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SUMMARY

This document presents an alternative to the LREF compression mechanism that is believed simpler and more efficient.
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Introduction

This document presents an alternative to the LREF compression mechanism that is believed simpler and more efficient.

1 Introduction of the alternative to LREF

The deflate compression mechanism has been proved to be particularly efficient, and its use is assumed to become generalized for every ATN mobile communication.

Because the deflate mechanism is so efficient, one can wonder whether it is useful to keep the LREF compression mechanism as an alternative to the deflate in future versions of the mobile SNDCF: indeed it can be argued that the LREF mechanism adds complexity to the development of ATN airborne and air/ground BIS, without real benefit since a better compression mechanim (the deflate) exists.

To this question, the following answer can be brought: the benefit of the LREF mechanism is that it can be combined with the deflate, and then contribute to get a better compression ratio than if the deflate is used alone. This has been demonstrated in WG2/WP407: together LREF and Deflate outperform Deflate alone, with a compression ratio of 3.82 compared to 3.08.

The analysis of this result raises an interesting question: why is the combination of LREF plus Deflate better than Deflate alone ? 

The effect of the LREF mechanism is mainly limited to the replacement of the source and destination NSAP addresses, and of the security parameter by a 1 or 2 octets-long parameter that references the same information in an history table (the LREF directory). In the absence of LREF, Deflate alone is able to automatically replace the source and destination NSAP addresses and the security parameter by a short reference in the Deflate History Window. 

If LREF+Deflate outperforms Deflate alone one can assume that this is because the 1 or 2 octets-long LREF reference is shorter than the reference that Deflate alone can automatically generate as a replacement of the source and destination address and of the security parameter.

The fact that LREF reference is shorter than the Deflate reference can be easily explained. There are 2 reasons:

1. Deflate works by finding sequences of data that were previously transmitted, and by replacing every identical sequence by two numbers: a distance, representing how far back into the Deflate history window the sequence starts (i.e. the distance), and a length, representing the number of octets for which the sequence is identical. The distance code is a bit string of 7 to 13 bits. The length code is a bit string of 5 to 18 bits. In total (distance+length) a deflate reference is a bit string of 12 to 31 bits, and is therefore slighty longer than an LREF local reference.

2. within a DT NPDU, the source+destination NSAP addresses field and the security parameter are not contiguous. As a consequence, Deflate uses 2 Deflate references to compress these fields, instead of 1 for the LREF mechanism.

The above considerations lead to the following remark. Instead of combining LREF with Deflate, it could be very advantageous to use Deflate alone, if before Deflate compression, the fields of Data (and other) NPDUs were re-encoded by the SNDCF in a different order, grouping the "stable" fields (typically the PID, version number, PDU type, source/destination addresses, and the security and priority parameters) together. 

Grouping the "stable" field together allows "defragmenting" the sequences of data regularly exchanged, and forming longer sequences compressible in one shot by the deflate mechanism.

The advantages of this solution are multiple:

· With such a mechanism, it is believed that a compression ratio which is at least as good as the one obtained with the combination of LREF and Deflate can be observed. However, this has to be verified experimentally.

One of the very interesting point of the solution is that the NSAP addresses and the security parameters will not be the only fields of the PDU compressed and replaced by a reference: a number of other fields (the priority parameter, the Version, the PID, the QOS maintenance, etc…) can be compressed on the same shot.

Another point that can contribute to get a better compression ratio is that the frequently used NSAP addresses, and security parameters will be registered within the Deflate compression windows, allowing a good level of compression of the first Data PDU exchanged with a new destination End System (i.e. the source NSAP address, the prefix of the destination address, and the security parameter can likely be compressed immediately). This may not be the case when LREF is used.

Additionally, the mechanism can greatly benefit from of the use of pre-stored deflate dictionaries, where could be pre-defined the usual CLNP PDU headers.

