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1.  Introduction

The AMR speech codec, which is specified in TSG SA WG4, has eight different data rates and three different protection classes for speech data [1], [2].  There are some L1 key parameters for such AMR speech transmission, rate detection scheme, error protection classification scheme, channel coding scheme and error detection scheme.  It is needed to find the best combination of those key parameters for AMR speech transmission.  Therefore, we continue the investigations on such parameters and in this document, the preliminary results of those investigations so far are reported.

2.  L1 scheme of AMR speech transmission

The following L1 parameters are considered in the investigations.

Rate detection scheme

Two rate detection schemes for variable rate speech data: the rate detection using TFCI and the blind rate detection (BRD) are considered.  In Section 3 of this document, the comparison between two schemes is done in terms of the required Ec/N0 (Ec: energy per one physical channel bit) gain.

Error protection classification scheme

From AMR speech codec specification [1], there are three different protection classes for speech bits basically (See Table 1).  The numbers of speech bits for Class-A, Class-B and Class-C are e.g. 81 bits, 103 bits and 60 bits respectively for AMR12.2 codec mode, which is a highest rate with total speech bits of 244 per 20 ms AMR frame.  As the actual scheme of the error protection classification, several schemes could be assumed [3].  In Section 4 of this document, the comparisons between EEP (Equal Error Protection) and UEP (Unequal Error Protection) schemes are done under two assumed classes for UEP speech data: Class-1 (C1) and Class-2 (C2). Here, C1 is applied to Class-A bits of the above original AMR protection class and C2 is applied to both Class-B bits and Class-C bits.  
Table 1.  Error protection classes of AMR speech codec

Class-A
Data protected with 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).

Channel coding scheme

Covolutional code is only assumed for the channel coding in all simulations because it is supposed the higher coding gain of Turbo code compared to convolutional code could not be obtained for all of AMR modes.

Error detection scheme

An UED (Unequal Error Detection) scheme is assumed for both EEP and UEP schemes.  In order to achieve the UED, one 8-bit CRC is basically attached to C1 (Class-A) speech data.
3.  Comparison of TFCI and BRD
In this sections, the required Ec/N0 (Ec: energy per one physical channel bit) gain of using BRD case against using TFCI case was evaluated by means of the computer simulation.  

3.1 Simulation conditions
The following physical channel format and simulation conditions were assumed in the simulations.

- Physical channel format: Downlink, channel bit rate = 64 kbps, SF = 128

- Channel coding and error protection classification/error detection: R=1/3, k=9, convolutional coding, EEP with UED

- TPC on, SD on, 2-finger Rake/branch

- 2-path Rayleigh fading channel, fD = 80 Hz

The detailed physical channel format i.e. the number of bits per 20 ms AMR frame is shown in Table 2.

Table 2.  The physical channel format (the number of bits per 20 ms AMR frame)


Case-1

(Rate detection quality = 2*1e-4

at data BER = 1*1e-4)
Case-2

(Rate detection quality = 1*1e-4 

at data BER = 1*1e-4)

Rate detection scheme
TFCI
BRD
TFCI
BRD

DPCCH
TFCI*
64
0
64
0


TPC
64
(
(
(


Pilot
256
(
(
(

DPDCH
C1 data
81*3 [0]
(
(
(


CRC for C1 data
8*3 [0]
(
(
(


C2 data
163*3 [0]
(
(
(


CRC for whole data
10*3 [5*3]
10*3 [10*3]
10*3 [5*3]
12*3 [12*3]


Tail
8*3 [8*3]
(
(
(


Dummy (as 2kbps DCCH)
60*3
(
(
(

Puncturing for DPDCH
-74 on data

-20 on dummy
-24 on data

-6 on dummy
-74 on data

-20 on dummy
-30 on data

-6 on dummy

Total channel bits
1280
1280
1280
1280

<Note>

1) * Power of TFCI bits were adjusted to obtain the same BLERs with the rate detection qualities i.e. 2*1e-4 for BRD with 10-bit CRC and 1*1e-4 for BRD with 12-bit CRC.  Both BRDs are incorporated into process of Viterbi decoding [4].

2) [n]: the number of bits when VOX on, voice activity = 60 %, a shorter CRC (this would be necessary to work the outer-loop PC.  The fixed pattern e.g. all zero pattern could be used) is assumed for TFCI case.

