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1 Introduction

Inter-RAT mobility of a UE in INACTIVE is addressed when reselecting from NR/5GC to E-UTRA/EPC (as shown below in Figure 4.2.1-2 in TS 38.331), however it is left FFS the required procedures when a UE in INACTIVE moves from NR/5GC to E-UTRA/5GC.
Figure 4.2.1-2: UE state machine and state transitions between NR/5GC and E-UTRAN/EPC.
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The UE state machine, state transition and mobility procedures between NR/5GC and E-UTRA/5GC is FFS.

SA2 has also captured the related FFS in TS 23.501 v1.2.0:
If a UE is in CM-CONNECTED with RRC Inactive state performs cell selection to GERAN/UTRAN/EPS, it shall follow idle mode procedures.

The handling of mobility from NR to E-UTRAN connected in EPC, in RRC Inactive state in RAN is FFS.

This contribution addresses the required procedures when a UE in INACTIVE moves from NR/5GC to E-UTRA/5GC taken into consideration that RAN2 also updated the Rel-15 WID of LTE connectivity to 5G-CN to also include RRC_INACTIVE state [1].
2 Discussion
For E-UTRA/5GC, INACTIVE feature is considered optional from both UE and network side, as explained in [3].
If the UE does not support RRC_INACTIVE in E-UTRA/5GC, a UE in NR/5GC RRC_INACTIVE has to do cell reselection to E-UTRA/5GC RRC_IDLE.

Proposal 1. If UE does not support RRC_INACTIVE in E-UTRA/5GC, a UE in NR/5GC RRC_INACTIVE does cell reselection to E-UTRA/5GC RRC_IDLE.

For the case when the UE supports RRC_INACTIVE in E-UTRA/5GC, the following scenarios will be used to analyse the mobility behaviour of a UE in INACTIVE moving from NR/5GC to E-UTRA/5GC:

· Scenario (1) UE in INACTIVE moves from one NR cell to an LTE cell where both cells belong to the RAN Notification Area (RNA) configured to the given UE. This scenario requires that RAN-initiated paging can be sent to both of those NR and LTE cells, as well as, support of context fetch from NR gNB to LTE eNB. Note that a solution for this scenario was already defined within TR 38.804 in section 10.2.
· Scenario (2) UE in INACTIVE moves from one NR cell to an LTE cell where both cells do not belong to the RAN Notification Area (RNA) configured to the given UE.  
For E-UTRA/5GC, the INACTIVE feature is considered optional from network side; therefore it is important to discuss two approaches on the eNB behaviour when not supporting or enabling the feature: 
· Approach (1) An eNB connected to 5GC, that does not support/enable INACTIVE feature, cannot understand any RRC message associated with this feature (e.g. RRC resume request MSG3).
· This approach (1) requires that that eNB broadcast an indication whether INACTIVE feature is or not supported so that a UE can trigger an autonomous transition to IDLE when camping on a cell that does not support the feature.
· Approach (2) An eNB connected to 5GC, that does not support/enable INACTIVE feature, has minimum understanding of INACTIVE feature to react appropriately upon reception of RRC resume request MSG3 (which may be a rejection back into INACTIVE due to congestion, or fall-back to establish a new RRC connection).
· This approach (2) does not require that that eNB broadcast any indication on whether INACTIVE feature is or not supported. 
When discussing the mobility of a UE in INACTIVE from NR/5GC to E-UTRA/5GC, two options are possible:
Option (a) UE does cell reselection from NR RRC_INACTIVE into LTE RRC_INACTIVE.
Option (b) UE does cell reselection from NR RRC_INACTIVE into LTE RRC_IDLE.

Taken into consideration the two scenarios and two options previously explained, the following points can be concluded for the case when the UE supports RRC_INACTIVE in E-UTRA/5GC:
· Scenario (1) UE in INACTIVE moves from one NR cell to an LTE cell where both cells belong to the RNA configured to the given UE. 

· Option (a) allows a UE in INACTIVE to move between cells in NR and LTE without generating unnecessary signaling.
· Option (b) is not applicable as the RNA is defined with cells belonging to both NR and E-UTRA.

· Scenario (2) UE in INACTIVE moves from one NR cell to an LTE cell where both cells do not belong to the RAN Notification Area (RNA) configured to the given UE. 
· Option (a) allows a UE in INACTIVE to trigger an immediate RAN location area update (RLAU) and for the eNB to decide on whether to successfully resume the connection (in case that the UE AS Context could be successfully fetched) or to fall-back the resume to establish a new connection (in case the UE AS Context could not be successfully fetched or the eNB were not to support INACTIVE or resumption operation).

· Option (b) forces the UE in INACTIVE to notify network when doing cell reselection to an LTE cell; however it would always have to establish a new RRC connection even for the cases when the AS Context could be fetch.
Moreover the following assumptions are required for the cell reselection operation of a UE in INACTIVE between NR/5GC and E-UTRA/5GC in option (a):

· UE L3 ID (potentially similar to resumeID), provided to the UE in INACTIVE to uniquely identify the gNB or eNB that has stored the UE AS Context and the UE AS Context itself, has to be understandable by both gNB and eNB connected to 5GC.

· For scenario (1) option (a), RAN-initiated paging and context fetch is enabled between both of those NR and LTE cells.
In summary, option (a) looks preferable, as captured on proposal 3; however if companies were to have any concern, it is possible to enable option (a) or option (b) depending on whether the cell supports or not INACTIVE.
Proposal 2. A RNA can include cells belonging to NR/5GC and E-UTRA/5GC.

