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BASE STATION, RECEIVING SUBSYSTEM THEREOF AND
SIGNAL PROCESSING METHOD USED THEREIN

BACKGROUND OF THE INVENTION
FIELD OF INVENTION

The present invention relates to radio communication, in particular, it relates to a
base stafion, a receiving sub-system thereof and a signal processing method used
to improve the performance of the optical or wireless repeater.

DESCRIPTION OF PRIOR ART

Fiber optic repeaters are widely used in the Code Division Multiple Access (CDMA)
wireless network. They are cost effective; however, they also introduce some
issues to the network. One of them is the shrinkage of the donor cell. Currently no
approaches have been proposed for solving the issue of the shrinkage of the donor

cell till now.

Basically speaking, the current repeaters are transparent to the network, and they
do not change any characteristic of the signals except amplifying them. In Fig. 1,
module 110 is a base station (BTS) for the donor cell. Module 120 is the repeater,
which actually combines the local unit and remote unit. Antenna 140 is for the local
coverage and antenna 150 is for the remote coverage. Module 160 is the coupler,
which connects the BTS 110 and repeater 120. The coupler 160 has ports 1, 2 and
3. In the downlink, the repeater 120 amplifies the signals from the BTS 110 and
broadcasts them to all the mobile stations. And in the uplink, the repeater 120
receives the signals from the mobile stations and feeds them to the BTS 110. Since
both the signals and injected noises are amplified, the effective noise figure for the
BTS 110 may rise and the sensitivity of the donor cell is deteriorated. Therefore, the
shrinkage of the coverage for the donor cell is a key issue for the repeater.
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Assume the modem chip in CDMA base station needs a minimum signal strength
of (Eb/No),;, dB (typical 4 dB) to demodulate the reverse link signal, and the cell’'s

noise figure is NF dB, then the reverse sensitivity of the cell is:

Sensitivity1 =-174 + (BW) ,, + NF + (Eb/No) . — PG;

in which:
—174 (dBm/Hz) is the thermal noise power per Hz;

(BW),; is the bandwidth, for CDMA system, the bandwidth is 1228800Hz,

so it is equal to 10log(1228800) = 60.9 dB;
NF is the noise figure of the cell, typical 5 dB;
PG is processing gain in CDMA system, it is 21 dB for 9.6Kbps bit rate.
Based on that, the cell's sensitivity is: -174 + 60.9 + 5 + 4 -21 = -125.1 dBm.

After the repeater is connected with the cell, the noise figure of donor cell will be

normally deteriorated at least by 3 dB, so the noise figure becomes NF + 3 = 8dB,
Then we can get the sensitivity of the cell equipped with a repeater is:

Sensitivity2 = -174 + (BW) ,, + 8 + (Eb/No) . -PG

=-123.1 dBm.

It means that the sensitivity will also be deteriorated by 3 dB. That is to say, the
mobile needs to transmit 3 dB higher power to achieve the same cells’ coverage, or

with the same mobile’s transmitted power, the cell's coverage is decreased by half.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a pre-LNA (Low Noise Amplifier) to
maintain the noise figure of the whole donor cell system after the repeater is
connected. The RF requirements for the pre-LNA and the optic repeater are

described.
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According to an embodiment of the present invention, a base station is proposed
which comprises: an antenna for receiving a signal from a local cell; a pre-Low
Noise Amplifier (pre-LNA) for amplifying the received signal by a predetermined
gain; a coupler connected with the pre-LNA, a repeater for a remote cell and a
processing unit of the base station, for coupling the signals from the pre-LNA and
the repeater into the processing unit; and a processing unit for processing the
signals from the coupler.

Preferably, a noise figure of the local cell is kept unchanged after the repeater is

connected.

Preferably, a ratio between the predetermined gain of the pre-LNA and a gain of the
repeater is determined according to a gain of the coupler from a port connected to
the pre-LLNA to a port connected to the processing unit, a gain of the coupler from a
port connected to the repeater to the port connected to the processing unit, and
noise figures of the pre-LNA, the repeater and the local cell.

Preferably, a gain of a low noise amplifier included in the processing unit is
decreased by the predetermined gain provided by the pre-LNA to keep an overall

system gain unchanged.

