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1 Introduction

1.1 Purpose and Scope

Please, describe what the document is intended for, and what the scope of its usage is.
1.2  Reference Material

1.2.1 Reference Documents

	[1]
	W. Simpson, “PPP over SONET/SDH”, RFC 2615, June 1999, ftp://ftp.upc.es/pub/doc/rfc/26xx/2615 

	[2]
	Kevin Thompson, Gregory J. Miller and Rick Wilder, “Wide-Area Internet Traffic Patterns and Characteristics”, IEEE Network, November/December 1997, page 13.

	[3]
	W. Simpson, “PPP in HDLC-like Framing”, RFC 1483, July 1994, ftp://ftp.upc.es/pub/doc/rfc/16xx/1662

	[4]
	James Manchester, et altri, ”IP over SONET”, IEEE Communications Magazine, May 1998.

	[5]
	http://www.lucent.com/micro/tic/docs/sdl.pdf

	[6]
	Integration of IP over Optical Networks: Networking and Management, Eurescom project P918-GI, Deliverable 1 (IP over WDM, Transport and Routing). http://www.eurescom.de

	[7]
	W. Stallings, “ISDN and Broadband ISDN with Frame Relay and ATM”. Ed. Prentice Hall, 1998 (4th. Edition).

	
	


1.2.2 Abbreviations

	ISP
	Internet Service Provider

	
	

	
	

	
	

	
	


1.2.3 Definitions

	TMF
	



1.2.4 Document History

	Version
	Date
	Authors
	Comment

	0.01
	20/4/2000
	Josep Solé-Pareta
	Initial documents 

	
	
	
	Update based on comments by 


1.2.5 Document overview

The document is structured as follows. Section 2 describes...
2 New Backbone Network Technologies: IP over SDH

2.1 Reasons to turn to IP directly over SDH
Internet Service Providers (ISPs) are increasingly turning to IP directly over SDH. The main reasons given by the  ISPs are:

1. Using ATM to transport IP adds up to 25% of overhead. The overhead includes: 

· The ATM cell header (5 bytes)

· The AAL5 trailer (8 bytes) 

· The LLC/SNAP encapsulation overhead (8 bytes), and 

· The PAD (last segment alignment to 48 bytes)

This is especially significant for short packets because the statistics say that nearly 50% of IP packets are 40-44 bytes long, which require 2 ATM cells to be transmitted, but the second cell goes almost empty. As shown in Figure 1, The 50% (approximately) of the packets are very short packets.

[image: image1.wmf]
Figure 1. Packet size distribution measured in a domestic link.

2. SDH has better scalability than ATM in terms of transmission rate. 

While IP/ATM is limited to 622 Mbps, IP/SDH can scale up to 10 Gbps (see Table 1). The IP/ATM limitation is due to the following facts:
· ATM SAR function becomes increasingly complex as the interface speed increases. 

· Currently, only interfaces up to OC-12 speed can use ATM SAR chips.
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Table 1. SONET/SDH Hierarchy

2.2 IP over SDH
2.2.1 Encapsulation

IP do not provides bit synchronization or packet delineation (demarcation)

· In IP/LANs, MAC layer provides bit synchronization and frame delineation

· In IP/ATM, SDH provides bit synchronization, ATM provides the cell synchronization and the AAL5 frame delineation (HEC byte + AAU bit)

· In IP directly over SHD, SDH also provides bit synchronization, but something is needed to provide IP packets delineation

IP/SDH requires an additional encapsulation for IP packet delineation. IP/SDH uses PPP HDLC-like encapsulation (RFC 1662). Figure 2 depicts the PPP HDLC-like frame format, which consists of the PPP part and the HDLC part. 

The PPP part consists of three fields:

· The protocol field, which identifies the protocol encapsulated in the Information field
(for IP this field takes the value 0x0021).

· The information field, which contains the encapsulated IP packet. The maximum length of this field can be set when the link is first configured. The default value is 1500 bytes. 

· Pad: The information field may be padded up to the maximum length. The encapsulated protocol has to disambiguate padding octets from real information. No padding is used in IP/SDH.

[image: image3.wmf]           +----------+----------+-----------------

           |   FCS    |   Flag   | Inter-frame Fill

           |16/32 bits| 01111110 | or next Address

           +----------+----------+-----------------

           +----------+----------+----------+

           |   Flag   | Address  | Control  |

           | 01111110 | 11111111 | 00000011 |

           +----------+----------+----------+

PPP PDU

           +----------+-------------+---------+

           | Protocol | Information | Padding |

           | 8/16 bits|      *      |    *    |

           +----------+-------------+---------+

IP 

packet


Figure 2. PPP HDLC-like frame format

The HDLC part consists of the following four fields:

· The Flag used for delineation.

· The Address field set to the HDLC All-Station Address.

· The Control field indicating that a HDLC Unnumbered Information (UI) frame is used.

· The Frame Check Sequence field of 32-bit, which is mandatory for all SDH rates except for 155 Mbps. For 155 Mbps, the 16-bit FCS is optional.