Proposal 3. If UE supports RRC_INACTIVE in E-UTRA/5GC, a UE in NR/5GC RRC_INACTIVE does cell reselection to E-UTRA/5GC RRC_INACTIVE (or vice-verse).
Proposal 3.1. Proposal 3 requires that an eNB connected to 5GC, which does not support/enable INACTIVE feature, has a minimum understanding of INACTIVE feature to react appropriately upon reception of RRC resume request MSG3.
Proposal 4. If proposal 3 is not agreeable, to agree on the following operation for a UE supports RRC_INACTIVE in E-UTRA/5GC:

Proposal 4.1. When E-UTRA/5GC supports INACTIVE (i.e. eNB broadcasts an indication to support INACTIVE), a UE in NR/5GC RRC_INACTIVE does cell reselection to E-UTRA/5GC RRC_INACTIVE (or vice-verse).

Proposal 4.2. When E-UTRA/5GC does not support INACTIVE (i.e. eNB does not broadcast an indication to support INACTIVE), a UE in NR/5GC RRC_INACTIVE does cell reselection to E-UTRA/5GC RRC_IDLE.

It is to note that when moving from NR to LTE, a UE that resumes the connection may need to release NR configuration and get reconfigured with the LTE configurations. This may require signaling over the air similar to the one required when establishing a new RRC connection, however a key advantage of option (a) is to allow a UE in RRC_INACTIVE to move between NR and LTE cells (belonging to the configured RNA) without generating any unnecessary signaling (while data traffic is not yet  triggered). This is a beneficial usage for UEs in RRC_INACTIVE camping on an area that it is in the edge between an NR and LTE cell. 
Observation 1. When a UE in RRC_INACTIVE reselects from NR/5GC to E-UTRA/5GC and later triggers resumption procedure, RAN2 would need to define the handling of the NR and LTE radio configurations.

3 Text proposal for TS 38.300

The following text proposal is suggested to be adopted in TS 38.300 and describes the cell reselection mobility operation between NR/5GC and E-UTRA/5GC based on proposals 1 and 3 above.
Proposal 5. To adopt in TS 38.300 Text Proposal #1 (based on proposal 1 and 3). 

------------------------------------------ TEXT PROPOSAL #1 (BEGINNING) ------------------------------------------
9.3
Inter RAT

9.3.1
Cell Reselection

Cell reselection is characterised by the following:

-
Cell reselection between NR RRC_IDLE and E-UTRA RRC_IDLE is supported;
-
Cell reselection between NR RRC_INACTIVE and E-UTRA RRC_IDLE is supported when:

-
E-UTRA is connected to EPC;
-
E-UTRA is connected to 5GC and UE or does not support RRC_INACTIVE;
-
Cell reselection between NR RRC_INACTIVE and E-UTRA RRC_INACTIVE is supported when E-UTRA is connected to 5GC;

----------------------------------------------- TEXT PROPOSAL #1 (END) -----------------------------------------------
4 Text proposal for TS 38.331

The following text proposal is suggested to be adopted in TS 38.300 and describes the cell reselection mobility operation between NR/5GC and E-UTRA/5GC based on proposals 1 and 3 above.

Proposal 6. To adopt in TS 38.331 Text Proposal #2 (based on proposal 1 and 3). 

------------------------------------------ TEXT PROPOSAL #2 (BEGINNING) ------------------------------------------
Figure 4.2.1-3 illustrates an overview of UE state machine and state transitions in NR as well as the mobility procedures supported between NR/5GC and E-UTRA/5GC. 
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Figure 4.2.1-3:
UE state machine and state transitions between NR/5GC and E-UTRA/5GC

----------------------------------------------- TEXT PROPOSAL #2 (END) -----------------------------------------------
5 Conclusion

The observations captured are the following:
Observation 1.
When a UE in RRC_INACTIVE reselects from NR/5GC to E-UTRA/5GC and later triggers resumption procedure, RAN2 would need to define the handling of the NR and LTE radio configurations.


The proposals captured are the following:
Proposal 1.
If UE does not support RRC_INACTIVE in E-UTRA/5GC, a UE in NR/5GC RRC_INACTIVE does cell reselection to E-UTRA/5GC RRC_IDLE.
Proposal 2.
A RNA can include cells belonging to NR/5GC and E-UTRA/5GC.
Proposal 3.
If UE supports RRC_INACTIVE in E-UTRA/5GC, a UE in NR/5GC RRC_INACTIVE does cell reselection to E-UTRA/5GC RRC_INACTIVE (or vice-verse).
Proposal 3.1.
Proposal 3 requires that an eNB connected to 5GC, which does not support/enable INACTIVE feature, has a minimum understanding of INACTIVE feature to react appropriately upon reception of RRC resume request MSG3.
Proposal 4.
If proposal 3 is not agreeable, to agree on the following operation for a UE supports RRC_INACTIVE in E-UTRA/5GC:
Proposal 4.1.
When E-UTRA/5GC supports INACTIVE (i.e. eNB broadcasts an indication to support INACTIVE), a UE in NR/5GC RRC_INACTIVE does cell reselection to E-UTRA/5GC RRC_INACTIVE (or vice-verse).
Proposal 4.2.
When E-UTRA/5GC does not support INACTIVE (i.e. eNB does not broadcast an indication to support INACTIVE), a UE in NR/5GC RRC_INACTIVE does cell reselection to E-UTRA/5GC RRC_IDLE.
Proposal 5.
To adopt in TS 38.300 Text Proposal #1 (based on proposal 1 and 3).
Proposal 6.
To adopt in TS 38.331 Text Proposal #2 (based on proposal 1 and 3).
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