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Abstract





In the H.321 Standard, for the AAL choice there are two recommended options for the ATM connection†: AAL1 and AAL5. This contribution proposes to include the RS 94-88 Forward Error Code as an option in the H.321 Standards. This option adds a very powerful protection when videoconference is used over satellite links which carries now ATM.








Introduction





The H.321 Videoconference standard describes Videoconference terminals. Since the specification of H.321 is based on the previous H.320 standard which has primarily been designed for a connection to N-ISDN network, this frame is synchronous and includes error correction codes. For H.261, this code is a BCH code (Bose Chauduri Hocquenghem) which cannot protect the audio-visual stream against burst of errors because it implies a bit oriented connection


In addition, the use of ATM is increasing now on satellite links and it is well known that these links introduces delay and burst of errors. In Rec. I.363.1 the part describing AAL1, some specific mechanisms have been standardized to give protections against cell losses and bit errors.


It is proposed to include in the H.321 version 2, the use of short interleaver matrix for the AAL1 standards as an option.





Satellite videoconference





At France Telecom/CNET, ATM carried over Satellite  has been experimented especially with the use of videoconference system. First of all, we measured the characteristics of ATM when it is carried over satellite link, secondly we introduced a H.321 videoconference system in order to verify the capacity of such terminals to be connected over Satellite ATM link.


Important†: as shown on figure 1, these measurements have been tested by using a simulator and they have been confirmed by real experiment.





Description of Satellite trial





The figure 1 shows the configuration of the experiment. Before using a real link, the satellite link has been replaced by a satellite modem coupled with a noise generator, in order to simulate the multiple behaviors of the link as a function of Signal/Noise. Satellite links are specific because the timelife of the link is a function of the power of emitter. The ATM analyzer generates ATM traffic at bitrate from 64 K to 1920 K.





	We have proceeded as following for the study†:


The ATM analyzer generates ATM cells which content is a PRBS pattern.


Cells are carried through the switch to the E1 link using G.804.


A satellite modulator codes in the same way as a real satellite, using a Viterbi coding scheme. Some parameters can be adjusted on the modulator, e. g. it is possible to add or suppress additional Reed-Solomon FEC codes on the link especially designed for satellite errors.


A satellite noise generator simulates a real Space-Earth hop.


The demodulator rebuilds the E1 link.


Finally cells are analyzed in the ATM test equipment in order to verify the compliance to I.356 standard.
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Figure 1†: experimental trial of ATM carried over Satellite link.





Experimental results





Three sequences are presented hereafter. The sequence 1 is a VITERBI æ ng scheme without no additional protection. Sequence 2 is the same coding scheme with a Reed-Solomon code. Sequence 3 is a VITERBI Ω scheme without additional protection.


IT can appear strange that ATM parameters are more important than the principal component of the satellite link, the Sat BER, but following Satellite transmission experts, this difference can be easily explained. The VITERBI code increases the bit error rate due to both facts†: Satellite errors are often grouped by several false bits and the coding system multiplies errors.





Sequence N∞�
Sat BER�
NB of cells�
CLR�
CER�
PRBS rate�
�
1�
1.2 10-6�
12777365�
9.2 10-6�
7.7 10-5�
3.7 10-6�
�
2�
1.8 10-6�
106641882�
6.6 10-6�
3.2 10-5�
1.4 10-6�
�
2�
6.7 10-9�
12769027�
1.5 10-7�
4.7 10-7�
1.3 10-8�
�
3�
5 10-6�
2131787�
2.4 10-5�
2.5 10-4�
1 10-5�
�
3�
1 10-7�
7450323�
1 10-6�
5.5 10-6�
1.9 10-7�
�



It is important to note that with relative BER on the satellite link (6.7 10-9), it remains a cell loss rate of 6.6 10-6. The statistic distribution is not detailed but it is obvious that some burst of several lost cells can happen.





Delay†: the total delay is about 650 milliseconds, decomposed as following


Satellite bond†: 250 milliseconds


Coder-decoder delay†: 400 milliseconds at a video bitrate value of 768 kbit/s.





