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6
Study Results, User Plane
--------------------------------------------------------------- > snip < ------------------------------------------------------------------
6.2.3 
RTP profiles for data and fax calls
Editor’s Note: The following background information on data and fax was written by a speech codec expert, so it might be wrong in many details and may need corrections. It is intented as a starting point.
Background: 
One of the problems for data and fax transmission via a legacy circuit switched GSM radio channel lays in the fact that the transport media along the path may use different clock rates for the transport. These clock rates are in general not synchronized to each other and are in general not synchronized to the clock rate of the data or fax modem sources. These different transport channels are:
- the GSM radio interface;
- the Abis/Ater interface with typically 16 kbps sub-multiplexing rate;
- the A interface with 64 kbps transport rate;
- the Core Network link with typically 64kbps PCM-coded MODEM tones transport or with digital transport (UDI).
In addition the MODEM rate of the transmitter within the local mobile side (i.e. in uplink) is in general different to the MODEM rate of the transmitter on the opposite, distant side (wireline or mobile). Figure 6.2.3.1 gives an overview.
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Figure 6.2.3.1: Data and Fax services with different interfaces and not synchronized clock rates
In the following the Uplink process is described. The downlink process is node-by-node reverse. In uplink the BTS is the primary master of clock and determines what a “20ms” frame means. In downlink the IWF is the primary master of clock. Both are marked with an arrow in figure 6.2.3.1.
The DataTX (e.g the FAX transmitter) sends its data in form of MODEM tones, e.g in analogue form, to the MS. These MODEM tones are generated by the internal clock of the DataTX, which is in general independent. DataTX may also send in pure digital form, i.e. no MODEM tones, but the bit rate is also then defined by the DataTX internal clock. 
The MODEM-termination within the MS receives the MODEM tones of the DataTX in a continuous stream, demodulates these tones and cuts the resulting net bit stream into frames of 20ms length. These “20ms” are based on the clock rate of the MS, which in turn is exactly synchronized to the clock rate of the BTS. Since the DataTX is typically not synchronized to that 20ms framing, the number of received net bits vary from frame to frame. Even if they are synchronized, rate adaptation is still needed due to different data transfer rates. The lack of synchronization is not the only reason for rate adaptation. The MS therefore performs rate-adaptation to fit these variable net bit packets into the “constant” bit rate on the radio uplink by adding a variable number of dummy bits (in details this process is quite complex and includes also MODEM control bits). Then this “data container” of constant size is channel-encoded and send in uplink to the BTS. 

Note: This first rate adaptation for the radio interface is always necessary and can not be omitted in AoIP. 
The BTS decodes this data container and then rate adapts it to the rate of the Abis Interface. For example four modified V.110 frames (with 72 bits each: 4*72 = 288 == 14.4 kbps) are packed into one TRAU frame (E-TRAU frame) of 320 bits every 20ms. As said above: these 20ms are based on the BTS clock, but the Abis rate need not to be synchronized to that. The BTS sends these TRAU frames in 16 kbps sub-multiplexing uplink to the TRAU. Alternatively, 64 kbps transmission can be used, at least according to the spec., and also 8 kbps is possible.
Note: The format of one V.110 frame of 72bits refers to the 3GPP TS 48.060 protocol, while standard V.110 frames are made of 80bits (refer to ITU-T V.110 protocol).
The TRAU has the task to adapt the received data frames to the 64kbps rate on the A-Interface. Also the A-Interface may have a different rate than Abis and/or BTS. The TRAU copies the received 16kbps sub-multiplexed stream into the two LSBs of the 64kbs stream towards the Core Network. The upper 6 MSBs, forming a 48 kbps sub-stream, are filled (more or less) with dummy bits. This operation also involves re-packing (e.g. into 80 bit V.110 frames). A number of other frame types are also used on the A-interface, including V.110 frames of other sizes and A-TRAU frames, see 3GPP 48.020.
In case of High Speed Circuit Switched Data these 16kbps sub-streams from one up to four TRAU frame streams are extracted and combined into up to four sub-streams in a 64kbps total-stream. This is then finally send to the Core Network. Every sub-stream may contain up to 14.4 kbps, so the total-stream may carry up to 57.6 kbps. 
Within the Core Network the data are digitally transported without modification until they reach the IWF (Interworking Function). The IWF unpacks the net data (and MODEM control bits) and generates MODEM tones, more or less exactly reproducing the MODEM tones of the DataTX on the mobile side. These MODEM tones are then PCM-coded and further transmitted through the wireline network until they reach the distant DataRX. 
In the downlink direction all actions are reverse. Most important to note is that in downlink the IWF receives the MODEM tones from the distant DataTX via PCM, demodulates them to a net bit stream and cuts this net bit stream into frames of 20ms. These “20ms” are, however, based on the IWF clock, which is in general different to the BTS clock  (to be verified; or is the IWF clock synchronized to the uplink BTS clock?). When the data finally arrive at the BTS they need to be buffered, until they can be send on the radio interface in downlink. It may therefore happen that the frame rate received from the IWF interferes with the frame rate on the Downlink radio interface (to be verified).
3GPP standards define synchronous and asynchronous data services as well as transparent and non-transparent data services. It is understood (to be verified) that the differences between these are not visible on the Abis/Ater- and A-Interfaces, but only on higher layer within the MS and IWF.
6.2.3.1
RTP profiles for data and fax calls with rate adaptation in BSS

