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Speech quality of VoIP over FLO

1 Introduction

This contribution presents some performances of VoIP over FLO considering the complete implementation of ROHC (cf. [3]) and using an objective metric of speech quality evaluation: PESQ (cf. [1]).

When considering VoIP over FLO, RTP/UDP/IP headers compressed using ROHC can have a size varying between 1 and 63 octets with a 1 octet granularity. In order to limit the number of transport formats, it is necessary to choose a larger granularity. In section 2, the possible header sizes taken by ROHC headers are detailed. Sections 3 and 4 give an example of configuration of FLO and ROHC and provide results concerning the influence of ROHC header sizes granularity on speech quality.

2 Variation of ROHC header sizes

In ROHC, some parameters are constant during a communication and their size can be considered as an offset for the overall header size.

· CID can be coded on 0, 1 or 2 octets

· UDP Checksum is optional and is coded on 2 octets

Depending on the header type, the size of the compressed header varies as described in the table below.

Header type
Name
Size (bytes)
Extension

0
UO-0
1



R-0-CRC
2



UO-0
1


1
R-1
2
x


R-1-ID
2
x


R-1-TS
2
x


UO-1
2



UO-1-ID
2
x


UO-1-TS
2


2
UOR-2
3
x


UOR-2-ID
3
x


UOR-2-TS
3
x

IR
IR IPv4
36



IR IPv6
59


IR_DYN
IR_DYN IPv4
18



IR_DYN Ipv6
15


Table 1: ROHC header sizes

Some header types can be completed with extensions. There are 3 extension formats:

Extension type
Size (bytes)

0
1

1
2

2
3

3
1 to 6+

Table 2: Extension sizes

Extension 3 can have a greater size than 6 octets but practically, this size seems to be sufficient.

In case of IR headers, the context of the ROHC decompressor is totally refreshed so we suppose that the payload is not transmitted. A TFC has to be allowed specially for IR packets.

For all other header types, the payload is transmitted. The header size for headers of type 0, 1 or 2 vary from 1 to 9 octets with a 1 octet granularity. In addition with one IR_DYN header size, there are 10 different header sizes per AMR mode. With 4 AMR modes, an ideal configuration of ROHC over FLO would lead to 4 x 10 = 40 transport formats combination. Furthermore, as the payload size of the AMR-NB SID-UPDATE packets is very small, it could be interesting to send also headers during the silence periods. It would add 10 TFCs. Finally, there should be a special TFC for AMR NB-SID-FIRST and for IR packets, which totally leads to 52 different TFCs (see Table 3). 

As the TFCI size is today considered to be limited to 5 bits (see [2]), a maximum of 32 different TFCs are allowed per basic physical channel. So, in order to limit the number of TFCs, it is necessary to have a higher granularity for header sizes. The influence of this granularity is described in the next sections.

TFC type
Header sizes (octets)

Number of TFCs

AMR + Header types: 0, 1, 2
1, 2, 3, 4, 5, 6, 7, 8, 9 
x 4 (AMR modes)
40

AMR + IR_DYN IPv4
18 



AMR SID_UPDATE + Header types: 0, 1, 2
1, 2, 3, 4, 5, 6, 7, 8, 9

10

AMR SID_UPDATE + IR_DYN IPv4
18 



IR IPv4
36

1

AMR SID_FIRST
-

1

Total
52

Table 3: Example of TFCs allocation for header size granularity of 1 byte
3 Example for definition of transport formats

In the following simulations, UEP/UED is used and there are two transport channels: one for the class 1a bits and the compressed header (and the 2 inband bits), and one with the class 1b bits.
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Figure 1: Transport channels for VoIP

In this example, a granularity of 4 octets is chosen, and header sizes for header types 0, 1 or 2 are limited to 1, 5 or 9 bytes. 

In this case, for header sizes in between 1, 5 and 9, the payload packet is filled with padding bits so the efficiency of FLO is reduced, the class 1a bits and header bits are less protected and it will have an influence on the speech quality as they are the most important bits for subjective perception. On the table below an example is given of predefined radio bearers in case of compressed header size granularity of 4 octets.

TFC type
Header sizes (octets)

Number of TFCs

AMR + Header types: 0, 1, 2
1, 5, 9 
x 4 (AMR modes)
16

AMR + IR_DYN IPv4
18 



AMR SID_UPDATE + Header types: 0, 1, 2
1, 5, 9 

4

AMR SID_UPDATE + IR_DYN IPv4
18 



IR IPv4
36

1

AMR SID_FIRST
-

1

Total
22

Table 4: Example of TFCs allocation for header size granularity of 4 bytes

The following simulations are made for AMR codec at 12.2 kbit/s with DTX enabled. Some hypotheses have been made concerning FLO and ROHC configurations.

