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Introduction
[bookmark: _Hlk513657944]Agenda item 11.11.3 was not treated during RAN2#105 due to lack of time. This contribution is a revision of R2-1901278.  
Current NR specifications specifies that an if a UE in RRC_INACTIVE reselects to an inter-RAT cell, the UE will go to RRC_IDLE and inform higher layers. Since this reselection also triggers a TAU, the UE will initiate a TAU procedure in the target cell which will cause UE to enter RRC_CONNECTED which will consume UE battery even if UE has no data to send. This contribution discusses the benefits of allowing inter-RAT/inter-system RAN Notification Areas as way to reduce unnecessary battery consuming signalling and procedures how it can be supported also for UEs in LTE/EPC.
[bookmark: _Ref178064866]Discussion
A likely initial NR deployment will be to deploy EN-DC to supplement existing LTE deployments with NR booster carriers for eMBB, with minimal impact to existing deployments. This will initially provide spotty, opportunistic coverage for the NR carriers, while maintaining the LTE carriers for robustness. Once the deployment of the NR gNBs are sufficient to provide moderate coverage, NR SA can suffice for a multitude of use cases. But until then, EN-DC and legacy LTE deployments will provide coverage.
[bookmark: _Toc534634004][bookmark: _Toc534635468][bookmark: _Toc535312294][bookmark: _Toc296125][bookmark: _Toc296621][bookmark: _Toc529284][bookmark: _Toc4506599][bookmark: _Toc4506655][bookmark: _Toc4536379]Initial deployments of NR will likely rely on EN-DC to leverage on existing LTE deployments
To fully utilize the NR capacity, it is beneficial to prioritize access to NR carriers to avoid that the UE first connects to LTE and then directly handover to NR. Thus, the UEs should camp on NR cells when possible.
[bookmark: _Toc4536380]To avoid unnecessary latency in accessing NR carriers, UEs should camp on NR cells when possible
In addition, when NR SA is deployed, it will be possible to utilize RRC_INACTIVE as an efficient UE sleep state, where the UE keeps the NR configurations in RRC_INACTIVE and restores them upon resuming in the NR cell. Furthermore, the RRC_INACTIVE state allows the UE to move around within a configured RAN Notification Area without notifying the network which of the cells it is camping on, and still be reachable by RAN paging.
[bookmark: _Toc4536381]By camping on NR cells, a UE can remain in RRC_INACTIVE, instead of RRC_IDLE which enables a fast resumption of the RRC connection
However, as it is assumed that the NR coverage will not be ubiquitous, the UE may experience fluctuating NR coverage due to e.g. signal blockage, UE rotation, etc. which means that sometimes the best cell is NR, and sometimes it is LTE/EPC. If the UE re-selects to an LTE/EPC cell, it is currently specified that if a UE in RRC_INACTIVE reselect to an inter-RAT cell, it will leave RRC_INACTIVE as can be seen in the excerpts from TS 38.331:

TS 38.331:
5.3.13.12	Inter RAT cell reselection
Upon reselecting to an inter-RAT cell, the UE shall:
1>	perform the actions upon going to RRC_IDLE as specified in 5.3.11, with release cause 'other'.

Since the UE has re-selected to an LTE/EPC cell, which is outside the UEs current TAI-list, the UE NAS layer will trigger a TAU in EPC, i.e. the UE will enter establish a new connection to EPC and enter RRC_CONNECTED in LTE.
[bookmark: _Toc4536382]When a UE in NR RRC_INACTIVE re-selects to an LTE/EPC cell, it will enter RRC_CONNECTED in LTE to perform a TAU
Since the NR coverage is assumed to be fluctuating, LTE/EPC may handover the UE to the best NR cell, alternatively, LTE/EPC may release the UE to RRC_IDLE, where the UE re-selects to the best NR cell. In either case, the UE enters NR RRC_CONNECTED and performs a TAU in 5GC. Since the UE still have no ongoing traffic, NR may want to release the UE back to RRC_INACTIVE, where the UE again may re-select to an LTE/EPC cell.
[bookmark: _Toc4536383]If the NR coverage recovers, the UE will switch back to NR and perform a TAU in 5GC
[bookmark: _Toc4536384]If NR then releases the UE to RRC_INACTIVE, the UE may again re-select to an LTE/EPC cell and perform a new TAU in EPC
[bookmark: _Toc4536385]Frequent toggling between LTE/EPC and NR in RRC_INACTIVE/RRC_IDLE have a negative impact on the UE battery consumption

