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A method for transmitting sounding reference signals (SRSs) and parameters thereof, a base station and a mobile station are
provided by the present invention. The method for transmitting sounding reference signals includes: according to SRS parameters
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(57) Abrege(suite)/Abstract(continued):

for one antenna recelved from a base station, allocating SRS resources for one antenna In a mobile station; according to the
received SRS parameters and based on the predetermined relationships between SRS parameters of each antenna in the mobile
station, determining SRS parameters of other antennas in the mobile station; according to the determined SRS parameters of the
other antennas, allocating SRS resources for the other antennas; and transmitting corresponding SRS signals on the allocated
SRS resources via the one antenna and the other antennas respectively. The method and apparatus can save signaling resources
In a wireless communication system.
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ABSTRACT

A method for transmitting sounding reference signals (SRSs) and parameters
thercof, a base station and a mobile station are provided by the present invention. The
method for transmitting sounding reference signals mcludes: according to SRS
parameters for one antenna received from a base station, allocating SRS resources for
one antenna in a mobile station; according to the received SRS parameters and based on
the predetermined relationships between SRS parameters of each antenna in the mobile
station, determining SRS parameters of other antennas in the mobile station; according
to the determined SRS parameters of the other antennas, allocating SRS resources for
the other antennas; and transmitting corresponding SRS signals on the allocated SRS
resources via the one antenna and the other antennas respectively. The method and

apparatus can save signaling resources in a wireless communication system.
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METHOD FOR TRANSMITTING SOUNDING REFERENCE SIGNALS AND
PARAMETERS THEREOF, BASE STATION AND MOBILE STATION

Field of the Invention

(0001] The present invention generally relates to the field of wircless communication
systems and more particularly to a method of transmitting a Sounding Reference Signal

(SRS), a method of transmitting an SRS parameter, a base station and a mobile station.

Background of the Invention

0002] In the fourth-generation (4G) mobile communication system, data
demodulation and channel sounding is performed with a Reference Signal (RS), for
example, in the uplink of Long Term Evolution (LTE) Single Carner-Frequency
Division Multiplex Address (SC-FDMA).

[0003] Functions of an uplink RS include channel estimation required for coherent
demodulation, channel quality sounding for uplink scheduling, power control, timing

estimation, direction-of-arrival estimation to support downlink beam shaping, etc.

(0004] The majority of uplink reference signals in the LTE are based on a Zadoft-Chu
(ZC) sequence which is also referred to as a Generalized Chirp-Like (GCL) sequence.
This sequence is typically a non-binary unit amplitude sequence with the characteristic
of Constant Amplitude Zero Autocorrelation (CAZAC). The CAZAC sequence 1s a
complex-valued signal in the form of € A ZC sequence with the length of a prime

N
number *'Z¢ can be represented as:

n(n+l)/2+ln—
Ny

R— —

[0005] a, =exp|—jim

(0006) Where 9°F e, Noe =1 is a root index of the ZC
sequence, n=0L, Ny —1 “and /€N _For simplicity, / is set to 0 in the LTE.

(0007] The ZC sequence has the following characteristics:

(0008] 1. The ZC sequence has constant amplitude, and still has constant amplitude
after being subjected to a DFT operation. The characteristic of constant amplitude
restricts a peak to average power ratio and boundary and temporally flat interference
with other users. Furthermore, this characteristic also simplifies an 1mplementation

when it is only necessary to calculate and store a phase rather than amplitude.
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0009] 2. The ZC sequence with any length has ideal cyclic autocorrelation, that s,

cyclic shift correlation is a 6 function.

10010]  An uplink RS has good characteristics due to the ideal characteristic of the ZC
sequence: (1) constant amplitude in the frequency domain for uniform excitation of
respective allocated sub-carriers in unbiased channel estimation; (2) a low Cubic Metric
(CM) value in the time domain; (3) excellent autocorrelation characteristic facilitating
precise channel estimation; (4) good cross-correlation characteristic for reduced

interference of an RS transmitted from other cells on the same resource.

0011] Two types of RSs are supported by the uplink: (1) a Demodulation RS (DM-RS)
generally used for channel estimation of uplink data transmission or signaling
information transmission and further relevant detection; (2) a Sounding RS (SRS)
oenerally used for channel quality measurement and further frequency selective

scheduling of the uplink.

(0012] In an LTE system, a sub-frame includes 14 symbols numbered 0, 1, 2, ..., 13
respectively, as illustrated in Fig.1. In a Rel.8/9 system, an SRS signal of a user can be
transmitted only in the No.13 symbol. In the Rel.8/9 system, a DMRS signal of a user
can be transmitted only in the No.3 symbol and the No.10 symbol. A DMRS and an
SRS of the uplink are time division-multiplexed with a data symbol. A DMRS of a
mobile station of a given user has the same bandwidth as an uplink data channel
(PUSCH) or an uplink signaling channel (PUCCH) transmitted from the user, e.g., a
PUSCH bandwidth among the entire cell bandwidth. Therefore, DMRSs of ditterent
users are also orthogonal to each other when different bandwidths of the system are
allocated to the respective users (FDMA).