Thus, why using PPP HDLC-like encapsulation? Mainly because PPP is a standard method for transporting multi-protocol datagrams multiplexed over a point-to-point link. PPP provides for IP packet encapsulation, error control (discarding corrupted frames) and link initialization. HDLC provides for error reporting and delineation of the PPP encapsulated IP packets (delineation is accomplished using “byte stuffing” in the flag).
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Figure 3. PPP Link Control Protocol (LCP) 

PPP Lick Control Protocol (LCP)
· LCP is a three way handshake for configuring, maintaining and terminating the PPP link. 

· Dead state: The PPP link always begins and ends in the dead state. 

· Link establishment state: Is reached when an event such as a carrier detection or network administrator intervention indicates that a physical layer is present and ready to be used.

· In the  link establishment state, one end of the link sends its desired link configuration options using an LCP configure-request frame (a PPP frame with the protocol field set to LCP and the PPP information field containing the specific configuration request).  

· The other side then responds with a configure-ack frame (all options acceptable), a configure-nak frame (all options understood but not acceptable) or a configure-reject frame (options not recognizable or not acceptable for negotiation). 

· LCP configuration options include a maximum frame size for the link, the specification of an authentication protocol (if any) to be used, and an option to skip the use of the address and control fields in the PPP frames. 

· Network layer configuration state: Exchange network-layer-specific network control packets with each other. 

· It uses the IP Control Protocol (IPCP) [RFC 1332]. 

· IPCP packets are carried within a PPP frame (with a protocol field value of  0x8021)

· IPCP allows the two IP modules to exchange or configure their IP addresses and negotiate whether or not IP packets will be set in compressed form. 

· Open stae: Once the network layer has been configured, PPP may then begin sending network-layer datagrams . In this state, the LCP echo-request packet and echo-reply packet can be exchanged between the two PPP endpoints in order to check the status of the link. 

· Terminating state: is reached when a  LCP terminate-request packet is sent.  If a terminate-request LCP packet is sent by one end of the PPP link and replied to with a terminate-ack LCP packet, the link then enters the dead state. 

2.2.2 RFC 6215 specifications

RFC 6215 specifications are:

· The octet stream is mapped into the SDH Virtual Container (VC) with the octet boundaries 

aligned with the VC boundaries.

· “Scrambling” is performed during insertion into the VC (this function may be switched off if desired).

· The label C2 of the POH is used to indicate the contents of the VC.

(

The value of 22 (Ox16) is used to indicate PPP with scrambling.
(

The value 207 (Oxcf) is used to indicate PPP without Scrambling.

· The label H4 of the POH, which is used to indicate multi-frame is unused (takes the value0).
· X43 + 1 Scrambler description:
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· The PPP frames are located by row within the VC.
· PPP frames are allowed to cross VC boundaries (because they are variable in length).
Figure 4 depicts the capacity of the VCs.
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Figure 4: Capacity of the VCs
2.2.3 Drawbacks

· SDH is a circuit switching technology.
· Scalability beyond 2.4 Gbps (OC-48/STM-16). The HDLC-based delineation mechanism do not scale easily beyond 2.4 Gbps

· At the transmitter side, very outgoing byte needs to be monitored and stuffing performed 

· The receiver needs to monitor every incoming byte to do the destuffing
· Incremental capacity growth.
· SDH does not provide much flexibility in terms of capacity expansion 

· This is one of the motivations for the migration of the IP backbone networks to transport based on optical Wavelength Division Multiplexing (WDM) technology
2.3 Migrating the Internet backbone to WDM

2.3.1 Motivation to migrate to WDM
Motivations to migrate to WDM are:

· Combination of:
· An unprecedented demand for new transmission capacity

· High utilization of the existing cable
(
Traditional technique to cope with lack of bandwidth:

· Deployment of more fiber
(

This is expensive
· Increasing the TDM system rate (e.g. Move from OC-3 to OC-12)
 






(

This does not provide much flexibility

· A new technique is to turn to WDM

2.3.2 Benefits

(
Allows for flexible incremental capacity growth

· SDH granularity: 51 Mbps, 155 Mbps, 466 Mbps, 622 Mbps, etc.

· SDH/WDM granularity: 51 Mbps, 2x51 Mbps, 3x 51 Mbps, 4x 51 Mbps, etc.

(
Maximizes the reuse and minimizes the life-cycle cost of existing fiber facilities

· Example: WDM can be used to provide four OC-12  (622 Mbps)

IP/ATM /SDH interface on a single fiber pair

· To achieve the same without WDM we would require four fibers pairs

(
Provide a transport network solution for high capacity TDM signals

· For emerging Gigabit Routers with high-speed interfaces (e.g. OC –48), the existing transport infrastructure may become a bottleneck
· Using WDM is a cost-effective solution

(
Takes advantage of the commercial capacity of the fiber

· Example: Consider a Single-mode fiber (low loss region Bw = 30 THz)

· Existing commercial WDM systems offer 16-32 wavelengths

· Assuming OC-192 (10 Gbps) for each wavelengths, we can have 160 GPS and 320 Gbps

· A fiber serving as the transport medium for an OC-12 (622 Mbps) circuit is only using a 0.4% and a 0.2% of the fiber´s commercial capacity for 16 and 32 wavelengths respectively

· If we take an OC-48 (2.4 Gbps) circuit we are only using a 2% and a 1%
(
Allows the coexistence of multiple interface types on the same fiber

· IP/ATM/SDH

· IP/PPP/HDLC/SDH
· Some future yet-to-be-determined link protocols
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