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A USER TERMINAL

TECHNICAL FIELD

The present invention discloses an improved user terminal, a UE, in

particular for use in a MIMO communications system, i.e. a communications

system which uses Multiple Input, Multiple Output technology.

BACKGROUND

In modern wireless communications systems, use is often made of so called

MIMO technology, Multiple Input, Multiple Output. In MIMO technology, use

is made of a wireless communications channel, i.e. a radio channel, in order

to transmit two or more data streams simultaneously. A user terminal, a UE

within a MIMO system, is equipped with a plurality of antennas in order to

receive the various MIMO data streams. The number of MIMO streams

supported by the radio channel at a given moment is referred to as the MIMO

rank of the radio channel.

The MIMO rank of the radio channel varies continuously, and a radio

channel with a high rank (i.e. strong signal, low interference and different

channel propagation between the transmitter antennas and receiver

antennas) will enable the use of more MIMO streams, and conversely, poor

radio channel conditions and a low degree of scatter in the radio propagation

environment (lower rank) will make it necessary to use fewer MIMO streams;

in fact, sometimes only one stream will be supported, i.e. the MIMO rank will

be one.

The radio channel conditions which offer a higher or a lower MIMO rank will

change as a user moves within the system. Often, even a small move will

change the channel conditions so that a different MIMO rank is supported,



either in the case of improved channel conditions which will enable a

transition to additional MI O stream(s), or in the case of deteriorating

channel conditions which necessitate a transition to a fewer MIMO stream(s).

The very same radio channel conditions which vary with a user's movements

within a system and cause transitions to lower or higher MIMO ranks also

apply for the case of communication without MIMO technology, i.e. in effect

corresponding to a system with a MIMO rank of one.

US Patent Application 2008/0318626 A 1 discloses a mobile communication

device with a motion sensor for generating motion signals which are sent to

a game device.

US Patent Application 2008/031 8626 A 1 discloses a circuit which comprises

an on-chip gyro which generates a motion parameter based on the motion of

the circuit, as well as a GPS receiver that generates GPS position data for

the circuit. Based on the motion parameter, motion data are produced, and

based on the GPS position data together with the motion data, position

information is generated.

SUMMARY

As has emerged from the text above, there is a need for a solution to the

problem of varying radio channel conditions due to a user's movements

within the system, in particular movements which lead the user to a

stationary or semi-stationary position in the system. The solution should be

applicable both in MIMO systems and in communication systems which do

not utilize MIMO technology.

Such a solution is offered by the present invention in that it discloses a user

terminal for a wireless communications system. The UE of the invention



comprises an antenna unit and a receiver unit for receiving signals on a radio

channel within the system. In addition, the UE also comprises a sensor for

sensing the position of the UE and for generating an output signal indicative

of this position.

According to the invention, the UE further comprises an evaluation unit which

is arranged to measure the UE's communication performance over the radio

channel and to also receive the output signal from the sensor and to

generate a first control signal which indicates if altering the position of at

least part of the UE, and thereby the position of the UE's antenna unit, will

result in an increased communication performance over the radio channel for

the UE.

Thus, as opposed to prior art, and in order to facilitate improved

communications conditions for the UE, a UE of the invention will be able to

make a user of the UE aware of changes in the UE's position which will

improve the UE's communication performance over the channel.

In one embodiment of the invention, the UE is also arranged for MIMO,

Multiple Input, Multiple Output, use within the wireless communications

system, and the UE's antenna unit and receiver unit are arranged to receive

signals on the channel with varying channel MIMO rank. In this embodiment,

the evaluation unit of the UE is also arranged to measure the channel rank of

the signals on the radio channel as received by the UE and to also let the

first control signal indicate if altering the position of the UE will result in

increased communication performance for the UE by means of obtaining an

altered radio channel MIMO rank.