0013] An SRS bandwidth of a user can be different from a bandwidth for data
transmission. An SRS signal of a user is usually transmitted on the last SC-FDMA
symbol of a sub-frame, and a mobile terminal are notified of parameters of the SRS
signal by upper-layer signaling of the system. In Fig.1, a mobile station transmits an
SRS periodically on the last symbol of a sub-frame. In Fig.2, SRS signals of mobile
stations of respective users are multiplexed through Frequency Division Multiplexing
(FDM), Code Division Multiplexing (CDM) or Time Division Multiplexing (TDM). In
the TDM mode, an eNodeB (base station) in the LTE requires transmission of a single
SRS from a mobile station or configures the mobile station to transmit an SRS
periodically to the end. If a mobile station transmits an SRS periodically, then this
period can be 2, 5, 10, 20, 40, 80, 160 or 320ms. In the FDM mode, the eNodeB can

assign frequency resources with different bandwidths or frequency resources with the
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same bandwidth but at different locations to mobile stations of users for transmission of
an SRS signal. Factors influencing an SRS bandwidth include the maximum power of a
mobile station, the number of sounding-enabled mobile stations and a sounding
bandwidth required for benefiting from uplink scheduling dependent upon a channel
condition. In order to further multiplex a frequency resource, a carrier of the same
frequency band can further be divided 1nto different sub-carmers which are spaced from
each other in the frequency domain by a Transmission Comb (TC) value. In the CDM
mode, the eNodeB can also assign frequency resources with the same bandwidth at the
same location to different users. At this time, different cyclic shifts (CS) of an RS
sequence can make the sequences orthogonal that is, the correlation between a ZC
sequence and any cyclic shift of the same sequence is zero. Different mobile stations are
provided with different CS values. With a channel impulse response of a limited length,
different transmitters can use different cyclic temporal shifts of the same RS base
sequence, and orthogonality can remain between the RSs as long as the cyclic shifts are

longer than the channel impulse response.

[0014] No other measure than the foregoing TDM, FDM and CDM can be taken in the
existing LTE system to multiplex an SRS resource.

[0015] In the LTE system, transmission of an uplink signal of a user supports a
single-antenna transmission or antenna-selective transmission mode. SRS resources can
be assigned simply by assigning only a set of SRS resources for each user.

[0016] In an LTE-Advanced system, 1n order to satisfy a higher uplink transmission
rate index, a mobile station 1s required to support transmission at a higher rank in the
uplink, e.g., transmission at the rank 1 to rank 4, and thus the mobile station is required
to be equipped with a higher number of antennas, e.g., 2 antennas to support
transmission at the highest rank of 2 or 4 antennas to support transmission at the highest
rank of 4.

[0017] When the mobile station is equipped with a higher number of antennas for
transmission at a higher rank, also a larger number of SRS resources have to be assigned
thereto for sounding and estumation of a channel of each antenna.

[0018]  After a base station assigns sounding resources to be used for respective mobile
stations and respective antennas of the respective mobile stations, it is necessary to
notify the respective mobile stations of corresponding SRS parameters by signaling so
that the mobile stations allocate SRS resources really for the antennas according to the

SRS parameters.

[0019] In an obvious method, the base station notifies respective users of sounding
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signal resources of respective antennas respectively by explicit signaling. However, this
method may result in an excessive signaling load of the system. For example, if the
mobile station 1s provided with two transmission antennas, then two-fold signaling
resources are required to notify sounding signal resource conﬁguratioﬁs of the
5 respective transmission antennas; and in another example, if the mobile station is
provided with four transmission antennas, then four-fold signaling resources are
required to notify sounding signal resource configurations of the respective transmission

antennas.

Summary of the Invention

10 [0020] The summary of the invention will be given below to provide basic
understanding of some aspects of the invention. It shall be appreciated that this
summary s neither exhaustively description of the invention nor intended to define
essential or important parts or the scope of the invention, but is merely for the purpose
of presenting some concepts in a simplified form and hereby acts as a preamble of more

15 detailed descriptions which will be presented later.

(0021} The mnvention 1s intended to address at least the foregoing technical problem in
the prior art so as to save signaling resources of a wireless communication system.

