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(57) ABSTRACT

The present disclosure provides a method and system for
transmitting a position reference signal, which includes:
acquiring a currently needed Position Reference Signal
(PRS) sequence with a length of 2xN;"%°, wherein Nz~ %°
is the PRS bandwidth configured by high layer signaling,
which is represented by a unit of a resource block; determin-
ing the position of the PRS sequence in a physical resource
block; and transmitting the acquired PRS sequence on the
determined position. With the method of the present disclo-
sure, a currently needed PRS sequence is acquired directly, or
at first, a PRS sequence with the maximum length is gener-
ated, and then the currently needed PRS sequence is inter-
cepted from the PRS sequence with the maximum length. The
present disclosure ensures that an effective PRS sequence can
be acquired in any circumstance, thereby ensuring the real-
ization of the positioning function of the PRS.
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Fig. 7
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METHOD AND SYSTEM FOR
TRANSMITTING POSITION REFERENCE
SIGNAL

TECHNICAL FIELD

[0001] The present disclosure relates to the field of mobile
communications, particularly to a method and system for
transmitting a position reference signal.

BACKGROUND

[0002] An Orthogonal Frequency Division Multiplexing
(OFDM) technology is a multi-carrier modulation communi-
cation technology in essence and is one of the core technolo-
gies for the 4” generation mobile communication. In the
frequency domain, the multi-path channel of OFDM is char-
acterized by frequency selective fading. To overcome such
fading, a channel is divided into multiple sub-channels in the
frequency domain, the characteristic of the frequency spec-
trum of every sub-channel is approximately flat, and every
sub-channel of OFDM is orthogonal with each other. There-
fore, the overlap of frequency spectrums of sub-channels is
allowed, so that the frequency spectrum resource can be used
to the greatest extent.

[0003] A Long Term Evolution (LTE) system is an impor-
tant program of the 3" Generation Partner Organization. FIG.
1 shows a frame structure under a Frequency Division Duplex
(FDD) mode in an L'TE system. As shown in FIG. 1, a2 10 ms
radio frame comprises twenty slots of a length of 0.5 ms,
which are numbered #0-#19. A slot 2i and slot 2i+1 comprise
a subframe i of a length of 1 ms. When the LTE system uses
a subframe with a normal cyclic prefix, a slot includes 7
uplink/downlink signals and has a length of 7 uplink/down-
link signals; when the LTE system uses a subframe with an
extended cyclic prefix, a slot includes 6 uplink/downlink
signals and has a length of 6 uplink/downlink signals. A
Resource Element (RE) is a subcarrier in an OFDM symbol.
Ifthe LTE system uses a subframe with a normal cyclic prefix,
then 12 contiguous subcarriers and 7 contiguous OFDM sym-
bols constitute a downlink Resource Block (RB); if the LTE
system uses a subframe with an extended cyclic prefix, then
12 contiguous subcarriers and 6 contiguous OFDM symbols
constitute an RB which is 180 kHz in the frequency domain
and has a time length of a normal slot in the time domain, as
shown in FIG. 2. In terms of resource allocation, the resource
is allocated by a unit of a resource block.

[0004] The LTE system supports the application of a 4-an-
tenna Multiple-Input Multiple-Output (MIMO) system, and a
corresponding antenna port #0, antenna port #1, antenna port
#2 and antenna port #3 use full-bandwidth Cell-Specific Ref-
erence Signals (CRSs). When the cyclic prefix of a subframe
is a normal cyclic prefix, the position of a CRS in a physical
resource block is shown as in FIG. 3a; when the cyclic prefix
of'a subframe is an extended cyclic prefix, the position of the
CRS in a physical resource block is shown as in FIG. 354. In
addition, there is also a UE-specific reference signal, which is
only transmitted at the time and frequency domain position
where a UE-specific physical downlink shared channel (PD-
SCH) is located, wherein the functions of the CRS include the
measurement of the downlink channel quality and estimation
(demodulation) of the downlink channel.

[0005] A base station needs to measure the position of a UE
in a cell, so that it can perform configuration and scheduling
for the UE effectively. At present, the CRS is configured to
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measure the UE, but due to the semi-static configuration of
the power of the CRS, the UE positioning performance is
limited.

[0006] At present, the solution to the above problem is to
perform positioning by is transmitting a position reference
signal (PRSs), thus to ensure the positioning precision of the
UE. The transmitting cycles of the PRS are 160 ms, 320 ms,
640 ms and 1280 ms, and the numbers of contiguous sub-
frames transmitted with the PRS are 1, 2, 4 and 6. The PRS
sequence r;,, (m) is defined as per the following formula:

1

r,ynx(m) = \/5(1 —2-c(2m)) +j%(1 —-2-c(2m+ 1)),
m=0,1,... ,2NEES 1,
[0007] wherein n, is an index of a slot in a radio frame, 1 is

the index of an OFDM symbol in a slot, and N, ;*%® is the PRS
bandwidth configured by high layer signaling. The formula
for generating a pseudorandom sequence c(i) is defined as
follows:

c(@)y=(x(i+N,)+x,(i+N_))mod 2
X1 ((+31)=(x {+3)+x,({))mod 2

X5 (43 1)=(x5 ((+3)+x,(i+2)+x5(i+1 )+x, () )mod 2;
[0008] wherein N _=1600,
x,(0)=1, x,(n)=0,n=1,2,...,30

