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The present chapter describes the transport on the A-Interface User Plane over TDM, i.e. E1 links or T1 links; for more information see 3GPP TS 48.001 [13]. 

E1 link: operates at a rate of 2.048kbit/s with a frame structure of 32 x 64kbit/s time slots, as specified in ITU-T Recommendation G.705 [14] clause 3.

T1 link: operates at a rate of 1.54kbit/s with a frame structure of 24 x 64kbit/s time slots, as specified in T1.102 [15].

Each single A-Interface User Plane connection over TDM uses one time slot with 64kbit/s for the payload.
Editor’s Note: Is that also true for all T1-links?
The payload is either PCM-coded speech (see ITU-T Recommendation G.711 []) or circuit switched data or fax (CSData, see 3GPP TS 48.020 [17]). 
4.1
Transport over TDM with PCM
In case the A-Interface User Plane is established with PCM, the transcoding between the compressed speech on the radio interface and PCM-coded speech takes place inside the BSS. Intra-BSS handover or Intra-Cell repacking may be performed any time without negotiating with the Core Network. The Core Network is informed after the change has happened. The price for this flexibility is, however, high transcoder costs and loss of voice quality in many call scenarios due to unnecessary transcoding. Manipulations of the User Plane data are allowed, e.g. level adjustments or echo control; voice quality enhancement devices or CTM-to-TTY converters for text telephony could be inserted on the A-Interface link between BSS and Core Network.
In case the A-Interface User Plane is established for CSData, the TDM link is used as “unrestricted digital” and no manipulations are allowed. The CSData are transported as pure digital data in a rather complex structure with Synchronisation and Control bits as well as Rate Adaptation bits multiplexed with User Data bits, see TS 48.060 [] and TS 48.020 [].
4.2
Transport over TDM with TFO

TFO (Tandem Free Operation) is only specified for Speech, it does not exist for CSData.
4.2.1
TFO for MS-MS-calls

TFO was introduced to avoid the “tandeming” of Transcoders and the speech quality degradation cause by that, when both radio legs in Mobile-to-Mobile calls use the same Codec Type for compression. TFO allows bypassing the speech transcoding functions inside the BSSes to transport the compressed speech coming from / going to the radio interfaces without any modification between the BSSes. 
Embedded into the PCM-coded speech may be TFO Messages (first) and TFO Frames (later) to establish and maintain a digital bit pipe for compressed speech between the BSS and - through the Core Network - the other BSS, see TS 28.062 [] for details. 
The TFO Messages steal every 16th LSB of the PCM samples, i.e. on the long term average about one LSB is modified every 4ms and this is de facto inaudible. Once TFO is established typically the two LSBs of the 8-bit PCM codewords are overwritten by bits of the TFO Frames. This distortion is clearly audible – if someone listens to this stream. 
TFO is standardized for all 3GPP Codec Types. 
4.2.2 TFO/TrFO Interworking

The idea to remove the transcoders for Mobile-to-Mobile calls led to the UMTS Core Network architecture, where the RAN does not host the transcoders, but the Core Network allocates transcoder resources depending on the call scenario: “Transcoder free Operation” is possible. At the same time packet transmission is used and so not only PCM-coded speech (and TFO), but any compression could be applied on links inside the Core Network. TrFO therefore has a threefold potential: to save transcoder resources; to minimize the transmission bit rate and to improve the voice quality. 
But the freedom to use various Codec Types for compression and transmission inside the Core Network requires the negotiation of this transcoder type: Out-of-Band Transcoder Control (OoBTC) was developed inside the Core Network.
The same 3GPP Codec Types are used inside the Core Network as for the Radio Access Networks and so end-to-end transcoding free operation is possible. For that the TFO on the A-Interface and the TrFO inside the Core Network interwork. The MGW inside the Core Network terminates the TFO-link across the A-Interface and converts TFO Frames into Nb Frames and vice versa. TFO on the A-Interface and TrFO (Transcoder Free Operation) in the Core Network (see TS 23.153 []) may interwork to establish a transcoding free operation for all mobile-to-mobile calls, even between GERAN and UTRAN. This leads to optimal voice quality and at the same time to minimal transport bandwidth within the Core Network. Transcoding resources in BSS are bypassed, but they must remain in “hot standby” to allow a fast fallback to normal PCM on the transport links.
4.2.3
TFO and AoIP
Up to and including Rel-7 the Call Control Plane of the A-Interface does not support TFO and therefore TFO is based on pure inband signalling to find the best matching Speech Codec Types (and AMR or AMR-WB Configurations). Since TFO is working inband it can only start its operation after the call has been established. Therefore the Codec Selection in BSS and in Core Network is already performed when TFO starts. Often TFO does then recognize that non-compatible Codec Types or Configurations have been chosen in BSS and Core Network and transcoding free operation is therefore not possible or cumbersome (requires Intra-Cell handover, etc).

TFO of Rel-7 works decent, if the operator does careful network planning and maintenance and as long as the radio network is not under high load. Cell repacking (i.e. intra-cell handover from FR to HR or vice versa) due to traffic load does in general interrupt the TFO connection. Only in case of FR_AMR and HR_AMR a seamless cell repacking is possible.

With the introduction of AoIP in Rel-8 and the upgrade of the A-Interface Control Plane by new protocol elements, mainly the “Codec List (BSS supported)” and the “Codec List (MSC preferred)”, also TFO is substantially enhanced. The Codec Negotiation at call setup between BSS and Core Network can take cell load and Transcoder resources and TFO-capability well into account in an early stage. TFO on the A-Interface degenerates then to a simple “tunnel” mechanism for compressed speech across the TDM link and the likelihood for successful establishment of TFO and end-to-end transcoding free operation is substantially enhanced. So the AoIP protocol enhancements are not only beneficial for the transport over IP, but also for the transport over TDM.
4.2.4
Rate Control for AMR and AMR-WB in TDM
The feedback signalling for Link Adaptation (also call Rate Control) in AMR and AMR-WB is carried inband within the radio frames, the TRAU Frames (BTS to TRAU inside one BSS) and TFO Frames (between BSSes) in “Codec Mode Requests” (CMR), see TS 45.009 []. The CMR signalling uses 3 (2) bits in every second TRAU / TFO Frame and is continuously repeating the Codec Mode Request every 40ms, regardless whether or not the CMR changes. This continuous repetition is an efficient error correction method, especially on the radio interface.

4.2.5
Rate Control for AMR and AMR-WB in TFO/TrFO Interworking

Inside the BICC-based Circuit Switched Core Network this CMR signalling is converted to “Rate Control Commands”, which are transported asynchronously, not within the speech packets, every time the Rate Control needs to signal a change. Rate Control Commands need a Rate Control Acknowledgement for error recovery. But in general these two signalling mechanisms, via CMR and via Rate Control Commands, are compatible.
Inside the SIP-I -based Circuit Switched Core Network this CMR signalling is kept and transported in RTP packets inband, exactly as in TRAU and TFO Frames. Interworking is simpler than with Rate Control Commands.
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