[0022] To this end, there 1s provided according to an aspect of the invention a method
for Sounding Reference Signal (SRS) transmission, which includes: allocating SRS

20  resources to one antenna of a mobile station according to an SRS parameter for one
antenna recetved from a base station; determining SRS parameters for other antennas of
the mobile station according to the received SRS parameter and based on a
predetermined relationship between the SRS parameter of each antenna of the mobile
station; allocating SRS resources to the other antennas according to the determined SRS

25  parameters for the other antennas; and transmitting respective SRS signals on the
allocated SRS resources respectively via the one and the other antennas.

[0023] According to another aspect of the invention, there is provided a method for
Sounding Reference Signal (SRS) parameter transmission, which includes: transmitting
to a mobile station a predetermined relationship between the SRS parameter of each
30 antenna of the mobile station; determining an SRS parameter for one antenna of the
mobile station based on the predetermined relationship; and transmitting to the mobile

station the SRS parameter for one antenna of the mobile station.

[0024]  According to another aspect of the invention, there 1s provided a mobile station
including: a receiving unit, for recetving a Sounding Reference Signal (SRS) parameter
35  for one antenna from a base station; an SRS resource allocation unit, for allocating SRS
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resources to one antenna of the mobile station according to the SRS parameter received
by the received unit; determinmg SRS parameters for other antennas of the mobile
station according to the received SRS parameter and based on a predetermined
relationship between the SRS parameter of each antenna of the mobile station; and
allocating SRS resources to the other antennas of the mobile station according to the
determined SRS parameters for the other antennas; and a transmitting unit, for
transmitting respective SRS signals on the allocated SRS resources respectively via the

one and the other antennas.

[0025]  According to another aspect of the invention, there is provided a base station
including: a Sounding Reference Signal (SRS) parameter determining unit, for
determining an SRS parameter for one antenna of a mobile station based on a
predetermined relationship between the SRS parameter of each antenna of the mobile
station; and a transmitting unit, for transmitting the predetermined relationship to the
mobile station and transmitting the SRS parameter for one antenna to the mobile station.

[0026] These and other advantages of the invention will become more apparent from
the following detailed description of preferred embodiments of the invention with

reference to the drawings.

Brief Description of the Drawings

[0027]  The foregoing and other objects, features and advantages of the invention will
become more apparent from the foregoing description of embodiments of the invention
with reference to the drawings in which components serve only to illustrate the principle
of the invention and m which identical or like technical features or components will be

denoted with 1dentical or similar reference numerals.

[0028] Fig.1 illustrates a schematic diagram of a sub-frame for transmitting an SRS in
the prior art;
[0029)  Fig.2 illustrates a schematic diagram of another sub-frame for transmitting an

SRS in the prior art;

[0030] Fig.3 illustrates a block diagram of a mobile station according to an

embodiment of the invention;

[0031] Fig.4 illustrates a flow chart of a method of transmitting an SRS according to

an embodiment of the invention;

[0032]  Fig.5 1llustrates a block diagram of a base station according to an embodiment

of the nvention:
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(0033] Fig.6 illustrates a flow chart of a method of transmitting SRS parameters

according to an embodiment of the invention; and

[0034] Fig.7 illustrates a block diagram of a wireless communication system according

to an embodiment of the invention.
Detailed Description of the Invention

(0035] Embodiments of the invention will be described below with reference to the
drawings. An element and a feature described in one drawing or one embodiment of the
invention can be combined with an element and a feature 1illustrated i one or more
other drawings or embodiments. It shall be noted a representation and a description of
components and processes irrelevant to the invention and known to those ordinarily
skilled in the art have been omitted in the drawings and the description for the sake of

clanty.

[0036] Fig.3 illustrates a block diagram of a mobile station according to an
embodiment of the invention. The mobile station 300 includes: a recetving unit 310
configured to receive an SRS parameter transmitted from a base station; an SRS
resource allocating unit 320 configured to allocate an SRS resource for each antenna in
the mobile station 300 according to the SRS parameter received by the recelving unit
310; and a transmitting unit 330 configured to transmit corresponding SRS signals on
the SRS resources allocated for the respective antennas via the respective antennas.

[0037] An operation principle of the mobile station 300 will be described below 1n
details with reference to Fig.4.

[0038] In the invention, the mobile station receives only an SRS parameter for one
antenna from the base station and can derive SRS parameters of other antennas by using
a predetermined relationship between the SRS parameters of the respective antennas 1n

order to save signaling resources of a system.

[0039] Fig.4 illustrates a flow chart of a method of transmitting an SRS according to
an embodiment of the invention. In the step S410, the SRS resource allocating unit 320
allocates an SRS resource for one antenna in the mobile station 300 according to an
SRS parameter for one antenna received by the receiving unit 310 from the base station.

[0040] In the step S420, the SRS resource allocating unit 420 determines SRS
parameters of other antennas in the mobile station 300 based upon a predetermimed
relationship between the SRS parameters of the respective antennas in the mobile

station 300.

