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1
Introduction

The need for unequal error protection (UEP) to effectively support AMR speech has been used as one of the arguments to the recent changes in WG3 and WG2 to support co-ordinated DCH transport channels to achieve UEP. Up to now no simulation results comparing UEP and EEP has been presented though.

In this contribution it is shown that there is very little difference in performance between UEP and EEP.

2
Background on AMR

The AMR speech codec is specified in TSG-SA4, who document their work in TS 26.101 V1.2.0, "Mandatory speech codec speech processing functions; AMR speech codec frame structure". According to that specification, there are three different protection classes:

Class A
-
Data protected with 8 bit CRC and Error Protection scheme 1 (EP1).
 
Class B 
-
Data protected with Error Protection scheme 2 (EP2).

Class C 
-
Data protected with Error Protection scheme 3 (EP3).

The number of speech bits, class A, class B and class C bits is shown in Table 1 below.

Codec

mode


Number of speech bits delivered per block
Number of class A bits per block
Number of class B bits per block
Number of class C bits per block

AMR12.2
244
81
103
60

AMR10.2
204
65
99
40

AMR7.95
159
75
84
0

AMR7.4
148
61
87
0

AMR6.7
134
55
79
0

AMR5.9
118
55
63
0

AMR5.15
103
49
54
0

AMR4.75
95
39
56
0

Table 1: Number of bits in different protection classes.

It can be noted that it is only class A bits that are protected by a CRC (assumed to be 8 bits long), i.e. only class A bits are so important that there has to be some indication if they were received correct or not. Hence, error concealment is done based on the reception of class A bits.

The BER of the class B bits should be similar to the class A bits, while on the class C bits a higher BER is reasonable.

3
Simulations

Ericsson have performed some initial downlink simulations of the AMR12.2 mode, both using unequal error protection (UEP) and equal error protection (EEP) channel coding schemes. Convolutional coding was assumed and both basic channel coding rates of 1/2 and 1/3 were studied.

The goal with the UEP scheme was to have 1% BLER for class A and B, while the BER for class C in that working point would be 5 times higher than the BER for class A and B. According to our speech coding experts, that is a reasonable working point to strive for in a simple comparison like this. A more advanced comparison between different coding schemes need to involve listening to the speech quality (MOS). We have started to generate bit error patterns to be able to do MOS evaluation as well.

For the UEP simulations, the 8-bit CRC is added at L1 for class A. For EEP, there is one 8-bit CRC in the frame from the codec (protecting the class A bits), and another 8-bit CRC added at L1 to be used for outer loop power control setting of SIR target etc. Hence, for UEP there is only 8 bits of CRC while for EEP there is in total 16 bits of CRC.

The numerology for UEP and EEP simulations performed is shown in tables 2 and 3 below.



Class A
Class B
Class C
Sum


UEP R=1/2
# bits in:
81 + 8
103
60
244 + 8


# bits out:
194
222
114
530


UEP R=1/3
# bits in:
81 + 8
103
60
244 + 8


# bits out:
292
334
174
800

Table 2: UEP numerology for simulations.



Class A + B + C
Sum


EEP R=1/2
# bits in:
81 + 8 + 103 + 60 + 8
244 + 8 + 8


# bits out:
536
536


EEP R=1/3
# bits in:
81 + 8 + 103 + 60 + 8
244 + 8 + 8


# bits out:
804
804

Table 3: EEP numerology for simulations.

Other simulation assumptions:

· Downlink, no antenna diversity

· Power control step size 1 dB, 4% TPC command errors

· Real channel estimation, two slot average

· DPCCH and DPDCH power equal, DPCCH consist of 4 pilot symbols and 1 TPC symbol

First of all, to show that we get close to our design criteria for the UEP, UEP simulation results for Indoor A 3 km/h and Vehicular A 120 km/h cases are shown in the plots in figures 1 to 4 below. Note that on the x-axis the Es/No is plotted, i.e. the energy needed per coded and rate matched symbol. This is the interesting measure for this case, since the different classes are all transmitted with the same power, i.e. the same Es/No. From the plots it can be seen that with the same power for all classes, the BER of class C is roughly 5 times higher than the BER of class A for the class A 1% BLER operating point.
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Figure 1: Es/No for UEP, Indoor A, 3 km/h, R=1/2.
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Figure 2: Es/No for UEP, Indoor A, 3 km/h, R=1/3.
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Figure 3: Es/No for UEP, Vehicular A, 120 km/h, R=1/2.
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Figure 4: Es/No for UEP, Vehicular A, 120 km/h, R=1/3.

