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1   Introduction

The present document proposes the specification text over Draft TS 26.114 v.0.6.0 in S4-AHM054 in order to incorporate our proposals in S4-060624 and S4-060625.
The proposed sections are as follows:
· Section 8.2.2 is affected hence this part is replicated here with revision marks.
· We introduce a new informative Annex D including the Matlab code of our proposed JBM metric computation scheme. The Matlab code found in S4-060625 is included in Annex D (version 1) together with a performance optimized code (version 2).
2   Proposed Specification Text for Section 8.2.2
------------------------------------------------------ start ----------------------------------------------------------

8.2.2
Minimum performance requirements for jitter-buffer management 
8.2.2.1
General

The minimum performance requirements are divided into two parts, objective requirements and subjective requirements. The objective requirements consist of criteria for average delay and jitter-induced concealment operations, whereas the subjective requirements provide criteria for the overall speech quality including jitter-buffer adaptation artefacts. In order for a jitter-buffer implementation to pass the minimum performance requirements criteria both subjective and objective criteria must be met.

There are two design guidelines that any jitter-buffer implementation used in IMS Multimedia Telephony shall follow:
1. The overall design of the jitter buffer shall be to minimize the average buffering time while still conforming to the minimum performance requirements of jitter induced concealment operations;

2. If the limit of jitter buffer induced concealment operations cannot be met, it is always preferred to increase the buffering time in order to avoid growing jitter induced concealment operations  going beyond the stated limit above;
Editor’s note: Point 2 above applies even if that means that the end-to-end delay requirement given in TS 22.105 [34] is violated.

8.2.2.2
Objective performance requirements

8.2.2.2.1
General

The objective requirements consist of criteria for delay, time scaling and jitter-induced concealment operations.

The objective minimum performance requirements are divided into three parts:
1. Limiting the jitter buffering time to provide as low end-to-end delay as possible.
2. Limiting the jitter induced concealment operations, i.e. setting limits on the allowed induced losses in the jitter buffer due to late losses, re-bufferings, and buffer overflows.

Note: By limiting the induced concealment operations and by limiting the buffering time at the same time, one limits indirectly the frequency of excessively deleting packets in order to reduce the end-to-end delay and  then  inserting empty packets due to jitter buffer starvation.


In order to fulfil the objective performance requirements, the JBM under test needs to pass the respective criteria using the six channels as defined in section 8.2.2.4. Note that in order to pass the criteria for a specific channel, both requirements must be fulfilled.
8.2.2.2.2
Jitter buffer delay criteria
The reference JBM algorithm in Annex C will set the performance requirements for the set of delay and error profiles described in clause 8.2.2.4. The JBM algorithm under test shall meet these performance requirements. The performance requirements shall be a threshold for the Cumulative Distribution Function (CDF) of the speech-frame delay introduced by the reference JBM. A CDF threshold is set by shifting the reference JBM CDF 40 msec. The speech-frame delay CDF is defined as:
P(x) = Probability (delay_compensation_by_JBM ≤ x)
The relation between the reference JBM and the CDF threshold is outlined in Figure 8.1.
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Figure 8.1: Example showing the relation between reference JBM (blue diamonds) 
and CDF threshold (purple squares). 

Editor’s note:
Figure 8.1 should be updated with an example using 40 ms.
The JBM algorithm under test shall exceed the CDF threshold for 90% of the delay values. The values for the CDF shall be collected for the full length of each delay and error profile. The delay measure in the criteria is measured as the average time which speech frame spend in the JBM; i.e. the average time difference between the decoder consumption time and the arrival time of the speech frame to the JBM.
The parameter settings for the reference JBM are:

· adaptation_lookback = 200;

· delay_delta_max = 20;
· target_loss= 0.5.
8.2.2.2.3
Jitter induced concealment operations
The jitter induced concealment operations include:

· Deletion of a speech frame because of JBM buffer overflow

· Deletion of a speech frame because it is arrived at the JBM too late
· Jitter-induced insertion of a speech frame controlled by the JBM (e.g. buffer underflow) in addition to the concealment operations triggered by link losses.
The concealment operations triggered by link losses shall be counted as frame losses measured on the RTP layer. 
jitter loss rate = JBM triggered concealed frames / number of transmitted frames

calculated for active speech frames only. JBM triggered concealed frames includes frame insertions, repetitions and removals performed by the JBM algorithm.