In one embodiment of the invention, the evaluation unit is arranged to use at

least one of the following parameters when measuring the UE's



communication performance over the radio channel and when generating the

first control signal:

- the data throughput in the UE,

- the delay for received data in the UE,

- the bit error rate for received data in the UE,

- the bit rate for received data in the UE,

- the bit error pattern for received data in the UE,

- Channel Quality Indicator, CQI statistics)

In one embodiment of the invention, the position which the sensor of the UE

is arranged to sense is the geographical position of the UE.

In one embodiment of the invention, the position which the sensor is

arranged to sense is the rotational position of the UE. This is due to the fact

that a UE can retain its geographical position while being rotated.

In one embodiment of the invention, the evaluation unit is arranged to

generate the first control signal by comparing the UE's communication

performance at its current position against one or both of:

- A measured communication performance in at least one previous position

of the UE,

- A calculated communication performance in an alternative position of the

UE.

In one embodiment of the invention, the evaluation unit of the UE is also

arranged to sample the communication performance of the UE at different

positions, rotational or geographical, during movement of the UE and to

include information about such samples in its output signal, and the

evaluation unit is arranged to use this information in generating the first

control signal.



BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in more detail in the following, with reference

to the appended drawings, in which

Figs 1-5 show various embodiments of the invention.

DETAILED DESCRIPTION

The invention will be described in detail below with reference to the

appended drawings in figs 1-5, in which the invention is shown as being

embodied in a portable computer with a foldable lid, a so called laptop or

notebook computer. However, it should be made clear that this is only an

example intended to facilitate the description of the invention as well as the

reader's understanding of the invention, and should not be used to restrict

the scope of protection sought for and granted to the present invention. The

invention can be applied in a wide variety of portable or mobile devices in a

wireless communications network, usually but not exclusively a cellular

communications network. Another non-exclusive example of a device other

than portable computers in which the invention can be applied is a telephone

in a wireless communications network. The device in which the invention is

applied will in the description below be referred to by means of the generic

term "User Equipment", UE. In figs 1-5, components which have been shown

in one drawing have retained the reference number from the drawing in

which they were first shown.

Turning now to fig 1, there is shown a first embodiment of the invention, a UE

100 which is a so called laptop computer. The UE 100 comprises a keyboard

part 110 and a foldable lid 105 which can be moved about an axis to alter the

angle between the lid and the keyboard. The UE 100 also comprises (shown

as being positioned in the lid) an antenna unit 130 and a receiver unit 125,



which are used for receiving signals on a radio channel within a wireless

communications system. The UE 100 also comprises a sensor unit 15

which is used to sense the position of the UE.

The position which is sensed by the sensor unit 115 of the UE can be of

different kinds in different embodiments, as is exemplified by means of a

coordinate system in fig 1, with a curved arrow about each axis: the sensed

position can be two-dimensional, i.e. in one or both of two directions (two of

x , y, z) which are orthogonal towards each other, or three dimensional, i.e. in

one or more of three directions (x, y, z) which are orthogonal towards each

other. In addition, as shown by means of the curved arrows, the position

which is sensed can also in some embodiments include rotational movement

about one or more of the x , y, z-axes in the coordinate system.

This can also be expressed as saying that the position which the sensor 115

is arranged to sense is the geographical position of the UE and/or the

rotational position of the UE.

The sensor 115 can be of a wide variety of such sensors for such purposes,

but examples of sensor types include gyros which can be chosen from a

wide variety of different kinds of gyros, but can suitably be exemplified by

such embodiments as an on-chip gyrator implemented with micro-

electromechanical systems (MEMS) technology to form a piezoelectric

gyroscope, a vibrating wheel gyroscope, a tuning fork gyroscope, a

hemispherical resonator gyroscope, or a rotating wheel gyroscope along

one, two or three axes to indicate motion in one, two or three dimensions.

The position which is sensed by the sensor unit 115 is output as a signal

which is connected to an evaluation unit 120 of the UE. As shown in fig 1,

the evaluation unit 120 also receives input from the receiver unit 125 of the



UE 1 5 . By means of the input from the receiver unit 125, the evaluation unit

120 is arranged to measure the UE's communication performance over the

radio channel on which the UE receives its signals (transmissions from one

or more other parties in the system). In addition to this, the evaluation unit

120 also receives the output signal from the sensor 115 of the UE, said

signal being indicative of the position of the UE.

