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A METHOD OF IDENTIFYING A SPACE-TIME ENCODED.SIGNAL, IN A
WIRELESS COMMUNICATION SYSTEM
TECHNICAL FIELD
The present invention relates to a method of identifying encoded signals, and more

particularly, to a method of identifying a space-time encoded signal in a wireless

communication system.

BACKGROUND ART

A Broadcast Multicast Service (BCMCS) provides the ability to transmit the same
information stream to multiple users simultaneously. More specifically, the BCMCS is
mtended to provide flexible and efficient mechanism to send common or same information
to multiple users. The motivation for this service is to achieve the most efficient use of air
interface and network resources when sending the same information to multiple users. The
type of information transmitted can be any type of data (e.g., text, multimedia, streaming
media). The BCMCS is delivered via the most efficient transmission technique based on the
density of the BCMCS users, information (media type) being transmitted, and available
wireless resources.

Transmission territory for egch BCMCS program can be independently defined.
Here, the BCMCS program refers to a logical content transmitted using the BCMCS
capabilities. Moreover, the BCMCS program is composed of one or more internet protocol

flows. In operation, the programs can be transmitted in time sequence on a given channel.
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The BCMCS programs can be transmitted to all or selected regions of the network. These
regions constitute the transmission territory which refers to an area of wireless network
coverage where transmission of a BCMCS program can occur. The transmission territory
can be defined by a set of cells/sectors that can transmit a BCMCS program. In addition, the
BCMCS programs can be received by all users or can be restricted to a subset of users via
encryption.

In the BCMCS, retransmission and acknowledgement are not required since the type
of transmission 1s “one way’ and/or “one to many.”

The BCMCS subscription 1s normally associated with the program q(e.g., ABC, TNT,

ESPN), not the content (media type such as music, video, etc.). That 1s, by selecting the

program, the user selects the type of content the user wishes to receive.

In addition, a receiver in the BCMCS over cellular networks employing a space-time
coding (STC) scheme. More specifically, the STC scheme is employed to improve the
reliability of data transmission in wireless communication systems using multiple transmit
antennas. STCs rely on transmitting multiple, redundant copies of a data stream to the
receiver 1n the hope that at least some of them may survive the physical path between
transmission and reception in a good enough state to allow reliable decoding.

As for the recetver, it 1s important for the receiver to have the capability to properly
and efficiently decode the received signals and determine whether or not the system is
transmitting a space-time encoded signal. To this end, there may be need for the network to

transmit extra information via the upper layer broadcast message indicating that space-time
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coding 1s being used. The problem with is that extra information incurs overhead. In
addition, the use of space-time coding at the transmitter implies the need for a special space-
time decoder with increased complexity relative to the receiver for the system without space-
time coding turned on (i.e., regular transmission). However, the problem with this is that a

more complex space-time decoder is needed.

DISCLOSURE OF THE INVENTION

Accordingly, the present invention is directed to a method of identifying a
space-time encoded signal in a wireless communication system that substantially obviates one

or more problems due to limitations and disadvantages of the related art.

Some embodiments of the present invention may provide a method of
identifying a space-time encoded signal in a wireless communication system having at least

two ditterent decoder types.

Some embodiments of the present invention may provide a method of selecting

a decoder type in a wireless communication system having at least two different decoder

types.

Additional advantages, objects, and features of the invention will be set forth in

part in the description which follows and in part will become apparent to those having

ordinary skill in the art upon examination of the following or may be learned from practice of

the invention. The objectives and other advantages of the invention may be realized and
attained by the structure particularly pointed out in the written description and claims hereof

as well as the appended drawings.

In another aspect of the present invention, there is provided a method of
selecting a decoder type in a wireless communication system having at least two different
decoder types, the method comprising: receiving at least two pilot signals from a transmitting
end, wherein each of the at least two pilot signals is represented by various pilot signal types:;
determining the pilot signal type of each of the received at least two pilot signals; decoding a

portion of each of the received at least two pilot signals using at least two decoders, each
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decoder corresponding to one of the pilot signal types; and determining the decoder type for a

selected pilot signal of the received at least two pilot signals, the selected pilot signal selected
based on the decoded portion of a corresponding one of the received at least two pilot signals,
wherein the decoded portion of each of the received at least two pilot signals equals halt of the

corresponding pilot signal.

In another aspect of the present invention, a method of identifying a space-time
encoded signal in a wireless communication system having at least two different decoder
types is disclosed. The method includes receiving at least one pilot signal from a transmitting
end, wherein the pilot signal is represented by either Type 0 or Type 1, determining which of
Type 0 or Type 1 is represented in the received pilot signal, and activating the space-time

decoder for performing space-time decoding, if the pilot signal is Type 1.

