a2 United States Patent

Li et al.

US009510304B2

US 9,510,304 B2
Nov. 29, 2016

(10) Patent No.:
45) Date of Patent:

(54) METHOD AND APPARATUS FOR
IMPLEMENTING PRIMARY
SYNCHRONIZATION SIGNAL IN TIME
DOMAIN AND COMPUTER STORAGE
MEDIUM

Applicant: ZTE Corporation, Shenzhen (CN)

Inventors: Bin Li, Shenzhen (CN); Caihong
Zhang, Shenzhen (CN)

ZTE Corporation, Shenzhen,
Guangdong (CN)

Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

15/029,951
Jun. 17, 2014
PCT/CN2014/080091

(71)
(72)

(73) Assignee:

Notice:

")

@
(22)
(86)

Appl. No.:
PCT Filed:
PCT No.:

§ 371 (e)(D),
(2) Date: Apr. 15, 2016

PCT Pub. No.: W02015/058539
PCT Pub. Date: Apr. 30, 2015
Prior Publication Data
US 2016/0234793 Al Aug. 11, 2016
Foreign Application Priority Data

87

(65)

(30)

.......................... 2013 1 0505097

Oct. 23, 2013

(51) Int.CL
HO4W 24/00
HO4W 80/04

(CN)

(2009.01)
(2009.01)

(Continued)

(52) US.CL

CPC ......... HO04W 52/36 (2013.01); HO4L 27/2613
(2013.01); HO4L 27/2628 (2013.01); HO4L
27/2692 (2013.01); HO4W 56/00 (2013.01);

HO04J 2211/005 (2013.01)

Field of Classification Search

CPC ... HO4W 80/04; HO04W 88/16; H04W 72/04;

HO4W 24/00, HO4W 56/00; HO04B 7/212;
HO4L 29/06163

See application file for complete search history.

(58)

(56) References Cited

U.S. PATENT DOCUMENTS

2009/0135804 Al*  5/2009 Swarts ............ HO04W 56/0085
370/350
2011/0007704 Al1* 1/2011 Swarts ................ HO04J 11/0073
370/330

(Continued)

FOREIGN PATENT DOCUMENTS

CN 101651650 A 2/2010
CN 102202026 A 9/2011
CN 102421114 A 4/2012

OTHER PUBLICATIONS

International Search Report in international application No. PCT/
CN2014/080091, mailed on Sep. 2, 2014.

(Continued)

Primary Examiner — Andrew Lee

(74) Attorney, Agent, or Firm — Oppedahl Patent Law
Firm LLC

&7

Disclosed is a method for implementing a Primary Synchro-
nization Signal (PSS) in the time domain, including that:
PSS time domain sequences with different sampling rates
and with configuration represented by N,,,*’ are pre-stored;
a PSS time domain power weighting related parameter is
obtained according to a PSS power control related param-
eter, a cell related parameter and timing information; power
weighting processing is performed on the PSS time domain
sequences to obtain weighted PSS time domain sequences
according to the pre-stored PSS time domain sequences with
different sampling rates and with configuration represented
by N,,% and the PSS time domain power weighting related
parameter; and addition operation is performed on the
weighted PSS time domain sequences and time domain data
of signals and channels other than the PSS. Also disclosed
are an apparatus for implementing a PSS in the time domain
and a computer storage medium.
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1
METHOD AND APPARATUS FOR
IMPLEMENTING PRIMARY
SYNCHRONIZATION SIGNAL IN TIME
DOMAIN AND COMPUTER STORAGE
MEDIUM

TECHNICAL FIELD

The disclosure relates to a downlink physical layer pro-
cessing technology and in particular to a method and an
apparatus for implementing a Primary Synchronization Sig-
nal (PSS) in the time domain and a computer storage
medium.

BACKGROUND

In the wireless communications, a wireless communica-
tion system based on a Fourth Generation (4G) protocol
standard-Long Term Evolution (LTE) is applied more and
more widely. An LTE protocol standard absorbs and adopts
good proposals from numerous mainstream wireless com-
munication equipment manufacturers, and thus the LTE
protocol standard may be considered as a set of the good
proposals. As a basis of an LTE system design, the LTE
protocol defines each aspect of an LTE system in more
detail, certainly including L'TE downlink physical layer
processing. In particular, generation and mapping rules of an
LTE PSS are described in the LTE protocol standard in
detail.

For description about the PSS physical layer processing,
the LTE protocol mainly includes description about a PSS
generation rule and a PSS mapping rule in the LTE.

