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(54) METHOD OF IMPLEMENTING LONG DISTANCE VERY-HIGH-RATE DIGITAL SUBSCRIBER 
LINE

(57) The present invention discloses a method of im-
plementing a long range very-high-rate digital subscriber
line (VDSL), comprising steps of: defining a frequency
band of 0.025MHz~0.138MHz in VDSL frequency bands
only to be an uplink frequency band (USO), and combin-

ing the uplink frequency band with the rest frequency
bands into long range VDSL frequency bands modes,
performing an increment-by-frequency and incre-
ment-by-rate training, and setting up a link at a high trans-
mission rate for a short range and a link at a low trans-
mission rate for a long range.
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Description

Field of the Invention

[0001] The present invention relates to the technology of very-high-rate digital subscriber line (VDSL), particularly to
a method of implementing long range very-high-rate digital subscriber line (LRVDSL).

Background of the Invention

[0002] The very-high-rate digital subscriber line (VDSL) technology is a digital subscriber line technology that imple-
ments very-high-rate access through twisted pair lines. One most important difference of VDSL from other xDSL tech-
nologies is "very-high-rate". Within a certain transmission range, VDSL can even provide 52Mbps downlink access rate.
Current VDSL technology is mainly implemented based upon QAM or DMT modulation schemes.
[0003] Due to its feature of very high transmission rate, VDSL technology receives more and more extensive attention.
Many telecom equipment suppliers have developed DSLAM devices based on VDSL technology. However, VDSL
technology only supports a transmission range below 1.5km due to its intrinsic weakness. In practice, the transmission
range is further reduced due to introductions of parallel lines and bridge taps at the ends of the circuits during the
construction of the lines. The steady transmission range is generally about 1,000m, which brings limitation to the appli-
cation of VDSL technology.
[0004] VDSL technology is derived from the Asymmetric Digital Subscriber Line (ADSL) technology. VDSL can be
regarded as a natural evolvement of ADSL, but it provides higher rate than ADSL, i.e. the downlink rate is up to 52Mpbs,
and the uplink rate is up to 6.4Mpbs. The essential reason is that VDSL technology occupies a wider analog bandwidth
than ADSL: the analog bandwidth of ADSL is 25KHz~1.1MHz, while the analog bandwidth of VDSL is 25KHz-12MHz.
The analog bandwidth of VDSL is 10 times that of ADSL, and also the frequency range of VDSL completely cover that
of ADSL. The allocation of frequency bands specified in ITU-TG. 993.1 is shown in Fig.1. The following table shows
several schemes for the application of frequency bands:

[0005] Particularly, Scheme 1 is for USA, Japan, and some regions in Europe; Scheme 2 is the primary scheme in
Europe; and Scheme 3 has no specific purpose (it was initially defined in Sweden, but was abandoned by ETSI in 2001).
Fig.2 shows the allocation of frequency bands defined in the industry standard YD/T 1239-2002 established in P.R.China
in 2002. The schemes for the application of frequency bands are shown in the following table:

[0006] Particularly, Scheme 1 is for the application in which VDSL and ADSL services are not in one and same cable.
When one and same line pair doesn’t provide ISDN service, the frequency band between fg0 and fg1 is optional. During
initialization of a system , a negotiation shall be made to determine whether the devices use the frequency band and
whether the frequency band is used for an uplink or a downlink. Scheme 2 is for the application in which VDSL and
ADSL services are in one and same cable. Further, the frequency band DS2 (fg4~fg5) is optional; in practice, the uplink
frequency bands US1 and US2 can be combined into a single uplink frequency band US for use.
[0007] Neither G. 993.1 nor YD/T 1239-2002 provides any clear definition for the analog frequency band of
25KHz~138KHz. That is, in a particular country or region, the frequency band of 25KHz-138KHz can be defined for an
uplink, a downlink or a G.994.1 handshaking signal as needed.
[0008] Due to the fact that existing VDSL technology has not efficiently utilized the analog frequency band of
25KHz~138KHz, it is unable to activate a remote Modem in the case of a very long line, because the higher the frequency
of a signal carrier is, the higher the attenuation of a signal along the twisted pair lines is. A high-frequency signal is
attenuated continuously as its transmission distance increases along the line, causing the modem at the opposite end

