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57 ABSTRACT

The present invention discloses a time synchronization
method and apparatus. The method comprises: each net ele-
ment node locks a clock synchronization signal of its upper-
level net element node through a physical channel, and a
clock synchronization network is established; and each net
element node performs time counting by using the locked
clock synchronization signal and performs time compensa-
tion according to the time counting through a time synchro-
nization protocol to realize time synchronization. Through
the present invention, each net element node performs the
time counting by using the locked clock signal, and performs
the time compensation according to the time counting to
realize the time synchronization, thus the problem that the
accumulative effect of phase transfer results in very obvious
phase delay in the related technologies is solved, so as to
reduce the phase delay and realize high precision, high inter-
ference resistance and reliability.
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TIME SYNCHRONIZATION METHOD AND
APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to the field of commu-
nications, particularly to a time synchronization method and
a time synchronization apparatus.

BACKGROUND

[0002] At present, there are two kinds of synchronization
for equipment in a communication network. One is frequency
synchronization, i.e., signals of a source terminal and that of
a destination terminal keep a specific relationship in fre-
quency or phase; that is to say, frequency of the source ter-
minal and that of the destination terminal keep same within a
certain precision and in phase difference is constant. The
frequency synchronization is generally called clock synchro-
nization, for example, a synchronous Ethernet, E1 interface
clock synchronization, and so on. The other is time synchro-
nization, i.e., the source terminal and the destination terminal
are not only identical in frequency but also in phase, and have
identical time counting scales.

[0003] The frequency synchronization and the time syn-
chronization are two levels of time synchronization require-
ment of wireless networks. Wireless systems based on Time
Division Duplex (TDD) mode, including Code Division Mul-
tiple Access (CDMA) 200, Time Division-Synchronous
Code Division Multiple Access (TD-SCDMA) and World-
wide Interoperability for Microwave Access (WiMAX) cor-
responding versions, require strict time synchronization to
ensure that cell handover can be completed smoothly. At
present, the frequency synchronization can be solved through
the allocation of terrestrial clock signals, while the time syn-
chronization is mainly realized by a Global Position System
(GPS) module arranged in a base station tracking Universal
Time Coordinated (UTC) time service.

[0004] The frequency synchronization can be realized by
each net element sequentially locking clock synchronization
signals (such as E1, a synchronous Ethernet, a Synchronous
Transmission Module level n (STM-N), and so on). The clock
of each net element node and other fixed frequency sources
jointly form a frequency (clock) synchronous network. The
time synchronization is mainly realized by GPS time service
or by adjusting time deviation between a master clock and a
slave clock according to a time synchronization protocol
(such as IEEE 1588-2008, N'TP, etc.). The frequency synchro-
nization between the master clock and the salve clock can also
be realized by the time synchronization protocol. At present,
Packet Transfer Network (PTN) equipment realizes the fre-
quency and time synchronizations in a network through a
Precision Time Protocol (PTP or 1588 hereinafter) of IEEE
1588-2008 to solve the problem of substitute for the GPS in
the base station.

[0005] However, the time transfer technologies for realiz-
ing the PTP function adopted by many manufacturers are not
associated with the frequency synchronization network, that
is to say, the current frequency synchronization network can
realize network clock synchronization but never realize the
precision time synchronization.

SUMMARY

[0006] The present invention is disclosed in order to solve
the problem that the accumulative effect of phase transfer
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results in very obvious time delay and unreliability in the
related technologies. Therefore, the present invention aims to
provide a time synchronization method and a time synchro-
nization apparatus to solve the above-mentioned problem.
[0007] To solve the above-mentioned problem, the present
invention discloses a time synchronization method, and the
method comprises:

[0008] eachnetelementnodelocks aclock synchronization
signal of its upper-level net element node through a physical
channel, and a clock synchronization network is established;
and

[0009] each net element node performs time counting by
using the locked clock synchronization signal and performs
time compensation according to the time counting through a
time synchronization protocol to realize time synchroniza-
tion.

[0010] Furthermore, in the above-mentioned method, the
step of performing time compensation according to the time
counting to realize time synchronization may comprise:
[0011] setting the time counting to be a time counting scale,
and performing the time compensation according to the time
counting scale to realize the time synchronization.

