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Abstract
Various techniques have been developed to increase the bit 
rate in the DSL world. These techniques are known as Dynamic 
Spectrum Management. These can   be applied at different 
levels. By increasing the levels of DSM means increasing the 
coordination between multiple DSL lines. In this paper we 
focus on DSM at level 1 (Distributed Power Control) and in 
particular on a specific algorithm called water filling which has 
been implemented on VDSL modems. Measured performance 
results are given showing a big performance increase as 
compared to without water filling algorithm.
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I. Introduction
High speed data services can be brought to home through 
digital subscriber line via ordinary telephone copper pairs[1]. 
Line attenuation due to increase in length of line display 
the services on long loop. By increasing the bit rate in long 
loop not only increase the bit rate but enables video on 
DSL. Modification in the cable plant means the optical fiber 
is extended up to the remote terminal (RT) is installed and 
this reduce the length of copper twisted pair and extend 
the frequency band for transmission by means of new DSLs 
i.e.ADSL2+ (up to 2.2MHz) and VDSL(up to 12MHz). Dynamic 
Spectrum Management (DSM) prevent service faults caused by 
crosstalk, hence it increase the  reliability of DSL services[2]. 
DSM enables high data rate on DSL lines. By coordination gain 
between DSL lines increases. DSM actually means adaptive 
multi user power allocation techniques. The power required 
to maintain predefined bit rate is transmitted. The degree of 
coordination make differences  between the DSM at level 0,1,2 
and 3.At level 0 there is no coordination called static spectrum 
management at level 1 is called Distributed power control, 
means there is central coordinating agency. But at level2 SMC 
(Spectrum Management Centre)look after the power spectral 
density(PSD) of signal and noise at transreceiver.Level3 is 
called Vectored DSM.
In this paper we are dealing with DSM at level 1 and a particular 
algorithm is water filling. In section II DSL channel characteristics 
are observed and in  section III  multiuser power allocation 
techniques are studied. Section IV gives the comparison 
between water filling and non water filling algorithms and in 
section V we draw the conclusion.

II. The DSL Channel

A. Crosstalk Noise
The wires when twisted together radiate the electromagnetic 
energy and the crosstalk arises among the different lines [2]. 
The crosstalk types are NEXT and FEXT. The categorization  
of crosstalk depends on location of interfering transmitter in 

contrast to interfered receiver. The far end crosstalk (FEXT), 
the most important crosstalk component in Frequency Division 
Duplex (FDD) systems, results from signal traveling in the same 
direction on the twisted pairs. The FEXT attenuates the  signal 
at the receiver. There are two VDSL loops from the central office 
to the customer premises (CP).The arrow direction shows the 
interference in the upstream direction.

.
Fig.1 : 2- User  DSL (Upstream) transmission environment.

Fig. 1 shows the upstream transmission in 2-user case in  DSL 
transmissions environment. Long line is treated as user 1 and 
small line as user 2. The CP (Customer Premises) transceiver 
of user 1 sends a transmit PSD (Power Spectral Density) (k)  
over the (direct) channel with transfer function (f)  to the CO 
(Central Office) transceiver. The CO transceiver1 is disturbed 
by the CP transceiver of user 2 , which has  transmit PSD 
(f) , via the (far end) crosstalk channel with transfer function

(f). The same is true for user 2, i.e. the CO transceiver2 is 
disturbed by the CP transceiver of user 1 .

B. DMT modulation
The Discrete Multi  Tone (DMT) modulation is a modulation 
technique. By the DMT bit loading as well as power loading is 
done .We can calculate bit loading by per tone basis ,as given 
by equation (1) which depends on the SNR of receiver.

    

 =         (1)   

In equation (1) K represents the tone index, (k) denotes 
all the noises different from self crosstalk and is equal to 
the Shannon gap including noise margin and  coding gain. 
The bit loading allows the modem to adapt to the changing 
line conditions by dramatically varying the constellation used 
on each tone.  Power loading allows the modem to vary the 
power transmitted at each tone. This makes it possible for the 
modems to tune the SNR at the receiver and is thus closely 
related to the bit loading.

III. Multi User Power Allocation
Equation (1) shows that the crosstalk by user 2 affect the bit 
loading for user 1.When the crosstalk increases on a particular 
tone fewer bits can be put on that tone. The same is true for 
user 2, the crosstalk coming from user 1 interferes with the 
signal of user 2. The overall bit rate of both user optimization 
can be performed by the cost function given by equation (2).
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= +

+λ1 . + 

λ2 .                                                       (2)                                                                                   

Equation (2) shows the bit rates of both users together with 
the Lagrange multipliers taking into account the total power 
restriction of both users[3]. By taking  the derivatives of equation 
(2) to (k)  and (k)  and  by putting them equal to zero gives 
us a  quadratic  solution for both  to  (k) and (k) . when  
number of users are more than solution becomes complex.
The equation in which there no coordination among the lines 
are required and this can be achieved by introducing much 
higher background noise as compare to self-crosstalk. The 
result is shown in equation (3)
 

 = +

+λ1 . + 
 λ2 .              (3)                                                        

By taking the derivative of cost function with respect to (k) 
for user 1 and make it equal to zero given by (4)

=0= -                 (4)                       

By rewriting equation (4) the water-filling equation result  for 
user 1 as indicated by (5).