Frequency Band Schemes /MHz fg0 fg1 fg2 fg3 fg4 fg5

Scheme 1 (998) 0.025 0.138 3.75 5.2 8.5 12.0

Scheme 2 (997) 0.025 0.138 3.0 5.1 7.05 12.0

Scheme 3 (Fx) 0.025 0.138 2.5 3.75 Fx 12

Frequency Band Scheme/MHz fg0 fg1 fg2 fg3 fg4 fg5

Scheme 1 0.025 0.138 3.75 5.2 8.5 12.0

Scheme 2 N/A 0.9 3.75 5.2 8.5 12.0
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unable to retrieve signals correctly from noise to perform demodulation, and thus a VDSL link cannot be set up. ADSL
technology supports a longer transmission range because it employs a lower frequency band (25KHz~1.1MHz) for
transmission in which the signal attenuation along the twisted pair lines is much smaller.
[0009] The limitation on the transmission range severely reduces the application scope of VDSL technology. Conse-
quently, VDSL technology can only be used as a supplementary access means to ADSL technology. Current VDSL
technology finds itself inaccessible to the great market share of the transmission range above 1.5km.

Summary of the Invention

[0010] In view of the drawback of the short transmission range in the existing VDSL technology, the present invention
provides a method of implementing long range VDSL (LRVDSL).
[0011] The method of the present invention comprises steps of:

defining a frequency band of 0.025MHz~0.138MHz in VDSL frequency bands only to be an uplink frequency band
(US0), and combining the uplink frequency band with the rest frequency bands into long range VDSL frequency
bands modes;
performing a training in the long range VDSL frequency band modes based upon actual conditions of a line between
an office end and a subscriber end; and
setting up a link between the office end and the subscriber end at a maximum transmission rate which succeeds in
the training.

[0012] According to the above solution:

The long range VDSL frequency band modes comprise a two-frequency-band mode, a symmetric three-frequen-
cy-band mode, an asymmetric three-frequency-band mode and a four-frequency-band mode.

[0013] The training between the office end and the subscriber end is performed in an increment-by-frequency-band
and increment-by-rate manner.
[0014] The increment-by-frequency-band and increment-by-rate training between the office end and the subscriber
end comprises steps of:

a. performing the training in the two-frequency-band mode between the office end and the subscriber end;
b. if the training fails, returning to step a, otherwise judging whether parameters indicative of quality of the line meet
the subscriber’s demand; if the subscriber’s demand is met, terminating the training, otherwise going to step c;
c. performing the training in the three-frequency-band mode between the office end and the subscriber end;
d. if the training succeeds, judging whether the parameters indicative of quality of the line meet the subscriber’s
demand; if the subscriber’s demand is met, terminating the training, otherwise going to step e;
e. performing the training in the four-frequency-band mode between the office end and the subscriber end, and
terminating the training if it succeeds.

Wherein in step d, if the training fails in the three-frequency-band mode, judge whether the training times out; if timeout,
returning to step a, otherwise returning to step c to continue the training in the three-frequency-band mode.
[0015] In step e, if the training fails in the four-frequency-band mode, judge whether the training times out; if timeout,
returning to step a, otherwise returning to step e to continue the training in the four-frequency-band mode.
[0016] The two-frequency-band mode comprises the uplink frequency band (US0) and a downlink frequency band of
0.138MHz~3.75MHz (DS1);
the symmetric three-frequency-band mode comprises the uplink frequency band (US0), a downlink frequency band of
0.138MHz~3.75MHz and a uplink frequency band of 3.75MHz~8.5MHz;
the asymmetric three-frequency-band mode comprises the uplink frequency band (US0), a downlink frequency band of
0.138MHz~3.75MHz and a uplink frequency band of 3.75MHz~5.2MHz;
the four-frequency-band mode comprises the uplink frequency band (US0), a downlink frequency band of
138KHz~375KHz, a uplink frequency band of 3.75MHz~8.5MHz and a downlink frequency band of 8.5MHz~12MHz.
[0017] When the transmission range between the office end and the subscriber end is short, the transmission is
performed at a rate of conventional VDSL; and when the transmission range between the office end and the subscriber
end is long, the transmission is performed at a rate similar to the asymmetric digital subscriber line (ADSL).
[0018] A same type of modem is used at the subscriber end for both the short range and the long range transmission.
[0019] The present invention takes full advantage of the frequency band of 25KHz~138KHz as the uplink frequency
band, and implements adaptive a low or high rate for a short or long range through the training between the office end