3.2 Simulation results
The simulation results are shown below.

Figure 1 and 2 show the average BER/FER performance of TFCI and BRD for Case-1 and Case-2 respectively.

From these figures, the differences of the total required power between TFCI and BRD can be calculated as Table 3. Here, two types of TFCI detection scheme are assumed at receiver side: 

 - Type-1: TFCI detection is done for the received TFCI bits during 10 ms (1-frame).

 - Type-2: TFCI detection is done for the received TFCI bits during 20 ms (2-frame).  The received TFCI bits in two consecutive frames are summed synchronously and the correlation detection is then done.

Table 3.  Required power difference (at BER of speech data = 1*1e-4)


Required Ec/No for TFCI
Required Ec/No for BRD
Ec/N0 difference

 (TFCI-BRD)
Relative TFCI power for data
Total required power difference (TFCI-BRD)

Case-1
-2.63 dB
-3.05 dB
0.45 dB
0.70 dB (Type-1)
0.56 dB





- 1.90dB (Type-2)
0.42 dB

Case-2
-2.64 dB
-2.95 dB
0.35 dB
0.75 dB (Type-1)
0.46 dB





- 1.95dB (Type-2)
0.31 dB

From the above results, it can be concluded that for the assumed case, it is better to use BRD scheme than TFCI scheme in terms of the required power i.e. the capacity.
4. Comparison of UEP and EEP
In this section, the required Ec/N0 gain of using EEP case against using UEP case is evaluated by means of the computer simulation.  

4.1 Simulation conditions
The following simulation conditions were assumed.

- Physical channel format: Downlink, channel bit rate = 64 kbps, SF = 128

- Channel coding and error protection classification/error detection: R=1/3, k=9, convolutional coding, UEP with UED or EEP with UED

- Target BER for UEP[2]:  BER of C1 = 1*1e-4, BER of C2 = 1*1e-3

- TPC on, SD on, 2-finger Rake/branch

- 2-path Rayleigh fading cahnnel, fD = 5 Hz, 80 Hz

- Rate detection: individual BRD using CRC [4] for each class

The detailed physical channel format i.e. the number of bits per 20 ms AMR frame is shown in Table 4.

Table 4.  The physical channel format (the number of bits per 20 ms AMR frame)


Case-1

(Rate detection quality = 2*1e-4

at data BER = 1*1e-4)
Case-2

(Rate detection quality = 1*1e-4 

at data BER = 1*1e-4)

Error protection/detection scheme
UEP
EEP
UEP
EEP

DPCCH
TPC
64
(
(
(


Pilot
256
(
(
(

DPDCH
C1 data
81*3
(
(
(


CRC for C1 data
10*3
8*3
12*3
8*3


C2 data
163*3
(
(
(


CRC for C2 or whole data
9*3 for C2
10*3 for whole
9*3 for C2
12*3 for whole


Tail
8*2*3
8*3
8*2*3
8*3


Dummy (as 2kbps DCCH)
60*3
(
(
(

Puncturing (or repetition) for DPDCH
+19 on C1

-68 on C2

-8 on dummy
-24 on data

-6 on dummy
+18 on C1

-67 on C2

-8 on dummy
-30 on data

-6 on dummy

Total channel bits
1280
1280
1280
1280

4.2 Simulation results
The simulation results are shown below.

Figure 3 and 4 show the average BER/FER performance of UEP and EEP for Case-1 and Case-2 respectively when fD is 80 Hz.  From these figures, the differences of the average required Ec/N0 between UEP and EEP can be calculated as Table 5.