[0041] In order to multiplex an SRS resource by using the foregoing various
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multiplexing mechanisms, SRS parameters that the base station typically transmits to
the mobile station may include: a frequency location, a TC value, a CS value, a
frequency modulation pattern, etc., for transmitting an SRS. The mobile station can
allocate a corresponding SRS resource for transmitting an SRS signal really for an

antenna according to the recetved SRS parameter.

[0042] In order to ensure SRS resources of different antennas in the mobile station to
be orthogonal to each other, at least one of SRS parameters of each antenna shall be
different from that of another antenna. For example, SRS resources of different antennas
in the mobile station can be distinguished by different combinations of a frequency
location, a TC value and a CS value. For example, one or more of the following
combinations can be adopted: a different frequency location, a different TC value and
the same or different CS value; a different frequency location, the same TC value and
the same or different CS value; the same frequency location, a different TC value and
the same or different CS value; or the same frequency location, the same TC value and a
different CS value.

[0043]  Various predetermined relationships between SRS parameters of antennas can
be adopted as the predetermined relationship as long as SRS resources of the respective
antennas are ensured to be orthogonal. An example of a relationship between SRS
parameters of antennas will be described below taking a TC value and a CS value as an
example for the purpose of a description. Typically, a value range of a TC value
includes 0 and | representing an even- and odd-numbered sub-carrier of a carrier
respectively. A CS value occupies 3 bits and a value range thereof includes 0 to 7.

[0044] A simple method 1s to take the same or different TC values for different
antennas and to shift a CS value cyclically by a predetermined amount forward or
backward sequentially in the value range. Several examples of a predetermined

relationship will be given below.

[0045] A predetermined relationship depicted in Table 1.1-1 to Table 1.1-7 below

applies to a 2-antenna mobile station. In each table, the first row (Comb Index)
represents a TC value, and the succeeding row (Cyclic Shift Index) represents CS
values. The first column may represent a TC value and a CS value among SRS
parameters for one antenna received from the base station, and the second column may
represent a TC value and a CS value among SRS parameters for another antenna in the
mobile station, and vice versa. In these tables, the TC values for SRS signals of the
respective antennas are the same, for example, both are 0 or both are 1 (as indicated in
the parentheses in Table). The CS values are shifted cyclically by n bits forward or
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backward sequentially in the value range, where n takes the values of 1 to 7. In Table
1.1-1, the CS value of the other antenna is shifted cyclically by 1 bit backward relative
to the received CS value of the antenna; in Table 1.1-2, the CS value of the other
antenna is shifted cyclically by 2 bit backward relative to the received CS value of the

antenna; and so on.

[0046] For example, with the predetermined relationship as depicted in Table 1.1-4, 1f
one antenna in the mobile station has a TC value of 0 and a CS value of 0 according to
SRS parameters received from the base station, then it can be determined that the other
antenna in the mobile station has a TC value of 0 and a CS value of 4 according to the
predetermined relationship in Table 1.1-4. A repeated description of other cases will be

omitted here.

[0(1) 0(1)]— Comb _Index 0(1) 0(1)]—> Comb _ Index
0 1] 0 27

1 2 | 3

2 3 2 4

3 4 35

4 s - — Cyclic _ Shift  Index 4 6gg-—>Cyclic_LS'hiﬁ_lndex
5 6 5 7

6 7 6 0

7 0] 7 1§

Table 1.1-1 Table 1.1-2

0(1) 0(1)]— Comb _ Index [0(1) 0()] > Comb _ Index
[0 3] 0 4]

1 4 1 5

2 5 2 6

3 6 3 7

> — Cyclic  Shift  Index > — Cyclic  Shift _ Index

4 7 - 4 0

5 0 5 1

6 1 6 2

7 2] 7 3]

Table 1.1-3 Table 1.1-4
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0Q) 0(1)]—> Comb _Index 01) 0Q1)]—> Combd _Index
0 5] 0 6]

1 6 1 7
2 7 2 0
3 0 | | 3 1
4 - — Cyclic  Shift  Index 4 3 - — Cyclic  Shift  Index
5 2 5 3
6 3 6 4
7 4] 7 5]
Table 1.1-5 Table 1.1-6
0(1) 0(1)]— Comb _Index
0 7]
1 0
2 1]
3 2
4 3 »— Cyclic  Shift  Index
5 4
6 5
_7 6—.4
5 Table 1.1-7

[0047]) A predetermined relationship depicted in Table 1.2-1 to Table 1.2-8 below also

applies to a 2-antenna mobile station. Unlike Table 1.1-1 to Table 1.1-7, the TC values

for SRS signals of respective antennas are different in Table 1.2-1 to Table 1.2-8.