In another aspect of the present invention, a method of selecting a decoder type
in a wireless communication system having at least two different decoder types is disclosed.
The method includes receiving at least two pilot signals from a transmitting end, wherein each
pilot signal is represented by various pilot signal types, determining the pilot signal type ot
each received pilot signal, decoding a portion of each received pilot signal using at least two
decoders, each decoder corresponding to each pilot signal type, and determining the decoder
type for a selected pilot signal, the pilot signal is selected based on the decoded portion of the

pilot signal having a better signal-to-noise ratio (SNR).

In a further aspect of the present invention, a method of selecting a decoder

type in a wireless communication system having at least two different decoder types is
disclosed. The method includes receiving at least two pilot signals from a transmitting end,

decoding a portion of each received pilot signal using a default decoder, and determining the

decoder
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type based on a signal type of the decoded portion of the signal.

It is to be understood that both the foregoing general description and the following

detailed description of the present invention are exemplary and explanatory and are

intended to provide further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to provide a further understanding
of the invention and are incorporated in and constitute a part of this application, illustrate

embodiment(s) of the invention and together with the description serve to explain the

10  principle of the invention. In the drawings;

FIG. 1 illustrates a plurality of modules that are respectively one hop apart;

FIG. 2 is a diagram illustrating an example of a relay station (RS) m a multi-hop

system,

FIG. 3 illustrates a scheme for a relayed BCMCS according to an embodiment of the

15  present invention; and

FIG. 4 illustrates a scheme for a relayed BCMCS according another embodiment of

the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

W

20 Reference will now be made in detail to the preferred embodiments of the present

invention, examples of which are illustrated in the accompanying drawings. Wherever
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possible, the same reference numbers will be used throughout the drawings to refer to the
same or like parts.

Currently, the BCMCS over cellular networks are based on single-hop networks.
The single hop network refers to a network where all entities/modules are a maximum of
one hop apart. Figure 1 illustrates a plurality of modules that are respectively one hop apart.
In Figure 1, two MSs and a base terminal station (BTS) are one hop apart respectively.

To mmprove service throughout the coverage area and capacity, multiple hops (two
or more hops) can be used. More specifically, two or more hops through relaying can be
employed to provide more consistent service and improved capacity. To this end, a relay
station (RS) can be introduced in the network represented by the usual BTS and MS.

Figure 2 1s a diagram illustrating an example of a RS in a multi-hop system. As
shown in Figure 2, the RS is placed between the BTS and the MS. The function of the RS is
to ‘repeat’ the BTS signal in a trivial or a smart manner so as to extend the BCMCS
coverage. According to the conventional system, the MSs positioned away from the BTS
(e.g., near the cell border) often experience failed signal due to weakened signal strength or
interterence due to signals from neighboring cells/sectors. With the extended BCMCS
coverage, however, the MS’s, that would otherwise unable to receive strong enough signal,
can demodulate and decode the BCMCS signal.

As mentioned above, the function of the RS can be accomplished in a trivial or
smart manner, tor example. The trivial manner refers to relaying the signal through simple

signal repetition. Alternatively, the smart manner refers to employing space-time coding to
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achieve transmit diversity or incremental redundancy (IR).

Here, the RS can be equipped with multiple antennas to achieve transmit diversity.
A multi-input, multi-output (MIMO) can provide transmit diversity to increase efficiency of
wireless resources. The use of multiple antennas provides the RS and other terminals (e.g.,
mobile station) to achieve diversity gain without increase in broadband. For example space-
time code (STC) can be used to increase reliability of communication links, spatial
multiplexing (SM) can be used to increase transmission capacity, or a full diversity full rate
space time code (FDFR-STC) can be used to achieve full diversity.

Figure 3 illustrates a scheme for a relayed BCMCS according to an embodiment of
the present invention. In Figure 3, a space-time coding is introduced in a multi-hop system
having two frequency carriers (i.e., f1 and £2) and one RS.

The BTS broadcasts BCMCS packets (e.g., A, B, C, D) in sequence on a frequency
(1.e., f1). The RS then receives the broadcasted BCMCS packets and decodes them before
transmitting a ‘relayed signal’ to the MS. That is, for example, after the RS receives packet
A broadcasted from the BTS on f1 and decodes packet A, the RS can then transmit packet
Al" and packet A2’ (also referred to as ‘relayed signals’) to the MS using a different
frequency (i.e., £2). The relayed signals can be based on simple repetition or space-time
encoding, for example. For simple repetition, packet A would simply relay the original
signal, thus packet A = packet A1’ = packet A2’. Alternatively, space-time coding can be

used to exploit transmit diversity.

