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[bookmark: _Ref298777854]Introduction
This contribution is a revision of R2-1713307 from the RAN2#100 meeting. 
At the earlier RAN2/3 meeting it has been agreed that LTE eNBs should be connected to Next Gen CN to support RAN level inter-working (DC, fast mobility) between LTE and NR for UEs capable of supporting NR. This mobility can be made transparent to the CN assuming the same CN/RAN interface is used for LTE and NR. 
In addition to active mode mobility, the topic of inactive mode mobility between LTE and NR has also been discussed at earlier RAN2 meetings. There has been agreement that the UE in NR IDLE and NR RRC_INACTIVE should move to LTE IDLE when it moves to an LTE cell not connected to 5G-CN. So far no agreement has been made about the case where the LTE cell is connected to 5G-CN. Chairman’s notes clearly state that in the following:
Agreements
…
2: A UE in the NR INACTIVE state can perform re-selection to another RAT (at least in some cases (GERAN, UTRAN, legacy LTE connected to EPC) the UE enters the IDLE state in that RAT).
FFS target state in the case that LTE is connected to NG Core

At the earlier RAN plenary, it was agreed in RP-171432 to add the following to the “LTE connecting to 5GC” WI:
-	RRC_INACTIVE state for E-UTRA when connected to 5G-CN, with similar functionality as the RRC_INACTIVE state in NR;  CN aspects of the RRC-INACTIVE state are covered in 5GS-Ph1 (SP-160958) and are expected to be  the same for both NR and LTE from a CN standpoint
This contribution discusses possible requirements and solutions for supporting inactive UEs moving between LTE and NR, and proposes some working assumptions. A companion TP is provided in R2-xxx for the updates needed to cover the inter-RAT state machine.
Desired behaviour for inactive inter-RAT mobility
To support UE reachability for inactive UEs it is required that there is some sort of inactive mode mobility between NR and LTE. This means that the UE should, depending on network controlled criteria (e.g. thresholds, priorities), also perform inter-RAT measurement and trigger inter-RAT cell-reselection when conditions so dictate. 
[bookmark: _Toc458844494][bookmark: _Toc458844513][bookmark: _Toc494354675][bookmark: _Toc494354700][bookmark: _Toc494354721][bookmark: _Toc494354741][bookmark: _Toc494354757][bookmark: _Toc498549718][bookmark: _Toc498549816][bookmark: _Toc498549844][bookmark: _Toc498549857][bookmark: _Toc498549896][bookmark: _Toc498549905][bookmark: _Toc498618180][bookmark: _Toc498630668][bookmark: _Toc506374300]There needs to be support for inactive mode mobility between NR and LTE.

Furthermore, it is expected in many cases that the radio coverage will be different for different frequency bands, node types and RATs which in the worst case could lead to quite frequent toggling between RATs for some UEs in inactive mode. At the same time for UE performance it is desired to always camp on the best RAT. For this reason, it is desirable that the signalling is minimized for UEs performing this transition.
[bookmark: _Toc458844495][bookmark: _Toc458844514][bookmark: _Toc494354676][bookmark: _Toc494354701][bookmark: _Toc494354722][bookmark: _Toc494354742][bookmark: _Toc494354758][bookmark: _Toc498549719][bookmark: _Toc498549817][bookmark: _Toc498549845][bookmark: _Toc498549858][bookmark: _Toc498549897][bookmark: _Toc498549906][bookmark: _Toc498618181][bookmark: _Toc498630669][bookmark: _Toc506374301]The signalling for inactive mode mobility between NR and LTE should be minimized.

