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(54) Selecting a transmission technology

(57) The present invention discloses a method for
selecting a transmission technology (MIMO or non MI-
MO) for a HSDPA connection established between a
RNC and a UE depending on the mobility of said UE,
measured at the RNC as variations of the position of the
UE. Then, if the connection is established with HSDPA
MIMO technology and the position variations exceed a
first pre-defined threshold, the connection is switched to
HSPDA non MIMO technology. Also, if the connection is
established with HSPDA non MIMO technology and the
position variations are below a second pre-defined
threshold, the connection is switched to HSPDA MIMO
technology
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Description

FIELD OF THE INVENTION

[0001] The present invention has its application within
the telecommunications sector and relates to a radio net-
work controller and method for selecting a transmission
technology for a HSDPA connection. In particular the in-
vention relates to the provision of Radio Access Networks
(RANs) with elements of cellular infrastructures such as
Radio Network Controllers (RNCs) and Base Stations
(Nodes B) for wireless communications systems.
[0002] More specifically, it relates to wireless commu-
nications systems supporting both MIMO and non-MIMO
variants of HSDPA technologies.

BACKGROUND OF THE INVENTION - RELATED ART

[0003] HSDPA (High Speed Downlink Packet Access)
is a packet-based data service in the 3rd generation W-
CDMA (Wideband Code Division Multiple Access) sys-
tems, which provides high-speed data transmission (with
different download rates according to the HSDPA tech-
nology step e.g. 7.2/10.8/16.2/21.6/28.8 Mbps over a
5MHz bandwidth) to support multimedia services.
[0004] In order to reach the higher peak rates (up to
21.6 or 28.8 Mbps with 3GPP Release), the MIMO (Mul-
tiple Input Multiple Output) feature is used in HSDPA, in
which multiple antennas are implemented at both base
station (Node B) and mobile terminals (UE: User Equip-
ment). The basic MIMO feature as standardised in 3GPP
Release 7 is based on two transmitter antennas (at the
node B) and two receiving antennas (at the UE). At the
transmitter, the transmitted data is divided into 2 data
streams and transmitted through the two antennas using
the same radio resource (same time i.e. Transmission
Time Interval and HSDPA codes). The two streams of
data are recovered by the UE from the signals received
via its 2 antennas (Rx Diversity). Thus, the MIMO feature
needs support in MIMO-enabled terminals as well as in
the network. In order to deploy MIMO, two power ampli-
fiers are required per sector (one for each of the two
antennas). In order to not use an entire carrier for MIMO
only (5Mhz), it is more efficient and practical to share the
same carrier as non-MIMO devices e.g. HSDPA legacy
terminals to utilise all available capacity.
[0005] MIMO technology is an important step in the
evolution of HSDPA, as it provides higher data rates in
downlink whilst further improving spectrum efficiency.
[0006] However, the performance of MIMO as a whole
has been shown to worsen considerably when the user
(i.e. MIMO device) is not static, this effect being much
more significant than what could be observed in a legacy
HSPDA device in a similar non-static scenario. This phe-
nomenon is due to the closed loop characteristics of the
MIMO technology and its high sensitivity to changes in
the correlation between the MIMO channels resulting
from the propagation in the mobile channel. The closed

loop mechanism used in MIMO consists in adapting a
set of precoding weights used by the Node B for the dual
stream transmission to be successful based on recom-
mended weights fed back by the UE. This performance
worsening means lower transmission bitrates for a given
connection, undermining in some cases the advantages
of MIMO over HSPDA (non-MIMO).
[0007] Thus, in scenarios with both static and moving
users, systems which use MIMO technologies whenever
possible are losing efficiency due if not adapting the type
of transmission mode (MIMO, non-MIMO) to the user
speed.

SUMMARY OF THE INVENTION

[0008] The current invention solves the aforemen-
tioned problems by disclosing a method that dynamically
chooses between MIMO and non-MIMO HSPDA tech-
nologies individually for every User Equipment (UE) con-
nected to a Radio Network Controller (RNC), depending
on position variations of the UE, measured at the RNC.
[0009] If HSDPA MIMO technology is being used for
the connection with a UE, and the RNC detects that said
UE is currently moving at a speed that degrades MIMO
performance, the RNC switches the connection to HSP-
DA non MIMO. This is achieved by, if the connection is
established by means of HSDPA MIMO technology, com-
paring the position variations of the UE with at least a
first predefined threshold. Then, if the connection is es-
tablished by means of HSDPA MIMO technology and the
position variations of the UE exceed the at least first pre-
defined threshold, the RNC switches the connection to
HSPDA non MIMO technology.
[0010] Also, if HSPDA non MIMO technology is being
used for the connection with the UE, and the RNC detects
that the position of said UE is static enough to allow a
good MIMO performance, the RNC switches the connec-
tion to HSDPA MIMO. This is achieved by, if the connec-
tion is established by means of HSPDA non MIMO tech-
nology, comparing the position variations of the UE with
a second predefined threshold. Then, if the connection
is established by means of HSPDA non MIMO technol-
ogy and the position variations of the UE are below the
second predefined threshold, the RNC switches the con-
nection to HSPDA MIMO technology.
[0011] Preferably, in order to measure the variations
of the UE position, one or both of the following sources
of information is used:

