorithms
disclosed use linear complexity and a total number of users
and achieve around 95% of the total throughput of the

complete search method in simulations.

Further details and further user selection approaches can
be found in M. Fuchs, G. Del Galdo, and M. Haardt, Low-
Complexity Space - Time - Frequency Scheduling for MIMO
Systems With SDMA, IEEE Transactions on Vehicular
Technology, 56:2775 - 2784, September 2007,

Q.H. Spencer and A.L. Swindlehurst. Channel Allocation in
Multi-user MIMO Wireless Communications Systems, In Proc.
of International Conference on Communications (ICC), 2004,
and

T.F. Maciel and A. Klein, A Convex Quadratic SDMA Grouping
Algorithm Based on Spatial Correlation, In Proc. of

International Conference on Communications (ICC), 2007.

For user grouping methods the difference in maximum sum
rate Dbetween an SDMA (SDMA = Space Division Multiple
Access) based approach employing DPC (DPC = Dirty Paper
Precoding) and TDMA (TDMA = Time Division Multiple Access)
can be considered. Subsuming users to be selected in a set

S, a user selection criterion reads as
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max,:z R, ipc — max Rk,su:l =maxg )

$ keS

s.L.IS|=N,

whereas the cardinality of S must be equal to a predefined

value N and R, ), denote the rates of user k achievable

with DPC. The maximum sum rate for TDMA is equal to the

maximum single-user rate R,,, which is the rate a user can

achieve 1if it receives all system resources.

Fig. 11 shows a state of the art scenario, where multiple
antennas are operated at a base station and a plurality of
mobile terminals are in the field. It can be seen that the
terminals which are in the field may also utilize multiple
antennas, establishing a MIMO radio channel. In the
following it is assumed that perfect channel knowledge 1is
given at, for example, a base station as well as at a
mobile terminal. This is shown in Fig. 11 by the arrow
indicating that perfect CSI (CSI = Channel State

Information) is available.

Fig. 12 shows a visualization of an applied objective
function g(S) for a two user scenario. The supportable rate
of user 1 is given on the abscissa and the supportable data
rate of user 2 is given on the ordinate. From Fig. 12 it
can be seen that user 1 can support a rate of 10 when
utilizing all resources by itself, respectively user 2 may
achieve a maximum data rate of 8 for the same case. Note
that no units are given in Fig. 12 with respect to the user
data rates, as the numbers here only serve as qualitative

measures, which also holds for the remainder.

Fig. 12 exhibits the objective function graphically for a
sample scenario with two users. The dashed line has a slope
of ~1. As it touches the capacity region at the point of

maximum sum rate, the value for the sum rate can be read
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off at the points of intersection with the axes. For
simplicity reasons, but not meant to be limiting,
considerations to single carrier systems are considered in

the following.

However, from the intersection point of the sum capacity in
the view graph with the dashed line, it is obvious that the
sum capacity of the system, i.e., when serving both users
at the same time on the same frequency utilizing spatial
channel separation, is higher than the supportable data

rate of the individual users.

It is the object of the present invention to provide a
concept for user selection in a mobile communication system
which achieves improved results in terms of sum capacity,

while having moderate complexity.

The object is achieved by user selection apparatus
according to claim 1 and a method for selecting a sub-group

of users according to claim 17.

The present invention is based on the finding that for a
given limited complexity higher system capacity or
transmission capacity or gain with respect to single user
rates can be achieved when simultaneously served users
utilize Dbalanced individual capacities or transmission
capacity measures. Moreover, in a MIMO scenario
computational complexity can be reduced if a smaller number
of users is taken into account. Therefore, embodiments of
the present invention may carry out a user pre-selection,
i.e. determining a pre-selection group out of all users,
which has less users and in which users are balanced to a
certain extent with respect to their individual
transmission capacities, single user rates, channel gains

etc.

In other words, it is a finding of the present invention

that, for a given complexity, when selecting users, de-
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selecting the best user, i.e., the user with the highest
channel gain, individual transmission capacity or highest
supportable transmission rate, can provide an advantage
with respect to the total transmission capacity or
transmission rate of simultaneously served users in a MIMO
scenario. This may be the case, if the best user has a much
higher channel gain, individual transmission rate or

transmission capacity than the second best user.

Embodiments of the present invention may provide the
advantage that a higher system capacity or combined
capacity may be achieved when taking into account a group
of users which are balanced with respect to their channel
gains, individual transmission rates, individual capacities
etc. Moreover, embodiments may provide the advantage that
sophisticated MIMO user selection and sub-channel
assignment algorithms may be carried out, since a pre-
selection may provide a smaller group of users, bringing
computational complexity of more sophisticated algorithms
to a feasible level. Advantages achieved by embodiments may
be two-fold, a system capacity may be increased since a
balanced group of users is taken into account and second,
the balanced group of users may have a cardinality, i.e.,
the number of users within the balanced group of users,
which allows for deployment of complex MIMO algorithms
further increasing a system’s capacity through better

utilization of the MIMC radio channels.

Embodiments may be carried out in a two phase manner. In a
first phase, a pre-selection group is determined from a
plurality of wusers, in which wusers are balanced with
respect to their channel gains on their MIMO radio channels.
In a further phase, a user selection or MIMO sub-channel
allocation algorithm may be carried out based on the pre-

selection group.

Other embodiments may employ an additional phase between

the pre-selection and the MIMO processing. In other words,
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once a balanced group of users has been found in a first
phase within the pre-selection group, a second phase or
selection may be carried out based on the pre-selection
group in order to determine an intermediate selection group.
The selection of the intermediate selection group may be
based on spatial properties of the MIMO channel. The third
phase, 1i.e., the actual complex MIMO processing may, in
these embodiments, be carried out based on the intermediate

selection group.

In other words, embodiments may start out from a large
number of users, 1i.e., the plurality of users. In a first
phase, a pre-selection group of users can be selected from
the plurality of users, wherein the users of the pre-
selection group utilize, to a certain extent, balanced
channel gains or individual user rates. The number of users
in the pre-selection group can be lower than the number of
users in the plurality of users. The number of users in the
pre-selection group may further be reduced to an
intermediate selection group. When reducing the pre-
selection group to the intermediate selection group,
spatial properties of the MIMO radio channels of the users
in the pre-selection group can be evaluated. In other words
the spatial compatibility of users within the pre-selection
group 1s evaluated, selecting a sub-set of users from the
pre-selection group which are, to a certain extent,
spatially compatible for the intermediate selection group.
The intermediate selection group may have less users than
the pre-selection group due to the de-selection of
spatially incompatible users. In a third phase, the complex
MIMO processing can be carried out with the reduced number

of users in the intermediate selection group.

