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A METHOD FOR ESTIMATING RSSI and CINR at a Mobile Station IN

OFDMA/OFDM BASED SYSTEMS

FIELD OF INVENTION

‘The present invention relates to wireless communication

systems and specifically to methods for estimating received
signal strength indicator (RSSI) and carrier-to-interference
and noise ratio (CINR) at a mobile statién (MS), and more
specifically, to methods for estimating the RSSI and CINR

in orthogonal frequency division multiple access (OFDMA)

based systems.

BACKGROUND OF INVENTION

Beneficial services offered Dby the wireless communication

systems have garnered the public attention and much has been

written about them. The rapid demand for more enhanced

technologies in communication systems has resulted to the
creation of value-added features or integration of features
which are capable of proViding a higher level of efficiency
and convenience. One of the primary challenges in efforts
to improve the communication quality and to increase system
capacity 1s to accurately estimate or gauge the received

signal strength indicator (RSSI) and carrier-to-interference



10

15

20

25

WO 2012/125017 PCT/MY2012/000045

and noise ratio (CINR) at the mobile stations (MSs) within

the wireless communication networks.

Accurate "estimation of the RSSI and CINR is crucial, since
inaccurate estimates may affect the network performance.

For instance, in the event that a CINR reported to the
serving base station (BS) 1is above than the actual CINR,
the network throughput may decrease due to frame re-
transmission, while reporting a CINR fhat is below the
actual one may lead to scheduling data rates below the
supportable data rate. In any case, none of these
circumstances would be preferred by users of the

communication systems.

The RSSI provides a simple indication of how strong the
signal is at the receiver. Ifrthe received signal strength
is higher than a predetermined threshold value, the link is
considered to be good. Estimation of the RSSI Is simple and
computationally less complex, as 1t does not require
processing and demodulation of received samples. Suitably,
RSSI estimates provide reasonably reliable channel strength
assessments. On the contrary, the CINR measurements provide
more accurate and reliable estimates but at the expense of

computational complexity and additional delay.
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At present, there are varieties of methods developed over
recent years primarily to accommodate the performance
drawbacks associated with the estimation of the CINR and
RSSI of a received signal at an MS. For instance, United
States Patent Application No US 20090092178 teaches a method

for estimation of RSSI and CINR, in which the number of

interferer base stations . (BSs) and their cell
identifications (IDs) as well as associated preamble
sequences are assumed to be  known. Based on this

information,.the received signal is cross-correlated with a
shift-one replica of itself to isolate the noise and
interference. This method assumes a priori knowledge of the
number of interfering BSs, their cell identifications and
associated preamble sequences, the information that may not

be available in practice.

While the known in the art systems providing such enhanced
features are expedient for users of wireless networks, a
great majority of the methods are rather inadequate at some
degree, be it in the operational perspective or overall

estimation performance.

As discussed above, developiﬁg a system and method that 1is

practically suitable to accommodate the drawbacks 1in
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estimation of RSSI and CINR with respect to wireless

communication networks has been difficult.

Recognizing the aforementioned shortcomings, the present
invention has been accomplished to significantly improve the

conventional methods and systems.

It is a pfimary object of the present invention to provide a
method for accurately estimating the RSSI and CINR of a
serving BS at an MS in OFDMA-based wireless communication
systems, devoid of using any knowledge about the number of
interfering BSs, their cell identifications, associated

preamble sequences or the channel state information (CSI).

It is yet a primary object of the present invention to
provide a method for accurately estimating the RSSI and CINR
of a serving BS at an MS for any number of interfering BSs

and with low computational requirements.