Preferably, the antenna is also used for transmitting a signal to the local cell, and
the base station further comprises: a first and a second duplexers, wherein the first
duplexer is connected to the antenna and the pre-LNA, the second duplexer is
connected to the pre-LNA and the coupler, and the first duplexer is further
connected to the second duplexer via a separated link not passing through the
pre-LNA; wherein a path through the antenna, the first duplexer, the pre-LNA, the
second duplexer, the coupler and the processing unit in the above order forms the
receiving path of the base station, and a separated path through the processing
unit, the second duplexer, the first duplexer and the antenna in the above order

forms a transmitting path of the base station.

3
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Preferably, the repeater is an optical repeater or a wireless repeater.

Preferably, the base station is used for CDMA, WCDMA, TD-SCDMA or GSM
scheme.

According to another embodiment of the present invention, A receiving sub-system
of a base station is proposed which comprises: an antenna for receiving a signal
from a local cell; a pre-Low Noise Amplifier (pre-LNA) for amplifying the received
signal by a predetermined gain; a coupler connected with the pre-LNA, a repeater
for a remote cell and a processing unit of the receiving sub-system, for coupling the
signals from the pre-LNA and the repeater into the processing unit; and a

processing unit for processing the signals from the coupler.

According to a further embodiment of the present invention, a signal processing
method used in a base station is proposed which comprises steps of: receiving a
signal from a local cell by an antenna of the base station; amplifying the received
signal by a predetermined gain by a pre-Low Noise Amplifier (pre-LNA) of the base
station; coupling the amplified signal from the pre-LNA and a signal from a repeater
for a remote celi into a processing unit of the base station, by a coupler of the base

station; and processing the coupled signal in the processing unit.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the present invention will
be clearer from the following detailed description about the non-limited
embodiments of the present invention taken in conjunction with the accompanied

drawings, in which:

Fig. 1, already described, is a block diagram showing a conventional connection

structure of an optical repeater;
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Fig. 2 is a block diagram showing the system construction according to the present
invention;

Fig. 3 is also a block diagram showing the system construction according to the
present invention, but the gain g13 and g23 of the coupler have been absorbed into

gains G1 and G2 to be represented as G1’ and G2’ respectively;

Fig. 4 is a block diagram showing the system construction according to the present

invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Hereunder, the present invention will be described in accordance with the drawings.
In the following description, some particular embodiments are used for the purpose
of description only, which shall not be understood as any limitation to the present
invention but the examples thereof. For the sake of simplicity,, the conventional
structures or constructions which are not relevant for the understanding of the

invention will be omitted.

The reason for the coverage shrinkage is the increase of the noise figure of the
donor cell after the repeater is connected to the cell. The present invention adds a
pre-LNA (Low Noise Amplifier) into the receiving link of the BTS for the donor cell,
which is shown in Fig. 2. This figure is used to explain, in a non-limiting manner, the

principle of the present invention.

In Fig. 2, there are four parts: a BTS 210, a repeater 220, a coupler 260 and a
pre-LNA 230 which is added according to the present invention. The noise figures
(F1, F2, F3) and gains (G1, G2, G3) have been marked in the brackets as shown.
We need get the calculation method for the effective noise figure of the combined

system.

The module 260 is a passive coupler and it has three ports: ports 1, 2 and 3.
Assume that the gain between port 1 and port 3 is g13 and the gain between port 2

5
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and port 3 is g23. According to the document from the author David F. WAIT,
entitled “Thermal Noise from a Passive Linear Multiport”, IEEE, MIF18, NO.9, Sep.
1968, the effective noise temperature at port 3 generated by the coupler itself, Ts

selfy IS:
T3,self:(1_g23—g13)To

where Ty is the reference temperature. The port 2 is connected with the repeater
220 having noise figure F2 and gain G2. If the repeater 220 is terminated perfectly,
the repeater 220 can generate the thermal noise temperature Trepeater:

T repeater:T OF 2G2

If the connection of port 2 matches perfectly between the repeater 220 and coupler
260, then the thermal noise injected from port 2 to port 3, Tpor23, Can be expressed

as:
T port=23 =T 3,Self +g 23%T repeater

=(1-g23-g13)T, +g23F2G2T,

So the effective noise figure from port 1 to port 3, Fport-13, is:

