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1	Introduction
In the RAN2 NR adhoc in a TP [R2-16700638] as shown in the annex was agreed for capturing state transition agreements. In this paper we discuss open items that are in the TP and try to provide a solutions for those.
NOTE 2:	It is FFS whether the RRC connection suspend and resume is supported between NR and E-UTRAN connected to NG Core.
NOTE 3:	It is FFS how the state machine and transitions look like if the UE supports LTE light connection.
NOTE 4:	It is FFS how the UE transits from RRC_INACTIVE to RRC_IDLE in NR.
NOTE 5:	It is FFS how the UE transits from RRC_CONNECTED to RRC_INACTIVE

2	Discussion
2.1	Transition from INACTIVE to IDLE
In RAN2 there has been discussions to optimize state transitions from RRC_INACTIVE to IDLE via direct signalling without requiring UE to move to RRC_CONNECTED before NW is able to send UE to IDLE. So basic procedure without enhancements would look something like this (assuming 4-step RACH):
1. NW sends Paging to UE
2. UE responds performs normal connection establishment by sending RACH preamble
3. NW responds with UL allocation
4. UE sends message 3 indication answer to paging (mt-call) – note this message includes UE identity as well
5. NW can now respond possibly with RRC connection establishment and after confirmation from the UE with release message for which UE should at least attempt to send RLC ACK
There are several possibilities to optimize this signalling e.g.
1. Directly at message 5 sends RRC connection release for which UE should at least attempt to send RLC ACK
2. Directly in the Paging (or some other broadcast message) NW could indicate release of connection to UE(s) and UE needs to indicate NW successful reception of such an release message
In order to avoid state mismatch UE should also notify that it has received the release command – like in LTE UE attempts to notify reception of release with RLC ACK. So regarding option 2 for optimization one would need to enable UEs to send confirmation to NW. This seems to require some sort of UL message either like RACH or proper data via MAC/RLC/RRC. And assuming that 4-step RACH as baseline it seems that UE needs anyway send all the messages until message 4 from the above baseline procedure. 
Observation 1: There is not realistic possibility to avoid RACH and UL message sending when moving UEs to IDLE from INACTIVE. 
In addition one would need to see use cases for this kind of optimization. As the only entity knowing UE is in RRC_INACTIVE is the anchor gNB it seems that initiating entity for moving UEs to IDLE must originate there. What would be trigger for such a activity? For example let’s assume that anchor gNB cannot handle more UEs in INACTIVE state and wants to release some of most inactive UEs to IDLE. Would there really be need to inform those UEs as they are reachable via CN paging and anchor gNB can just release the context and S1. Of course this could mean that in case of UE originated connection there could be unnecessary requests for context but on the other hand similar signalling would be needed in order to request all gNBs of RAN paging area to ask for requesting UE to move to IDLE. 
Observation 2: One needs to have good use case to optimize INACTIVE to IDLE release
As the optimization option 1 can be achieved probably in WI phase by just allowing UE to receive RRC connection release as response to resume request from INACTIVE there does not seem to be strong need for further optimizations.
Proposal 1: There is no need to optimize INACTIVE to IDLE transitions and only if in WI phase one can easily achieve optimization it can be considered. Remove NOTE4 from TR chapter 5.5.2
2.2	Transition from CONNECTED to INACTIVE
For state transition from connected to inactive RAN2 already agreed to have ‘inactivation’ procedure supported. Currently we don’t see need for additional procedures and we propose to remove NOTE5
Proposal 2: Remove NOTE5 from TR chapter 5.5.2
2.3	State transitions for UE supporting LTE light connection and supporting suspend/resume between E-UTRAN/NR attached to NG core
For the case where there is tight interworking between E-UTRAN connected to NG Core and NR one can at least consider following options:
Option one: UE’s RAN based notification area consists of cells that belong to eLTE and NR. During RRC Inactive/Light connected to RRC Connected state transition from an eNB/gNB other than the anchor gNB/eNB, inter-RAT context fetching is used. With inter-RAT horizontal key generation, the inter-RAT context fetching procedure is almost the same as the intra-RAT context fetching procedure. One of the main problem with this option is that the UE has to autonomously change RRC states between Light Connected and RRC Inactive but if the states in NR and LTE are symmetrical then this can be done. For LTE light connection was added later and as such is not actual state. Additionally NAS/AS interactions are not trivial to do as has been seen in LTE light connection discussion. We have a concern that this could lead to suboptimal state for NR and thus we hope that NR RRC_INACTIVE is not limited by LTE light connection. 
Observation: If one needs to make RRC_INACTIVE similar to LTE light connection may lead to suboptimal state for NR
Additionally location tracking and paging between the RATs may not be trivial and would need some studies how it can be achieved
Observation: It is not yet clear how one can do location tracking/paging between different RATs
Option two: UE’s RAN based notification area consists of cells that belong to a single RAT, i.e. eLTE or NR. If the UE selects a cell that is not in its RAN based notification area and also belongs to another RAT, inter-RAT context fetching is used during the location update. With inter-RAT horizontal key generation, the inter-RAT context fetching procedure is almost the same as the intra-RAT context fetching procedure. This approach does not require inter-RAT location tracking and paging.
Option three: UE’s RAN based notification area consists of cells that belong to a single RAT, i.e. eLTE or NR. If the UE selects a cell that is not in its RAN based notification area and also belongs to another RAT, enter RRC Idle state in the new RAT and UE registers to the new RAT.
Option three is basically simple approach and probably only approach RAN2 solely can agree on without involving other working groups.  Option one would require most probably quite a bit of work to align RRC_INACTIVE and light connection – Especially AS/NAS interactions may become quite complex. On the other hand option two possibly could be supported by clever implementation of the light connection/RRC_INACTIVE so that if UE request location update in different RAT NW can either fallback to option three (e.g. reject the connection)  or try to perform context fetch. 
If EUTRAN and NG are connected to different core then option three works as well. Option one would become quite complex as there would be need to coordinate paging areas between different core networks. Option two could possibly made to work as UE makes connection (location update) after each RAT change – then NW could try to fetch the context and see if anchor NB/resume relocation is successful but always it is possible to reject this and fallback to IDLE and resolve new connection from there. As one cannot mandate context fetch procedure between different RATs it seems safest to assume as baseline UE falling to IDLE/removing suspend context if RAT is changed (like now in LTE suspend/resume). If on the other hand in stage 3 specification phase it is simple to add more optimal handling it can be considered.
Proposal 3: As baseline IDLE/INACTIVE mobility between E-UTRAN and NR . Remove NOTE2 and NOTE3 from TR chapter 5.5.2.