NOTE:
SID_FIRST and SID_UPDATE frames belong to the non-active speech period, hence concealment for losses of such frames should not be included in the statistics.
The jitter loss rate shall be below 1% for every channel measured over the full length of the respective channel. The value of 1 % was chosen because such a loss rate will usually not significantly reduce the speech quality.



1. 
2. 
8.2.2.4
Delay and error profiles

Editor’s note:
It was agreed at SA4#39 in Dallas that for the objective and subjective performance requirements:
-
a set of delay and error profiles, e.g. conditions, shall be identified, for which the requirements shall
 
be evaluated.
Editor’s note:
At MMTel#1 some critical questions on Tdoc S4-AHM012 were raised. The following remains:
-
RAN WGs must be consulted before finalizing the error and delay profiles.

Editor’s note:
At MTSI#2, the following agreement was made:
-
Following the examination of the RAN1 profiles that was performed in contribution S4-AHM040, no   

new jitter characteristics could be identified which would require an expanded set of test profiles.
 
The group agreed to use the delay and error profiles provided in S4-AHM040.
8.2.2.2.5
Estimating jitter buffer performance

This section contains a performance metric for determining the performance of a Jitter Buffer Management. The method supports:
· source-controlled rate operation as well as non-source-controlled rate operation

· reordering of speech frames received from the JBM in out-of-order sequence

· discarding of duplicated speech frames received from the JBM
· clock drift between sender and receiver endpoints.

The performance metric output will provide the average delay or the equivalent Cumulative Distribution Function (CDF) of the speech-frame delay introduced by the JBM under test and additionally it provides the Jitter Loss Rate in order to validate the compliance of a specific Jitter Buffer Management implementation to the JBM minimum performance requirements.

Such techniques permit a developer, a tester or a network operator to measure the performance of Jitter Buffer Management with no knowledge of the specific JBM implementation.

The proposed metric can also be extended to include specific thresholds for frame insertions during active speech and for frame insertions during speech pauses. The same holds for frame deletions.
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Figure 8.2: Model for the performance metric
8.2.2.2.5.1 Performance measurement: black box model

The method is performed by sending a data stream from a sender side to a receiver side through a Jitter Buffer Manager under test. The average delay and the total amount of Jitter-induced concealment is based on the value extracted from the comparison between the conceptual reference stream and the output data stream together with the initial waiting time of the first packet. 
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Figure 8.3:_ Black box model testing of JBM
8.2.2.2.5.2 Test execution

This section provides information on the test of a Jitter Buffer Management implementation. The Jitter Buffer Management under test can be a model simulation or a real implementation to be validated for compliance. 

The test execution requires:

· For every given channel model a test has to be performed sending the data stream through the Jitter Buffer Manager under test and recording the output.

· Providing the JBM output speech frame sequence to the JBM performance metric evaluate the performance score of the Jitter Buffer Management under test.
· Compare the JBM performance scores with the minimum performance requirements. If for each given channel model the JBM performance scores are below the upper limits given in the table, then the JBM is compliant with the minimum performance requirements defined in this document.
The JBM performance assessment can be directly derived from output of the JBM performance metric in Annex D and provides the following for a given traffic channel model:

· the average speech frames delay. The speech frame delay is the frame buffering time or equivalently the delay of the frame between the conceptual reference stream and the JBM output stream including the initial waiting time 
· the Cumulative Distribution Function of the speech frame delay

· the total amount of jitter-induced concealment operations or jitter loss rate. This includes e.g. the frames that were lost on the channel and never arrived at the JBM. 
The following table includes minimum performance requirement according to the reference delay computation algorithm described in Annex C:





Table 8.1: JBM performance requirements for the 6 traffic channels
	JBM Minimum performance requirements
	Average Delay of the speech frames
	Jitter Loss Rate
	Link Loss Rate