From the Es/No curves, table 3 and table 4, we can derive the Eb/No values to obtain a given BLER on the class A bits for UEP. Similar plots can be made for EEP, where we have measured both the FER (all classes together, indicated by the L1 CRC) and BLER for class A (indicated by the application CRC). The Eb/No values includes all the overhead from DPCCH, CRCs, tail bits, and coding.

The Eb/No curves are given in figures 5 to 8 below. Both for UEP and EEP the BLER of class A is plotted. For EEP also the FER, i.e. the probability that there is one or more bit errors among all bits (corresponding to what is detected by the L1 CRC), is plotted.
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Figure 5: Eb/No for UEP and EEP, Indoor A, 3 km/h, R=1/2.
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Figure 6: Eb/No for UEP and EEP, Indoor A, 3 km/h, R=1/3.
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Figure 7: Eb/No for UEP and EEP, Vehicular A, 120 km/h, R=1/2.
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Figure 8: Eb/No for UEP and EEP, Vehicular A, 120 km/h, R=1/3.

In table 5 below the results are summarized. Since the DPCCH power is kept same as the DPDCH power, the overhead from DPCCH will be higher with rate 1/2 coding, affecting the required Eb/No to be higher. In order to do a fair comparison, simulations should be performed where the DPCCH power is balanced between the R=1/2 and R=1/3 cases. However, it is difficult to foresee what the result will be. Lowering the DPCCH power will lead to lower overhead (better Eb/No), but on the same time to slightly worse channel estimation (worse Eb/No).

All this means that the different rates cannot be compared directly with each other. However, one can compare the UEP and EEP simulations for the same code rate.


Required Eb/No [dB] to achieve 1% BLER on class A for UEP, and 1% BLER on total block for EEP


Indoor A, 3 km/h
Vehicular A, 120 km/h

UEP R=1/2
6.0
7.5

EEP R=1/2
6.1
7.7

UEP R=1/3
5.4
7.0

EEP R=1/3
5.5
7.3

Table 5: Summary of simulation results.
From table 5, we draw the conclusion that UEP is 0.1-0.3 dB better than EEP in terms of class A BLER performance for the evaluated scenarios. However, one should keep in mind that the BER of class C is better with EEP than with UEP, since class C gets the same amount of protection as class A and B bits.

Hence, it is very difficult to conclude which of the schemes that is better.

4
Discussion

As noted above, it is difficult to decide which of the schemes that is better from a simulation point of view. There are some additional issues that may influence the decision in one way of another:

· It seems somewhat easier to connect the L1 CRC check to some quality that should set the outer loop SIR target for the power control, since the CRC then is on the important class A bits only.

· With UEP, there are some more possibilities to trade-off performance between the different classes.

· For lower AMR rates, the impact of the additional tail bits for the UEP scheme will become larger, meaning that the potential gains in performance will become lower for those rates.

· From an implementation point of view, EEP is probably somewhat simpler to handle that UEP.

One final comment is that we were a bit surprised by the similar characteristics between UEP and EEP. It seems that since the BER curves are so steep, a very small adjustment of coding rate is sufficient to offset the BER performance substantially. This means that balancing the BER requirements between the groups only affect the number of transmitted bits marginally, and therefore also the Eb/No performance is rather constant.

5
Conclusion

Some first simulations to compare EEP and UEP coding schemes for AMR12.2 have been performed. The results indicate that the performance difference between the schemes is very small.

We intend to investigate the UEP and EEP scheme further. Studies have started to investigate how the different coding schemes impact the MOS quality of the speech. With UEP there should be some more optimisation possibilities in this respect.
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