Furthermore, CS values can be the same because SRS resources can be ensured to be
10 orthogonal due to the different TC values, as depicted in Table 1.2-8.

[0048] For example, with the predetermined relationship as depicted in Table 1.2-2, if
one antenna m the mobile station has a TC value of 0 and a CS value of 1 according to
SRS parameters received from the base station, then it can be determined that the other
antenna 1n the mobile station has a TC value of 1 and a CS value of 3 according to the
15  predetermined relationship in Table 1.2-2. In another example, with the predetermined
relationship as depicted in Table 1.2-2, if one antenna in the mobile station has a TC
value of 1 and a CS value of 1 according to SRS parameters received from the base
station, then it can be determined that the other antenna mn the mobile station has a TC
value of 0 and a CS value of 3 according to the predetermined relationship in Table
20  1.2-2. Arepeated description of other cases will be omitted here.
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0(1) 1(0)|— Comb _Index

Vv

\lo\m&wl\)wo}

]
2
3
4
5
6
7

0

> — Cyclic  Shift  Index

Table 1.2-1

0(1)

_— 0 ~ N U B W

0
|
2
3
4
5
6
7

2

\

1(0)] — Comb Index

- — Cyclic  Shift  Index

Table 1.2-3

10(1) 1(0)|— Comb _ Index

0 5
1 6
2 7
3 0
4 1
> 2
6 3
-

7 4
Table

p—

g

\1

» — Cyclic  Shift  Index

1.2-5

10
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[0()) 1(0)] > Comb _ Index

- — Cyclic  Shift  Index

AN N B W N — O
_— O N W S W

7 4
Table 1.2-2

10(1) 1(0)]|— Comb Index

—- -t

- — Cyclic _ Shift _ Index

SN AW N = O
N = O 1 ON

.._7 3—..-
Table 1.2-4

0(1) 1(0)|— Comb _ Index

= “= )

- — Cyclic  Shift  Index

O b B W N O
N = O 1 N

7 S_J
Table 1.2-6
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0(1) 1(0)] > Comb _Index [0(1) 1(0)| > Comb _ Index

0 7] 0 0]

1 0 11

2 1 2 2

42 i - — Cyclic _ Shift _ Index 2 i > —>» Cyclic _ Shift _ Index
5 4 5 5

6 5 6 6

7 6] 7 7]

Table 1.2-7 Table 1.2-8

[0049] A predetermined relationship depicted in Table 2.1-1 to Table 2.1-7 below
applies to a 4-antenna mobile station. In each table, the first row (Comb_Index)
represents a TC value, and the succeeding row (Cyclic_Shift Index) represents CS
values. The first column may represent a TC value and a CS value among SRS
parameters for one antenna received from the base station, and the succeeding column
may represent TC value and CS value among SRS parameters for second, third and
fourth antennas in the mobile station, and vice versa. In these tables, the TC values for
SRS signals of the respective antennas are the same, and the CS values are shifted
cyclically by n bits forward or backward sequentially in the value range, where n takes
the values of 1 to 2. The rows in Table 2.1-1 and Table 2.1-2 can be interchanged, that 1s,
the succeeding columns can correspond to the second, third and fourth antennas or the

third, second and fourth antennas, and so on.

[0050]) For example, with the predetermined relationship as depicted in Table 2.1-2, if
one antenna in the mobile station has a TC value of 0 and a CS value of 0 according to

SRS parameters received from the base station, then it can be determined that the other
three antennas in the mobile station have TC values of all 0 and CS values of 2, 4 and 6

respectively according to the predetermined relationship in Table 2.1-2. A repeated

description of other cases will be omitted here.

B
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[0(1) 0(1) 0O0) O l)] — Comb  Index [0(1) 0) o) O(l)]——) Comb Index

0 1 2 3] [0 2 4 6]

1 2 3 4 1 3 5§ 7

2 3 4 5 12 4 6 0

> 43 6 > — Cyclic  Shift  Index >0 7 > — Cyclic  Shift  Index
4 5 6 7 4 6 0 2 - =

5 6 7 0 5 7 1 3

6 7 0 1 6 0 2 4

701 2 71 3 5]

Table 2.1-1 Table 2.1-2

[0051] Predetermined relationship tables with different TC values of the four antennas
can be derived from the foregoing Table 1.1 (Table 1.1-1 to Table 1.1-7) in combination

>  with Table 1.2 (Table 1.2-1 to Table 1.2-8). For example, Table 2.2-1 can be derived
from Table 1.2-8 in combination with Table 1.1-4, Table 2.2-2 can be derived from
Table 1.2-2 in combination with Table 1.1-4, and Table 2.2-3 can be derived from Table
1.2-4 1n combination with Table 1.1-2. Similar to the above case, columns of table 2.2-1,
Table 2.2-2 and Table 2.2-3 can be interchanged.

