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[bookmark: _Ref298777854]Introduction
In the RAN3 TR a number of functions have been captured as to be supported by the New RAN system. The following are functions relevant to this discussion, which have been agreed in TR38.801:
Tight Interworking with LTE
-	This function enables tight interworking between NR and evolved E-UTRA by means of data flow aggregation. This function includes at least dual connectivity. Interworking with evolved E-UTRA is supported for collocated and non-collocated site deployments.
Evolved E-UTRA-NR handover through a New RAN interface
-	This function provides means for evolved E-UTRA-NR handover via the direct interface between an eLTE eNB and a NR BS.
Evolved E-UTRA/E-UTRA - NR handover via CN
-	This function provides means for evolved E-UTRA/E-UTRA - NR handover via CN.
Note: Support of the E-UTRA - NR HO via CN function depends on progress in SA2. When discussing solutions to support this function, RAN3 needs to consider factors such as adaptation of the source RAN/CN to the target RAN/CN

It can be seen that NR and LTE need to support tight interworking via dual connectivity, which allows a UE to move across a number of NR or LTE access points while remaining connected to the designated CP anchor node and taking advantage of resource aggregation via tight coordination.
Also, efficient handovers have been agreed to be supported via a horizontal interaface between eLTE eNB and NR gNB. The same mobility is assumed to be supported between gNBs.
The function of handover with Cn involvement has been agreed only for mobility that does not require a change of the CN. The reasons why such mobility has not been supported are hinted in the note above, which is however not exhaustive.
This contribution analyzes different scenarios for inter-RAT mobility, and it proposes a way forward for such type of mobility support. 

Motivation for tight RAN level inter-working
Traditionally inter-RAT mobility has been used to achieve service continuity for UEs moving in the network. 
In a 5G system where eLTE and NR are tightly coordinated there are different ways to ensure service continuity. Indeed, such methods not only allow continuity but also higher radio efficiency and performance. 
Examples of such methods are:
· Access aggregation
· Where a single UE utilises multiple accesses simultaneously, e.g. eLTE and NR via DC. This technique can increase end user throughput as well as the resource utilization when there are unused resources in both layers at the same time
· Improved robustness from using multiple layers in tight interworking
· It consists of aggregating time frequency resources across different frequency layers.
· It is likely that deployments of NR and LTE may have different coverage e.g. due to operating in different frequency bands, or due to different number of sites, or different node types (macro/pico)
· Utilizing both coverage layers increases the end user performance and lowers the costs for operators since not all RATs are required to be deployed in all places
· Multi-layer robustness can also play a role in supporting high reliable services (e.g. URLLC)
· Use of non stand-alone operation for NR
· This technique ensures that a UE that needs a boost in capacity via NR radio access is not subject to the frequent mobility procedures that can be triggered if the UE was served by small, high frequency, NR cells
· Reliable channels thanks to balanced network load
· Service continuity and improved performance may be provided by distributing UEs to accesses that are less loaded, i.e. via load based mobility
· This will enable higher system capacity and better spectrum utilization
· In order to achieve this, it is required that the traffic can be quickly moved between the RATs to adapt to changing traffic demands, and link conditions
· Load balancing / traffic steering can help all users of the system (thanks to offloading effect), not only those in coverage of multiple RATs
· Efficient Load balancing / traffic steering can also consider different services e.g. where some services are better served by one RAT

The above leads us to the following observation:
Observation 1: Service continuity across different RATs/accesses is not only achieved by means of handover procedures but also via tight interworking and access aggregation, which improves efficiency and capacity
Methods for IRAT Mobility
The previous chapter discussed different drivers for efficient RAN level inter-working between eLTE and NR. The purpose of the section is to let the reader understand that efficient service continuity can be achieved by different mobility methods. 
In this section focus is placed on procedures that are more classically considered as for “mobility”. The aim is to draw conclusions on what procedures should be supported.
Inter-RAT cell re-selection and Release/Redirection
Inter-RAT cell re-selection is a method today used in 3GPP systems for idle mobility between different RATs. It can also be used in connected mode, e.g. by network sending an RRC release (with re-direct) which causes the UE to go to target RAT and to setup services there. It is assumed that Inter-RAT cell re-selection can be supported also between an EPC connected LTE and RATs in the New RAN and between an eLTE eNB and a gNB. However, due to the latency involved in this procedure (e.g. cell search, initial access, re-building RAN context) inter-RAT cell re-selection is not good enough to meet the requirements on tight RAN level inter-working and user plane latency. This procedure is considered to be useful and can provide a minimum level of service continuity for non delay sensitive services.
For this the following is proposed:

