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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.  To support the legacy LTE devices when eLTE is deployed, the eLTE cells must also need to support LTE devices.  Thus a UE supporting both LTE and eLTE (called (e)LTE in this document), can operate in either mode in the (e)LTE cells.  This document looks at who makes the choice and how to choose between the two LTE and eLTE modes.
Discussion
To support the legacy LTE devices when eLTE is deployed, the eLTE cells must also need to support LTE devices.  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 as shown in Figure 1.


Figure 1: Deployment scenario for (e)LTE 
Thus a UE supporting both LTE and eLTE (called (e)LTE in this document), can operate in either mode in the (e)LTE cells.  A particular mode of operation has to be chosen for the UE.
LTE - eLTE Mode selection
As mentioned above, specifications should allow eLTE cells to also support LTE devices.     In these cases, the (e)LTE cells will indicate support of both LTE and eLTE devices.  All of the SI and other common channels defined today to support LTE devices will need to be supported on (e)LTE cells in addition to the eLTE specific SI.  
Even if the network supports both modes, there may be reasons for network to choose one mode over the other.  For example, during the transition from LTE to eLTE, it should be possible for a network operator to decide whether to support devices in LTE or eLTE mode.  It could also be based on the partition of load from RAN to the two core networks.  
Proposal 1: When both the network and UE supports both LTE and eLTE modes of operation, it should be up to the network to decide which mode of operation to use for a particular UE.

Mode selection during Initial access 
To enable this selection during initial access, a UE attaching to the network should indicate whether it supports both modes in, for example, message 5.  
It is quite likely that there will be some eLTE specific extensions in SIB and it will be possible for the UE to know that the cell supports LTE and eLTE.  Even if there isn’t, for network backward compatibility purpose, UE should only indicate this capability when it knows the network supports eLTE.  
Proposal 2: It should be possible for UE to know if the network supports LTE and eLTE.
To avoid additional SIB overheads of having to broadcast additional tracking areas in SIB for LTE and eLTE, same TA should be used for LTE and eLTE modes.
Proposal 3: Same broadcast TAid in SIB2 should be used for both LTE and eLTE modes.  This has to be confirmed with SA2.
To avoid excessive signalling and in keeping with the current signalling in Idle mode, a change of mode from LTE to (e)LTE for Idle UEs is only supported at the time of a TA update procedure.  .  This implies that:
Proposal 4: All cells of a TA shall support the same mode(s) of operation.
There are (at least two options) to choose mode of operation during very first initial (Attach) access to an (e)LTE cell. 
1) UE indicates the modes it supports and RAN directs the Attach message to the appropriate node.  This will only work if the Attach message is the same for EPC and NG Core.  
2) UE selects one mode (either left to UE implementation, pre-specified or broadcast).  If this mode is not considered acceptable to the network, it can subsequently change the mode of operation.  
To avoid unnecessary signalling with an initial Attach and followed by a subsequent re-attach, network can broadcast a preferred mode it.  Alternatively, the preferred mode can be specified.   
Proposal 5:  When attaching for the first time in an (e)LTE network, UE selects a “preferred” mode.  The preferred mode could be specified or broadcast.  
Subsequent to the Attach procedure, it can expected that the UE will continue to be served in the mode that it was attached while it is within a tracking area.  When Attaching or making such an initial access for data transfer within a tracking area (equivalent of the Service Request today), the UE must indicate to the RAN at least by msg 5, whether it is accessing EPC or NG Core.  This could be for example by way of PRACH partitioning, some indication in msg 3 (either though S-TMSI or cause value etc. - though there is little space in msg 3!) or in msg 5.  This allows the (e)LTE NB to route the Attach/TAU/Service request to EPC or NG Core.
Proposal 6: For all network accesses, it should be possible for (e)LTE NB to identify by message 5 whether the UE is connected to EPC or NG Core.
Change of mode between LTE and eLTE 
A change of mode between LTE and eLTE must be supported when UE moves between the two regions (LTE only region and (e)LTE region).   As discussed above, this border should coincide with a TA boundary.   A UE could be in connected or Idle state while crossing such a TA border and hence both states must be supported.  
Mobility between LTE and eLTE modes in Idle mode 
A change of mode should be possible in Idle at TA border.   The following scenarios and procedures should be considered:
1) eLTE to LTE: When moving from eLTE to LTE only region, UE has to perform a legacy TA update or dual Attach procedure (depending on SA2 decision).  This will result in a change mode from eLTE to LTE.
2) LTE to (e)LTE: Similar to the initial access, UE chooses the mode it was in (in this case, LTE).  If the chosen mode is eLTE, UE has to perform a Next Gen TA update or dual Attach procedure (depending on SA2 decision).
Proposal 7: Change of mode between LTE and eLTE should be supported at crossing a LTE/eLTE border (TA border) for UEs in Idle mode.
Mobility between LTE and eLTE modes in Connected mode
A change of mode should be possible during HO at least at LTE-eLTE border.   The following scenarios and procedures should be considered:
1) eLTE to LTE: When moving from eLTE to LTE only region, network performs an inter-mode HO.  The details of this HO procedure is discussed in Tdoc [].
2) LTE to (e)LTE: The network chooses the mode at the HO.  If the chosen mode is eLTE, network performs an inter-mode HO.  The details of this HO procedure is discussed in Tdoc [].  Otherwise UE continues in LTE mode using legacy intra-RAT HO.
Proposal 8: Change of mode between LTE and eLTE should only be supported using HO procedure for UEs in Connected mode.

Intra-cell
Apart from the change of mode required at LTE/eLTE border, it will be useful to also support a change of mode while the UE is connected or during an access attempt.  This can be achieved using an intra-cell/inter-mode HO using the same inter-mode HO procedure mentioned above for the border case.
Observation 1: inter-mode HO for UEs in Connected mode can be used for change of mode between LTE and eLTE in the same cell.
Another option is to use something similar to load balancing TAU.  UE connection can be release with a cause value that forces the UE to immediately re-access the cell using a TA update in the other mode.
Proposal 9: Change of mode between LTE and eLTE could be supported using procedure similar to load balancing TAU depending on the need identified by SA2.

Summary and proposals

This contribution looked at how to access the network when both LTE and eLTE are supported in a cell.  
In the present contribution we make the following observations:
Observation 1: inter-mode HO for UEs in Connected mode can be used for change of mode between LTE and eLTE in the same cell.
Based on the discussion in the present contribution and the observations above we propose: 
Proposal 1: When both the network and UE supports both LTE and eLTE modes of operation, it should be up to the network to decide which mode of operation to use for a particular UE.
Proposal 2: It should be possible for UE to know if the network supports LTE and eLTE.
Proposal 3: Same broadcast TAid in SIB2 should be used for both LTE and eLTE modes.  This has to be confirmed with SA2.
Proposal 4: All cells of a TA shall support the same mode(s) of operation.
Proposal 5:  When attaching for the first time in an (e)LTE network, UE selects a “preferred” mode.  The preferred mode could be specified or broadcast.  
Proposal 6: For all network accesses, it should be possible for (e)LTE NB to identify by message 5 whether the UE is connected to EPC or NG Core.
Proposal 7: Change of mode between LTE and eLTE should be supported at crossing a LTE/eLTE border (TA border) for UEs in Idle mode.
Proposal 8: Change of mode between LTE and eLTE should only be supported using HO procedure for UEs in Connected mode.
Observation 1: inter-mode HO for UEs in Connected mode can be used for change of mode between LTE and eLTE in the same cell.
Proposal 9: Change of mode between LTE and eLTE could be supported using procedure similar to load balancing TAU depending on the need identified by SA2.
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