10 [0052] A combination method will be introduced below taking derivation of Table
2.2-1 from Table 1.2-8 in combination with Table 1.1-4 as an example.

[0053] As can be apparent from observation of Table 1.2-8, these two sets of resources

are configured with the same CS value and different TC values. As can be apparent

from observation of Table 1.1-4, these two sets of resources are configured with a CS

15 wvalue shifted cyclically by 4 and the same TC value. In view of these regularities, a
4-antenna configuration table, e.g., Table 2.2-1, is derived from these two tables in
combination, where the four antennas are divided into two groups each with the same

T'C value, for example, the first and third columns of Table 2.2-1 in one group and the

~ second and fourth columns in one group. There 1s a CS value shifted cyclically by 4 in

20 two columns of configuration in each group.

[0054] For example, with the predetermined relationship as depicted in Table 1.2-2, if
one antenna in the mobile station has a TC value of 0 and a CS value of | according to
SRS parameters received from the base station, then it can be determined that the other
antenna 1n the mobile station has a TC value of 1 and a CS value of 3 according to the
25  predetermined relationship in Table 1.2-2. A repeated description of other cases will be

omitied here.
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0(1) 10) 0O() 10)]— Comb Index [0(1) 1(0) 0O() 1(0)]-> Comd _Index

‘W

0 0 4 4 0 2 4 6
I 1 5 5 1 3 5 7
2 2 6 6 2 4 6 O
i i g (7) > —> Cyclic  Shift  Index j Z g ; - — Cyclic  Shift  Index
5 5§ 1 1 5 7 1 3
6 6 2 2 6 0 2 4
7 7 3 3} 7 1 3 5]
Table 2.2-1 Table 2.2-2
o() o) 1(0) 1(0)|— Comb _Index
0 2 4 6]
] 3 5 7
2 4 6 0
oo > —>» Cyclic  Shift Index
4 6 0 2
5 7 1 3
6 0 2 4
7 1 3 5]
5 Table 2.2-3

[0055) It shall be appreciated that the foregoing predetermined relationship
represented in a combination of a TC value and a CS value 1s merely illustrative. It shall
be appreciated that the foregoing predetermined relationship can alternatively be a
combination of a frequency location and a TC value, a combination of a frequency

10  location and a CS value, a combination of a frequency location and a TC value and a CS
value, etc., as long as SRS resources of respective antennas are ensured to be

orthogonal.

[0056] In an embodiment of the invention, the predetermined relationship can be
pre-stored in the mobile station, ¢.g., in a storage unit (not illustrated) in the mobile
15  station in various forms, e.g., in a table, a database list, a multi-dimensional array, etc.

Of course, a corresponding predetermined relationship shall also be pre-stored in the

base station.

[0057] However, there is some restriction on a predetermined relationship being
pre-stored in the mobile station. To unify the standard, each mobile station has to use the

20  same predetermined relationship so that respective cells 1n the system also have to use
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the same predetermined relationship. Moreover, the predetermined relationship can not

be updated flexibly 1n the system.

[0058] For more flexible use of a predetermined relationship, the predetermined
relationship can be transmitted to the mobile station through the base station in an
embodiment of the invention. For example, the base station can broadcast
predetermined relationships corresponding to different numbers of antennas through
downlink broadcast signaling, and the mobile station can receive the downlink
broadcast signaling from the base station and obtain a predetermined relationship
corresponding to the number of antennas of the mobile station itself therefrom.

[0059] Furthermore, the predetermined relationship is updated dynamically by the
base station according to a change in channel conditions and wireless link properties in
an embodiment of the invention. Thus, the predetermined relationship can adapt a
specific situation of a present cell mstead of the same predetermined relationship being

used for each cell.

[0060] Further referring to Fig.4, the SRS resource allocating unmit 320 allocates SRS
resources to the other antennas according to the determuned SRS parameters for the

other antennas 1n the step S430.

[0061] The transmitting unit 330 transmits SRS signals of the respective antennas in
the mobile station 300 respectively on the SRS resources allocated for the respective
antennas via the respective antennas n the step S440 after allocating the SRS resources.

[0062) Fig.5 illustrates a block diagram of a base station according to an embodiment
of the mvention. The base station can be used cooperatively with the mobile station 300
according to the embodiment of the ivention. The base station 500 includes: a
recerving unit 510 configured to receive various data and signaling transmitted from a
mobile station, €.g., an SRS signal transmitted from the mobile station, etc.; an SRS
parameter determining unit 520 configured to determine an SRS parameter for an
antenna in the mobile station; and a transmitting unit 530 configured to transmit various
data and signaling to the mobile station, e.g., the SRS parameter of the antenna of the

mobiles station, etc.