Solutions with no active CN / RAN connection
SA2 has agreed that Next Gen CN will support a CN IDLE state with no active CN / RAN connection. Solutions for this state is left for further discussion in SA2, however it is expected that the solution would be harmonised for LTE and NR, allowing things like overlapping Tracking Area (or equivalent) list which spans across both NR and LTE. This would make it possible to minimize signalling when the UE move between NR and LTE coverage. When the UE performs a Service Request or Tracking Area update the normal procedure of that RAT will be followed.
[bookmark: _Toc498549934]CN IDLE state will be supported in Next Gen CN and can be used both in LTE and NR

Solutions with active CN / RAN connection towards 5G-CN
In this case it is assumed that the RAN / CN connection is maintained when the UE enters RRC_INACTIVE. One possible solution to support mobility in this case between LTE and NR would be for the UE to fall back to solutions when there is no RAN context or CN/RAN connection, i.e., the UE would enter CN IDLE. 
In this case two sub-solutions could be considered:
· One solution where the UE performs signaling e.g. a Tracking Area Update. In this case it is possible to put back the UE in RAN connected inactive state if desired.
· Another solution is that the UE is only required to perform signaling if it enters a new TA which it is not registered to. In case the UE enters a TA it is registered the UE will do nothing. 
The drawback with this solution could be the following:
· With the first sub-solution the UE will always generate signaling (at least for the initial transition), if the UE re-enters a state where the RAN context is stored, this will increase signaling further, especially if UE later moves back to the first RAT;
· With the second sub solution the drawback is that the UE would no longer be reachable for RAN paging (one of the potential enhancements provided by RRC_INACTIVE). The problem is that the network would not know this and would first try RAN paging before falling back to CN paging which could increase both delay and/or signalling. There is also a risk that any DL packet that was sent to the old RAT will be lost during the transition since the RAN context will be re-build from the CN. Another drawback is that this would slow down the subsequent transition to active state e.g. when the UE has data.
[bookmark: _Toc498549935]For UEs with a RAN context, falling back to CN IDLE solutions with no RAN context has some drawbacks.
In order to solve these drawbacks, a solution has been proposed and described in the TR to be further discussed in the WO phase. The solution relies on a RAN based procedure for supporting mobility between LTE and NR. The procedure can be similar to the procedure used intra-RAT for UEs in this state. The basic principle for the procedure is as follows:
· UE is allowed to perform cell-reselection between the RATs;
· if the UE enters an area which it is not registered in it will perform a registration update (the area and the registration update can depending on the scenario be a RAN area update or TAU;
· It should be possible for the UE to be registered to both NR and LTE areas;
· when performing the registration update the UE will include a RAN level UE context identifier and security information (e.g. a Message Authentication Code)  which is common for both LTE and NR;
· target RAN node can then “fetch” the RAN context from the source RAN node using the UE context identifier (e.g. over the Xn  interface) and update the Next Gen CN about the mobility (e.g. a path update procedure). This part of the procedure would be same as for an active mode handover.;
Even though (large) parts of an LTE RRC Configuration (L1, HARQ, …) may be irrelevant for setting up an NR RRC Connection, the re-use of flows/bearers as well as security credentials can significantly reduce the CN signaling and corresponding delays. It should also most likely be possible to keep the PDCP configuration when moving between LTE and NR. With this solution in should be possible to configure the UE with both LTE and NR areas so there is no need for any signaling when the UE changes RAT. 
[bookmark: _Toc458686589][bookmark: _Toc458844496][bookmark: _Toc458844515][bookmark: _Toc494354677][bookmark: _Toc494354702][bookmark: _Toc494354723][bookmark: _Toc494354743][bookmark: _Toc494354759][bookmark: _Toc498549720][bookmark: _Toc498549818][bookmark: _Toc498549846][bookmark: _Toc498549859][bookmark: _Toc498549898][bookmark: _Toc498549907][bookmark: _Toc498618182][bookmark: _Toc498630670][bookmark: _Toc506374302]Support solutions where RAN context and NG connection can be kept and transferred between LTE and NR for UEs with RRC context and active CN / RAN connection.
[bookmark: _Toc494354678][bookmark: _Toc494354703][bookmark: _Toc494354724][bookmark: _Toc494354744][bookmark: _Toc494354760][bookmark: _Toc498549721][bookmark: _Toc498549819][bookmark: _Toc498549847][bookmark: _Toc498549860][bookmark: _Toc498549899][bookmark: _Toc498549908][bookmark: _Toc498618183][bookmark: _Toc498630671][bookmark: _Toc506374303]Support solutions where the UE can be simultaneously registered in both LTE and NR areas, avoiding the need to perform RAN updating at every RAT change for inactive UEs. This is inline with SA2 assumption where the UE registration area can consist of both LTE and NR cells.

