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Controlling the polarization state of signals to be transmitted
from a MIMO capable radio base station node to a plurality of
user equipment, which radio base station node comprises a
precoder unit connecting a first and a second virtual antenna
port to a respective first and second transmit antenna port, by
the steps of controlling (S10) a relative phase between trans
mitted signals from the first and second transmit antenna port
to provide a predetermined pair of orthogonal polarization
states for signals transmitted on the first and second virtual
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antenna ports, and interchanging (S20) the polarization states

of the first and second virtual antenna ports, to provide trans
mitted polarized signals with alternating polarization states.
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METHOD AND ARRANGEMENT FOR
POLARIZATION CONTROLINA
COMMUNICATION SYSTEM
TECHNICAL FIELD

0001. The present disclosure refers to communication sys
tems in general and specifically to polarization state control
for transmission signals in Such systems.
BACKGROUND

0002 The introduction of MIMO capabilities in existing
WCDMA/HSPA networks is an important step in the evolu
tion of the technology towards higher spectral efficiency and
bitrates. With MIMO at least two transmit antennas needs to

be used within the same cell. However, the introduction of a

second transmit antenna port has a negative influence for
legacy user equipment (UE) for which the signals transmitted
on the second antenna port will show up as interference, as
illustrated in FIG. 1. Ideally, since the second antenna port
signals, such as the S-CPICH and the MIMO streams, are
transmitted with channelization codes that are orthogonal to
the ones used for the legacy users, this interference will be
fully orthogonal and therefore completely suppressed. How
ever, the orthogonality of the codes is only guaranteed when
the codes are transmitted over non-dispersive channels,
which is typically not the case. Even a state of the art MMSE
receiver will not be able to fully suppress this interference.
Thus the presence of a S-CPICH pilot or MIMO traffic in the
cell can have negative consequences for the perceived com
munication quality for a UE that is demodulating information
only from antenna port 1, referred to in the following as a
legacy user.
0003. Therefore, there is a need of methods and arrange
ments for reducing the interference for legacy user equipment
in a MIMO capable communication system.
SUMMARY

0004. It is an object to obviate at least some of the above
disadvantages and provide an improved radio base station.
0005 One aspect of the present disclosure includes a
method of controlling the polarization state of signals to be
transmitted from a MIMO capable radio base station node to
a plurality of user equipment, which radio base station node
comprises a precoder unit connecting a first and a second
virtual antenna port to a respective first and second transmit
antenna port. The method includes controlling a relative
phase between transmitted signals from the first transmit
antenna port and the second transmit antenna port to provide
a predetermined pair of orthogonal polarization states for
signals transmitted on the first and said second virtual antenna
ports, and interchanging the polarization States of the first and
second virtual antenna ports, to provide transmitted polarized
signals with alternating polarization states.
0006. A second aspect of the present disclosure includes a
MIMO capable radio base station node comprising a precoder
unit connecting a first and a second virtual antenna port to a
respective first and a second transmit antenna port for trans
mitting signals to a plurality of user equipment. The radio
base station node further comprises a controller configured to
control a relative phase between transmitted signals from the
first transmit antenna port and the second transmit antenna
port to provide a predetermined pair of orthogonal polariza
tion states for signals transmitted on the first and the second

virtual antenna ports. In addition, the radio base station node
comprises a polarization Switch configured to interchange the
polarization states of the first and second antenna ports, to
provide transmitted polarized signals with alternating polar
ization states.

0007 An advantage of the invention is that the use of a
vertical polarization or a horizontal polarization for (virtual)
antenna port 1 will result in a certain Suppression of the
interference a legacy UE experiences from transmissions on
antenna port 2. The practical gain from this Suppression is
expected to be in the order of 1-2 dB. The invention may thus
be used to ease the introduction of MIMO capability in the
HSPA network, as the negative consequences for legacy UES
of such an introduction can be reduced.