In this Alternative 1 the legacy architecture split between the GSM Radio Access Network and the Core Network for data and fax calls is kept. In uplink direction the BTS extracts the payload of the CS data or fax service from the radio interface and rate-adapts it to 16 kbps via four V.110 frames with 72 bits each and sends this in TRAU frames (or E-TRAU frames) in uplink every 20ms. Between 300 bps and 14.4 kbps net bit rate of data may be contained in this uplink stream on one 16kbps Abis/Ater link.

The TRAU (or an equivalent function) in BSS extracts the data from these TRAU frames and rate-adapts them to 64 kbps. 
In case of High Speech Circuit Switched Data (HSCSD) up to four of these channels are multiplexed within the BSS into one 64kbps stream. Up to 4*14.4kbps = 57.6kbps net bit rate of data may be contained in this uplink stream on one A-Interface.

The transmission on the A-interface over IP uses a 64 kbps channel carried over IP. The RTP profile defined in RFC 4040 is used for this purpose. This RFC has been created for the purpose of transparently transporting a 64 kbps channel over IP. The data rate on the A-Interface is comparably high and constant. 
The default Packetization Time is 20ms. If 1+1 redundancy with block-diagonal interleaving is applied, then the delay is increased by 20ms, if this redundancy is exploited at receiver side.
The service is processed comparably at reverse direction from IWF to MGW to BSS to BTS and to the downlink radio interface.
Working Assumption: This Alternative 1 is the default, mandatory option for all BSS and Core Networks, mainly for backward compatibility and ease of migration.
6.2.3.2
RTP profiles for data and fax calls with rate adaptation in CN



 
In this Alternative 2 the legacy architecture split between the GSM Radio Access Network and the Core Network for data and fax calls is modified. In uplink direction the BTS extracts the payload of the CS data or fax service from the radio interface and rate-adapts it to 16 kbps via four V.110 frames with 72 bits each and sends this in TRAU frames (E-TRAU frames) in uplink every 20ms. Between 300 bps and 14.4 kbps net bit rate of data may be contained in this uplink stream on one 16kbps Abis/Ater link. Maybe we need to consider also 8 kbps and 64 kbps here?

So far this is as in Alternative 1. 

Some new function in the BSS extracts the data from these TRAU frames and directly encapsulates four V.110 frames of 72 bits, as carried in one TRAU frame of 16kbps sub-multiplexing (see 3GPP TS 48.060), into one RTP packet and sends it to the MGW. 
The default Packetization Time is 20ms. If 1+1 redundancy with block-diagonal interleaving is applied, then the delay is increased by 20ms, if this redundancy is exploited at receiver side.

A new RTP Profile needs to be defined. The average bandwidth on the A-Interface is about 4 times smaller than in Alternative 1 and also constant.
Between 300 bps and 14.4 kbps net bit rate of data may be contained in this uplink stream on one A-Interface RTP stream. 
The case of High Speech Circuit Switched Data (HSCSD), especially the question, where the combining is performed, is FFS.
The MGW performs Rate Adaptation to 64kbps (new functionality) and delivers the resulting frames to the Interworking Function (IWF) for processing as today. In an alternative (new) implementation (e.g. if MGW and IWF are integrated) the IWF gets the RTP packages with V.110 frames directly.
The service is processed comparably at reverse direction from IWF to MGW to BSS to BTS and to the downlink radio interface.
Working Assumption: This Alternative 2 is optional for BSS and Core Network. 
The HSCSD question is FFS.
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