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1 Introduction

NR standalone operation should support inter-RAT “handover” towards legacy technologies.  This document examines the different scenarios and discusses which handover scenarios/procedure should be supported.

2 Discussion

2.1 Inter-RAT Handover between LTE and NR

While details of the next gen core are still being worked on in SA2, we can already make the assumption that NR is expected to be connected to Next gen Core network over RAN-CN interface(s) that supports control signalling and user plane data.   The connectivity of LTE RAN to the core network is still under discussion with the possibility of it also being connected to next gen core network as well as to EPC.   These options are shown in the figure below.  
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The overall system level Inter-RAT HO solution between LTE and NR depends on the architecture chosen.  However, we can still discuss some RAN aspects.   Handover preparation and data forwarding can reduce interruption time and TCP congestion avoidance mechanisms.  While this may not be that useful in certain scenarios such as when NR is operating at very high data rates, we may also have to consider scenarios where NR data rate might be similar to LTE.  This HO preparation and forwarding can be done either over RAN/CN interface (similar to S1 based HO in LTE) or directly over an Inter-RAT interface (similar to X2 based HO in LTE).   
If HO to legacy systems without changes to the legacy system is essential, we should use the principle we normally use of “source adapts to the target”.

Following the source-adapts-to-target principle, the inter-RAT HO to LTE can be expected to re-use the LTE HO messages and data forwarding principles on the RAN side.  Another option that satisfies the source-adapts-to-target principle is to use the HO to E-UTRAN procedure, but data forwarding is not supported for this option.  These can be applied whether it is directly over an inter-RAT interface or over CN and independent of the CN architectural solutions under discussion.   However from the UE perspective, there is some additional handling needed to receive and process the LTE HO command over NR radio interface, though the LTE HO command message itself can be expected to be reused.

Proposal #1: Discuss if handover procedure involving HO preparation and HO command should be supported between NR and LTE.  If yes, should HO to LTE be based on source adapts to target principle that minimises impact on LTE networks?
2.2 Inter-RAT “Handover” to UMTS/GERAN
Handover to other legacy systems such as UMTS and GSM has not been discussed in much detail in any of the groups.   There are various possibilities for inter-system “handover” to UMTS and GSM.

1) Dual radio approach: the UE supports “simultaneous” radio access to NR and these systems.   Such solutions will imply that the UE can already connect to UMTS and GSM systems both at RAN and CN level while the UE is still in communication over NR allowing a “make before break” approach.  Such dual radio solutions can give the best performance and make inter-system change simpler from protocol point of view and more flexible to support as there is no need to develop complex solutions to minimise interruption time and also mapping between Next Gen core and legacy core.   On the other hand, dual radio solutions can be more expensive to implement and may not always be possible depending on the frequency bands used for the two technologies.
2) Redirection without measurements: This is simplest solution but most disruptive in terms of interruption time.  After redirection, UE reselects the target RAT and performs access in that RAT.  Support for service (IP address) continuity depends on CN architecture.
3) NACC/Redirection with measurement: This option provides better performance in terms of interruption time compared to above as UE can directly access the target cell.  Support for service (IP address) continuity depends on CN architecture.  This is the option typically used today for inter-RAT “handover” to GSM from LTE.
4) Inter-RAT Handover:  Normal Handover with target cell preparation and HO command to the UE.  This can provide good performance in terms of interruption time and failure possibility.  However, it is also the most complex to specify and implement in terms of protocols.  Support at RAN and CN level is needed and depends on the architecture chosen for the CN.

Proposal #2: Discuss if dual radio solutions, which gives best performance with minimal specification work, can be used for inter-RAT “handover” between NR and legacy UMTS and GSM systems.  
Apart from regular “handover”, LTE supports CSFB and SRVCC to GERAN and UTRAN. TR 23.799 assumes that IMS services will be supported in the NextGen system, which raises the question on service continuity when the UE moves out of NextGen coverage area into an area served by GERAN or UTRAN. One possibility would be to work on SRVCC type of solution for continuity to/from GERAN/UTRAN, however, it should be noted that the SRVCC solution has significant impact on today’s EPS (relatively small impact in the RAN, but much bigger impact on the EPC). If “dual radio” inter-RAT handover discussed earlier is a viable approach, one could consider a Dual Radio Voice Call Continuity (DRVCC) type of service continuity solution when UE moves between the NextGen system and the 2G/3G CS domain. The DRVCC solution at IMS layer is already available in TS 23.237 since Rel-8 and, in contrast to SRVCC, requires no “lower layer” interworking between the NextGen system and the 2G/3G CS domain.
Proposal #3: Discuss if CSFB and SRVCC (or DRVCC) from NR to UMTS/GSM should be supported

3 Summary and proposals

This document discussed the different Inter-RAT scenarios that are possible between NR and legacy systems.  It makes the following proposals: 
Proposal #1: Discuss if handover procedure involving HO preparation and HO command should be supported between NR and LTE.  If yes, should HO to LTE be based on source adapts to target principle that minimises impact on LTE networks?
Proposal #2: Discuss if dual radio solutions, which gives best performance with minimal specification work, can be used for inter-RAT “handover” between NR and legacy UMTS and GSM systems.  

Proposal #3: Discuss if CSFB and SRVCC (or DRVCC) from NR to UMTS/GSM should be supported
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