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0.
Summary

In this contribution, we show how adaptability of the AMR speech codec can be used to increase speech quality or speech traffic capacity. We also show the gains achieved by Unequal Error Protection compared to Equal Error Protection. Finally, we show how a fast signalling channel can be applied to simultaneous AMR traffic.

1.
Introduction

This document aims at giving a clear description of the current key issues and possible solutions concerning speech services upon UTRA system. The Adaptive Multi Rate speech codec (AMR) recently standardised in ETSI GSM has been declared as mandatory for 3GPP. Therefore we will take it as the reference codec for the study. 

The AMR coder used in GSM demonstrates capabilities to increase speech quality in a lot of different propagation conditions. It also demonstrated the ability to increase capacity by allowing Half Rate traffic channels with acceptable quality. We will see how these features can be applied to UTRA systems.

Because speech is likely to be a high contribution to traffic in 3G networks, we feel it's important that optimal channel coding can be achieved. Though the specific coding function in [1] is likely to be removed, it is still possible to protect data according to their sensitivity by using Unequal Error Protection (UEP) while relying on a generic channel coding scheme.

Section 3 contains a general description of AMR and it’s potential operation in UTRA. Section 4 discusses the important topic of channel coding for speech depending on. Then, section 5 is devoted to Blind Rate Detection for AMR and section 6 deals with the possible use of a Fast signalling channel.
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3.
General description of AMR operation

3.1.
The AMR speech codec

The AMR speech coder delivers a sequence of blocks of data corresponding to 20 ms of speech signals encoded frames. The size of the blocks depends on the mode rate chosen for the current frame. The available rates are depicted in the following table. 

Table 1: AMR rates

Codec 

Mode
Data Rate (in kbps)
Data block length (in bits)

AMR12.2
12.2
244

AMR10.2
10.2
204

AMR7.95
7.95
159

AMR7.4
7.40
148

AMR6.7
6.70
134

AMR5.9
5.90
118

AMR5.15
5.15
103

AMR4.75
4.75
95

SID_UPDATE
1.75
35

SID_FIRST
0
0

NO_DATA
0
0

These rates are compatible in the sense that switching rates from one frame to another is possible every 20 ms. Of course intrinsic quality increases with the rate. But still, fine and quick rate adaptation can be used.

In addition to regular coding, a Voice Activity Detector (VAD) allows the coder to switch into a discontinuous transmission mode during which Silence Descriptor parameters are transmitted every 8 frames to help the decoder generating comfort noise during speech pauses. This system of Source Controlled Rate (SCR) operation reduces the overall bit rate without affecting quality. This mode of operation induces three new frame types in addition to the eight mode rates : the SID_UPDATE, the SID_FIRST and the NO_DATA for idle mode. The SID_UPDATE is sent every 8 frames to update comfort noise parameters. The SID_FIRST is the frame sent at the end of a speech active period to indicate the switch in SID mode. The idle mode defines a frame (NO_DATA) that contains neither speech nor noise parameters it is used for example between SID frames but can also be used in other cases. 

3.2.
Adaptability

In GSM systems, the adaptability is used to perform Source coding/Channel coding optimisation in order to maximise the quality of speech in every channel conditions. The receiver performs a quality measurement on the incoming signal and sends a command for the optimal mode to the distant equipment. In that case, a signalling channel is necessary to transmit adaptation information, i.e. the mode indication and the mode request. Because the adaptation needs to be quick, an in-band signalling is used.

In the case of UTRA, the adaptation is first performed by the network as it decides the set of AMR codecs that are going to be used during the communication. Here are three examples of such cases :

· If the operator wants to insure a high quality at all time, the set of codec rates will be wide to ensure a good adaptation to channel conditions. 

· If the operator wants to deal with a sudden increase in traffic demand. In that case, a set comprising one or two of the lowest codec rates is fine to limit the capacity required for each communication. 

· If a mobile to mobile call occurs. If both UEs are able to use AMR, it is good to perform tandeming operations, therefore forcing the codec rates used by both UE to match.

