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Supporting Data and Fax Services for AoIP
1 Introduction

As mentioned in [1], the method to support data fax services for AoIP needs to be defined. According to the target architecture, i.e., all transcoder resources will be located in CN (MGW) after upgrading; it is proposed that the data rate adaptation function is also performed in MGW. By this way, all TRAU (Transcoding and Rate Adaptation Unit) will be completely moved from BSS to MGW. This architecture is in line with the target deployment of AoIP, and the direct benefit brought by this architecture is that the transporting bandwidth between BSS and CN could be significantly saved for data and fax services. 

In this document, a solution for supporting data and fax services is proposed. The key idea is that the rate adaptation function is carried out in MGW. This solution is both applied to the situations where the TRAU frame is terminated in BTS and BSC. When Abis interface is also over IP, it is possible that the TRAU frame is terminated in BTS. When Abis interface is over TDM, TRAU frame should be terminated in BSC.
2 Data and Fax Services with Rate Adaptation in CN
For TRAU frame terminated in BTS, BTS will transform the received radio frames into V.110 frames [2, 3] and packed the V.110 frames into a RTP packet. For the full rate traffic channel, 4 V.110 frames [2] will be packed into the payload of a RTP packet. For the half rate traffic channel, 2 V.110 frames will be packed into the payload of a RTP packet [3]. After BSC receives the RTP packet, it will transfer the packet transparently to MGW.
For TRAU frame terminated in BSC, BSC will extract V.110 frame out from the received TRAU frames. Then, four V.110 frames (full rate traffic channel) or two V.110 frames (half rate traffic channel) will be packed into the payload of one RTP packet.
After receiving the RTP packet sent from BSS, MGW will adapt the received RTP packet into the 64kbps data and send it to the IWF (InterWorking Function) to proceed with the successive procedure. 
For the reverse direction (MGW => BSS), the above process is reversed accordingly.
2.1 Protocol Stack
Figure 1 and Figure 2 show the protocol stack for data and fax services in the user plane. The difference between these two stacks is the payload type of the RTP packet. For full rate traffic channel, 4 V.110 frames will be packed into the payload, while 2 V.110 frames for half rate traffic channel.
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Fig.1 The protocol stack in the user plane for full rate traffic channel
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Fig.2 The protocol stack in the user plane for half rate traffic channel

In summary, the payload of the RTP packet transported over IP-based A interface is two or four V.110 frames. The format of the V.110 frame is defined in [2] and [3].
2.2 The Detailed Procedure
In this clause the detailed procedure for data uplink transport is proposed as below:

For TRAU frame terminated in BTS (Abis over IP and A over IP):
1. BTS transforms the data frames received from air-interface into the V.110 frames;
2. For full rate traffic channel, 4 V.110 frames are packed into one RTP packet; while, for half rate traffic channel, 2 V.110 frames are packed into one RTP packet;
3. BTS sends the RTP packet to MGW via BSC. 

For TRAU frame terminated in BSC (Abis over TDM and A over IP):
1. BTS adapts the rate of the data frames received from air-interface, and forms them into a TRAU frame;

2. BSC removes the header of the TRAU frame received from BTS;
3. For the TRAU frame (full rate traffic channel), 4 V.110 frames will be packed into one RTP packet; While for the TRAU frame (half rate traffic channel), 2 V.110 frames will be packed into one RTP packet;
4. BSC sends the RTP packet to MGW. 
After MGW receives RTP packets from BSS: 

1. MGW does the RAA (Rate Adaptation) to transform the 72-bit V.110 frame into an 80-bit V.110 frame defined in [4]; 

2. MGW does the RA2 (Rate Adaptation 2) to transform the 80-bit V.110 frame into the 64kbps data frame;
3. MGW sends the 64kbps data frame to IWF for the following processing.

Just as having mentioned, for the reverse direction (MGW => BSS), the above sequence is reversed correspondingly.
2.3 The Proposed Payload Format
For the circuit-switch data service, the data frame will be sent out every 20ms in the air interface. A RTP packet payload contains 4 V.110 frames or 2 V.110 frames varying according to the traffic channel rate. 

The proposed payload parts in the RTP packet are showed as follows:
	Octet No.
	Bit Number

	
	1
	2
	3
	4
	5
	6
	7
	8

	1
	1
	Data Frame position 1, 63 bits
(72 bits including bit position 1).

	2
	1
	

	3
	1
	

	4
	1
	

	5
	1
	

	6
	1
	

	7
	1
	

	8
	1
	

	9
	1
	

	10
	1
	Data Frame position 2, 63 bits

(72 bits including bit position 1).

	11
	1
	

	12
	1
	

	13
	1
	

	14
	1
	

	15
	1
	

	16
	1
	

	17
	1
	

	18
	1
	

	19
	1
	Data Frame position 3, 63 bits

(72 bits including bit position 1).

	20
	1
	

	21
	1
	

	22
	1
	

	23
	1
	

	24
	1
	

	25
	1
	

	26
	1
	

	27
	1
	

	28
	1
	Data Frame position 4, 63 bits

(72 bits including bit position 1). 

	29
	1
	

	30
	1
	

	31
	1
	

	32
	1
	

	33
	1
	

	34
	1
	

	35
	1
	

	36
	1
	


Fig. 3 The proposed payload format of the RTP packet for full rate traffic channel [2]
	Octet No.
	Bit Number

	
	1
	2
	3
	4
	5
	6
	7
	8

	1
	1
	Data Frame position 1, 63 bits

(72 bits including bit position 1).

	2
	1
	

	3
	1
	

	4
	1
	

	5
	1
	

	6
	1
	

	7
	1
	

	8
	1
	

	9
	1
	

	10
	1
	Data Frame position 2, 63 bits

(72 bits including bit position 1).

	11
	1
	

	12
	1
	

	13
	1
	

	14
	1
	

	15
	1
	

	16
	1
	

	17
	1
	

	18
	1
	


Fig. 4 The proposed payload format of the RTP packet for half rate traffic channel [3]
The control bits in the TRAU frame defined in [2, 3] can be classified into 3 types, and the analysis of these control bits in AoIP is shown in Table 1.
Table 1

	Control bits type
	Usage in AoIP
	Remark

	Frame type. 
	Could be defined as the relevant payload type in RTP profile.
	The ASSIGNMENT REQUEST message indicates the channel type.

	Intermediate RA bit rate
	Not needed
	For Abis over IP besides AoIP, intermediate RA bit rate will become meaningless.

For Abis over TDM and A over IP, BTS could select the intermediate RA bit rate according to the traffic channel (uplink), and BSC could select the intermediate RA bit rate according to the RTP payload type (downlink).

	UFE(Uplink Frame Error)
	Not needed
	This bit is used in frame synchronization between BSC and BTS. 
For Abis over IP, it will be useless.

But for Abis over TDM, BSC will add this bit when constructing downlink TRAU frame.


3 Conclusion
In order to support data and fax services for AoIP, a solution is proposed in this paper. The main idea is to transport RTP packets containing 4 or 2 V.110 frames in one RTP packet over IP-based A interface and let MGW do the rate adaptation work, including RAA and RA2.
The main advantages of this proposal are:

1. Bandwidth between BSC and MGW is reduced for data and fax services;

2. TRAU will be completely moved to CN and this will be in line with the requirements of the AoIP target architecture
The main task faced by this proposal is that two RTP profiles for the packets with the newly suggested payloads (fig. 3 & 4) should be defined.
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