Specifically, the LTE physical layer protocol makes a
definition shown in formula (1) for the PSS generation rule:

M

un(n+l)
63

n=0,1,... ,30

dy(n) =

e 63 n=31,32,... ,61

where a value range of N,,,® is {0, 1, 2}, a value of u is
25 when a value of N, is 0, the value of u is 29 when the
value of N, is 1, and the value of u is 34 when the value
of N,,@ is 2.

In formula (1), d,* corresponds to a PSS sequence. It can
be known from the value range of n that n corresponds to 62
Resource Element (RE) sampling points. According to a
value of'u, it can be known that a value of the PSS sequence
is only related to N,,", and the value range of N, is {0,
1,2}. As can be seen from the above, there are three different
PSS sequences according to three different values of N,
respectively, and each sequence corresponds to 62 RE
sampling points.

The LTE physical layer protocol makes a definition shown
in formula (2) for the PSS mapping rule:

ay=dn),n=0,... ,61 (2)

NDLNRB
k=n-31+ tE s

For frame structure type 1, a PSS is mapped onto the last
Orthogonal Frequency Division Multiplexing (OFDM) sym-
bols in timeslot 0 and timeslot 10. For frame structure type
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2, the PSS is mapped onto the third OFDM symbols in
subframe 1 and subframe 6. The following RE sampling
points

DL ATRB

RB'Ysc

k=n-31+ ,n=-5-4,..,-1,62,63, .. 66,

are configured to reserve REs and not transmit the PSS,
that is, a mapping value of the REs is “0”.

The LTE physical layer protocol makes the definitions
about the PSS on the basis of implementation of the PSS in
the frequency domain, and with reference to the abovemen-
tioned definitions, a flow of implementing the PSS in the
frequency domain, as shown in FIG. 1, includes Step 101 of:
frequency domain processing including PSS generation and
power control and RE mapping, specifically mapping of the
PSS and mapping of other signals and channels; Step 102 of:
frequency/time domain conversion, specifically Inverse Fast
Fourier Transform (IFFT); and Step 103 of: time domain
processing, specifically sequent caching of the IFFT.

If a PSS is implemented in the frequency domain accord-
ing to the definitions of the LTE physical layer protocol,
since RE mapping in the frequency domain is a process of
mapping RE sampling points in series, certain time overhead
may be generated during RE mapping in the frequency
domain, and thus the time consumed by LTE downlink
physical layer processing may further be prolonged. There-
fore, how to improve processing efficiency of an LTE
downlink physical layer link becomes a problem urgent to be
solved.

SUMMARY

In order to solve the existing technical problem, the
embodiments of the disclosure provide a method and an
apparatus for implementing a PSS in the time domain and a
computer storage medium, which can improve processing
efficiency of an LTE downlink physical layer link on the
premise of ensuring completing all of the PSS related
functions.

The technical solutions of the embodiments of the dis-
closure are implemented as follows.

The embodiments of the disclosure provide a method for
implementing a PSS in the time domain, wherein PSS time
domain sequences with different sampling rates and different
N, configurations are pre-stored, and the method further
includes that:

a PSS time domain power weighting related parameter is
obtained according to a PSS power control related param-
eter, a cell related parameter and timing information;

power weighting processing is performed on the pre-
stored PSS time domain sequences with different sampling
rates and different N,,,*) configurations to obtain weighted
PSS time domain sequences according to the pre-stored PSS
time domain sequences with different sampling rates and
different N,,,® configurations and the PSS time domain
power weighting related parameter; and

addition operation is performed on the weighted PSS time
domain sequences and time domain data of signals and
channels except the PSS to obtain processed time domain
data.

Preferably, the step that the PSS time domain sequences
with different sampling rates and different N,,,® configu-
rations may be implemented as follows:
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PSS frequency domain sequences with different N,,*
configurations are obtained in advance, and IFFT processing
on the PSS frequency domain sequences is performed in
different sampling rates to obtain and store the PSS time
domain sequences with different sampling rates and different
N, configurations.

