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1 Introduction

This document intends to further investigate the impacts of an A/Gb mode evolution as outlined in [1].

A/Gb mode enhancements as indicated in  [1] are commented. In addition, several aspects not mentioned in [1] are identified that need to be discussed in more detail in order to understand the full consequences of an A/Gb mode evolution. The discussion particularly focuses on the clarification of the scope of an A/Gb evolution. Expected complexity and interactions of features are highlighted.

2 Discussion of Possible A/Gb Mode Enhancements
From [1], it is understood that in an enhanced A/Gb mode, all UMTS QoS classes shall be supported and basically the same end-user services as in UTRAN shall be provided (including IMS support). 

This poses the same requirements on the A/Gb mode as on the Iu mode. Obviously, support of 3G services is a key requirement on the GERAN Iu mode, being provided in an optimum way by the support of the Iu interface and its associated functionality.

According to [1], reduced complexity of the protocol stack and the possibility to introduce features independently from one another are said to be main drivers for the optimised A/Gb approach. In the following, we will have a closer look at some aspects of enhancing A/Gb and verify both expected complexity and interaction between the features.

2.1 Enhancements for A/Gb mode
The following features were mentioned in [1] as possible enhancements in an A/Gb mode evolution:

Enhanced Flow Control 
Enhancements to the existing flow control mechanism can only focus on possible improvements for interactive or background services. For support of streaming services over Gb, it is required to introduce multiple TBFs in combination with the enhanced flow control. This is due to the fact, that the enhanced flow control primarily focuses on situations where applications with different QoS are running in the MS. However, an acknowledged mode TBF as used e.g. for a background service is not usable for the streaming service, and therefore support of multiple TBFs is needed.

Therefore, the feature alone has a very limited value.

Multiple TBFs 
This feature has already been analysed for the GERAN Iu mode and detailed concept papers are available. Introducing support of multiple TBFs in A/Gb mode requires a new analysis, since due to the different protocol architecture, the Iu mode concepts cannot necessarily be re-used.

As indicated above, if the feature is not employed in conjunction with enhanced flow control then only minimal service improvements are expected.

PS Handover and BSS Relocation
Introducing PS Handover and BSS relocation in A/Gb mode results in new interactions between CN and BSS, new procedures on Gb and possibly in a new functional split between CN and BSS. Furthermore, a new co-ordination functionality within BSS, e.g. between RLC/MAC and RR, needs to be investigated.

It is not clear which entity would control the handover procedure. It might be advantageous if the SGSN controls the handover. However, it would then be completely unclear how BSC and SGSN interact, especially in case of parallel A and Gb services.

If BSC controls the handover decisions, it is unclear how to model the interactions between RR and RLC/MAC for resource reservation and assignment as well as measurement control. If existing RLC/MAC procedures are to be re-used, an information exchange between RR and RLC/MAC must be modelled. There is a considerable impact on the BSC for both intra- and inter-BSC handover. 

For the introduction of a BSS relocation, Gb protocol and SGSN functionality have to be modified to support relocation procedures, resulting in C-plane specific functionality on Gb. Means to forward data and transfer contexts and information between source and target SGSN/BSC via the core network need extensive study. The possibly required changes on Gn interface have to be analysed to be able to reuse existing GTP messages designed for the Relocation scenario Iu mode <-> Iu mode. 

Interaction between RA updates and PS handover is unclear for both intra- and inter-BSC handover. In case of RA change at PS Handover within one BSC, an interaction with SGSN is always needed in order to update the TLLI. Otherwise, it would be required to introduce a restriction of one RA per BSC.

Impacts on UMTS/GSM inter-system change procedures need to be studied as well. An understanding of procedures for handover/cell change between Gb, enhanced Gb, Iu mode GERAN and UTRAN needs to developed.  
A study of the impact on the handover procedures from other RATs to enhanced Gb should be provided in co-ordination with other TSGs.