Propagation:

· TU3 idfh 900 MHz

Speech input file:

· Real speech sequence of 120 s

ROHC parameters:

· Unidirectional Mode 

· No UDP CRC

· CID size of 8 bits

· IR period of 6 s

· IR_DYN not considered

· IP version = 4

FLO parameters:

· TFCI size = 5 bits

· Header size granularity = 1 or 4 bytes

Radio Bearer
Channel Mode
Modulation
TrCH
TB Size (bits)
CRC
Rate Matching
Interleaving

AMR-NB 12.2
FR
GMSK
1
83+header size+offset (CID)
6
6
40 ms diagonal




2
163
0
5
40 ms diagonal

IR IPv4
FR
GMSK
1
288+offset(CID)
12
1
40 ms diagonal

AMR-NB SID-UPDATE
FR
GMSK
1
48 + header size+offset (CID)
6
1
20 ms rectangular

AMR-NB SID-FIRST
FR
GMSK
1
11
6
1
40 ms diagonal

Table 5: Radio bearers configurations

4 Performances

In order to study the influence of the different parameters on voice quality, an objective metric is used: PESQ. This method for speech quality evaluation is dedicated to end-to-end speech quality assessment of narrow-band telephone networks and speech codecs (cf. [1]). The PESQ score is mapped to a MOS-like scale (from –0.5 (minimum quality) to 4.5 (maximum quality)), which is a big interest of the method as the average correlation between PESQ and subjective MOS is 0.935. MOS value of 3 is the limit between acceptable and unacceptable speech quality.

MOS listening quality scale is reminded in the following table:

Quality of the speech
Score

Excellent
5

Good
4

Fair
3

Poor
2

Bad
1

Table 6: Subjective mean opinion score listening quality scale
Performances in term of FER are also provided (lost packets due to ROHC decompressor effects are taken into account).

For the following figures, three cases are considered:

· CS case, given as reference.

· AMR source codec with ROHC compressed headers over FLO. Headers size granularity is ideal in this case, equal to 1 octet.

· AMR source codec with ROHC compressed headers over FLO. Headers size granularity equals to 4 octets.
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Figure 2: PESQ note for AMR codec at 12.2 kbit/s

For this specific configuration of FLO and ROHC, simulation curves show the effect of ROHC header sizes granularity on the limit between acceptable and unacceptable speech quality which corresponds to MOS score = 3. This limit is increased by 2 dB (from 7 to around 9 dB) when granularity is increased from 1 to 4 bytes. So, the choice of this granularity has a real impact on voice quality and its final determination should consider these effects.
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Figure 3: FER for AMR codec at 12.2 kbit/s

5 AMR mode adaptation for VoIP

The performances given above suppose that AMR mode adaptation is active. An ACS is supposed to be set with 4 modes allowed. In case of VoIP, even if mode adaptation is allowed in RTP payload formats (cf. [4]), it could be difficult to implement. If AMR mode adaptation is not implemented, the number of TFCs calculated in Table 3 is almost divided by 4 as there is only 1 AMR mode. Header size granularity can be chosen to 1 byte in this case and speech quality is degraded to the minimum. 

A discussion on the future of AMR mode adaptation can be interesting in this context.

6 Conclusion

An example of implementation of VoIP with ROHC was presented. Simulations results showed that compressed header sizes granularity choice has a real impact on speech quality. These simulations are proposed as a basis for further discussion. In particular, the compromise between maximum TFCI size and granularity of header sizes should be thoroughly investigated. AMR mode adaptation feasibility in context of VoIP is also to determine.
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AMR+FLO+header taille fixe

		

		PESQ vs SNR		10*11s header de taille fixe de 5 octets, DTX, TU3idfh, channel model soft