Preferably, the PSS frequency domain sequences with
different N, configurations are obtained in advance,
wherein a PSS generation formula in an LTE physical layer
protocol meets the following expression:

63 n=0,1,... ,30

dy(n) =

e e n=31,32,... ,61

where a value of N, is selected from {0, 1, 2}, a value
of u is 25 when a value of N, is 0, the value of u is 29
when the value of N,,,® is 1, and the value of u is 34 when
the value of N,,,% is 2; or,

the PSS frequency domain sequences are obtained by
adopting a PSS frequency domain sequence generation
formula which does not exclude a direct current component
corresponding to a zero frequency, wherein the PSS fre-
quency domain sequence generation formula which does not
exclude the direct current component corresponding to the
zero frequency meets the following expression:

;mun(n+1)

dim=ed & n=012,...31, .. ,6,

where the value of N, is selected from {0, 1, 2}, the
value of u is 25 when the value of N, is 0, the value of
u is 29 when the value of N, is 1, and the value of u is
34 when the value of N, is 2.

Preferably, the PSS time domain power weighting related
parameter may include: cell reference signal power, power
offset of the PSS relative to a cell reference signal, a time
domain cell broadcasting weight or a Cyclic Delay Diversity
(CDD) weight and a time domain Antenna Calibration (AC)
related weight.

The embodiment of the disclosure further provides an
apparatus for implementing a PSS in the time domain, which
may include a power weighting module and at least one PSS
time domain data processing module, wherein

the power weighting module may be configured to obtain
a PSS time domain power weighting related parameter
according to a PSS power control related parameter, a cell
related parameter and timing information, and send the PSS
time domain power weighting related parameter to the at
least one PSS time domain data processing module; and

the at least one PSS time domain data processing module
may be configured to pre-store PSS time domain sequences
with different sampling rates and different N,,® configu-
rations, perform power weighting processing on the PSS
time domain sequences to obtain weighted PSS time domain
sequences according to the pre-stored PSS time domain
sequences with different sampling rates and different N,,(*
configurations and the PSS time domain power weighting
related parameter, and perform addition operation on the
weighted PSS time domain sequences and time domain data
of signals and channels except the PSS to obtain processed
time domain data.
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Preferably, the apparatus may further include an n-path
IFFT processing module and a data caching module,
wherein

the n-path IFFT processing module may be configured to
obtain the time domain data of the other signals and channels
except the PSS, and send the time domain data of the other
signals to the at least one PSS time domain data processing
module; and the data caching module may be configured to
receive the processed time domain data sent by the at least
one PSS time domain data processing module, and cache the
processed time domain data by taking a symbol as a unit.

Preferably, the data caching module may be a Random
Access Memory (RAM).

Preferably, the PSS time domain power weighting related
parameter may include: cell reference signal power, power
offset of the PSS relative to a cell reference signal, a time
domain cell broadcasting weight or a CDD weight and a
time domain AC related weight.

The embodiment of the disclosure further provides a
computer storage medium having computer-executable
instructions stored therein, wherein the computer-executable
instructions are configured to execute the method for imple-
menting the PSS in the time domain in the embodiment of
the disclosure.

According to the method and apparatus for implementing
the PSS in the time domain provided by the embodiment of
the disclosure, the PSS time domain sequences with different
sampling rates and different N,,,* configurations are pre-
stored; the PSS time domain power weighting related
parameter is obtained according to the PSS power control
related parameter, the cell related parameter and the timing
information; power weighting processing is performed on
the PSS time domain sequences to obtain the weighted PSS
time domain sequences according to the pre-stored PSS time
domain sequences with different sampling rates and different
N,,@ configurations; and addition operation is performed
on the weighted PSS time domain sequences and the time
domain data of the other signals and channels except the PSS
to obtain the processed time domain data. In such a manner,
frequency/time domain conversion of a symbol which fin-
ishes frequency domain RE mapping of the PSS and map-
ping of the other signals and channels may be implemented
by IFFT processing to further obtain time domain data
corresponding to the symbol; and RE mapping and IFFT
processing are performed on the PSS and the data of the
other signals and channels except the PSS to obtain two sets
of time domain data respectively, addition operation is
performed on the two obtained sets of time domain data
respectively, and the two approaches for implementing RE
mapping and frequency/time domain conversion of a speci-
fied symbol are equivalent. Therefore, the embodiments of
the disclosure avoid time overhead generated by frequency
domain PSS RE mapping on the premise of ensuring real-
izing all of the PSS related functions, and further remarkably
improve processing efficiency of an LTE downlink physical
layer link.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating implementation of
a PSS in the frequency domain;

FIG. 2 is a flowchart showing a basic method for imple-
menting a PSS in the time domain according to an embodi-
ment of the disclosure;

FIG. 3 is an equivalent block diagram illustrating imple-
mentation of a PSS in the frequency/time domains according
to an embodiment of the disclosure;


