[0009] x, is generated according to the initial value of a
pseudorandom sequence which is ¢,,, =%, > x,(n)-2",

[0010] c,,, calculated according to the following formula
generates a pseudorandom sequence c(i) of every OFDM

symbol:

Cnp =20 T (g + D+ 1+ 1)- Q- NG+ D)+ 2- N5 + Nep,
wherein

N { 1 when the cyclic prefix is a normal cyclic prefix
cp =

0 when the cyclic prefix is an extended cyclic prefix

[0011] ThePRS sequencer,,, (m)is mapped to the complex
modulation symbol ak,Z(P) at the antenna portp oftheslotn, as
per the following formula, ak,Z(P):rl,n (m"), wherein k is the
index of a subcarrier on the OFDM s§mb01 L.

[0012] When the cyclic prefix of the system is a normal
cyclic prefix:

k =6m+ (6 =+ vgp)modd

3,5,6 if ngmod2 =0
1=<1,2,3,5,6 if pmod2=1and (p=0,1)
2,3,5,6 if msmod2 =1 and (p =0, 1,2, 3);

m=0,1,K,2-NE&S 1

DL
m' =m+ NpgoPh — NERS

max,DL

[0013] the maximum downlink band-

width.

wherein Ny
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[0014] When the cyclic prefix of the system is an extended
cyclic prefix:

k =6m+ (5 =1+ vyp)modd

4,5 if ngmod2 =0
l:{1,2,4,5 if psmod2 =1 and (p =0, 1)
2,4,5 if psmod2=1and (p=0,1,2,3)

m=0,1,K,2-NE& 1
m' =m+ Ngg=PL _ NERS

wherein

Vonis = [Z 2ol +8[ J)]mod6;

i”=0

[0015] wherein v, is the initial frequency domain posi-
tion of the PRS in a physical resource block, “| J represents
rounding down. According to ¢;,,,/N .,/ (N~ represents
the identity of a cell), every radio frame generates a pseudo-
random sequence c(i"), and the time-frequency position of a
PRS in a physical resource block is as shown in FIG. 4a and
FIG. 4b. As the initial frequency domain position v, of the
PRS in the physical resource block is generated randomly, it’s
not good for reducing the interference of a neighboring cell
through cell layout.

[0016] In addition, in the existing solutions, a sequence
1, (m) with the fixed length 2xN 5 is generated first when
the PRS is transmitted, then the transmlttlng sequence I,
(m") is acquired according to the difference of N ™ DL
N, %°. However, as m decides the length of the pre-gener-
ated sequence r;, (m), r,, (m') represents the PRS data
transmitted, and m'=m+Ny JmaxDL Nz~ % shows that 1,
(m’) is acquired from r;, (m), therefore when Ngz"*" DL
N,.~% is not equal to 0, m' will certainly go beyond the scope
of Values of m, and as a result, r;, (m') will be meaningless
and effective PRS sequence data can not be acquired.

SUMMARY

[0017] The technical problem to be solved by the present
disclosure is to provide a method for transmitting a position
reference signal to ensure that an effective PRS sequence can
be acquired in any circumstance, thereby assuring the real-
ization of the positioning function of a PRS.

[0018] To solve the aforementioned technical problem, the
present disclosure provides a method for transmitting a posi-
tion reference signal, which includes:

[0019] acquiring a currently needed position reference sig-
nal (PRS) sequence with a length of 2xN,;"%®, wherein
N, ¥ is PRS bandwidth configured by high layer signaling,
and represented by the unit of a resource block;

[0020] determining a position of the PRS sequence in a
physical resource block; and

[0021] transmitting the acquired PRS sequence at the deter-
mined position.
[0022] ThePRS sequence with the length of 2xN ;7% may

be represented by r;,, (m"),

Fing(m') = L(1 —2-c(2m’)) +jL(1 —2-c2m’ + 1)),

V2 V2
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-continued

m' =0,1,... ,2NF&S 1,

or,

Fing(m') = L(1 —2-c(2m’)) +jL(1 —2-c2m’ + 1)),

V2 V2

wherein

m' =h, h+1, ... h+2NERS 1,

max,DL PRS max,DL PRS
h=Npg " —Ngg>,or, h=(Ngg =" —Npg) X2,

[0023] wherein n_ is an index of a slot in a radio frame, 1is
the index of an OFDM symbol in a slot, N;"**"* is the
maximum downlink bandwidth, and c(i) is a first is pseudo-
random sequence generated by an initial value c,,,,, of a pseu-
dorandom sequence.

[0024] Acquiring the currently needed PRS sequence with
the length of 2xN ;7% may include:

[0025] generating a PRS sequence with a length of 2xN -
manDL wherein N, ;P is the maximum downlink band-
width; and

[0026] Intercepting the PRS sequence with the length of
2xN, 7% from the PRS sequence with the length of 2xN -

max, DL

[0027)]

max, DL iS:

The PRS sequence 1, (m) with the length of 2xNz5-

L(1 —2-c(2m))+jL(1 —-2-c(2m+ 1)),

Fing(m) = Ny Ny

m=0,1,... ,2NEES 1,

[0028] wherein n_ is an index of a slot in a radio frame, 1is
an index of an OFDM symbol in a slot, and c(i') is a second
pseudorandom sequence generated by an initial value c, . of
a pseudorandom sequence.