	Traffic Channel 1
	< 27,65 ms
	< 1%
	0 %

	Traffic Channel 2
	< 55,65 ms
	< 1%
	0,24%

	Traffic Channel 3
	< 39,94 ms
	< 1%
	0,50%

	Traffic Channel 4
	< 62,12 ms
	< 1%
	2,40%

	Traffic Channel 5
	< 97,78 ms
	< 1%
	11,84%

	Traffic Channel 6
	< 42,49 ms
	< 1%
	0%


In an equivalent way a comparison between JBM under test and the minimum delay requirements can be assessed using the Cumulative Distribution Functions of the speech frame delay which are also computed by the proposed metric.

------------------------------------------------------ end ------------------------------------------------------------------

3   Proposed Specification Text for New Annex D
------------------------------------------------------ start -----------------------------------------------------------------
Annex D (informative):
Metric for Estimating Jitter Buffer Management Performance
In this annex, a metric for estimating jitter buffer management performance is described. It is written in Matlab code. The purpose of this metric is to measure the behavior of a specific jitter buffer manager. The are two versions of the Matlab code. For short sequences they provide the same result. The first version is more intuitive but it has restrictions due to Matlab limits. The second version removes those restrictions but is less intuitive. For long test sequences only the second version can be used.
The files produced by the Jitter Buffer Manager expected by the JBM performance metric contain an arbitrary size of frame sequence numbers in binary format representing the exact sequence of regularly spaced speech frames delivered by the output of the JBM under test. Any speech frame insertion is marked with 0.

Example of the expected input file for the Jitter Buffer Management performance metric:
	2
	3
	0
	4
	5
	7
	8
	9

	
	
	Insertion
	
	Deletion
	
	


Figure D.1: Sample binary stream expected as input of the performance metric
First version of JBM performance metric (Matlab Code):
function [Avg_Delay, DeSequences, delay] = JBMeter(JitterBuffer_output, initial_waiting_time)
% Initialization
n=length(JitterBuffer_output);
p=max(JitterBuffer_output);
Reference=[1:p];
path=zeros(1,n);
delay=zeros(1,n);
delay_shift=zeros(1,n);
cost=ones(p,n);
opt_pred=zeros(p,n);
% Node cost initialization
for i=1:p
    for j=1:n
        cost(i,j)=(JitterBuffer_output(j)~=Reference(i));        
    end
end
% Transition cost computation
for j=2:n
    cost(1,j)=cost(1,j-1)+cost(1,j);
end
for i=2:p
    cost(i,1)=cost(i-1,1)+cost(i,1);
end
for j=2:n
    for i=2:p
        if cost(i-1,j-1)<=cost(i-1,j)
            if cost(i-1,j-1)<=cost(i,j-1)
                cost(i,j)=cost(i-1,j-1)+cost(i,j);
                opt_pred(i,j)=0; % Optimal predecessor on diagonal
            else
                cost(i,j)=cost(i,j-1)+cost(i,j);
                opt_pred(i,j)=1; % Optimal predecessor on horizontal
            end
        else
            if cost(i-1,j)<cost(i,j-1)
                cost(i,j)=cost(i-1,j)+cost(i,j);
                opt_pred(i,j)=2; % Optimal predecessor on vertical
            else
                cost(i,j)=cost(i,j-1)+cost(i,j);
                opt_pred(i,j)=1; % Optimal predecessor on horizontal
            end
        end
    end
end
% Optimal path searching 
j=n; i=p; k=n-1; t=n-1;
path(n)=p;
delay(n)=(n-p)*20;
DeSequences=0;
while (i~=1 & j~=1)
    if opt_pred(i,j)==0             % Diagonal transition
        if(JitterBuffer_output(j)~=Reference(i))  % desequence if frame exchange
            DeSequences=DeSequences+1;   
        end
        path(k)=i-1;
        delay(k)=delay(k+1);        % delay not incremented
        i=i-1; j=j-1;   
    elseif opt_pred(i,j)==1         % Horizontal transition
        path(k)=i;
        delay(k)=delay(k+1)-20;     % delay incremented by 20ms
        j=j-1;
        DeSequences=DeSequences+1;  % frame insertion: desequence
    elseif opt_pred(i,j)==2         % Vertical transition
        k=k+1; i=i-1;  
        path(k)=i;


