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Data Redundancy for CSD Services in AoIP
1 Introduction

In AoIP, the user plane of A interface will use IP as the transport bearer. In general, IP is an efficient transport technology, but it does have flaws, and packet loss is one of them. Some circuit-switch data services (CSD services), e.g. the FAX services, are sensitive to packet loss. In order to improve the successful rate of such kind of CSD services, [2] has determined that data redundancy is one of working assumptions of AoIP. This paper proposes a data redundancy solution to deal with the packet loss problem, especially, when the quality of the transport network is not so good.
2 Data and Fax Services with Rate Adaptation in CN
2.1 The Basic Idea
For data redundancy, several successive data blocks are packed into one RTP packet, just as shown in Fig.1 and Fig.2. The number of successive data blocks in a RTP packet is defined as Redundant Level (Red-Level). The redundant level is 2 in Fig.1. For redundant level 2, if one RTP packet is lost, no data block will be lost. For redundant level 3, if two successive RTP packets are lost, no data blocks will be lost. The format of the payload in the RTP packet which contains redundant data blocks could use the format defined in RFC2198. 
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Fig.1 Redundant Packet with Red-Level = 2
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Fig.2 Redundant Packet with Red-Level = 3
2.2 Experimental Data and Analysis
In simulation experiments, two data services are performed, one is 3.1k Audio and the other is TS62 Fax. The experimental data is shown in Table 1 and Table 2. 
In fact, these two services are both fax services. The differences exist in the modulation methods. Neither of application layers of the two services has the re-transmission scheme, so the service will fail once a data block is lost in transmission. 
In order to simulate a bad communication environment, the quality of the radio link and the quality of transport links in core network is inferior. That is reason why the “Service Successful Rate” is not 100% when the “Packet Loss” rate is 0%, because the lost of data frame in air interface and the delay in core network will also cause the fail of the service.
Table 1 Experimental Data of 3.1k Audio
	Service Type
	Redundant Level
	Packet Loss (%)
	Service Successful Rate

	3.1k Audio
	1
	0
	81.8%

	
	1
	1
	0.0%

	
	1
	5
	0.0%

	
	2
	0
	81.8%

	
	2
	1
	54.5%

	
	2
	5
	0.0%

	
	3
	0
	90.9%

	
	3
	1
	54.5%

	
	3
	5
	27.3%


Table 2 Experimental Data of TS62 FAX
	Service Type
	Redundant Level
	Packet Loss (%)
	Service Successful Rate

	TS62 FAX
	1
	0
	90.9%

	
	1
	1
	31.3%

	
	1
	5
	0.0%

	
	2
	0
	90.9%

	
	2
	1
	87.5%

	
	2
	5
	75.0%


The experimental data in these two tables prove that service successful rate could be significantly improved by means of adopting data redundancy.
3 Implementation Proposal
In general, the redundant level of the RTP packet transferred in A interface should be negotiable, which should be finally determined by BSS according to the wire link quality and the bandwidth resource. For bad link quality where the disturbance is fairly high, the redundant level should be a little higher; while for lack of bandwidth resource, the redundant level could be adjusted to a lower value to reduce the bandwidth cost. For an end-to-end communication link, different part of the link could have different redundant level, just as illustrated in Fig.3.
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Fig. 3 Different Parts of the Link with Different Red-Levels
During the communication course, the state of wire link quality and the bandwidth resource could change dynamically. This determines that the redundant level should be adjusted accordingly. 

Based on this idea, Redundant Level is proposed to be added as an information element to these existed BSSMAP messages: COMPLETE LAYER 3 MESSAGE, ASSIGNMENT REQUEST, ASSIGNMENT COMPLETE, HANDOVER REQUIRED, HADNOVER REQUEST, HANDOVER REQUEST ACKNOWLEGE, and CHANNEL MODIFY REQUEST. Redundant Level could also be added into the new message created for AoIP, e.g., MSC-PCL, BSC-SCL and so on. The messages are listed above is just for illustration. It is possible that there are some other messages, which is not mentioned here, also related to the redundant level negotiation and adjusting.
The related procedures could be borrowed from the procedures for codec negotiation defined in TR43.903 (v8.0.0). The reason is that just like the codec which could classified into BSS supported one and MSC preferred one, red-level is also has these two properties. So the procedure to select red-level is similar to select codec.
4 Conclusion
Since data redundancy has been set as a working assumption for CSD service in AoIP, a data redundancy solution is suggested in this paper.  In the proposed solution, the RTP packet transferred in A interface will contain redundant data block. The data from simulation experiments prove that successful rate of CSD service (fax) could be improved by data redundancy. Finally, an implementation proposal is described succinctly. The detailed implementation (messages & procedures) is FFS. Data redundancy solution suggested in this paper will affect the RTP packet transferred between BSS and MSC, and will have no influence on the radio link.
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