T pori-23 _y, (1-823-g13)T +g23F2G2T,
gl3T, 2137,

F port—13 =1+

|, (-g23-¢13) +g23F2G2
T 213

Then the system in Fig. 2 can be equally described as the cascading configuration
of three modules: pre-LNA 230 with the noise figure F1 and gain G1, the effective
module from port 1 to port 3 with the noise figure F,or13 and gain g13; and the BTS
210 with the noise figure F3 and gain G3.
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According to the cascading formulas
F2-1 N F3-1 N F4-1

Gl G1G2 G1G2G3

in which F1, G1; F2, G2; F3, G3 and F4 are the noise figures and gains of the RF
components of the cascading system, the total noise figure Fe ey from pre-LNA 230
to BTS 210 is:

F=Fl+

Fo =l oo P31

Gl  gl3Gl
_ 1, (1-823-g13)+g23F2G2+F3-1
213Gl

Using the same method, the effective noise figure Fe repeater fOr repeater is:

. _ jrp, (1-823-¢13)+g13F1G1+F3-1
e, repeater g2 3 G2

The above two formulas give out the accurate calculation method for the effective
noise figure of the repeater and the donor cell. In order to simplify the calculation

and get the engineering results, we need to simplify the formulas.

In the real deploying environment, the coupler 260 must have the high coupler loss,
so that the loss from port 1 to port 3 is very small and can be negligible. The typical
loss from port 1 to port 3 is 0.2 dB and the loss from port 2 to port 3 is 40 dB. That
is to say: g13 = 0.955 and g23 = 0.0001, so

p =1 Q045+ g23F G2 F3-]
’ 213Gl
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0.045+¢13F1G1+F3-1
g23G2

F e,repeater:F 2+

The g13 and g23 actually can be “absorbed” by G1 and G2 to be represented as
G1’ and G2', then we can get:

+FZG?Z '+F3-0.955

Feocen =F1 — (1)
F e repeater :‘F2+F1Gl +F3-0.955 @
G2'
where
Gl'=g13Gl
G2'=g23G2

where as shown in Fig. 3, F1 and G1’ respectively denote the noise figure and gain
of the pre-LNA 330, F2 and G2’ respectively denotes the noise figure and gain of
the repeater 320, and F3 denotes the noise figure of the BTS 310; and F,_,

denotes the effective noise figure of the BTS 310 (from pre-LAN to donor cell), and

F denotes the effective noise figure of the repeater 320 (from repeater to

e,repeater

donor cell).

The Fig. 3 can be used to show a simplified system configuration which already
has absorbed g13 and g23 to G1 and G2 to be represented as G1' and G2’
respectively. The section below will try to find an optimized solution for this system

configuration.

Firstly, the donor cell's noise figure will be kept unchanged after the repeater is
connected. Then, the noise figure of the cell 310, F3, shall be equal to its effective
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noise figure after the repeater is connected, Fyrs . - Here, Equation (3) can be

obtained.

:Fe,ce” :F1+F2G2 '+GF]‘T?—O.955

F3 ..(3)

Secondly, the effective noise figure of the repeater, F should be minimized.

e,repeater

From Equations (2) and (3), we can get:

_F3GI

e,repeater G2 ' @)
Assuming that the gain ratio is
Gl
k= /G2' ...(5)
Then
F =k*F3 .(6)

e,repeater

e,repeater

should be minimized.

From Equations (3) and (5), Equation (7) is obtained:

. F3-0.955
k(F3—F1)—F2

A7)

The Inequality below must be fulfilled:

the gain ratio %
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F2

f>—"— .
F3-F1 @)

k must fuffill the inequality (8) and has the minimum value to get lowest effective
noise figure of the effective repeater. F2 and F3 are the known value for the system
and F1 must be a low value since it is the first stage of donor cell. After the F1 and
k is specified, G2’ can be calculated by equation (7). Then G1' can also be
calculated. Finally, the effective noise figure of donor cell and repeater can be
calculated by (1) and (2).

