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Abstract:	The use of AAL 5 defined in STR-VTOA-DSK-01.08 is a minimal SSCS.  It is inadequate to support higher-rate connections (M*64 kb/s, where M>1) for purposes like H.320 video, and it lacks features that make AAL 1 robust.  This paper shows how parity with AAL 1 can be regained by a straightforward coding of the CPCS-UU octet already present in AAL 5 trailers.  There is no impact on either payload fill or alignment.


	


This is a copy of contribution 96-1556 submitted to the ATM Forum meeting in Vancouver, Canada 2-6 December 1996.  It is relevant to the transport of H.320/H.321 services over AAL 5.


1.  Motivation


This topic was raised at VTOA/Desktop on Thursday morning in Montreux and is now given a fuller treatment ....


Section 2.5.3.1 of STR-VTOA-DSK-01.08 defines a use of AAL 5 to deliver narrowband 64 kb/s connections to a desktop.  Although it states that the SSCS is null, it would be more accurate to say that there is no protocol control information (PCI) contributed by the SSCS sublayer.  Protocol procedures and rules there certainly are, like the following:


The payload shall be octet-aligned with narrowband.


Payload fill shall be the same for all cells.


Payload fill shall equal the maximum CPCS-SDU size signaled at connection establishment.


Payload fill shall be a multiple of 4 octets and shall not exceed 40, which is its preferred value.


The CPCS-UU octet shall be set to zero.


A higher application layer shall decide how to use payloads that are indicated as corrupt.


There are two problems with this minimal SSCS:


It will not last long, as it does not support narrowband connections greater than 64 kb/s.


It leaves AAL 5 inferior - lacking several features that are well-known in AAL 1.


Higher-rate connections are a useful part of H.320, the narrowband standard for audio and video communication.  Although H.320 can operate over 2*64 kb/s, its quality is greatly improved at rates of 384 kb/s and beyond.  Such connections are typically established as 1*384, not 6*64.  This eliminates the complexity of bonding multiple channels.  Today it is mostly priority locations, like conference rooms, that are served in this way.  For most desktops, N-ISDN is a bottleneck that allows through only the two B-channels of BRI.  When ATM arrives at a desktop, it should eliminate this bottleneck and fully support M*64 kb/s, where M > 1.


To support higher-rate connections, additional structure must be imposed on N-ISDN octets.  The simplest approach is to send one octet in turn from each 64 kb/s time slot, which creates repetitive groups of M octets.  The challenge is that these groups may not fit evenly into cells.  Consider, for example, M=6 in the preferred 40-octet fill or M=30 in any multiple of 4-octet fill.  If a cell should ever get lost, it would be impossible to recover the alignment of the groups without additional information.  AAL 1 is capable of providing just such information through the Structured Data Transfer pointer.


Another challenge with M > 1 is that cells will arrive faster at the receiver.  The interval between cells is comparable to or less than the typical jitter in arrival times (cell delay variation).  If there are anomalies in network performance, a receiver may need to insert dummy bits in order to keep the circuit rate constant.  If it cannot tell whether a cell is missing or simply delayed, a receiver cannot know if it has already played out dummy bits corresponding to its payload.  The receiver's mistakes in such circumstances will cause slips that disrupt H.320 framing.  This takes at least 80 msec to recover and can produce annoying, though temporary, defects in audio and video.  AAL 1 is better at avoiding such problems, because it can detect and recover from anomalies using the 3-bit sequence number in each cell.


Finally, AAL 1 is also capable of conveying a synchronous residual time stamp for clock recovery.  SRTS is not useful in a desktop context, and its other uses seem to be few and optional.  However, it is a feature that naturally follows in the wake of sequence numbering.


The remainder of this paper reviews, in a different order, the use and encoding of the three mentioned capabilities of AAL 1.  Then it shows how they can be expressed equally in AAL 5 by making better use of the CPCS-UU octet.  Enhancing AAL 5 to the desktop in this way creates a service that supports M > 1 and removes any doubts about its functional equivalence to AAL 1.


2.  Feature A - Sequence Number Indication


Sequence numbering is part of the AAL 1 SAR sublayer.  It is defined in I.363 sections 2.4.2 and 2.5.2.1.  The recent revision, I.363.1, contains a helpful Appendix III "Informative and example operations for handling of lost/misinserted cells and for maintaining bit count integrity".


--------------------------------------------------------�| CSI bit | Sequence number | CRC field |  Even parity |�--------------------------------------------------------�    1 bit       3 bits          3 bits        1 bit     �|                                                      |�|_______________                        _______________|�                \                      /                �                 \                    /                 �                  \                  /                  �     -------------------------------------------------- �     | Cell header | SAR-PDU header | SAR-PDU payload | �     -------------------------------------------------- �         5 octets        1 octet         47 octets�


Figure 1 - Structure of AAL 1 header


CSI (convergence sublayer indication) is a single bit passed peer-to-peer via the SAR-PDU header on behalf of the next higher CS sublayer.  It is consumed by CS and is not visible to the AAL 1 user.