Embodiments may therewith enable performance of complex
MIMO algorithms by choosing from a plurality of users,
having balanced and spatially compatible MIMO radio
channels.
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It is a further finding of the present invention that a

pre-selection group, which is smaller than the group of all

users, can be determined based on simple criteria, without

jeopardizing the system throughput. Moreover, pre-selection

may be carried out on the basis of multiple criteria, where

the determination of the subgroup for transmission from the

pre-selection

algorithm,

for

group

example,

may utilize a m

taking into

ore

sophisticated

account spatial
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embodiments may carry out a user grouping aiming at the

maximum gain obtainable by spatially multiplexing several

users. Therefore users

served Dby

approaches

iterative

such

that e.q.

maximum sum rate and the maximum rate one of the selected

waterfilling, S

ESAaM

the difference

selected for transmission may be

or similar

between the

users could achieve with the totally available transmit

power or transmission resources becomes a maximum.
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algorithms imply a large computational complexity,
especially as they employ DPC. In many practical scenarios
one can therefore not afford to serve all users by these
algorithms. Nevertheless in embodiments for some users
employing these algorithms may remain still affordable,
while the other users are separated by simpler approaches
as Time Division Multiple Access. In embodiments the extra
effort invested in the more complicated algorithms should
therefore lead to an optimized, 1in some cases even maximum
gain in sum rate compared to a scenario where only one user

is served at the same time on the same frequency.
Embodiments of the present invention may comprise a user
selection method aiming at identifying the users which lead
to the maximum or at least to an optimized increase in sum
rate compared to TDMA when spatial multiplexing algorithms
for example employing Dirty Paper Coding are applied.
Embodiments provide the advantage that they may ideally
lead to a maximum, they may provide gain in sum rate under
given computational constraints. Embodiments may enable a

scaled complexity.

In the following, more detailed embodiments will be

described using the accompanying figures, in which

Fig. la shows an embodiment of a user selection apparatus;

Fig. 1b shows another embodiment of &a user selection

apparatus;

Fig. 1lc shows an embodiment of a selector;

Fig. 1d shows another embodiment of a selector;

Fig. 2a shows an embodiment of a method for user selection;

Fig. 2b shows an embodiment of a method for pre-selection;
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Fig. 2c shows an embodiment of a method for selection;

Fig. 3a shows a view graph illustrating the sum capacity

for a scenario with two users having large channel gains;

Fig. 3b shows a view graph illustrating the sum capacity

for a scenario with two users having a small channel gain;
Fig. 4a shows a view graph illustrating the sum capacity
for a scenario with two wusers having strong spatial

separation;

Fig. 4b shows a view graph illustrating the sum capacity

for a scenario with two users having no spatial separation;

Fig. 5a shows a view graph illustrating the sum capacity

for a scenario with two users having balanced channels;

Fig. 5b shows a view graph illustrating the sum capacity

for a scenario with two users having unbalanced channels;

Fig. 6a shows a view graph illustrating simulation results

on the average sum capacity for a two user scenario;

Fig. 6b shows a view graph illustrating simulation results

on the average sum capacity in a four user scenario;

Fig. 7 shows a simulation scenario;

Fig. 8 shows a view graph illustrating simulation results

for the average gain;

Fig. 9 shows another simulation scenario;

Fig. 10 shows a view graph illustrating simulation results

on the average gain;
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Fig. 11 shows a state of the art MIMO scenario; and

Fig. 12 shows a view graph illustrating the sum capacity in

a conventional two user scenario.

Fig. la shows a user selection apparatus 100 for being
operative in a mobile communication system and for
selecting a sub-group of users from a plurality of users
for transmission, a user being adapted for communicating
through a multiple-input-multiple-output (MIMO = Multiple-
Input-Multiple-Output) radio channel. The user selection
apparatus 100 comprises a pre-selector 110 for de-selecting
a user having a transmission capacity measure which 1is
higher than a transmission capacity measure of another user
by a predetermined amount to obtain a pre-selection group
not 1including the de-selected user, such that the pre-
selection group comprises two users having two transmission
capacity measures which are equal or different from each
other by 1less than the pre-determined amount. The user
selection apparatus 100 further comprises a processor 115
for determining the sub-group of users for transmission

based on the MIMO radio channels.

In embodiments the pre-determined amount can be relative or
absolute. The pre-selector 110 can be adapted for
determining the transmission capacity measure in terms of a
highest achievable data rate of a user’s spatial sub-
channel of the MIMO radio channel. The pre-selector 110 may
be adapted for determining a transmission capacity measure
by evaluating a singular value decomposition of a user’s
MIMO radio channel matrix representing the user’s MIMO
radio channel, wherein the pre-selector 110 can be adapted
for determining the transmission capacity measure in terms
of the highest singular value of a user’s MIMO radio
channel matrix. In another embodiment the pre-selector 110

can be adapted for determining the transmission capacity
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measure in terms of a Frobenius norm of a user’s MIMO radio

channel matrix representing the user’s MIMO radio channel.

In further embodiments the pre-selector 110 may be adapted
for sorting the wusers according to their transmission
capacity measures and for comparing a user’s transmission
capacity measure to another user’s transmission capacity
measure, the other user having the next lower or the next
higher transmission capacity measure within the plurality
of users. The pre-selector 110 can be further adapted for
evaluating a quotient of the user’s transmission capacity
measure and the other user’s transmission capacity measure
against a pre-determined threshold, wherein the pre-
selector 110 can be adapted for de-selecting the user from
the pre-selection group if the quotient exceeds the
threshold in case the other wuser has the next lower
transmission capacity measure and for de-selecting the user
from the pre-selection group if the quotient is below the
threshold in case the other wuser has the next higher
transmission capacity measure. Generally different
thresholds may be used in dependence on whether the users
are sorted in ascending or descending order or whether de-
selection 1is started with the high capacity/rate user or

with the low capacity/rate users.

The pre-selector 110 can be adapted for determining the
users of the pre-selection group by selecting from the
plurality of users a predetermined number of users having
limited differences in their transmission capacity measures
on their MIMO radio channels and having the highest
transmission capacity measures with limited differences
within the plurality of users. The pre-selector 110 may de-
select a user with a highest transmission capacity measure
on the MIMO radio channel if the difference between the
highest transmission capacity measure and the second
highest transmission capacity measure exceeds the pre-

determined amount.



10

15

20

25

30

35

(49) JP 2010-4528 A 2010.1.7

The pre-selector 110 may, in embodiments, be adapted for
determining a pre-selection group having a predetermined
number of users. Moreover, the pre-selector 110 can be
adapted for determining the users of the pre-selection
group by selecting from the plurality of users, the pre-
determined number of users having a limited difference in
their transmission capacity measures on their MIMO radio
channels and having the highest transmission capacity
measure within the plurality of users fulfilling both of

these conditions.