Such a delay affects highly the interactivity of the communication but the H.321 coder used in this trial had a minimum fixed delay. Some other coders can be found in order to reduce drastically this delay to values of less than 250 milliseconds.


With the use of such coders, it is possible to limit the total delay to a more reasonable value of 450 milliseconds.





H.321 V2 / AAL1 system





FEC options in AAL1 standard





ITU-T recommendation I.363.1 describes the AAL1 standard and the description of each convergence sublayer for typical applications. At present, 4 CS types†are described:


- CS for circuit transport


- CS for video signal transport


- CS for voiceband signal transport


- CS for high quality audio transport.





Real time signals, like video and audio are very sensitive to errors. Since these flows cannot support any retransmission, a possible solution to protect them is the use of FEC codes. For the transport of such signals, Section 2.5.2.4 of the AAL1 standard describes the two FEC methods to protect real time streams. For further information, please refer to I.363.1 AAL1 standard.





RS124-128 method†:


The first one is a method which uses RS124-128 for non-sensitive signals e.g. for VoD or broadcast applications where the delay to encode the RS codes is not critical. The long interleaver matrix is described in the I.363.1. This matrix has a 124 x 47 octets size and the receiving size must wait twice this data length to be able to begin the analysis of the stream.


For example, the total delay to encode a 768 K video flow is†:





(47 x 124 x 2 x 8) / 768000 =  121 milliseconds. 





RS94-88 method†:


The second one is a method for terminal like videoconference system which does not need any high additional delay. This method is standardized in I.363.1 as the ´†short interleaver matrix†ª. In this case instead of waiting the reception of all the matrix, it is read on the diagonal of it. The row size has a value of 88 octets and the number of rows is 8. By this way, it reduces the delay which becomes†:





(8 x 88 x  8) / 768000 = 7.5 milliseconds.





This method adds very few additional delay however maintains a high level of protection since its corrections capabilities are†:


1 cell detected and corrected in a group of 16 cells.


3 false octets in a row of 94 octets.








videoconference quality without FEC protection





After trials with an ATM analyzer, we have connected an H.321 videoconference equipment which had the possibility to enable or not the short FEC, as shown on figure 2.
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Figure 2†: H.321 videoconference terminal on simulated satellite link.





In the first case, the terminal is used without a FEC code. We tested the subjective quality of the communication by checking visual artifacts or degradation seen on the screen. The sound part has not been tested due to the loopback applied on a single terminal. 


Some visual degradation appears when the satellite BER reaches a value of 5 10-6. For BER of 3 10-5, the terminal disables the connection because an internal protocol verifies the transmission quality during the communication.





videoconference quality with short interleaver FEC protection





Later on, we have added a FEC code in the AAL1. The visual degradation begins to appear with the same satellite BER but they are much more less visible on the screen. Approximately the same visible degradation is seen with the FEC codes when the BER rate reaches a value of 1.5 10-4. For BER of 2 10-3, the terminal disables the connection. The 4 results are overview  in the following table†:





�
BER rate value  & no FEC�
BER rate value & RS 94-88�
�
Visible degradation�
5 10-6�
1.5 10-4�
�
Disconnection�
3 10-5�
2 10-3�
�






Conclusion





In the future, H.321 standard could be deployed on a larger scale because it has good flexibility in term of bandwidth and interoperability since it is a subset of H.310 series and directly compatible with H.320 series too.


For native ATM communication, it is important to provide the highest quality of service in the communication. Especially in satellite link, it has been shown that the short interleaver FEC code does not introduce too much delay, e.g. 15 milliseconds at 768 Kbit/s.


As a conclusion, it is proposed to introduce the short interleaver as an option for H.321 native communication. Since all elements are already present in the Q.2931 or in ATM Forum UNI 3.1 the addition of such an option should not affect any other element in the signaling part.


Communications in point to multipoint and to H.320 series should be study in order to increase the quality of interworking. 
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