The sequence number starts at 0 and increments modulo 8 with each successive cell transmitted.  �A transmitter must send SAR-PDU headers with a correctly incremented sequence number.  It is optional for a receiver to use this sequence number to detect lost or misinserted payloads.


Because AAL 1, unlike AAL 5, lacks CRC-32 protection over the entire payload, it makes a special effort to protect the CSI and sequence number fields.  That is the sole purpose of the CRC and even parity fields.


The degree to which sequence number awareness at the receiver will pay off in higher quality connections depends on network performance parameters like cell loss ratio (CLR).  It is instructive to consult Figure 3-2 and section 3.6.1.1 of Traffic Management 4.0.  Notice that there is a non-zero probability, Alpha, of late cell arrival and an arbitrarily long tail distribution.  There is an assumed relationship between CLR and Alpha, but its nature is for further study.  It is not guaranteed that late cells won't arrive!  A receiver that ignores sequence numbers is more vulnerable to errors. 


3.  Feature B - Synchronous Residual Time Stamp


SRTS uses the CSI bit as defined in I.363 section 2.5.2.2.1.  It works in conjunction with sequence numbering and only requires the CSI bits of half the SAR-PDUs, those numbered 1, 3, 5, 7 modulo 8.  This leaves the remaining CSI bits available for a different purpose, such as indicating SDT.


SRTS is designed to convey a known service frequency accurately across a connection where the transmitter and receiver have access to a common reference of known higher frequency, for example, the 155.52 MHz of OC-3.  The reference is divided down by a suitable power of 2, and the number of derived cycles is then counted on a running basis.  Every eight SAR-PDUs, this count is sampled and its four low-order bits are transmitted through the CSI.  Given that the receiver knows the ratio of the service to the reference frequency, this proves to be enough information to make residual corrections.


SRTS is a recognized option for clock recovery in unstructured Circuit Emulation Service. 


4.  Feature C - Structured Data Transfer


SDT is part of the convergence sublayer and is defined in I.363.1 section 2.5.2.3.  The one obvious difference from the previous I.363 is that a reserved bit has now been turned to even parity.


                       ------------------------------�                       | Even parity | Offset field |�                       ------------------------------�                            1 bit         7 bits     �                       |                            |�                       |____                    ____|�                            \                  /     �                             \                /      �                              \              /       �--------------------------------------------------------------�| Cell header | SAR-PDU header | SDT pointer | AAL user info |�--------------------------------------------------------------�    5 octets        1 octet        1 octet       46 octets�


Figure 2 - AAL 1 Structured Data Transfer pointer


When used for a given connection, the SDT pointer occurs exactly once in each cycle of eight SAR-PDUs.  It can occur only in sequence numbers 0, 2, 4, 6 modulo 8 and is distinguished by the value CSI = 1. Otherwise, CSI = 0 or CSI = SRTS.


The value of the offset field is the number of octets between the SDT pointer octet and the beginning of the next structure group.  Valid values range from 0 to 93  - just enough to span two cells.


The SDT pointer occurs at the first opportunity in a cycle where a new structure group begins.  If no group begins in a given cycle, the SDT pointer occurs anyway in SAR-PDU 6.  The value of the offset then is 93 if a group begins at the start of the next cycle and is dummy value 127 otherwise.


5.  Coding of the CPCS-UU Octet


The proposal that follows is intended to bring a full set of N-ISDN services to the desktop via AAL 5.  The same coding of CPCS-UU may or may not apply to the use of AAL 5 in other circumstances.


This proposal does not conflict with the current specification, STR-VTOA-DSK-01.08, except by redefining use of the CPCS-UU octet.


In this context, the AAL 5 payload is confined to a single cell, as shown in Figure 3:


                       ----------------------------------------------------�                       | CPCS-UU | CP-Indicator | Payload length | CRC-32 |�                       ----------------------------------------------------�                         1 octet      1 octet        2 octets     4 octets �                       |                                                  |�                       |____________                          ____________|�                                    \                        /             �                                     \                      /              �                                      \                    /               �-----------------------------------------------------------�| Cell header | CPCS-PDU payload | Pad | CPCS-PDU trailer |�-----------------------------------------------------------�    5 octets       4-40 octets      ?        8 octets�


Figure 3 - Structure of AAL 5 to the desktop


The CPCS-UU octet is a peer-to-peer indication that may be employed by the SSCS sublayer.  (In the AAL 5 model, SSCS is the user of CPCS, and together they make up the convergence sublayer. This combined CS is the user of the SAR sublayer.)


Adhering to the AAL 1 coding as closely as possible, it is natural to use the high-order bits of CPCS-UU for CSI and sequence number.  This leaves just 4 bits in each cell for the SDT pointer.  But the SDT pointer only applies to even cells, so its value can be continued into the next odd cell.