[0029] When the subframe is a non-MBSFN subframe,

init

Cinit =210 (T (ng + D+ 1+ 1)- Q- N+ 1)+ 2-N + Nep,
wherein

N { 1 when the cyclic prefix is a normal cyclic prefix
cp =

0 when the cyclic prefix is an extended cyclic prefix

and N_,;/Z is the identity of a cell;

[0030] when the subframe is an MBSFN subframe, c,,,~2°-
(7- (A1) H+1D)- 2NV DN, 25N, wherein N, M2
sFwv s an identity of an MBSFN subframe.

[0031] Intercepting the PRS sequence with the length of
2xN, 5~ % from the generated PRS sequence with the length

of 2xN,, ;"L may include:

[0032] the generated PRS sequence with the length of

2xN,z % is represented by r;,,(m'), wherein m'=q+h and
RS

q=0,1,K.2'N, -1, and h=N,
h (NRBma.x DL_N PRS)Xz.

[0033] determining an initial frequency domain position
Vi ©f the PRS sequence in the physical resource block may
be:

max,DL
-N,;7%5, o,
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Vshift = [i Zi”c(i" + 8[%J)]mod6; or

=0

7
Vshifi = [Z Zi”c(i”)]mod6; or

=0

D
Vshifp = Ngymod6

[0034]
generated accordingto ¢
of acell.

[0035] In a non-MBSFN subframe, determining the posi-
tion of the PRS sequence in the physical resource block may
be:

[0036]
prefix:

wherein a third pseudorandom sequence c(i") is
“Neoiios and N,/ is an identity

init

when the cyclic prefix of a system is a normal cyclic

k =6g+ (6 -1+ ven)modd
3,5,6 if ngmod2 =0

[=41,2,3,5,6 if pgmod2 =1 and (p =0, 1)
2,3,5,6 if ngmod2 =1 and (p =0, 1, 2,3)

g=0,1, K,Z-N,];gs—l;

[0037] when the cyclic prefix of a system is an extended
cyclic prefix:

k =6qg + (5 =1+ vgpp)mod6

4,5 if ngmod2 =0
[=21,2,4,5 if ngmod2=1and (p=0,1)
2,4,5 if psmod2=1and (p=0,1,2,3)

g=0,1,K,2-NERS _1;

[0038] InanMBSFN subframe, determining the position of
the PRS sequence in the is physical resource block may be:

k =6qg + (5 =1+ vgpp)mod6

2,3,5,6 if ngmod2 =0
“10,1,2,3,4,5 if n;mod2=1

g=0,1, K,Z-N,];gs—l;

[0039] wherein | is an index of an OFDM symbol in a slot,
k is an index of a subcarrier on an OFDM symbol 1, p is an
antenna port, and v, is an initial frequency domain position
of'a PRS sequence in a physical resource block.

[0040] Transmitting the acquired PRS sequence at the
determined position may include:

[0041] when the PRS sequence and data carried by a physi-
cal downlink control channel (PDCCH) are transmitted on the
same bandwidth, only the data carried by the PDCCH is
transmitted;
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[0042] Transmitting the acquired PRS sequence at the
determined position may include:

[0043] when the PRS sequence and data carried by a Physi-
cal Downlink Shared Channel (PDSCH) are transmitted on
the same bandwidth, a carrier mapped with PRS is avoided
when mapping PDSCHs of R10 and R9 versions onto carri-
ers; and

[0044] when the PRS and data carried by a PDSCH of R8
version are transmitted on a same Resource Element (RE),
only the PRS data on the RE is transmitted.

[0045] Transmitting the acquired PRS sequence at the
determined position may include:

[0046] when the PRS sequence and data carried by a
PDSCH are transmitted on the same bandwidth, the power of
each RE of PRS is consistent with the power of an RE of the
PDSCH carrying the data on the OFDM symbol where the RE
of PRS is located; and

[0047] when the PRS sequence and data carried by a
PDSCH are transmitted on different bandwidth, the power of
each RE of PRS is 6 times the power of RE of the PDSCH
carrying the data on the OFDM symbol where the RE of PRS
is located.

[0048] Transmitting the acquired PRS sequence at the
determined position may include:

[0049] the transmitting power of the PRS sequence is con-
sistent with the transmitting power of a Cell-Specific Refer-
ence Signal (CRS); or

[0050] the transmitting power of the PRS sequence is con-
figured through signaling.

[0051] The present disclosure further provides a system for
transmitting a position reference signal, which includes a
PRS sequence acquiring unit, a positioning unit and a trans-
mitting unit;

[0052] wherein the PRS sequence acquiring unit is config-
ured to acquire a currently needed PRS sequence with a
length of 2xN,;7%%, wherein N ;7*° is PRS bandwidth con-
figured by high layer signaling;

[0053] the positioning unit is configured to determine a
position of the PRS sequence acquired by the PRS sequence
acquiring unit in a physical resource block; and

[0054] the transmitting unit is configured to transmit the
PRS sequence acquired by the PRS sequence acquiring unit at
the position determined by the positioning unit.

