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1. Introduction

SA1 has agreed on interworking requirements between 3GPP accesses and some specific modes of cdma2000. TSG RAN has held a work shop where Radio Access Network level issues were discussed, and agreed to continue the work under a Study Item. In the SAE architecture work, SA2 has all along included alternative ways for connecting non-3GPP access networks to common SAE core. Since SA2 has already defined mechanisms for WLAN access, it has been considered specifically for SAE connectivity as well, but so far it has been the only specific radio access technology that has received such special attention.

This contribution aims to help continue the work from the existing description in 23.402, and brings up some additional items that need to be addressed when working on the new cdma2000 interworking requirement. Looking into these items may be helpful also when studying interworking with other non-3GPP access technologies.
2. Discussion

2.1 Architecture Starting Point
Based on the existing 23.402, the non-3GPP access networks may be connected to PDN-GW with one of the S2 interface variants. This serves as a natural connection point also for cdma2000 access networks. The cdma2000 networks are cellular networks with much the same functions as all 3GPP defined systems, i.e. they contain similar authentication and controlled mobility functions. Therefore, out of the currently defined interfaces, the S2a which connects trusted non-3GPP access networks to PDN-GW in SAE becomes the most natural interface.
Considering the packet switched side of cdma2000 technology, the Packet Data Serving Node (PDSN) terminates the access part, and therefore becomes the appropriate node to connect to S2a interface.
Note: The solutions for handling CS voice, e.g. with Voice Call Continuity and the related architectural implications are not considered in this document.
2.2 RAN and Radio Considerations
TSG RAN has already discussed many aspects of the interworking, and has started Study Item to continue the work. The RAN work will be studying various radio level issues that will also have affect on the core network and system level in general, so it is mandatory for SA2 to be well connected to that work. The following sections lists some RAN discussion items that have immediate affect on solutions available for SA2 work

2.2.1 Requirements

The requirements should be clarified and understood so that the range of solutions can be determined. It would be beneficial to have better understanding on what would be appropriate target ms value for interruption time in interworking. This would answer more clearly e.g. whether Active mode operation (handover) is the only alternative, or if Idle mode operation would still suffice. In this discussion it would be good to also include previous experiences e.g. such that in the cdma2000 systems the EVDO – 1xRTT intersystem mobility is specified only via dormant state, and that is the only available operation mode also for GERAN and UTRAN interworking, since Packet HO is not deployed in the networks today.
Within the Active mode operation there are also various alternative ways that can be considered based on the requirements. The tightness of the interruption time requirement dictates the RAN involvement:
· Tight interworking time requirements lead to prepared handover being the only solution. That always requires radio involvement. For these solutions there is strong 3GPP legacy, and principles should be re-utilised as much as possible.
· Solutions for looser interworking time requirements could be achieved with very little help from radio, i.e. with much smaller changes to radio standards. This implies more CN oriented work, and may call for approaches that are new from 3GPP point of view.

2.2.2 Terminal Types and Frequency Bands
On high level there will be two types of LTE devices available, one with single mode capability, i.e., LTE only, and the other with multimode capability.  It is assumed that there is market demand for both device types. In the area of non-3GPP interworking, the solutions need to consider both device types in such a way that there is no impact on a single mode LTE device implementation due to systems interworking.

Any level of interworking requires that the terminal will support both involved radio modes, and at high level this can be done either by having single or dual radio transmitter/receiver in the terminal. The interworking solution for these may be different, since dual radio solution implies that connection to both systems at the same time is possible, which in turn could mean that interworking is possible with very small changes to the systems. However, in case the radio bands the radios operate in are very close, it may not be possible to implement such a terminal due to filtering problems, and solution building on this assumption is not usable. Also due to health regulations (SAR) the simultaneous operation of the two transmitters may turn out to be infeasible. 
For solutions aimed for single radio terminals it should also be considered early on, whether the radio modes can be implemented with a one or two separate chipsets. If the single radio solution assumes that radio chipsets interoperate in millisecond level, dual chipset solution would most likely not be able to do this. This could cause that such terminal is either not able to perform the procedure at all, or it would not fulfil the interruption time requirements.
2.3 CN and System Level Considerations

3GPP RAN has taken a strong lead in creating the interworking solution, and while SA2 is urged to participate and even guide that work, it seems most efficient to work in a mode that the system level standards and functions in CN interfaces are updated based on the requirements of the TSG RAN selected radio solution. 
One important area which requires detailed discussions is related to the services requiring coding in radio access systems. Most important service is naturally voice, where known issue is that 3GPP2 and 3GPP systems are using their own codec’s. While it can be debated that multimode device needs to support both codec families, for single mode LTE device would only need to support 3GPP codec’s which are deemed to be necessary. For the cases where either A or B subscriber is located in the 3GPP2 based systems, needed trans-coding of the codec’s is done at the edge of these systems.
While the level of RAN involvement is dictated by the tightness of interworking requirement, it seems that CN will need to be involved in any case:

· If prepared handovers are required, CN will also need to be tightly involved. Inheriting legacy principles seems to be the best way forward, matching the same approach in RAN side. 
· If requirements are not extremely tight, and RAN can be kept almost intact, the CN can take more responsibility over the functions, and deal with the mobility possibly interfacing directly with the UE. This keeps CN involvement still high, and opens up possibilities for other solutions that have not been widely applied previously, still considering maintaining adequate level of network control in the operation.
Since doing nothing is not an option, CN level involvement is always required for an interworking solution. CN level interworking also brings in the possibility of having to define new interfaces, and matching the existing functionality in different systems. The exact solution and any additional architecture implications should be agreed only after the level of RAN involvement is decided, which in turn follows clarified requirements.
Conclusion
This paper discussed the interworking between 3GPP access systems and non-3GPP access systems with special focus to cdma2000. It is proposed that these considerations are taken into account in the SA2 discussions for fulfilling the SA1 requirements, and matching with the work done in eUTRAN. The following is a summary of the key findings:
· The high level principle of the LTE/SAE work on non-3GPP interworking shall be to have no impact on a single mode LTE device.

· TSG RAN is taking the lead in developing the solution for interworking with cdma2000, and SA2 work should follow it and co-ordinate on system level aspects when needed.

· It seems mandatory that before the RAN work can progress in a meaningful way, the requirements need to be clarified. The interruption time requirements will dictate the level of RAN involvement in the solution. 
· If RAN will be tightly involved in the interworking, then it makes sense that both the RAN and CN level work follow existing inter system HO principles as much as possible, while also considering the new aspects coming from cdma2000 access system.
· Deep CN level involvement is always required in a true interworking solution, one way or the other. If RAN does not take a strong role in the operation, the CN role will need to increase.
· The network control in the HO operation should be kept in adequate level. If legacy type HO operation is used, this is already built into the solution, but if the development leads to new solutions, the appropriate level should be discussed. 

· If interruption time requirements are not very tight, more terminal implementation alternatives become available, since no tight co-ordination between chipsets seems to be required. 

· While SA2 level studies on architecture and interface alternatives supporting different solutions should be started as soon as possible, the decisions should match and follow those done for the RAN level solution.
· In all considered solutions, minimizing changes to the legacy systems should be a guiding design principle. 
3GPP

SA WG2 TD