[0012] Wherein when a clock of a net element node among
the net element nodes is switched, the method may further
comprise:

[0013] the time compensation of the net element node is
stopped, and the net element node performs the time counting
by using a clock synchronization signal generated by a fixed
and stable frequency source rather than the locked clock
synchronization signal.

[0014] When the clock of the net element node is switched,
the method may further comprise:

[0015] the net element node performs the time counting by
using a relocked clock synchronization signal and performs
the time compensation to the net element node.

[0016] Furthermore, in the above-mentioned method, a
lower-level net element node, which is connected with an
upper-level net element node incapable of providing a clock
synchronization signal, may calibrate and operate a time sig-
nal of its local clock according to a message including time
information from the upper-level net element node and clock
frequency of the lower-level net element node.

[0017] The present invention also discloses a time synchro-
nization apparatus, and the apparatus comprises a locking
module, a first counting module and a compensating module
which are sequentially connected, wherein the locking mod-
ule is used for locking a clock synchronization signal of an
upper-level net element node through a physical channel;
[0018] the first counting module is used for performing
time counting by using the locked clock synchronization
signal; and

[0019] the compensating module is used for performing
time compensation according to the time counting through a
time synchronization protocol to realize time synchroniza-
tion.

[0020] Furthermore, in the above-mentioned apparatus, the
compensating module may comprise a setting sub-module
and a compensating sub-module connected with each other;
[0021] the setting sub-module is used for setting the time
counting to be a time counting scale; and

[0022] the compensating sub-module is used for perform-
ing the time compensation according to the time counting
scale to realize the time synchronization.
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[0023] Wherein the apparatus may further comprise a first
control module connected with the compensating module,

[0024] the first control module is used for controlling
whether to perform the time compensation to a net element
node; wherein, when a clock of a net element node is
switched, the first control module controls the compensating
module to stop performing the time compensation to the net
element node.

[0025] The apparatus may further comprise a second con-
trol module connected with the first counting module, and a
second counting module connected with the second control
module,

[0026] the second control module is used for controlling
whether to perform the time counting by using the locked
clock synchronization signal; and

[0027] the second counting module is used for performing
the time counting by using a clock synchronization signal
generated by a fixed and stable frequency source under the
condition that the second control module determines not to
use the locked clock synchronization signal to perform the
time counting.

[0028]

[0029] a recovery module which is used for recovering a
clock according to a message including time information
from an upper-level net element node incapable of providing
a clock synchronization signal; and

[0030] a calibrating module which is used for calibrating
and operating a time signal of a local clock according to clock
frequency recovered by the recovery module.

[0031] Through the present invention, each net element
node performs the time counting by using the locked clock
signal and performs the time compensation according to the
time counting to realize the time synchronization, thus the
problem that the accumulative effect of phase transfer results
in very obvious phase delay in the related technologies is
solved, so as to reduce the phase delay and realize high
precision, high interference resistance and reliability.

Furthermore, the apparatus may further comprise:

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 is a flowchart of a time synchronization
method according to an embodiment of the present invention;
[0033] FIG. 2 is a detailed flowchart of a time synchroni-
zation method according to an embodiment of the present
invention;

[0034] FIG. 3 is a first schematic diagram of a time syn-
chronization method according to an embodiment of the
present invention;

[0035] FIG. 4 is a second schematic diagram of a time
synchronization method according to an embodiment of the
present invention;

[0036] FIG. 5 is a third schematic diagram of a time syn-
chronization method according to an embodiment of the
present invention;

[0037] FIG. 6 is a structural block diagram of a time syn-
chronization apparatus according to an embodiment of the
present invention; and

[0038] FIG. 7 is a detailed structural block diagram of a
time synchronization apparatus according to an embodiment
of the present invention.
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DETAILED DESCRIPTION

[0039] Functional Overview

[0040] In order to solve the problem that the accumulative
effect of phase transfer will result in very obvious phase delay
in the related technologies, embodiments of the present
invention provide a time synchronization method and a time
synchronization apparatus, which can realize time network
synchronization on the basis of a clock synchronization net-
work, and realize the compatibility between an edge node and
a non-clock synchronization network so as to reduce the
phase delay. It should be noted that, if there is no conflict,
embodiments in the present application and characteristics in
the embodiments can be combined with one another. The
present invention is described below with reference to the
drawings and the embodiments in detail.

