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Introduction

The WI on System architecture evolution in SA2 and Long Term Evolution in RAN are two activities that started more or less independent of each other.  However, in order to achieve some of the objectives of the services such as end to end latency, call set up delay and QoS requirements etc, the two activities must be considered in conjunction.   The clear architectural split between the RAN and CN of today must also be re-evaluated; this allows removal of some duplication of functionalities and also simplifies specifications and systems and reduces latency and delay.

Discussion on the need for a re-evaluation of the Architecture

This section discusses the differences from the legacy UMTS network and the motivations for re-evaluating the architecture and functionalities provided by the different logical nodes today.

Focus on PS Domain 

The clear separation of RAN and CN of UMTS today was motivated for different reasons, perhaps most noticeably to allow different types of Radio access technologies (or networks such as GERAN, UTRAN, BRAN etc.) to connect to the same CN and to provide the same services irrespective of the access technology.

The CN of UMTS provides a rich set of both Bearer and Tele features especially on the Circuit Switched domain.  While the Packet Switched domain also offers many of the same features as in the CS domain like “Attach”, “Roaming”, Security, SMS, etc., it is essentially a bearer service providing a secure bit pipe of requested QoS.

LTE in RAN is focussed entirely on packet switched domain.  No CS services are expected to be provided over the LTE RAN.   This allows optimisations that were previously difficult because of the legacy CS Tele-services that had to be provided by an MSC.  The following section looks at the functional split of today and some of the optimisations possible.

Functional split between CN and RAN

Duplication of functionality: There is some duplication of functionality in the CN and RAN.  An example is PMM idle and URA-PCH states that are very similar in terms of functionalities and a single dormant state would have been sufficient.  It would simplify specifications and signalling overload and set up delays.  In fact this duplication of functionality leads not only to complexity in the specifications today but also complicates the introduction of new functionality as was clearly demonstrated during the work on MBMS.

QoS negotiation: The two step process of negotiating QoS between the UE and CN and between the CN and the RAN again generate a lot of signalling and delay in call set up.  Merging the nodes allows direct negotiation between the user and the RRM entity thereby reducing signalling and renegotiations, and call set up delay. 

User plane latency: Each node that processes, translates or forwards user plane packets adds additional latency to the packets.  This should clearly be avoided where possible.

The Iu-interface complexity:  The Iu interface provides the separation between the CN and the RAN.  Moving some of the functionality or merging of the CN and RAN nodes would simplify or eliminate the need for the Iu-interface procedures.  This leads to a significant reduction in functionality and complexity.   

A merged SGSN/RNC:  One of the simplest architectural changes that would exploit some of the points mentioned above is a merged SGSN and RNC.  Such a merged node avoids duplication of functionality and reduces the user plane latency.  In conjunction with the elimination of the Iu interface such a combined node could be similar in complexity to an RNC of today.  

While such a combined node can be implemented today, it would not benefit from the simplification of the specifications.  The terminals would have to support all the functionality required to support a logically split architecture.  Introduction of new features also becomes more complex. 

Additional factors that should be considered

Other integration of nodes could be considered both at a logical level and physical level.   Such an example was considered in the UTRAN evolution study item of integrating some of the RNC functionality in the NodeB.  Integration of the GGSN is another option that could also be looked at.

In addition to the architectural split between the nodes, even some of the functionality provided by the CN should also be evaluated:

Session management:  Session management provides QoS negotiation mechanism.  It is very signalling intensive and leads to call set up delays.  The use of shared channels over the radio as opposed to the dedicated channels for QoS assurances could be seen to avoid the need for prior QoS negotiation.  Scalability is another issue.  Whether a per packet marking like diffserv is sufficient could be looked at.

The other functionality of session management is to provide a stable IP address. There are other IETF means to provide this and should be considered.   

Mobility management:  Mobility management provides a means for users to “attach” to the network and also provides the means for a security association for encryption and authentication.   Most of the registration mechanisms for the PS side today were carried over from the CS side and such a commonality between domains was rational at that time.  In the absence of a CS domain, those motivations disappear allowing possibility of re-use from the IETF world.

Support of legacy terminals:  One of prime motivations to build on the existing architectural principles and functionality is support of legacy terminals.    The other side of the coin is the increase in complexity of the overall system caused by inter-actions between the different features as new features or functionality is added.  Overlay networks is another way to allow newer and simpler system development and deployment without being burdened by the legacy.   Support of legacy terminals should not be the compelling argument to retain the existing architectural split.

Interaction with other Radio access technologies:  It can be expected that any 3GPP system will have to interact with other non-3GPP systems.   Some form of inter-system “handovers” will be needed as indeed the work on WLAN has shown.  Since most of these system use IETF protocols, re-use of these protocols in the 3GPP world would ease interaction and handover between systems.

Summary

This paper looked at the architectural possibilities for the evolved system.  It motivates a re-evaluation of the existing architecture and functional split between the RAN and CN.   The existing functionality and protocols used by 3GPP should also be re-considered and increasing use of IETF and other protocols common with other technologies should be evaluated.