The adaptation the RNC can perform may follow two objectives: quality improvement or capacity increase. In those cases, a signalling channel properly dimensioned is necessary to transmit mode requests during communications since mode indications are given in the TFCI or by Blind Detection. 

If The objective is the quality improvement then in-band signalling on both up and down links is preferable to achieve faster adaptation. This signalling channel can consist of 3 bits (8 rates as specified in [2]) that are sent along with the class A bits. It can also be the same signalling channel as the one in GSM. I.e, an additional transport channel of rate 0 or 8 bits per 20 ms with the “no coding” channel coding, but using the same block code (2,8) as in GSM with coding/decoding functions handled in higher layers. 

If the objective is an increase in capacity then the adaptation can be performed by layer 3 negotiation.

Using the regular TFCI (6 bits, i.e. 64 transport format combinations), if all AMR modes are potentially used during the communication then 11 formats are defined for frames of length 20ms. It leaves 64/11 TFCI codes to indicate other combinations involving voice + data and/or signalling. It is also possible to define a subset of modes that enables more voice + data combinations.

4.
Equal vs. Unequal error protection

As [3], this paper gives a description of the possible schemes for both Equal and Unequal Error Protection (UEP and EEP). The basic principle for UEP is to map different classes on different transport channels. This enables the use of different QoS for each class without affecting the current channel coding scheme of layer 1. The principle of EEP is to consider the speech block as one protection class mapped onto one transport channel.

Section 4.1 describes an example of the AMR with EEP. Section 4.2 gives an example of AMR with UEP with fixed code rates ratios. Section 4.3 gives an example of AMR with UEP with fixed radio frame size that enables adaptation to the radio link. Section 4.4 gives the gains achieved by UEP versus EEP for an example scheme.

4.1 Equal Error Protection

For EEP, since UTRAN adds a CRC on transport channels it is necessary to add an 8 bits internal CRC calculated over class A bits to avoid frame rejection because of residual errors on classes B and C. 
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Figure 1: EEP AMR Frame Format

The convolutionnal code is used over the entire frame with the same rate (i.e. 1/2 or 1/3).

4.1.1 EEP with Explicit Detection

In case of TFCI transmission, the format is explicitly given. It is useless to add a CRC. Therefore the 0 bit CRC is used. This format allows dynamic rate matching in uplink and DTX in downlink.

4.1.2 EEP with Blind Detection 

As explained in a companion document, to perform a good blind detection on downlink with the method described in Annex A.2.[1] The CRC has to be of size 16 bits. This is the format used to compare EEP and UEP (table 5). The BRD is possible with this format since bit rates are different from one mode to the other.

4.2 Unequal Error Protection with Fixed Rate Ratios

Fixed rate ratios mean that the basic channel coding rates chosen for each class of bits are the same for all modes. This scheme ensures the same QoS (BER and FER) for the same C/I. 

4.2.1
UEP with Explicit Detection

Since UTRAN adds a CRC on transport channels, it is useless to add an internal 8 bit CRC on class A. We will therefore use a 8 bits CRC over class A transport channel, and 0 bits CRC on classes B and C transport channels.
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Figure 2 : UEP AMR with fixed rates

This format does not allow the use of Blind Rate Detection on downlink since CRCs are not present for transport channels B and C. A format supporting BRD is given in the next section.

4.2.2 UEP with Blind Detection

If current BRD method is to be used then 16 bits CRC's should be added to each of the transport channels in order to detect each of them. Figure 3 gives the format of the AMR frame in this case. The overhead for the CRCs is quite high in that case.
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Figure 3 : UEP with Fixed Rates and BRD

4.2.2 UEP with Modified Blind Detection

A more efficient Blind Rate Detection can be performed with a few modifications on the AMR class division and on the BRD method. It avoids using extra CRC bits in class B and C. The frame format is depicted in figure 4.
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Figure 4 : Modified Frame Format for Improved BRD

In that case, the Blind Detection consists in finding the size of class A bits to then deduce the AMR codec mode. It is possible if all class A sizes are different for all modes. This is not the case for 6.7kbps and 5.9 kbps codec modes. In order to perform this improved BRD we suggest to add 1 bit in the 6.7 kbps codec mode class A.