[0041] Method Embodiments

[0042] According to an embodiment of the present inven-
tion, a time synchronization method is provided. FIG. 1 is a
flowchart of a time synchronization method according to an
embodiment of the present invention. It should be noted that,
the steps of method described below can be executed, for
example, in a computer system of a group of computer-ex-
ecutable instructions. Furthermore, although the logic orders
are is illustrated in FIG. 1, the illustrated or described steps
can be executed in orders different from the orders herein
under some circumstances. As shown in FIG. 1, the method
mainly comprises the following steps (S102 and S104), spe-
cific steps are as follows.

[0043] S102, each net element node transmits frequency
information through a physical channel (such as a synchro-
nization Ethernet link), through a phase locked loop, each net
element node locks a clock synchronization signal of an
upper-level net element node (hereinafter also referred to a
master node or an upstream net element node) or to a stable
clock synchronization signal output by a fixed frequency
source, and a frequency synchronization network is estab-
lished.

[0044] S104, each network element node performs time
counting by using the locked clock synchronization signal
and performs time compensation according to the time count-
ing through a time synchronization protocol (such as the PTP)
to realize time synchronization, i.e., setting the time counting
to be a time counting scale, and performing the time compen-
sation according to the time counting scale to realize the time
synchronization.

[0045] Through the embodiment, each net element node
performs the time counting by using the locked clock syn-
chronization signal and performs the time compensation
according to the time counting to realize the time synchroni-
zation, thus the problem that the accumulative effect of phase
transfer will result in very obvious phase delay in the related
technologies is solved and the phase delay is reduced.
[0046] FIG. 2 is a detailed flowchart of a time synchroni-
zation method according to an embodiment of the present
invention. As shown in FIG. 2, the method specifically com-
prises the following steps (S202 to S214).

[0047] S202, a net element node judges whether its inter-
face is a frequency synchronization network interface; if yes,
S204 is executed; otherwise, S212 is executed.

[0048] In this step, in order to be compatible with other
networks, the net element node judges whether its interface is
a frequency synchronization network interface; if'its interface
is a frequency synchronization network interface, then the
technical solution of is the present invention is adopted for
processing; otherwise, the prior art is adopted for processing
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when its interface is a non-frequency synchronization net-
work interface, as shown in S212 to S214.

[0049] S204, frequency synchronization between net ele-
ment nodes of a synchronization network is realized, i.e., a
locking module is used to track and lock clock synchroniza-
tion signal to establish the frequency synchronization
between net element nodes (i.e., step S102).

[0050] S206, the PTP is initiated to realize phase synchro-
nization. Specifically, after the clock of the net element node
is locked, the net element node performs time counting by
using the locked clock synchronization signal, sets the time
counting to be a time counting scale by taking certain stan-
dard starting time as reference time, and performs time com-
pensation to the net element node through a time synchroni-
zation protocol interaction (such as PTP) to realize time
synchronization (i.e., step S104).

[0051] In this step, the net element node performs the time
counting by using the locked clock synchronization informa-
tion (i.e., synchronized frequency), by taking certain standard
starting time (such as, UTC epoch or TAI epoch) as the
reference time, determines time stamp 1 of locally sending
message 1588 message (i.e., the time deviation between cur-
rent time determined by the time counting and the reference
time), extracts time stamp 2 form received 1588 message,
extracts time stamp 3 of locally receiving 1588 message, and
performs the time compensation to the net element node
according to these time stamp information and the time syn-
chronization protocol to realize the time synchronization.
[0052] S208, when a clock of a net element node is
switched, the net element enters a time holding state and does
not perform time transfer.