· The multiple overheads of the LREF mechanisms are removed:

1. The future versions of the mobile SNDCF would be simpler, easier to develop and certify.

2. The overhead due to the exchange of Cancellation Request/accept PDUs when the LREF table is full, is removed.

3. Possible causes of link reset disappear (e.g. directory full condition)

4. The overhead due to the addition of the Local Reference Parameter to the DT PDU when a new local reference is established, is removed.

· The procedures in handoff conditions are greatly simplified. Only the Deflate history windows remain to be maintained.

· The mechanism for re-ordering the CLNP PDU fields is very simple.

· The mechanism works for every type of CLNP NPDUs (including ERP and ERQ PDU) and independently of the options that are conveyed in the CLNP NPDUs. This is not the case of LREF whith which the presence in a CLNP PDU of an unusual option or of an unknown option (e.g. a future Package x option) forces the CLNP PDU to be sent uncompressed.

This new mechanism, named in this document "the mechanism for the reorganisation/restitution of CLNP PDUs", is therefore proposed as an alternative, or a replacement to the LREF mechanism in futures versions of the mobile SNDCF (including the Version 2 of the ISO 8208 mobile SNDCF, and the Version 1 of the Frame Mode mobile SNDCF).

A detailed description of the mechanism is provided in the next section.

2 Detailed description of the solution

2.1 Architecture

The architecture of a mobile SNDCF implementing the mechanism for the reorganisation/restitution of CLNP PDUs is as illustrated in Figure 1.
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The CLNP PDU reorganization module is a new functional block proposed to replace (or to be used as an alternative of) the LREF compression module. 

The CLNP PDU restitution module is a new functional block proposed to replace (or to be used as an alternative of) the LREF decompression module. 

2.2 CLNP PDU reorganization module

The purpose of the CLNP PDU reorganization module is to reformat the CLNP PDUs in a way that allows grouping the most invariant CLNP PDUs fields together, forming a contiguous octet string, and followed by the less invariant CLNP PDUs fields.

The new position of the CLNP PDU fields is determined by the level of invariance of the field. The following levels of invariance are identified:

Level of invariance
Definition
Associated CLNP PDUs fields 

1
CLNP PDU Fields that have always the same value
1. The Network Layer Protocol Identifier (always set to 81)

2. The version/Protocol Id Extension field (always set to 01)

2
CLNP PDU Fields that are invariant in the context of the same CLNP data flow exchanged between 2 ATN End Systems
1. The source NSAP address

2. The destination NSAP address

3. The Security Parameter

4. The Priority Parameter

3
CLNP PDU Fields that are invariant for all CLNP PDU segments of a same NSDU
1. The LI field (Header Length Indicator)

2. The SP flag (Segmentation Permitted)

3. The E/R flag (Error Report)

4. The Type code (DT, ER, ERQ, ERP)

5. The Data Unit Identifier

6. The PDU Total Length

4
CLNP PDU fields that have some big chances to be invariant for all CLNP PDU segments of a same NSDU 
1. The Lifetime field

2. The Route Recording Parameter

3. The QOS Maintenance Parameter

5
Variant CLNP PDU fields 
1. The MS flag (More Segment)

2. The segment length field

3. The segment offset field

4. The checksum

5. The Reason for Discard (for ER PDU only)

6. The data part

According to the above considerations, a reorganization of the CLNP PDU format optimized for maximum Deflate compression can be proposed. This is illustrated by the figures 2 and 3 below. Figure 2 represents the standard ISO/IEC 8473 PDU format. Figure 3 represents the proposed "reorganized ISO/IEC 8473 PDU format"
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The "sec", "pri", "rrc" and "qos" flag indicates respectively the presence or absence of the security, priority, route recording and Qos maintenance parameter.

The "check" flag indicates whether the checksum was used in the original NPDU. Note that it is not proposed to convey the value of the checksum within the reorganized PDU format. This is because, as a result of the reorganization+restitution process, the rebuilt CLNP PDU may not be strictly identical to the original CLNP PDU: indeed, the order of options may change.