Support of Conversational Bearers 

For an efficient support of conversational bearers within the PS domain, dedicated channels on the radio interface are essential. This has already been discussed for a while in Iu mode and detailed concept papers for support of PDTCH on DBPSCH are available. This work is an essential part of the Iu mode framework. For A/Gb mode, a new analysis needs to be carried out.

This analysis should comprise the definition of the appropriate entity for handling and allocating PDTCHs on dedicated channels. Some kind of RRC functionality might be needed to model this efficiently. 

With respect to the interaction between BSS and CN it has to be investigated which parts of the RANAP protocol functionality are required for an enhanced Gb, e.g. if there is a need for something like a RAB assignment procedure on an enhanced Gb. It is not acceptable to start to perform a TBF establishment procedure in case streaming/conversational data has already arrived in the BSC. The establishment phase has to be completed before. The BSC has therefore to be aware of when to allocate, release and re-configure the dedicated resource.

2.2 Additional Aspects to Consider
For a complete analysis of the consequences of an A/Gb evolution, the following additional aspects need to be considered. A comparison of the two evolutionary tracks Iu mode and enhanced A/Gb mode, as suggested in [1], is only possible when looking also at these issues:

Radio Resource Management for A/Gb Mode
The generic bearer concept of the Iu mode supports services of the PS and CS domain, co-ordination between both domains and related mobility in an optimum way. An equivalent concept for A/Gb mode is not available.

As already indicated above, an enhanced A/Gb mode requires an improved radio resource management in terms of interactions between RLC/MAC and RR entities, e.g. a common state/event machine and information exchange between the entities. A separation of the C- and U-plane for Gb interface is needed.
Since the Iu mode RRC protocol supports a common PS/CS domain radio resource management in an optimum way, it might be required to introduce parts of this protocol also in enhanced A/Gb mode.

Co-ordination of CS and PS handover procedures has to be provided by the BSS and has to be aligned with MSC and SGSN. Existing DTM procedures need to be evolved in order to achieve a defined behaviour for the new PS HOV in conjunction with the CS HOV. Administration of dedicated and shared channels needs to be re-defined. Impacts of MS capabilities need to be considered.

Security
Whilst RLC/MAC in conjunction with RRC is the central entity for controlling the security within GERAN Iu mode, security functions are distributed between SGSN (in Gb mode) and BTS (in A mode). This increases complexity, especially when discussing features like PS HOV or combined PS and CS HOV. For the RR signalling to be defined for PS HOV and also being used for the CS domain, it is not clear which ciphering keys should be used. 

There would be a need for discussion on the applicability of 3G security concepts within an enhanced A/Gb mode. This refers to the introduction of integrity protection and the length of the cipher keys as well as a possible shift of the security functionality towards the BSS. It would need to be evaluated whether this functionality would need to be introduced for A/Gb mode as well.

Iur-g
Support of the Iur-g interface within GERAN and between GERAN and UTRAN provides considerable benefits in terms of efficient mobility management and common RRM mechanisms as well as reduction of CN load.

It enables the operator to plan the network in a way that a smooth transition between GSM and UMTS cells and a seamless integration of GSM and UMTS cells within the same network will be possible. Since it is assumed that Iur-g will not be supported in an enhanced A/Gb mode, these benefits are missing.

Robust header compression
PDCP protocol is common for GERAN and UTRAN Iu mode. It is assumed that an efficient header compression is also an issue for an enhanced A/Gb mode, particularly for conversational/streaming bearers, in order to benefit from the performance gains. Moving the header compression protocol into the BSC provides benefits due to the reduced delays and response times, but produces interworking problems between old and new BSSs during PS handover.

Robust header compression (ROHC) used in UTRAN for real time PS services is dependent upon a number of factors for successful and efficient operation.  The round trip time across the compressed link has an effect upon the efficiency of the compression mechanism, and the implications of a change to the handover and mobility procedures used in UTRAN will need to be investigated if ROHC is to be used.

