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1 Introduction
This contribution presents results from experiments aiming at validating the test method proposed in Annex D of draft CR to 26.132 (see S4-140715). Updates to 
Annex D are proposed based on the test results.
2 Experimental setup
The test setup is illustrated in Figure 1.
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Figure 1: Test setup.

We used P.501 sentences in English for clock drift measurements. We compared two different time resolution for delay estimation: 32 sec time increment versus 4 sec time increment. The source file duration was 32 sec. To get 4 sec time increment we stripped the 32 sec file into 8 files of 4 sec, and the delay measurement was done every 4 sec. Both results will be shown in this document.

To test the impact between using a 32 sec test signal and this signal cutting into 8 sections called hereafter ‘segments’, we used the following measurement sequence (using only one UE):
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The initial jitter buffer length on the MFE VIII was set to 1000 ms (fixed, not adaptive).
3 Raw test results and observations
Delay estimation results (for the sending direction) are depicted in Figures 2 to 5.
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Figure 2: Test result (segments 1 and 2).
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Figure 3: Test result (segments 2 and 3).

[image: image11.jpg]()
A



[image: image12.jpg]


[image: image5.png]Delay (ms)

1220

1210

1200

1190

1180

1170

1160

1150

1140

1130

1120

1110

1100

Speech Delay (sending) - 3

2100ps of 10 iterations - 8x4 sec test signals |

2 loops of 10 iterations - 32 sec test signal

2200 2300 2400 2500

2600

2700

2800

2900

3000

3100

3200

3300

Time (sec)





Figure 4: Test result (segments 3 to 5).
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Figure 5: Test result (segments 5 and 8).

We considered each segment (1 to 8) separately for clock drift estimation. The 20% and 80% percentiles were determined and used as a limiter. Large delay jumps were not considered.

The clock drift estimated using linear regression is given below (for each segment):

	Segment 1    (32 sec)
	→
	6,4 ppm

	Segment 2    (8x4 sec)
	→
	11 ppm

	Reset MFE VIII’s jitter buffer

	Segment 3   (8x4 sec)
	→
	11,9 ppm

	Segment 4    (32 sec)
	→
	7,5 ppm

	Reboot UE

	Segment 5    (32 sec)
	→
	4,6 ppm

	Segment 6    (8x4 sec)
	→
	8,4 ppm

	Reset MFE VIII’s jitter buffer and reboot UE

	Segment 7    (8x4 sec)
	→
	14,7 ppm

	Segment 8    (32 sec)
	→
	1,4 ppm


In the previous figures and results the following observations can be made:
· The use of a shorter test signal (4s observation time vs 32s observation time) yields to more noisy data with more variation (jumps) in the estimated delay.

· The impact of the jitter buffer reset does not seem to provide the expected behavior. Even if this feature might not be explicitly considered for TS 26.132 it is worth checking which behavior is triggered by this available functionality. Delay jumps are expected for a fixed JBM, however the amplitude of these jumps can go from 10 ms to more than 100 ms. It seems important to control (specify) the behavior of the JBM in the reference client at a sufficient level so that any alternative implementation in a reference client provides repeatable results.
It is also important to note that the delay estimation was performed by the reference client after each run of the test signal, hence processing time can play a role in the actual delay estimation.
4 Removal of delay jumps 
In this section, we show the same test results that are processed by a Matlab code given in Annex A to compute the overall ppm value without delay jumps. Figure 6 results shows overall results that are a mixed based on the 32 sec file and using 8x4 sec files, before and after applying the automatic tool in Annex A.
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Figure 6:  Delay vs time (blue), the trend from our algorithm (green) and the corresponding linear trend (red)

We found an overall ppm value around 8,8 ppm based on linear regression (red) on the post processed delay values (green).

5 Proposals
Based on the results presented in this contribution we propose to:

· Consider specifying a pre-processing method to be applied prior to the clock drift measurement method to be specified in Annex D. Such method should remove delay jumps to facilitate the subsequent clock drift estimation. An example method is provided Annex A of this contribution. After applying such delay-removal step, linear regression can be used to estimate more reliably clock drift.
· Specify in a sufficient level of details the behaviour of the reference client to ensure repeatable results with different implementations of the system simulator. This JBM specification could be extended up to the level of example source code; if not, at least some requirements should be defined in terms of buffer depth, handling of buffer overflow/underflow, etc.
Issues not considered in this contributions, like the influence of the test signal type (CSS vs speech) and duration (repeats of 4 vs 32 s), should also be considered before finalizing the test method in Annex D of TS 26.132.
Another aspect to consider is to define how often clock drift measurement should be repeated for correctly synchronized measurements, e.g. before each test case or less frequently. 

Annex A: Test method to remove delay jumps
function [x,z,slope]=remove_jumps(t,val,thres)
% t: time instant
% val: measured delay values (e.g. in ms)
% thres: same unit as 'val' (e.g. in ms), for instance use thres = 5ms
% force uniform sampling (needed to handle 4s vs 32 s time increments in the same set of data)
% number of intervals = total duration / minimum sampling period
step=min(t(2:end)-t(1:end-1));
nb = floor((max(t)-min(t))/step); % round 
x = linspace(min(t),min(t)+nb*step,nb);
y = interp1(t,val,x,'nearest');
% remove delay jumps
n=length(y);
z=y;
slope=0*y;
delta=0; % varying offset used to remove jumps
for i = 2:n
     % predict current sample value
     pred_y = y(i-1);
     % replace line below by if (0) if no adjustment is felt needed
     if (i>100) % sufficient statistics needed
         % adjust by linear prediction (regression)
         p=polyfit(x(1:i-1),z(1:i-1),1);
         pred_y = pred_y + p(1)*step;
         slope(i)=p(1);
     end
    if abs(y(i)-pred_y)>thres % detect jump
        delta = delta - (y(i)-pred_y); % change offset to remove jump
    end
    % compute jump-free value
    z(i) = y(i)+delta;
end
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