0008 Another advantage of implementing the invention is
that it also allows coordination of transmit polarization
between cells, which may give further gains in Suppressing
inter-cell interference.
BRIEF DESCRIPTION OF THE DRAWINGS

0009. The invention, together with further objects and
advantages thereof, may best be understood by making ref
erence to the following description taken together with the
accompanying drawings, in which:
0010 FIG. 1 is a schematic illustration of a system in
which the embodiments of the present disclosure can be
implemented;
0011 FIG. 2 is a schematic flow diagram of an embodi
ment of a method according to the present invention;
0012 FIG. 3 is a schematic illustration of an embodiment
of a method according to the present disclosure;
0013 FIG. 4 is a schematic illustration of an embodiment
of a radio base station node according to the present inven
tion;
0014 FIG. 5 is a schematic illustration of a known radio
base station node:
0015 FIG. 6 is a schematic illustration of an embodiment

of a node according to the present disclosure;
0016 FIG. 7 illustrates a general communication network
in which embodiments of the present disclosure can be imple
mented.
ABBREVIATIONS

CQI Channel Quality Indicator
HP Horizontal Polarization

HSPA High Speed Packet Access
HS-PDSCH High Speed Physical DownlinkShared CHannel
LHCP Left Hand Circular Polarization

MIMO Mulitple Input Multiple Output
P-CPICH Primary-Common Pilot CHannel
RBS Radio Base Station

RHCP Right Hand Circular Polarization
RNC Radio Network Controller

S-CPICH Secondary-Common Pilot CHannel
UE User Equipment
VPVertical Polarization

WCDMA Wideband Code Division Multiple Access
DETAILED DESCRIPTION

0017. Throughout the drawings, the same reference num
bers are used for similar or corresponding elements. Although
the present disclosure mainly deals with and describes the
case of vertical and horizontal polarization states, the same
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methodology can be applied to other orthogonal polarization
states as well without diverging from the main objective of the
disclosure.

0018. A recent devolvement for balancing power between
power amplifiers associated with each of two transmit anten
nas in MIMO capable equipment in WCDMAIHSPA sys
tems, and to enable legacy UEs to benefit from the total
available power involves the introduction of a common pre
coder (see FIG. 5). The precoder distributes each signal to be
transmitted with equal amplitude on the two power amplifi
ers. When used in combination with a cross polarized trans
mit antenna, this will result in a transmitted polarization
which is a linear combination of the two antenna polariza
tions. A phase shift between the two antenna branches,
whether it occurs in the transmitters, the feeders, or in the

antennas, will affect the final polarization that is transmitted.
As an example, for a +457-45 polarized antenna with 0° phase
shift between the branches, a common precoder on the form
below in Equation 0:
(Eq. 0)

will result in transmissions from antenna port 1 Such as the
P-CPICH or HS data being of left hand circular polarization
(LHCP). A 180° phase shift results in right-hand circular
polarization (RHCP), while 90° and 270° result in vertical
polarization (VP) and horizontal polarization (HP) respec
tively. In each case, the transmissions from antenna port 2,
such as the S-CPICH will always be transmitted from an
orthogonal polarization to antenna port 1.
0019. According to another recent development, interfer
ence between different users has been dealt with by utilizing
polarization as a means for reducing interference between
users. This objective was achieved through scheduling of
transmissions to multiple users on particular polarizations
whose orthogonality essentially remained also after propaga
tion over the wireless radio channel. In non-line of sight
conditions, vertical and horizontal polarizations fulfill this
criterion of maintaining elements of the orthogonality and are
thus preferable to use. By identifying user devices with a
preference for vertical or horizontal polarization it is possible
to pair Such users for simultaneous scheduling, resulting in
less interference between these users.

0020 Based on the above-discussed properties and prior
art, the inventors have identified a beneficial method and

arrangement for improving the interference situation for
legacy users in a MIMO system utilizing a common precoder.
Basically, this is achieved by controlling the polarization of
the signals to be transmitted from the virtual antenna ports of
the common precoder Such that the signals have one of two
beneficial polarization states e.g. that they are mainly verti
cally or horizontally polarized. Together with the knowledge
of preferred polarization states for user equipment in the
system, it is possible to schedule users during periods of
corresponding polarization of the signals.
0021. A basic embodiment of the present disclosure aims
to adjust S10 the relative phase between transmitter branches
such that antenna port 1, on which P-CPICH and legacy HS
data is transmitted, and antenna port 2 on which the S-CPICH
is transmitted, are each transmitted with either vertical or

