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(57) Abstract: The embodiments of present invention provide a method, apparatus, mobile communication terminal, computer pro -
gram and storage medium for adjusting the frequency error of the terminal, and the terminal includes a plurality of modems using a
same clock source. The method includes; obtaining the frequency error of a received signal of each of the plurality of modems,
wherein the frequency etror is a difference between a carrier frequency of the received signal and a nominal frequency; obtaining a
frequency error threshold of the received signal in a current service based on the frequency error; obtaining an adjusted value of the
clock source corresponding to each modem based on the frequency error and the frequency error threshold; obtaining a synthesized
adjusted value of the clock source based on the adjusted values of the clock source of all the moderns; and adjusting the frequency of
the clock source based on the synthesized adjusted value of the clock source. According to the embodiments, the frequency error of
the mobile communication terminal can be quickly corrected as long as the frequency of the clock source is adjusted. Furthermore,
as the frequency errors of the plurality of modems are all considered, the performances of the plurality of moderns may be balanced.
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METHOD, APPARATUS, MOBILE COMMUNICATION TERMINAL, COMPUTER
PROGRAM AND STORAGE MEDIUM FORADJUSTING FREQUENCY ERROR OF A
TERMINAL

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

{60611 This invention relates o a conumunication field, and more particularly to a method,
apparatus, mobile communication terminal, computer program and storage medium for adjusting

freguency error of a terminal.

DESCRIPTION OF THE PRIOR ART

{0002} Dual-SIM-Dual-Call (DSDC) 18 a new feature of current mobile communication
terminals, which cnables end users to use two different network operator’s services with two
SIM (Subscriber Identity Module) cards. A mobile communication terminal with DSDC feature
can support two SIM cards from different operators and keep camping on the network and
standby. Moreover, differing from the Dual-SIM-Dual-Standby (DSDS) technology, BSDC s
able to originate or receive services from the two camped networks sinmultancously, That is to say,
one SIM card in a call will not impact on another SIM card browsing Internet or answering
another call.

180831 Due to the fact that different operators often use different 3G (3"-Generation)
radio access technologies, it is impossible for a single SIM card to support a mobile
communication terminal to use another operator’s service if the end user does not change the
mobile communication terminal number. So this market demand makes that the mobile
communication terminal with DSDC feature is strongly recommended by some operators and
also very popular among ond users.

16004} So far there are two main structurcs for the mobile communication terminal with
DSBC feature:

18885] Une is that there are two modem systems with different clock sources in the
mobile communication terminal. Such a structure is very casy to be realized, but alse i high

cost.
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{6086 Another one is that there are two modem systems in the mobile conumumication

terminal, but these two modem systems use a same clock source (referming to Fig, 1), which is in

Locked Loop), but it needs a long response time, Sometimes such long response time may affect
the performmance of the mobile communication termival sentously and even lead to call failure.
{3667} Thus, a mwethod for quickly cowecting the frequency error of the mobile

communication terminal is desired.

SUMMARY OF THE INVENTION

{B088] The embodiments of the present invention disclose a method, apparatus, mobile
communication terminal, computer program and storage medium for adjusting the frequency
error of the termimal 1o solve the problem of being unable to quuckly correcting the frequency
error of the mobile conymunication terminal in prior art,

L In some embodiments of the present nvention, a method for adjusting frequency
error of a terminal is provided, wherein the terminal comprises a plurality of modems using a
same clock source, the method comprises:

{6016] obtaining the frequency error of a received signal of each of the plurality of
modems, wherein the frequency error is a difference between a carrier frequency of the received
signal and a nominal frequency;

{8011} obtaining a frequency error threshold of the received signal in a current service
based on the frequency error;

18812} obtaining a adjusted value of the clock source corresponding to cach modem based
on the frequency error and the frequency error threshold;

{8013} obtaining a synthesized adjusted value of the clock source based on the adjusted
values of the clock source of all the modems; and

{0014} adjusting the frequency of the clock source based on the synthesized adjusted
value of the clock source.

{B015] Preferably, the step of obtaining the frequency error threshold of the received
signal in the current service based on the freguency error comprises:

{10016} obtaining a simulation SNR (Signal to Noise Ratio} corresponding to the

frequency error;
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{86171} obtaining a real SNR of the received signal;
[B618] obtaining an mterference SNR of the received signal based on the simulation SNR

and the real SNR, wherein the interference SNR is the SNR cowesponding to all other
mterference effect except the frequency error;
{6019 obtaining the SNR corresponding to the frequency error capable of being tolerable
by the modem n the current service based on the mnterference SNR and the SNR threshold of the
recetved signal in the current service; and
{0026] obtajoing the frequency error threshold of the received signal n the current service
based on the SNR comresponding to the frequency error capable of being tolerable by the modem
in the current service.
{60211 Preferably, there is a further step before the step of obtaining the simmulation SNR
corresponding to the frequency error, and the further step comprises: obtaining the simulation
SNR and the frequency ervor threshold of the recetved signal when all the modems execute the
predetermined  services in corresponding communication standards based on the system
stmulation, and thus obtaining a corresponding relationship table of the simulation SNR and the
frequency ervor threshold;
{6022} the step of obtaining the simulation SNR corresponding to the frequency error
comprises: querying the corresponding relationship table based on the freguency error to obtain
the simulation SNR corresponding to the frequency error; and
{8023} the step of obtainimg the frequency error threshold of the received signal in the
current service based on the SNR corresponding to the frequency error capable of being tolerable
by the modem in the cusrent service comprises: querying the corresponding relationship table
based on the SNR corresponding to the frequency error capable of being tolerable by the modem
in the current service, to obtain the frequency error threshold comesponding to the SNR
corresponding o the frequency error capable of being tolerable by the modem i the current
service as the frequency error threshold of the received signal
{8024} Preferably, the interference SNR of the received signal may be obtained by the
following equation:

1 . 1 i

[0025] -

SNRmteTfrence SNRpg SNErept

16026} wherein SNRiperrronce 18 the mterference SNR, SNRgy is the simulation SNR,

L

and SNB,.q 15 the real SNR.
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{80271 Preferably, the SNR comesponding to the frequency error capable of bemng

tolerable by the modem 1n the current service may be obtained by the following eguation:

- o 1 1 1
{0028 4o =
SNRi'rLterfTence -51\’RF’EJ'equired SI\‘Rtm'get
[8629] wherein SNRjrerfrence 18 the mterference SNR, SNRpg pequires 18 the SNR

corresponding to the frequency ewor capable of being tolerable by the modem in the current
service, and the SN, 4., 15 the SNR threshold of the received signal i the current service.
{038 Preferably, the synthesized adjusted value of the clock source may be obtained by

the following equatior:

Ay -bfy Bfy-Af
(0031] ADJ; = { =t il e gg, )
188321 Average; = ﬂ—f—”i
{6033] ADJpame = o, X Average, + - o, x Average; + -+ o, Average,
16634 wherein AD); is a range of the adjusted value of the clock source corresponding

to the {th modem, Af; is the freguency crror of the received signal of the ith modem,
(—4fp, &fp) 15 the frequency error threshold of the recetved signal of the ith modem,
Average; is the adjusted value of the clock source comresponding to the ith modem, R; 18 a
frequency ratio between the carrier frequency of the received signal and the frequency of clock
source of the ith modem, AD[,4n. 15 the synthesized adjusted value of the source clock, o,
is the weight corresponding to the Ith modem, and &, is greater than € and less than 1,
o+t +..+a,=1,and n is a number of the modems,

[0035] Preferably, the step of adjusting the frequency of the clock source based on the
synthesized adjusted value ofthe clock source comprises:

{B036] adjusting the frequency of the clock source by using the synthesized adjusted value
of the clock source when the synthesized adjusted value of the clock source falls in the range of
the adjusted values of the clock source corresponding to ail the modems;

{6637} sclecting the adjusted value of the clock source based on the following conditions
when the synthesized adjusted value of the clock source does not fall in the range of the adjusted

values of the clock source corresponding to all the modems:
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[6038] when one of the modoms 18 m service and the other modems are not m service,
adjusting the frequency of the clock source based on the frequency error threshold of the modem
being in service;

[8639] when one of the modems 18 i C8 (Circut Switching) service and the other
moderns are n PS (Packet Switchung) service or not i service, adjusting the frequency of the
clock source based on the frequency error threshold of the modem beimg in C8 service;

(048] when all the modems are all in CS service or PS service, adjusting the frequency
of the clock source based on the frequency error threshold of the modem selecied by a user.
{60411 In some embodiments of the present invention, an apparatus for adjusting
frequency error of a terminal is provided, wherein the terminal comprises a plurality of modems
using a same clock source, the apparatus comprises:

{0042} a frequency error obtaining module, being configured for obtaming the frequency
error of a recetved signal of cach of the plurality of modems, wherein the frequency ervor is the
difference between a carrier frequency of the received signal and a nominal frequency;

{06043} a frequency ervor threshold obtaining module, being configured for obtaning a
frequency ervor threshold of the received signal 1n a current service based on the frequency ervor;
{60441 a first adjusted value of clock source obtaining module, being configured for
obtaining an adjusted value of the clock scurce corresponding to each modem based on the
frequency error and the frequency error threshold;

{B045] a second adjusted value of clock source obtaining module, being configured for
obtaining a synthesized adjusted value of the clock source based on the adjusted values of the
clock source of all the modems; and

[0046] a frequency adjusting module, being configured for adjusting the freguency of the
clock source based on the synthesized adjusted value of the clock source.

{60471 Preferably, the frequency error threshold obtaining module comprises:

{0048} a simulation SNR obtaming sub-module, being configured for obtaining a
simmulation SNR (Signal to Noise Ratio) corresponding to the frequency error;

{30491 a real SNR obtaining sub-module, being configured for obtaining a real SNR of
the received signal;

{0056} an nterference SNR obtaining sub-module, being configured for obtaining an

interference SNR of the received signal based on the simulation SNR and the real SNR, wherein
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the mterference SNR is the SNR corresponding to all other mterference effect except the
frequency error;

{06051} a first obtaining sub-module, being configured for obtaimng the SNR
corresponding o the frequency ervor capable of being tolerable by the mwodem m the current
service based on the interference SNR and the SNR threshold of the received signal in the
cutrent service; and

{060532] a second obtaining sub-module, being configured for obtaining the frequency error
threshold of the received signal in the current service based on the SNR corresponding to the

frequency error capable of being tolerable by the modem in the current service.

{B053] Preferably, the apparatus for adjusting the frequency error of the terminal further
comprises:
[8054] a relationship table geperating modole, being coufigured for obtainmg the

stmuplation SNR and the frequency error threshold of the received signal when all the modems
execute the predetermined services in corresponding communication standards based on a
system sunulation, and thus obtaining a corresponding relationship table of the simulation SNR
and the frequency error threshold;
{B055] the simulation SNR obtaming sub-module is further configured for querying the
corresponding relationship table based on the frequency crror to obtain the simulation SNR
corresponding to the frequency error; and
{056} the second obtaining sub-module is further configured for querying the
corresponding refationship tabie based on the SNR corresponding to the frequency orror capable
of being tolerable by the modem in the current service, to obtain the freguency error threshold
corresponding to the SNR corresponding to the frequency error capable of being tolerable by the
modem in the current service as the frequency error threshold of the received signal.
{60571 Preferably, the interference SNR of the received signal may be obtained by the
following equation:

1 1 i

[0058] =

SNRmteTfrence SNRpg SNRyegt

16059 wherein SNRiperrronce 18 the mterference SNR, SNRgy is the simulation SNR,
and SNB,.q 15 the real SNR.
[8066] Preferably, the SNR comesponding to the frequency error capable of being

tolerable by the moderm in the current service ruay be obtained by the following equation:
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e 1 1 1
18061} - e e =
. = NRinLerfT:—:nc:—: SN RF’E,,r'equi,red S"‘VRt(,Lrg:—:L
{80621 wherein SNRirerfrence 18 the interference SNR, SNFpz jequirea 18 the SNR

corresponding to the frequency error capable of being tolerable by the modem in the current
service, and the SNR,, 4. 15 the SNR threshold of the received signal i the current service.
{0063} Preferably, the synthesized adjusted value of the clock source may be obtaimed by

the following equation:

~Afy—bfi Afy-Afi
(0064} ADj; = |t el e 1g )
88651 Average; = ﬁ-}-@
188661 AD[ae = o, x Average, + - ¢, X Average; + -+ o, Average,
{(067] wherein ADJ; is a range of the adjusted value of the clock source corresponding to

the ith modem, Af; is the frequency crror of the received signal of the ith modem,
(—&f,, 8f,) 18 the frequency error threshold of the received signal of the ith modem,
Average; is the adjusted value of the clock source corresponding to the ith modem, R; is a
frequency ratio between the carrier frequency of the received signal and the frequency of clock
source of the ith modem, AD[,4n. 15 the synthesized adjusted value of the source clock, o,
is the weight comresponding to the ith modem, and ¢, is greater than ¢ and less than 1,

o +..+o + 4o, =1, and n is a number of the modems.