It 1s another object of the present invention to provide a
method for accurately estimating the co-channel interference
plus noise at an MS regardless the number of interfering

BSs.
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Further objects and advantages of the present invention will

become apparent in the following description.
SUMMARY OF INVENTION

There is disclosed a method for estimating signal strength
of a serving base station (BS) at a mobile station (MS), in
an OFDMA-based wireless communication system comprising the
steps of: receiving signal at the mobile station (MS);
extracting preamble symbols of said serving base station
(BS) (T50) from the received signal ; generating (T55) the
discrete Fourier transform (DFT) matrix; constructing (T60)
the reference preamble matrix; performing Hermitian
transpose to said reference preamble matrix (T65); obtaining
the null space of the Hermitian transposed reference
preamble matrix (T70) and storing said null space for access
whenever required; projecting the extracted received
preamble symbols onto the null space of the Hermitian
transposed reference preamble matrix (T75); estimating the
power of the co-channel interference plus noise (T80) ;
calculating the total power of extracted received preamble
(T100); separating the power of the interference plus noise
from the power of the desired signal of the serving base

station (BS) (T90); and estimating (T150) the CINR and RSSI

of the serving BS at the MS.
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BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

This invention will be described by way of non-limiting
embodiments of the present 'invention, with reference to the

accompanying drawings, in which:

FIG 1 shows a block diagram of a communication network;

FIG 2 shows an overall flowchart for the method in
accordance with a preferred embodiment of the present

invention;

FIG 3 shows a structure of the preamble subcarriers for

segment O;

FIG 4 shows a schematic diagram for estimation of RSSI and
CINR at a mobile station in accordance with a preferred

embodiment of the present invention;

FIG 5 shows the RSSI estimation at a mobile station in
accordance with a preferred embodiment of the present

invention;
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FIG 6 shows the CINR estimation at a mobile station in
accordance with a preferred embodiment of the present

invention.

DETAILED DESCTRIPTION

In line with the above summary, the following description of:
a number of specific and alternative embodiments is provided
to understand the inventive features of the present
invention. It shall be apparent to one skilled in the art,
howevef that this invention may be practiced without such
specific details. Some of the details may not be described

at length so as not to obscure the invention.

The present invention discloses a method .to ~accurately
estimate the received signal strength indicator (RSSI) and
for estimating the carrier to interference and noise ratio
(CINR) of a serving base station (BS) at a mobile station

(MS) in OFDMA/OFDM-based wireless communication systems.

FIG i shows a block diagram of a typical communication
network, whereby the components involved are base stations
(BSS) and a mobile station (MS). In a communication link as
shown in FIG 1, there 1is at least one serving BS and a

receiving MS, whereby the performance of the 1link 1is
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subjected to co-channel interference from N1 interfering
BSs. In view of OFDMA-based systems, the total number of sub
carriers is subdivided into sub-channels where each mobilé
station (MS) 1s allocated one or more sub-channels, whereb&—
examples of OFDMA-based systems are IEEE 802.16e standard of
Worldwide Interoperability for Microwave Access (WiMAX),

long term evolution (LTE) and wireless broadband (WiBro).

It should be noted that the present invention operability 1is
not restricted to specific permutations in the respective
OFDMA-based systems but it can be used with any permutations

such as, but not limiting to, PUSC, FUSC and AMC.

FIG 2 shows an overall flowchart depicting the steps
involved with respect to the method in accordance with a

preferred embodiment of the present invention.

The first step in accordance with the preferred embodiment
of the present invention 1s to extract .preamble symbols
(T50) of the serving BS from the received signal at a MS. At
the same time, the discrete Fourier transform (DFT) matrix
is generated (T55) for one time preferably at the beginning
of transmission, with number of row equals to the length of
the reference preamble and number of columns equals to the

length of the cyclic prefix (CP).



10

15

20

WO 2012/125017 PCT/MY2012/000045

The method then proceeds with constructing (TeQ) the
reference preamble matrix also for one time, preférably at
the beginning of trénsmission. Subsequently, a Hermitian
transpose ' is performed (T65) -on »the reference preamble
matrix for one time, preferably at the Dbeginning of
transmission. The next step is to find or obtain the null
space (T70) éf the Hermitian transposed reference preamble
matrix for one time at the beginning of the transmission and
thus storing the obtained null space in a memory device,
such that it can be used every time a new preamble symbol is
received. Then, the extracted received preamble is projected
(T75) onto the null space, SO as to separate the
interference plus noise from the desired signal of the

serving BS.