[0053] Specifically, when the clock of one net element node
among the net element nodes is switched, the clock enters a
relocking process, and the time compensation of the net ele-
ment node by the time synchronization protocol is stopped;
the time counting frequency of the net element node is
obtained from a fixed and stable frequency source is rather
than a phase locked loop; i.e., the net element node performs
the time counting by using the fixed and stable frequency
source rather than the locked clock synchronization signal,
and the time transfer enters the holding state and does not
track a network reference time any longer.

[0054] Inotherembodiments, if no clock of any net element
node is switched, the time synchronization of the whole net-
work is completed by only executing steps S202, S204 and
S206.

[0055] S210, after the clock of the net element node is
switched and relocked, the time transfer is released from the
holding state; i.e., a time network is released from the holding
state, the net element node performs the time counting by
using the synchronized frequency again to provide a time
counting scale for the time synchronization protocol and
recovers time tracking transfer. That is to say, after the clock
of the net element node is switched, the net element node
performs the time counting by using a relocked clock syn-
chronization signal and performs phase compensation to the
net element node, and the process is ended.

[0056] S212, a non-frequency synchronization network
interface part recovers the clock according to the opposite
time protocol information (such as 1588).

[0057] Inthis step, net element nodes of the non-frequency
synchronization network interface can recover clocks accord-
ing to the opposite time protocol information in the prior art.
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[0058] S214, the time of a local clock is calibrated and
operated to realize the time synchronization according to the
relationship between the recovered clock frequency and the
frequency of the net element node.

[0059] That is to say, as to a downstream net element node
(also called lower-level net element node) which is connected
with an upstream net element node (also called upper-level
net element node) incapable of locking a clock synchroniza-
tion signal, it calibrates and operates the time signal of the
local clock according to the relationship between a message
including time information from the upstream net element
node and the clock frequency of the downstream net element
node.

[0060] Through the embodiment, a 1588 time transfer
method based on the frequency synchronization is provided.
The method greatly reduces phase transfer errors between
nodes and effectively reduces phase errors of large-scale net-
working when networking with non-frequency synchroniza-
tion PTP nodes.

[0061] The implementation process of the embodiments is
described below in conjunction with examples in detail.
[0062] FIG. 3 is a first schematic diagram of a time syn-
chronization method according to an embodiment of the
present invention. As shown in FIG. 3, net element nodes 1, 2,
3 and 5 are respectively PTN equipment, node 4 is a fixed
clock source.

[0063] Wherein the netelement node PTN equipment takes
a locking module as a clock generator; and the locking mod-
ule supports all the functions of a Digital Phase Locked Loop
(DPLL) including phase discrimination, filtration, oscillation
and frequency division of the phase locked loop, and can
automatically complete the functions such as reference
source monitoring, detection and switching of the running
state of the loop, parameter setting of the loop and the like. An
external Temperature Control Crystal Oscillator (TCXO) is
the reference source of the DPLL and the basis for the stable
running of the whole system.

[0064] FIG. 4 is a second schematic diagram of a time
synchronization method according to an embodiment of the
present invention. As shown in FIG. 4, a Field Programmable
Gate Array (FPGA) logic completes selection of a reference
source and cooperatively completes de-jittering processing.
The FPGA logic and an external Voltage Control Crystal
Oscillator (VCXO) form an analogue phase locked loop to
perform de-jittering to a 38.88M clock of the locking module.
The de-jittered 38.88M clock is sent to a frequency synthe-
sizer to generate 25M and 125M clocks required by a main-
board synchronous Ethernet interface. A 125M signal is used
as a time counting signal.

[0065] The working frequency of the clock synchroniza-
tion signal is 125M and each clock has a length unit of 8 ns,
i.e., the minimum unit of the time counting scale. The time
counting scales of net element nodes in a clock synchroniza-
tion network are consistent. The working time of the net
element node is counted by an 80-bit (10 bytes) counter which
performs operation of adding 1 under the drive of the clock
synchronization signal. The embodiment takes 1588 (PTP) as
the time transfer protocol, upon which the time stamp is a
time deviation value. By taking certain standard starting time
(UTC epoch or TAI epoch) as the reference time, the time
deviation between the current time and the reference time is
given, and its unit is ns.