- Number of cell changes of the UE, that is, the number
of times that the cell serving the UE changes. As
these changes are event-triggered according to the
position of the UE, it provides a rough estimation of
the mobility of the UE (that is, whether the UE is static
or moving).

- Round Trip delay Time (RTT), measured by the serv-
ing base station and periodically reported to the
RNC. The RTT represents the time needed by a sig-
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nal to be transmitted from the base station to the UE
and transmitted back from the UE to the base station,
thus providing information about the distance be-
tween base station and UE. Variations in the dis-
tance between base station and UE mean variations
in the position of the UE, and thus, a higher UE mo-
bility. Preferably, RTT measures are filtered with a
low pass filter in order to prevent transitory effects
(i.e. instant fading) from being interpreted as UE
movement. This filter additionally serves as a way
to reduce the impact of possible lacks of accuracy
in the RTT measurements.

[0012] In another aspect of the invention, a Radio Net-
work Controller which is configured to perform the de-
scribed method is disclosed. To that end, the RNC is
capable of establishing a connection with a UE, where
both the RNC and the UE are capable of supporting MI-
MO and non MIMO HSPDA technologies. The Radio Net-
work Controller comprises:

- Measuring means configured for measuring position
variations of the UE.

- Comparing means configured for comparing the po-
sition variations of the UE with a first or second
threshold, depending on the technology used for the
connection as described for the method of the inven-
tion.

- Switching means configured to switch the technolo-
gy of the invention according to the results of the
comparison, as described for the method of the in-
vention.

[0013] A major advantage of the present invention is
that it allows to tune networks deployed with MIMO ca-
pabilities for scenarios where both static and moving us-
ers are present, providing an optimized quality of service
to both of them.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] For the purpose of aiding the understanding of
the characteristics of the invention, according to a pre-
ferred practical embodiment thereof and in order to com-
plement this description, the following figures are at-
tached as an integral part thereof, having an illustrative
and non-limiting character:

Figure 1 shows a flowchart of a preferred embodi-
ment of the method of the invention.
Figure 2 shows in further detail the process of meas-
uring and reporting the RTT of a connection, as well
as the process of switching the technology of the
connection.
Figure 3 presents a possible classification of the
states of a UE according to its position variations,
and the possible changes between states, according
to a preferred embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0015] The matters defined in this detailed description
are provided to assist in a comprehensive understanding
of the invention. Accordingly, those of ordinary skill in the
art will recognize that variation changes and modifica-
tions of the embodiments described herein can be made
without departing from the scope and spirit of the inven-
tion. Also, description of well-known functions and ele-
ments are omitted for clarity and conciseness.
[0016] Note that in this text, the term "comprises" and
its derivations (such as "comprising", etc.) should not be
understood in an excluding sense, that is, these terms
should not be interpreted as excluding the possibility that
what is described and defined may include further ele-
ments, steps, etc.
[0017] Figure 1 shows a preferred embodiment of the
method of the invention, all its steps being carried out by
a Radio Network Controller. When starting 1 a connection
between a UE and a RNC starts, a pre-defined default
mode (MIMO or non MIMO HSPDA) is assigned 2 to the
connection, establishing 3 the connection according to
the default mode. Then, after the connection is estab-
lished, position variations of the UE are periodically
measured 4 at the RNC, thus gauging the mobility of the
UE, that is, whether the UE is static or moving, and in
the latter case, the magnitude of its movement.
[0018] To measure the variations in the mobility of the
UE, two techniques are combined:

- Number of cell changes (e.g. HSDPA serving cell
change) over a period of time, that is, the number of
times that the UE HSDPA connection is handed over
from current serving cell of a base station to another
serving cell from the same or another base station.
As these cell changes are highly related to the mo-
bility of the UE, the frequency of the cell changes
provides an estimate of the mobility of the UE. As
the accuracy of the estimate depends on the occur-
rences of the cell changes, the estimate in low mo-
bility scenarios is rougher than in in high mobility
scenarios.