[bookmark: _Toc494354679]Below are a signaling flow illustrating the context retrieval between LTE and NR using Xn:
Context Retrieval via Xn (Example based on Rel-13 X2 functions)
This section outlines a stage-2 like description of Xn Context Retrieval when the UE moves in inactive mode netweem LTE/NR and NR/LTE. It shows Xn Context Retrieval in the context of RAN Paging, which is not detailed in this section. Further data forwarding and forwarding of NAS related signalling is described.


Figure 2.2.2-1: Context Retrieval via Xn
1.	In case of a mobile terminating traffic, Paging is triggered by the Old Serving RAN node (NR/LTE), which may involve, if necessary, other (neighbouring) RAN nodes and, probably dependent on the approach, the CN.
2.	The UE performs the RRC connection establishment procedure in a new RAN node (LTE/NR) in a new RAT. If it has received a Resume ID from the old serving RAN node it provides this ID in the RRCConnectionResumeRequest message. Figure 2.2.2-1 shows the case where the UE performs RRC connection establishment with a New Serving RAN node (LTE/NR) which is Xn connected to the Old Serving RAN node (NR/LTE).
3.	The New Serving RAN (LTE/NR) node attempts to retrieve the UE Context by triggering the Xn Retrieve UE Context procedure. 
4.	If the Old Serving RAN node (NR/LTE) is able to resolve the Resume ID it provides UE Context data to the New Serving RAN node (LTE/NR). The context data include RRC/PDCP context info as well as NG interface context info.
Note:	It is for further study whether it is necessary that the response message should also foresee means to forward NAS PDUs.
5.&6. The New Serving RAN node (LTE/NR), after having performed admission control, triggers Path Switch Request towards the CN.
7. The New Serving RAN node (LTE/NR) requests the Old Serving RAN node (NR/LTE) to release the UE Context. This message may contain DL forwarding addresses. FFS if this is handled by CN node.
8.	Forwarding of pending DL user data is performed.

[bookmark: _Toc494354680][bookmark: _Toc494354704][bookmark: _Toc494354725][bookmark: _Toc494354745][bookmark: _Toc494354761][bookmark: _Toc498549722][bookmark: _Toc498549820][bookmark: _Toc498549848][bookmark: _Toc498549861][bookmark: _Toc498549900][bookmark: _Toc498549909][bookmark: _Toc498618184][bookmark: _Toc498630672][bookmark: _Toc506374304]Consider the signalling flow above for context fetch between LTE and NR and vice versa for inclusion in the relevant specification.
Inactive state in LTE 
One of the discussions during the study item concerning the proposed solution was in which state, an RRC_INACIVE UE performing reselection from NR, would enter in LTE (connected to NGC). At the earlier SA/RAN plenary meetings it was agreed to postpone the work on Light Connected (LC) state for LTE to Rel-15 at the same time a work item was started addressing “LTE connectivity to 5G-CN”. With the agreement at the RAN plenary to support an RRC_INACTIVE state also in LTE it is expected that this would will use some of the baseline solutions agreed for LC.
From the agreements in the area of LC in LTE one can see quite many similarities with the RRC_INACTIVE state in NR such as the following:
· Functionality wise the LC solution is similar to what is envisioned for NR RRC_INACTIVE
· There may be some slight deviation with respects to modelling, procedure names etc. which is natural since LC need to consider legacy LTE specifications.
· The detailed agreements for LC has progressed a bit further than for NR RRC_INACTIVE. 
· It is likely that in many cases similar agreements will be adopted for NR, however maybe the NR solution will still look a bit different in some cases
· Due to high urgency to complete the LC work in Rel-14 several agreements were made which could be re-considered now when there is more time to complete the work:
· The access control mechanism in LC and LTE IDLE should probably be aligned
· The RAN area update procedure today require the UE to enter fully RRC connected and then actively re-suspended to LC state. This is an area for potential optimization.
· In the light connected work there were no conclusions in RAN3 on how to handle the case when there is no X2 interface between source and target RAN node. 
Proposal 1 [bookmark: _Toc494354681][bookmark: _Toc494354705][bookmark: _Toc494354726][bookmark: _Toc494354746][bookmark: _Toc494354762][bookmark: _Toc498549723][bookmark: _Toc498549821][bookmark: _Toc498549849][bookmark: _Toc498549862][bookmark: _Toc498549901][bookmark: _Toc498549910][bookmark: _Toc498618185][bookmark: _Toc498630673][bookmark: _Toc506374305][bookmark: _Toc478047435][bookmark: _Toc478047546]The ongoing work on NR RRC_INACTIVE should be considered when defining an RRC_INACTIVE like state for LTE connected to 5GC

