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Introduction

It has been decided to connect LTE RAN to Next Gen core.  Such a deployment scenario has been called eLTE in certain documents.  This Tdoc looks at what scenarios to support for eLTE and how to handle eLTE specifications.

Discussion
LTE RAN connected to NG-Core over NG-C and NG-U reference points is often referred to as eLTE.  Such a deployment allows LTE to benefit from Next Gen Core features and is seen by some operators at least as an “end goal”.  The large number of deployed LTE devices and the potential delay in deploying eLTE means that a migration path from LTE to eLTE should be supported.  
To support the legacy LTE devices when eLTE is deployed, the eLTE cells must also need to support LTE devices to provide coverage for both types of device in a region, without necessarily having to deploy separate carries for LTE and eLTE.  
Proposal #1: It should be possible to support both UEs that connect via LTE to the EPC and UEs that connect via LTE and the NG Core (LTE and eLTE devices) in the same cell.  
Such a network supporting both eLTE and LTE devices is referred to as (e)LTE networks, and a UE supporting both LTE and eLTE is referred to (e)LTE UE  in this document.
To support LTE devices connecting to EPC and eLTE devices connecting to NG Core, the (e)LTE network must connect to both EPC and NG Core.
Observation: An (e)LTE eNB must then support S1 and NG interfaces to EPC and NG Cores respectively.  


Figure 1: Deployment scenario for (e)LTE 

Impact of NG Core on eLTE RAN

While eLTE network connects to NG Core over NG-C and NG-U interface, it is not essential to support all the features of NG-Core.  Next Gen core features could be applicable for NR radio access and not all may have relevance to LTE radio access.  Hence it is proposed that application of Next Gen Core features to eLTE has to discussed on a case by case basis.  
Proposal #2: NG Core features applicable when LTE is connected to NG Corehave to be discussed on a case by case basis.
An analysis of the SA2 TR 23.799 on study of Next Gen Core shows there are three main features that impact RAN.  These are Bearers and QoS, Mobility handling and Slicing.  
Bearers and QoS
Bearer handling is one area where EPC and NG Core differ significantly.  The changes are also visible in RAN nodes and hence LTE QoS handling will need to be “updated” to be compliant with NG Core QoS handling.  The nature of changes needed in LTE for this is discussed further below.
Both LTE and NR will use the concept of DRBs over the radio.  Most of the L2 parameters can also be expected to be the same or similar for LTE and NR.  Hence DRB setup signalling of LTE can be largely re-used for eLTE.  Conditional presence of some of the fields (e.g., EPS bearer id is mandatory for DRB setup in LTE but not used in NG core) could be different.   Some additional fields may also need to be signalled.
On the user plane, the current LTE stack can continue to be used as the baseline for eLTE (as it is also for NR).  Since the motivation for different functional splits in NR is higher data rate and lower delay due to the physical layer, not all these changes in NR have to be applied to LTE and would again need to be discussed on a case by case basis.      
In the absence of EPS bearer in NG-Core, the flexible mapping of QoS flows into DRBs has to applied to eLTE.  Hence it seems reasonable to adopt some extension to the user plane header (e.g., PDCP header) needed to carry some of this information.   
Mobility handling
SA2 is still finalising the details of the key issue on Mobility.  Based on current agreements in SA2 and RAN2, NR will support an RRC Inactive state that is transparent to the NG Core.  Light Connection in LTE under discussion in RAN2 is also targeting a similar approach and may be sufficient to support mobility aspects of NG Core.  Further evaluation will be needed when the details of the NG Core and Light connection for LTE are more clear.  
Slicing
One of the objectives of slicing is resource partitioning in both RAN and CN and support of vertical slicing.  SA2 has also been working on LTE/EPC enhancements for this in the form of (e)DECOR.   While it may be required for eLTE to support the necessary Slicing function in NG Core, slicing of eLTE RAN itself may not be considered necessary.
Inter-RAT scenarios
During the migration period, some parts of an operator network may be upgraded to (e)LTE while other parts of the network might still be supporting only LTE.  This creates many inter-RAT inter-working scenarios to be supported.  
Proposal #3: The following inter-RAT scenarios should be supported:
The following inter-system change (e.g., HO) scenarios should be supported:
	Scenario
	Status/proposal in RAN2

	NR<->LTE inter-system change (e.g. HO) in Connected mode
	Already under discussion.

	NR<->eLTE inter-system change (e.g. HO) in Connected mode
	Should be supported.  

