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Abstract

This contribution contains a formal definition of TDM structure, and its relevancy for Y.tdmpls.

TDM Structure

The term "TDM" conventionally refers to the synchronous bit streams used in telephony networks.  The bit rates traditionally used in various regions of the world are detailed in G.702 and the physical layer interfaces are defined in G.703. For example, in North America the T1 bit stream of 1.544 Mbps and the T3 bit stream of 44.736 Mbps are mandated, while in Europe the E1 bit stream of 2.048 Mbps and the E3 bit stream of 34.368 Mbps are utilized.

Although TDM can be used to carry arbitrary bit streams at the rates defined in [G.702], there are standardized methods of carrying bit streams in larger units each containing the same amount of bits. These units are called frames, and the transport mode is denoted "framed TDM". 
TDM framing locks the frame rate to the sampling frequency of voice traffic, so that there are always 8000 such frames per second. Hence the T1 frame consists of 193 bits and the E1 frame of 256 bits. The number of bits in a frame is called the frame size.
Unlike unframed TDM for which all bits are available for payload, framed TDM requires dedicating of some number of bits per frame for synchronization and perhaps various other functions (e.g. 1 bit per T1 frame, 8 bits per E1 frame). 

Framed TDM is often used to multiplex multiple voice channels each consisting of 8000 8-bit samples per second in a sequence of timeslots recurring in each frame.  This multiplexing is called "channelized TDM" and introduces additional structure.
In addition to the basic frame, framed TDM often has additional levels of structure. In order to efficiently transport slowly varying channel associated signalling bits, second order structures known as multiframes or superframes are defined. For example, for E1 trunks the CAS signaling bits are updated once per multiframe of 16 frames (every 2 milliseconds) while for T1 ESF trunks the superframe is 24 frames (3 milliseconds).
Other types of second order structures are also in common use. In GSM cellular networks, the Abis channel that connects the Base Transceiver Station (BTS) and Base Station Controller (BSC) is an E1 link with several framing alternatives, all of which have a basic superframe duration of 20 milliseconds. 

In the context of Y.tdmpls, the term "structured TDM" has been used to refer to TDM of arbitrary leverls of structure, including 'framed TDM' and 'channelized TDM'. However, this use is restricted to cases wherein the framing and channelization not only exist, but are deemed significant for the transport of TDM over MPLS. It is suggested that in the context of transport a better term would be "structure-aware" transport.

TDM transport is denoted "structured-agnostic" when the TDM is unframed, or when it is framed or even channelized, but the framing and channelization structure are completely disregarded by the transport mechanisms.  In such cases all structural overhead must be transparently transported along with the payload data, and the encapsulation method employed provides no mechanisms for its location or utilization.
Structure-aware TDM transport may explicitly safeguard TDM structure, in three conceptually distinct ways, which we shall call structure-locking, structure-indication, and structure-reassembly.  Structure-locking ensures that packets consist of entire TDM structures or multiples/fractions thereof.  Structure-indication allows packets to contain arbitrary fragments of basic structures, but   employs pointers to indicate where the following structure commences.  In structure-reassembly components of the TDM structures may be extracted and reorganized at ingress, and the original structure reassembled from the received constituents at egress.

All three methods of TDM structure preservation have their advantages.  Structure-locking is described in section 8.2.1 of the baseline text, structure-indication is utilized in Section 8.2.2. A structure reassembly method is noted in Appendix A.2.

Proposal

It is proposed to use the following definitions in section 3 of the baseline text.

Unstructured TDM: TDM that consists of a raw bit-stream of rate defined in G.702, with all bits are available for payload.

Structured TDM: TDM with any level of structure delineation, including TDM containing frames, channelization, and multiframes (e.g. as defined in G.704, G.751, T1.107, Abis). 

Structure-Agnostic Transport: Transport of unstructured TDM, or of structured TDM when the structure is deemed inconsequential from the transport point of view.  In structure-agnostic transport any structural overhead that may be present is transparently transported along with the payload data, and the encapsulation provides no mechanisms for its location or utilization.
Structure-Aware Transport: Transport of structured TDM taking at least some level of the structure into account. In structure-aware transport there is no guarantee that all bits of the TDM bit-stream will be actually transported over the MPLS network (specifically, the synchronization bits may be stripped at ingress and regenerated at egress), or that bits transported are always situated in the packet in their original order. 

Structure-Locked Encapsulation: Structure-aware TDM transport wherein packets consist of entire TDM structures or multiples/fractions thereof.
Structure-Indicative Encapsulation: Structure-aware TDM transport wherein packets may contain arbitrary fragments of basic structures, but a pointer is employed to indicate where the next structure commences.
