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1 Introduction

Recent developments in IETF (drafts) and in the ITU-T (drafts) have created frameworks for providing ATM-connectivity in IP-based networks. 

In the IETF the framework is based on tunnels called pseudo-wire emulation (pwe) for PWE3 encapsulations using IP (both versions IPv4 and Ipv6), L2TP, or MPLS. 

In the ITU-T the framework is based on a signaling protocol called IP-ALCAP for IP networks only in a similar way as the current AAL2 ALCAP signaling protocol, which is used in the ATM networks only.

In TR 25.933 [ 1. ] 3 proposals for interworking are currently foreseen in section 7.9 "Backward compatibility with R99/Coexistence with ATM nodes":

- (1) Dual-stack capability,
- (2) Interworking function, which is a logical part of the Rel5 IP UTRAN node, that enables each IP UTRAN node a 3GPP compliant Rel99/Rel4/Rel5 interface towards the UTRAN nodes having ATM transport option,
- (3) A TNL Interworking Unit present between the IP UTRAN Node and the ATM UTRAN Node. This is the ITU-T approach

1.1 Interworking Function vs. PWE

Alcatel [2-4] is proposing to use as IP/ATM interoperatibility a dual stack solution with the usage of the IETF PWE framework. In this contribution we would like to compare the IETF with the ITU-T approaches.

1. Both solutions introduce an extra node, which in the dual-stack solution is called a PWE capable router with switching capabilities and in the TNL-Interworking Unit is called IWU. 

2. Both solutions are using frameworks for interworking that are currently drafts only: Pseudo-Wire emulation by IETF and IP-ALCAP signaling protocol to be used in any IP network as a signaling protocol independent of any IWU by ITU-T.

Therefore, the frameworks of Pseudo-Wire Emulation and the IP ALCAP signaling allow the interworking between ATM nodes and IP-based nodes. This makes it possible to be used in networks where no ATM-connectivity is available.

2
Discussion

2.1

Interworking with Pseudo-Wire Emulation (ref  [5]-[10])

A PWE-capable router with switching capabilities plays a "similar role" as the IWU in the ALCAP framework equipped with interfaces to both the ATM and the IP network, connecting the ATM and the IP-backbone.  Through the IP-backbone between the dual-stack RNC-R5 and the PWE-router a tunnel is established for interconnection with ATM node. The IP node communicates with the ATM node over its AAL2 protocol stack, over PWE3 and over the tunnel through the IP-backbone. The tunnel transports ATM packets to the PWE-router, from where plain ATM-traffic is switch to ATM node over the ATM-backbone. The protocol stacks are shown in Figure 1.
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Figure 1. Interworking with Pseudo-Wire Emulation (U-Plane)
2.2
Interworking with an Interworking Unit (ref [11]-[14])
An IWU equipped with interfaces to both the ATM and IP networks connects the ATM-backbone and the IP-backbone. The IP-node sends IP packets through the IP-backbone to the IWU. The IWU transforms the IP packets into ATM packets and sends them to the ATM node through the ATM-backbone.
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Figure 2. User Plane for the Interworking between ATM Nodes and IP Nodes

2.3
Comparison of both methods

1. Both methods use frameworks, which are current in drafts stages at the IETF and ITU-T correspondingly.

2. Both methods require the usage of an additional physical node to perform the interworking. function, a PWE capable router with switching capabilities in one case and IWU in the other case.

2.4
Differences in the methods

1. Every IP node in the PWE framework has to have a dual stack, an IP- and ATM -stack.

2. The dual stack in the IP node (PWE framework) is more complex than the simple stack used in an IP node (IP-ALCAP framework). Therefore, the IP node with dual stack would be more expensive because one will be in each IP node.

3. The IWU will be used only when it is needed. The number of IWU (IP-ALCAP frameworks) will be decreasing with the passing of years, which would not be the case for the number of IP nodes with Dual-stack (PWE framework).