[bookmark: _Ref462422645]Proposal 1	Inter RAT cell re-selection shall be supported between an EPC connected eNB and the New RAN and between an eLTE eNB and a gNB for Idle mode mobility and release with re-direction in order to provide a minimum level of service continuity. However, delay sensitive service continuity cannot be guaranteed in all cases with such method.

Handover
It has been already discussed that Evolved E-UTRA - NR handover via the NGCN is a function agreed to be supported by the New RAN. Below the case of Handover with change of CN is discussed
Handover via EPC/NextGen CN
CN level handover between RATs has been standardized between 2G/3G/LTE. The solution basically involves that the UE is configured to perform measurements on the target RAT. Upon occurrence of certain events the source RAN will initiate handover preparation, which involves converting the source RAN and CN context into the RAN / CN context for the target RAT. 
The target RAT reserves resources for the UE, after which the UE is informed about mobility in a handover command. The UE will then access the target RAT using the target radio. 
This type of mobility introduces some considerable impact on source and target systems. Some examples of impacts on the legacy RAN are: 
· Support for NR measurement configuration and reporting
· Support for encoding of transparent containers that adapt to the target new system
· Support of the encoding of a Target ID that adapts to the target system (this might imply setting up of neighbor relations between legacy and new RATs)
Examples of impact for the CN are:
· UE context transition needed across legacy and new system in order to convert UE context information into the target system format
· QoS translation functions between EPC and NGCN QoS frameworks
· EPC and NGCN need to support both S1AP and NGAP, in order to delivery and translation of the signalling from source RAN into the language supported by the target RAN
The impacts above point at a certain level of complexity when supporting such function. Moreover this should be added to the fact that a handover procedure with change of CN is very signalling intensive (RAN-CN signalling both at source and target, intra CN signalling between systems, RRC signalling at source and target) and it does not improve the overall handover latency due to its long interruption time.
It can therefore be concluded that handover with change of CN does not fulfil the drivers for efficient load balancing / traffic steering (due to too slow, too signalling-heavy procedures), improved robustness (since all preparation / signalling need be done while UE is still in source RAT) and efficient radio performance via resource aggregation. 
Given also the agreement that LTE should connect to the NGCN directly, the need for supporting complex handover procedures between LTE/EPC and NR/NGCN can be questioned. 
The main driver for supporting inter-RAT inter-CN handover would be to support service continuity for VoIP services. In that case it is likely that it is enough to support handover in the direction from NGCN to EPC/LTE since EPC/LTE is expected to have full coverage. Supporting handover in the direction EPC/LTE to NGCN would require updates to legacy LTE and EPC, which should be avoided as much as possible. 
Said that, even by only supporting the NGCN to EPC/LTE handover, the impact on the NGCN/NR system will be high because NGCN/NR will need to “understand” LTE due to LTE measurement support, UE context translation to LTE/EPC, signalling translation to the S1 interface, etc. The need for Mobility between LTE/EPC and NR/NGCN should be discussed in SA2.  

Proposal 2	Hard handover via EPC/NGCN does not fulfill the requirements on efficient RAN level inter-working and it implies high impacts on the LTE-EPC and the NGCN-NR systems. If the impacts are considered acceptable, it may be supported if needed for VoIP service continuity and in the NGCN -> EPC direction.

Summary
The table below summarizes the analysis and recommendations from previous section.

