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Introduction

Normally a UE will need to perform some signalling when it moves from one RAT to another.  When NR coverage is patchy, either due to NR being in high frequency and experiencing blockage or due to initial NR deployment not being as robust, UE is likely to go between LTE and NR very frequently.  This can result in a significant amount of signalling traffic if UE needs to perform a network update signalling every time UE goes into and out of NR coverage. 
When eNB and gNB are both connected to the same NG Core node, signalling reduction is possible in RRC Idle by using  a common NAS tracking area list covering both LTE and NR cells.  This has already been agreed in SA2:
UE and core network shall at least support tracking area list as registration area for standalone NR and evolved E-UTRA.
-	It is possible that the core network allocates tracking area list including both the standalone NR and evolved E-UTRA.
When both eNB and gNB are connected to the same NG Core, and the NAS tracking area list spans both cells, there should be no need to perform NAS TA update every time UE crosses between LTE and NR, at least for the case that the UE is in idle.   
It should be noted that all the optimisations discussed in this document are only possible when LTE is connected to NG Core.  When LTE is connected to EPC, there is a context mapping needed that cannot be easily done in RAN alone and as agreed during the email discussion  [96#34][NR] Inter-RAT mobility], it is not expected to be supported.
 Supporting inactive state across RATs was discussed in contributions to RAN#96 (R2-168301) and in email discussion [[96#34][NR] Inter-RAT mobility].  It was further discussed in RAN2 adhoc in R2-1700493.  This document provides more details of the solution.
Discussion

eNB and gNB connected to different NG Core nodes
Based on LTE (and previous core networks) assumptions, when a UE moves from one CN node coverage area to another CN node coverage area, it must perform a TA update (that is, CN tracking area will always be different for different CN node coverage areas).  This is applicable for UEs in Connected and Idle state.




Figure 1: Message flow for inter-RAT resume between RAN nodes connected to different CN nodes
It can be noted that since UE has to perform a Resume procedure to do the NAS level update, it is not possible to move between RAN nodes connected to different Core network nodes without generating signalling.    

It can be seen that:
Observation #1: RAN signalling is always needed during mobility between RAN nodes connected to different Core network nodes. 
eNB and gNB connected to the same NG Core CN node
If the UE was previously inactive, there are three possible options when UE moves to the new RAT:
Option 1) Resume function  is not supported across RATs (no context fetch, Paging or data forwarding): UE goes autonomously to Idle and starts a new RRC connection to perform the NAS TA update
Option 2) Resume function (context fetch with or without  data forwarding) is supported across RATs:  UE performs a Resume procedure to perform the NAS TA update
Option 3) Context fetch and Paging (with data forwarding) is supported across RATs
This discussion uses the inter-RAT scenario where the old RAN node is an LTE eNB connected to NG Core and new RAN node is a gNB for discussion but is equally applicable for the other way around.  
The three options mentioned above are discussed in more detail below.
Option 1: Context fetch, Paging and data forwarding is not supported across RATs
When context fetch is not supported across RATs, UE cannot successfully perform a resume function in another RAT.   And there is no possibility to Page the UE successfully across RATs either.  Thus, when a UE crosses to another RAT coverage, it must move to RRC Idle.  
There are two further options on moving to Idle: either immediately perform a NAS TAU or not.
Performing NAS TA update immediately after crossing RATs will allow network and UE to synchronise states and also set up the NG-C/U/S1 connection to the right RAN node.  This would need to be done even if the LTE and NR cells belong to the same NAS tracking area.
Not having to perform a TAU immediately on moving to Idle after crossing to other RAT can save a lot of signalling.  From NAS point of view, if the NAS TAU spans both LTE and NR, it is not necessary to perform NAS TAU immediately after to another RAT.  This option that was mentioned during the online discussion last meeting.  
However, this is will result in a mismatch in the network and UE states in that the network thinks UE is connected to the original RAT while in fact UE is in Idle and in the new RAT.  This can result in unknown consequences and special handling.  For example if there is DL data, UE RAN paging will not reach the UE in other RAT.  This would require special handling for Paging from CN as inter-RAT RAN Paging is not supported.  Further, data transfer from old RAN node to UE will require special handling over CN as data is in the old RAN node, while UE has a new UE RRC connection in new RAT node.  
Observation #2: NAS signalling is needed when UE moves between RATs in Inactive state when context fetch,  Paging and data forwarding is not supported across RATs, even if the two cells belong to the same NAS TA list.
Supporting context fetch but not Paging across RATs
When context fetch is supported across RAT nodes, but not Paging, the issues discussed above relative to Paging and data forwarding are valid here as well.  That is, special and complex handling will need to developed to perform these over CN.  To avoid this, UE RAN context must be transferred to the new RAT node as soon as UE has moved to other RAT.
Thus, even when there is no UL traffic to be sent, UE performs equivalent of a Resume request in the current (target) cell, as shown in Figure 1 above, immediately on crossing RAT boundary.    The UE RAN context is immediately transferred to the current RAT without generating any NAS signalling.  This thus results in less signalling compared to option 1) above as there is no need for NAS signalling.  However, UE has to perform an RAN update and network has to move the RAN context and NG/S interfaces every time UE crosses RATs even if there is no data to send. 