horizontal polarization. In order to benefit both UE with a

preference for either VP or HP, the antenna ports or at least the
polarization of the respective antenna ports are interchanged
S20, in time or frequency. In short, the antenna ports are
interchanged (or equivalently, a 180° additional phase shift)
in time or over frequency Such that all legacy UEs that expe
rience a preference for one of the two polarizations can be
made to benefit from an increased Suppression of the
S-CPICH and associated interference from antenna port 2. To
elaborate, UEs that have a preference for VP can be scheduled
during times or on frequencies where antenna port 1 is
mapped to VP thereby gaining an additional diversity gain as
well as an improved suppression of the HP transmissions
from antenna port 2. UEs with a preference for HP can instead
be scheduled during times or on frequencies where antenna
port 1 is mapped to HP.
0022. As vertical and horizontal polarizations are main
tained to a greater degree than other polarizations during
propagation through the environment, a certain improvement
can be achieved in the signal to interference ratio at the
receiver. Although the embodiment has been described with
relation to vertical and horizontal polarization, the same
method can be applied to any type of orthogonal polarization.
0023. With reference to FIG. 2 an embodiment of a
method of controlling the polarization states of signals to be
transmitted from a MIMO capable radio base station node
according to the present invention will be described. The
radio base station includes a common precoder unit, which
connects a first, and a second virtual antenna port to a respec
tive first and second transmit antenna port, via a respective
power amplifier. During operation the relative phase or phase
difference between transmitted signals from the first and sec
ond transmit antenna ports is controlled S10 to provide a
predetermined pair of orthogonal polarization states for sig
nals transmitted on the first and second virtual antenna ports.
In addition, the polarization states of the virtual antenna ports
are periodically interchanged S20 to provide transmitted
polarized signals with alternating polarization states. In doing
So, legacy user equipment with preference to one or the other
of the predetermined polarization states are benefited of the
interference reduction.

0024. As an example, FIG. 3 illustrates how the polariza
tion states are interchanged S20. The arrows illustrate vertical
polarization and horizontal polarization during particular
periods or time intervals on the two antennas respectively.
The same illustration could serve to show a corresponding
interchange between RHCP and LHCP or other orthogonal
polarization states.
0025 To enable more detailed insight into the benefits of
the present disclosure, a few particulars about HSPA and
polarization will be described below.
0026 AHSPA radio base station node typically transmits
a pilot signal, the P-CPICH, which the UEs can use to esti
mate the channel and thereby demodulate the data traffic (e.g.
the HS-PDSCH channel). When the radio base station is
configured for MIMO transmission, a second pilot signal, the
S-CPICH, needs to be transmitted from the secondantenna in

order to allow MIMO capable UEs to perform channel esti
mation and demodulate MIMO transmissions. The use of a

common precoder to balance the power utilization of legacy
(non MIMO capable) UEs over the two power amplifiers
(PAs) of a MIMO capable base station has been previously
described. In short, a common precoder is applied before the
power amplifiers in order to provide power balancing for
MIMO as well as SISO signals. By excluding two MIMO
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precoding weights, power balancing is achieved also for
single stream MIMO signals. FIG. 5 illustrates the operation
of a common precoder as well as how the pilot and data
channels are mapped to the antennas.
0027. As mentioned previously, one drawback of intro
ducing a second transmit antenna is that legacy UEs will
suffer from interference from the pilot and data traffic that is

PHS = ap 45 + bp 4s

V2
V2
== 5.(1 + i)3
i + 2 1 - i)FY3) --=
= ip,3+ pys

transmitted from the second antenna. WCDMA and HSPA

utilize orthogonal spreading codes for the different channels
such as P-CPICH, S-CPICH, HS-PDSCH, etc, as well as for

different concurrent users. Thus, ideally the S-CPICH and
MIMO data traffic will be fully orthogonal to the desired
signal e.g. HS-PDSCH for legacy users. In a time-dispersive
channel, the orthogonality between the codes is degraded
leading to interference between the signals. A state of the art
UE receiver can to Some extent compensate for this degrada
tion by equalizing the channel, e.g. via the use of a linear
MMSE receiver. However, when some of the signals are
transmitted over a different channel, such as is the case for the

signals transmitted from antenna 2, the MMSE receiver will
be less effective at Suppressing the interference. The degra
dation of legacy UE performance that this leads to has been
observed in practice and adds an undesirable tradeoff
between the gains for enabling MIMO and the losses experi
enced by legacy UEs. It is therefore desirable to minimize the
impact of the interference from the S-CPICH and MIMO

with
1

py = 5 (1 - i)
0032. As mentioned previously, introducing a phase shift

e' on one of the branches after the common precoder (the

phase shift can either be intentionally through a complex
multiplication in the baseband or unintentionally through
lack of calibration, phase drift, antenna differences, or even a
combination of the two) creates a new effective polarization,
See Equation. 4 below.
pHs = ap, 1s +be"p–45