	Solution
	What is provided?
	Impacts
	Recommendation

	Cell Reselection
	Support for basic service continuity (e.g. data)
	Low
	Shall be supported

	Hard HO between EPC and NextGen CN
	Mainly useful for Voice service continuity 
	High impact on legacy and new system
	May be considered in the direction NextGen CN to EPC, depending on SA2 discussion

	Hard HO intra-NextGen CN
	Support for service continuity (e.g. data/voice) and basic load balancing / traffic steering
	Low
	Shall be supported for all cases e.g. intra-RAN node, inter RAN node, inter CN node

	Full DC
	Supports mobility robustness, load balancing / traffic steering, access aggregation, NSA NR
	High impacts
	Shall be supported


Table 1 Comparison inter-working methods	

Proposal 3	It is proposed to agree on the table Table 1.
Conclusion
In this paper the following observation was made:
Observation 1: Service continuity across different RATs/accesses is not only achieved by means of handover procedures but also via tight interworking and access aggregation, which improves efficiency and capacity
And the following proposals were deduced
Proposal 1	Inter RAT cell re-selection shall be supported between NR and LTE for Idle mode mobility and release with re-direction in order to provide a minimum level of service continuity. However, delay sensitive service continuity in all cases cannot be guaranteed with such method.
Proposal 2	Hard handover via EPC/NGCN does not fulfill the requirements on efficient RAN level inter-working and it implies high impacts on the LTE-EPC and the NGCN-NR systems. If the impacts are considered acceptable, it may be supported if needed for VoIP service continuity and in the NGCN -> EPC direction.
Proposal 3	It is proposed to agree on the table Table 1.

It is suggested to agree to the above proposals and to the TP below
Text Proposal
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NOTE 1:	The further detail of the functionalities needs further study.
Functions similar to E-UTRAN as listed in TS 36.401 [3]
-	Transfer of user data
-	Radio channel ciphering and deciphering
-	Integrity protection
-	Header compression
-	Mobility control functions:
-	Handover
-	Inter-cell interference coordination
-	Connection setup and release
-	Load balancing
-	Distribution function for NAS messages
-	NAS node selection function
-	Synchronization
-	Radio access network sharing
-	Paging 
-	Positioning
Functions specific for New RAN:
-	Network Slice support
-	This function provides the capability for NR RAN to support network slicing
-	Tight Interworking with LTE
-	This function enables tight interworking between NR and evolved E-UTRA by means of data flow aggregation. This function includes at least dual connectivity. Interworking with evolved E-UTRA is supported for collocated and non-collocated site deployments.
-	Multi-connectivity
-	This function provides means for connectivity between an New RAN node and multiple New RAN nodes by means of data flow aggregation.
-	evolved E-UTRA-NR handover through a New RAN interface
-	This function provides means for evolved E-UTRA-NR handover via the direct interface between an eLTE eNB and a NR BS.
Editor’s Note:	How to cover options 3/3a is FFS.
-	Session Management
-	This function provides means for the NG-Core to create/modify/release a context in the New RAN associated with a particular PDU session of a UE.
-	Cell Reselection, Release and Redirection
-	This function provides for support of cell reselection, release and redirection between the radio accesses supported within the New RAN and between the radio accesses supported within the New RAN and an LTE eNB
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New RAN may also include other functions:
-	Contacting UEs in inactive mode (feasibility of UE Inactive mode to be further studied and coordinated with RAN2)
-	In the inactive mode, the UE context is stored in RAN and UP data is buffered in RAN. 
-	Direct services support (further study related with D2D, coordinate with RAN1, RAN2)
-	This function provides communication whereby UEs can communicate with each other directly
-  Interworking with non-3GPP systems 
- This function provides interworking between NR and Non-3GPP RAT (e.g. WLAN).
-	evolved E-UTRA/E-UTRA - NR handover via CN
-	This function provides means for evolved E-UTRA/E-UTRA - NR handover via CN.
Note: Support of the E-UTRA - NR HO via CN function depends on progress in SA2. When discussing solutions to support this function, RAN3 needs to consider factors such as adaptation of the source RAN/CN to the target RAN/CN. RAN3 should consider whether the E-UTRA to NR HO direction via CN is needed or if it is sufficient to support the NR to E-UTRA HO via CN only.
-	evolved E-UTRAN-NR inactive mode mobility using a direct interface between an eLTE eNB and an NR BS.
-	This function provide means for UE mobility in a RAN controlled inactive mode between NR and evolved E-UTRAN using a direct interface between an eLTE eNB and an NR BS for context fetching and paging.
Editor’s Note:	This approach is pending discussions on “light connection” and respective discussions on paging.
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