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Abstract

   This memo presents the current deployment of network coding in some
   satellite telecommunications systems along with a discussion on the
   multiple opportunities to introduce these technics at a wider scale.

Status of This Memo

   This Internet-Draft is submitted in full conformance with the
   provisions of BCP 78 and BCP 79.

   Internet-Drafts are working documents of the Internet Engineering
   Task Force (IETF).  Note that other groups may also distribute
   working documents as Internet-Drafts.  The list of current Internet-
   Drafts is at https://datatracker.ietf.org/drafts/current/.

   Internet-Drafts are draft documents valid for a maximum of six months
   and may be updated, replaced, or obsoleted by other documents at any
   time.  It is inappropriate to use Internet-Drafts as reference
   material or to cite them other than as "work in progress."

   This Internet-Draft will expire on May 3, 2018.

Copyright Notice

   Copyright (c) 2017 IETF Trust and the persons identified as the
   document authors.  All rights reserved.

   This document is subject to BCP 78 and the IETF Trust’s Legal
   Provisions Relating to IETF Documents
   (https://trustee.ietf.org/license-info) in effect on the date of
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   publication of this document.  Please review these documents
   carefully, as they describe your rights and restrictions with respect
   to this document.  Code Components extracted from this document must
   include Simplified BSD License text as described in Section 4.e of
   the Trust Legal Provisions and are provided without warranty as
   described in the Simplified BSD License.
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1.  Introduction

   Network coding schemes are inherent part of the satellite systems,
   since the challenging physical layer require specific robustness to
   guarantee an efficient usage of the expensive radio resource.
   Further exploiting these schemes is an opportunity for a better end
   user experience along with a better exploitation of the scarce
   resource.

   In this context, this memo aims at:

   o  summing up the current deployment of network coding schemes;

   o  identifying opportunities for further usage of network coding in
      satellite systems.
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1.1.  Glossary

   The glossary of this memo is related to the network coding taxonomy
   document [I-D.irtf-nwcrg-network-coding-taxonomy].

   The glossary is extended as follows:

   o  XX: XX

1.2.  Requirements Language

   The key words "MUST", "MUST NOT", "REQUIRED", "SHALL", "SHALL NOT",
   "SHOULD", "SHOULD NOT", "RECOMMENDED", "MAY", and "OPTIONAL" in this
   document are to be interpreted as described in RFC 2119 [RFC2119].

2.  A note on satellite topology

   The objective of this section of to provide a generic description of
   the components composing a generic satellite system and their
   interaction.  It provides a high level description of a multi-gateway
   satellite network.  Figure 1 shows a example of a multigateway
   satellite system.  It is worth pointing out that some functionnal
   blocks aggregate the traffic coming from multiple users, and thus are
   opportunity for including network coding.
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   +---------------------+
   | Application servers |
   +---------------------+
          |     |   |
          |     |   |
          -----------------------------------
          v     v   v             v   v     v
   +------------------+         +------------------+
   | network function |         | network function |
   | (firewall, PEP)  |         | (firewall, PEP)  |
   +------------------+         +------------------+
       |  |                        |        |
       |  | IP packets             |        |
       v  v                        v        v
   +------------------+         +------------------+
   | access gateway   |         | access gateway   |
   +------------------+         +------------------+
          |                                 |
          | BBFrames                        |
          v                                 v
   +------------------+         +------------------+
   | physical gateway |         | physical gateway |
   +------------------+         +------------------+
          |                                 |
          | PLFrames                        |
          v                                 v
   +------------------+         +------------------+
   | outdoor unit     |         | outdoor unit     |
   +------------------+         +------------------+
      |   |                         |       |
      |   | Satellite link          |       |
      v   v                         v       v
   +------------------+         +------------------+
   | terminals        |         | terminals        |
   +------------------+         +------------------+

    Figure 1: Data plane functions in a generic satellite multi-gateway
                                  system

3.  Status of network coding in actually deployed satellite systems

   Figure 2 presents the status of the network coding deployment in
   satellite systems.  The information is based on the taxonomy document
   [I-D.irtf-nwcrg-network-coding-taxonomy] and the notations are the
   following: End-to-End Coding (E2E), Network Coding (NC), Intra-Flow
   Coding (IntraF), Inter-Flow Coding (InterF), Single-Path Coding (SP)
   and Multi-Path Coding (MP).
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   X1 embodies the source coding that could be used at application level
   for video streaming on a broadband access.  X2 embodies the physical
   layer that is applied on the PLFRAME to have an optimal usage of the
   satellite capacity.

   +------+-------+---------+---------------+-------+
   |      | Upper | Middle  | Communication layers  |
   |      | Appl. | ware    |                       |
   +      +-------+---------+---------------+-------+
   |      |Source | Network | Packetization | PHY   |
   |      |coding | AL-FEC  | UDP/IP        | layer |
   +------+-------+---------+---------------+-------+
   |E2E   |   X1  |         |               |       |
   |NC    |       |         |               |       |
   |IntraF|   X1  |         |               |       |
   |InterF|       |         |               |   X2  |
   |SP    |   X1  |         |               |   X2  |
   |MP    |       |         |               |       |
   +------+-------+---------+---------------+-------+

              Figure 2: Network coding and satellite systems

4.  Opportunities for more network coding in satellite systems

   This section extends Section 3 by presenting the opportunities for
   more network coding in satellite systems.

   These opportunities are further detailed in Section 5 and listed in
   this section:

   o  (1) two way relay channel mode;

   o  (2) reliable multicast;

   o  (3) improving random access;

   o  (4) network coding and hybrid access;

   We propose to include some of the identified opportunities in the
   Figure 3.
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   +------+-------+---------+---------------+-------+
   |      | Upper | Middle  | Communication layers  |
   |      | Appl. | ware    |                       |
   +      +-------+---------+---------------+-------+
   |      |Source | Network | Packetization | PHY   |
   |      |coding | AL-FEC  | UDP/IP        | layer |
   +------+-------+---------+---------------+-------+
   |E2E   |X1     |         |         (4)   |       |
   |NC    |       |(1)      |(1)(2)(3)(4)   |       |
   |IntraF|X1     |         |   (2)   (4)   |       |
   |InterF|       |(1)      |(1)   (3)      |X2     |
   |SP    |X1     |(1)      |(1)   (3)      |X2     |
   |MP    |       |         |   (2)         |       |
   +------+-------+---------+---------------+-------+

   Figure 3: Opportunites for more network coding and satellite systems

   Opportunities for more network coding in SATCOM seems to be more
   relevant at the middle ware or at the communication layer levels.

5.  Deployability and related use cases

   This section details use-cases where the usage of network coding
   schemes could improve the overall system and the deployability of the
   opportunities that are provided in Section 4.

5.1.  Network coding and VNF

   Related to the foreseen virtualized network infrastructure, the
   network coding schemes could be proposed as VNF and their
   deployability enhanced.

5.2.  Network coding and PEP

   Related to the impact and integration of network coding in Proxy-
   Enhanced-Proxy RFC 3135 [RFC3135] architecture.  In particular how
   network coding can be integrated inside a PEP with QoS scheduler as
   defined, for instance, in RFC 5865 [RFC5865].

6.  Acknowledgements
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   Many thanks to
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8.  IANA Considerations

   This memo includes no request to IANA.

9.  Security Considerations

   This document, by itself, presents no new privacy nor security
   issues.
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