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1
Introduction
In this contribution we introduce aspects, which need to be considered while developing solution for service continuity between LTE and CDMA2000. In TR 36.938 it is stated that E-UTRAN shall enable varying level of interworking in the specification and allow different terminal design and interworking levels between cdma 2000 and E-UTRA. This means that there is a need is to enable alternative design choises, and therefore enable several solution possibilities to the market. In this context, tight interworking is understood as a solution where NW controls mobility measurement and HO execution, whereas in loose interworking solution more intelligence is assumed in devices enabling more flexible implementation option for devices. In some context tight inter-working is understood as a “single radio solution” and loose inter-working leaning more to parallel operation, but it should be emphasized that this division is only one possible interpretation. Thus enabling “loose” interworking level is necessary and it is sensible to support loose interworking in a manner that provides good performance without sacrificing cost or complexity. In this document we discuss more in details what kind of technical solutions could be used to make more efficient loose interworking between E-UTRAN and cdma2000. These solutions can be divided into two caterories: those minimizing the need for inter-RAT HOs and those reducing the interruption time for inter-RAT HOs.
2
Minimizing the need for inter-RAT Handovers
There are several methods that aim to minimize the need for inter-RAT Handovers in LTE_ACTIVE state by trying to ensure that the UE is in the “right” system when transferring to LTE_ACTIVE state. In this contribution we discuss more closely two mechanisms: intelligent camping in idle mode and the redirection of UE from LTE to cdma2000 at RRC connection setup.
2.1
Intelligent camping between LTE and cdma2000 in idle mode
One simple way of minimizing the need for inter-RAT Handovers is to try to keep the UE camp in the most suitable network even in idle mode. In practice it may of course be challenging to know in advance the future service use and mobility of the user in order to determine, which network is the best choise. Still, mechanism to enable intelligent camping should be introduced to LTE. For instance, it seems beneficial to introduce an indicator of CDMA2000 availalbility in LTE System Information so that UE can autonomously move to CDMA2000 network. 
To support this functionality it is also necessary that the terminal is able to perform pre-registration before camping to the target system after re-selection. This implies that the terminal is registered to both LTE and CDMA2000 systems simultaneously (with one registration being dormant) already while camping in idle mode without an active call.. 

The details of the registration mechanisms should be left to be decided independently for each system to avoid unnecessary interdependencies. 
2.2
Redirection from LTE to cdma2000 at RRC connection setup

Redirection requirements for E-UTRAN were already discussed in [2] and [3].  We see that similar redirection mechanisms could also be utilized in LTE to cdma2000 interworking. 
In UTRA release 6, the redirection procedures during connection setup follows the flow described below (Figure 1). This procedure gives the network total controllability of the UE (UE is not allowed to redirect without explicit permission from the network).
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                                        Figure 1: RRC redirection during connection setup in R6

Description of the procedure (for the description of the messages, see [1]):

Step 0: This step is needed for terminating calls only: a Paging Type 1 is sent to UE including the IE: Paging cause, describing the cause for the core network (CN) originating page (e.g. terminating conversational call, terminating streaming call). 

Step 1: information delivered in the RRC connection request includes the following information elements:

· Measurement results: serving frequency/non-serving-frequency measurements.

· Establishment cause: reason for the connection (e.g.. originating conversational call, originating streaming call, terminating conversational call, terminating streaming call)

· Initial UE identify: the identification of the UE (e.g. IMSI, TMSI)

Step 2: RNC decision algorithm triggers redirection for e.g. load reasons, service reasons.

Step 3: If RNC decision is to redirect, the RRC connection reject is sent including information of the target system (FDD: frequency carrier or GSM: BCCH ARFCN, BSIC) and wait_time parameter (time UE spend in the target system before moving back to the E-UTRAN due to cell reselection.
In [2] and [3] we have also discussed some enhancements to the UTRA release redirections. We believe that some of these enhancements like redirection support for terminating calls could be utilised in LTE – cdma2000 interworking as well. Redirection details for the purposes of LTE – cdma2000 interworking will naturally be carefully identified and defined for this purposes.
Enhanced establishment causes would also better support eNodeB in applying intelligent decision about which target system e.g. LTE or cdma2000 would most suitable for redirection purposes. 
3.
Reduction of HO interruption time

The need for inter-RAT handovers cannot of course be totally removed and thus there is still a need to optimize the performace of the inter-RAT handovers. In this section, we discuss how the inter-RAT handover time can be reduced for the loose interworking case. Specifically, we’ll discuss two mechanisms to reduce the HO interruption time: early radio triggers and tunnelling of the signalling messages between LTE and CDMA2000 systems.
3.1
Early radio triggers from LTE to CDMA2000

Although handovers are typically required to cope with deteriorating radio channel quality, the handover do not have to occur once the quality has deteriorated quite severely. With appropriate configuration of UE measurements and network triggers for handovers, the quality of the service can be maintained efficiently from one E-UTRAN cell to another. 

For inter-RAT mobility, in cases when one RAT has a wide coverage while the other has more patchy nature, similar mechanisms can be used to ensure that the inter-RAT handover takes place at an early stage, when the channel conditions are still sufficiently good: suitable early radio triggers should be able to indicate in an early stage that there is a risk of loss of coverage. The introduction of early radio triggers for inter-RAT mobility has the potential to significantly reduce retransmissions in E-UTRA transmission and reception due to bad channel quality and thus result lower latency for HO signalling.
3.2
Tunneling of other radio system messages
Tunnelling of the inter-RAT HO and possibly other signalling messages between LTE and CDMA2000 also reduce the HO interruption time as it allows the HO preparation phase to take place as much as possible via the source system while maintaining the u-plane connectivity.  In order to allow minimal coupling between LTE and cdma2000 implementations, a generic indication of tunnelling messages should be preferred that is not specific to LTE-cdma2000 interworking. This impies that the tunnelling protocol header structure should include fields that identify the type of the signalling messages contained in the tunnelling protocol message. 
3.3 Preregistration impacts to HO 
Pre-registration allows UE to establish and maintain a dormant session in CDMA2000 network while being attached to LTE network and vice versa. This greatly reduces the inter-RAT HO interruption time as registration procedure to the target system is completed way before the actual HO would immerse. It should be pointed out here that pre-registration can be done by other ways than signalling via the LTE network by tunneling. Namely, it is also feasible to signal pre-registartion directly using the air interface of the target system. Therefore it is FFS whether the tunnelling option for preregistration purposes is actually needed at all, since UE is able to perform this autonomously already in idle state.
4 Conclusions

In this contribution we have proposed various mechanisms to improve the performance of loose interworking. We propose that loose interworking is adopted as one alternative solution for LTE-CDMA2000 interworking and the mechanisms introduced in this contribution are included in the technical report. Based on the outcome of the dicussions, we are happy to produce more detailed text proposals.
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