As an example, although the noise figure of pre-LNA cannot be accurately defined,
the range should be between 1.2 dB and 1.8 dB according fo the usual LNA
products. Table 1 below shows the calculated results for the different noise figure of
F1:

Table 1
K(G1/G2) Eff.NF
Re{’Feza)tngF ?g?g M| Low Limit (BETffs";lzB (Repeater) | G1(dB) | G2'(dB)
(dB) dB
6 5 3.3 5 8.8 10.4 6.6
6 5 35 5 9.0 106 6.6
6 5 37 5 9.2 10.7 6.6
5 5 38 5 9.3 10.9 6.6
6 5 4.0 5 9.5 TR 6.6

k must be larger than the low limit in the table and must be as small as possible to
keep repeater’s effective noise figure lowest. In the Table 1 above, the actual k is
larger than the minimal vélue by 0.5 dB for the headroom for the gain variation of
G1'and G2'. According to the table above, using the pre-LNA method, the effective
donor cell's noise figure can keep unchanged and the repeater’s noise figure is
only deteriorated by about 2.8 dB for the best scenario. So the donor cell receiver,
which is included in the BTS as a receiving sub-system thereof, has the

performance unchanged and the repeater also can get the good performance.

10
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The description above only considers the receiving path, but actually the donor cell
also transmits the forward link signal simultaneously. Therefore, two duplexers are
needed, which is shown in Fig. 4. In Fig. 4, module 410 is the BTS for the donor
cell, and module 460 is the coupler. Local unit of Optical Repeater is marked as
module 4201 and the remote unit is marked as module 4202. Optical fiber is
module 4203. Module 440 is the BTS transmitting/receiving antenna for local

coverage, and module 450 is the repeater antenna for the remote coverage.

Pre-LNA is marked as 430, and two duplexers are added before and after the
pre-LNA 430: Duplexer 470 and Duplexer 480. These two duplexers 470 and 480
can separate the transmitting path and receiving path for the donor cell so that the
pre-LNA 430 can be inserted into the receiving path. Based on the above
configuration, the F1, G1’ could be the total noise figure and the gain of the
cascading sub-system: Duplex 480, pre-LNA 430 and Duplex 470.

During the real system implementation, the gain of LNA in the donor BTS shall be
decreased by G1' dB associated with the pre-LNA to maintain the same system

gain budget.

Although the present invention describes the optical repeater, it can also be used
for wireless repeaters, since the wireless repeaters also inject the noise to the
donor cell. And although the present invention uses the CDMA optical repeater as
an example, actually this solution can be used in other systems such as WCDMA,
TD-SCDMA and GSM.

The above embodiments are provided for the purpose of example only, and are not
intended to limit the present invention. It is to be understood by those skilled in the
art that there may be various modifications or replacements to the embodiments
without departing from the scope and the spirit of the present invention, and they

shall fall into the scope defined by the appended claims.

11



10

15

20

25

WO 2009/065254 PCT/CN2007/003294

What is claimed is:

1. A base station, comprising:
an antenna for receiving a signal from a local cell:

a pre-Low Noise Amplifier for amplifying the received signal by a predetermined
gain;
a coupler connected with the pre-Low Noise Amplifier, a repeater for a remote cell

and a processing unit of the base station, for coupling the signals from the pre-Low

Noise Amplifier and the repeater into the processing unit; and

a processing unit for processing the signals from the coupler.

2. The base station according to Claim 1, wherein a noise figure of the local cell is

kept unchanged after the repeater is connected.

3. The base station according to Claim 1 or 2, wherein é ratio between the
predetermined gain of the pre-Low Noise Amplifier and a gain of the repeater is
determined according to a gain of the coupler from a port connected to the pre-Low
Noise Amplifier to a port connected to the processing unit, a gain of the coupler
from a port connected to the repeater to the port connected to the processing unit,

and noise figures of the pre-Low Noise Amplifier, the repeater and the local cell.

4. The base station according to any one of Claims 1 — 3, wherein a gain of a low
noise amplifier included in the processing unit is decreased by the predetermined
gain provided by the pre-Low Noise Amplifier to keep an overall system gain

unchanged.

5. The base station according to any one of Claims 1 — 4, wherein the antenna is

also used for transmitting a signal to the local cell, and

the base station further comprises:

12
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a first and a second duplexers, wherein the first duplexer is connected to the

antenna and the pre-Low Noise Amplifier, the second duplexer is connected to the .
pre-Low Noise Amplifier and the coupler, and the first duplexer is further connected

to the second duplexer via a separated link not passing through the pre-Low Noise

Amplifier;

wherein a path through the antenna, the first duplexer, the pre-Low Noise Amplifier,
the second duplexer, the coupler and the processing unit in the above order forms
the receiving path of the base station, and a separated path through the processing
unit, the second duplexer, the first duplexer and the antenna in the above order
forms a transmitting path of the base station.

