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1 Introduction

There are three scenarios to be addressed as part of “inter-RAT” discussion:

· NR <-> eLTE (LTE connected to Next Gen Core)

· NR <-> Legacy (i.e. non-evolved E-UTRAN and, optionally, GERAN/UTRAN)
· eLTE <-> Legacy (i.e. non-evolved E-UTRAN and, optionally, GERAN/UTRAN)  

These require different discussions and possibly solutions in RAN and they are addressed below.
2 Discussion
In current (“traditional”) inter-RAT HO procedure, HO required signal is sent to the source CN.  Source CN maps the source CN context to target CN parameters and forward the HO required to the target CN.  Target CN provides the target RAN with the information of the bearers to be setup.  Target RAN reserves radio resources and provides the HO command with the radio configuration  (including the bearers to be set up) that is sent to the UE over the source cell.

The benefit of this approach is that the UE is guaranteed resources in the target cell and there is minimal interruption to service since the target is set up beforehand.  The drawback of this procedure is that it requires the CN parameters to be mapped from one RAT to another, which can be complex and put constraints on the new Core design.  Given the preference expressed by NGMN via so called Option 3 in their white paper [3] to minimise the legacy baggage and to not have EPC influence Next Gen Core design, SA2 is considering dual attach solutions that do not require this.  
Each of three scenarios mentioned above are discussed in more detail below.

2.1 NR <-> eLTE

In this scenario, the LTE RAN network is upgraded to connect to NG Core via NG2/NG3.  A UE supporting this option will use the NG Core NAS protocol as shown in the figure below.  
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Figure 6.18.4.1-1: Architecture for tight interworking between upgraded E-UTRAN base (supporting options 5, 7 and legacy LTE) and NG RAN anchored on NR (options 2, 4)
This scenario is similar to inter-RAT HO as discussed above from RAN perspective
.  However, as both LTE and NR are connected to the same CN, there is no need to map parameters from Next Gen Core to EPC and hence from CN perspective it looks similar to intra-RAT HO.
2.2 NR<-> Legacy  
SA2 is evaluating different solutions for inter-RAT mobility between standalone NR and legacy (i.e. non-evolved E-UTRAN and, optionally, GERAN/UTRAN) technologies.  In this scenario LTE RAN network has not been upgraded and UE has to use the EPC based NAS with LTE AS.  One of the solutions under discussion is the so-called “dual–attach” solution where there is no need for mapping of the NG Core NAS to the EPC based NAS and there is no interaction between the NG CN and EPC.

In this option, the UE performs an independent Attach procedure to the LTE EPC NAS over LTE network to establish the connection and bearers over the legacy RAT.  This is shown in the figure below (extracted from TR 23.799).
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Figure 6.18.4.1-2: Architecture for loose interworking between GERAN, UTRAN or non-evolved E-UTRAN and NG RAN
The Attach procedure can take a couple of hundreds of milliseconds and can cause some interruption.  To minimise interruption time and to maintain service continuity, it would be beneficial to perform the Attach procedure in the target system (e.g. EPS) while the UE is still communicating via the source system (e.g. NG System).
There are a couple of options to support dual attach at RAN level that are discussed below.

2.2.1 Dual radio 

Any disruption to service can be avoided using some form of dual radio solutions.  Simpler dual radio solutions can be used with network assistance  as suggested in Tdoc [2]    
Dual radio allows UE to communicate with source and target at the same time during the transition from one RAT to another.  This has been used in various settings already (LTE+CDMA,3GPP+WLAN, LTE+UMTS for voice under study).  Since the period of dual radio operation is small, issues such as battery life are not relevant.   Dual Rx solutions and other approaches similar to IDC and/or forms of network assistance [1,2]can be used to avoid more expensive dual Tx operations.

While this can be challenging in certain combination of bands used in each RAT, its use where possible can further reduce interruption time.   Where this is not possible or if simpler options are needed, re-direction discussed below can be used.
2.2.2 Re-direction

Re-direction is based on principle that source cell provides a redirection command to the UE that makes the UE look for the target RAT.  Then the UE access the target directly and setup the connection and perform the Attach procedure and establish bearers in the target side.  There is no HO preparation related signalling in the network between the source and target CNs or RANs.  Hence there is no mapping of CN parameters from one RAT to other needed nor any interface between source and target RATs.

The drawback of this basic approach is that there can be interruption during the inter-RAT HO as the UE has to break the communication with the source RAT before it can access the target RAT, do cell selection, read SIB, make access and set up the bearers before any communication can start.

Various optimisations such as measurements from the UE, providing a target cell to attempt access along with it SIB information have significantly reduced the interruption.   These can be expected to also be used in NR to significantly reduce interruption time.    

2.2.3 Dual attach only during Idle

During the initial deployment phase of NR, it is likely that NR coverage will be patchy and fallback to legacy RATs could be essential to continue the connection.  Hence inter-RAT mobility from NR to legacy RAT is more likely to be needed in a time critical manner.  However, since legacy RAT is more likely to have wider coverage, handover in the other direction (i.e. from legacy RAT to NR) is not likely to be time critical and could wait until the UE goes to Idle.  Thus the UE can perform an Attach over NR when it is back in NR coverage and Idle (not in active communication).  This solution minimises impact on legacy RATs to support the handover to NR.  
2.2.4 eLTE<-> legacy RAT

All the NR-legacy inter-RAT mobility options mentioned above can also be applied between eLTE and legacy RAT (need for change from 5G to UMTS and GERAN is not currently essential in SA1).       

“Dual Attach during Idle” solution (i.e., waiting until UE is not in active communication) should also be sufficient for inter-system change from eLTE to LTE if executed while the UE is still within the eLTE cell.  It can be used in the border cells of the evolved LTE region such that when UE moves out of the eLTE region, it is already connecting over EPC and can use existing intra-LTE HO solutions. 
Based on the above discussion, it is proposed:

Observation #1:  Several RAN solutions are possible for dual Attach option.

Proposal: It is proposed to conclude that Dual attach solutions are feasible from RAN perspective.

3 Summary and proposals

The document discussed Inter-RAT mobility between NR and legacy systems.  One of the options under consideration in SA2 is the Dual Attach solution where UE attaches to both network during the transition from one RAT to another.  Such solutions do not involve any Core network interaction or translation from one technology to another and has the benefit “to minimise the legacy baggage” for Next Gen Core. 

It also discussed other inter-RAT mobility scenarios where Dual Attach will apply – such as from eLTE to legacy technologies.
Based on the discussion, the following observation and proposal are made:
Observation #1:  Several RAN solutions are possible for dual Attach option.

Proposal: It is proposed to conclude that Dual attach solutions are feasible from RAN perspective.
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� Note that this is not similar to S1 based intra-RAT HO from radio perspective for a couple of reasons.  The radio configuration of the source RAT is not provided to the target RAT.  The Radio configuration in the HO command is the “full” configuration and not a delta to the source configuration.
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