[0063] An operation principle of the base station 500 will be described below 1n
details with reference to Fig.6. Fig.6 1illustrates a flow chart of a method of transmitting

an SRS parameter according to an embodiment of the invention.

[0064] In the step S610, the transmitting unit 530 transmits to a mobile station a
predetermined relationship between the SRS parameter of each antenna of the mobile

14
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station. For a specific description of the predetermined relationship, reference can be
made to the foregoing description of the mobile station with reference to Fig.4, and a

repeated description thereof will be omitted here.

[0065] In the step S620, the SRS parameter determining unit 520 determines an SRS
> parameter for one antenna of the mobile station based on the predetermined relationship.
Particularly, the SRS parameter determining unit 520 selects an appropriate SRS
parameter according to the availability condition of system resources and a relationship
between the SRS parameters of the respective antennas embodied in the predetermined
relationship so that the mobile station allocates an available system resource for an SRS

10 signal.

[0066] In the step S630, the transmitting unit 530 transmits to the mobile station the
determined SRS parameter for one antenna of the mobile station.

[0067] The base station can measure a channel quality using the SRS signal

transmitted from the mobile station upon reception of the SRS signal.

15 [0068] Furthermore, in an embodiment of the invention, the receiving unit 510 can
recerve the number of antennas of the mobile station from the mobile station prior to the
step S610 so that the SRS parameter determining unit 520 determines the predetermined
relationship corresponding to the number of antennas and further determines the SRS
parameter for one antenna to be transmitted to the mobile station according to the

20 number of antennas and based upon the determined predetermined relationship to
thereby prevent an SRS resource of the mobile station from conflicting with an SRS

resource assigned by a system to another mobile station.

[0069] As described above, the transmitting unit 530 can broadcast the predetermined
relationship by downlink broadcast signaling. Furthermore, in an embodiment of the
2>  invention, the predetermined relationship broadcasted from the transmitting unit 530
can include predetermined relationships corresponding to various numbers of antennas
so that the mobile station in a cell can obtain therefrom a predetermined relationship

corresponding to 1ts own number of antennas.

[0070]  Furthermore, as described above, the SRS parameter determining unit 520 can
30  update the predetermined relationship dynamically according to a change in channel
conditions and wireless link properties so as to make the predetermined relationship be

used more flexibly.

[0071]  Fig.7 illustrates a block diagram of a wireless communication system according
to an embodiment of the mnvention. The wireless communication system 700 includes

15
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the foregoing mobile station 300 and base station 500. The mobile station 300 and the
base station 500 as well as communication therebetween will not be described in details

here for conciseness of the description.

[0072]  Different antennas of the mobile station can be distinguished by a
predetermined relationship between SRS parameters of antennas in the foregoing
embodiments of the invention. Different mobile stations can also be distinguished by
such a predetermined relationship. Thus, the base station only needs to transmit an SRS
parameter of one antenna to the mobile station thereby saving signaling resources of the

system.

[0073]  Furthermore, the base station transmits such a predetermined relationship to the
mobile station, and the base station can update the predetermined relationship
dynamically according to a network condition to thereby enhance the flexibility of the

system.

[0074]  Furthermore, the base station can broadcast the predetermined relationship in
downlink broadcast signaling, and the mobile station obtains therefrom a predetermined
relationship corresponding to its own number of antennas to thereby save signaling

resources of the system.

[0075] The embodiments of the invention have been introduced above taking an
LTE-A system as an example. However, embodiments of the invention will not be
limited thereto. Those skilled in the art can readily conceive upon review of the
foregoing disclosure that the invention can also be embodied in other communication
systems such as Wimax with required transmission of a similar sounding reference

signal.

[0076] Those ordinarily skilled in the art can appreciate that all or any of the steps or
the components of the inventive methods and apparatuses can be embodied in any
computing device (including a processor, a storage medium, etc.) or network of
computing devices in hardware, firmware, software or combination thereof, and this can
be realized by those ordinarily skilled in the art upon review of the description of the
invention 1n conjunction with their general programming skills, so a detailed description

thereof will be omitted here.

[0077]  Thus, based upon the foregoing understanding, the object of the invention can
also be attained by running a program or a set of programs on any information
processing device which can be a well-known general-purpose device. Thus, the object
of the invention can also be attained by providing only a program product containing
program codes to embody the methods or the apparatuses. In other words, such a
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program product also constitutes the invention, and a storage medium in which such a
program product is stored also constitutes the invention. Apparently, the storage
medium can be any well-known storage medium or any storage medium to be
developed in the future, so it 1s not necessary to enumerate various storage mediums

here.

[0078] In the methods and apparatuses of the invention, the respective components or
the respective steps apparently can be decomposed, combined and/or decomposed and
then recombined. These decomposition, combination and/or recombination shall be

regarded as equivalents of the invention.