0029. Here x and y are Cartesian unit vectors. For a verti
cally polarized wave (the electric field vector is oscillating

along the y-axis), p, py, (p, 0); for a horizontally polarized
wave, p, p. x, (p, 0). A slant linear +45-degree polarized
wave has p, p, while a -45-degree polarized wave has p, p. Finally, circular polarization (the electric field vector is
rotating in the X-y plane) occurs when the two components are
90 degree out of phase, e.g. p. ip, for left-hand circular
(LHCP) and p, -ip, for right-hand circular polarization.
0030 The polarization of the superposition of a signal
transmitted with complex amplitude a from a +45-polarized
antenna and complex amplitude h from a -45-polarized
antenna is shown in Equation 2
p = ap 45 + bp 45

(Eq. 2)

1

1

V2

V2

= a- = (+5) + b -- (-) =

b)
V2|-(a + bi + -- a-Py

-

X

-

-

0031. The previously mentioned common precoder maps
the P-CPICH and HS data to the two antenna ports with

complex amplitudes a-1/V2. b-i/V2. In the absence of any
further phase shift, this can be shown to result in circular
polarization in Equation 3:

(Eq. 4)
a 1

acts) be" (-5)

traffic.

0028. One possible way of reducing the interference from
the S-CPICH is to utilize the fact that the commonprecoderin
combination with a dual-polarized antenna in essence
changes the polarizations that the antenna ports are mapped
to. Mathematically, the polarization of a plane wave propa
gating in the Z-direction can be described using a complex
unit vectorp as follows in Equation 1:

(Eq. 3)

(l +eet 3) + (l -elei 3)
0033. From the above it is apparent that setting the phase
shift to e.g. +90° or -90° gives VP or HP respectively, while
0° or 180° gives LHCP or RHCP. Other phase shifts will result
in an elliptical polarization. (A phase shift before the common
precoder will not change the polarization of virtual antenna
port 1 or 2, though it will change the effective polarization of
the precoded MIMO streams.)
0034. It is then observed by the inventors that by control
ling the phase shift it is possible to control the effective
polarization of the first virtual antenna port (on which the
P-CPICH and the HS data is transmitted). It needs to be kept
in mind that the second virtual antenna port will always result
in a polarization that is orthogonal to that of the first virtual
antenna port. This is since the common precoder represents a
unitary mapping that maintains the orthogonality of the two
input ports. Consequently, the effective polarization of both
virtual antenna ports can be controlled by controlling the
phase shift.
0035 Experimental investigations have shown that the
optimal polarization is VP for some UEs and HP for other
UEs. This can be understood from the following argumenta
tion:

0036. The polarization of a certain UE is a function of
antenna design, orientation, user interaction, etc., and can for
all purposes be considered as quite random. However, it has
been observed that vertically and horizontally polarized radio
waves keep their polarization to a large degree when propa
gation through a typical environment. If a certain UE has
more vertical than horizontal polarization it will therefore
receive signals transmitted from a vertically polarized
antenna with more power than signals transmitted from a
horizontally polarized antenna. This is not the case if the
signals are transmitted from a pair of antennas whose polar
izations have equal magnitude projections on vertical and
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horizontal polarization. Examples of Suchantennas are +45/45 slant linearly polarized or left-hand/right-hand circularly
polarized.
0037. One aspect of the present disclosure is then to adjust
S10 a phase offset between the two outputs of the common
precoder such that the resulting effective polarizations to
which the virtual antenna ports are mapped provide best
antenna port separation at the UE(s). As discussed previously,
this is often achieved by VP and HP. Therefore, we will use
the VP/HP optimality assumption in the rest of the disclosure,
but without limiting the scope of the invention.
0038. For a legacy UE with more sensitivity to VP than to
HP it will therefore be beneficial to transmit antenna port 1 on
VP as this reduces the interference from the horizontally
polarized antenna port 2. Another legacy UE that may be
more sensitive to HP than to VP will instead benefit from