EP 1 619 827 A1

4

5

10

15

20

25

30

35

40

45

50

55

and the subscriber end: in the case of a short range (below 1.5km), the transmission is performed at a normal VDSL
rate; in the case of a long range (above 1.5km), the transmission is performed at a rate similar to ADSL; and the same
type of modem is used in both cases. Therefore, the method proposed in the present invention can cover the application
fields of existing ADSL and VDSL, and be applicable to different applications with the same modem, thereby greatly
reducing maintenance cost of different modems for the operators. On the other hand, the present invention integrates
the advantages of long range and asymmetric bandwidth in ADSL and high rate and relatively symmetric bandwidth in
VDSL, and unifies such contradictory features in the same technology, so as to customize different features and services
for different applications and to further facilitate the operators to provide various services.
[0020] Furthermore, in prior art, in order to provide two access rates of a low rate for a long range and a high rate for
a short range through one digital subscriber line access multiplexer (DSLAM) and hereby to provide different services,
service cards for both ADSL and VDSL shall be provided at the same time, that is so-called "A/V Mixed-and-Plugged
DSLAM", resulting in a more complex system and an increased equipment cost. However, with the method proposed
in the present invention, the service cards for ADSL and VDSL can be replaced by the LRVDSL service card, which can
makes the system simpler and reduce the equipment cost.

Brief Description of the Drawings

[0021]

Fig.1 is a schematic diagram of the allocation of VDSL frequency bands specified by the International Telecom
Union (ITU);
Fig.2 is a schematic diagram of the allocation of VDSL frequency bands in P.R.China;
Fig.3 illustrates that the frequency band of 25KHz-138KHz shown in Fig.1 is used as the uplink frequency band
according to the embodiment of the present invention;
Fig.4 illustrates that the frequency band of 25KHz-138KHz shown in Fig.2 is used as the uplink frequency band
according to the embodiment of the present invention;
Fig.5 shows the four-frequency-band mode according to the embodiment of the present invention;
Fig.6 shows the symmetric three-frequency-band mode according to the embodiment of the present invention;
Fig.7 shows the asymmetric three-frequency-band mode according to the embodiment of the present invention;
Fig.8 shows the two-frequency-band mode according to the embodiment of the present invention;
Fig.9 is a block diagram of systematic architecture according to the embodiment of the present invention;
Fig.10 is a flow diagram of training for the office end and the subscriber end according to the embodiment of the
present invention;
Fig.11 shows the comparison between the embodiment of the present invention and the prior art; and
Fig.12 is a schematic diagram of choosing a LRVDSL frequency band mode for training according to the embodiment
of the present invention.

Detailed Description of the Embodiments

[0022] The preferable embodiment for the present invention takes full advantage of the frequency band of
25KHz~138KHz which is used as the uplink (US) frequency band, based upon those standard VDSL frequency bands.
The specific allocation of frequency bands is shown in Fig.3, in which the frequency band of 25KHz~138KHz is defined
as the uplink frequency band (US0). In view of the VDSL industry standard in China, the specific allocation of frequency
bands is shown in Fig.4 and the following table:

[0023] In the above scheme, there is a tradeoff among the following three principles:

(1) High rate for a short range: if the twisted pair line is short enough (e.g., below 500m), the analog bandwidth of
the downlink frequency band DS1 (138KHz~3.75MHz), the uplink frequency band US1 and the uplink frequency
band US2 (3.75MHz-8.5MHz) can be used to achieve high rate. In such a two-frequency-band mode, a symmetric
transmission rate up to 25Mbps can be achieved. In the case of a four-frequency-band mode, the uplink frequency
band US0, the downlink frequency band DS1, the uplink frequency band US1, the uplink frequency band US2 and
the downlink frequency band DS2 can be used, and the transmission rate can be even as high as 50Mbps or above.