- RTT measurements, which provide continuous in-
formation about the movements of the UE as the
RTT is highly correlated with the distance between
a base station and the UE. The variations of the RTT
of the UE are thus observed as a way to assess the
mobility of the user.

Figure 2 shows the process involved in the RTT meas-
urements. This measurement is set up 8 by the RNC,
which requires the serving cell from the base station to
perform periodic measurements 9 of RTT for a given UE.
These measurement samples are periodically reported
10 to the RNC, and filtered by the RNCin order to derive
an estimate of the user mobility whilst smoothing transi-
tory and accuracy effects in the RTT measurements.
Figure 2 also shows the commands sent by the RNC to
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the UE and Node B when a switching 6 from HSPDA non
MIMO to HSPDA MIMO, or from HSDPA MIMO to HSP-
DA non MIMO, is performed according to the algorithm
described further in this section. These commands com-
prise a first reconfiguration request 11 for the Node B,
and a second reconfiguration request 12 for the UE.
[0019] According to the measured mobility of the UE,
the UE is assigned 5 to one of a number of mobility class-
es (static, low, medium and high), as shown on Figure
3. These mobility classes determine the optimal technol-
ogy to use for the HSDPA connection (e.g. MIMO/non-
MIMO) depending of the current mobility state of the UE,
switching 6 the technology if necessary. The class as-
signation is periodically updated according to the afore-
mentioned measurements, until finalizing 7 the connec-
tion.
[0020] The preferred embodiment uses the following
classes and decision rules, although different classifica-
tions and rules can be used alternatively within the scope
of the invention:

- STATIC (13): this class refers to UEs with little or no
movement, which can benefit from the full potential
of MIMO technology. Connections can be estab-
lished with full-MIMO (i.e. dual stream MIMO is
achievable when in good radio conditions), which
allows the highest throughput and is the most sen-
sitive configuration.

[0021] A UE in the static class state transits respec-
tively to the low (14), medium (15) or high (16) class state
when the number of HSDPA cell change events (N) ob-
served during the predefined time window HSCC_
TIMEWINDOW exceeds the corresponding predefined
cell changes thresholds (respectively NB_HSC_
TOLOW, NB_HSC_TOMED, NB_HSC_TOHIG). The
transition from static to low mobility class state can also
be triggered when the speed estimate (v) from the RTT
measurement process exceeds the corresponding pre-
defined RTT speed threshold LOW_SPEED_TH.

- LOW (14): this mobility class state refers to users
moving at pedestrian speeds to low vehicular speeds
(e.g. between 3 and 20 km/h). Connections can ei-
ther be established with full MIMO or single stream
MIMO according to a predefined parameter config-
urable by the operator (this parameter can be, for
example, adjusted individually to each cell, or be
manually modified according to the evolution of the
performance of MIMO UE receivers as technology
improves).

[0022] A UE in the low (14) mobility class state can
transit to medium (15) or high (16) mobility classes sim-
ilarly as described above when the number of HSDPA
cell changes events (N) observed during the time window
exceeds the relevant thresholds (NB_HSC_TOMED,
NB_HSC_TOHIG). The UE could also transit to the me-

dium (15) mobility class based on the RTT speed esti-
mate (v) exceeding the predefined threshold for the me-
dium class (MED_SPEED_TH).
[0023] A UE in low (14) mobility class state can also
transit back to the static (13) case when the number of
HSDPA cell change events (N) observed the predefined
time window HSCC_TIMEWINDOW is lower than the
predefined threshold NB_HSCC_DNSTA.
[0024] The reason for having a static and a low mobility
class is that due to the high sensitivity of MIMO to speed,
even a pedestrian user could see substantial impact to
its performance hence it is beneficial to discriminate be-
tween static and low mobility class to allow a different
configuration of the MIMO connection or even to disable
MIMO if desired.
[0025] -MEDIUM (15): this mobility class refers to us-
ers moving at medium speeds, typically vehicular speeds
in urban and suburban environments (e.g. between 20
and 100 km/h). HSDPA Connections are established in
either MIMO or non-MIMO mode according to another
predefined parameter, which provides the operator a
higher flexibility as described for the low mobility class.
[0026] A UE in the medium (15) mobility class state
can transit to high (16) mobility classes similarly as de-
scribed above when the number of HSDPA cell changes
events (N) observed during the time window exceeds the
NB_HSC_TOHIG threshold. The UE could also transit
to the high (16) mobility class based on the RTT speed
estimate (v) exceeding the predefined threshold for the
medium class (HIGH_SPEED_TH).
[0027] A UE in medium (15) mobility class state can
also transit back to the low (14) mobility case when the
number of HSDPA cell change events (N) observed the
predefined time window HSCC_TIMEWINDOW is lower
than the predefined threshold NB_HSCC_DNLOW.
[0028] -HIGH (16): this mobility class refers to users
moving at high speeds typically motorway or train speeds
(e.g. above 100 km/h). HSDPA Connections are estab-
lished in non-MIMO mode.
[0029] A UE in high (16) mobility class state can only
transit back to medium (15) mobility class when the
number of HSDPA cell change events (N) observed dur-
ing the predefined time window HSCC_TIMEWINDOW
is lower than the predefined threshold NB_HSCC_
DNMED.
[0030] Note that the definition of the static/low/me-
dium/high mobility classes is fully configurable by the op-
erator according to the predefined parameters, hence
the operator can adapt accordingly the speed range cov-
ered by these classes. Additionally, other classifications
can be used to implement the present invention, using,
for example, a different number of mobility classes.