For transmit diversity, in Figure 3, the BCMCS packets transmitted to the MS by the
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RS are divided into two types — Type 1 and Type 2. Here, the RS can be divided into#%wo
types (1.e., Type 1 and Type 2) based on the RS sharing one frequency and/or based on the
RS having two antennas. However, the RS is not limited to having two antennas but can
have more than two antennas. As discussed above, the RS decodes the BTS’ transmission of
packet A and transmits the ‘relayed signals’ A1’ and A2’ for RS of Type 1 and RSQ of Type
2, respectively. For example, the RS Type 1 transmits the same signal or repeated packet
(e.g., packet A’) such that packet A = packet Al’. At the same time, the RS Type 2
transmits a space-time encoded version, packet A2’, instead to provide transmit diversity.
Here, the space-time code can be based on an Alamouti scheme, for example (for details of
Alamouti scheme, see Alamouti, S. M. 4 Simple Transmit Diversity Technique for Wireless
Communications, IEEE Journal on Select Areas m Communications, Vol. 16, No. 8§,
(October 1998), pp. 1451-1458). Since packet A1’ and packet A2’ are sent on the same
ifrequency (1.e., f2) at the same transmission time slot, the relayed signal for Type 1 and
Type 2 should be 1n a different format. That is, if Type 1 is a simple repetition of the
original packet, then Type 2 is space-time encoded, and vice versa.

Figure 4 illustrates a scheme for a relayed BCMCS according another embodiment
of the present invention. In Figure 4, a single frequency carrier having a time-division
multiplexing (TDM) is applied in a multi-hop system.

Since the BTS and the MS share the same spectrum in a time division multiplexing
(TDM) fashion, the transmission time for a single packet is doubled. As described above,

the BTS broadcasts the original signal (i.e., packet A) during the first transmission time slot.
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The RS then receives and decodes the BTS’ transmission of packet A. Thereafter, the RS
t;ansmits a ‘relayed signal’ A2’ during the subsequent transmission time slot. Here, packet
A2’ can be simple repetition of packet A or can be space-time encoded. At the same
transmission time slot, the BTS retransmits packet A now in form of packet A1’. Here,
packet A1’ can be simple repetition of packet A, space-time encoded packet A, or different
parity bit packet A. In short, there are a number of options for designing the relayed signal
A2’ and the BTS retransmitted signal Al’. For example, both packet A1’ and packet A2’
can be simple repetition where packet A1’ = packet A2’ = packet A. Alternatively, packet

A1’ and packet A2’ can be space-time encoded.

Similar arrangement can be applied to subsequent BTS transmissions (e.g., packet B

and packets B1°/B2’).

As described above, the transmitting end can send the signals in various forms,
including space-time encoded signals. Here, the transmitting end can be a BTS or a RS. It is
important that these transmitted signals are successfully received and decoded by the
recelver.

In order to resolve the problems associated with the current design of the receiver
which can incur unwanted overhead and/or require a special complex space-time decoder,
as described above, the receiver should be designed so that it can determine whether or not
the system is transmitting a space-time encoded signal. More detailed information regarding
a space-time decoder can be found in “Gesbert, David, From Theory to Practice: An

Overview of MIMO Space-Time Coded Wireless Systems, IEEE Journal on Selected Areas
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in Communications, Vol. 21, No. 3, (April 2003), pp. 281-302.”

In the system which employs Alamouti space-time codes, the pilot tones are space-
time coded if space-time coding is activated. Similarly, the converse is true if space-time
coding is not activated. In the present invention, assume that Type O sectors transmit the
original pilot signal while Type 1 sectors transmit a space-time encoded pilot signal.

As an embodiment of the present invention, the determination as to whether the
system 1s transmitting a space-time encoded signal can be made possible by having the MS
process the pilot signals or pilot tones in a smart manner. That is, since the pilot signals
include different signal patterns, the MS can recognize different patterns based on the pilot
signal. More specifically, this means that when the pilot signal is space-time encoded, the
pilot signals have a certain pattern. Alternatively, when space-time coding is not activated
which means that the pilot signal is not space-time encoded, the pilot signals have a
different pattern from that of the space-time encoded pilot signal. In essence, this distinction
enables the MS to determine whether or not the received pilot signal is space-time encoded,
allowing the MS to process the pilot signals smartly.

The MS can process the pilot signal and attempt to detect the Type 1 pilot signal
(space-time encoded pilot signal). The detection can be performed by one of many available
methods such as a Neyman Pearson method.

[t the Type 1 pilot signal is detected, then the MS assumes that the received pilot
signal is space-time encoded or put differently, space-time coding has been activated.

Further, 1f the Type 1 pilot signal is detected but the Type 0 pilot signal is not, then the MS
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Alternatively, if the Type 0 pilot signal is detected but the Type 1 pilot signal is not,
then the MS decodes using the regular decoder (e.g., no space-time coding). If both the
T'ype 0 and the Type 1 pilot signals are detected, then a default decoder can be used. Here,
the default decoder can be pre-set. However, if neither the Type 0 nor the Type 1 pilot
signal is detected, then the space-time decoder can be used.