In other words, the best user, i.e., the user with the
highest transmission capacity measure, may not be selected
for the pre-selection group and therewith not for
transmission, because its transmission capacity measure 1is
so much higher than the transmission capacity measure of a
second highest user, i.e., the pre-selector is adapted for
selecting from the group of all users, a pre-selection
group in a way, such that the balance between the users
fulfils a certain requirement, i.e., the differences in the
transmission capacity measures of the users in the pre-

selection group undergo a certain limit.

Therewith, the pre-selector 110 is adapted tc choose a
group from all users having balanced channels, preferably

the group with the highest transmission capacity measures.

In further embodiments, as shown in Fig. 1b, the user
selection apparatus 100 may comprise a selector 120 for
selecting users from the pre-selection group for an
intermediate selection group based on a spatial property of
the MIMO radio channels of the users of the pre-selection
group, which is different from the transmission capacity
measure, and the processor 115 can be adapted for
determining the sub-group of users for transmission based
on the MIMO radio channels of the users of the intermediate

selection group.
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In embodiments the selector 120 can be adapted for
selecting users from the pre-selection group for the
intermediate selection group according to a combined
transmission capacity and/or spatial compatibility of the
users of the intermediate selection group. The selector 120
may be adapted for selecting for the intermediate selection
group a user from the pre-selection group, for which the
users of the intermediate selection group have a higher
combined transmission capacity measure than a user with the
highest transmission capacity measure from the pre-

selection group.

Fig. lc shows an embodiment of a selector. The selector 120
can be adapted for selecting users from the plurality of
users for the intermediate selection group of users wherein
the spatial compatibility corresponds to a combined
transmission capacity measure of the users of the
intermediate selection group. The selector 120 can be

adapted for selecting from the plurality of users

comprising a first user having a MIMO radio channel H,, a
second user having a MIMO radio channel H, and a third
user having a MIMO radio channel H,, and for evaluating a
first combined transmission capacity measure C_, (S), based
on H,, a second combined transmission capacity measure
Cyn(S), based on H,, a third combined transmission capacity
measure C, (S), based on H,, a fourth combined transmission
capacity measure C,,(S), based on H, and H, , a fifth
combined transmission capacity measure C,,(S), based on H,
and H; , a sixth combined transmission capacity measure
Con(S)y; based on H, and H, and a seventh combined
transmission capacity measure C,,(S), based on H,, H, and

H,, and for selecting for the intermediate selection group
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S the combination of users with the highest combined

transmission capacity measure.

According to Fig. 1d, the selector 120 can be adapted for
evaluating a first combined transmission capacity measure
of a first user of the intermediate selection group and a
second non-selected user, and for evaluating a second
combined transmission capacity measure of the first user of
the intermediate selection group and a third non-selected
user, and for selecting the second user for the
intermediate selection group 1if the first combined
transmission capacity measure 1is higher than the second
combined transmission capacity measure and for selecting
the third wuser for the intermediate selection group

otherwise.

The selector 120 may select a predetermined number ﬁw of
users from the pre-selection group for the intermediate
selection group S, where the MIMO radio channel of a user
k 1s represented by a MIMO radio channel matrix H, and

wherein for the users of the intermediate selection group

S a determinant

2 HlH,

keS

is optimized or maximized based on permutations of Lﬂ users

from the pre-selection group. In other words, the spatial
compatibility measure may be based on the determinant

above.
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It is a further aspect of the present invention that the
spatial compatibility of users can be evaluated in terms of
their MIMO radio channel matrices representing their MIMO
radic channels. For a certain combination of users, the
combined transmission capacity measure may in embodiments
be based on a determinant of an accumulated matrix,
accumulating channel energy matrices of the combination of

users.

In other words, if a MIMO radio channel matrix of a user is
known, a channel energy matrix can Dbe determined by
multiplying the complex conjugate transpose with the matrix
itself. The result will deliver on the diagonal energies
within the spatial sub-channels of the MIMO radio channel.
The off-diagonal elements will determine a measure of the
cross coupling or cross talk between said channels. The
determinant of such a matrix will provide a measure
determining the relation between channel energy and cross
talk between the sub-channels. When accumulating multiple
such matrices, for example by simple addition, the
determinant will provide a measure on the energy in the
combined sub-channels in relation to the cross talk of the
combined sub-channels. In other words, when accumulating
said channel energy matrices for a combination of users,
the determinant of said matrix may provide a measure on
their spatial compatibility, i.e., the relation of energy
in the sub-channels and the cross-talk involved, also being
a measure on the spatial separability of the multiple

spatial sub-channels in the combined MIMO radio channel.

Embodiments may utilize a combined transmission capacity
measure in terms of evaluating accumulated energy matrices
of combinations of users. Embodiments therewith provide the
advantage that the spatial compatibility can be evaluated
in a less complex manner than, for example, with
conventional concepts utilizing singular value or Eigen
value decompositions and projections of individual users’

MIMO radio channel matrices. By choosing a combination of
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users, which have a good or even the highest spatial
compatibility, high capacity can be achieved by carrying
out a more complex MIMO sub-channel or user selection
algorithms on the basis of said combination, i.e., on the
basis of the intermediate selection group with a reduced

number of users compared to the number of available users.

In further embodiments the selector 120 can be adapted for
selecting for the intermediate selection group S users &k
from the pre-selection group S for which a combined
transmission capacity in terms of a sum capacity C_,(S),

according to

I1+> HH, e
keS MRx,kN

with EEALmksﬁlﬁ

keS

}hn C,n(S)=log,

or an estimated sum capacity C,,(S) according to

sum

I+) H/'H, Mt
keS MR,y,kN

with ZMRM >M, , or

keS

th Csum (S) ~ 10g2

P
I+ HIH "™
2 H; “M, N

keS Rx k

Coun(S) = log, for P, <o,

is optimized or maximized, where M, , denotes a number of
receive antennas of user k, P, is the transmit power, H,

represents the MIMO radio channel matrix of user k, I is
an identity matrix, N represents the cardinality of S and
M, ~denotes the number of transmit antennas used for

transmission.
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Moreover, the selector 120 can be adapted for selecting a
user 7z(l) for the intermediate selection group S having a
MIMO radio channel represented by a MIMO radio channel
matrix H, , having a highest Frobenius norm of the users of

A

the pre-selection group § according to

n(l)=arg n}ax”Hk“F .
keS

The selector 120 may add a user (i) from non-selected
users k for the intermediate selection group S for which
an increase 1in sum capacity or estimated sum capacity

AC,,,(Suk) is the strongest, according to

z(i) =argmax AC,,, (SUKk),

sum
keS\S

whereas

AC,, (SUk)=C

Sum

(SVk)-C,,(S),

and the sum capacity C,_, (S) is determined according to

sum

@

X

. _ H
Jim C,,,,(S)=log|I + > H['H,

keS MkaN
with > M, <M,

keS

or an estimated sum capacity C,,(S) according to

sum

)

X

I+>HIH
Z M N

with EM,M >M, , or

keS

th Csum (S) & logZ

Crum (S) ~ logZ

P,
I+> H!'H, Vﬁ

keS Rx .k

for P, <,

where M, ,h denotes a number of receive antennas of user k,
P, 1is the transmit power, H, represents the MIMO radio

channel matrix of user k, I is an identity matrix, N
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represents the cardinality of § and M, denotes a number

of transmit antennas used for transmission.