{B06K] Preferably, the frequency adjusting module comprises:
{0069] a first adjusting sub-module, being configured for adjusting the frequency of the

clock source by using the synthesized adjusted value of the clock source when the synthesized
adjusted value of the clock source falls in a range of the adjusted values of the clock source
corresponding to all the modems;

{0076] a second adjusting sub-module, being confignred for performing the following
operations when the synthesized adjusted value of the clock source does not fall in the range of
the adjusted values of the clock source corresponding to all the modems:

{8071} when one of the moderms is in service and the other modems are not in service,
adjusting the frequency of the clock source based on the frequency error threshold of the modem

being in service;
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180721 when one of the modems is in CS {Cirenit Switching) service and the other
modems are in PS (Packet Switching) service or not in service, adjusting the frequency of the
clock source based on the frequency ervor threshold of the modewm being in CS service;

{9673} when all the modems are all in C3 service or PS service, adjusting the frequency
of the clock source based on the frequency error threshold of the modem selected by a user.
18674} In some cmbodiments of the present invention, the mobile communication
terminal is further provided, which comprises the apparatus for adjusting the frequency error of
the terminal.

{6075] In some embodiments of the present mvention, the computer program is further
provided, which 1s used to umplement the method for adjusting the frequency error of the
terminal.

[8076] In some embodiments of the present invention, a storage medium is forther
provided, which is used to store the computer program.

186771 Naturally, the present invention is not limited to the above features and advantages.
In fact, many other features and advantages are obvious for those skilled i the art under the

teaching of the following description and drawings.

BRIEFDESCRIPTION OF THE DRAWINGS

[6678] Fig. 1 is a structurc schematic diagram of the mobile communication terminal in
prior art;
{6G79] Fig. 2 is a schematic flowchart of a method for adjusting the frequency error of the

terminal according to a first embodiment of the present invention;

{0086] Fig. 3 is a schematic flowchart of a method for adjusting the frequency error of the
terminal according to a second embediment of the present invention;

{60811 Fig. 4 is a corresponding relationship table for the frequency error threshold and a
signal to noise ratio (SNR) according to the embodiments of the present mvention;

{00821 Fig. 5 15 a corresponding relationship table for the frequency crror and a control
value of a clock source according to the embodiments of the present invention; and

{0083] Fig. 6 is a structure block diagram of an apparatus for adjusting the frequency error

of the terminal according to a fourth embodiment of the present mvention,



WO 2014/169446 PCT/CN2013/074307

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
{80841 The First Embodiment

{6085] Fig. 2 shows the schematic flowchart of the method for adjnsting the frequency
ervor of the termuinal according to the first embodument of the present tnvention. The terminal in
the present embodiment may be a mobile cormmuonication terromal, which may inclode a plurality
of modems using a same clock source. The method for adjusting the frequency error of the
terminal may include the following steps:

[0086] Step 201 obtaming the frequency error of a received signal of cach of the plurality
of modems, and the frequency error may be a difference between a carrier frequency of the
received signal of the modem and a nominal frequency;

{0087} Because the frequency error obtained by such caleslation in this step does not
consider the factor of current service of the modem, this frequency ervor roay not be divectly use
for calculating the corresponding adjusted value of the clock source.

{B088] Step 202: obtamning a frequency eror threshold of the received signal m the
current service based on the frequency error;

{3089] Step 203: obtaining an adjusted value of the clock source corresponding to each
modem based on the frequency error and the frequency crror thresheld,;

{30961 Step 204 obtaining a synthesized adjusted value of the clock source based on the
adjusted values of the clock source of all the modems;

{3091} Step 205: adjusting the frequency of the clock source based on the synthesized
adjusted value of the clock source.

180921 According to the method of the above embodiment, the frequency error of the
mobile communication terminal can be guickly corrected as long as the frequency of the clock
source is adjusted. Furthermore, as the frequency crmrors of the phurality of modems are all
constdered, the performances of the plurality of modems may be balanced.

{0093} in the above step 202, the frequency error threshold of the received signal of the

modem in the current service can be obtained in many ways, which are illustrated as follows by

example.
[6094] The Second Embodiment
18095] According to the systerm simulation, the frequency error of the received signal and

the SNR correspond to each other in the predetermined service, The greater the frequency crror
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is, the lower the SNR s, In the embodiments of the present invention, the freguency error
threshold of the recetved signal in the predetermined service may be obtained by weans of the
above correspondence.

[8096] Furthermaore, in the embodiments of the present invention, the interference of the
recetved simgle may be divided into two parts, one of which is the frequency error effect, and the
other one of which is all other interference effect. In the embodiments of the present invention,
the SNR corresponding to all other interference effect may be caleulated first, and then the SNR
corresponding to the freguency error capable of being tolerable by the received signal may be
calenlated based on the SNR threshold of the received signal of the modem in the current service
and the SNR comesponding to all other interference effect obtained by calculation, thus the
frequency error threshold of the received signal is obtained.

