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Path Loss Proposed Text and S-V Model Information

1 Path Loss Recommended Text

I would like to propose the following text be included in the final sub-committee recommendations for taking into account large scale path losses.

1.1 Path Loss Model

The main purpose of a path loss model is to fairly compare different physical layer proposals at the target operating distances, and to ensure adequate performance of the final standard.  This can be done by simply adopting the free space path loss model and asking the proposers to provide the resulting link margin that will be available to make up for additional channel losses, implementation losses, waveform distortion, imperfect multipath energy capture, etc.  It will be up to the evaluators to determine whether or not the resulting link margin is suitable for the intended applications.  The table below identifies the parameters needed from the proposer and how those parameters could be used to compute the final link margin.  This model is based on the narrowband path loss calculations (known as the Friis transmission formula), and justification for its use is provided in [3].  

The following table lists the parameters and equations that should be used by the proposers to demonstrate the ability of the PHY to close the link at the throughputs and target operating ranges desired for the standard.  The highlighted parameters below are up to the proposers to define, while all other parameters will be consistent with all proposals so easy comparisons can be made.

Table 1: Link Budget Analysis Table

	Parameter
	Value
	Value

	Throughput
	> 110 Mbps
	> 200 Mbps

	Average Tx power (
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	20 dB at d=10 meters
	12 dB at d=4 meters

	Rx antenna gain (
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	Noise Bandwidth at antenna port (W)
	Hz
	Hz

	Noise power (
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	Rx Noise Figure (
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	Processing gain (
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	Minimum C/N (S)
	dB
	dB

	Link Margin (
[image: image13.wmf]S

P

P

P

M

N

G

R

-

-

+

=

)
	dB
	dB

	Proposed Min. Rx Sensitivity Level
	dBm
	dBm


Although the proposers may need to alter the above table for their specific UWB PHY proposal, it gives them an initial framework of the kind of justification and detail that should be part of the proposal.  The final desired output of the link budget should be a final Link Margin that will be needed to account for additional channel losses, implementation losses, waveform distortion, imperfect multipath energy capture, amplitude fading, etc. 

2 Multipath Model Proposed Text

Following is some proposed text for the multipath model, if the S-V model is agreed upon.  Also, I have included more information about the channel model parameters that have been developed to date and several graphs showing the characteristics of the channel model.

2.1 Multipath Model

Based on this clustering phenomenon observed in the measurements, we propose an UWB channel model derived from the Saleh-Valenuela model with one slight modification.  We recommend using a lognormal distribution rather than a Rayleigh distribution for the multipath gain magnitude, since our observations show that the lognormal distribution seems to better fit the measurement data.  Therefore, the multipath model consists of the following, discrete time impulse response:
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where 
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 is the multipath gain coefficient, 
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 is the delay of the lth cluster, and 
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 is the delay of the kth multipath component relative to the lth cluster arrival time (
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Finally, the proposed model uses similar definitions as previously described for the S-V model, and are repeated here for completeness.

Tl = the arrival time of the first path of the l-th cluster;

(k,l = the delay of the k-the path within the l-th cluster relative to the first path arrival time, Tl; 
( = cluster arrival rate;

( = ray arrival rate, i.e., the arrival rate of path within each cluster. 

By definition, we have 
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.  The distribution of cluster arrival time and the ray arrival time are given by 
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The channel coefficients are defined as follows:
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where Tl is the excess delay of bin l and 
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 is the mean power of the first path of the first cluster, and 
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2.1.1 Possible modifications to the above channel model

Change 1: Use Nakagami fading distribution rather than log-normal.

Change 2: Allow clusters to fade independently of rays.  For example, each multipath arrival would have a fading term associated with the cluster arrival and a fading term associated with the ray arrival.  This modification could change the channel coefficients in the following way, if the fading for both the cluster and ray amplitudes are log-normal (note that the product of two log-normal random variables results in a log-normal random variable):
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where 
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where Tl is the excess delay of bin l and 
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In the above equations, 
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 reflects the fading associated with the lth cluster, and 
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 corresponds to the fading associated with the kth ray of the lth cluster.

Change 3: In addition to the model realizations, provide some additional channel realizations that capture channel characteristics that are not captured by the statistical model.

Change 4: For LOS, assume first cluster arrival is at time 0.  For NLOS, the first cluster arrival should be random.