The next step 1is to estimate the co-channel interference
plus noise power (T80) without taking into consideration the
number of interfering BSs, prior to calculating (T100) the

total power of the extracted received preamble. Following

‘this, the method then proceeds to separate (T90) the

estimated 1interference plus noise power from the desired

signal power. Finally, the estimation of CINR and RSSI are

carried out at the MS (T150).
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An example of OFDMA-based systems which can be used with the

method of the present invention is, WiMAX.

It should "be noted, and for the purpose of Dbetter
elucidation with respect to the method of the present
invention, in the case of WiMAX, several initial aspects are
taken into consideration with respect to estimating the RSSI
and CINR. In WiMAX, a frame consists of downlink (DL) and
uplink (UP) subframes. Each DL subframe starts with a
preamble symbol followed by a number of OFDMA symbols that
are configured to carry data and pilot signals. The preamble
symbol contains predetermined information that is known to
both the transmitter and receiver prior to the transmission
of the communication signal. The preamble symbols can be
processed by a receiver to maintain synchronization with a
transmitter, perform channel estimation, determine frequency
offset to be corrected and implement other signal processing
functions. For the present invention, the preamble symbols
play a major role in estimating the RSSI and CINR of the

signal received at MS.

Furthermore for mobile WiMAX, the DL transmission can be
divided into a three segment structure, as suitably shown in
FIG 3. The structure includes a preamble which is configured

to begin the transmission. Further, the preamble sub-

10
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carriers are divided into three carrier-sets, whereby each
carrier set carries the preamble defined for the segment of
the same numbering. Accordingly, each segment modulates each
third sub-carrier. The subcarriers are modulated using BPSK
modulation with a specific Pseudo-Noise (PN) code and each

subcarrier is boosted with a factor 2v 2. It should be noted

that 1in the case of segment 0, the DC ca¥rier is not
modulated at all and the appropriate PN 1is discarded thus

the carrier shall always be zeroed.

For the preamble symbol there 1s provided guard band
subcarriers on the left side and the right side of the
spectrum. FIG 3 shows an example of the preamble segment O

for the case when the FFT size 1s 1024.

The operational view of estimating RSSI and CINR at a MS in
an OFDMA-based wireless communication system will Dbe

described herein with reference to FIG 4, FIG 5 and FIG 6.

Referring to FIG 4, a received signal (S100) at a MS 'is
analog-to-digital (A/D) converted and filtered. The output
signal from the A/D converter is then provided as an input
to a cyclic prefix (CP) (5200) removal and serial-to-
parallel converter, where the CP is removed and the signal

is serial-to-parallel (S/P) converted. The obtained parallel

11
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signal is then applied to fast Fourier transform (FFT) block
(S300) in order to transform the time domain input signal
into frequency domain signal. The output signal from FFT is
demultiplexed (S400) -and the preamble signal: is extracted
($500). Finally, the power of the extracted preamble 1is

calculated (5600).

Next step is to obtain a reference preamble matrix, whereby
in order to attain this, the reference preamble of the
serving BS is diagonalized (S700) and the discrete Fourier
transform (DFT) matrix 1is generated with number of rows
equals to the length of the reference preamble and number of
column equals to the length of c¢yclic prefix (CP). The
reference preamble matrix is obtained by multiplying the
diagonalized frequency domain reference preamble of the
serving BS by the generated DFT matrix. The reference
preamble matrix 1is then Hermitian transposed (S800 and
provided as 1input .to a null space transformation Dblock
(S900) where the null space (with orthonormalvbasis vectors)
of the input matrix is calculated and stored in meméry to

be used every time a new preamble is received.