Frequency Band Scheme/MHz fg0 fg1 fg2 fg3 fg4 fg5

LRVDSL 0.025 0.138 3.75 5.2 8.5 12.0
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(2) Low rate for a long range: if the twisted pair line is relatively long (e.g., above 1500m), the analog frequency
band of the uplink frequency band US1, the uplink frequency band US2 and the downlink frequency band DS2 will
be unavailable, and the only uplink frequency band USO and the downlink frequency band DS1 will be available,
because the signal is continuously attenuated along the twisted pair lines (the higher the carrier frequency is, the
faster the attenuation is). Thus in that case, a link with a relatively low transmission rate can be set up in the long
range. Due to the fact that the uplink frequency band US0 has an analog bandwidth of only about 100KHz, the uplink
rate is relatively low, i.e. about 500Kbps, while the downlink rate can be up to about 25Mbps depending on the range
or will be similar to that of ADSL, i.e. 3.8Mbps. However, the transmission range herein can be extended to about
3,000m, which is desirable to most applications.
(3) Switchable between a long range and a short range:

the technology for long range digital subscriber line (DSL) has developed ADSL, while the technology for short
range has developing VDSL. If the long range VDSL technology (referred to as LRVDSL) incorporates the
features of ADSL and VDSL, i.e. it achieves both low rate for a long range and high rate for a short range, it
can not only meet the independent demands for ADSL and VDSL but also provide the demand for providing a
data transmission bandwidth to the fullest extent depending upon actual conditions of the lines.

[0024] Since the frequency band used for a short range is different from that for a long range, the uses of the frequency
bands in different cases are described as follows.
[0025] As shown in Fig.5, the four-frequency-band mode comprises the uplink frequency band US0, the downlink
frequency band DS1, the uplink frequency band US1, the uplink frequency band US2 (US1 and US2 can be combined
into a single uplink frequency band) and the downlink frequency band DS2. The frequency band mode is suitable for
the case of 300m or shorter twisted pair lines. Since it employs two analog frequency bands of the downlink frequency
band DS1 and the downlink frequency band DS2, the downlink rate can be up to about 50Mbps.
[0026] As shown in Fig.6, the symmetric three-frequency-band mode comprises the uplink frequency band US0, the
downlink frequency band DS1, the uplink frequency band US1 and the uplink frequency band US2 (US1 and US2 can
be combined into a single uplink frequency band). The three-frequency-band mode is suitable for the case of 800m or
shorter twisted pair lines. A symmetric transmission rate up to 25Mbps can thus be achieved.
[0027] As shown in Fig.7, the asymmetric three-frequency-band mode comprises the uplink frequency band US0, the
downlink frequency band DS1 and the uplink frequency band US1, which is suitable for the case of 1500m or shorter
twisted pair lines. Both a downlink transmission rate of 16~25Mbps and an uplink transmission rate of 4~10Mbps can
be achieved.
[0028] As shown in Fig.8, the two-frequency-band mode comprises the uplink frequency band US0 and the downlink
frequency band DS1, which is suitable for the case of 1500m or longer twisted pair lines. Both the uplink rate is
300~500Kbps, while the downlink is 1~10Mbps with a longest transmission distance of about 4000m.
[0029] In current VDSL technology, both Quadrature Amplitude Modulation (QAM) mode and Discrete Multi-Tone
(DMT) modulation mode support an adjustable feature for a signal carrier frequency. For VDSL in QAM mode, it is
sufficient to set each carrier frequency of the uplink and downlink and to make them conform to the definition of frequency
bands for LRVDSL through allocating the frequency bands with a filter. For VDSL in DMT mode, LRVDSL can also be
implemented alike. In practice, the LRVDSL system shown in Fig.9 can be consisted of a VDSL chipset in QAM or DMT
mode in combination with an external or built-in-chip filter.
[0030] The office end of the system comprises a switching and control module, a LRVDSL filter a VDSL chipset, etc.
The filter is used to allocate the frequency bands, and it can be a passive filter external to the chipset comprising resistors,
capacitors and inductors or an analog or digit filter built in the chipset. The subscriber end comprises a transformer, a
LRVDSL filter, a VDSL chipset, etc. A line training between the office end and the subscriber end is implemented by the
switching and control module cooperative with the VDSL chipset.
[0031] Similar to VDSL, the training process of LRVDSL and the transmission of information on the lines are also
made through the VDSL overhead control (VOC) and the embedded operating channels (EOC), complying with relevant
standards (see relevant definitions in ITU-T G. 993.1 and the standard of VDSL telecom industry in P.R.China (YD/T
1239-2002)).
[0032] For achieving LRVDSL, the principle for the line-training process is "Begin with the most robust mode, and step
up the rate until the demand is met". The training is started as to two lowest frequency bands, and then as to three or
even four frequency bands, that is called an increment-by-frequency-band and increment-by-rate training. Of course,
the training pattern can also be customized as required by different customers.
[0033] As shown in Fig. 10, the training process of LRVDSL is as follows.

