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Introduction
In RAN2#96 the UE RRC states and state transitions were discussed. The following email discussion has been triggered as an attempt to agree on a text proposal to be included in the RAN2 TR:
[96#10][NR] State machine TP (DOCOMO)
	Agree a text proposal to capture the RRC states and state transitions including transition to other RATs. Can use the TP in R2-168089 as a starting point.
	Intended outcome: Agreed TP
	Deadline: Thursday 24/11/2016

The outcome of the discussions resulted in a text proposal captured in R2-168856 [1], where some initial high level assumptions have been captured. 
This paper proposes to progress this area further by adding some missing principles of RRC_INACTIVE state as well as a possible state machine reflecting a model based on 3 states: RRC_CONNECTED, RRC_IDLE and RRC_INACTIVE.
Current definition of RRC_INACTIVE
The current text proposal in the RAN2 TR defines RRC_INACTIVE in the following way [1]:
-	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;

In addition to these highlighted characteristics, the following has also been agreed in RAN2#96 concerning tracking area updates in RRC_INACTIVE:
1.	RAN2 assumes that UE performs CN level location update when crossing a TA boundary when in inactive (in addition to RAN updates based on RAN areas). 
2. There will be NG Core/CN Location Area code (similar to Tracking Area code) broadcast in system information of an NR Cell.

The following has also been agreed concerning RAN-based notification areas:
1. RAN based notification area is UE-specific and configurable by the gNB via dedicated signalling
2 There will be a unique global Cell ID broadcast in system information of NR Cell.
and
1	For the inactive state there will be a way to configure the UE with a RAN based notification area that is smaller than a TA.
2	A RAN notification area can cover a single cell or multiple cells

Discussion
Transitions to/from RRC_INACTIVE and RRC_CONNECTED 
In RAN2#95, it has been agreed that UEs in RRC_INACTIVE at least shall be able to perform a state transition to RRC_CONNECTED to transmit data [2]. Based on the currently agreed characteristics of RRC_INACTIVE (such as the AS context being stored in RAN as in Rel-13 Suspend/Resume procedures and in Rel-14 light connection), it is expected that the transition from RRC_INACTIVE to RRC_CONNECTED will be an RRC procedure that resumes a suspended RRC connection, like the LTE Resume procedure.
This state transition in NR is also expected to be optimized with respect to latency and signalling overhead [2] to ensure NR meets the 5G requirements (e.g. in TR 38.913). For the state transition from RRC_CONNECTED to RRC_INACTIVE it is proposed to call this procedure RRC suspend. As endorsed by several contributions [3], [4], [5], [6] and [7] , the following is proposed:
Proposal 1: Efficient state transition procedures between RRC_CONNECTED and RRC_INACTIVE should be defined. It is proposed to call these procedures RRC Resume/Suspend.
Proposal 2: It is proposed to assume the 3-step based solution as a baseline (i.e. Request / Response / Complete) for the Resume procedure. It is FFS whether optimizations of that procedure should be considered.

It has been agreed that the UE will update the CN about the mobility in RRC_INACTIVE e.g. using TAU, this also means that a UEs performing a state transition to send data or respond to page in RRC_INACTIVE is always registered in the CN area it is trying to connect to. It is assumed that if the state transition to RRC_CONNECTED for some reason would fail, the UE should be able to recover by performing a NAS Service Request (triggering the AS context to be rebuilt from the NAS context). Similar assumptions can be made in case of a failed re-establishment at RLF.
Proposal 3: In case the transition from RRC_INACTIVE to RRC_CONNECTED fails, the UE should be able to recover using a NAS procedure (e.g. Service Request).