antenna port 1 being mapped to HP. The gains from Such a
per-UE optimization have been evaluated using experimental
data and where it has been found that the signal to interference
ratio (SIR) can improve by between 1-2 dB when selecting
the best of VP and HP, and up to 5 dB with instantaneous
optimization. However, it should be noted that for a given
polarization, e.g. VP, users with a preference for HP would
instead experience a SIR loss of similar magnitude.
0039. A challenge is that the common precoder weights
and associated phase shift needs to be common for all users in
the cell since the cell-common pilot signal (P-CPICH) and the
data (HS-PDSCH) must be transmitted over the same channel
(otherwise the channel estimates used by the UEs in demodu
lation will be erroneous). When a single user is scheduled at
a time, this is not an issue, but it is impossible to simulta
neously optimize the transmit polarization for two users hav
ing opposite VP/HP preferences. Consequently, according to
a further embodiment, the antenna ports are periodically
interchanged S20, either by actually interchanging the
antenna ports, or by introducing a 180 phase shift. Thereby,
user equipment with a preference towards one or the other
polarization state will periodically benefit from the interfer
ence reduction.

0040 Cycling between polarization states e.g. VP and HP
can be achieved by interchanging S20 the polarization states
of the virtual antenna ports by adapting the relative phase
between the transmitted signals. This cycling of the transmit
polarization can be done in time, either with regular equal
length time intervals, or in the case that the majority of UEs
prefer one particular polarization, with non-equal time inter
vals. A further variant is to base the cycling on predetermined
event triggers, such as when the general tendency of UEs in
the cell changes from one polarization to the other due to
arrival of new UEs. There are two ways of changing the
mapping from virtual antenna to physical polarization: either
the phase shift is incremented +180° or -180°, or the outputs
of the common precoder are interchanged with each other.
The first option results from the fact that a 90° phase shift
gives vertical polarization while -90° gives horizontal polar
ization. Cycling of transmit polarization will give a gain in
case that the UEs are preferentially scheduled to a time slot
when the polarization is optimal for that particular user.
Experimental investigations have shown that such scheduling
in combination with polarization “hopping between VP and
HP has the potential for an average SIR gain of 1-2 dB.
However, in order to reach these gains while avoiding addi
tional scheduling delays, the hopping needs to be sufficiently

fast. If, say, Scheduling delays of more than 20 ms are unac
ceptable then the polarization needs to be changed on this
time scale.

0041. One challenge with cycling the transmit polariza
tion in time is that the perceived channel will have disconti
nuities at each Switching point. This may cause problems for
UEs, especially for such functionality that relies on filtered
estimates as can be the case for e.g. interference or channel
estimation. It is therefore desirable to minimize the frequency
of polarization Switching, however at the same time consid
ering the tradeoff VS. Scheduling delays and SIR gain.
0042 Another alternative is to vary the transmit polariza
tion Smoothly by e.g. letting the phase shift vary continuously
and smoothly in time. This has the drawback that the optimal
VP or HP polarizations will be utilized only when the phase
shift is close to +90° or -90°, but it may be minimized by
making the Smooth transition from one stable polarization
state to another relatively fast. A Switching time constant on
the order of for example 5 slots is expected to cause small, if
any, degradation to the filtering processes in the UE.
0043. According to a further embodiment, the step of
interchanging S20 the polarization states of the antenna ports
can be performed by Switching signals from the first and
second virtual antenna ports between the first and second
transmit antenna ports. The interchange can be performed
adaptively, as well as deterministically with regular equal or
non-equal time intervals.
0044 According to a further embodiment of the disclo
sure, the polarization state is instead cycled in the frequency
domain. This can be achieved if the base station is configured
with two or more carriers covering a same area or cell, as in a
multi-carrier implementation. Consider e.g. the case with two
carriers. These two carriers can be considered as two separate
cells where the transmit polarization for each carrier may be
tuned such that it becomes VP for one of the carriers and HP

for the other. The practical result of this will be a form of
polarization diversity between the carrier frequencies. As a
result a certain UE can then be scheduled onto the carrier for

which it reports the best COIs (channel quality indicators)
and hence automatically benefit from the optimal polarization
since the CQI is related to the experienced SIR. The concept
can be extended if there are more than two carriers covering
the same area, by dividing the carriers into two Subsets, one
subsettuned for VP and one for HP. A third subset can also be

introduced, in which the polarization is tuned for the MIMO
users instead through the introduction of a phase shift Such
that the MIMO1 and MIMO2 Streams are encoded onto VP or