According to the invention, the evaluation unit 120 is arranged to generate a

first control signal, shown as S 1 in fig 1, which indicates if altering the

position of at least part of the UE, and thereby the position of the UE's

antenna unit 130, will result in increased communication performance over

the radio channel for the UE. To this end, the evaluation unit will preferably

comprise a processing unit such as for example a micro processor, as well

as a memory unit. The first control signal S 1 can then for example, be

generated by means of storing a set of position values which the UE has had

in the memory unit, together with the communications quality which the UE

had in those positions, and then comparing those with the current position

and its communications quality.

The first control signal S 1 can then, for example, indicate that non-rotational

movement of the UE two meters to the left (as an example) will result in

improved communications quality. Other examples of movement which the

first control signal S 1 can indicate include rotating the lid 105 of the UE 100

in order to bring the angle between the lid and the keyboard closer to ninety

degrees, or, in the case of so called tablet PCs, that rotation of the lid in the

plane indicated by the axes x-y in fig 1 will result in improved

communications quality.

As an alternative or complement to this, in one embodiment, the evaluation

unit can also be arranged to generate the first control signal S 1 by



comparing the UE's communication performance at its current position

against a calculated communication performance in an alternative position of

the UE. Thus, for example, the processor unit mentioned previously as being

a possible part of the evaluation unit, determines that an altered position of

the lid of the UE will result in improved communications performance of the

UE, this can be signaled via the signal S 1 .

Turning now to the issue of the communication performance as evaluated by

the evaluation unit 120 of the UE 100, examples of parameters which the

evaluation unit is arranged to use when measuring the UE's communication

performance over the radio channel and when generating the first control

signal (S1 ) can include one or more of:

- the data throughput in the UE,

- the delay for received data in the UE,

- the bit error rate for received data in the UE,

- the received bit rate for received data in the UE,

- the bit error pattern for received data in the UE,

- Channel Quality Indicator, CQI statistics.

In one embodiment 200 of the UE of the invention, shown in fig 2 , the UE

200 comprises an indicator 205 which is arranged to generate an audio or

visual signal indicative of a movement for the UE as indicated by the first

control signal S 1 . Thus, such an indicator can indicate visually (for example,

by means of symbols or in writing) that a certain movement of the UE 200

will result in improved communications performance of the UE. As an

alternative, an audio signal can indicate that the UE is in a non-optimal

position, and such a signal will then, for example, become increasingly quiet

as the UE is moved towards the "correct" position.



In one embodiment, as shown in both figs 1 and 2 by means of the text

"position/motion" in the box indicating the sensor 115 , the evaluation unit 120

is also arranged to sample the communication performance of the UE at

different positions, rotational or geographical, during movement of the UE

and to include information about such samples in its output signal, with the

evaluation unit 120 being arranged to use this information in generating the

first control signal. Thus, as a user of the UE 105 moves about with the UE,

the evaluation unit 120 "samples" and stores the communications

performance, for example by means of the parameters given previously, in

order to enable the evaluation unit to output the signal S 1 indicating, for

example, "take two steps backwards, one step to the right and rotate the UE

45 degrees clockwise", in order for the UE to obtain improved

communications performance.

Turning now to the antenna unit 130 as shown in both figs 1 and 2 , the

antenna unit preferably comprises at least two sub-antennas, shown as 13 1

and 132 in the drawings, with the two sub-antennas preferably being of

different polarizations, suitably two polarizations which are orthogonal to

each other. In such an application, i.e. with two antennas with orthogonal

polarizations, two MIMO streams can be transmitted to the UE over the radio

channel, one stream on each of the polarizations, and the evaluation unit will

detect better communications performance as the antenna sub-unit 's

orientation coincide with the incident wave which comprises those two

streams. (As an alternative, some or all streams can be transmitted on all

polarizations.)