The value of the Network Layer Protocol Id may have to be modified by the CLNP PDU reorganization process, to allow the receiving SNDCF distinguishing unambiguously a "reorganized CLNP" PDU from a standard ISO 8473 format and from and from a LREF compressed PDU format. But normally this should not be necessary, since once the use of the "PDU reorganization" mechanism has been negociated, all CLNP PDUs will systematically reformated according to the "reorganized ISO/IEC 8473 PDU format".

The value of the other fields must simply be set to the value of corresponding fields in the original CLNP PDU.

It must be pointed out that thanks to this organization, a 62 bytes long contiguous block of CLNP PDU header information (from NLPI to the Priority Parameter) that is invariant within a same data flow has been formed. This block will typically be compressed in one shot by the deflate mechanisms by replacing the block by a 12-to-31 bits reference. Additionally, very often, a number of the fields following this block will also be found invariant by the deflate compressor and compressed together in the same shot with the block.

2.3 CLNP PDU restitution module

The purpose of the CLNP PDU restitution module is to reformat the original ISO 8473 CLNP PDUs from the received "reorganized NPDUs".

3 Does LREF remain useful?

With the generalization of the use of the Deflate mechanism, and with the introduction of the new mechanism introduced in this document, one can wonder whether the LREF mechanism remains useful.

One possible justification for LREF is identified in WGD/IDG3/WP?? "A New Mobile SNDCF for 2nd Generation Air/Ground Datalinks": there is a new requirement for a compression mechanism that can be used for broadcast operation, and provided that the LREF directory is reset periodically, LREF is a possible candidate to meet this requirement.

However, it is believed that a better candidate compression mechanism could be found to satisfy the broadcast operations requirement. Notably, it could be proposed to use a derived version of the deflate mechanism, for which:

1. The broadcasted PDU would have to be removed from the Deflate compressor (resp. decompressor) history window as soon as the PDU has been deflated (resp. inflated).

2. A pre-stored dictionary of broadcasted information would be defined (e.g. including the ISH PDU header, the common NSAP prefix, the multicast NSAP addresses, …)

The last justification to the LREF mechanism is that LREF is more robust than Deflate when used over lossy mobile subnetworks. However, with the last enhancement proposed on the Deflate mechanism to have, following a Deflate decompression error, the compression window reset only to the end of the last correctly received packet (instead of a compete reset), this may not be true anymore.

4 Necessary changes to the SARPS

The SARPs changes implied by this proposal would be simple: 

1 Negotiation of the use of this mechanism: In the Compression Options Parameter conveyed in the call request/accept paquet user data (i.e. Tables 5.7-2 and 5.7-3 and the associated SARPS text)) , a spare bit (e.g. bit 3) should be reserved for the negotiation of this new compression option.

2 It is proposed to remove the requirement:

"LREF compression shall always be offered"

3 Called DTE procedure (5.7.6.2.2): addition of the following requirement:

The called DTE shall not accept both the LREF and "Reorganization" compression algorithm simultaneously

4 Data Transfer phase (5.7.6.2.3): modification of paragraph 5.7.6.2.3.2 to read:

a) If the LREF or "Reorganization" compression algorithm is used, it shall be applied to the ISO/IEC 8473 PDU first

5 Addition of a new section "5.7.6.6 CLNP PDUs Reorganization/restitution procedures where are specified PDUs reorganization/restitution processes according to the outline given in the previous sections of this document.

5 Recommendation

The IDG is invited to:

1) endorse the adoption of the proposed new mechanism described in this document, either as:

a) A replacement of the LREF mechanism (preferred choice), or

b) An alternative to the LREF mechanism,

in future versions of the mobile SNDCF, including the version 2 of the ISO 8208 mobile SNDCF and the "Frame mode" mobile SNDCF.

2) Launch test activities aimed at demonstrating the benefits of this new mechanism
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