3 Clarification of Scope of an Enhanced A/Gb Mode

As illustrated in section 2, an enhanced A/Gb mode aiming at support of all 3G QoS classes and of IMS services results in an extreme complexity. The degree of complexity is considered to be higher than for the GERAN Iu mode, since the A and Gb interfaces were not originally designed to support these QoS classes, whereas the Iu interface is optimised towards a generic QoS concept and support of mixed services. Particularly the considerable Core Network impact resulting in a new “enhanced 2G CN” must be highlighted. Therefore, in order to support GSM and UMTS based radio access networks in an enhanced A/Gb environment, two different kinds of CNs with different CN/RAN function split have to be supported. This is illustrated in figure 1:










Figure 1  Interworking of Nodes in an Enhanced A/Gb Environment

Due to this it is therefore not seen acceptable to work on an approach for A/Gb evolution providing the same functionality as Iu mode, but resulting in more complexity than Iu mode.

With regards to the interaction of enhanced A/Gb mode features, we do not see how the features mentioned in section 2.1 can be introduced separately from one another, or in a step-wise fashion, while still obtaining a useful degree of functionality. 

One major drawback of such a modular approach would be that all the features are optional for the MS and the network with the consequence that all possible combinations need to be supported by both the MS and the network. This would cause again serious problems for the implementation and especially for the testability and is in contradiction to the agreement to reduce the complexity of the protocols.

A step-wise standardisation approach might be possible, but for a useful implementation, almost all the features and aspects mentioned above need to be seen in conjunction. 

Multiple TBFs and enhanced flow control are only useful when implemented at the same time. Both features are aiming at the support of streaming bearers, to a certain degree. In case full support of streaming and  support of conversational bearers on Gb shall be provided, multiple TBFs, support of dedicated channels in the PS domain, improved radio resource management, robust header compression, etc., have to be consistently designed. 

Figure 2 illustrates the necessity to introduce certain features and the interaction between the features depending on the QoS class to be supported. 









Figure 2
Necessity of Enhanced A/Gb Features Depending on QoS to be Supported

It can therefore be seen that with the features multiple TBFs and enhanced flow control, support of streaming services might be possible up to a certain degree, but in order to completely support streaming QoS, more features or functionality need to be introduced in A/Gb mode, having significant impact on all network nodes as outlined above. Conversational services require the full set of functionality as depicted in figure 2.

Starting to work on an enhanced A/Gb evolution is therefore not a future-proof alternative to Iu mode work. Very fast, we will reach the limits of an enhanced A/Gb approach, meaning that there will be no complete IMS support, no support of conversational bearers, considerable limitations on the mobility management (no Iur-g, no PS HOV, etc.). 

4 Conclusion

This document has highlighted some aspects of A/Gb mode enhancements. 

It has been shown that the creation of an enhanced A/Gb mode as an alternative to Iu mode results in considerable complexity while at the same time the full dimension of the work load can even not be estimated today. For an enhanced A/Gb mode that is not considered as alternative to Iu mode, it must be clear that the scope of the enhancement is very limited (i.e. support of streaming to a certain degree) and the functionality achievable with this approach is highly restricted.

We therefore do not believe that the required work on A/Gb evolution could be restricted to multiple TBF and enhanced flow control concepts. If the work goes beyond these two features, we encounter all the problems as outlined in this document, i.e. a highly complex, completely new protocol stack “enhanced A/Gb”, with all its interworking problems to existing protocol stacks and only sub-optimum support of 3G service requirements.

In order to support GSM and UMTS based radio access networks within one network environment, two different types of core networks will have to be supported (3G and enhanced 2G) instead of one 3G core network as in the case of Iu mode.

We would also like to point out the need for co-ordination with CN and SA working groups in order to discuss the proposed enhancements to the 2G SGSN functionality and the new service requirements to the 2G system.

Before starting a new work package on A/Gb enhancements and concrete work items, a feasibility study on A/Gb mode evolution should be carried out first with the aim of clarifying the scope of the work, the features to be introduced and the consequences for the A/Gb protocol stack and implementation in SGSN, BSS and MS. 
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