Turning now to fig 3 , there is shown a further embodiment 300 of the

invention: the embodiments shown in figs 1 and 2 are shown as comprising a

receiver unit, whilst the embodiment 300 of fig 3 also comprises a transmit

unit, shown together with a receiver unit as 325. The transmitter unit is



arranged to transmit signals over the radio channel with varying rank within

the system, in similarity to how the receiver unit is arranged to receive

signals with varying rank. As an alternative or complement, the transmitter

unit can be arranged to transmit different signals over the different transmit

antennas, i.e. so called reference symbols from which the supported rank

can be derived. This alternative or complement can also be used in a

corresponding manner in the receiver unit when determining the rank.

In embodiments which also comprise a transmit unit, the evaluation unit 120

is preferably also arranged to generate a second control signal, shown as S2

in fig 3 , which indicates if altering the position of at least part of the UE will

provide an improved communication performance of the transmitted signals,

and if so, how the position should be altered. Preferably but not necessarily,

the second signal, S2, is based on the first signal S 1, and can in fact be the

same in some embodiments. However, since the transmit signals are

intended for one or more other parties in the system, those parties can also

transmit "feedback" information to the UE 300, informing it of their received

signal quality and/or rank, information which can in some embodiments be

used by the evaluation unit to when generating the second control signal S2.

A further embodiment 400 of the UE of the invention is shown in fig 4 : in this

embodiment, the antenna unit 130 of the UE 400 has one or more electrically

steerable beams 310, and is arranged to steer such a beam or beams by the

first control signal in order to obtain an increased MIMO rang. The beam

steering information is primarily intended for the uplink (transmit) case,

although it can of course also be used in the downlink (receive) case. The

UE 400 with the steerable beam or beams suitably also comprises a beam

forming network or function BF 405, which serves to receive information from

the evaluation unit and to use this information when forming the steerable

beam or beams. Naturally, the BF network/function can also receive such



input data from a control unit in the UE, or form both the evaluation unit and

a control unit.

Fig 5 shows another embodiment of the invention: this embodiment 500 is a

system which comprises a UE 502 in any and all of the embodiments as

described and envisioned herein, as well as a powered docking station 505

for placing the UE in. According to the invention, the docking station 500 is

arranged to receive at least the first control signal S 1 , and uses this control

signal in order to alter the position of at least part of the UE 502 in a manner

indicated by said control signal. Thus, in this embodiment, a user of the UE

simply places his UE in the docking station, which then automatically alters

the position of the UE in order to find a position for the UE which ensures

good communications performance. The main direction in which the docking

station 505 is arranged to alter the position of the UE are rotational directions

and "up/down" movements", both movements in the direction indicated as in

the coordinate system of fig 5 , as well as the "elevation angle" of the UE 500,

i.e. rotation about one or both of the "y" and "x" axes..

As mentioned, the UE of the invention can be one of a wide range of

portable devices which can be used within a wireless system, such as

cellular or mobile telephones, lap top or notebook computers etc. Examples

of the wireless system in which the UE of the invention can be used are also

varying, but examples which can be mentioned are so called 2G and 3G

systems such as GSM, CDMA, WCDMA, HSPA, WiMAX and TD-SCDMA as

well as LTE systems.

In one embodiment, the evaluation unit is arranged to compile and display a

"Top-5" list in which the UE's best "bit rate positions" are displayed, and

alternatively, or as a complement, the direction and distance to the nearest

previous "good-spot".



The invention is not limited to the examples of embodiments described

above and shown in the drawings, but may be freely varied within the scope

of the appended claims.



