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1   Introduction

The approved work task on IP-transport in UTRAN [1] describes the potential benefits by using IP instead of ATM as the transport technology. In that description the affected TS-documents are identified. It also includes a time plan for the work. 

To be able to define the transport layer protocols for an all-IP solution the requirements needs to be established.

This contribution tries to identify the requirements on the transport network layer, i.e. the services to be provided to the radio network layer. This is followed by some examples how those services could be provided in case of having an IP based transport. The interfaces that do not already have IP as an option or requiring changes due to the removal of AAL/ATM parts are treated. The focus is on the user planes of Iur and Iub. Some aspects with respect to the control plane of Iub, and control and user planes of the Iu CS domain are also discussed. The material is based on the 1999 December release technical specifications.
2   Guiding Principles

Some general principles that should be followed when defining the IP based transport are:

· The changes should only be made to the Transport Network Layer (TNL) since the Radio Network Layer should be independent of the TNL. There could be some minor changes to the Radio Network Layer, e.g. addressing.

· Re-use of protocols: preference for already standardised protocols, e.g. IETF protocols for the IP related parts, in order to have wide spread acceptance and avoid double work. 

3   IP support in Release 1999 of the UTRAN interfaces

The Iu interface consists of two different interfaces, one is towards the CS domain and the other is toward the PS domain. For the signalling support (i.e. control plane) there is only an all-ATM solution specified for the CS domain while there is both IP and ATM options specified for the PS domain of Iu (see TS25.412). In order to have a network architecture supporting IP as transport technology on all interfaces it should be possible to specify the same solution for the control plane of the CS-domain as used on the control plane for the PS domain.

The user planes of the Iu CS domain, Iur and Iub use the AAL2/ATM as lower layer transport. Only the Iu PS domain has an IP based transport.  In the following the discussion is concentrated on the Iur and Iub, since the requirements on Iu CS domain for the user plane would probably be similar or less.

In some of the interfaces containing the AAL5/ATM sub-layers, IP is already in place either as an option (e.g. transport network control plane) or as the only alternative (Iu PS domain). Thus using any other L1/L2 transport technology in the lower layers than AAL5/ATM should therefore be possible from today as seen from a requirement perspective. Iub do not provide IP as an option.

In release 1999 the protocol stack of Iur and Iub are shown in Figures 1 and 2  (as taken from the release December 1999 documents):
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Figure 1.     Iur protocol stack (December 1999 version)
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Figure 2.   Iub protocol stack (December 1999 version)

4   IP based transport network layer

4.1    Iub Control Plane

There is one specific difference between the Iub and Iur stacks (shown in Figures 1 and 2). In the control plane there is no IP transport option in Iub. This could be solved by letting the transport layer of the radio network control plane apply the same stack as for Iur. This would mean that the same stack would be used throughout UTRAN for this purpose. However, this example solution would add some functionality that is not required for the Iub interface presently.

4.2   Services required by the upper layers of user plane of Iu_CS

For the Iu_CS the requirement is transfer of user data (TS25.415). That is, no requirement of in-sequence delivery as required in the user planes of Iur and Iub as indicated below.

4.3   Services required by the upper layers of user planes of Iur and Iub

In the current specifications the AAL2/ATM provides the services to radio network layer. The services required by the radio network layer are: 

· connection identification. In the specified ATM solution the AAL2 connection identifier provides this. 

· in-sequence delivery of PDUs to upper layers (TS25.425, TS25.427). If this means re-ordering of PDUs or simply not sending data that have been received out-of-sequence is not clearly stated. This requirement needs to be verified. Looking at the AAL2 specifications the services provided are sequence integrity, non-assured transport. Packets may be lost or they may even be corrupted.

Other requirements are:

· QoS should be provided, e.g. macro diversity would set certain timing requirements,

· efficient use of the bandwidth of the transport network, e.g. by reducing the protocol overhead.

4.4 Possible Protocol Solutions for the user planes of Iur and Iub

The assumed protocol stack would be UDP/IP on top of any L1/L2 transport.

Connection identification:

UDP port number can give the connection identifier (together with the associated IP address).

In-sequence delivery:

Since UDP do not provide in-sequence delivery service there is a need to either change the radio network functionality to not require this or add that functionality in the transport layer. The latter seems the best way if changes to the radio network layer should be kept low.  But as can be seen it is hard to distinguish what is part of application or not in the border between two types of layers.

Possible protocols are:

· One IETF protocol option above the UDP/IP layer is RTP (Real Time Protocol) [draft-ietf-avt-rtp-new-07.txt]. It would support in-sequence delivery and have the possibilities to support real-time applications. 
· Another possible protocol could be GRE (Generic Routing Encapsulation) [rfc1701]. 
· GTP-U may also be used (possibly stripped version). 
· AAL2 but changes could be necessary to the protocol to provide in-sequence delivery since UDP/IP do not provide sequence integrity. There is only one bit specified for that purpose in AAL2.
· To develop a specific 3GPP protocol on top of UDP/IP. It would in practise be an adaptation between radio network layer and transport layer.  
4.5   Transport network Control plane

The AAL2 connections are set-up by the ALCAP protocol. This type of plane would not be used for IP transport, see the Iu PS domain. The Iu PS domain mechanisms may be used instead, such as the RNL control plane signalling can be used to set-up and release the UDP/IP connections for the user plane protocols. The resource reservation and bearer service differentiation can be done by normal IP means like Diffserv, RSVP or over-provisioning.

5     Other Aspects

5.1   ATM and IP network coexistence

Since release’99 specifications are based on ATM, UTRAN(s) may have both ATM and IP transport networks. The interconnection between ATM and IP based networks can be done in different ways. For Iub it is easily solved because of hierarchy since there a NodeB can only be connected to one and only one RNC. For Iur the problem is that an RNC should be able to communicate with every other RNC. The simplest solution here is to have both IP and ATM protocol stacks in each RNC but this is probably not cost effective. Those ATM or IP islands need to have so called gateways being able to handle both types of protocol stacks. This would limit the possibilities of interconnections but should not be a big drawback. For instance, each RNC identifier needs to be associated to what transport technique it supports and a table look up in each RNC would be used to route the packet correctly. Intermediate gateways RNCs would then be used. 

5.2    Quality of Service

The mechanisms to secure the quality of service levels such as timing aspects and packet loss have to be considered. One obvious way is to use over-provisioning but is inefficient in terms of transport resource usage. Another candidate is to use Diffserv. It is to be used in the packet domain over Iu for quality of service differentiation. 

5.3   Efficient utilisation of transport resources

Header compression techniques and PPP multiplexing could be used in the layers below IP. 

6    Conclusion

In order to provide and define the protocols for an all-IP based transport network layer it is necessary to define and assess the requirements. The requirements stated in the user planes specifications are in-sequence delivery and connection identifier. Some possible solutions have been shown to handle these requirements. Some other aspects have also been addressed.

It is suggested that the work on defining the requirements and protocol selections for the IP based transport network should be started. This paper may be used as a starting point. The method of work should be clarified with respect to adding material to the technical specifications since the specifications for release 1999 are not stable yet. One way to do this could be that the work item starts with drafting a document containing material that would be transferred to the specifications when they are sufficiently stable. 
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