2.1.2 Channel Model parameters

As shown above, there are 5 key parameters that define the model: 

( = cluster arrival rate;

( = ray arrival rate, i.e., the arrival rate of path within each cluster;
( = cluster decay factor;

( = ray decay factor;
( = standard deviation of lognormal fading term (dB).

This parameters are found by trying to match important characteristics of the channel.  The main characteristics of the channel that are used to derive the above model parameters are the following:

· Mean excess delay

· RMS delay spread

· Number of multipath components (defined as the number of multipath arrivals that are within 10 dB of the peak multipath arrival)

· Power decay profile

Since the model parameters are difficult to match to the average power decay profile, the main channel characteristics that are used to determine the model parameters are the first three above.  The following table lists some initial model parameters for a couple of different channel characteristics that were found through measurement data. 

Table 2 Example multipath channel characteristics and corresponding model parameters.

	Target Channel Characteristics
	CM 11
	CM 22
	CM 33
	CM 44
	CM 5

	Mean excess delay (nsec) (
[image: image40.wmf]m

t

)
	5.05
	10.38
	14.18
	
	

	RMS delay (nsec) (
[image: image41.wmf]rms

t

)
	5.28
	8.03
	14.28
	20
	

	NP10dB
	
	
	35
	
	

	NP (85%)
	24
	36.1
	61.54
	
	

	Model Parameters
	
	
	
	
	

	( (1/nsec)
	0.0233
	0.4
	0.0667
	0.0667
	

	( (1/nsec)
	3.75
	1
	3
	3
	

	(
	7.1
	5.2
	14.93
	17
	

	(
	4.37
	6.5067
	7.03
	12
	

	(  (dB)
	4.8*
	4.8*
	4.8*
	4.8*
	

	Model Characteristics
	
	
	
	
	

	Mean excess delay (nsec) (
[image: image42.wmf]m

t

)
	5.2737
	9.8188
	15.705
	22.198
	

	RMS delay (nsec) (
[image: image43.wmf]rms

t

)
	5.5691
	8.2946
	14.792
	19.835
	

	NP10dB
	19.3000
	20.6500
	33.690
	50.840
	

	NP (85%)
	24.7100
	34.9800
	62.460
	99.86
	


* This model is based upon Proposed model change 2.

1 This model is based on LOS (0-4m) channel measurements made by Time Domain.

2 This model is based on NLOS (0-4m) channel measurements made by Time Domain.

3 This model is based on NLOS (4-10m) channel measurements made by Time Domain, and NLOS measurements made by Intel.

4 This model is was generated to fit a 20 nsec RMS delay spread to represent an extreme multipath channel.

2.2 Realizations from channel model

2.2.1 CM 1
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2.2.2 CM 2
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2.2.3 CM 3
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2.2.4 CM 4
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Appendix

Following is the Matlab code that was used to generate the channel model realizations.

% S-V channel model generation

clear;

% S-V model parameters

Lam=0.0667;               % Cluster arrival rate

lambda=3;          % Ray arrival rate 

Gam=14.93;                 % Cluster decay factor

gamma=7.03;              % Ray decay factor

ts=0.167;               % sampling time (nsec)

std_ln=4.8;             % total std of log-normal shadowing for each multipath arrival

std_ln_1=4.8/sqrt(2);             % Standard deviation of log-normal variable associated with Clusters

std_ln_2=4.8/sqrt(2);             % Standard deviation of log-normal variable Rays within a cluster

std_L=sqrt(1/(2*Lam));

std_lam=sqrt(1/(2*lambda));

num_channels=100;

index_imp_resp=floor((10*Gam+10*gamma)/ts)+1;

imp_response=zeros(index_imp_resp,num_channels);

for k=1:num_channels

if (mod(k,10)==0)

    k

end;

% Determine Cluster arrivals

Tc=0;                   % First cluster arrival occurs at time 0

% Tc=(std_L*randn)^2+(std_L*randn)^2;  % allow for random first arrival

while (Tc<10*Gam)

    tmp_imp_response=zeros(floor((10*Gam+10*gamma)/ts)+1,1);

    tmp_imp_response_index=floor(Tc/ts)+1;

    mu=(-10*Tc/Gam)/log(10)-(std_ln)^2*log(10)/20;

    ln_rv_temp=std_ln_1*randn;                          % Cluster shadowing

    ln_rv=mu+std_ln_1*randn+ln_rv_temp;                 % first cluster arrival fading