4. Overhead consideration: using the PWE framework would result in a higher protocol overhead than the ITU-T ALCAP framework. The IP stack for this node is more complex, ATM over PWE over IP, than the IP stack for a normal IP node. This would imply a smaller transport network efficiency.

5. As long as one ATM node exists in the network all the IP nodes (PWE framework) have to keep implementing the Dual-stack scheme due to requirements for backward compatibility with older releases. For the case of IP-ALCAP framework, the number of IWUs will decrease when the total number of ATM nodes decreases with the passing of years. Therefore, the Dual-stack solution would be the most expensive solution.

3
Conclusion

As the dual-stacks are more complex in the PWE framework, which severely impacts the cost of the IP node (in this case the RNC), we conclude that the PWE solution should not be considered. See table 1 for a summary.

Table 1: Summary of the comparison of the IETF and ITU-T frameworks for interworking between IP and ATM networks

	Comparison item
	IWU
	PWE

	Standardization 
	Framework:

ITU-T 

IP ALCAP signaling: draft
	Framework:

IETF 

Pseudo-Wire framework: working group draft

	Implementation
	ITU-T

IWU: draft

ITU first standardizes, then implements. No known implementation yet.
	IETF  PWE router: No draft exists yet

	Need for additional node
	Additional physical node needed: IWU
	No additional node needed if existing router has ATM switching capabilities with both ATM and IP connectivity could be used

	
	ATM/IP always needs an IWU

Need for IWU will decrease whilst years passing
	PWE can be avoided when the Dual-stack node is connected to both ATM and IP-backbone. In this case there is a processing gain in this solution. 

	IWU and PWE3 compared roles
	IWU terminates different ATM and IP protocols: signalling and user plane.
	Different role of the PWE capable router: does not perform ATM ( IP packet translation, but switching the ATM packets.

1) PWE capable router only relays ATM

2) PWE capable router does not have two different protocol stacks for user plane and signalling plane.

	Protocols to be implemented for the interworking between IP and ATM
	Dual-stack for IWU only

Note: 

Every IP node will have at its disposal an IP-ALCAP stack whether it is used for interworking with IWU or not. Therefore, an extra effort in the IWU implementation will be not needed.

Looking to the future: The total number of ATM nodes will be decreasing with the passing of years, and therefore the number of IWUs will also decrease.
	Dual-stack for each IP node

Note:

Looking to the future: As long as one ATM node exists in the network all the IP nodes have to keep implementing the Dual-stack scheme due to requirements for backward compatibility with older releases.

	Protocol complexity
	Simple protocol stack for IP node in the user plane, but IP-ALCAP in the control plane.
	Dual stack for IP node but also needed in most of the cases where ATM backbone connectivity is provided.

The IP stack for this node is more complex, ATM over PWE over IP, than the IP stack for a normal IP node.

	Processing requirements
	IWU has severe processing requirements in particular for the signalling plane.
	PWE capable router does not terminate signalling protocol stack.

At user plane, PWE capable router has a more complex protocol stack at the IP site (added PWE-tunneling), but a simpler protocol stack on the ATM-side.

	Implementation effort
	Only in the IWU implementation

Note: as it is explained above an additional extra implementation effort for the IP-ALCAP signaling is not needed. ITU-T is standardizing the IP-ALCAP signaling protocol for every IP node to have at its disposal for usage independently of any IWU.


	A “capable router” must have ATM switching capabilities to be able to switch the ATM packets coming from the tunnel to the ATM backbone



	OAM complexity
	Simple OAM
	Simple OAM

	Overhead
	
	PWE has a Higher protocol overhead than an IP-based protocol stack.

	Cost 
	$     

IWU will be used only when needed 
	$$$$

 Dual-stack must be used in every IP node


4
Proposal

Therefore, we propose to introduce IP-ALCAP (as currently evaluated by ITU-T) for IP/ATM interworking and to note the presentations on PWE3.
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