In the next step, the co-channel interference plus noise
(S1000) is completely separated from the desired signal of

the serving BS by way of projecting (dot product

12



10

15

20

WO 2012/125017 PCT/MY2012/000045

multiplication) the received preamble (5500) onto the null
space of the Hermitian transposed reference preamble matrix
(S900). This step 1is Dbased on the assumption that the
received signals of the serving BS and interfering BSs are
uncorrelated and mutually uncorrelated, which implies that
the interference plus noise signal and desired signal of the
serving BS are mutually uncorrelated, so that they can be
totally separated from each other. Estimation of the co-
channel interference plus noise power 1s then carried out
taking into consideration one received preamble or by

averaging over a number of received preambles.

The RSSI of a serving BS 1is estimated at an MS by
subtracting the estimated power of the interference plus

noise from the total power of the «received preamble

‘(extracted preamble power). Accordingly, the estimate of

RSSI can be obtained from one received preamble or by

averaging over a number of received preambles.

Finally, the CINR of a serving BS 1s estimated at an MS by
subtracting the estimated power of the interference plus
noise from the total power of the received preamble and
dividing the result by the estimated power of the

interference plus noise. Accordingly, the estimate of the

13
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CINR can be obtained from one received preamble or by

averaging over a number of received preambles.

"Whilew specific embodiments © have been ° described  and
illustrated, it is understood that many changes,
modifications, wvariations andvcombinationé thereof could be
made to the p?esent invention without departing from the

scope of the invention.

14
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CLAIMS

1. A method for estimating the received signal strength:
indicator (RSSI) and the'carrier—to—interfereﬁce plus noise
ratio (CINR) of a serving basé station (BS) at a mobile
station (MS), in a wireless communication system comprising
the steps of:

receiving signal at the mobile station (MS):;

extracting preamble symbols of said serving base station

(BS) (T50) from the received signal at a mobile station
(MS) ;

generating (T55) the discrete Fourier transform‘ (DEF'T)
matrix;

constructing (T60) the reference preamble matrix;
performing Hermitian transpose to said reference preamble
matrix (T65);

obtaining the null space of the Hermitian transposed

" reference preamble matrix (T70) and storing said null space

for access whenever required (T75);

projecting the extracted received preamble symbols onto the
null space of the Hermitian transposed reference preamble
matrix;

estimating the co-channel interference plus noise;
determining the power of the co-channel interference plus

noise;

15
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calculating the total power of the extracted received
preamble (T100);

separating the interference plus noise from the desired
signal ofrthe serving base station (BS) (T90); and

estimating (T150) the RSSI at a mobile station (MS).

2. The method as <claimed in Claim 1 for estimating

received signal strength indicator (RSSI).

3. The method as <claimed in Claim 1 for estimating

carrier-to-interference and noise ratio (CINR).

4. The method as claimed in Claim 1 wherein the step of
constructing the reference preamble matrix further comprises
the step of multiplying the diagonalized ffequency domain
reference preamble of the serving base station (BS) by a

discrete Fourier transform (DFT) matrix.

5. The method as claimed in Claim 2 wherein the step of
estimating the RSSI can be based on one received preamble or

average over a number of received preambles.

0. The method as claimed in Claim 3 wherein the step of
estimating . CINR can Dbe based on one received preamble or

average over a number of received preambles.

16
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7. The method as claimed in Claim 1 wherein the system is

OFDM-based communication systems.

8. - The method as claimed in Claim 1 wherein the steps of
generating (T55) the discrete Fourier transform (DFT)
matrix; constructing (T60) the reference preamble matrix;

performing Hermitian transpose to said reference preamble
matrix (T65) and obtaihing the null space of the Hermitian
transposed reference preamble matrix (T70) are perfofmed

preferably at the beginning of transmission.

9. The method as claimed in Claim 1 wherein the method 1is
not restricted for a specific permutation, and can be used
with other types of communication systems such as long term

evolution (LTE) and wireless broadband (WiBro).

17
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