{00971 Fig. 3 shows the schematic flowchart of the method for adjusting the frequency
error of the terminal according to the second embodiment of the present mnvention. The terminal
in the present embodiment may be a mobile communication terminal, which may include a
plarality of modems using the same clock source. The method for adjusting the frequency error
of the terminal may inchude the following steps:

{6098] Step 301: obtaining the frequency error of a received signal of each of the plurality
of modems, and the frequency error may be a difference between a carrier frequency of the

received signal of the modem and a nominal frequency;

180991 Step 302 obtaining a simulation SNR corresponding to the frequency error;
{00164 Step 303: obtaining a real SNR corresponding to the received signal;
1801811 Step 304: obtaining an interference SNR of the received signal based on the

simnulation SNR and the real SNR, and the interference SWNR may be the SNR corresponding to

all other interference offect except the frequency crror;

{00162] The interference SNR of the received signal may be obtaimed by the following
equation:

(00103 SNRmt;‘frence 51\’11?3571; - 51V1?1re.zt

180164 Wherein SNRjperprence 18 the imterference SNR, SNRpp is the simulation SNR,

and SNB,.q 15 the real SNR.
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[00165] Step 305 obtainmg the SNR corresponding to the frequency crror capable of being
tolerable by the wodem m the corrent service based on the juterference SNR and the SNR
threshold of the received signal in the carrent service;

[00166] The SNR corresponding to the frequency ervor capable of bemg tolerable by the

modern o the current service may be obtamned by the following equation:

, 1 . 1 1
{06167] v + o =
SNRinterfrence SNRFEjequi'!ed S‘VRtairgef
[86168] Whereit SNRyperrence 19 the interference SNR, SNRpgp oqumeqs 15 the SNR

corresponding to the frequency error capable of being tolerable by the modem i the current
service, and SNRyq. .. 19 the SNR threshold of the received signal m the current service.

180169} Step 306: obtaining the frequency error threshold of the received signal in the
current service based on the SNR corresponding to the frequency ervor capable of being tolerable
by the modem in the current service;

186114 Step 307 obtaining the adjusted value of the clock source corresponding to each of
the plurality of modems based on the frequency error and the frequency ervor threshold;

{06111} The adjusted value of the clock source corresponding to the modem may be

obtained by the following equation:

[00112] ADJ, =

;

—Afp Ay Afp-AFy N
{ — } = {g, h}

Ry

i

g+h

180113} Average; =
{001 14] Wherein ADJ; is a range of the adjusted value of the clock source corresponding
to the ith modem, Af; is the frequency crror of the received signal of the ith modem,
(—&f,, 8f,) 18 the frequency error threshold of the received signal of the ith modem,
Average; is the adjusted value of the clock source corresponding to the ith modem, and R; is
the frequency ratio between the carrier frequency of the received signal and the frequency of
clock source of the Ith modem.

{00115] Step 308: obtaining a synthesized adjusted value of the clock source based ov the
adjusted values of the clock source of all the modems;

{38116] The synthesized adjusted value of the clock source may be obtained by the
following equation:

{80117} ADfame = « X Average, + - o, X Average; + -+ @, Average,
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{00118} Wherein ADf,q5. 18 the synthesized adjusted value of the source clock,
dverage; 1s the adjusted value of the clock source corresponding to the {th modem, o, s a
weight corresponding to the ith modem, and ¢, is greater than 0 and less than 1,
a +..to +.+o, =1, and n is a number of the modems.

180119} Wherein the weight corresponding to cach modem may be set as required, and it
may be assumed that the termunal includes two modems, and the weigh corresponding to each of
the modems may be .5, or it may be assumed that one of the modems i1s more important and the
weight thereot may be set to 0.6 and the weight of the other modem may be set to 0.4,

180126 Step 309 adjusting the frequency of the clock source based on the synthesized
adjusted value of the clock source.

D021 Naturally, the simmulation SNR in the above step 302 may be obtained by a system
stmulation, thus the following steps may be added before the step 302: obtaming the simulation
SNR and the frequency error threshold of the received signal when all the modems execute the
predetermined services in corresponding communication standards based on the system
sinuilation, and thus obtaining the corrcsponding relationship table of the simulation SNR and
the frequency crror threshold. Fig, 4 shows an example of such corresponding relationship table,
In Fig. 4, the communication standard may mclude TD-SCDMA (Time Division-Synchronous
Code Division Multiple Access), WCDMA (Wideband Code Division Multiple Access), and so
on, and the service may include CS (Circuit Switching) service, PS (Packet Switching) service,
and so on.

[00122] In this regard, the step 302 wmay be ecmbodied as follows: guerying the
corresponding relationship table based on the frequency error to obtain the simulation SNR
corresponding to the frequency error.

[00123] The step 305 may be embodied as follows: querying the corresponding
relationship table based on the SNR corresponding to the frequency crror capable of bemg
tolerable by the modem in the current service, to obtamm the frequency error threshold
corresponding to the SNR corresponding to the frequency error capable of being tolerable by the
modem i the current service as the frequency error threshold of the received signal,

[00124] According to the method of the above embodiment, the frequency error threshold

of the received signal of the modem n the current service can be quickly obtained by querving
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the corresponding relationship table of the frequency error threshold and the SNR which may be
obtatned by siroulation wn advance, thus the efficiency for correcting the frequency error of the
mobile communication terminal can be further improved.

{00135] There are two cases {or the synthesized adjusted value of the clock source m the
above embodiment:

[B0126] Case 1: the synthesized adjusted value of the clock sonrce falls in the range of the
adjusted values of the clock source corresponding to all the modems. In this case, the frequency
of the clock source may be adjusted based on the synthesized adjusted value of the clock source.
{88127 case 21 the synthesized adjusted value of the clock source does not fall i the
range of the adjusted values of the clock source corresponding to all the mwodems. In this case,
the following steps may be carried out:

[88128] When one of the modems is in service and the other modems are not in servige (for
example, in idle or in registering mode), the frequency of the clock source may be adjusted based
on the frequency error threshold of the modem being 1o service;

186129] When one of the modems is in CS service and the other modems are in PS service
or not in service, the frequency of the clock source may be adjusted based on the frequency error
threshold of the modem being in CS service;

188136 When all the modems are all in CS service or PS service, the frequency of the
clock source may be adjusted based on the frequency error threshold of the modem selected by a
user.

{00131} Because such stops consider the current service of the modem and the user’s
selection, the correction result ofthe frequency error of the terminal is more accurate.

[60132] The Third Embodiment

1801331 in the following, for example, it is assumed that the terminal for carrying out the
method of adjusting the frequency error of the terminal is a2 mobile communication terminal
including two modems to specifically describe the method of adjusting the frequency error of the
terminal.

