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1.   Introduction

At the SA4 PSM AHG#5 meeting, a permanent document [1] that provides simulation guidelines for the evaluation of FEC for MBMS download and streaming services has been agreed. It provides guidelines only for a fixed BLER case. While this is a good starting point for simulations, the results are not comprehensive enough to make system design decisions. In this document, we propose guidelines for FEC simulation for multiple BLER cases based on classification of users. In particular, we give detailed guidelines for conducting system-level FEC simulations that are statistically significant and also for processing the simulation results to arrive at relevant performance metrics.

2.   Classification of users

The users can be classified based on their channel conditions modeled by link loss and cell change loss. 

The following 6 classes cover several combinations of link loss and cell change loss:
 Class     PDU BLER [%] Handover per minute
1            0.1                0
2            1                  0
3           10                  0
4            0.5                1
5            5                  1
6            1                  3
Our guidelines are applicable to any general classification scheme.

We assume a set of user-classes denoted by a class vector C  = {C1, C2, C3,.., Cn} and the corresponding weight vector W = {W1, W2, W3,…, Wn} that gives the percentage of users in each class, e.g., for the above case of six user-classes W = {0.2, 0.5, 0.04, 0.2, 0.01, 0.05} or

W = {0.1, 0.5, 0.1, 0.2, 0.05, 0.05}.

3.   Simulation Method

Our objective is to extend the fixed BLER performance metrics defined in section 10 of [1] to the multiple-BLER case. In summary, we present a meaningful way of conducting the single BLER case simulations and combining them to get the results for multiple BLER case.

Assume a total of M users that are tuned to a particular MBMS session. For example M = 1000.

If we assume a weight distribution vector W shown in section 2, then the numbers of users in each class are 
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respectively. 

If we conduct simulations for each class with the corresponding number of iterations, the simulation results will not give a good estimate of the performance metrics for classes with very small weight. For example, for the class with weight 0.01, there will be only 1000*0.01 = 10 iterations (users). 

So we propose to use the number iterations in each class to be at least 1000. Once we get the performance metrics with statistical significance, the results can be scaled according to any number of users as explained in section 3.4

In the following, we explain how to conduct system-level simulations that capture the characteristics of multiple BLER classes case.

3.1. Fix the Transmission Overhead (say 10%)

For class 
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
Choose the number of iterations 
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For each iteration, 


Generate packet loss pattern according to the class definitions [1,2]


If FEC decoding of entire file is successful increment 
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%Post-recovery Application Data 
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
Else determine % Post-recovery Application Data by using the formula.


[image: image7.wmf]Size

 

File

 

 

decoding

 

FEC

after 

 

data

n 

applicatio

 

of

Ammount 

=

post

data

P


       Table 1: For each user-class, record the following data from simulations
	Iteration Number
	Decoding Success (1) Failure(0)
	% of post-recovery application data

	1
	1
	100%

	2
	0
	85%

	3
	1
	100%

	4
	1
	100%

	5
	0
	90%

	6
	0
	70%

	7
	1
	100%

	8
	1
	100%

	9
	1
	100%

	10
	1
	100%

	11
	0
	95%
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Determine 
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Determine the histogram of 
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. On the X-axis we have various ranges of 
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; on the Y-axis we show the number of users that fall in a particular range of 
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. Refer to Figure 1 for example.
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Figure 1: Histogram that shows the distribution of Class 1 users with respect to the post-recovery application data %.  

Once we have simulated each class, we are ready to extract the following system-level performance metrics.

3.2. Composite Probability of Successful Decoding 
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reflects all the user-classes. 

It is obtained by forming a weighted sum of 
[image: image15.wmf]suc

P

1

, 
[image: image16.wmf]suc

P

2

, …, 
[image: image17.wmf]suc

n

P

.


[image: image18.wmf]suc

i

n

i

i

suc

P

W

P

å

=

=

1


This is useful in determining the average number of happy users (i.e. with successful FEC decoding).

Average number of happy users = M*
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, where M is the total number of users in the MBMS session.

3.3. 
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vs Transmission Overhead graph

The steps described in sections 3.1 and 3.2 be repeated with varying transmission overhead.

Vary the Transmission Overhead from 1% to 50% and determine 
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 in each case. A graph with Transmission Overhead on the X-axis and 
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 on the Y-axis can be plotted as shown in Figure 2.
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Figure 2: Composite Probability of successful decoding for the entire file 
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 as a function of transmission (FEC) overhead

3.4. Composite distribution of users with respect to the post recovery application data

This distribution is useful in determining the load of the subsequent MBMS repair sessions. For example we can answer the following important question: how many users have received at least 90% application data after FEC decoding? This distribution can be generated by the following procedure:

For a given transmission overhead (say 10%)


After obtaining the histograms for all the user-classes, scale the histogram of each class 
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 by the class weight 
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as defined in section 2. Then sum up the height of the scaled histograms in each particular range. Thus we obtain a composite histogram that gives the distribution of users with respect to their post-recovery application data. An example is shown in Figure 3.
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Figure 3: Example of a composite histogram, assuming a total of 1000 users divided into three user classes with 200, 500 and 300 users respectively. This can be scaled to any number of total users.

Scale the composite histogram according to the number of users in the system. The simulations in section 3.1 and the histogram scaling  were conducted assuming a total number of users to be 1000. If the actual number of users is different, say M = 10000, then we can get the distribution of users w.r.t post-recovery application data by scaling the Y-axis of the histogram by a figure M/1000 = 10.

Generate composite histograms for each transmission overhead of interest.

From these composite histograms, we can quickly answer questions like: For a FEC transmission overhead of 10%, how many users have 100% of application data? How many users have 95% of application data? How many users have 90% application data? 

Thus this composite distribution helps us in making system design decision while capturing the characteristics of multiple BLER user-classes.

4.   Conclusion

In this contribution, we explained how to conduct system-level simulations to get the probability of successful decoding for the case of multiple BLER classes. We introduced a new performance metric that is relevant to multiple BLER case. We also explained how to get the new metric from the system-level simulations with sufficient statistical significance. We propose to consider and embed the main concepts of this document in [1] and produce an updated version.
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