In embodiments the processor 115 can be adapted for
processing the MIMO radio channels of the users of the pre-
selection group or of the intermediate selection group to
obtain processed MIMO radio channels and for determining
the sub-group of users for transmission based on a spatial
property of the processed MIMO radioc channels of the users

of the pre-selection group or of the intermediate selection

group.

The processor 115 is adapted for selecting users from the
pre-selection group or from the intermediate selecticn
group for the sub-group based on SESAM (SESAM = Successive
Encoding Successive Allocation Method).

Fig. 2a shows a flowchart illustrating an embodiment of a
method for selecting a sub-group of users from a plurality
of users for transmission in a mobile communication system,
a user being adapted for communicating through a MIMO radio
channel, comprising the steps of de-selecting 200 a user
having a transmission capacity measure which is higher than
a transmission capacity measure of another user by a
predetermined amount to obtain a pre-selection group not
including the de-selected user, such that the pre-selection
group comprises two users having two transmission capacity
measures which are equal or different from each other by
less than the pre-determined amount. The method further
comprises a step of determining the sub-group of users for

transmission based on the MIMO radio channels.

In further embodiments the method can further comprise an
optional step of selecting 250 users, indicated by the
dashed box in Fig. la, from the pre-selection group for an

intermediate selection group of users based on a spatial
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property of the MIMO radio channels of the users of the
pre-selection group, which is different from the
transmission capacity measure and wherein the step of
determining refers to determining the sub-group of users
for transmission based on the MIMO radio channels of the

users of the intermediate selection group.

As shown in Fig. 2b, in further embodiments the step of de-
selecting 200 may comprise the steps of receiving 205 a
pre-determined size of the pre-selection group and sorting
210 the plurality of users according to the Frobenius norms
or the single user rates of their MIMO radio channel
matrices representing their MIMO radioc channels in
decreasing order. The step of de-selecting 200 may further
comprise steps of including 215 all users in the pre-
selection group and comparing 220 the Frobenius norm or the
single user rate of the user with the highest Frobenius
norm or the highest single user rate from the pre-selection
group with the Frobenius norm or single user rate of the
user having the second highest Frobenius norm or the second

highest single user rate from the pre-selection group.

Moreover, steps of de-selecting 225 the user with the
highest Frobenius norm or the highest single user rate from
the pre-selection group and returning to the step of
comparing 220 if the highest Frobenius norm or the highest
single user rate is higher than a factor « multiplied by
the second highest Frobenius norm or the second highest
single user rate of the user from the pre-selection group
and de-selecting 230 users with the lowest Frobenius norms
or the lowest single user rates from the pre-selection

group to match the pre-determined size may be comprised.

Once a pair of users is found, not overshooting the factor
@ , the method in the present embodiment comprises a step
230 of de-selecting users with the lowest Frobenius norms

or single user rates, i.e., from the back of the sequence,
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from the pre-selection groups in order to match the pre-

determined size received in step 205.

According to Fig. 2c the step of selecting 250 can comprise
the steps of receiving 255 a pre-determined size of the
intermediate selection group and selecting 260 the user
having the highest Frobenius norm or the highest single
user rate from the pre-selection group. Furthermore, steps
of evaluating 265 a capacity or a sum increase for non-
selected users in the pre-selection group on the basis of
the selected users in the intermediate selection group and
selecting 270 the user with the highest capacity or the
highest sum rate increase for the intermediate selection
group may be comprised. Furthermore, a step of returning to
the step of evaluating 265 until the size of the
intermediate selection group has reached the pre-determined

size of the intermediate selection group can be comprised.

Please note that other embodiments may utilize other
transmission capacity measures, or sort the users in
increasing order, or Jjust choose from the users in
different ways. The present embodiment is not to be

interpreted limiting in any way.

An optimum solution of (1.1) may require an exhaustive

search over all possible sets S . In a scenario with X

users that would require to search for the best set amongst
N possible sets. Clearly it 1is infeasible in practical

systems and counteracts the desired aim of complexity
reduction. Before explaining another embodiment in detail
three factors that influence the objective function g(S)
shall be introduced. Although the following illustrations
will address the case of K=2 users, the statements given

hold for an arbitrary number of users.
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Certainly in a group with users having large channel gains,
the potential gains of spatial multiplexing of users is
higher. By “channel gains” it is referred to a transmission
capacity measure, e.g. to the Frobenius norms of the MIMO

channel matrices H, representing the MIMO radio channels

of a user k, denoted by "Lqm:, which indicate the overall

energy of the channel, cf. Z. Shen, R. Chen, J.G. Andrews,
R.W. Heath, and B.L. Evans, Low Complexity User Selection
Algorithms tfor Multiuser MIMO Systems with Block
Diagonalization, IEEE Transactions on Signal Processing,

54(9):3658 - 3663, September 2006.

Alternatively in embodiments the single-user rates Ry
which are the maximum transmission rates one wuser can
achieve, 1if it receives all transmission resources on its
own, may serve as transmission capacity measure for the
channel gains. Fig. 3a and Fig. 3b show two view graphs
illustrating the sum capacity in a scenario involving two
users. For Fig. 3a it is assumed that the two users both
have large channel gains, i.e., high transmission capacity
measures. For Fig. 3b it 1is assumed that the two users
considered have small channel gains, 1i.e., rather low
transmission capacity measures. Figs. 3a and 3b exhibit two
scenariocs, where the channels of the users 1 and 3 have the
same singular vectors but different singular values.
Correspondingly the channels of users 2 and 4 differ only
in the singular values. Singular values may in embodiments
be considered as channel gains or transmission capacity
measures. In Fig. 3 the capacity region and the region
achievable with TDMA are plotted. Although the maximum
single wuser rate also becomes higher with increasing
channel gain, the difference between this rate and the sum
rate obtainable when both users are served simultaneously

also increases.
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Another aspect to be taken into account when evaluating the
sum capacity is the spatial alignment of the users’ radio
channels. Selecting the users for § according to the
largest Frobenius norms or equivalently according to the
largest single-user rates as proposed in H. Viswanathan, S.
Venkatesan, and H. Huang, Downlink Capacity Evaluation of
Cellular Networks With Known-Interference Cancellation,
JEEE Journal on Selected Areas in Communications,
21(6):802-811, June 2003 is a simple method for
preselection but it completely fails 1if the channels of the
users with the largest channel gains are strongly spatially

aligned.