1801341 1t should be noted that the two modems in the present embodiment (modem A and
modem B} may work at the same time and use a same clock source, each of the two moderms
may support CS service and PS service, and the mobile communication terminal 1s also called a

DSDC terminal.
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[00G135] (1) Firstly, the adjosted valoes of the clock source corresponding to modem A and
modem B may be calculated.
188136] For modem A:
180137} 1} Obtaining the frequency error of the received signal cotresponding to moderm A,

wherein the frequency error 18 the difference between the carrier frequency of the received signal
corresponding to modem A and the nominal frequency;

{0G138] 2} Queryving the table as shown in Fig. 4 to obtam the simulation SNR
correspouding to the frequency exror;

{0G139] 3} Obtaining the real SNR of the received signal corresponding to modem A;
1801486] 4} Obtaining the interference SNR of the received signal corresponding to modem
A based on the simmlation SNR and the real SNR, wherein the inferference SNR is the SNR

corresponding to all other oterference effect excepting the frequency erroy

{06141} The nterference SNR of the received signal may be obtained by the following
equation:

001421 SN-’\’im;frence + 51\’71?,?.? - SNRireal

188143 Wherein SNRjperprence 18 the imterference SNR, SNRpp is the simulation SNR,

and SNR,.q.; is the real SNR.
{00144} 5} Obtaining the SNR corresponding to the freguency crror capable of being
tolerable by modem A in the current scrvice based on the mterference SNR and the SNR
threshold of the received signal in the current service;
{00145} The SNR corresponding to the frequency crror capable of being tolerable by
modem A in the current service may be obtained by the following equation:

1 1 1

{30146] - + =

SNRinLe‘rfT:—:nc:—: SNRFEW.“equi,red SNRi;(,Lrgs—:L

[86147] Wherein SNRjerprence 18 the interference SNR, SNRpp requirea 1 the SNR
corresponding to the frequency crror capable of beimg tolerable by modem A in the current
service, and SNR, g, 15 the SNR threshold of the received signal in the current service. As the
current service of modem A is known, the SNR threshold of the current service may be obtained
by querying 3GPP (the 3™ Generation Partner Project) standard.

[60148] 6) Querying the table as shown in Fig. 4 based on the SNR corresponding to the

frequency error capable of being tolerable by modem A m the current service to obtain the
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trequency error threshold Range, of the recetved signal in the current service, and it is assumed
that the range of Range, is (—MA, AfA);

{B0149] 73 Obtaining the adjusted value of the clock source comresponding to modem A
based on the frequency error and the frequency ervor threshold of modem A;

{00150] Wherein the adjusted value of the clock source corresponding to modem A may be

as follows:

& 1o [ZAfaA s Mazbac) g,
(00151 ADJy = {Letae } = {a, b)
: ) at+t
1B8152) Average, = —
{00153 Wherein 40/, is the range of the adjusted value of the clock source corresponding

to modem A, Afy- 1s the frequency error of the received signal of modem A, {(—Af Afy) is
the frequency error threshold of the recetved signal of modem A, Average, is the adjusted
value of the clock source corresponding to modem A, and R, 18 a frequency ratio between the
carrier frequency of the received signal and the frequency of clock sonree of modem A,

[60154] For modem B:

[B0155] 1} Obtaining the frequency error of the received signal corresponding to modem B,
wherem the frequency error is the difference between the carrier frequency of the received signal
cotresponding to modem B and the nominal frequency;

{0G156] 2} Queryving the table as shown in Fig. 4 to obtam the simulation SNR
corresponding to the frequency eror;

{60157] 3) Obtaining the real SNR of the received signal corresponding to modem B;
{B0158] 4} Obtaining the interference SNR of the received signal corresponding to modem
B based on the simmiation SNR and the real SNR, wherein the mnierference SNR is the SNR

corresponding to all other interference effect excepting the frequency error;

{00159] The interference SNR of the received signal may be obtamed by the following
equation:
[00160] e e

SNRinterfTence SNRpg - SNBreqi
188161} Wherein, SNRy o frence 15 the interference SNR, SNRp, is the simulation SNE,

and SNR,.q.; is the real SNR.



WO 2014/169446 PCT/CN2013/074307
16

[00162] 5y Obtaining the SNR comresponding to the frequency error capable of being
tolerable by modem B m the current service based on the interference SNR and the SNR

threshold of the received signal in the carrent service;

[00163] The SNR corresponding to the frequency emror capable of bemng tolerable by
modern B i the current service may be obtained by the following equation:
[00164] s ‘ = e

SNRinterfrence  SNRFE vequired B S8R get
[88165] Whereit SNRyperrence 19 the interference SNR, SNRpgp oqumeqs 15 the SNR
corresponding to the frequency error capable of bemg tolerable by modem B in the current
service, and SNRyg, 4.0 15 the SNR threshold of the received signal in the current service. As the
current service of modem B is known, the SNR threshold of the current service may be obtained
by guerying 3GPP standard.
[80166] 6} (uerying the table as shown in Fig. 4 based on the SNR corresponding to the
frequency error capable of being tolerable by modem B in the current service to obtain the
frequency error threshold Rangey of the received signal in the current service, and it is assume
that the range of Rangeg is (mAfB, Afg);
[80167] 7} Obtaining the adjusted value of the clock source corresponding to modem B
based on the frequency ervor and the frequency ervor threshold of modem B;
{38168] Wherein the adjusted value of the clock source corresponding to modem B may be

as foliows:

A p—Aac Ap—8fec) ¢
108169 ADfy = | e e }={c.a)
[86176] Averageg = o
188171} Wherein ADJp is the range of the adjusted value of the clock source

corresponding to modem B, Afy. is the fiequency error of the received signal of modem B,
{(—A&fz Afp) is the frequency error threshold of the received signal of modem B, Averagep is
the adjusted value of the clock source corresponding to modem B, and Ry is the frequency ratio
between the carrier frequency of the received signal and the frequency of clock source of modem
B.

{00172] (3} Then, acquiring the synthesized adjusted value of the clock source based on the
adjusted values of the clock source of modem A and modem B;

188173] ADfpome = ¥ Average, + 8 X Averageg
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{00174] Wherein AD e 15 the synthesized adjusted value of the clock source, « isthe

weight corresponding to modem A, and £ is the weight corresponding to modem B.

{0G175] There may exist two cases for the obtained synthesized adjnsted value of the clock
source:
[80176] Case 1 If ADJane € ARl and ADpqwe €  ADJg, ADfgwe 18 good for

both of the modems. Therefore, the frequency of the clock source may be adjusted based on
ADpane. More specifically, the freguency of the clock scurce may be adjusted based on the
corresponding relationship table of the frequency error and the controlled value of the clock
source as shown in Fig. 5, and the corresponding relationship table in Fig. 5 may be obtained by
a system simuiation.