Step 1: the switching and control module at the office end imitates a line-training instruction to the VDSL chip at the
office end (i.e. a VDSL port at the office end), and the VDSL chip starts the training from Mode 0 of the two-frequen-
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cy-band. Through the EOC channel , the remote end responds to the training request from the office end, and
performs a series of setting of line parameters, including the setting of frequency bands, through the same step with
the office end (i.e. in the same process as the office end).
Step 2: if the training fails, return to step 1 so as to continue the training in the two-frequency-band mode; if the
training is successful, judge whether the subscriber’s demand is met based upon parameters indicative of the line
quality, such as line rate, SNR or the like.); if met, go to step 7, otherwise go to step 3.
Step 3: the symmetric or asymmetric three-frequency-band mode is chosen for the training between the office end
and the subscriber end.
Step 4: if the training fails, i.e. either the office end or the remote end is unable to complete the training and the
watchdog is timeout, go to step 2 under the action of the watchdog circuit; if the watchdog isn’t timeout, return to
step 3 so as to continue the training;
if the training is successful, judge whether the subscriber’s demand is met based upon parameters indicative the
line quality, such as line rate, SNR or the like; if met, go to step 7, otherwise go to step 5.
Step 5: the training is performed in the four-frequency-band mode between the office end and the subscriber end.
Step 6: if the training fails, i.e. either the office end or the remote end is unable to complete the training and the
watchdog is timeout, go to step 2 under the action of the watchdog circuit; if the watchdog isn’t timeout, return to
step 5 so as to continue the training in the four-frequency-band mode;
if the training is successful, go to step 7.
Step 7: both the office end and the subscriber end complete the training through the same process, then the activation
of the remote end by the office end is finished, and LRVDSL is established.

[0034] In step 4 and step 6, if the training fails, the frequency band in which the training fails will be recorded; during
the process of the increment-by-frequency-band training that starts again from the two-frequency-band mode, the fre-
quency band in which the training fails and those frequency bands above this one will not be involved in the training.
[0035] The same type of modem is used at the subscriber end both for a short distance and a long distance transmission.
[0036] The performance indexes of VDSL, ADSL and LRVDSL are compared in the following table (Note: in view of
the diversity of specific implementations, the indexes are only for reference).

[0037] Compared to other xDSL technologies, such as ADSL, the transmission range of VDSL is relatively shorter:
only a transmission range of 1500m or so can be achieved on twisted pair lines of 0.4mm (which is the majority of twisted
pair lines laid in P.R.China). Beyond the distance of 1.5km, VDSL may not only provide a precipitate transmission rate
but even can’t be activated. The main reason is that the signal attenuation in the high frequency bands is so quick.
[0038] As shown in Fig.11, the drawback of VDSL is being unactivated for a long range, while the drawback of ADSL
is being unable to increase the low rate for a short range. In contrast, LRVDSL can overcome the above two drawbacks
and incorporate the advantages of VDSL and ADSL (VDSL: high rate for a short range; and ADSL: activable at a low
rate for a long range) to implement activation, connection and transmission of a digital subscriber line in a long range.
Therefore, it can greatly extend the application range of VDSL and have a significant practical value.
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[0039] Training patterns other than the incremental training starting from the two-frequency-band can also be used
for the LRVDSL training process described in the embodiment of the present invention. Fig.12 shows that the training
process is a closed-loop one, which can start from any one of the two-frequency-band, the symmetric three-frequen-
cy-band, the asymmetric three-frequency-band and the four-frequency-band, and can be terminated in any of these
modes. For example, the training process can start from the four-frequency-band mode, and try the three-frequency-band
mode in the case of the failed four-frequency-band. However, an essential principle is that selections from the frequency
bands are various. Thanks to the various allocations from the frequency bands, an applicable allocation of the frequency
bands can be determined for LRVDSL depending upon actual line conditions, so as to complete both a training at a low
transmission rate in the case of a long range and a training at a high transmission rate in the case of a short range.
Compared with the allocation pattern of mono-frequency-band for ADSL or VDSL, the allocation pattern of the frequency
bands for LRVDSL can have an advantage of more flexibility, and the training modes switchable from one to another
can achieve an optimal match between the line rate and the line conditions.