---------------------------------------        ------------------------�| CSI | SNeven | Even parity | SDT7-5 |        | CSI | SNodd | SDT4-1 |�---------------------------------------        ------------------------� 1 bit  3 bits      1 bit      3 bits           1 bit  3 bits  4 bits  �|                                     |        |                      |�|_____________           _____________|        |_____           ______|�              \ CPCS-UU /                            \ CPCS-UU /       �               \       /                              \       /        �                \     /                                \     /         �----------------------------          ----------------------------�| Cell hdr | ... | Trailer |          | Cell hdr | ... | Trailer |�----------------------------          ----------------------------�


Figure 4 - Proposed coding of the CPCS-UU octet


High-order bits 7 through 5 of the offset will appear in an even cell and low-order bits 4 through 1 in the following odd cell.  For lack of a better use for one remaining bit, it is proposed to retain even parity across the SDT pointer.  This will provide some protection against any mistakes in dividing the offset field over two cells. 


Spreading out the SDT pointer in this way does cause, unfortunately, an additional one-cell delay in reassembling it at the receiver.  However, this seems a reasonable price to pay for keeping other important aspects of AAL 5 unchanged (like cell fill up to 40 octets and 4-octet alignment).  It should be noted that SDT is only used when M > 1.  In this circumstance, cells arrive at two or more times the usual rate, so receiver delay will be no worse than for an ordinary voice call. 


6.  Conditions of Use


UNI 4.0, via Q.2931, is capable of signaling several parameters of AAL 1 usage:


- Convergence sublayer type�- CBR rate�- Clock recovery method�- Error correction method�- SDT block size�- Partially filled cells 


The parameters signaled for AAL 5 are fewer:


- Forward maximum CPCS-SDU size�- Backward maximum CPCS-SDU size�- SSCS type 


Does this pose a problem for using SN, SRTS, and SDT in conjunction with AAL 5 to the desktop?


No — SN never needs to be signaled at all, since it is mandatory at the transmitter and optional at the receiver.  SRTS may be signaled in other circumstances, but it is not proposed to be an option for N-ISDN to the desktop.  And the use of SDT is wholly determined by the rate of the N-ISDN connection (M > 1?).  So is the SDT blocksize (M).  The N-ISDN rate, M*64 kb/s,  is part of the Narrowband Bearer Capability (N-BC) information element, which is mandatory to the desktop.


There do exist issues of clock frequency for the desktop (network synchronous, receiver adaptive, or free running), but these are too complex for AAL 1 signaling to be of any help.  This problem and its resolution will be the same for AAL 1 and AAL 5.


7.  Normative Text


The following wording is proposed:


"This section defines a Service Specific Convergence Sublayer that shall apply by default, in the absence of more specific signaling or prior agreement, when AAL 5 is used to communicate N-ISDN services to the desktop.  More precisely, this SSCS shall apply when an ATM VCC is established by signaling messages (SETUP, CONNECT) that contain a Narrowband Bearer Capability IE and resolve the AAL Parameters IE to AAL 5 with SSCS-type absent or null.


The CPCS-UU octet shall be coded as follows:


Most Significant Bit 8	  Convergence Sublayer Indication (CSI);�			  Bits 7-5	  Sequence number (SN);��if Bit 5 == 0 and Bit 8 == 1�{�			  Bit 4	  Even parity over Bits 3-1 of this octet�					  and Bits 4-1 of the following CPCS-UU;�			  Bits 3-1	  Structured Data Transfer (SDT) pointer,�					  3 most-significant bits of offset;�}�else if Bit 5 == 1 and Previous Bit 8 == 1�{�			  Bits 4-1	  Structured Data Transfer (SDT) pointer,�					  4 least-significant bits of offset;�}�else�{�			  Bits 4-1	  Reserved (transmitted as 0, ignored by�					  the receiver);�}


The first cell transmitted shall be numbered SN = 0.  With each subsequent cell, SN shall increase by one modulo 8.  It is mandatory for a transmitter to send a properly incremented SN.  It is optional for a receiver to interpret and act on the SN.  See Appendix III/I.363.1 for examples of receiver behavior.


The CSI bit may be used by the SSCS sublayer as defined in 2.5.2.2.2/I.363.1 and 2.5.2.3/I.363.1:  to convey a Synchronous Residual Time Stamp (SRTS) or to indicate the presence of an SDT pointer.


If the SDT pointer is used (once per cycle of 8 sequence numbers), its 7-bit offset shall be divided between a CPCS-UU octet with even SN and the immediately following CPCS-UU with odd SN.  The value of the offset is the number of octets from the start of payload in the even-numbered CPCS-PDU to the beginning of the next structure group.  Valid values range from 0 to 80 for a payload fill of up to 40 octets, instead of from 0 to 93, as in I.363.1.  The dummy offset is coded as 127. 


SDT shall be used when the N-ISDN connection is M*64 kb/s and M > 1.  The unit of structure shall then be a group of M octets, one from each time slot, in order of their transmission over N-ISDN." 


8.  Motions


VTOA/Desktop rules for using AAL 5 in Phase 1 should be part of a more comprehensive design that will also support N-ISDN connections greater than 64 kb/s.


A prudent way to complete the design for using AAL 5 is to adapt mechanisms already proved successful for AAL 1.


As a resolution of straw ballot comments, add the normative text of section 7 to STR-VTOA-DSK-01.
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