6. The base station according to any one of Claims 1 — 5, wherein the repeater is

an optical repeater or a wireless repeater.

7. The base station according to any one of Claims 1 — 6, wherein the base station
is used for CDMA, WCDMA, TD-SCDMA or GSM scheme.

8. A receiving sub-system of a base station, comprising:
an antenna for receiving a signal from a local cell;

a pre-Low Noise Amplifier for amplifying the received signal by a predetermined

© gain;

~a coupler connected with the pre-Low Noise Amplifier, a repeater for a remote cell

and a processing unit of the receiving sub-system, for coupling the signals from the

pre-Low Noise Amplifier and the repeater into the processing unit; and

a processing unit for processing the signals from the coupler.

9. The receiving sub-system according to Claim 8, wherein a noise figure of the

local cell is kept unchanged after the repeater is connected.

13
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10. The receiving sub-system according to Claim 8 or 9, wherein a ratio between
the predetermined gain of the pre-Low Noise Amplifier and a gain of the repeater is
determined according to a gain of the coupler from a port connected to the pre-Low
Noise Amplifier to a port connected to the processing unit, a gain of the coupler
from a port connected to the repeater to the port connected to the processing unit,

and noise figures of the pre-Low Noise Amplifier, the repeater and the local cell.

11. The receiving sub-system according to any one of Claims 8 — 10, wherein a
gain of a low noise amplifier included in the processing unit is decreased by the
predetermined gain provided by the pre-Low Noise Amplifier to keep an overall

system gain unchanged.

12. The receiving sub-system according to any one of Claims 8 — 11, further

comprising:

a first and a second duplexers, wherein the first duplexer is connected to the
antenna and the pre-Low Noise Amplifier, the second duplexer is connected to the
pre-Low Noise Amplifier and the coupler, and the first duplexer is further connected
to the second duplexer via a separated link not passing through the pre-Low Noise

Amplifier;

wherein a path through the antenna, the first duplexer, the pre-Low Noise Amplifier,
the second duplexer, the coupler and the processing unit in the above order forms

the receiving path of the receiving sub-system.

13. The receiving sub-system according to any one of Claims 8 — 12, wherein the

repeater is an optical repeater or a wireless repeater.

14. The receiving sub-system according to any one of Claims 8 — 13, wherein the
base station is used for CDMA, WCDMA, TD-SCDMA or GSM scheme.

15. A signal processing method used in a base station, comprising steps of:

14
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receiving a signal from a local cell by an antenna of the base station;

amplifying the received signal by a predetermined gain by a pre-Low Noise
Ampilifier of the base station;

coupling the amplified signal from the pre-Low Noise Amplifier and a signal from a
repeater for a remote cell into a processing unit of the base station, by a coupler of
the base station; and

processing the coupled signal in the processing unit.

16. The signal processing method used in the base station according to Claim 15,
wherein a noise figure of the local cell is kept unchanged after the repeater is

connected.

17. The signal processing method used in the base station according to Claim 15
or 16, wherein a ratio between the predetermined gain of the pre-Low Noise
Amplifier and a gain of the repeater is determined according to a gain of the
coupler from a port connected to the pre-Low Noise Amplifier to a port connected to
the processing unit, a gain of the coupler from a port connected to the repeater to
the port connected to the processing unit, and noise figures of the pre-Low Noise

Ampilifier, the repeater and the local cell.

18. The signal processing method used in the base station according to any one of
Claims 15 — 17, wherein a gain of a low noise amplifier included in the processing
unit is decreased by the predetermined gain provided by the pre-Low Noise

Amplifier to keep an overall system gain unchanged.

19. The signal processing method used in the base station according to any one of

Claims 15 — 18, wherein the repeater is an optical repeater or a wireless repeater.

15
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20. The signal processing method used in the base station according to any one of

Claims 15 — 19, wherein the signal processing method is used for CDMA, WCDMA,
TD-SCDMA or GSM scheme.

16
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