Alternatively, the MS can process the BCMCS signal by using the regular detector,
also referred as a default decoder. If and when the BCMCS reception quality is sufficiently
good, the MS can assume that the pilot signal is not space-time encoded and can process the
pilot signal in a usual manner in which the pilot signal is decoded as if the pilot signal is not
space-time encoded. In other words, the received pilot signal can be processed by the
detault decoder. Here, the reception quality can be measured using the signal-to-noise ratio
(SNR) of the two pilots (SNR for Type 1 pilot and SNR for Type 2 pilot), for example. If,
however, the BCMCS reception quality is poor or insufficient, the MS can use the space-
time decoder. In the event that the space-time decoder performs better than the default
decoder, then the MS can assume that the pilot signal is space-time encoded and switch over
to the space-time decoder. It is also possible to set the space-time decoder as the default
decoder 1n the present invention.

Alternatively, the MS can decode the BCMCS signal with the default decoder and
the space-time decoder. In this case, the MS receives at least two pilot signals and

determines the pilot signal type of each pilot signal. For example, the pilot signal type of the
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pilot signal could be Type 0 (non-space-time encoded) or could be Type 1 (space-time
encoded). Based on the determined pilot signal type (e.g., Type 0 or Type 1), the MS uses
the decoders corresponding to each pilot signal type to detect a portion of each pilot signal.
The detected portions of the pilot signals are then compared, and the pilot signal having
better output is selected.

Alternatively, a combination of the above schemes can also be used.

As another embodiment of the present invention, the receiver design can be
simplitied. If the MS receives a sufficiently strong signal from the system, the MS need not
pertorm space-time decoding which typically requires additional signal processing. Instead,
the MS can implement a much simpler receiver.

If the MS is in a sufficiently good channel condition, the MS may not need to
perform space-time decoding. More specifically, the MS can receive at least two pilot
signals. The MS then detects a portion or about half of eéch pilot signal using a default
decoder. If the portion or half of the pilot signal is successfully detected, then the MS can
continue to use the default decoder to decode rest of the pilot signal. When the default
decoder 1s used, 1t signifies that the pilot signal is not space-time encoded. For example, if
the MS receives the Type O pilot signal, which signifies absence of space-time encoding, the
default decoder is employed.

If, however, the portion or half of the received pilot signal is not successfully
decoded, then the MS can switch to or use the space-time decoder to decode the pilot signal.

When the space-time decoder is used, it signifies that the pilot signal is space-time encoded.
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For example, if the MS receives a combined Type 1 and Type 0 pilot signal, which signifies
presence of space—time encoding, the space-time decoder is employed. .

Further, if the MS determines that 13 cannot detect a Type 1 signal, the MS can
decide to demodulate the Type 0 signal as if there were not space-time encoding. Similarly,
if the MS does detect the Type 1 signal but cannot detect a Type 0 signal, the MS can
decide to demodulate the Type 1 signal as explained above.

It is important to note that the embodiments. of above are not limited to space-time
coding schemes but can also be applied to other space-time codes. Further, the system, as
discussed above, is not limited to the BCMCS system, but also be applied to cellular
networks, point-to-ppint system, and/or any other types of systems that applies transmit
diversity.

It will be apparent to those skilled in the art that various modifications and variations

can be made in the present invention without departing from the scope of the

inventions. Thus, it is intended that the present invention covers the modifications and

variations of this invention provided they come within the scope of the appended claims and

their equivalents.
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CLAIMS:
1. A method of selecting a decoder type in a wireless communication system

having at least two different decoder types, the method comprising:

recelving at least two pilot signals from a transmitting end, wherein each of the

at least two pilot signals is represented by various pilot signal types;

determining the pilot signal type of each of the received at least two pilot

signals;

decoding a portion of each of the received at least two pilot signals using at

least two decoders, each decoder corresponding to one of the pilot signal types; and

determining the decoder type for a selected pilot signal of the received at least
two pilot signals, the selected pilot signal selected based on the decoded portion of a
corresponding one of the received at least two pilot signals, wherein the decoded portion of

cach of the received at least two pilot signals equals half of the corresponding pilot signal.

2. The method of claim 1, wherein the various pilot signal types include space-

time encoded signals.

3. The method of claim 1, wherein at least one of the at least two decoders 1s a

space-time decoder.

4. The method of claim 1, wherein each of the various pilot signal types is

represented by either Type 0 or Type 1.

J. The method of claim 4, wherein Type 0 represents a non-space-time encoded

signal, and Type 1 represents a space-time encoded signal.
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