Fig. 4a and Fig. 4b show two view graphs, illustrating the
sum capacity 1n a two user scenario when their spatial
separation 1is high, see Fig. 4a, respectively when their
spatial separation 1is evanescent, i.e., when they are
spatially aligned, see Fig. 4b. Fig. 4b shows an extreme
case, where the ranges of the two users channels completely
overlap. Furthermore the right singular vectors of the
users have been chosen identically. Hence spatial
separation of the users is not possible and the capacity
region coincides with the TDMA rate region. On the other
hand large gains are possible, if the users’ channels are
not spatially aligned, i.e. the range of one user’s channel
completely 1lies 1in the nullspace of the other user’s
channel, as shown in Fig. 4a. In this case the two users do
not interfere with each other and both users can fully
benefit from their channel gains. Therefore the spatial
alignment of the users’ radio channels can be identified

as a second factor of influence for the sum capacity.

Another factor to be taken into account for the sum
capacity is the balance of the users’ radio channels. The
factors of influence mentioned so far also play a crucial
role in grouping algorithms for zero forcing approaches.
The next criterion, namely the balance of the users’

channels is more specific to the objective function 2(8) .
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By balance of channels it is referred to the ratio of the
Frobenius norms of the users’ channels, where in
embodiments the Frobenius norms may serve as transmission

capacity measures.

Figs. 5a and 5b show two view graphs illustrating the sum
capacity in a two user scenario, wherein Fig. 5a shows the
sum capacity for a scenario where the two users have
balanced channels, i.e., both users have similar channel
gains or transmission capacity measures. Fig. 5b
illustrates the case where the two users in the scenario
have very different channel gains, i.e., unbalanced

channels or unbalanced transmission capacity measures.

An unbalanced scenario is shown in Fig. 5b. User 3 has a
much larger channel gain than user 4, which implicitly
leads to a larger single-user rate for this user. In such
an unbalanced scenario the point of maximum sum capacity
lies close to or, as in the example depicted in Fig. 5b,
even on the point, where the user with the largest channel
gain obtains all available system resources. That is
because a shift of resources to other users leads only to
marginal gains, whereas the losses for the strongest user
involved therewith are more harmful for sum capacity. On
the other hand for users with similarly large channel gains
the point of maximum sum rate is likely to lie far apart
from a corner point, where one user receives all system
resources. That implies a potential for higher gains in sum

rate.

From the factors of influence described in the previous
sections it can be observed that gains and balance of the
channels can be determined relatively easy, while the
spatial alignment of the channels cannot be computed as
simple as the Frobenius norms or transmission capacity
measures. Furthermore to check the latter property for each
combination of users new computations are required, while

for the other properties it suffices to compute the scalar
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Frobenius norms as transmission capacity measures once for

every user and compare them to find an appropriate group.

This fact is the motivation for a two-phase user grouping
embodiment. In phase I of the embodiment, e.g. carried out
by the pre-selector 110, users are sorted out according to
the simple criteria, in phase II of the embodiment, e.g.
carried out by the selector 120, the subgroup for
transmission, i.e. to be served, with SDMA based approaches
employing DPC is selected from the reduced set or the pre-
selection group of users obtained in phase I by a more
complicated search. In the following the two phases of the

embodiment will be detailed.

In phase I the aim is to find a set or pre-selection group

A

S containing candidate users for the group of users to be
served with SDMA. In order to control the complexity of the

following phase it is proposed to predefine the cardinality

A

of §, whereas AE$q<K] One can select

A

S

=N in embodiments

which skip phase IT. First the Frobenius norms of all
users’ channels ‘VQHF can be computed and sorted e.g. in

descending order. In the present embodiment beginning with
the user with the largest Frobenius norm or transmission

capacity measure it is checked whether

4],

AE g, (1.2)
|l

where a denotes a predefined threshold and it is assumed
that 7 indices the Frobenius norms in decreasing order. If
(1.2) holds, user i is not excluded from the set and the
test is stopped, otherwise this user is excluded and the
test 1s continued with user i+1. (1.2) therefore excludes
or de-selects users which have much larger channel gains
than the other users and therefore tries to avoid the case
of unbalanced channels. Afterwards the desired size of the

~

set § pre-selection group is achieved by removing the



10

15

20

25

30

35

(62) JP 2010-4528 A 2010.1.7

users with the smallest Frobenius norms according to the
first factor of 1influence. Similarly embodiments may

A

additionally remove users from § until the smallest
Frobenius norm in S is larger than l/a or another factor
times the second smallest Frobenius norm. Optiocnally a
different factor may be used. In this case S will have

less users than originally planned.

In the following the second phase, phase II, of the
embodiment will be illuminated, which may be carried out by
the selector 120. In this phase the spatial comparability
of the users is checked and the final set § 1is selected.
As a measure for compatibility the figures proposed e.g. in
M. Fuchs, G. Del Galdo, and M. Haardt. Low-Complexity Space
-Time - Frequency Scheduling for MIMO Systems With SDMA,
IEEE Transactions on Vehicular Technology, 56:2775 - 2784,
September 2007, or

T.F. Maciel and A. Klein, A Low-Complexity SDMA Grouping
Strategy for the Downlink of Multi-User MIMO Systems, In
Proc. of IEEE International Symposium on Personal, Indoor
and Mobile Radio Communications (PIMRC), 2006,

are not considered for this embodiment as those are
intended for linear zero-forcing approaches. In the present
empodiment an estimation for the sum capacity at high SNR
from J. Lee and N. Jindal, High SNR Analysis for MIMO
Broadcast Channels, Dirty Paper Coding Versus Linear
Precoding, IEEE Transaction on Information Theory, 53:4787-
4792, 2007, is rather taken into account.

Besides the spatial correlations between the users this
formula also takes into account that DPC can be employed at
the transmitter and that therefore it is not solely relied
on orthogonalities between the signal spaces of the users
in the set. As the transmit power P, goes to infinity, the

sum capacity C,,(S) can be computed according to
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P,
I+ H/H, —*—

keS Rx k

FlimCmm(S)zlog2 (1.3)

with Y M, <M., (1.4)

keS

5 alternatively an estimated sum capacity may be evaluated by

P
I+ H'H, —&—
keS MRX,kN

with ZMRX’,( >M, , or

keS

Plim Cs'um (S) ~ lOgZ

10 C...(S)=log, for P, <w,

P,
I+ HI'H, —
> H| SV

keS Rx k

where M, , denotes the number of receive antennas of user

k and I denotes the identity matrix. Hence at high SNR the
15 optimum covariance matrices in the dual uplink become

scaled identity matrices.

When the conditions of (1.4) are not met or at medium SNR,
(1.3) constitutes a good approximation according to the
20 above estimation for the sum capacity in embodiments,
according to

J. Lee and N. Jindal, High SNR Analysis for MIMO Broadcast
Channels, Dirty Paper Coding Versus Linear Precoding, IEEE
Transaction on Information Theory, 53:4787-4732, 2007.