A possible enhancement in this area could be to allow a UE in RRC_INACTIVE to delay the NAS TAU in EPC until it is really needed to be performed, e.g. wait until new data arrives. In this was it would be possible to avoid performing the NAS TAU completely if the UE re-selects back to NR again. Added benefit of this would be that the tracking area updates in 5GC will also be avoided. 
[bookmark: _Toc529286][bookmark: _Toc4506601][bookmark: _Toc4506657][bookmark: _Toc4536387]The issue with frequent signalling for inactive UEs toggling between NR and LTE/EPC can be avoided if the UE performing an inter-RAT cell re-selection to an LTE cell which is part of the UE assigned RNA is allowed to delay any NAS TAU until it is really needed e.g. only perform it when new data arrives
The solution could be based on that the UE remain in RRC_INACTIVE even when reselecting to an LTE/EPC cell. In this way the UE could be allowed to re-select back and forth between LTE/EPC cells and NR cells without requiring any signalling. A possible way to model this in the specifications could be that the AS layer does not report the system information of the LTE/EPC cell as long as the UE remain in RRC_INACTIVE in the current RNA. Thus, the NAS would be unaware that the UE is camping on an LTE cell, and it would be up to the RAN to ensure that the UE remains reachable.
[bookmark: _Toc4536388]A possible way to model this in the specifications is for the AS layer not to report up system information from the LTE/EPC cell as long as the UE is within the current RNA 
[bookmark: _Toc4536389]The observation above is based on the assumption that the RNA is extended to also contain LTE/EPC cells. 

To minimize the impact on LTE/EPC, the resume procedure would not be used. Instead, if the UE is camping on an LTE/EPC cell when it needs to connect to the network, it transitions to RRC_IDLE and performs the NAS tracking area update at that point, followed by whichever action triggered the transition.
[bookmark: _Toc296623][bookmark: _Toc529287][bookmark: _Toc4506602][bookmark: _Toc4506658][bookmark: _Toc4536390]If a UE can remain in RRC_INACTIVE even when re-selecting to an LTE/EPC cell, it can re-select back to an NR cell and remain in RRC_INACTIVE without any NAS signalling
[bookmark: _Toc534634008][bookmark: _Toc534635472][bookmark: _Toc535312298][bookmark: _Toc296130][bookmark: _Toc296624][bookmark: _Toc529288][bookmark: _Toc4506603][bookmark: _Toc4506659][bookmark: _Toc4536373]If a UE in NR RRC_INACTIVE reselects to an LTE/EPC cell the UE stays in NR RRC_INACTIVE
[bookmark: _Toc296131][bookmark: _Toc296625][bookmark: _Toc529289][bookmark: _Toc4506604][bookmark: _Toc4506660][bookmark: _Toc4536374]If a UE reselects to an LTE/EPC cell while in RRC_INACTIVE and need to contact the network it enters RRC_IDLE and performs the tracking area update in EPC at that time
In order to support this, there are a few minor modifications which are needed. First, the UE would need to be configured with a RAN Notification Area consisting of both LTE/EPC and NR cells so that a UE are informed in which LTE/EPC cells it can remain in RRC_INACTIVE and doesn’t have to transition to IDLE and perform a NAS tracking area update.
[bookmark: _Toc534634007][bookmark: _Toc534635471][bookmark: _Toc535312297][bookmark: _Toc296132][bookmark: _Toc296626][bookmark: _Toc529290][bookmark: _Toc4506605][bookmark: _Toc4506661][bookmark: _Toc4536375]The RAN Notification Area can contain cells from NR and/or LTE/EPC cells
Secondly, in order for the UE to remain in RRC_INACTIVE while camping on an LTE/EPC cell while still be reachable by the network, the network must be able to page the UE. In NR RRC_INACTIVE, the UE can be paged with either RAN paging using the full I-RNTI or with CN paging using the 5G S-TMSI, whereas in RRC_IDLE, the UE can only be paged with CN paging using the 5G S-TMSI.
Since the existing eNBs will have to be upgraded to support EN-DC, the EN-DC X2 interface could be extended to also support RAN paging. 
[bookmark: _Toc534635473][bookmark: _Toc535312299][bookmark: _Toc296133][bookmark: _Toc296627][bookmark: _Toc529291][bookmark: _Toc4506606][bookmark: _Toc4506662][bookmark: _Toc4536376]Send LS to RAN3 to extend inter-node signalling to allow inter-RAT paging both over EN-DC X2 
Since the UE is still in NR RRC_INACTIVE as long as the UE remains in the RNAU, the NR specifications would be needed to be extended to allow the UE to monitor the LTE paging channels for the I-RNTI (already supported in 36.331) in case it has been configured with an LTE/EPC cell in the RAN Notification Area.
[bookmark: _Toc535312301][bookmark: _Toc296134][bookmark: _Toc296628][bookmark: _Toc529292][bookmark: _Toc4506607][bookmark: _Toc4506663][bookmark: _Toc4536377]Extend the paging procedures in 38.331 to allow reception of Paging message using the I-RNTI, if the UE is in NR RRC_INACTIVE and is camping on an LTE/EPC cell inside the RAN Notification Area
[bookmark: _Toc4536378]The UE modelling also needs to be updated that the UE should not provide the system information of the LTE/EPC cell to higher layers until needed.