The convolutionnal code applied in the calculation of gains for UEP is of rate 1/3 on class A and 1/2 on B and C classes. Despite the additional tail bits needed for each class in UEP, we show in table 5 that the gains achieved for UEP compared to EEP are quite high.

Table 2 gives the AMR protection class division as stated by the TSG-SA group. 

Table 2: UEP vs. EEP. Sizes of different classes ([2])

Codec Mode
Class A
size
Class B
size
Class C
size

AMR12.2
81
103
60

AMR10.2
65
99
40

AMR7.95
75
84
0

AMR7.4
61
87
0

AMR6.7
55 (56)
79 (78)
0

AMR5.9
55
63
0

AMR5.15
49
54
0

AMR4.75
39
56
0

4.3 Unequal Error Protection with variables coding rate ratios

If the adaptability of the AMR is used to provide a maximal QoS over a wide range of C/I, therefore using Source coding / Channel coding adaptation, it is possible to define a channel coding scheme based on UEP that matches a constant bit rate over the radio interface by using rate matching. 

The format of the AMR frame is the same as the one depicted in figure 2. But, since channel coding is adapted to each codec mode, semi-static parameters like mother convolutionnal code rate (1/3 and 1/2) and Static Rate Matching are different from one rate to the other. As a consequence, it is not possible to define one transport channel per class of protection for all codec modes. As an example, in table 4, 12.2 kbps and 10.2 kbps class B protection’s have different mother code rate.

It is possible though, on the uplink, to put together some of the transport channels with the same Static Rate Matching Factors and mother code. In this case, Dynamic Rate Matching factors are calculated to change the total bit rate.

Let us describe the different transport channels as An, Bn and possibly Cn for each protection class of each mode n. Excluding SCR operations, each combination of codec mode is given in table 3. Because these combinations are mutual exclusive, the increase in the number of transport channel does not result in an increase in transport channel combinations.

Table 3: transport channels combinations for UEP

Codec Mode
Class A TrCH
Class B TrCH
Class C TrCH

AMR12.2
A1
B1
C1

AMR10.2
A2
B2
C2

AMR7.95
A3
B3


AMR7.4
A4
B4


AMR6.7
A5
B5


AMR5.9
A6
B6


AMR5.15
A7
B7


AMR4.75
A8
B8


Table 4 gives a possible set of channel coding parameters for AMR operations. These are parameters calculated for uplink with 30kbps bit rate. The corresponding frame format is given in figure 2. 

Table 4: transport channels for UEP

Codec Mode
Coding rate Class A
Coding rate Class B
Coding rate Class C
#Coded bits
Rate Matching
A
Rate Matching
B/C
#Coded bits after RM

AMR12.2
1/3
1/2
1/2
649
-10
-39
600

AMR10.2
1/3
1/3
1/2
660
0
-60
600

AMR7.95
1/3
1/3
n.a.
549
40
11
600

AMR7.4
1/3
1/3
n.a.
516
52
32
600

AMR6.7
1/3
1/3
n.a.
474
71
55
600

AMR5.9
1/3
1/3
n.a.
426
102
72
600

AMR5.15
1/3
1/3
n.a.
381
127
92
600

AMR4.75
1/3
1/3
n.a.
357
127
116
600

This scheme exploits the Source/Channel coding balancing made possible by the AMR. 

4.4 Gains between UEP and EEP

Finally, we give the relative gains achieved by UEP (described in section 4.2.2) compared to EEP (described in 4.1.2) in terms of transmitted energy.