[0055] The PRS sequence acquiring unit may include a
PRS sequence generating unit and an intercepting unit;
[0056] wherein the PRS sequence generating unit is con-
figured to generate a PRS sequence with a length of 2xNy5-
manDL whereinN 5" *PF is the maximum downlink is band-
width; and

[0057] the intercepting unit is configured to intercept the
PRS sequence with the length of 2xN, ;"™ from the PRS
sequence with the length of 2xN,z"*" generated by the
PRS sequence generating unit.

[0058] Itis thus clear that, with the transmitting method and
the transmitting system provided in the present disclosure, a
currently needed PRS sequence can be acquired directly, or a
PRS sequence with the maximum length is generated first,
and then the currently needed PRS sequence is intercepted
from the PRS sequence with the maximum length. The
method and the system ensure that an effective PRS sequence
can be acquired in any circumstance, thus to assure the real-
ization of the positioning function of the PRS.

BRIEF DESCRIPTION OF THE DRAWINGS

[0059] FIG. 1 shows a schematic diagram of a radio frame
structure in an LTE system;
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[0060] FIG. 2 shows a schematic diagram of a physical
resource block in an LTE system with bandwidth of 5 MHz;
[0061] FIG. 3a is a schematic diagram of the position of a
cell-specific reference signal of an LTE system in a physical
resource block;

[0062] FIG.3bis another schematic diagram of'the position
of a cell-specific reference signal of an LTE system in a
physical resource block;

[0063] FIG. 4a is a schematic diagram of the position of a
PRS in a physical resource block according to the existing
solution;

[0064] FIG.4bis another schematic diagram of'the position
ofaPRS in a physical resource block according to the existing
solution;

[0065] FIG. 5 is a schematic diagram of the position of a
PRS in a physical resource block when the subframe is an
MBSFN;

[0066] FIG. 6 is a flow chart of a PRS transmitting method
based on an embodiment of the present disclosure;

[0067] FIG. 7 is a flow chart of an application example of a
method for positioning based on the PRS transmitting method
of the present disclosure; and

[0068] FIG. 8 is a schematic diagram of a PRS transmitting
system based on an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0069] In the following, the technical solution of the
present disclosure is described in detail in combination with
the drawings and the embodiments.

[0070] FIG. 6 is a flow chart of a PRS transmitting method
based on an embodiment of the present disclosure. As shown
in FIG. 6, the PRS transmitting method based on the embodi-
ment of the present disclosure includes:

[0071] Step 600: acquiring a currently needed PRS
sequence with a length of 2xN,,,;/7%°, which is represented by
a unit of a resource block; there are two specific ways for
realization, as follows:

[0072] The first way:

[0073] directly generating the currently needed PRS
sequence 1, (m') with the length of 2xNyz RS wwherein N ;-
PRS is the PRS bandwidth configured by hlgh layer signaling,
it is made that

Fing(m') = L(1 —2-c(2m’)) +jL(1 —2-c2m’ + 1)),

V2 V2

wherein m'=0,1, . . ., 2N, .7%°~1; or it is made that

ring(m') = L(1 —2-c(2m’)) +jL(1 —2-c2m’ + 1)),

V2 V2

wherein m'=hh+1, . . ., h+2N,;7%°-1, h=N,,;"“*PL_N,, ;-
PRS, or, h:(NRBmax,DL_NRBPRS)Xz;

[0074] wherein n_ is an index of a slot in a radio frame, 1is
the index of an OFDM symbol in a slot, N,z"**"~ is the
maximum downlink bandwidth, and c(i) is a pseudorandom
sequence generated according to an initial value c,,,, of a
pseudorandom sequence.
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[0075] Inanon-Multicast Broadcast Single Frequency Net-
work (MBSFN) subframe,

Cinit =20 (T-(ng + D+ 1+ 1)-2- N+ 1)+ 2-NZ + Nep,

. 1 when the cyclic prefix is a normal cyclic prefix
wherein Nep = i L i .
0 when the cyclic prefix is an extended cyclic prefix;

[0076] when the subframe is an MBSFN,

[0077] ¢,,.~2°-(7-(n +1)+1+1)-(2- Ny MBESEN L 14N MP.
sen, wherein N MBSEN (S the 1dent1ty of an MBSFN sub-
frame.

[0078] With the first way, a currently needed PRS sequence
1, (m') can be acquired directly, which avoids the procedure
that a PRS sequence with a pre- -determined length is gener-
ated and then the interception is performed, thus making the
operation more convenient and direct.

[0079] The second way:

[0080] first, the PRS sequence r;,, (m) with the maximum
length 2xN ., "**PL is generated according to the downlink
bandwidth;

[0081] the PRS sequence r;,, (m) in this embodiment is
defined according to the following formula:

1 1
Fipm)= — (1 =2-cC2m) + j—(1=2-c2m + 1)),
Lng \/5 ]\/i
m=0,1,... ,2N0ePl_q,
[0082] wherein n, is an index of a slot in a radio frame, 1 is

the index of an OFDM symbol in a time slot, N ;"“"F is the
maximum downlink bandwidth, and c(i') is a pseudorandom
sequence generated according to c,,;,- The specific generating
method is not described in detail here again because it is
similar to the method described as above.