3 	Conclusions
In this paper we discussed various open items from the TR related to state transitions and came to following proposals:
Proposal 1: There is no need to optimize INACTIVE to IDLE transitions and only if in WI phase one can easily achieve optimization it can be considered. Remove NOTE4 from TR chapter 5.5.2
Proposal 2: Remove NOTE5 from TR chapter 5.5.2
Proposal 3: As baseline IDLE/INACTIVE mobility between E-UTRAN and NR . Remove NOTE2 and NOTE3 from TR chapter 5.5.2.
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5.5.2	UE states and state transitions
RRC supports the following three states which can be characterised as follows:
Editor’s note: more characteristics are to be added for each state depending on the progress of study.
-	RRC_IDLE:
-	Cell re-selection mobility;
-	[FFS:	The UE AS context is not stored in any gNB or in the UE;]
-	Paging is initiated by CN;
-	Paging area is managed by CN.
-	RRC_INACTIVE:
-	Cell re-selection mobility;
-	CN – NR RAN connection (both C/U-planes) has been established for UE;
-	The UE AS context is stored in at least one gNB and the UE;
-	Notification is initiated by NR RAN;
-	RAN-based notification area is managed by NR RAN;
-	NR RAN knows the RAN-based notification area which the UE belongs to;
-	RRC_CONNECTED:
-	The UE has an NR RRC connection;
-	The UE has an AS context in NR;
-	NR RAN knows the cell which the UE belongs to;
-	Transfer of unicast data to/from the UE;
-	Network controlled mobility, i.e. handover within NR and to/from E-UTRAN.
NOTE 1:	How to model RRC_INACTIVE in the specification will be decided in the work item phase.
Figure 5.5.2-1 illustrates an overview of UE state machine and state transitions in NR as well as the mobility procedures supported between NR and E-UTRAN.


Figure 5.5.2-1:	UE state machine and state transitions between NR and E-UTRAN
NOTE 2:	It is FFS whether the RRC connection suspend and resume is supported between NR and E-UTRAN connected to NG Core.
NOTE 3:	It is FFS how the state machine and transitions look like if the UE supports LTE light connection.
NOTE 4:	It is FFS how the UE transits from RRC_INACTIVE to RRC_IDLE in NR.
NOTE 5:	It is FFS how the UE transits from RRC_CONNECTED to RRC_INACTIVE
[bookmark: _GoBack]Figure 5.5.2-2 illustrates the mobility procedures supported between NR and UTRAN/GERAN.


Figure 5.5.2-2:	UE state machine and state transitions between NR and UTRAN/GERAN
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