		SNR(dB)		12,2 kbps		7,4 kbps		4,75 kbps

		4		1.495		2.5168		3.1386

		6		2.5793		3.3856		3.2178

		8		3.1528		3.5112		3.2242

		10		3.5231		3.537		3.2223

		12		3.5924		3.5357		3.2213

		14		3.6045		3.5356		3.2218

		16		3.6058		3.5349		3.2222

		CS		10*11s, DTX, TU3 idfh channel model soft

		SNR(dB)		12,2 kbps		7,4 kbps		4,75 kbps

		4		2.4406		3.5411		3.5204

		6		3.3901		3.7958		3.5284

		8		3.8396		3.8124		3.5284

		10		3.9072		3.8133		3.5284

		12		3.9215		3.8133		3.5284

		14		3.9214		3.8133		3.5284

		16		3.9215		3.8133		3.5284

		SNR(dB)		12,2 FLO + ROHC		12,2 CS		7,4 FLO + ROHC		7,4 CS		14,75 FLO + ROHC		4,75 CS

		0												2.6475

		2				1.3886				2.628				3.3873

		4		1.495		2.4406		2.5168		3.5411		3.1386		3.5204

		6		2.5793		3.3901		3.3856		3.7958		3.2178		3.5284

		8		3.1528		3.8396		3.5112		3.8124		3.2242		3.5284

		10		3.5231		3.9072		3.537		3.8133		3.2223		3.5284

		12		3.5924		3.9215		3.5357		3.8133		3.2213		3.5284

		14		3.6045		3.9214		3.5356		3.8133		3.2218		3.5284

		16		3.6058		3.9215		3.5349		3.8133		3.2222		3.5284
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Feuil3

		

		PESQ vs SNR		10*11s header de taille varible (implementation ROHC), DTX, TU3idfh, channel model soft

		SNR(dB)		CS		FLO + ROHC granularity = 1 byte		FLO + ROHC  granularity = 4 bytes

		4		2.4406		1.5772

		6		3.3901		2.5476		2.2171

		8		3.8396		3.3329		2.8253

		10		3.9072		3.3327		3.3358

		12		3.9215		3.3856		3.3859

		14		3.9214		3.3913		3.3872

		16		3.9215		3.3915		3.3915

		FER apres decompression ROHC

		SNR(dB)		FLO + ROHC granularity = 1 byte		FLO + ROHC  granularity = 4 bytes

		4		5.75E-01		6.25E-01

		6		2.27E-01		3.06E-01

		8		2.53E-02		8.28E-02

		10		1.33E-02		1.45E-02

		12		1.22E-02		1.15E-02

		14		1.17E-02		1.15E-02

		16		1.15E-02		1.15E-02
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AMR+FLO+header taille fixe

		

		PESQ vs SNR		10*11s header de taille fixe de 5 octets, DTX, TU3idfh, channel model soft

		SNR(dB)		12,2 kbps		7,4 kbps		4,75 kbps

		4		1.495		2.5168		3.1386

		6		2.5793		3.3856		3.2178

		8		3.1528		3.5112		3.2242

		10		3.5231		3.537		3.2223

		12		3.5924		3.5357		3.2213

		14		3.6045		3.5356		3.2218

		16		3.6058		3.5349		3.2222

		CS		10*11s, DTX, TU3 idfh channel model soft

		SNR(dB)		12,2 kbps		7,4 kbps		4,75 kbps

		4		2.4406		3.5411		3.5204

		6		3.3901		3.7958		3.5284

		8		3.8396		3.8124		3.5284

		10		3.9072		3.8133		3.5284

		12		3.9215		3.8133		3.5284

		14		3.9214		3.8133		3.5284

		16		3.9215		3.8133		3.5284

		SNR(dB)		12,2 FLO + ROHC		12,2 CS		7,4 FLO + ROHC		7,4 CS		14,75 FLO + ROHC		4,75 CS

		0												2.6475

		2				1.3886				2.628				3.3873

		4		1.495		2.4406		2.5168		3.5411		3.1386		3.5204

		6		2.5793		3.3901		3.3856		3.7958		3.2178		3.5284

		8		3.1528		3.8396		3.5112		3.8124		3.2242		3.5284

		10		3.5231		3.9072		3.537		3.8133		3.2223		3.5284

		12		3.5924		3.9215		3.5357		3.8133		3.2213		3.5284

		14		3.6045		3.9214		3.5356		3.8133		3.2218		3.5284

		16		3.6058		3.9215		3.5349		3.8133		3.2222		3.5284
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		PESQ vs SNR		10*11s header de taille varible (implementation ROHC), DTX, TU3idfh, channel model soft

		SNR(dB)		CS		FLO + ROHC granularity = 1 byte		FLO + ROHC  granularity = 4 bytes

		4		2.4406		1.5772

		6		3.3901		2.5476		2.2171

		8		3.8396		3.3329		2.8253

		10		3.9072		3.3327		3.3358

		12		3.9215		3.3856		3.3859

		14		3.9214		3.3913		3.3872

		16		3.9215		3.3915		3.3915

		FER apres decompression ROHC

		SNR(dB)		FLO + ROHC granularity = 1 byte		FLO + ROHC  granularity = 4 bytes
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