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1. Abstract

Link level simulation results are presented, which show the performance of an unequal-error-protected (UEP) speech service with a net data rate of 12,2 kbps. In comparison to an equal protected 12,2 kbps speech service (EEP) with a target BER of 1*10–4 the gain is about 0,4 dB, this means less energy is needed by maintaining the same quality of the speech transmission. In this study we focus only on the AMR mode with the highest rate. By balancing the rate matching factors of each class appropriately, it is possible to transmit this mode within one physical channel using a spreading factor SF=16 achieving the required target BER for each class. 

2. Introduction

While for FDD the optimum setting of the transmission parameters for AMR speech codec has already been discussed intensively, the AMR transmission with the UTRA TDD mode has not yet been considered in detail up to now. 

This document presents link-level simulation results for showing the gain in case of applying Unequal-Error-protection (UEP) for Adaptive-Multirate (AMR) coded speech services in comparison with an equal-error-protected (EEP) service. Certain coding schemes are proposed for the three different bit classes, so that all classes are reaching their specific target bit error rate at  the same C/I or Eb/No (raw).

Furthermore, a discussion of several alternatives for the transmission of signalling messages are included in this paper.

3. General Simulation assumptions

For the simulations the following parameter settings were applied:

· Uplink  

· dual antenna diversity

· JD-receiver four active users in the same TS

· chiprate 3,84 Mcps , 15 TS, 

· SF = 16

· TFCI (16 bits)  and TPC (2 bits) included, but not evaluated

· Power control applied

· Channel mode C1 (indoor, 3 km/h)

· Real channel estimation

· Coding, interleaving and rate matching as described in [1].

Besides, the CRC length was set to 8 bit which yields enough redundancy since for TDD no CRC-based blind rate detection is applicable.

4. Simulation results 

4.1 EEP encoded speech service

The AMR speech codec produces 244 bit per 20 ms for a rate 12,2 of kbps.

In the EEP mode all bits are protected identically by channel encoding.

The service is mapped in one TDD resource, the gross bit rate is 452 bit per 20 ms, 

the resulting coderate is then 0,558.

AMR 12.2 EEP             

Net bits per 20 ms 
244+8 = 252 bits

Convolutional coding  
(252+8) * 2 = 520 bits

Rate matching

520-68 = 452 bits (-13 %)

Coderate                             0,558

According to figure 1 the required Eb/No is 5,2 dB for reaching the target BER of 1*10-4.  The required Eb/No for raw bit is 2,7 dB in this point.
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Figure 1: BER and BLER for an EEP-encoded speech service

4.2 UEP encoded services

The following table shows the target BERs for the three AMR classes. These values were assumed taking into account the results from GSM simulations. However, for AMR transmission via GSM a specific unequal puncturing pattern is used, while with the generic multiplexing scheme of UMTS all bits in each class have the same redundancy. Therefore, it may be expected that these BER settings will be slightly modified, after the AMR tests for UMTS have been finalised.

AMR 12,2 kbps
Class A
Class B
Class C

Net bit per 20 ms
81+8
103
60

Target BER
1*10-4
3*10-4
1*10-2

Since the bits of class B and C have a lower target BER, they can be less protected with a higher coderate needing a lower number of gross bits. This free number of gross bits can be re-used for a better protection of all classes needing a lower C/I in comparison to EEP. It can be estimated by calculation, that the theoretical performance gain will be about 0,5 dB for UEP coding in comparison to EEP.

The following figure shows the simulation results for the different bit classes:
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Figure 2: UEP coding performance for the different bit classes 

In some documents a target block error rate for class A and for class B a residual BER (RBER) are defined, which need a more relaxed coding performance. For this first approach and evaluation of performance the above mentioned BERs are taken as a worst-case consideration. 

Proposed matching AMR 12,2 UEP bit classes:


Class A
Class B
Class C

Net bits per 20 ms
81+8
103
60

Convolutional encoding
(89+8)*2 = 194 bits
(103+8) * 2 = 222 bits
-

Rate matching
(194+4) = 198 (+2%)
222-42 = 180 (- 19 %)
(60+14) = 74 (+23 %)

Coderate
0,449
0,572
0,811

In the following  figure the same error rates are shown over Eb/No (raw), this means over the needed bit energy for raw bit. It was the goal, that the target bit error rates will be met for the same Eb/No(raw), respectively.
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Figure 3: Bit error rates over the Eb/No(raw)  

In figure 3 it can be seen, that the required bit error rates are reached for an Eb/No of 2,3 dB.

In comparison to EEP, where an Eb/No (raw) of 2,7 dB is needed, UEP has a performance gain of about 0,4 dB.

Needed Eb/No EEP
Required Eb/No (raw) UEP
Gain

2,7 dB
2,3 dB
0,4 dB

5. Transmission of signalling information

The simulation results presented in this paper do not consider the transmission of an additional signalling bearer since the main goal was to determine the gain of UEP with respect to EEP for TDD. Moreover, the actual amount of bits required for signalling is not fixed in detail and depend on individual settings in the respective network. However, it can be expected that a low rate signalling bearer of 2-4 kbps has to be transmitted continuously, while temporary especially for handover issues an additional DCCH rate of 3 kbps is required [2].

For FDD, it has been proposed to increase the puncturing rate of class A and B or to steal class-C bits for this purposes. If more signalling bits need to be transmitted temporary, the whole frame could be used for sending a signalling message omitting speech data during certain periods as in GSM. However, it must be clarified if this is acceptable regarding service requirements. 

As an alternative, speech interruptions (DTX) could be exploited for certain signalling messages, although there is no guarantee for such pauses. Finally, as proposed in [3] the AMR mode could be changed temporary if the additional delay can be tolerated.

All these options could be applied to TDD, too. Furthermore, by means of the superframe concept it seems feasible to allocate an additional fractional physical channel to the AMR user which is send only each n-th frame with n=8 or 16. In this case, if the TTI for the signalling bearer is adopted to the respective physical channel allocation, the CCTrCH will be mapped on two resource units during certain period when the higher capacity is available.

6. Conclusion

The simulation  results have shown, that UEP-coding for AMR-speech-services will result in a performance gain of about 0,4 dB if a physical channel with SF=16 is used. It is expected, that for lower speech rates the channel encoding becomes more effective resulting in a greater gain of the UEP encoded speech service. Therefore UEP-coding for AMR speech services should also be included in the specification for TDD. 

For transmitting the signalling information several alternatives are available which can be selected dependent on both, the amount of signalling bits and the maximum delay requirements.
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