{06177] case 20 If ADJyame & ADJ4 and AD]on. ¢ ADJp, a selection should be
made between two moderms:

[B6178] When one of the wmodems is in service and the other modem is not in service (for
exarnple, jo idle or i registering mode), the frequency of the clock source may be adjusted based
on the frequency error threshold of the modem bemg 1o service;

(8061791 When one of the modems is in C8 service and the other modem is in PS service or
not m service, the frequency of the clock source may be adjusted based on the frequency error
threshold of the modem being in CS service;

{BGIRG] When both of the modems are both in TS service or PS service, the frequency of
the clock source may be adjusted based on the frequency error threshold of the modem selected
by a user.

{0G181] (43 In the end, the frequency of the clock source may be adjusted based on the
synthesized adjusted value of the clock source.

{60182] An embodiment of the present invention provides a computer program for
implementing the method for adjusting the frequency error of the terminal.

{60183 A further embodiment of the present invention provides a storage medium for
storing the computer program.

[60184] The Fourth Embodiment

EHEERRY Fig. 6 shows a structure block diagram of an apparatus for adjusting the frequency
error of the termunal according to the fourth embodiment of the present invention, and the

terminal includes a plurality of modems using a same clock source. The apparatus may include:
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{00186} A frequency error obtamning module 601, bemng configured for obtaining the
frequency error of a received signal of each of the plurality of moderus, wherein the frequency
error may be the difference between a carrier frequency of the received signal and a nominal
frequency;

{00187} A frequency error threshold obtaining module 602, bemg configured for obtaining
the frequency error threshold of the received signal 1 the current service based on the frequency
erToT;

{00188] A first adjusted value of clock source obtaining module 603, being configured for
obtaining the adjusted value of the clock source cormresponding to each of the plurality of
modems based on the frequency ervor and the frequency error threshold;

{60189] The adjusted value of the clock source comresponding to each modem may be
obtamned by the following equation:

~8fp—Afi Afy—Af:

00196 Apj = {2l Ml o g iy
D091 Average; = ﬂ—f—”i
[001952] Wherein ADJ; is the wange of the adjusted value of the clock source

corresponding to the {th modem, Af; is the frequency error of the received signal of the ith
modem, {~Af,, Af,) is the frequency error threshold of the received signal of the ith modem,
Average; is the adjusted value of the clock source corresponding to the ith modem, and R; is
the frequency ratio between the carner frequency of the received signal and the frequency of
clock source of the Ith modem.

{00193] A second adjusted value of clock source obtamning module 604, being configured
for obtaining the synthesized adjusted value of the clock source based on the adjusted values of
the clock source of all the modems;

[00194] The syrnthesized adjusted value of the c¢lock source way be obtaied by the

followimng equation:

{B0195] ADJpame = o, X Average, + - o, x Average; + -+ o, Average,
{83196] Wherein ADJ,ane 18 the synthesized adjusted value of the source clock,

Average; is the adjusted value of the clock source cormresponding to the ith modem, «, is a
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weight corresponding to the ith modem, and o is greater than 0 and less than I,
o, +..+a +. . +a, =1, and 1 is a number of the modems.

{00197] A frequency adjusting module 603, being contigured for adjusting the frequency of
the clock source based on the synthesized adiusted value ofthe clock source.

{60198] According to the apparatus of the above embodiment, the frequency error of the
mobile conununication terminal can be guickly corrected as long as the frequency of the clock
source is adjusted. Furthermore, as the frequency errors of the plurality of modems are all
considered, the performances of the plurality of medems may be balanced.

{00199] According to the system simulation, the frequency error of the received signal and
the SNR correspond to each other in the predetermined service, The greater the frequency error
i, the lower the SNR is. In the cmbodiment of the present invention, the frequency error
threshold of the received signal in the predetermined service may be obtamed by means of the
above correspondence.

100286] Specifically, the freguency error threshold obtaining module 602 may include:
[00261] A simulation SNR obtaming sub-module, being configured for obtaining a
stmulation SNR corresponding to the frequency error;

{00262] A real SNR obtairung sub~module, being configured for obtaming a real SNR of
the recetved sigoal;

{38263] An interference SNR obtaming sub-module, bemng configured for obtaining an
interference SNR of the received signal based on the simulation SNR and the real SNR, wherem
the wierference SNR may be the SNR corresponding to all other interference effect except the

frequency error;

[38264] The interference SNR of the received signal may be obtained by the following
equation:

(60263 Sf\iRt:it:r-frence * SN;FE - SNRypen)

186206] Whereint, SNRyprerprence 18 the interference SNR, SNRyp is the sumulation SNR,

and SNR, ., isthe real SNR.
{02871 A first obtaining sub-module, being configured for obtaining the SNR

cotresponding to the frequency error capable of being tolerable by the modem in the current
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service based on the interference SNR and the SNR. threshold of the received signal in the
cyrrent service;
[(0288] The SNR corresponding to the frequency error capable of being tolerable by the

modem mn the current service may be obtained by the following equation:

- 1 1 1
[00209] - +— -
= NRinLerfT:—:nc:—: SN RF’E,,r'equi,red S"‘VRt(,Lrg:—:L
186216 Wherein, SNRjrerfrence 19 the interference SNR, SNRpp jeouies 18 the SNR

corresponding to the frequency error capable of being tolerable by the modem in the current
service, and the SNRy, e 15 the SNR threshold of the received signal in the current service.

{06211} A second obtaining sub-module, being configured for obtaining the frequency
error threshold of the received signal n the current service based on the SNR corresponding to

the frequency error capable of being tolerable by the modem in the current service.

180212} The apparatus for adjusting the frequency error of the terminal may also include:
{006213] A relationship table generating mwodule, being configured for obtaining the

simulation SNR and the frequency ervor threshold of the received signal when all the modems
execute the predetermined services in comesponding communication standards based on the
system simulation, and thus obtaining the corresponding relationship table of the simulation SNR
and the frequency error threshold;

00214} Then, the simulation SNR obtaming sub-module is further configured for querying
the comresponding relationship table based on the frequency error to obtain the simulation SNR
corresponding to the frequency error.