	LTE<-> eLTE inter mode change (e.g. HO) in Connected mode
	At least eLTE -> LTE should be supported



The following inter-RAT (e)LTE related tight interworking scenarios should be supported:
	Scenario
	Status/proposal in RAN2

	NR MCG, eLTE SCG tight interworking (option 4, 4a)
	New scenario to be supported 

	LTE MCG, eLTE SCG tight interworking
	Not essential

	eLTE MCG, NR SCG tight interworking
	New scenario to be supported

	eLTE MCG, LTE SCG tight interworking
	Not essential. 




eLTE specifications

Commonality needed for LTE and eLTE

Many parts of the current LTE specification should be supported by an (e)LTE cell to support both LTE and eLTE devices.  And even an eLTE only device or network will need to support these common parts of the specifications.  For example, the LTE common channels and initial access should be supported.  Much of the radio configuration parameters will also be common for LTE and eLTE.   
As discussed above, most of the user plane protocols of LTE will also apply to eLTE.
Based on the above discussion, it is clear that while one can expect some impact on both control and user plane LTE protocols, they are not radically different.   In most cases, they can be seen as extensions of the protocols.  Hence eLTE can be considered as an extension of LTE rather than an independent system.  
This then also implies that:
Proposal #4: Operation of LTE connected to NG Core is specified as an extension of the LTE specifications rather than a set of new specifications.
Given the differences on to support EPC and NG Core, and a UE will be using different NAS protocols to connect to each, it is different to the extensions of specifications to add new features.  One way to model it could be as two different “modes” operation – an LTE mode and eLTE mode.   It should be possible for network and UE to operate in either mode.  This removes the need for backward compatibility between LTE and eLTE and hence can eliminate a lot unnecessary complexity that would otherwise be needed if specifications were written in a backward compatible way. This implies, for example, to the additions to the signalling could be done with critical extensions or with non-critical extensions and which option to take can be decided later in the work item phase.
Proposal #5: LTE connected to EPC and LTE connected to NG core are supported as different modes of operation and there is no need to ensure backward compatibility between the two.

Even if eLTE extensions are included in LTE specifications, it should be possible to clearly identify and isolate the specification parts related to LTE only and eLTE only to allow LTE or eLTE only implementations.  A similar approach was done for NB-IoT.  
Further, it should also be possible to independently extend LTE and eLTE features without necessarily including the features in both.  
Proposal #6: it should be possible to identify EPC and NGCore specific parts of the specifications to allow independent implementations of devices that use LTE to connect to EPC and NGCore.
Proposal #7: Independent evolution of LTE and eLTE should be supported (for the independent features/parts of the specifications).
Summary and proposals
This document discusses LTE to eLTE evolution path and how to support both EPC and NG Core connections on the network.  It also discussed how to capture the eLTE specifications.  The following proposals and observations are made.
Proposal #1: It should be possible to support both UEs that connect via LTE to the EPC and UEs that connect via LTE and the NG Core (LTE and eLTE devices) in the same cell.  
Observation: An (e)LTE eNB must then support S1 and NG interfaces to EPC and NG Cores respectively.  
Proposal #2: NG Core features applicable when LTE is connected to NG Corehave to be discussed on a case by case basis.
Proposal #3: The following inter-RAT scenarios should be supported:
The following inter-system change (e.g., HO) scenarios should be supported:
	Scenario
	Status/proposal in RAN2

	NR<->LTE inter-system change (e.g. HO) in Connected mode
	Already under discussion.

	NR<->eLTE inter-system change (e.g. HO) in Connected mode
	Should be supported.  

	LTE<-> eLTE inter mode change (e.g. HO) in Connected mode
	At least eLTE -> LTE should be supported



The following inter-RAT (e)LTE related tight interworking scenarios should be supported:
	Scenario
	Status/proposal in RAN2

	NR MCG, eLTE SCG tight interworking (option 4, 4a)
	New scenario to be supported 

	LTE MCG, eLTE SCG tight interworking
	Not essential

	eLTE MCG, NR SCG tight interworking
	New scenario to be supported

	eLTE MCG, LTE SCG tight interworking
	Not essential. 



Proposal #4: Operation of LTE connected to NG Core is specified as an extension of the LTE specifications rather than a set of new specifications.
Proposal #5: LTE connected to EPC and LTE connected to NG core are supported as different modes of operation and there is no need to ensure backward compatibility between the two.
Proposal #6: it should be possible to identify EPC and NGCore specific parts of the specifications to allow independent implementations of devices that use LTE to connect to EPC and NGCore.
Proposal #7: Independent evolution of LTE and eLTE should be supported (for the independent features/parts of the specifications).
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