[0066] FIG. 5 is a third schematic diagram of a time syn-
chronization method according to an embodiment of the
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present invention. As shown in FIG. 5, in the 80-bite counter,
the bits below 16 bit are decimal parts, i.e., less than 1 ns; and
the bits above 64 bit are integer parts, i.e., the integral multiple
of 1 ns.

[0067] The implementation process of the embodiment is
described below in conjunction with FIGS. 3-5 in detail. The
time synchronization method comprises the following steps
according to the embodiment of the present invention.

[0068] 1. The clocks of net element nodes are configured to
be locked to net element node 4 in a stepwise manner, i.e., the
clock of net element node 1 is locked to net element node 4;
the clock of net element node 2 is locked to net element node
1; the clock of net element node 3 is locked to net element
node 2; after the frequency synchronization, the time count-
ing scales of the net element nodes 1, 2 and 3 are consistent
(i.e., step S102). Before the time compensation through the
1588, the net element nodes 1, 2 and 3 have fixed time differ-
ences.

[0069] 2. With an intermediate node as a boundary mode,
net element node 1 is configured as 1588 time source, port 1
of net element node 1 is configured as a master port of the
1588, port 1 of net element node 2 is configured as a slave port
of the 1588, port 2 of net element node 2 is configured as a
master port of the 1588, and port 3 of net element node 3 is
configured as a slave port of the 1588, i.e., net element node
3 tracks the time of net element node 2 and net element node
2 tracks the time of net element node 1.

[0070] 3. Each Ethernet interface of the net elements sup-
ports the 1588 protocol. Each port extracts the time of the
received and sent 1588 messages; the precision of the time
stamp depends on a counter of a net element node; the
extracted time stamp is information is submitted to a 1588
protocol processing module of the net element node; the time
compensation value between each slave node (also called
lower-level net element node) and each master node (also
called upper-level net element node) is calculated; the time
deviation of the salve node is compensated to realize the
consistent slave time and master time (i.e., step S104). As
shown in FIG. 3, net element node 1 is the upper-level net
element node of net element node 2; net element node 2 is the
lower-level net element node of net element node 1.

[0071] 4. When the clock source of the net element node is
switched, for example, when a malfunction occurs in the
connection between net element nodes 1 and 2, the clock time
source of net element node 2 needs to be provided by net
element node 5, and the phase locked loop of net element
node 2 re-locks the clock source of net element node 5. In the
process of capture and locking, 125M clock signal output by
the locking module has a frequency fluctuation, which will
cause a certain deviation of a time counting unit with respect
to 8 ns, so there is a difference between the calculated time of
the net element node and the time of the master node. If the
difference is continuously transferred to the next net element
node, the fluctuation of a time network will be caused. There-
fore, when the clock is switched, the time counting of the
node will be switched to the frequency generated by a fixed
crystal oscillator in the net element node, and the PTP is
closed, the time change of the master node is not tracked and
time information is not allocated to the downstream node any
longer. The time of the net element node enters the holding
state. Depending on the precision of the own oscillator, the
time of the net element node is counted before being
switched.
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[0072] 5. After the clock of the net element node is
switched, the slayer node is re-locked, and the system fre-
quency returns to be stable again, the net element node reuses
the synchronized frequency to perform the time counting and
provide the time counting scale for the time synchronization
protocol, recovers the time tracking and transfer and pub-
lishes time information to the downstream nodes.

[0073] 6. When the net element node docks a node of a
non-frequency synchronization network, the clock is recov-
ered according to the SYNC message of the opposite 1588, is
then the local clock is calibrated and operated according to the
relationship between the recovered clock frequency and the
frequency of the node to realize the time synchronization of
the 1588.

[0074] 7.Iftheintermediate node isin the transparent trans-
mission mode, the precision of the time transfer will be fur-
ther improved.

[0075] Through the above-mentioned embodiments, the
time synchronization method based on the synchronization
network is provided to make the synchronization frequency
as the basis of the time synchronization protocol so as to
greatly reduce the phase difference of large-scale networking
time transfer.

[0076] Apparatus Embodiment

[0077] According to an embodiment of the present inven-
tion, a time synchronization apparatus is provided. FIG. 6 is a
structural block diagram of a time synchronization apparatus
according to an embodiment of the present invention. As
shown in FIG. 6, the apparatus comprises: a locking module
62, a first counting module 64 and a compensating module 66,
which are described below in detail.