Additional arguments for supporting direct inter-RAT inactive state transitions
[bookmark: _Toc494354682][bookmark: _Toc494354706][bookmark: _Toc494354683][bookmark: _Toc494354707]As can be seen by the previous section the additional functionality for supporting inactive state transitions between LTE and NR connected to 5G-CN are low, especially considering the benefits in terms of lower radio signalling. The following impacts are forseen:
· There needs to be a UE RAN level context identifier which can be used to find the UE context in the other RAT. Currently LTE uses a Resume ID, it is assumed similar parameter could be use on NR side.
· [bookmark: _Toc494354684][bookmark: _Toc494354708]There needs to be a context fetching request method over Xn. This will anyway be needed for intra-RAT context fetching. The actual context fetching procedure (incl. context transfer) will be similar to inter-RAT handover which also need to supported between LTE and NR.
· [bookmark: _Toc494354685][bookmark: _Toc494354709]There needs to be support for RAN paging over Xn. This will anyway be needed for intra-RAT paging.
As can be the impacts are low and most all of the functionality is anyway needed to support for intra-RAT RAN paging and inter-RAT active mode handover.
[bookmark: _Toc498549936]The impacts of supporting inter-RAT inactive state transition is low.

Below is a proposed high level state machine for LTE and NR RRC states when connected to 5G-CN. The state model also shows the transitions between RRC_CONNECTED and RRC_IDLE on both side. Additionally, it could be considered to support RRCConnectionRelease with re-direct information across the RATs.


Figure 2 Propose 5G-RAN state model
[bookmark: _Toc494354686][bookmark: _Toc494354710][bookmark: _Toc494354727][bookmark: _Toc494354747][bookmark: _Toc494354763][bookmark: _Toc498549724][bookmark: _Toc498549822][bookmark: _Toc498549850][bookmark: _Toc498549863][bookmark: _Toc498549902][bookmark: _Toc498549911][bookmark: _Toc498618186][bookmark: _Toc498630674][bookmark: _Toc506374306]To agree on a text proposal in R2-1802374 to 38.331 to capture state transition between RRC_INACTIVE (LTE) and RRC_INACTIVE (NR).
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[bookmark: _Toc498549864][bookmark: _Toc498549903]Conclusion
Based on the discussion we make the following proposals and observations:
Proposal 1	There needs to be support for inactive mode mobility between NR and LTE.
Proposal 2	The signalling for inactive mode mobility between NR and LTE should be minimized.
Proposal 3	Support solutions where RAN context and NG connection can be kept and transferred between LTE and NR for UEs with RRC context and active CN / RAN connection.
Proposal 4	Support solutions where the UE can be simultaneously registered in both LTE and NR areas, avoiding the need to perform RAN updating at every RAT change for inactive UEs. This is inline with SA2 assumption where the UE registration area can consist of both LTE and NR cells.
Proposal 5	Consider the signalling flow above for context fetch between LTE and NR and vice versa for inclusion in the relevant specification.
Proposal 6	The ongoing work on NR RRC_INACTIVE should be considered when defining an RRC_INACTIVE like state for LTE connected to 5GC
Proposal 7	To agree on a text proposal in R2-1802374 to 38.331 to capture state transition between RRC_INACTIVE (LTE) and RRC_INACTIVE (NR).


Observation 1	CN IDLE state will be supported in Next Gen CN and can be used both in LTE and NR
Observation 2	For UEs with a RAN context, falling back to CN IDLE solutions with no RAN context has some drawbacks.
Observation 3	The impacts of supporting inter-RAT inactive state transition is low.
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