25

Figs. 6a and 6b show view graphs illustrating simulation
results. Fig. 6a depicts simulation results on the average
sum capacity in a two user scenario, and Fig. 6b
illustrates similar simulation results in a four user
30 scenario. Both view graphs show the average sum capacity

versus the user SNR (SNR = Signal-to-Noise-Ratio).
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Figs. 6a and 6b show a comparison of the estimated sum
Capacity with the Sato bound in a system with K=2 users,

M, =4 transmit antennas and M, =2 receive antennas (for

k=1,2 ). The capacities have been averaged over 10000
spatial indoor Non-Line-of Sight (NLOS = Non-Line-of Sight)
scenarios which have been created according to the WINNER
(WINNER = Wireless World Initiative New Radio) channel
model D.S. Baum et al, Final Report on Link Level and
System Level Channel Models, Technical report, IST-2003-
507581 WINNER D5.4 v. 1.0, 2005.

When (1.4) is fulfilled, as in Fig. 6a, the estimation fits
the real capacity quite well on average already at medium
SNR. In case cf 4 users with 2 receive antennas, when the
condition (1.4) is not fulfilled, the error becomes larger,
nevertheless the two curves show the same behavior. For
pre-selection purposes, 1i.e. to find the pre-selection
group best suitable for SDMA, this approximation will be
enough in some embodiments. In order to avoid the
inaccuracies associated with not fulfilling (1.4),

empbodiments may also compute the SVDs of the channels

rank(H, )
- H
H, = Z O i Vi,

i=1

and consider each product okyﬁ as separate channel. These
equivalent channels result from applying the left singular
vectors as receive filters. However, this imposes
additional computational complexity, as the SVDs of the
users’ channels are required, whereas possible improvements

are low.

(1.3) may still be to complicated to perform an exhaustive
search for the best set S within S in some practical

environments. Embodiments may therefore carry out a
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successive enlargement of the set or intermediate selection
group S as follows. The first user in the set, denoted as
n(l1) , can be the user with maximum Frobenius norm in the

A

pre-selection group S, i.e.

7(l)=argmax|H,| . . (1.5)
keS

In each of the consecutive steps the user is added to the
subgroup § which leads to the strongest increase in
estimated sum capacity. The i-th user 1is therefore

determined according to

z(i)y=argmax AC__ (SUk),

" sum
keS\S

whereas

AC,, (SUK)=C

Sunt

(§Vk)-C,,(S).

Afterwards § 1is updated according to S=Sun() . In order
to compute C,.(S) in each step the final power allocation
is used, i.e. the factor 1/N remains in (1.3). Note, that
therefore as long as § contains less than N users, C,,(S)
may not be an estimation of the sum capacity achievable
with the given transmit power. The algorithm is finished
after N steps, when the subgroup S exhibits the desired

cardinality.

In the following simulation results will be presented. For
the simulations the WINNER channel model D.S. Baum et al,
Final Report on Link Level and System Level Channel Models,
Technical report, IST-2003-507581 WINNER D5.4 v. 1.0, 2005
whereas a single carrier system is used. The bandwidth
equals 132 KHz and a transmitter with M, =4 antennas is
placed in the center of a 120mx120m indoor scenario. For
the first simulation 30 users have been randomly placed in
this area. Each user operates M, ,6 =2 receive antennas and
no Line-of-Sight to the transmitter. Fig. 7 exhibits a

sample scenario. Fig. 7 illustrates a simulation scenario,
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where a base station BS utilizing four antennas indicated
by stars 1s located in the center of the scenario. In Fig.
7, crosses indicate the 30 users equally distributed over a
120mx120m indoor NLCS (NLOS = None-Line-of Sight) scenario.

Fig. 8 shows a view graph illustrating simulation results
of the average gain versus the SNR of a user. The view
graph indicates four different graphs exhaustive search
(indicated by dashed line and crosses), reduced exhaustive
search according to an embodiment (indicated by solid line
and crosses), proposed approach according to an embodiment
(indicated by solid line and asterisks) and Frobenius norm
according to an embodiment (phase 1 only, indicated by

solid line and triangles).

In Fig. 8 the gain g(S) averaged over 1500 random scenarios
is shown. The gain 1is measured as the difference in sum
rate achievable with SESAM and the maximum single-user rate
within § . For phase I the cardinality of the set of the
=15 and the
threshold « has been chosen to be a=30. The cardinality

A

pre-selection group S has been set to IS

of the final set or intermediate selection group S has
been equal to the number of +transmit antennas, i.e.
‘SM=A4”=:4. The curve labeled by “Reduced exhaustive search”
shows the gain achievable 1f the wuser n(l) determined
according to (1.5) is forced to be in the set §, i.e. the
exhaustive search 1is only conducted to find the three
further users to be served with SESAM together with user
z(l) in this embodiment.

Hence the difference between exhaustive search and the
embodiment is mainly due to the fact that the embodiment
may choose the first user in a heuristic but simple manner.
If this user is part of S, the embodiment leads to the
same performance as the reduced exhaustive search. The
lowest curve shows the gains achievable when the user
Sl=N , 1.e. phase 1II 1is
completely skipped. Apart from the ratio test (1.2), this

grouping 1s conducted with
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algorithm is similar to the one presented by H. Viswanathan,
S. Venkatesan, and H. Huang, Downlink Capacity Evaluation
of Cellular Networks With Known-Interference Cancellation,
IEEE Journal on Selected Areas in Communications,
21(6):802-811, June 2003, where the users are selected

according to the strongest single-user rates.

Next, scenarios are considered where the users are highly
spatially aligned. Fig. 9 illustrates another simulation
scenario, with the base station BS in the center and users
gathered in two clusters, namely cluster #1 and cluster #2.
Cluster size 1is 20mx20m and 10 users are equally
distributed within the clusters. From Fig. 9 can be seen
that users being located in different clusters have a good
spatial separation, while users located in the same cluster
are almost spatially aligned. 20 users are randomly placed
into two clusters centered at (-50m, 50m) and (100m, 30m),
whereas the transmitter defines the center of the
coordinate system. For each scenario the users have been
randomly placed in a square of size 20mx20m around these
center points. Fig. 9 exhibits a sample scenario. The
resulting gains in sum rate averaged over 5000 clustered

scenarios are shown in Fig. 10.

Fig. 10 shows a view graph illustrating simulation results
of the average gain over the SNR of a user. Five graphs are
shown in Fig. 10, exhaustive search (indicated by dashed
line with cross), reduced exhaustive search according to an
embodiment (indicated by solid line with cross), proposed
approach according to an embodiment (phase II only,
indicated by solid 1line with circle), proposed approach
according to an embodiment (phase I and phase II, indicated
by solid 1line with asterisk) and Frobenius norm based
according to an embodiment (phase I only, indicated by
solid line with triangle).