[0079] It shall be noted that the term “include/comprise™ as used 1n this context refers
to presence of a feature, element, a step or a component but will not preclude presence
or addition of one or more other features, elements, steps or components.

[0080] Furthermore, the methods according to the invention shall not be limited to
being performed only 1n the chronological sequence described m the specification but
can also be performed in another chronological sequence, concurrently or separately.
Therefore, the technical scope of the mnvention can not be limited by the sequence in
which the methods are performed as described 1n the specification.

[0081] Although the invention has been disclosed above in the description of the
embodiments thereof, 1t shall be appreciated that all the embodiments and examples
described above are illustrative but not limiting. Those skilled in the art can devise
various modifications, improvements or equivalents to the mvention within the spirit
and scope of the appended claims. These modifications, improvements or equivalents

shall also be regarded as included in the scope of the invention.
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CLAIMS

l. A method for Sounding Reference Signal (SRS) transmission, comprising:

allocating SRS resources to one antenna of a mobile station according to an SRS
parameter for one antenna received from a base station;

deternmning SRS parameters for other antennas of the mobile station according to
the received SRS parameter and based on a predetermined relationship between the SRS
parameter of each antenna of the mobile station;

allocating SRS resources to the other antennas according to the determined SRS
parameters for the other antennas; and

transmitting respective SRS signals on the allocated SRS resources respectively
via the one and the other antennas.

2. The method of claim 1, further comprising:

receiving a downlink broadcast signaling from the base station, and obtaining the
predetermined relationship corresponding to the total number of the antennas of the
mobile station from the downlink broadcast signaling.

3. The method of claim 1, wherein the predetermined relationship is updated
dynamically by the base station according to a change in channel conditions and
wireless link properties.

4. A method for Sounding Reference Signal (SRS) parameter transmission,
comprising:

transmitting to a mobile station a predetermined relationship between the SRS
parameter of each antenna of the mobile station;

determining an SRS parameter for one antenna of the mobile station based on the
predetermined relationship; and

transmitting to the mobile station the SRS parameter for the one antenna of the
mobile station.

5. The method of claim 4, wherein the predetermined relationship corresponding

to the total number of the antennas of the mobile station is transmitted via a downlink

broadcast signaling.
6. The method of claim 4, further comprising:

updating the predetermined relationship dynamically according to a change in
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channel conditions and wireless link properties.

7. The method of claim 5, further comprising:

receiving the total number of the antennas of the mobile station;

determining the predetermined relationship corresponding to the total number of
the antennas; and

determining the SRS parameter for one antenna of the mobile station to be

transmitted to the mobile station according to the total number of the antennas and

based on the predetermined relationship.
8. A mobile station, comprising:
a receiving unit, for recetving a Sounding Reference Signal (SRS) parameter for
one antenna from a base station;
an SRS resource allocation unit, for
allocating SRS resources to one antenna of the mobile station according to
the SRS parameter received by the received umnit;
determining SRS parameters for other antennas of the mobile station
according to the received SRS parameter and based on a predetermined relationship
between the SRS parameter of each antenna of the mobile station; and
allocating SRS resources to the other antennas of the mobile station
according to the determined SRS parameters for the other antennas; and
a transmitting unit, for transmitting respective SRS signals on the allocated SRS
resources respectively via the one and the other antennas.
9. The mobile station of claim &, wherein the recerving unit is further adapted for
recelving a downlink broadcast signaling from the base station and obtaining the
predetermined relationship corresponding to the fotal number of the antennas of the

mobile station from the downlink broadcast signaling.

10. The mobiule station of claim 8, wherem predetermined relationship is updated
dynamically by the base station according to a change m channel conditions and
wireless link properties.

11. A base station, comprising:

a Sounding Reference Signal (SRS) parameter determining unit, for determining
an SRS parameter for one antenna of a mobile station based on a predetermined

relationship between the SRS parameter of each antenna of the mobile station; and
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a transmitting unit, for transmitting the predetermined relationship to the mobile
station and transmitting the SRS parameter for one antenna to the mobile station.

12. The base station of claim 11, wherem the transmitting unit transmits the
predetermined relationship corresponding to the total number of the antennas of the
mobile station via a downlink broadcast signaling.

13. The base station of claim 11, wherein the SRS parameter determining unit is
further adapted for updating the predetermined relationship dynamically according to a
change in channel conditions and wireless link properties.

14. The base station of claim 12, further comprising a receiving unit which 1s
adapted for receiving the total number of the antennas of the mobile station, and

wherein the SRS parameter determining unit 1s further adapted for determining
the predetermined relationship corresponding to the total number of the antennas and
determining the SRS parameter for one antenna of the mobile station to be sent to the

mobile station according to the total number of the antennas and based on the

predetermined relationship.
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