HP. This third state can also be introduced when cycling the
transmit polarizations in time.
0045. For UEs incapable of multi-carrier reception, the
UE will be operating on one carrier at the time. If different
carriers are tuned to different polarizations, it may be benefi
cial to steer these UEs towards carriers with beneficial polar
ization properties. Consequently, if a base station node is
configured with a plurality of carriers covering a same sector,
it is possible to perform the polarization state exchange by
adaptively interchanging the polarization state between dif
ferent carriers in the frequency domain. This can be done by
inter-frequency handovers during connection and/or redirec
tion to a different carrier at channel Switching when Switching
from CELL DCH to CELL FACH/CELL PCH/URA

PCH. By comparing the connection quality statistics (e.g.
CQI) for the UE on different carriers, the network can then
determine which carrier to allocate the UE to. Probing of the
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channel quality on other carriers than the one the UE is
currently operating on can be done by redirecting the UE to a
new carrier. If the performance improves, the UE is allowed to
stay on the new carrier, but if performance is degraded the UE
can be redirected back to the old carrier.

0046 According to a particular embodiment, the RBS and
RNC may cooperate in these decisions since it is the RBS that
has the best knowledge of the UEs radio conditions (reported
CQI etc), while it is the RNC that handles the orders to direct
the UE to go to different carriers. This cooperation can be
aided by introducing new signaling from RBS to RNC, where
the RBS can inform the RNC of the observed performance for
the UE on a particular carrier (such as average CQI). The
RNC would then be responsible for evaluating which carrier
that gives the optimum UE performance. Another Solution
would be to let the RBS recommend the RNC to redirect the

UE to other carriers. The RBS would then be responsible for
evaluating which carrier that gives the optimum UE perfor
aCC.

0047 According to a specific embodiment, the plurality of
carriers are divided into two Subsets, each Subset having a
respective of the pair of predetermined orthogonal polariza
tion states.

0048 One important pre-requisite of the invention is the
phase optimization that leads to VP or HP. This can be done
based on a form of test-and-observe approach using e.g. COI
statistics or throughput measurements. One particular cir
cumstance in the present invention is the fact that while one
polarization of VP or HP will be optimal for some users, it will
at the same time be the worst polarization for other users. The

above can then be expanded to search for a phase shift 0.
throughput, or similar measures, between the phase shifts 0,
and 0+71. This phase shift will then with a large probability
that maximizes the differences in e.g. per-user COI statistics,

be one that results in either VP or HP. If a single UE is
scheduled for an extended time, the phase shift may be opti
mized by maximizing the average CQI reported by the UE,
without explicitly targeting VP or HP modes.
0049. Another particular circumstance is that the phase
shift that gives VP or HP for legacy (non-MIMO) users will at
the same time result in effective polarizations for the MIMO
encoded Streams that are LHCP or RHCP. This is due to the

nature of the MIMO precoding codebook in combination
with the common precoder. As LHCP and RHCP are not
preserved during propagation, these two polarizations will
become statistically indistinguishable from each other, and
the two precoders will therefore be selected equally often. In
contrast, when the MIMO streams are precoded onto VP and
HP, it is likely that one of the two precoders will be more
Suitable for a given UE, e.g. when that particular user has two
antennas with similar polarizations, say HP. Thus, one criteria
for determining a phase shift that gives VP/HP for legacy
users is that this phase shift will tend to equalize the likeli
hood of different single-stream precoders being used for the
MIMO users. The opposite approach includes using a phase
shift that maximizes the difference in utilization of the pre
coders to find VP/HP for the MIMO transmissions. This

approach can also be applied, but then the identified phase
shift is further shifted 90° in order to make the P-SPICH and

S-CPICH VP/HP-polarized rather than the MIMO stream
transmissions.