 % delay decremented by 20ms * number of lost pkts
        delay(k)=delay(k+1)+20*(path(k+1)-path(k)-1); 
        DeSequences=DeSequences+1;  % frame loss: desequence
    end
    k=k-1;
end
% JBM performance scores
Avg_Delay=mean(delay)+initial_waiting_time
DeSequences
% Packet delay CDF computation
[n,x] = hist(delay,140); y = cumsum(n);y = y/max(y)*100;
figure;plot(x,y);axis([0 200 0 100]);ylabel('%');xlabel('ms');title('CDF of frame delay');
Second version of JBM performance metric (performance optimized Matlab Code):
function [ Avg_Delay, DeSequences, delay] = JBMeterOPT(JitterBuffer_output, initial_waiting_time)
% Initialization
n = length(JitterBuffer_output);
p = max(JitterBuffer_output);
Reference = [1:p];
path = zeros(1,n);
delay = zeros(1,n);
cost = ones(p,n);
% Node cost initialization
for i = 1:p
    for j = 1:n
        cost(i,j) = (JitterBuffer_output(j) ~= Reference(i));        
    end
end
% Transition cost computation
% Every cost matrix entry has:
% - Integer part represents the node cost
% - Fractional part represents the optimal predecessor code 
%   (0 diagonal, 0.1 horizontal, 0.2 vertical)
for j = 2:n
    cost(1,j) = cost(1,j-1) + cost(1,j);
end
for i = 2:p
    cost(i,1) = cost(i-1,1) + cost(i,1);
end
for j = 2:n
    for i = 2:p
        if floor(cost(i-1,j-1)) <= floor(cost(i-1,j))
            if floor(cost(i-1,j-1)) <= floor(cost(i,j-1))
                cost(i,j) = floor(cost(i-1,j-1)) + cost(i,j); % Optimal predecessor on diagonal
            else
                cost(i,j) = floor(cost(i,j-1)) + cost(i,j) + 0.1;% Optimal predecessor on horizontal
            end
        else
            if floor(cost(i-1,j)) < floor(cost(i,j-1))
                cost(i,j) = floor(cost(i-1,j)) + cost(i,j) + 0.2; % Optimal predecessor on vertical     
            else
                cost(i,j) = floor(cost(i,j-1)) + cost(i,j) + 0.1; % Optimal predecessor on horizontal 
            end
        end
    end
end
% Optimal path searching 
j=n; i=p; k=n-1;
path(n) = p;
delay(n) = (n-p)*20;
DeSequences = 0;
while (i~=1 & j~=1)
    pred = cost(i,j) - floor(cost(i,j));
    if pred < 0.01                      % Diagonal transition
        if(JitterBuffer_output(j) ~= Reference(i))  % desequence if frame exchange
            DeSequences = DeSequences + 1;   
        end        
        path(k) = i-1;
        delay(k) = delay(k+1);          % Delay not incremented
        i = i-1; j = j-1;   
    elseif pred < 0.11                  % Horizontal transition
        path(k) = i;
        delay(k) = delay(k+1) - 20;     % Delay incremented by 20ms
        j = j - 1;
        DeSequences = DeSequences + 1;  % frame insertion: desequence        
    elseif pred < 0.21                  % Vertical Transition
        k = k + 1; i = i - 1;  
        path(k) = i;
        % delay decremented by 20ms * number of lost pkts
        delay(k) = delay(k+1) + 20*(path(k+1) - path(k) - 1);
        DeSequences = DeSequences + 1;  % frame loss: desequence
    end
    k = k - 1;
end
% JBM performance scores
Avg_Delay = mean(delay) + initial_waiting_time
DeSequences
% Packet delay CDF computation
[n,x] = hist(delay,140); y = cumsum(n);y = y/max(y)*100;
figure;plot(x,y);axis([0 200 0 100]);ylabel('%');xlabel('ms');title('CDF of frame delay');
------------------------------------------------------ end ------------------------------------------------------------------
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