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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
There are different procedures possible to move a UE between two technologies such as handover, redirection, dual radio etc.  during a connection or in the process of making  connection.  Handover depends on transfer of UE context between the CN nodes while the re-direction and dual radio approach can use the “dual–attach” solution under discussion in SA2 (refer to clause 18.4 in TR 23.799) to minimise interruption.  
It is noted that SA2 have agreed that for support of seamless handover for “single radio / single attach” UEs a C-plane interface is needed between EPC and NGC, however, the overall procedure is FFS (see TR 23.799 clause 8.11):

-
The standard shall support a source to target CN interface to transfer certain context between MME and CP Function of NG Core.

Editor's note:
The MME to CP Function interface in NG Core is named as NGx and its procedures are FFS.
It is also noted that support for seamless handover for “single radio / single attach” UEs is optional in the network, as per following excerpt in TR 23.799 clause 8.11:

-
Support for these procedures in the network is optional and is based on network capabilities.

This means that an interworking solution is also need for cases where NGx is not deployed.
UEs in Idle state perform cell reselection between the systems.   These different mechanism have different merits and are useful in different scenarios.  Each of them are discussed in more detail below and then comparison table on their applicability for different scenarios is discussed.

2.1 Handover

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 message flow for traditional inter-RAT HO from NR to LTE is shown in figure 1 below.
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Figure 1: Example message flow for an NR to LTE inter-RAT “conventional” HO

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. In particular, the QoS model between the two systems is different (EPS bearer vs QoS Flow) which may further complicate the mapping.  
Variations of HO procedure can also be considered that does not require a conversion of context from NG Core to EPC.  For example, a signalling only HO can be considered and then the rest of the bearers set up can be triggered by the CN.  

2.2 Dual Attach based solutions

Dual Attach (also called Handover Attach) is based solutions rely on UE connecting directly over the target RAN and Attaching to the target CN.  The UE context is not transferred from the source CN to target CN and there is no need to map the NG Core NAS to the EPC based NAS and there is no interaction between the NG CN and EPC.  It can also be applied when LTE RAN network has not been upgraded.  
Dual Attach can provide service continuity by preserving the IP address.  Re-direction with or without Dual radio can be used with Dual Attach solutions.  If dual radio support is available at the lower layers, the “dual attach / dual radio” solution can provide seamless handover. If “dual radio” support is not available at the lower layers, the service break is equal to the duration of the Attach procedure. The approach is shown in figure below.
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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
2.2.1 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 to setup the connection and perform the Attach procedure with 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 (in absence of “dual radio” support) 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 already been introduce to significantly reduce the interruption.   These can be expected to also be used in NR to significantly reduce interruption time.    An example message flow for release with re-direction is shown below.  As can be seen it is much simpler and doesn’t need network upgrade. It is assumed that at NAS level the UE still uses “handover attach” so that the target system knows that it needs to retrieve the same PGW / IP anchor that was used on the source side.
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2.2.2 Re-direction with Dual radio 

Dual radio allows UE to communicate with source and target at the same time during the transition from one RAT to another.  Any disruption to service associated with re-direction can be avoided using some form of dual radio solutions.  The message flow is similar to the one shown for re-direction except that UE can continue to receive over source RAT while it is accessing the target RAT.     

Dual radio 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. Simpler dual radio solutions can be used with network assistance  as suggested in Tdoc [2]
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 without dual radio as discussed above can be used.

2.2.3 Dual attach during Idle

Dual Attach can also be performed while UE is Idle and has moved to a region covered by the other technology.  It could also be used for UE moving from legacy technology to NR as the transfer can possibly wait until the UE is Idle.  This also avoids having to upgrade legacy RAN networks and minimises impact to deployed networks.  
2.2.4 Additional considerations for eLTE<-> LTE

LTE<-> eLTE HO is a bit different from inter-RAT solutions since there is no change in RAT itself while there is a change in CN.  One can even consider an intra-cell LTE<->eLTE HO.  

The NR-legacy inter-RAT HO options mentioned above can also be applied between eLTE and legacy RAT.    Further optimisations may be possible such as delta configuration of the RRC configuration used during intra-LTE HO but this can be discussed later.
“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.  The network can use this 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.. 

2.3 Applicability of the procedures in different scenarios
Handover based solutions provide short interruption time and guaranteed resource in the target system.  This is useful for applications such as voice and other delay critical applications.  However, it requires network upgrade and closer coordination between the networks.

Dual Attach based solutions are simpler to deploy requiring minimal legacy network upgrade.  Re-direction (with current optimisations) is easy to implement in the network and UE and provide acceptable performance for many data applications.  

Availability of dual radio in many devices such as those that support dual connectivity can be exploited where available to eliminate the interruption time totally.  These offer the best performance with minimal network upgrade.
SA2 has agreed that HO based mechanism is optional in the network and possibly also in the UE (if the UE does not support voice or other delay sensitive applications).
In summary a combination of solutions, Handover and Dual attach with dual radio or re-direction is adopted for inter-RAT  mobility solutions.
Proposal: A combination of solutions, Handover and redirection with dual attach, with and without dual radio should be considered for inter-RAT  mobility solutions.
3 Summary and proposals

The document discussed Inter-RAT mobility between NR and legacy systems.  Conventional inter-RAT HO solutions are useful for certain applications like voice.  Another 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 minimal network coordination or upgrade. 

Proposal: A combination of solutions, Handover and redirection with dual attach, with and without dual radio should be considered for inter-RAT  mobility solutions.
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5 ANNEX A
8.11
Interim Agreements on Key Issue #18

8.11.1
Interim Agreements on EPC-NextGen Core interworking

Interim agreements for Key issue #18 EPC-NextGen Core interworking are as follows:

-
The standard defined for mobility procedures from NG Core to EPC shall be able to support "single radio/single attach" UEs and achieve minimal service disruption.

Editor's note:
Whether similar mobility procedures for "single radio/single attach" UE will be defined for mobility from EPC to NG Core to support the SA1 requirement for minimal disruption is FFS.

-
Support for these procedures in the network is optional and is based on network capabilities.

Editor's note:
Whether support for the procedures in the UE is mandatory or optional is FFS. For example, only UEs requiring support for service continuity (e.g. voice centric UEs) and/or IP address preservation may need to support them, while others may not,

-
Common UP anchor is required for IP address preservation.

-
A common subscriber database (similar to HSS) is used between EPC and NG Core.

-
The standard shall support a source to target CN interface to transfer certain context between MME and CP Function of NG Core.

Editor's note:
The MME to CP Function interface in NG Core is named as NGx and its procedures are FFS.
8.11.2
Interim Agreements on option 3 to NG Core migration

It is agreed to select solution 18.3 for migration from E-UTRAN/EPC including option 3 to NG Core options. RAN related aspects of migration e.g. related to RRC or user plane will be addressed by RAN WGs.
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