Observation #3: By supporting context fetch across RATs in RAN, NAS signalling can be avoided when UEs in inactive move between inter-RAT cells that are part of the same CN TA.  RAN signalling is still needed on immediately on every inter-RAT mobility even if UE has no data to send.
Supporting Context fetch and Paging across RATs

As mentioned above, SA2 has agreed to support common TA list across LTE and NR cells to reduce signalling when UE cross inter-RAT boundary in Idle.  Similar optimisation at RAN level for UEs in inactive can be achieved by creating a RAN notification area that include cells from LTE and NR.   A UE is allowed to roam within these cells, irrespective of the RAT when it has no data to send without generating any RAN TA update signalling.  When UE has data to send, it performs a Resume function in its current cell.  This results in a context fetch (if required) even if the context was in another RAT.  When there is DL data to send, UE is paged across the cells of both RATs and data forwarded to the right RAT node over Xn along with the UE RAN context when UE performs the Resume function in response to the RAN Paging.
Observation #4: UE can be provided with a Paging area consisting of cells from LTE and NR to allow signalling free mobility across RATs in Inactive state when the eNB and gNB are connected to the same CN node.  UE generates signalling only if it has data to send.
Solution details

Supporting Context fetch across RATs:
The Resume request contains a UEid.  It should be possible to locate the UE context in eLTE or NR node based on the UE id provided by the UE in the Resume request message.   This can be achieved for example by:
1) using a common id space across both nodes.  That is, the eNBs and gNBs coordinate to ensure that the UEid is unique across the common Paging area.
2) UE provides an additional field to indicate where the UE id was issued.  However this change to LTE would be more difficult if we keep to the current msg 3 size.
3) UE is provided with 2 ids, one for each RAT.  UE uses the appropriate id based on which network it is performing the resume.  The mapping between the ids is maintained by the network.
Observation #5: It should be possible to identify the UE context in eLTE or NR based on the UEid provided in the Resume message.
As agreed for with inter-RAT HO, context forwarding here provides the CN context and UE capability to the new RAT node.  An example signalling flow is provided in Figure 2 below.  This is used by the new RAT node to provide the configuration including DRB configuration to the UE.  Even when resume with context forwarding is supported across RATs, it is not possible to perform delta signalling since the previous configuration was for another RAT.  This implies that it is necessary to do full configuration during Resume in another RAT.  Not only does this increase the message size, it may be necessary (to be confirmed by SA3) to use encryption before the full configuration can be sent.  
Observation #6: It will be necessary to provide full configuration at every resumption in another RAT.
Supporting Notification area across RATs
Paging messages will need to be sent to all the cells in the Paging area.  This implies that in this case, Paging message has to be sent over Xx/Xn interface between eNB and gNB.  From UE perspective, UE simply monitors the Paging message in the RAT it is currently located it.  The UEid used in Paging message has to uniquely identify the UE in the RAT it is in.  This can be done for example as discussed above.
Observation #7: Paging message in the respective technology can be used as long as it is possible to uniquely identify the Paged UE.
Based on the above discussion, the following shows an example signalling flow for inter-RAT mobility in Inactive mode when eNB and gNB are connected to the same CN node and are part of the same NAS tracking area list.