{00215] The second obtaining sub-module is further configured for querving the

3

corresponding relationship table based on the SNR corresponding to the frequency error capable

3
1
¥

of being tolerable by the modem in the current service, to obtain the frequency error threshold
corresponding to the SNR corresponding to the frequency error capable of being tolerable by the

modem in the current service as the frequency error threshold of the received signal.

{00216} The frequency adjusting module 605 may include:
{00217} A first adjusting sub-module, being configured for adjusting the frequency of the

clock source by using the synthesized adjusted value of the clock source when the synthesized
adjusted value of the clock source falls in the range of the adjusted values of the clock source

corresponding to all the modems;
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{00218} A second adjusting sub-modale, bemng coufigured for performing the followmg
operations when the synthesized adjusted value of the clock source does not fall in the range of
the adjusted values of the clock spurce corresponding to all the modems:

[86219] When one of the wodems 1s 10 service and the other modems are not in service,
adjusting the frequency of the clock source based on the frequency error threshold of the modem
bemng in service;

166228 When one of the modems is 1 CS service and the other modems are in PS service
or pot in service, adjusting the frequency of the clock source based on the frequency ervor
threshold ofthe modem being in CS service; and

[90221] When all the modems are all in S service or PS service, adjusting the frequency
of' the clock source based on the frequency error threshold of the modem selected by a user.
180222} A further embodiment of the present invention provides a mobile communication

terminal including the apparatus for adjusting the frequency error of the terminal.
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What is claimed is;

I. Amethod for adjusting frequency error of a terminal, wherein the terminal comprises a
plurality of modems using a same clock source, the method comprising:

obtaining a frequency ervor of a recetved signal of each of the plurality of modems,
wherein the frequency error is a difference between a carrier frequency of the received signal and
a nomwinal frequency;

obtamning a frequency error threshold of the received signal in a current service based on
the freguency error;

obtaming an adjusted valne of the clock source corresponding to each modem based on
the frequency ervor and the frequency error threshold;

obtaming a synthesized adjusted value of the clock source based on the adjusted vahues of
the clock source of all the modems; and

adjusting a frequency of the clock source based on the synthesized adjusted value ofthe

clock source.

2. The method for adjusting the frequency error of the terminal according to claim 1,
wherein the step of obtaining the frequency error threshold of the received signal n the current
service based on the freguency error comprises:

obtaining a simulation Signal to Noise Ratio (SNR) corresponding to the frequency error;

obtaining a real SNR of'the received signal;

obtaining an interference SNR of the received signal based on the simulation SNR and
the real SNR, wherein the interference SNR is the SNR corresponding to all other interference
effect except the frequency crror;

obtaining the SNR corresponding to the frequency error capable of being tolerable by the
modem in the current service based on the mmterference SNR and the SNR threshold of the
received signal in the current service; and

obtaining the frequency error threshold of the received signal in the current service based
on the SNR corresponding to the frequency error capable of being tolerable by the modem m the

current Service.
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3. The method for adjusting the freguency error of the terminal according to claim 2,
wherein

before the step of obtaining the simutiation SNR corresponding to the frequency error, and
the method further comprises: obtaining the struulation SNR and the frequency error threshold of
the recetved signal when all the modems execute the predetermined services in corresponding
communication standards based on a system simulation, and thos obtaining a corresponding
relationship table of the simulation SNR and the fregquency error threshold,

the step of obtaiming the simulation SNR corresponding to the frequency error comprises;
querving the corresponding relationship table based on the frequency error to obtain the
simulation SNR corresponding to the frequency error; and

the step of obtaining the frequency ervor threshold of the received signal in the current
service based on the SNR corresponding to the frequency ervor capable of being tolerable by the
modem i the current service comprises: gquerving the corresponding relationship table based on
the SNR corresponding to the frequency error capable of being tolerable by the modem in the
current service, to obtain the frequency ervor threshold corresponding to the SNR corresponding
to the frequency error capable of being tolerable by the modewm in the current service as the

frequency error threshold of the received signal,

4. The method for adjusting the frequency crror of the terminal according to claim 2 or 3,
wherein the interference SNR ofthe received signal is obtained by the following cquation:
1 i i

- & B =
SNR interfrence SNR FE SNR real

wherein SNRyyterfrence 18 the interference SNR, SNRgp is the simulation SNR, and

SNR,on 18 the real SNR.

5. The method for adjusting the freguency error of the terminal according to claim 2 or 3,
wherein the SNR corresponding to the frequency crror capable of being tolerable by the modem
1o the current service 18 obtatned by the following equation:

1 1 1
SNR T SWR T INR
S Rinterfrence . FE required MY Reagrget
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wherein SNRjrerfrence 1S the interference SNR, SNRpg requires 15 the SNR

corresponding to the frequency error capable of being tolerable by the odem i the current

service, and the SNBig0er 18 the SNR threshold of the received signal in the current service.

6. The method for adjusting the freguency error of the terminal according to claim 1,
wherein the synthesized adjusted value of the clock source 1s obtained by the following eguation:

~Af, ~ 8 Af, ~ 4f,
apj, = =4 S }“f
/i ] R R {g, h}

g+ h
Average; = =

ADfpae = o, X Average, + - a, x Average; + -+ o Average,
wherein ADJ; is a range of the adjusted value of the clock source corresponding to the

ith modem, Af; is the frequency error of the received signal ofthe ith modem, (—4f,, 4f,) is
the frequency error threshold of the received signal of the ith modem, Average; is the adjusted
value of the ¢lock source corresponding to the ith modem, R; is a frequency ratio between the
carrier frequency of the received signal and the frequency of clock source ofthe ith modem,
ADJ e 18 the synthesized adjusted value of the source clock, a, 1s a weight corresponding to
the ith modem, and o, 1s greater than O and less than 1, @ +..+a, +..+o, =1, and n is the

number of the modems.