Table 5: UEP vs. EEP. Relative Gains

Codec Mode
Uncoded bits 
UEP
Uncoded bits 
EEP 
Transmitted bits 
UEP
Transmitted bits 
EEP
Gain UEP vs. EEP

AMR12.2
81+16+8+
103+8+
60+8 =
284 
244+8+
16+8 =
276 
3*105 + 2*179 = 
673

3*276 =
828
0.90 dB

AMR10.2
65+16+8+
99+8+
40+8 =
244
204+8+
16+8 = 
236
3*89 + 2*155 = 
577
3*236 =
708
0.88 dB

AMR7.95
75+16+8+
84+8 = 
191
159+8+
16+8 =
191
3*99 + 2*92 = 
481
3*191 =
573
0.76 dB

AMR7.4
61+16+8+
87+8 = 
180
148+8+
16+8 = 
180
3*85 + 2*95 =
445
3*180 = 
540
0.74 dB

AMR6.7
56+16+8
78+8 =
166
134+8
16+8 =
166
3*80 + 2*86 =
412
3*166 = 
498
0.82 dB

AMR5.9
55+16+8
63+8 =
150
118+8
16+8 =
150
3*79 + 2*71 =
379
3*150 = 
450
0.74 dB

AMR5.15
49+16+8
54+8 =
135
103+8
16+8 =
135
3*73+ 2*62=
343
3*135 = 
405
0.72 dB

AMR4.75
39+16+8
56+8 =
127
95+8
16+8 =
127
3*63+ 2*64=
317
3*127 = 
381
0.80 dB

In conclusion, the Unequal Error Protection format takes advantage of the flexibility in QoS of different transport channels. It performs coding gain compared to the sub optimal Equal Error Protection without affecting the generic scheme of channel coding (i.e. without introducing any specific coding). 

5.
Introduction of a Fast Signalling Channel
A signalling channel can be introduced together with AMR traffic in two major ways, frame stealing or introduction of a side transport channel.

5.1 Frame Stealing

Frame stealing consists in the no transmission of the current speech frame. The Bit rate is totally taken by the signalling transport channel. The advantage is that fast signalling is made possible. The disadvantage is a decrease in speech quality though speech decoders can handle stolen frames if there isolated in time.

To perform Frame Stealing, we can define a Transport Channel D of TTI 20ms that is either present or absent (rates 0/Full rate). One TFC is used containing this transport channel only. In case of explicit detection it means an additional TFCI code. 

Simple Blind Rate Detection does not support frame stealing. If one’s wants to perform Blind Detection then the format described in section 4.2.2 with the modified BRD method is possible. In that case, the algorithm has to detect the correct rates among every class A and also on the D channel if all Class A detection failed. It does not increase BRD complexity if the signalling channel uses the same channel coding scheme as class A.

5.2 Side Transport Channel

AMR can be multiplexed with a signalling channel D.

In the uplink, it is possible to perform Dynamic Rate Matching to insert this additional transport channel without any change in the transmit power. In that case, the AMR protection scheme is punctured to leave room for D transport channel.

On the downlink with explicit detection, there are two solutions to insert a D transport channel. Either by using DTX, i.e. using extra bits only for this fast signalling channel -This solution is not optimal because those extra bits are likely to be unused most of the time-  or, if only a few AMR modes are used, by designing two different channel coding (i.e. different transport channels). The first channel coding of each mode uses the entire available bit rate, the second leaves enough room for the signalling channel. The latter solution is equivalent to dynamic rate matching.

On the downlink with Blind Detection, the side transport channel has to be present at all time because of fixed positions therefore reducing the available bit rate for other transport channels.

6.
Conclusion

In this document, we aimed at giving a clear description of the possible schemes likely to be used for speech traffic on the UTRA. The AMR coder was our reference since it is mandatory. 

Optimal frame formats were given for either Explicit or Blind Format Detection, Uplink or Downlink and for the type of adaptability. In particular, we showed that Unequal Error Protection is better than Equal Error Protection.

Proposals for modifications in the BRD method were given to support UEP and to support the use of an additional Fast Signalling Channel.
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