[0083] When the subframe is a non-MBSFN subframe,

Cinit =20 (T-(ng + D+ I+ 1)-2- N+ 1)+ 2-NZ + Nep,

1 when the cyclic prefix is a normal cyclic prefix
wherein Ncp = . .. . .
0 when the cyclic prefix is an extended cyclic prefix;

[0084] when the subframe is an MBSEN subframe, c,,,,~2°-
(7- (A D)H+D- (2N, MV LN, MPY wherein N, M2
sewv is the identity of an MBSFN subframe.

[0085] Then, the currently needed PRS sequence r;,, (m') is
intercepted from the PRS sequencer;,, (m), wherein m'*q+h
wherein q=0,1,K,2-N,;"%°-1, wherein N, %% is the PRS
bandwidth conﬁgured by high layer signaling, and h=N ;">
pr-N5785, or, h=(N, ;" PE-N,5 %°)x2, the intercepted
length depends on the scope of q, and h represents the starting
position of intercepting.

[0086] With the second way, ther; , (m) sequence is gener-
ated according to the maximum length N> and then
the starting position of intercepting fromr;,, (m) is limited by
h (N max, DL_NRBPRS) 2.

[0087] In such way, when the PRS sequence r;,, (m') is
intercepted, the interception may be started from a fixed posi-
tion of the PRS sequence, r;,, (m), and the interception may
also be implemented dynamicesllly according to the bandwidth
of the current PRS. If N,/ "**PL=N, RS . h=0, then the
interception may be started from the starting position of the
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PRS sequence r;,, (m). If h=(N 5" *PE Nz **)x2, then the
interception may be started from the ending position of the
PRS sequence r;,, (m), i.e. deducting the PRS sequence with
the unnecessary length from the starting position; if Nz"*
pr=N,F®5 then the interception may be implemented
dynamically according to the current bandwidth N,7*° of
the PRS, i.e. h is generated according to the bandwidth of the
current PRS, and h=N;"**PF-N,*° and then the PRS
sequence r;,, (m') with the length of N PES | is intercepted at
the h” p051t10n of the PRS sequencer,,, (m)

[0088] In the second way, a PRS sequence r,, (m) with the
maximum downlink bandwidth length is generated first, and
thena PRS sequence r; ,, (m") with the currently needed length
ofbandwidth is intercepted from the PRS sequencer;,, (m), in
such way, an effective PRS sequence can be acquireds in any
circumstance, thus to ensure the realization of the positioning
function of the PRS.

[0089] Step 601: determining the position of the PRS
sequence r,,, (m') in a physical resource block. The specific
method for realizing this step is:

[0090] first, acquiring the initial frequency domain position
Vs Of the PRS sequencer;, (m'):

Vo = [Z 21" c(l +8[ J)]mod6;

i”7=0

or,

7
Venifp = [Z Zi”c(i")]mod6;

=0

[0091] wherein every radio frame generates a pseudoran-
dom sequence c(i") according to c,,, =N~ (Ng.;/~ is the
identity of a cell), here the initial frequency domain position
Vauin of the PRS in the physical resource block is generated
randomly.

[0092] Itcanalso be defined that v, ,=n.,,”” mod 6, under
this circumstance, the initial frequency domain position v,
has already been determined, which helps to reduce the inter-
ference from neighboring cells through cell layout.

[0093] Then, the position of the PRS sequence r,,, (m') in
the configured physical resource block is acquired acéording
to the initial frequency domain position v ;. In the follow-
ing, the acquisitions of the physical resource positions of the
PRS sequence r;,, (m') in a non-MBSFN frame and an
MBSFN frame are described respectively.

[0094] (1) In a non-MBSFN frame

[0095] when the cyclic prefix of a system is a normal cyclic
prefix, the position of the PRS sequence r;,, (m') in the con-
figured physical resource block is:

k =6g + (6 =1 + vy )mod6

3,5,6 if n;, mod2 =0
[1=21,2,3,5,6 if ny, mod2=1and (p=0,1)
2,3,5,6 if By, mod2=1and (p =0, 1,2, 3),

g=0,1,K,2-NEES _ 1
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[0096] wherein k is the index of a subcarrier on the OFDM
symbol 1;
[0097] when the cyclic prefix of a system is an extended

cyclic prefix, the position of the PRS sequencer;,, (m') in the
configured physical resource block is:

k =6q + (6 — 1 + vy )mod6

3,5,6 if n, mod2 =0
1=41,2,3,5,6 ifn, mod2=1and (p=0,1)
2,3,5,6 ifn, mod2=1and (p=0,1,2 3),

g=0,1,K,2-NEES — 1

[0098] wherein k is the index of a subcarrier on the OFDM
symbol 1.