0050. According to a further embodiment, the situation
with multiple users with conflicting VP/HP preferences is
handled via prioritization of Some users, i.e. the polarization

choice is based on certain user(s) while the other users are not
considered. Preferably, the prioritizing of the plurality of user
equipment is performed prior to scheduling. Such prioritiza
tion could be based on fairness considerations, such as when

prioritizing users that are on the cell edge and therefore in
worse C/I conditions, with the goal of improving the worst
SIRs in the cell. Alternatively, it could be based on different
QoS classes depending on Subscription types (e.g. premium
subscribers get preferential treatment), traffic content, mobil
ity etc. In this aspect of the invention, the transmit polariza
tion is chosen to maximize some cost function other than the

average cell SIR.
0051. According to yet another embodiment, the sched
uler is adapted to determine what UEs to schedule depending
on what transmit polarization is currently utilized in the cell.
Consequently, Scheduling (S30) of transmissions to said plu
rality of user equipment is performed based on a current
transmit polarization state in the cell. The scheduler could of
course operate independently of the polarization hopping, in
which case the scheduling decisions are only based on the
current CQIs reported by the different UEs. However, if the
scheduler is aware of the hopping pattern, it can predict how
the CQIs will change when the transmit polarization is
changed, and thereby more efficiently assign resources to
those UEs that will experience a transmit polarization that is
well matched to their antenna and channel characteristics.

One method of utilizing Such awareness of the hopping pat
tern is to put more weight to COI reports from time instants
where the transmit polarization equals the current transmit
polarization. Another method is to maintain a record for each
UE of what polarization it prefers, where such information
may either be established using the method as described
previously or it may be obtained from measurements of e.g.
uplink characteristics or even measured in other parts of the
system and shared between base stations
0052. When the frequency domain cycling of transmit
polarizations is used, the scheduling decisions become much
easier as current measurements will be available for both

polarizations. The only requirement is then that the scheduler
can jointly schedule users over the two (or more) carriers. If
not, then the benefits of polarization can probably still be
achieved using admission control that takes the polarization
preference into account.
0053 According to a particular embodiment, the inter
change of polarization states is performed in response to
predetermined event triggers. Those event triggers may be
represented by one or more of the below:
0054) 1) Specific individual performance or identifying
degradation of performance, e.g. measured throughput,
SNIR, etc

0.055 2) System or cell accumulated performance
(identifying degradation), e.g. cell accumulated
throughput, etc.
0056 3) Traffic demand changes
0057 3a) individual users, e.g. ready with a down
load (empty buffer, page download ready, request for
download, buffer build up, etc.
0058. 3b) change of number of active users in cell,
e.g. new users arriving, users leaving, etc.
0059. With reference to FIG. 4 and FIG. 6, embodiments
of a MIMO capable radio base station node 1 according to the
present disclosure will be described. The radio base station
node comprises a precoder unit 2 connecting a first and a
second virtual antenna port VA1, VA2 to a respective first and
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a second transmit antenna port A1, A2 for transmitting signals
to a plurality of user equipment. In addition, the radio base
station node 1 includes a controller 10 configured to control a
relative phase between transmitted signals from the first
transmit antenna port A1 and the second transmit antenna port
A2 to provide a predetermined pair of orthogonal polarization
states for signals transmitted on the first and the second virtual
antenna ports VA1, VA2. Finally, the radio base station node
1 includes a polarization Switch 20 configured to interchange
the polarization states of the first and second antenna ports
A1A2, to provide transmitted polarized signals with alter
nating polarization states.
0060. The polarization switch 20 can be configured to
interchange the polarization states adaptively or determinis
tically, either in time or frequency.
0061 According to a further embodiment, the radio base
station node 1 includes a scheduler 30 configured to schedule
transmissions to the plurality of user equipment based on a
current transmit polarization state in the cell.
0062. The radio base station node 1 is configured to enable
execution of all the method steps described previously.
0063. The main advantage of the disclosure is that the use
of a vertical polarization or a horizontal polarization for (vir
tual) antenna port 1 will result in a certain Suppression of the
interference a legacy UE experiences from transmissions on
antenna port 2. The practical gain from this suppression is
expected to be in the order of 1-2 dB. The invention may thus
be used to ease the introduction of MIMO capability in the
HSPA network, as the negative consequences for legacy UEs
of Such an introduction can be reduced.