[0078] The locking module 62 is used for locking a clock
signal of each net element node through a phase locked loop;
the first counting module 64 is connected to the locking
module 62 and used for performing time counting by using a
clock synchronization signal locked by the locking module
62; and the compensating module 66 is connected to the first
counting module 64 and used for performing time compen-
sation to realize time synchronization according to the time
counting of the first counting module 64.

[0079] Through the embodiment, the time synchronization
apparatus capable of realizing frequency and phase synchro-
nizations is provided.

[0080] FIG. 7 is a specific block diagram of a time synchro-
nization apparatus according to an embodiment of the present
invention. As shown in FIG. 7, the compensating module 66
comprises a setting sub-module 662 which is used for setting
the time counting to be a time counting scale of a time stamp,
and a compensating sub-module 664 which is connected to
the setting sub-module 662 and used for performing the time
compensation is to realize the time synchronization accord-
ing to the time counting scale set by the set sub-module 662.
[0081] The apparatus further comprises: a first control
module 72, a second control module 74, a second counting
module 76, a recovery module 78 and a calibrating module
70, which are described below in detail.

[0082] The first control module 72 is connected to the com-
pensating module 66 and used for controlling whether the
compensating module 66 should perform the time compen-
sation to a net element node; when a clock of a net element
node is switched, the compensating module 66 is controlled
to stop performing the time compensation to the net element
node.
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[0083] The second control module 74 is connected to the
first counting module 64 and used for controlling whether to
perform the time counting by using a clock synchronization
signal; when the clock of a net element node is switched, the
first counting module 64 is controlled to stop performing the
time counting by using the clock synchronization signal. The
second counting module 76 is connected to the second control
module 74 and used for performing the time counting by
using a fixed and stable frequency source under the condition
that the second control module 74 determines not to use the
clock synchronization signal to perform the time counting.
[0084] The recovery module 78 is used for recovering a
clock according to time information from a net element node
incapable of locking a clock synchronization signal. The cali-
brating module 70 is connected to the recovery module 78 and
used for calibrating and operating a clock signal according to
the clock frequency recovered by the recovery module 78.
[0085] To sum up, through the above-mentioned embodi-
ments of the present invention, the phase locked loop of each
net element node performs the time counting by using the
locked clock synchronization signal and also performs the
time compensation according to the time counting to realize
the time synchronization by a certain time synchronization
protocol (such as the PTP), thus the problem that the accu-
mulative effect of phase is transfer results in very obvious
phase delay in the related technologies is solved, and the
phase delay is reduced.

[0086] Obviously, those skilled in the art shall understand
that the modules or steps of the present invention may be
implemented by general computing apparatus and centralized
in a single computing apparatus or distributed in a network
consisting of multiple computing apparatus. Optionally, the
modules or steps may be realized by program codes execut-
able by the computing apparatus, so that they may be stored in
a storage apparatus and executed by the computing apparatus,
or respectively made into integrated circuit modules or a
single integrated circuit module. So the present invention is
not limited to any specific combination of hardware and soft-
ware.

[0087] The above descriptions are only preferred embodi-
ments of the present invention and not used for limiting the
present invention. For those skilled in the art, the present
invention may have various modifications and changes. Any
modifications, equivalent replacements, improvements and
the like within the spirit and principle of the present invention
shall fall within the scope of protection of the present inven-
tion.

INDUSTRIAL APPLICABILITY

[0088] In the technical solution of the present invention,
each net element node performs the time counting by using
the locked clock synchronization signal and performs the
time compensation according to the time counting to realize
the time synchronization, thus the problem that the accumu-
lative effect of phase transfer results in very obvious phase
delay in the related technologies is solved, so as to reduce the
phase delay and realize high precision, high interference
resistance and reliability.
What is claimed is:
1. A time synchronization method, comprising:
each network element node locking a clock synchroniza-
tion signal of its upper-level net element node through a
physical channel, and a clock synchronization network
being established; and
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each network element node performing time counting by
using the locked clock synchronization signal and per-
forming time compensation according to the time count-
ing through a time synchronization protocol to realize
time synchronization.