[0099] (2) In an MBSFN subframe

[0100] the position of the PRS sequence r,, (m') in the

configured physical resource
k=6q+(5~I+vg,;z)mod 6
block, as shown in FIG. 5 is:

2,3,4,5 ifn, mod2=0
710,1,2,3,4,5 if n, mod2=1,
g=0,1,K,2-NEES — 1

[0101] wherein k is the index of a subcarrier on the OFDM
symbol 1.
[0102] Using the above-mentioned formula in the MBSFN

subframe has some advantages, which include simple map-
ping, similar to the way of mapping adopted for the normal
cyclic prefix and extended cyclic prefix, thus realization
being achieved by using the same method. All of these advan-
tages help to reduce the complexity of realization.

[0103] The order of Step 600 and Step 601 may be com-
bined arbitrarily, i.e. the position of the PRS sequencer, , (m")
in the physical resource block can also be determined first,

then the currently needed PRS sequence with the length of
2xN,z % is acquired; or the position of the PRS sequence
r,, (m') in the physrcal resource block is determined in the
process of acquiring the currently needed PRS sequence with
the length of 2xN,, ;7%

[0104] Step 602: Transmitting the PRS sequence r;, (m') at
the determined physical resource position;

[0105] wherein the PRS sequencer;,, (m') is mapped to the
complex modulation symbol a,, Pin the slot n, of the antenna
port p and then is transmitted, there is a, R frl (m'), which
represents that the PRS sequence rl , (m')is transmitted on the
carrier k on the 1 OFDM in the n.” 7 §lot of the antenna portp.

[0106] When the PRS and the data of a physical downlink
control channel (PDCCH), a physical hybrid-ARQ indicator
channel (PHICH), a primary synchronization channel
(PSCH), a secondary synchronization channel (SSCH) or a
physical broadcast channel is (PBCH) are transmitted on the
same RE, the PRS symbol on the RE is knocked out (or
covered), i.e. only the data of the PDCCH, PHICH, PSCH,
SSCH or PBCH is transmitted, or in other words, the PRS on
the RE is not transmitted.

[0107] Whenthe PRS and the data of the PDSCH are trans-
mitted on the same bandwidth,

[0108] the PDSCHs of R10 and R9 versions avoid PRS
mapping when mapped to the resource area, namely, when the
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data carried by PDSCHs of R10 and R9 versions implement
rate matching, the length of data after code rate matching is
calculated according to the resource from which the resource
occupied by the PRS is deducted, namely, PDSCHs of R10
and R9 versions avoid any carrier mapped with the PRS when
implementing mapping.

[0109] When the data carried by the PDSCH of R8 version
and the PRS are transmitted on the same RE, the data of the
PDSCH of R8 version is knocked out, in other words, the data
carried by the PDSCH of R8 version on the RE is not trans-
mitted, and only the PRS data on the RE is transmitted.
[0110] In addition, when the PRS and the data carried by
the PDSCH are transmitted on the same bandwidth or on the
same physical resource block, the power of each RE of
[0111] PRS is consistent with the power of other RE of the
PDSCH on the OFDM symbol where the RE of PRS is
located, which can ensure that the whole system has a unified
power, making the control operations simpler; when the PRS
and the data carried by the PDSCH are transmitted on differ-
ent bandwidths, the power of each RE of PRS is 6 times the
power of other RE on the OFDM symbol where the RE of
PRS is located, under the condition that the total power is
constant, the power of the RE of the PRS is increased, thus
improving the PRS-transmitting performance; in special cir-
cumstances, the transmitting power may be 0, namely not
transmitting the PRS; or the transmitting power of the PRS
may be the same as the transmitting power of the CRS; or the
is transmitting power of the PRS may be configured through
signaling, i.e. ak,l@):axrl,n (m"), wherein o is the power regu-
lation factor, and the value of o is controlled by high layer
signaling.

[0112] FIG. 7 is a flow chart of an application example of a
method for positioning based on the PRS transmitting method
of'the present disclosure. As shown in FIG. 7, the method for
positioning based on the PRS transmitting method of the
present disclosure includes the following steps:

[0113] Step 700: a base station transmits configuration
information to a UE.

[0114] Inthis step, the configuration information includes a
position collaboration cell set (the position collaboration cell
set at least includes cell IDs), the generating cycle and initial
subframe of the PRS, and the quantity of the subframe trans-
mitted consecutively every time and bandwidth for transmit-
ting the subframe consecutively every time.

[0115] Step 701: the base station acquires a currently
needed PRS sequence r;,, (m') with a length of 2xNg 5
[0116] Step 702: the base station determines the position of
the PRS sequence r;,, (m') in a physical resource block.
[0117] Step 703: the base station transmits the PRS
sequence r,, (m') at the determined physical resource posi-
tion.

[0118] The above-mentioned Step 701 and Step 702 are not
executed in sequence and may be executed at the same time.
[0119] The specific realization of Steps 701~703 is similar
to that of the steps of the PRS transmitting method according
to the embodiment as shown in FIG. 6 and is not described in
detail again here.

[0120] Step 704: the UE receives the PRS according to the
configuration information of the base station and implements
positioning.

[0121] After that, the UE will feedback the position infor-
mation to the base station.