    % ln_rv=mu+std_ln*randn;

    pk=2*round(rand)-1;

    tmp_imp_response(tmp_imp_response_index)=10^(ln_rv/20)*pk;

    % Determine Ray arrivals for each cluster

    Tr=(std_lam*randn)^2+(std_lam*randn)^2;

    while (Tr<10*gamma)

        tmp_imp_response_index=floor((Tc+Tr)/ts)+1;

        mu=(-10*Tc/Gam)/log(10)+(-10*Tr/gamma)/log(10)-(std_ln)^2*log(10)/20;  % this assumes log(Omega)=0

        ln_rv=mu+std_ln_2*randn+ln_rv_temp;             % Ray fading

        % ln_rv=mu+std_ln*randn;

        pk=2*round(rand)-1;

        tmp_imp_response(tmp_imp_response_index)=10^(ln_rv/20)*pk;

        Tr=Tr+(std_lam*randn)^2+(std_lam*randn)^2;

    end;

    imp_response(:,k)=imp_response(:,k)+tmp_imp_response;   % this sums cluster and ray arrivals

    Tc=Tc+(std_L*randn)^2+(std_L*randn)^2;

end;

imp_response(:,k)=imp_response(:,k)/sqrt(imp_response(:,k)'*imp_response(:,k));

% determine excess delay

sq_imp_response=imp_response(:,k).^2;

max_tap=floor((10*Gam+10*gamma)/ts)+1;

t=(0:(max_tap-1))'*ts;

excess_delay(k)=t'*sq_imp_response;

% determine RMS delay

RMS_delay(k)=sqrt((t.^2)'*sq_imp_response-(excess_delay(k))^2);

% determine number of significant paths (paths within 10 dB from peak)

threshold_dB=-10;   % dB

threshold=10^(threshold_dB/20);

temp_imp_resp=abs(imp_response(:,k));

max_imp=max(temp_imp_resp);

norm_imp=temp_imp_resp/max_imp;

a=find(norm_imp>threshold);

num_sig_paths(k)=length(a);

% determine number of sig. paths (captures x % of energy in channel)

x=0.85;

energy=0;

index_e=0;

temp_sort=sort(temp_imp_resp);

max_index=index_imp_resp;

while (energy<x)

    energy=energy+temp_sort(max_index-index_e)^2;

    index_e=index_e+1;

end;

num_sig_e_paths(k)=index_e;

end;    % num_channels

mean_excess_delay=mean(excess_delay)

mean_RMS_delay=mean(RMS_delay)

mean_sig_paths=mean(num_sig_paths)

mean_sig_e_paths=mean(num_sig_e_paths)

figure(1)

plot(t,imp_response)

grid

title('Impulse response realizations')

% axis([0 50 -0.5 0.5])

xlabel('Delay (nsec)')

ylabel('Amplitude')

figure(2)

plot(excess_delay)

grid

title('Excess delay')

xlabel('Multipath realization number')

ylabel('Excess delay (nsec)')

figure(3)

plot(RMS_delay)

grid

title('RMS delay')

xlabel('Multipath realization number')

ylabel('RMS Delay (nsec)')

figure(4)

plot(num_sig_paths)

grid

title('Number of significant paths > 10 dB from peak')

xlabel('Multipath realization number')

ylabel('Number of significant paths')

figure(5)

plot(num_sig_e_paths)

grid

title('Number of significants capturing > 85% energy')

xlabel('Multipath realization number')

ylabel('RMS Delay (nsec)')

temp_average_power=sum(imp_response'.*(imp_response)')/num_channels;

temp_average_power=temp_average_power/max(temp_average_power);

average_decay_profile_dB=10*log10(temp_average_power);

figure(6)

plot(t,average_decay_profile_dB)

grid

title('Average Power Decay Profile')

% axis([0 20 -20 0])

xlabel('Delay (nsec)')

ylabel('Average power (dB)')

figure(7)

plot(t,imp_response(:,1))

grid

title('Example impulse response realization')

axis([0 100 -0.5 0.5])

xlabel('Delay (nsec)')

ylabel('Amplitude')

% save sv_channel2_90402 imp_response excess_delay RMS_delay num_sig_paths num_sig_e_paths average_decay_profile_dB t;
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