Conclusion
In section 2 we made the following observations:
Observation 1	Initial deployments of NR will likely rely on EN-DC to leverage on existing LTE deployments
Observation 2	To avoid unnecessary latency in accessing NR carriers, UEs should camp on NR cells when possible
Observation 3	By camping on NR cells, a UE can remain in RRC_INACTIVE, instead of RRC_IDLE which enables a fast resumption of the RRC connection
Observation 4	When a UE in NR RRC_INACTIVE re-selects to an LTE/EPC cell, it will enter RRC_CONNECTED in LTE to perform a TAU
Observation 5	If the NR coverage recovers, the UE will switch back to NR and perform a TAU in 5GC
Observation 6	If NR then releases the UE to RRC_INACTIVE, the UE may again re-select to an LTE/EPC cell and perform a new TAU in EPC
Observation 7	Frequent toggling between LTE/EPC and NR in RRC_INACTIVE/RRC_IDLE have a negative impact on the UE battery consumption
Observation 8	The issue with frequent signalling for inactive UEs toggling between NR and LTE/EPC can be avoided if the UE performing an inter-RAT cell re-selection to an LTE cell which is part of the UE assigned RNA is allowed to delay any NAS TAU until it is really needed e.g. only perform it when new data arrives
Observation 9	A possible way to model this in the specifications is for the AS layer not to report up system information from the LTE/EPC cell as long as the UE is within the current RNA
Observation 10	The observation above is based on the assumption that the RNA is extended to also contain LTE/EPC cells.
Observation 11	If a UE can remain in RRC_INACTIVE even when re-selecting to an LTE/EPC cell, it can re-select back to an NR cell and remain in RRC_INACTIVE without any NAS signalling

Based on the discussion in section 2 we propose the following:
Proposal 1	If a UE in NR RRC_INACTIVE reselects to an LTE/EPC cell the UE stays in NR RRC_INACTIVE
Proposal 2	If a UE reselects to an LTE/EPC cell while in RRC_INACTIVE and need to contact the network it enters RRC_IDLE and performs the tracking area update in EPC at that time
Proposal 3	The RAN Notification Area can contain cells from NR and/or LTE/EPC cells
Proposal 4	Send LS to RAN3 to extend inter-node signalling to allow inter-RAT paging both over EN-DC X2 
Proposal 5	Extend the paging procedures in 38.331 to allow reception of Paging message using the I-RNTI, if the UE is in NR RRC_INACTIVE and is camping on an LTE/EPC cell inside the RAN Notification Area
Proposal 6	The UE modelling also needs to be updated that the UE should not provide the system information of the LTE/EPC cell to higher layers until needed.
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