Fig. 10 also shows simulation results where phase I 1is
completely skipped according to an embodiment (indicated by
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solid line with circles), i.e. ‘§%=20. This algorithm leads
to the best performance without an exhaustive search,
whereas it 1s only slightly above the embodiment with
lS%zN). Applying phase I only leads to severe performance

degradation.

Embodiments of the present invention allow to establish
advanced spatial assignment algorithms as, for example,
SESAM in a MIMO communication scenario, at a reasonable
complexity. Embodiments have the advantage, that spatial
algorithms requiring high processing performance can be
carried out on a pre-selected group of users, which is
smaller than the group of all users potentially available
for transmission. Embodiments of the present invention
therewith enable implementation of sophisticated spatial
multiplexing or MIMO algorithms, increasing system capacity,
and increasing user satisfaction. Moreover, since
embodiments of the present invention may enakle provision
of higher rate and higher quality services, embodiments may
also contribute to enhancement of the service portfolio in

mobile communication systems.

In general, the computational complexity of sum capacity
approaching multiuser MIMO transmission techniques
increases with the number of users. Thus, in highly loaded
systems, the computational burden when considering all
users for transmit signal processing, is often too high. In
such cases, embodiments of the present invention provide
the advantage that it is possible to group users, e.g.
through a pre-selection and apply the numerically involved
algorithms only to users of a pre-selected group, i.e. the

subgroup for transmission, separately.

Embodiments of the present invention can combat the problem
of finding an appropriate group of users to be served with
complex transmit signal processing algorithms. Embodiments
may perform user grouping or user pre-selection such that
the computational effort for these algorithms leads to the
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maximum possible gain in sum rate compared to simpler
approaches, where no Dirty Paper Coding is used.
Embodiments may carry out two phases. First, a pre-
selection of users may be made based on computationally
efficient criteria derived e.g. from the Frobenius norms of
the channels, while the final, computationally more
expensive or involved selection of the subgroup of users
which are actually selected for transmission can be
performed with the reduced amount of users by embodiments

of the present invention.

Depending on certain implementation requirements of the
inventive methods, the inventive methods can be implemented
in hardware or 1in software. The implementation can be
performed using a digital storage medium, in particular a
flash memory, a disc, a DVD or a CD having electronically
readable control signals stored thereon, which cooperate
with a programmable computer system such that the inventive
methods are performed. Generally, the present invention is
therefore a machine readable carrier with a program code
being operative for performing the inventive methods when
the computer program product runs on computer or processor.
In other words, the inventive methods are, therefore, a
computer program having a program code for performing at
least one of the inventive methods when the computer

program runs on a computer Or a Processor.
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List of Reference Signs

100 User Selection Apparatus
110 Pre-selector
120 Selector

200 De-selecting
205 Receiving
210 Sorting

215 Including
220 Comparing
225 De-selecting
230 De-selecting

250 Selecting
255 Receiving
260 Selecting
265 Evaluating
270 Selecting
275 Comparing

JP 2010-4528 A 2010.1.7
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Claims

1. A user selection apparatus (100) for being operative in
a mobile communication system and for selecting a sub-group
of users from a plurality of users for transmission, a user

being adapted for communicating through a multiple-input-

multiple-output (MIMO = Multiple-Input-Multiple-Output)
radio channel, the user selection apparatus (100)
comprising:

a pre-selector (110) for de-selecting a user having a
transmission capacity measure which is higher than a
transmission capacity measure of another user by a
predetermined amount to obtain a pre-selection group not
including the de-selected user, such that the pre-selection
group comprises two users having two transmission capacity
measures which are equal or different from each other by

less than the pre-determined amount; and

a processor (115) for determining the sub-group of users

for transmission based on the MIMO radio channels.

2. The user selection apparatus (100) of claim 1, wherein
the pre-selector (110) 1is adapted for determining the
transmission capacity measure in terms of a highest
achievable data rate of a user’s spatial sub-channel of the
MIMO radio channel and wherein the pre-determined amount is

relative or absolute.

3. The user selection apparatus (100) of claim 1 or 2,
wherein the pre-selector (110) is adapted for determining a
transmission capacity measure by evaluating a singular
value decomposition of a user’s MIMO radio channel matrix
representing the user’s MIMO radio channel, wherein the
pre-selector (110) is adapted for determining the
transmission capacity measure in terms of the highest

singular value of a user’s MIMO radio channel matrix.
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4. The user selection apparatus (100) of one of the claims
1 to 3, wherein the pre-selector (110) is adapted for
determining the transmission capacity measure in terms of a
Frobenius norm of a wuser’s MIMO radio channel matrix

representing the user’s MIMO radio channel.

5. The user selection apparatus (100) of one of the claims
1 to 4, wherein the pre-selector (110) is adapted for
sorting the users according to their transmission capacity
measures and for comparing a user’s transmission capacity
measure to another wuser’s transmission capacity measure,
the other user having the next lower or the next higher
transmission capacity measure within the plurality of

users.

6. The user selection apparatus (100) of claim 5, wherein
the pre-selector (110) is adapted for evaluating a quotient
of the user’s transmission capacity measure and the other
user’s transmission capacity measure against a ©pre-
determined threshold, wherein the pre-selector (110) is
adapted for de-selecting the user from the pre-selection
group 1f the quotient exceeds the threshold in case the
other user has the next lower transmission capacity measure
and for de-selecting the user from the pre-selection group
if the quotient is below the threshold in case the other

user has the next higher transmission capacity measure.

7. The user selection apparatus (100) of one of the claims
1 to 6, wherein the pre-selector (110) is adapted for
determining the users of the pre-selection group by
selecting from the plurality of users a predetermined
number of wusers having limited differences in their
transmission capacity measures on their MIMO radio channels
and having the highest transmission capacity measures with

limited differences within the plurality of users.

8. The user selection apparatus (100) of one of the claims

1 to 7 further comprising a selector (120) for selecting
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users from the pre-selection group for an intermediate
selection group based on a spatial property of the MIMO
radio channels of the users of the pre-selection group,
which is different from the transmission capacity measure,
and wherein the processor (115) is adapted for determining
the sub-group of users for transmission based on the MIMO
radio channels of the users of the intermediate selection

group.

9. The wuser selection apparatus (100) of one of the
claims 1 to 8, wherein the selector (120) is adapted for
selecting users from the pre-selection group for the
intermediate selection group according to a combined
transmission capacity and/or spatial compatibility of the

users of the intermediate selection group.

10. The user selection apparatus (100) of claim 9, wherein
the selector (120) 1is adapted for selecting for the
intermediate selection group a user from the pre-selection
group, for which the users of the intermediate selection
group have a higher combined transmission capacity measure
than the wuser with the highest transmission capacity

measure from the pre-selection group.