Claims

1. Method for selecting a transmission technology for
a HSDPA connection established between a Radio
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Network Controller and a User Equipment, the User
Equipment having a serving base station and a serv-
ing cell assigned, wherein both the Radio Network
Controller and the User Equipment support both
HSDPA MIMO technology and HSDPA non MIMO
technology, characterised in that the method com-
prises the steps of:

(i) measuring by the Radio Network Controller
position variations of the User Equipment;
(ii) if the connection is established by means of
HSDPA MIMO technology, comparing by the
Radio Network Controller the position variations
with, at least one, first pre-defined threshold;
(iii) if the connection is established by means of
HSPDA non MIMO technology, comparing by
the Radio Network Controller the position vari-
ations with, at least one, second pre-defined
threshold;
iv) if the connection is established by means of
HSDPA MIMO technology and if the position
variations exceed the, at least one, first pre-de-
fined threshold, switching by the Radio Network
Controller the connection to HSPDA non MIMO
technology;
v) if the connection is established by means of
HSPDA non MIMO technology and if the position
variations are below the, at least one, second
pre-defined threshold, switching by the Radio
Network Controller the connection to HSDPA
MIMO technology.

2. Method according to claim 1 characterised in that
steps (i) to (iii) are performed periodically during the
connection.

3. Method according to any of the previous claims char-
acterised in that step (i) comprises measuring a
number of times that the assigned serving cell of the
User Equipment changes during a period of time.

4. Method according to any of the previous claims char-
acterised in that step (i) comprises using informa-
tion of variations of Round Trip delay Time of the
connection to measure the position variations of the
User Equipment, being said Round Trip delay Time
periodically reported to the Radio Network Controller
by the serving base station.

5. Method according to claim 4 characterised in that
the information of variations of Round Trip delay
Time is filtered by the Radio Network Controller using
a filter to eliminate transitory effects.

6. Radio Network Controller in a radio network capable
of establishing a connection with at least a User
Equipment and of assigning a serving base station
and a serving cell station to the User Equipment,

wherein both the Radio Network Controller and the
User Equipment support both HSDPA MIMO tech-
nology and HSDPA non MIMO technology, charac-
terised in that the Radio Network Controller com-
prises:

- measuring means configured for measuring
position variations of the User Equipment;
- comparing means configured for:

- if the connection is established by means
of HSDPA MIMO technology, comparing
the position variations with, at least one, first
pre-defined threshold;
- if the connection is established by means
of HSPDA non MIMO technology, compar-
ing the position variations with, at least one,
second pre-defined threshold;

- switching means configured for:

- if the connection is established by means
of HSDPA MIMO technology and if the po-
sition variations exceed the , at least one,
first pre-defined threshold, switching the
connection to HSPDA non MIMO technolo-
gy;
- if the connection is established by means
of HSPDA non MIMO technology and if the
position variations are below the , at least
one, second pre-defined threshold, switch-
ing the connection to HSDPA MIMO tech-
nology

7. Radio Network Controller according to claim 6
wherein the measuring means measure a number
of times that the assigned serving cell of the User
Equipment changes during a period of time, using
this measured number of times to measure position
variations of the User Equipment.

8. Radio Network Controller according to any of claims
6 and 7 characterised by further comprising re-
questing means configured for requesting the serv-
ing base station to periodically report to the Radio
Network Controller the Round Trip delay Time of the
connection, and in that the measuring means are
also configured for using variations in the Round Trip
delay Time to measure the position variations of the
User Equipment.

9. Radio Network Controller according to any of claims
6 to 8 characterised by further comprising a filter
for eliminating transitory effects configured for filter-
ing the variations of the Round Trip delay Time.
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