[0122] FIG. 8 is a schematic diagram of a system for trans-
mitting a position reference signal according to an embodi-
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ment of the present disclosure. As shown in FIG. 8, the system
for transmitting position reference signals includes a PRS
sequence acquiring unit, a positioning unit and a transmitting
unit;
[0123] wherein the PRS sequence acquiring unit is config-
ured to acquire a currently needed PRS sequencer;, , (m') with
alength of 2xN;7%°, wherein N, ;7% is the PRS bandwidth
configured by high layer signaling;
[0124] wherein the PRS sequence acquiring unit can
directly generate the currently needed PRS sequencer, , (m')
with the length of 2xN,, %5, wherein N,,7%° is the PRS
bandwidth configured by high layer signaling;
[0125] the PRS sequence acquiring unit further includes a
PRS sequence generating unit and an intercepting unit,
[0126] wherein the PRS sequence generating unit is con-
figured to generate a PRS sequence with a length of 2xNy5-
manDL wherein N,z "L is the maximum downlink band-
width;
[0127] the intercepting unit is configured to intercept the
PRS sequence with the length of 2xN, ;"™ from the PRS
sequence with the length of 2xN,;"*>"* generated by the
PRS sequence generating unit;
[0128] the positioning unit is configured to determine the
position of the PRS sequence acquired by the PRS sequence
acquiring unit in a physical resource block;
[0129] the transmitting unit is configured to transmit the
PRS sequence acquired by the PRS sequence acquiring unit at
the position determined by the positioning unit.
[0130] The implementation of the units in the system for
transmitting position reference signals is similar to the afore-
mentioned implementation of the method for transmitting a
position reference signal and is not described again here.
[0131] The foregoing description is only the illustrative
embodiments of the present disclosure and is not intended to
limit the present disclosure. For those skilled in the art, the
present disclosure may have various changes and modifica-
tions. All modifications, equivalent substitutions and
improvements, etc., made without departing from the spirit
and principle of the present disclosure shall be included in the
appended claims of the present disclosure.
What is claimed is:
1. A method for transmitting a position reference signal,
comprising:
acquiring a currently needed Position Reference Signal
(PRS) sequence with a length of 2xN,;"%°, wherein
N5 *¥ is PRS bandwidth configured by high layer sig-
naling and represented by a unit of a resource block;
determining a position of the PRS sequence in a physical
resource block; and
transmitting the acquired PRS sequence at the determined
position.
2. The method according to claim 1, wherein the PRS
sequence with the length of 2xN;7*° is represented by Ty,

(m’),

Fing(m') = L(1 —-2-c2m’)) + j%(l —2-c2m’ + 1)),

V2
whereinm’ =0, 1, ... ,2NEES 1,

or,

r,ynx(m’) = L(1 —-2-c(2m’)) + jL(l -2-c2m’ +1)),
2 2

5 5
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-continued

whereinm’ = h, h+1, ... ,h+2N,€§S—1,

DL _ PR DL _ nrPRS
h=Ngg™"" = Npp>, or, b= (Ngg ™" = Ng° )% 2,

wherein n, is an index of a slot in a radio frame, 1 is the
index of an OFDM symbol in a slot, N, ;"L is the
maximum downlink bandwidth, and ¢(i) is a first pseu-
dorandom sequence generated by an initial value c, ., of
a pseudorandom sequence.

3. The method according to claim 1, wherein acquiring the
currently needed PRS sequence with the length of 2xN,,;7*°
comprises:

generating a PRS sequence with a length of 2xN , ;" *P%,

wherein N, ;"“*P~ is a maximum downlink bandwidth;
and

intercepting a PRS sequence with the length of 2xN,,z7%°

from the PRS sequence with the length of 2xN ;"**F,

4. The method according to claim 3, wherein the PRS

sequence with the length of 2xN ;""" isr, , (m):

init

Fing(m) = L(1 —2-c(2m)) + j%(l —-2-c(2m+ 1)),

5 5

m=0,1,...  ON§=PL_q,

wherein n_ is an index ofa slotin a radio frame, 1 is an index
of an OFDM symbol in a slot, and c(i') is a second
pseudorandom sequence generated by an initial value
¢, of a pseudorandom sequence.

5. The method according to claim 2, wherein

when the subframe is a non-MBSFN subframe,

Cinip =210 (T (e + D+ 1+ 1D)- Q- NG + 1)+ 2- N5l + Nep,

. 1 when the cyclic prefix is a normal cyclic prefix
wherein N¢p = i L i .
0 when the cyclic prefix is an extended cyclic prefix,

and N/~ is an identity of a cell;
when the subframe is an MBSFN subframe, c,,,=2°(7
@A+ D+1+1)- (2N 5NN MB5EN wherein N,
MBSEN is an identity of an MBSFEN subframe.

6. The method according to claim 3, wherein intercepting
the PRS sequence with the length of 2xN.;"*° from the
generated PRS sequence with the length of 2xN, "*"P~
comprises:

the generated PRS sequence with the length of 2xN, ;%% is

represented by r,, (m'), wherein m'=q+h, and q=0,1 K,
2Nz %5-1, and h=N,, ;" “PF N, 755, or, h=(N ;"
=N, *)x2.

7. The method according to claim 1, wherein determining
an initial frequency domain position v, of the PRS
sequence in the physical resource block is:

Vshifp = [ Zi”c(i" + 8[%J)]mod6;
=0
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-continued

or

7
Venir = [Z Zi”c(i")]mod6;

=0
or

D
Vshift = Ngymod6,

wherein a third pseudorandom sequence c(i") is generated
according to ¢,,,,/~N ./~ and N_,;”Z is an identity of a
cell.