Claims

1. A method of implementing a long range very-high-rate digital subscriber line (VDSL) comprising steps of:

defining a frequency band of 0.025MHz~0.138MHz among VDSL frequency bands only to be an uplink frequency
band (USO), and combining the uplink frequency band with the rest frequency bands into long range VDSL
frequency bands modes;
performing a training in the long range VDSL frequency band modes based upon actual conditions of a line
between an office end and a subscriber end; and
setting up a link between the office end and the subscriber end at a maximum transmission rate which succeeds
in the training.

2. The method of claim 1, wherein the long range VDSL frequency band modes comprise a two-frequency-band mode,
a symmetric three-frequency-band mode, an asymmetric three-frequency-band mode and a four-frequency-band
mode.

3. The method of claim 1, wherein the training is performed in an increment-by-frequency-band and increment-by-rate
manner between the office end and the subscriber end.

4. The method of claim 3, wherein the increment-by-frequency-band and increment-by-rate training between the office
end and the subscriber end comprises steps of:

a. performing the training in the two-frequency-band mode between the office end and the subscriber end;
b. if the training fails, returning to step a, otherwise judging whether parameters indicative of quality of the line
meet the subscriber’s demand; if the subscriber’s demand is met, terminating the training, otherwise going to
step c;
c. performing the training in the three-frequency-band mode between the office end and the subscriber end;
d. if the training succeeds, judging whether the parameters indicative of quality of the line meet the subscriber’s
demand; if the subscriber’s demand is met, terminating the training, otherwise going to step e;
e. performing the training in the four-frequency-band mode between the office end and the subscriber end, and
terminating the training if it succeeds.

5. The method of claim 4, wherein in step d, if the training fails in the three-frequency-band mode, judge whether the
training times out; if timeout, returning to step a, otherwise returning to step c to continue the training in the three-fre-
quency-band mode.

6. The method of claim 4, wherein in step e, if the training fails in the four-frequency-band mode, judge whether the
training times out; if timeout, returning to step a, otherwise returning to step e to continue the training in the four-fre-
quency-band mode.

7. The method of claim 2, 3, 5 or 6, wherein:

the two-frequency-band mode comprises the uplink frequency band (US0) and a downlink frequency band of
0.138MHz~3.75MHz (DS1);
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the symmetric three-frequency-band mode comprises the uplink frequency band (USO), a downlink frequency
band of 0.138MHz~3.75MHz and a uplink frequency band of 3.75MHz~8.5MHz;
the asymmetric three-frequency-band mode comprises the uplink frequency band (USO), a downlink frequency
band of 0.138MHz~3.75MHz and a uplink frequency band of 3.75MHz~5.2MHz; and
the four-frequency-band mode comprises the uplink frequency band (USO), a downlink frequency band of
138KHz~375KHz, a uplink frequency band of 3.75MHz~8.5MHz and a downlink frequency band of
8.5MHz~12MHz.

8. The method of claim 1, wherein when the transmission range between the office end and the subscriber end is
short, the transmission is performed at a rate of conventional VDSL; and when the transmission range between the
office end and the subscriber end is long, the transmission is performed at a rate similar to the asymmetric digital
subscriber line (ADSL).

9. The method of claim 8, wherein a same type of modem is used at the subscriber end for both the short range and
the long range transmission.
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