0064. A further advantage of the frequency-domain polar
ization cycling is that this can be introduced with no negative
consequences for the UES in terms of increased channel Vari
ability or discontinuities. Additionally, it can be introduced
with minimal impact on Scheduler design in the case when the
scheduler already jointly addresses two or more carriers.
0065. Yet another advantage of implementing the inven
tion is that it also allows coordination of transmit polarization
between cells, which may give further gains in Suppressing
inter-cell interference.

0.066. The embodiments described above are to be under
stood as a few illustrative examples of the present invention.
It will be understood by those skilled in the art that various
modifications, combinations and changes may be made to the
embodiments without departing from the scope of the present
invention. In particular, different part solutions in the differ
ent embodiments can be combined in other configurations,
where technically possible. The scope of the present inven
tion is, however, defined by the appended claims.

1. A method of controlling the polarization state of signals
to be transmitted from a MIMO capable radio base station
node to a plurality of user equipment, said radio base station
node comprising a precoder unit connecting a first and a
second virtual antenna port to a respective first and second
transmit antenna port, the method comprising:
controlling a relative phase between transmitted signals
from said first transmit antenna port and said second
transmit antenna port to provide a predetermined pair of
orthogonal polarization states for signals transmitted on
said first and said second virtual antenna ports; and
interchanging the polarization states of said first and sec
ond virtual antenna ports, to provide transmitted polar
ized signals with alternating polarization states.

2. The method according to claim 1, comprising the further
step of scheduling transmissions to said plurality of user
equipment based on a current transmit polarization state in
said cell.

3. The method according to claim 1, further comprising
interchanging said polarization states by adapting said rela
tive phase between said transmitted signals.
4. The method according to claim 3, further comprising
adapting said relative phase continuously and Smoothly in
time.

5. The method according to claim 1, further comprising
interchanging said polarization states by Switching signals
from said first and second virtual antenna ports between said
first and second transmit antenna ports.
6. The method according to claim 1, further comprising
interchanging said polarization states adaptively.
7. The method according to claim 2, further comprising
prioritizing said plurality of user equipment prior to schedul
ing.
8. The method according to claim 1, further comprising
interchanging said polarization states in time.
9. The method according to claim 8, further comprising
alternating said polarization states with regular equal or non
equal time intervals.
10. The method according to claim 1, further comprising
interchanging said polarization states in response to predeter
mined event triggers.
11. The method according to claim 1, further comprising
said base station node being configured with a plurality of
carriers covering a same sector, and adaptively interchanging
said polarization state between at least two of said carriers in
the frequency domain.
12. The method according to claim 11, further comprising
the step of scheduling user equipment onto one of said plu
rality of carriers based on at least a reported connection qual
ity performance for said carriers.
13. The method according to claim 12, further comprising
redirecting a user equipment from one carrier to another
carrier based on a current polarization state of said carriers
and a polarization preference of said user equipment.
14. The method according to claim 11, comprising the
further step of dividing said plurality of carriers into two
Subsets, each Subset having a respective of said pair of pre
determined orthogonal polarization states.
15. The method according to any of claims 1-11, further
comprising said pair of predetermined polarization states
comprising vertical and horizontal polarization.
16. A MIMO capable radio base station node, said radio
base station node comprising a precoder unit connecting a
first and a second virtual antenna port to a respective first and
a second transmit antenna port for transmitting signals to a
plurality of user equipment, the base station node comprising:
a controller configured to control a relative phase between
transmitted signals from said first transmit antenna port
and said second transmit antenna port to provide a pre
determined pair of orthogonal polarization states for
signals transmitted on said first and said second virtual
antenna ports; and
a polarization Switch configured to interchange the polar
ization states of said first and second antenna ports, to
provide transmitted polarized signals with alternating
polarization states.
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17. The radio base station node according to claim 16,
comprising said polarization Switch being configured to inter
change said polarization states adaptively.
18. The radio base station node according to claim 16, said
radio base station further comprising a scheduler configured
to schedule transmissions to said plurality of user equipment
based on a current transmit polarization state in said cell.
19. The radio base station node according to claim 15, said
base station node being configured with a plurality of carriers
covering a same sector, and said polarization Switch being

configured to adaptively interchange said polarization state
between said carriers in the frequency domain.
20. The radio base station mode according to claim 19, said
radio base station node being configured to monitor a con
nection quality statistic for each Such carrier, and to inform a
radio network control node about said quality, and to redirect
user equipment from one carrier to another based on instruc
tions received from said radio network control node.
c
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