8. The method according to claim 7, wherein

inanon-MBSFN subframe, determining the position of the
PRS sequence in the physical resource block is:

when the cyclic prefix of a system is a normal cyclic prefix:

k =6q + (6 — 1 + vy )mod6

3,5,6 if By mod2 =0
[1=<1,2,3,5,6 if g, mod2=1and (p=0,1)
2,3,5,6 if By, mod2=1 and (p=0,1,2,3);

g=0,1,K,2-NERS _1

when the cyclic prefix of a system is an extended cyclic
prefix:

k =6q + (5 =1+ vy )mod6

4,5 if By mod2 =0
[1=<1,2,4,5 if ng, mod2=1and (p=0,1)
2,4,5 if B, mod2=1 and (p=0,1,2,3);

g=0,1,K,2-NERS _1

in an MBSFN subframe, determining the position of the
PRS sequence in the physical resource block is:

k =6q + (5 =1+ vy )mod6

2,3,4,5 ifn, mod2=0
710,1,2,3,4,5 if n, mod2=1,

g=0,1,K,2-NERS _1

wherein | is an index of an OFDM symbol in a slot, k is an
index of a subcarrier on an OFDM symbol 1, p is an
antenna port, and v, is an initial frequency domain
position of a PRS sequence in a physical resource block.
9. The method according to claim 1, wherein transmitting
the acquired PRS sequence at the determined position com-
prises:
when the PRS sequence and data carried by a Physical
Downlink Control Channel (PDCCH) are transmitted on
the same bandwidth, only the data carried by the
PDCCH is transmitted.
10. The method according to claim 1, wherein transmitting
the acquired PRS sequence at the determined position com-
prises:
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when the PRS sequence and data carried by a Physical
Downlink Shared Channel (PDSCH) are transmitted on
a same bandwidth, a carrier mapped with PRS is avoided
when mapping PDSCHs of R10 and R9 versions onto
carriers; and

when the PRS and data carried by a PDSCH of R8 version

are transmitted on a same Resource Element (RE), only
the PRS data on the RE is transmitted.
11. The method according to claim 1, wherein transmitting
the acquired PRS sequence at the determined position com-
prises:
when the PRS sequence and data carried by a PDSCH are
transmitted on a same bandwidth, a power of each RE of
PRS is consistent with a power of an RE of the PDSCH
carrying the data on an OFDM symbol where the RE of
PRS is located; and

when the PRS sequence and data carried by a PDSCH are
transmitted on different bandwidths, a power of each RE
of PRS is 6 times a power of an RE of the PDSCH
carrying the data on the OFDM symbol where the RE of
PRS is located.

12. The method according to claim 1, wherein transmitting
the acquired PRS sequence at the determined position com-
prises:

the transmitting power of the PRS sequence is consistent

with the transmitting power of a Cell-Specific Reference
Signal (CRS); or

the transmitting power of the PRS sequence is configured

through signaling.

13. A system for transmitting a position reference signal,
comprising a PRS sequence acquiring unit, a positioning unit
and a transmitting unit;

wherein the PRS sequence acquiring unit is configured to

acquire a currently needed PRS sequence with a length
of 2xN 7%, wherein N, ;*° is a PRS bandwidth con-
figured by high layer signaling;

the positioning unit is configured to determine a position of

the PRS sequence acquired by the PRS sequence acquir-
ing unit in a physical resource block; and
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the transmitting unit is configured to transmit the PRS
sequence acquired by the PRS sequence acquiring unit
at the position determined by the positioning unit.

14. The system according to claim 13, wherein the PRS
sequence acquiring unit comprises a PRS sequence generat-
ing unit and an intercepting unit;

wherein the PRS sequence generating unit is configured to

generate a PRS sequence with a length of 2N, ;"%PF]
wherein N, ;P is a maximum downlink bandwidth;
and

the intercepting unit is configured to intercept the PRS

sequence with the length of 2xN, ;"= from the PRS
sequence with the length of 2xN,,,,"**?% generated by
the PRS sequence generating unit.

15. The method according to claim 4, wherein

when the subframe is a non-MBSFN subframe,

Cinit =20 (T-(ng + D+ I+ 1)-2- N+ 1)+ 2-NZ + Nep,

1 when the cyclic prefix is a normal cyclic prefix

wherein Ncp = . . . .
0 when the cyclic prefix is an extended cyclic prefix,

and N,;/”Z is an identity of a cell;
when the subframe is an MBSEN subframe, c,,,~2°(7-

init
@A+ D+1+1)- (2N PV D) 4N M5 wherein N,
MBSEN {5 an identity of an MBSFN subframe.

16. The method according to claim 4, wherein intercepting
the PRS sequence with the length of 2xN.;"*° from the
generated PRS sequence with the length of 2xN,,"*"P~
comprises:

the generated PRS sequence with the length of 2xN ;7 *%is

represented by r,, (m'), wherein m'=q+h, and q=0,1,K,
2N R5-1,  and =N, PN, %5  or
h=(Np " P =N " )x2.

sk sk sk sk sk
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