2. The method according to claim 1, wherein the step of
performing time compensation according to the time count-
ing to realize time synchronization comprises:

setting the time counting to be a time counting scale, and

performing the time compensation according to the time
counting scale to realize the time synchronization.

3. The method according to claim 1, wherein when a clock
of a net element node among the net element nodes is
switched, the method further comprising:

the time compensation of the net element node being

stopped, and the net element node performing the time
counting by using a clock synchronization signal gener-
ated by a fixed and stable frequency source rather than
the locked clock synchronization signal.

4. The method according to claim 3, wherein when the
clock of the net element node is switched, the method further
comprising:

the net element node performing the time counting by

using a relocked clock synchronization signal and per-
forming the time compensation to the net element node.
5. The method according to claim 1, wherein
a lower-level net element node, which is connected with an
upper-level net element node incapable of providing a
clock synchronization signal, calibrates and operates a
time signal of its local clock according to a message
including time information from the upper-level net ele-
ment node and clock frequency of the lower-level net
element node.
6. A time synchronization apparatus, comprising a locking
module, a first counting module and a compensating module
which are sequentially connected, wherein
the locking module is used for locking a clock synchroni-
zation signal of an upper-level net element node through
a physical channel;

the first counting module is used for performing time
counting by using the locked clock synchronization sig-
nal; and

the compensating module is used for performing time com-

pensation according to the time counting through a time
synchronization protocol to realize time synchroniza-
tion.

7. The apparatus according to claim 6, wherein the com-
pensating module comprises a setting sub-module and a com-
pensating sub-module connected with each other;

the setting sub-module is used for setting the time counting

to be a time counting scale; and

the compensating sub-module is used for performing the

time compensation according to the time counting scale
to realize the time synchronization.

8. The apparatus according to claim 6, further comprising
a first control module connected with the compensating mod-
ule, wherein

the first control module is used for controlling whether to

perform the time compensation to a net element node;
wherein, when a clock of a net element node is switched,
the first control module controls the compensating mod-
ule to stop performing the time compensation to the net
element node.
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9. The apparatus according to claim 6, further comprising
a second control module connected with the first counting
module, and a second counting module connected with the
second control module, wherein

the second control module is used for controlling whether
to perform the time counting by using the locked clock
synchronization signal; and

the second counting module is used for performing the
time counting by using a clock synchronization signal
generated by a fixed and stable frequency source under
the condition that the second control module determines
not to use the locked clock synchronization signal to
perform the time counting.

10. The apparatus according to claim 6, further compris-

ing:

a recovery module which is used for recovering a clock
according to a message including time information from
an upper-level net element node incapable of providing
a clock synchronization signal; and

a calibrating module which is used for calibrating and
operating a time signal of a local clock according to
clock frequency recovered by the recovery module.

11. The method according to claim 2, wherein when a clock
of a net element node among the net element nodes is
switched, the method further comprising:

the time compensation of the net element node being
stopped, and the net element node performing the time
counting by using a clock synchronization signal gener-
ated by a fixed and stable frequency source rather than
the locked clock synchronization signal.
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12. The method according to claim 11, wherein when the
clock of the net element node is switched, the method further
comprising:

the net element node performing the time counting by

using a relocked clock synchronization signal and per-
forming the time compensation to the net element node.

13. The apparatus according to claim 7, further comprising
a first control module connected with the compensating mod-
ule, wherein

the first control module is used for controlling whether to

perform the time compensation to a net element node;
wherein, when a clock of a net element node is switched,
the first control module controls the compensating mod-
ule to stop performing the time compensation to the net
element node.

14. The apparatus according to claim 7, further comprising
a second control module connected with the first counting
module, and a second counting module connected with the
second control module, wherein

the second control module is used for controlling whether

to perform the time counting by using the locked clock
synchronization signal; and

the second counting module is used for performing the

time counting by using a clock synchronization signal
generated by a fixed and stable frequency source under
the condition that the second control module determines
not to use the locked clock synchronization signal to
perform the time counting.
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