7. The method for adjusting the frequency error of the terminal according to claim 1,
wherein the step of adjusting the frequency of the clock source based on the synthesized adjusted
vahie of the clock source comprises:

adjusting the frequency of the clock source by using the synthesized adjusted value of the
clock source when the synthesized adjusted value of the clock source falls in the range of the
adjusted values ofthe clock source corresponding to all the modems;

selecting the adjusted value of the clock source based on the following conditions when
the synthesized adjusted value of the clock source does not fall in the range of the adjusted

vahies of the clock source corresponding to all the modems:
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adjusting the frequency of the clock source based on the frequency error threshold of the
modem being mn service when one of the moderms is 1o service and the other modems are not in
service:;

adjusting the frequency of the clock sonrce based on the frequency error threshold of the
modern being in CS service when one of the modems s in Circuit Switching (CS) service and
the other modems are in Packet Switching (PS) service or not in service;

adjusting the frequency of the clock source based on the frequency error threshold of the

modem selected by a user when all the moderus are in C8 service or PS service,

8. An apparatus for adjusting frequency error of a terminal, wheremn the terminal
comprises a plurality of modems using a same clock source, the apparatus comprising:

a frequency error obtainimg module, configured to obtam a frequency error of a received
signal of each ofthe plurality of modems, wherein the freguency error is a difference between a
carrier frequency of the received signal and a nominal frequency;

a frequency error threshold obtaining module, configured to obtain a frequency ervor
threshold of the received signal in a current service based on the frequency error;

a first adjusted vahlue of clock source obtaining module, configured to obtain an adjusted
value of the clock source corresponding to cach modem based on the frequency error and the
frequency error threshold;

a second adjusted value of clock source obtaining module, confignred to obtain a
synthesized adjusted value of the clock source based on the adjusted values of the clock source
of all the modems; and

a frequency adjusting module, configured to adjust the frequency of the clock source

based on the synthesized adjusted value of the clock source.

9. The apparatus for adjusting the frequency error of the terminal according to claim &,
wherein the frequency error threshold obtaining module comprises:

a simulation SNR (Signal to Noise Ratio} obtaming sub-module, configured to obtain a
simnulation SNR corresponding to the frequency crror;

a real SNR obtaining sub-module, configured to obtam a real SNR of the received signal;
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an 1oterference SNR obtaining sub-module, configured to obtam an jnterfercoce SNR of
the received signal based on the sitoulation SNR and the real SNR, wherein the interference SNR
is the SNR corresponding to all other interference effect except the frequency error;

a {irst obtaining sub-module, configured to obtain the SNR corresponding to the
frequency error capable of being tolerable by the modem in the current service based on the
interference SNR and the SNR threshold of the received signal in the current service; and

a second obtaining sub-module, configured to obtain the frequency error threshold of the
received signal o the current service based on the SNR corresponding to the frequency error

capable of being tolerable by the modem in the current service.

1. The apparatus for adjusting the frequency error of the terminal according to claim 9,
wherein the apparatus further comprises:

a relationship table generating module, configured to obtain the simulation SNR and the
frequency ervor threshold of the received signal when all the modems execute the predetermined
services in corresponding communication standards based on a system simulation, and thus
obtaining a corresponding relationship table of the simulation SNR and the frequency error
threshold;

wherein the simulation SNR obtaining sub-medule is further configured to query the
corresponding relationship table based on the freguency error to obtain the simulation SNR
corresponding to the frequency error; and

the second obtaining sub-module is further configured to query the corresponding
relationship table based on the SNR corresponding to the frequency error capable of being
tolerable by the modem in the current service, to obtain the frequency error threshold
corresponding to the SNR corresponding to the frequency error capable of being tolerable by the

modem in the current service as the frequency error threshold of the received signal.

11. The apparatus for adjusting the frequency crror of the terminal according to claim 8 or
9, wherein the interference SNR of the recetved signal is obtained by the following equation:
1 i i

- & B =
SNR interfrence SNR FE SNR real
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wherein SNRjyrorprence 18 the interference SNR, SNRyp is the simulation SNR, and

SNR,eq 18 the real SNR.

12. The apparatus for adjusting the frequency error of the terminal according to claim 8
or 9, wherein the SNR corresponding to the frequency crror capable of being tolerable by the
modern o the current service 1s obtained by the following equation:

1 1 1

SNR interfrence 5N RFE_’!’equired -S'I“"Rtm‘get
wherein SNRiyrerfrence 15 the interference SNR, SNRzp pequireq 18 the SNR
corresponding to the frequency ervor capable of being tolerable by the modem in the carrent

service, and the SNR,, 4. 15 the SNR threshold of the received signal i the current service.

13. The apparatus for adjusting the frequency error of the termunal according to claim §,
wherem the synthesized adjusted value of the clock source i1s obtained by the following equation:

P e e I St
SHETU R R

b= (g

Average; =

ADfpoe = oy X Average, + -+ a, X Average; + -+ o Average,
wherein ADJ; is a range of the adjusted value of the clock source corresponding to the

ith modem, Af; is the frequency error of the received signal ofthe ith modem, (—4Af, Af,) 15
the frequency error threshold of the received signal of the ith modem, Average; is the adjusted
value of the clock source corresponding to the th modem, R; is a frequency ratio between the
carrier frequency of the received signal and the frequency of clock source of'the ith modem,
AD[paie s the synthesized adjusted value of the source clock, «; is a weight corresponding to
the ith modem, and «, is greaterthan O and lessthanl, @ +..+a,+...+o, =1,8nd n isthe

number of the modems.

i4. The apparatus for adjusting the frequency error of the terminal according to claim &,

wheremn the frequency adjusting module comprises:
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a first adjusting sub-module, configured to adjust the frequency of the clock source by
using the syrthesized adjusted value of the clock source when the synthesized adjusted value of
the clock source falls in the range of the adjusted values of the clock source corresponding to all
the modens;

a second adjusting sub-module, configured to perform the following operations when the
synthesized adjusted value of the clock source does not fall in the range of the adjusted values of
the clock source corresponding to all the modems:

the second adjusting sub-module, configured to adjust the frequency of the clock source
based on the frequency errvor threshold of the modem being in service when one of the modems
is in service and the other modems are not in service;

the second adjusting sub~module, configured to adjust the frequency of the clock source
based on the frequency error threshold of the modem being in C8 service when one of the
moders s in C8 service and the other modems are in PS service or not in service;

the second adjusting sub-module, configured to adjust the frequency of the clock source
based on the frequency ervor threshold of the modem selected by a user when all the modems are

in 8 service or PS service.

15. A mobile communication terminal, wherein the mobile conmumumication terminal
comprises the apparatus for adjusting the frequency crror of the terminal according to any one of

claims &-14.

16. A computer program, wherein the computer program is used to implement the method

for adjusting the frequency error of the terminal according to any one of claims 1-7.

17. A storage medium, wherein the storage medium is used to store the computer program

according to claim 16,
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