CLAIMS

1. A user terminal (100, 200, 300, 400), a UE, for a wireless communications

system, the UE comprising an antenna unit ( 130) and a receiver unit (125)

for receiving signals on a radio channel within the system, the UE also

comprising a sensor ( 1 15) for sensing the position of the UE and for

generating an output signal indicative of said position, the UE (100, 200, 300,

400) being characterized in that it further comprises an evaluation unit (120)

which is arranged to measure the UE's communication performance over the

radio channel and to also receive the output signal from the sensor and to

generate a first control signal (S1 ) which indicates if altering the position of at

least part of the UE, and thereby the position of the UE's antenna unit (130),

will result in an increased communication performance over the radio

channel for the UE.

2 . The UE ( 100, 200, 300, 400) of claim 1, being a UE which is also arranged

for MIMO, Multiple Input, Multiple Output, use within the wireless

communications system, with the antenna unit ( 130) and the receiver unit

( 125) of the UE being arranged to receive signals on said radio channel with

varying radio channel rank, the UE being characterized in that the evaluation

unit is also arranged to measure the radio channel rank of the signals on the

radio channel as received by the UE and to also let the first control signal

(S1 ) indicate if altering the position of the UE will result in increased

communication performance for the UE by means of obtaining an altered

radio channel rank.

3 . The UE (100, 200, 300, 400) of claim 1 or 2 , in which the evaluation unit

( 120) is arranged to use at least one of the following parameters when

measuring the UE's communication performance over the radio channel and

when generating the first control signal (S1 ) :



- the data throughput in the UE,

- the delay for received data in the UE,

- the bit error rate for received data in the UE,

- the bit rate for received data in the UE,

- the bit error pattern for received data in the UE,

- Channel Quality Indicator, CQI, statistics.

4 . The UE ( 100, 200, 300, 400) of any of claims 1-3, in which the position

which the sensor ( 1 15) is arranged to sense is the geographical position of

the UE.

5 . The UE ( 100, 200, 300, 400) of any of claims 1-4, in which the position

which the sensor ( 15) is arranged to sense is the rotational position of the

UE.

6 . The UE (100, 200, 300, 400) of any of claims 1-5, in which the evaluation

unit (120) is arranged to generate the first control signal (S1 ) by comparing

the UE's communication performance at its current position against one or

both of:

- A measured communication performance in at least one previous position

of the UE,

- A calculated communication performance in an alternative position of the

UE.

7 . The UE (100, 200, 300, 400) of any of claims 1-6, in which the evaluation

unit ( 120) is also arranged to sample the communication performance of the

UE at different positions, rotational or geographical, during movement of the

UE and to include information about such samples in its output signal, the

evaluation unit (120) being arranged to use this information in generating the

first control signal.



8 . The UE (200) of any of claims 1-7, comprising an indicator which is

arranged to generate an audio or visual signal indicative of a movement for

the UE indicated by the first control signal (S1 ) .

9 . The UE ( 100, 200, 300, 400) of any of claims 1-8, in which the antenna

unit ( 130) comprises at least two sub-antennas (131 , 132) which are of

different polarizations.

10. The UE (400) of any of claims 1-9, also comprising a transmitter unit

(425) for transmitting signals over a radio channel with varying rank within

the system, in which UE the evaluation unit (120) is also arranged to

generate a second control signal (S2) which indicates if altering the position

of at least part of the UE will provide an improved communication

performance of the transmitted signals, and if so, how said position should

be altered.

11. The UE (400) of claim 10, in which the second control signal (S2) is

based on the first control signal (S1 ) .

12. The UE (400) of claim 10 or 1, in which the evaluation unit ( 120) is

arranged to receive feedback signals from another party in the system to

which the UE transmits and to use said feedback signals in order to generate

the second control signal (S2).

13. The UE (300) of any of claims 10-1 2 , in which the antenna unit (130) has

one or more electrically steerable beams (310) and is arranged to steer said

beam or beams by the first control signal (S1 ) in order to obtain an increased

MIMO rang.



14. A system (500) comprising a UE ( 100, 200, 300, 400, 502) of any of

claims 1- 13 as well as a powered docking station (505) for placing the UE in,

said docking station being arranged to receive at least the first control signal

(S1 ) in order to alter the position of at least part of the UE in a manner

indicated by said control signal.
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