11. The wuser selection apparatus (100) of «claim 10,

wherein the selector (120) is adapted for selecting a
predetermined number 'S‘ of users from the pre-selection
group for the intermediate selection group S, wherein the

MIMO radio channel of a user k is represented by a MIMO

radio channel matrix H, and wherein for the users of the

intermediate selection group § a determinant

2 HH,

keS
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is optimized or maximized based on permutations of ﬁ1 users

from the pre-selection group.

12. The user selection apparatus (100) of one of the claims
1 to 11, wherein the selector (120) 1is adapted for
selecting for the intermediate selection group S users &
from the pre-selection group S for which a combined
transmission capacity in terms of a sum capacity C,,(S),

according to

I+ H[H, Fi
keS MRx,kN

with > M, <M,

keS

Plim C.,..(8)=log,

or an estimated sum capacity C_, (S) according to

sunt

I+> H[H, b
keS MkaN

with ZM,M >M,, , or

keS

th Csum (S) ~ logz

I+Y H'H, I

Coun(S) ~ log
2 keS MkaN

for P, <o,

is optimized or maximized, where M, , denotes a number of

receive antennas of user k, P, is the transmit power, H,
represents the MIMO radio channel matrix of user k, I 1is
an identity matrix, N represents the cardinality of S and
M, ~ denotes the number of transmit antennas used for

transmission.

13. The user selection apparatus (100) of one of the claims
1 to 12, wherein the selector (120) is adapted for
selecting a user #(l) for the intermediate selection group
S having a MIMO radio channel represented by a MIMO radio
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channel matrix H , having a highest Frobenius norm of the

~

users of the pre-selection group S according to

m(l)=arg r?ax“HkHF .
keS

14, The user selection apparatus (100) of claim 13, wherein
the selector (120) is adapted for adding a user n(i) from
non-selected users k& for the intermediate selection group
S for which an increase in sum capacity or estimated sum

10 capacity AC

sum

(SUk) is the strongest, according to

(i) =argmax AC,

keS\S

(SVk),

sum

whereas

AC,, (Suk)=C

sum

(SUR)=Cop(S),

15 and the sum capacity C, (S) is determined according to

sum

I+ Z H'H, B
keS MRx,kN

Wlth Z MI(’x,k < MTx

keS

Sum

Plim C,.(S)=log,

20 or an estimated sum capacity C,, (S) according to

Sum

I+> H'H, =
ke8 MRx,kN

with ZM,M >M, , or

keS

Plll’l’l Csum (S) ~ ]ng

I

C.vum (S) ~ 10g2

I1+> H'H,

keS8 Rx k

for P, <o,

25
where M, k6 denotes a number of receive antennas of user k,
P, 1is the transmit power, H, represents the MIMO radio

channel matrix of user k£, I is an identity matrix, N
represents the cardinality of S and M, denotes a number
30 of transmit antennas used for transmission.
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15. The wuser selection apparatus (100) of one of the
claims 1 to 14, wherein the processor (115) is adapted for
processing the MIMO radio channels of the users of the pre-
selection group or of the intermediate selection group to
obtain processed MIMO radio channels and for determining
the sub-group of users for transmission based on a spatial
property of the processed MIMO radic channels of the users
of the pre-selection group or of the intermediate selection

group.

16. The user selection apparatus (100) of claim 15, wherein
the processor (115) is adapted for selecting users from the
pre-selection group or from the intermediate selection
group for the sub-group based on SESAM (SESAM = Successive
Encoding Successive Allocation Method).

17. Method for selecting a sub-group of users from a
plurality of users for transmission in a mobile
communication system, a user being adapted for
communicating through a MIMO radio channel, comprising the

steps of:

de-selecting (200) a user having a transmission capacity
measure which 1s higher than a transmission capacity
measure of another user by a predetermined amount to obtain
a pre-selection group not including the de-selected user,
such that the pre-selection group comprises two users
having two transmission capacity measures which are equal
or different from each other by less than the pre-

determined amount; and

determining the sub-group of users for transmission based

on the MIMO radio channels.

18. The method of claim 17, wherein the step of de-
selecting (200) comprises the steps of
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receiving (205) a pre-determined size of the pre-selection

group;

sorting (210) the plurality of users according to the
Frobenius norms or the single user rates of their MIMO
radio channel matrices representing their MIMO radio

channels in decreasing order;

including (215) all users in the pre-selection group;

comparing (220) the Frobenius norm or the single user rate
of the user with the highest Frobenius norm or the highest
single user rate from the pre-selection group with the
Frobenius norm or single user rate of the user having the
second highest Frobenius norm or the second highest single

user rate from the pre-selection group;

de-selecting (225) the user with the highest Frobenius norm
or the highest single user rate from the pre-selection
group and returning to the step of comparing (220) if the
highest Frobenius norm or the highest single user rate is
higher than a factor multiplied by the second highest
Frobenius norm or the second highest single user rate of

the user from the pre-selection group; and

de-selecting (230) users with the lowest Frobenius norms or
the lowest single user rates from the pre-selection group

to match the pre-determined size.

19. The method of one of the claims 17 or 18, further
comprising a step of selecting (250) users from the pre-
selection group for an intermediate selection group of
users based on a spatial property of the MIMO radio
channels of the users of the pre-selection group, which is
different from the transmission capacity measure and
wherein the step of determining refers to determining the

sub-group of users for transmission based on the MIMO radio
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channels of the users of the intermediate selection group
and wherein the step of selecting (250) comprises the steps
of

receiving (255) a pre-determined size of the intermediate

selection group:;

selecting (260) the user having the highest Frobenius norm
or the highest single user rate from the pre-selection

group;

evaluating (265) a capacity or a sum increase for non-
selected users in the pre-selection group on the basis of

the selected users in the intermediate selection group;

selecting (270) the user with the highest capacity or the
highest sum rate increase for the intermediate selection

group; and

returning to the step of evaluating (265) until the size of
the intermediate selection group has reached the pre-

determined size of the intermediate selection group.

20. Computer program having a program code for performing
one of the methcds of claims 17 to 19 when the program code

runs on a processor.
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1. Abstract

A user selection apparatus (100) for being operative in a
mobile communication system and for selecting a sub-group

5 of users from a plurality of users for transmission, a user
being adapted for communicating through a multiple-input-
multiple-output (MIMO = Multiple-Input-Multiple-Output)
radio channel. The user selection apparatus (100) comprises
a pre-selector (110) for de-selecting a user having a

10 transmission capacity measure which is higher than a
transmission capacity measure of another user by a
predetermined amount to obtain a pre-selection group not
including the de-selected user, such that the pre-selection
group comprises two users having two transmission capacity

15 measures which are equal or different from each other by
less than the pre-determined amount and a processor (115)
for determining the sub-group of users for transmission

based on the MIMO radio channels.
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