S1(k)=                             (5)

Now the background noise is replaced by the total noise in the 
above equation. After replacing the background noise with the 
total noise in above equation  (5), the optimal response of a 
modem to another modem interfering with it, under total power 
constraint, is known as water-filling power allocation. When 
there is no coordination is present between the lines and the 
noise measured is the total noise i.e the background noise in 
addition with the interference. Now the water filling equation 
can be rewritten by (6).

S1(k)=                    (6)                                                                                    
                                     
K1 is the water filling level and

 )   is the total noise  i.e. the 
back ground noise plus interference. To load one bit on the  
carrier, the SNR must be at least as big as ,In this  simulation 

 is taken as 9.8dB depends on the line code and probability 
of error is taken equal . The gap can be made small up 
to 1 -2 dB by using stronger coding. By reducing the gap we 
can load more bits on the carrier.
There are three adaptation modes  available in case of DSL [4]. 
In case of Rate Adaptive (RA) mode ,all power is utilized by fixing 
the margin to maximize the signal –to –noise ratio and thus 
the capacity. In Margin Adaptive (MA) mode all available power 

is utilized to maximize the noise margin which is included in 
the Shannon gap [4]. By increasing the margin the probability 
of receiving  a bit other than the transmitted bit is reduced. In 
Power Adaptive (PA) mode ,the power is reduced to reduce the 
crosstalk interference. Only the amount of power to maintain 
the predefined amount of bit rate is required. This mode is 
implemented by the flat Power Back Off (PBO) to minimize the 
power in shorter loop where excessive power is wasted [5]. 

IV. Results Without  Waterfilling  Vs Waterfilling  
In case of no water filling  method, same amount of power is 
given to all the sub carriers those have same amount of SNR 
to allocate bits.  For this we define a system with two lines, the 
first one with length 1 km and second with 0.7 km. The DSM 
simulations assume background noise consisting of AWGN 
with -140dBm/Hz.SNR- gap of 9.8dB for a BER of 10-7,noise 
margin of 6dB,coding gain of 3.5 dB , The ratio between length 
of disturbed pair and disturbing pair is 70 for system one and 
142.85 for system two. The output spectral density is -50 dBm/
Hz. By results of without water filling simulation, the capacity 
of longest line (pair one) becomes less than that of  shorter 
line (pair two), because the attenuation of the longest line will 
be higher. The bit rate of R1=16.2793Mbps (long line) and 
R2=30.4500 Mbps(short line). The algorithm named water 
filling is used in DMT based modems to decide the energy and 
bits for each sub carrier depends on line conditions. 

The result for pair one (long line) are
ytot = 21.9790mW
btotal= 4290bits
R= 18.5006 Mbps

   (a)

   (B)

   (C)
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Fig.3 : Results for pair one with Water- Filling method. In (a) 
Represents PSD per sub channel in dBm/Hz.(b) Represents 
the energy per sub channel and (c) the bits per sub channel 
in dBm  

The results of pair two (short line) are 
Ytot = 21.9812mW
Btotal = 8465bits
R= 31.5028Mbps

   (a)

   (b)

   (c)
Fig.4 : Results for pair Two with Water- Filling method. In (a) 
Represents PSD per sub channel in dBm/Hz. (b) Represents 
the energy per sub channel and (c) the bits per sub channel 
in dBm 

It is seen from the results that a power jump of 3dB corresponds 
to increment of one more bit. In fig. this jump does not correspond 
to the increment of one more bit because we have a limitation 
of maximum bandwidth efficiency imposed by the parameter 
BWEM, which is taken as 15bits/s/Hz. Fig. depicts the rate 
region for the short line and the long line.

Fig.5 : rate region using water-filling method. The lengths of 
the pairs are 1km and 0.7 km respectively.

As we can see in fig 5, user 2 achieves more bit rate than 
user -1 because the length of the  line is shorter. Thus, the 
rate region characterizes all possible data rate combinations 
among all users subject to power constraints. The fall in right 
part of graph is because of restriction of bits in system 2 by 
parameter BWEM= 15. It is more difficult to do systems that 
work at more than 15bits/s/Hz.      

   (a)

   (b)
Fig.6 : Different Rate regions using water–filling and without 
water-filling.

In fig. 6(a) and fig. 6(b), the cables with different lengths are 
taken and the results are observed. we can say that the shapes 
of the graphs with or without water-filling are same, but the 
result with water filling gives higher value of bit and therefore 
higher capacity of our VDSL applications. The difference 
between using and non using water-filling is around 2Mbps of 
improvement with water-filling.

V . Conclusion
This paper shows the practical implementation of water filling 
algorithm. By using power allocation technique, the data rate at 
level 1 can be increased. These techniques are categorized by 
the level of coordination between the lines. We are using Level 
1 where the  bit power are distributed among the  the lines in 
accordance with SNR of carriers. The results shows a 3dB power 
jump corresponds to addition of one extra bit in sub channel. 
The water filling method gives high performance increase in 
the data rate compared to the non water filling one.
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