Table 5.  Average required Ec/N0 differences (UEP-EEP) at BER of UEP C1 = 1.0*1e-4

FD = 80 Hz
at BER of EEP = 5.0*1e-4
at BER of EEP = 2.5*1e-4
at BER of EEP = 1.0*1e-4

Case-1
+0.20 dB
0.00 dB
-0.30 dB

Case-2
+0.15 dB
-0.05 dB
-0.30 dB

From Table 5, it can been seen the maximum Ec/N0 gain of UEP against EEP is 0.30 dB when BER of EEP speech data = 1.0*1e-4 is assumed.  Note the puncturing/repetition numbers of UEP in Table 4 are optimised to achieve the target BER at fD = 80 Hz.
Figure 5 show the average BER/FER performance of EEP and UEP for Case-1 when fD is 5 Hz.  In this case, the puncturing/repetition numbers of UEP are not optimised and the target BER is then not achieved (i.e. using the optimised puncturing/repetition for fD = 80 Hz).  On the other hand, Figure 6 shows the average BER/FER performance when the optimised UEP puncturing/repetition for 5 Hz is used.  From these figures, the difference of required Ec/N0 and BER can be calculated as Table 6 and 7.

Table 6.  Average required Ec/N0

fD = 5 Hz
C1 at BER = 1*e-4
C2 at BER = 1*e-3
C2 – C1

Non-optimised UEP
-3.85 dB
-3.70 dB
0.15 dB

Optimised UEP
-3.75 dB
-3.75 dB
0.00 dB

Table 7. Average BER

fD = 5 Hz
C1
C2

Non-optimised UEP
1*1e-4 at Ec/N0 = - 3.85 dB
2*1e-3 at Ec/N0 = - 3.85 dB

Optimised UEP
1*1e-4 at Ec/N0 = - 3.75 dB
1*1e-3 at Ec/N0 = -3.75 dB

From the above results, it can be concluded the optimal puncturing/repetition of UEP is different depending on propagation environment. 

5. Conclusion
- From the results of TFCI/BRD comparisons, we can obtain the BRD gain of around 0.3 – 0.5 dB if the appropriate CRC is applied.  Therefore, it should be possible to use CRC of other length e.g. 10-bit or 12-bit in addition to 8-bit and 16-bit.

- From the results of EEP/UEP comparisons, we can obtain the UEP gain of 0.3 dB if EEP have to set the same quality with UEP Class-2 data.   However, in case of UEP, we have to determine a bit assignment to two transport channels for rate matching.  Optimal bit assignment might be different depending on propagation environment, e.g. Doppler frequency and path model but we have to determine a bit assignment for AMR service assuming a specific propagation environment since it is very difficult to change the bit assignment during communications according to fluctuation of propagation environment.  Therefore, it might be necessary to find most appropriate bit assignment for UEP scheme based on actual environment.  

The above investigation results are only few instances among many and there are some rooms and needs for further investigations on AMR transmission.  The final L1 key parameters for AMR should be chosen taking account of the above and the further investigation results.
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Figure 1.  Average BER/FER performance of TFCI and BRD for Case-1
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Figure 2.  Average BER/FER performance of TFCI and BRD for Case-2
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Figure 3.  Average BER/FER performance of UEP and EEP for Case-1

[image: image7.wmf]10

-4

10

-3

10

-2

10

-1

10

0

-7

-6

-5

-4

-3

-2

BER BRD class1 r15

FER BRD class1 r15

BER BRD class2 p64

FER BRD class2 p64 

BER BRD EEP 12-bit 5hz

FER BRD FFP 12-bit 5hz

Average BER/FER

Average Ec/N0 per antenna (dB)

2-path Rayleigh fading (fD=5Hz)

2-branch antenna space diversity

TPC: on

class1: 16-bit repetitioning(5.3%)

class2: 65-bit puncturing(-12.0%)

Iteration 30,000 frame 

CRC=12-bit


[image: image8.wmf]10

-4

10

-3

10

-2

10

-1

10

0

-7

-6

-5

-4

-3

-2

BER brd class1 r18

FER brd class1 r18

BER brd class2 p67

FER brd class2 p67

BER BRD EEP 12-bit 5hz

FER BRD FFP 12-bit 5hz

Average BER/FER

Average Ec/N0 per antenna (dB)

2-path Rayleigh fading (fD=5Hz)

2-branch antenna space diversity

TPC: on

class1: 18-bit repetitioning(5.9%)

class2: 67-bit puncturing(-12.4%)

Iteration 30,000 frame 

CRC=12-bit


Figure 4.  Average BER/FER performance of UEP and EEP for Case-2


Figure 5.  Average BER/FER performance of UEP and EEP

(Non-optimised UEP)


Figure 6.  Average BER/FER performance of UEP and EEP

(Optimised UEP )
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