Figure 2: Message flow for inter-RAT resume between RAN nodes connected to same CN node 
Based on the above discussions, the only UE impact identified is handling of UE id across RATs, and notification area list from both RATs.   The rest of the UE functions are already supported as part of the inactive state of that technology or inter-RAT HO.
Observation #8: it seems possible to support inactive mode Paging area across eNB and gNB connected to the same NG Core node with minimal additional UE impact.   The UE impact is limited to handling:
· UEid across RATs
· Notification area list across RATs
It can also result in significant signalling reduction compared to either of the options discussed in section 2.1 especially if the NR coverage is patchy.  SA2 has already agreed to use a common NAS tracking area list for LTE and NR.  It is hence proposed that RAN should also offer signalling reduction similar to SA2 decision.
Proposal: For the case that gNB and eNB are connected to the same NG Code node, support inter-RAT mobility between NR RRC INACTIVE and E-UTRA lightly connected without immediate signalling. To provide such inter-RAT mobility, the following would be needed:
· UE id coordination between NR and E-UTRA
· RAN paging area can span NR and E-UTRA
· Forwarding of RAN paging between NR and E-UTRA
· Context fetch between NR and E-UTRA
· Data forwarding between NR and E-UTRA

Further details on UEid coordination and which parts of the source RAT context that is needed in the targeted RAT can be addressed during WI phase.


Conclusion and proposals

It seems possible to support inactive mode Paging area across eNB and gNB connected to the same NG Core node with minimal additional UE impact.   It can also result in significant signalling reduction compared to either of the options discussed in section 2.1 especially if the NR coverage is patchy.  
SA2 has already agreed to use a common NAS tracking area list for LTE and NR.  It is hence proposed that RAN should also offer signalling reduction similar to SA2 decision.
Observation #1: RAN signalling is always needed during mobility between RAN nodes connected to different Core network nodes. 
Observation #2: NAS signalling is needed when UE moves between RATs in Inactive state when context fetch,  Paging and data forwarding is not supported across RATs, even if the two cells belong to the same NAS TA list.
Observation #3: By supporting context fetch across RATs in RAN, NAS signalling can be avoided when UEs in inactive move between inter-RAT cells that are part of the same CN TA.  RAN signalling is still needed on immediately on every inter-RAT mobility even if UE has no data to send.
Observation #4: UE can be provided with a Paging area consisting of cells from LTE and NR to allow signalling free mobility across RATs in Inactive state when the eNB and gNB are connected to the same CN node.  UE generates signalling only if it has data to send.
Observation #5: It should be possible to identify the UE context in eLTE or NR based on the UEid provided in the Resume message.
Observation #6: It will be necessary to provide full configuration at every resumption in another RAT.
Observation #7: Paging message in the respective technology can be used as long as it is possible to uniquely identify the Paged UE.
Observation #8: it seems possible to support inactive mode Paging area across eNB and gNB connected to the same NG Core node with minimal additional UE impact.   The UE impact is limited to handling:
· UEid across RATs
· Notification area list across RATs
Proposal: For the case that gNB and eNB are connected to the same NG Code node, support inter-RAT mobility between NR RRC INACTIVE and E-UTRA lightly connected without immediate signalling. To provide such inter-RAT mobility, the following would be needed:
· UE id coordination between NR and E-UTRA
· RAN paging area can span NR and E-UTRA
· Forwarding of RAN paging between NR and E-UTRA
· Context fetch between NR and E-UTRA
· Data forwarding between NR and E-UTRA

Further details on UEid coordination and which parts of the source RAT context that is needed in the targeted RAT can be addressed during WI phase.
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