It is proposed to handle this recovery case in a similar way as in LTE Rel-13 (although the modelling will be different), where the network can respond to the RRCConnectionResumeRequest with a RRCConnectionSetup message causing the UE to delete the AS context and respond with a RRCConnectionSetupComplete incl. a NAS service request to enter RRC_CONNECTED. Using this procedure to respond directly with a RRCConnectionSetup avoids that the UE would need to transition to RRC_IDLE and perform a new random access procedure which would increase signalling and delay. In this case this state transition would be modelled as a separate procedure from RRC_INACTIVE to RRC_CONNECTED. 
Note: NAS recovery for UEs that are by the network considered to be in CN Connected is anyway required to be supported for RLF if the RRC re-establishment fails.
Proposal 4: It is proposed to model the NAS recovery case as a separate transition from RRC_INACTIVE to RRC_CONNECTED using the RRCConnectionSetup procedure.

Paging in RRC_INACTIVE
An RRC_INACTIVE UE should monitor paging occasions to be reachable by the network. As highlighted in previous contributions, it would be beneficial to have a mechanism allowing the network to flexibly manage the RAN/CN connection and the AS context in the RAN by possibly enabling the removal of the RAN context (incl. CN/RAN connection) without notifying the UE (e.g. to support network side resource savings). 
In these cases, given that the CN knows the UE whereabouts on TA level (thanks to the TA updates sent by RRC_INACTIVE UEs), it is a very small step to enable the UE to be reachable by the CN. That would simply require an RRC_INACTIVE UE to monitor and act upon a potential CN initiated page in addition to a RAN initiated page. This will also make it possible to recover if the RAN context for some reason is lost or corrupted.
Proposal 5: In addition to receiving a RAN initiated paging in RRC_INACTIVE, the UE shall be able to receive and act upon a CN initiated paging. 

To be able to monitor CN paging while in RRC_INACTIVE it should be discussed further which identifier should be used for CN paging e.g. should it be the same as for RAN paging, or should a different identifier be used meaning UE listen for both RAN and CN identifiers. It is proposed to leave this topic FFS in RAN2.
Proposal 6: For RAN2 to further discuss what identifiers should be used for RAN and CN initiated paging for UEs in RRC_INACTIVE.

Regardless if the UE page is triggered from the CN or RAN and which identifier is used for CN paging, the UE shall behave in the same way (e.g. always try to resume the AS context). The motivation for this is as follows:
· Single UE behaviour will be defined and tested, simplifying implementation and testing.
· UE will keep the AS context until informed by the network that the context is no longer valid. This could be considered as a more secure solution than if the AS context was released due to receiving a specific page (a page could be generated by anybody and used for denial of service).
· Trying to resume the AS context does not add any additional roundtrips, the extra information that the UE provides, such as a RAN context identifier, may be useful for statistics etc. in the RAN (e.g. in case UE context was lost)
· In case the network does not want the UE to try to resume the AS context it can explicitly release the UE to RRC_IDLE and not use RRC_INACTIVE.
· This will make it possible to remove the CN/RAN connection, while still benefiting from reusing AS context. This may be interesting e.g. for sensors sleeping long time or UL centric UEs. 
Proposal 7: The UE behaviour upon receiving a page in RRC_INACTIVE should be the same regardless if it was a RAN initiated page or a CN initiated page, meaning the UE should always attempt to resume the AS context.

To reduce UE battery consumption an RRC_INACTIVE UE shall only be required to monitor RAN paging slots, meaning that any CN initiated paging shall only occur in those slots. To achieve this, it would be required that the same index (e.g. calculated from IMSI) is used for calculating the paging occasion for RAN and CN initiated paging and that the DRX period configured in RRC_INACTIVE is always the same or shorter than the CN DRX period (e.g. it could be CN DRX period / n, n being an integer).
Proposal 8: The paging occasions should be aligned between RAN and CN avoiding the need for the UEs in RRC_INACTIVE to monitor additional CN paging occasions. 

NR state machine
With the principle above the following state model is proposed:


Figure 1 Proposed NR state model
In the state model we have listed the name of the message from the network to the UE which causes the UE to change state. Modelling wise this is preferred compared to listing procedure names or initial UE message since the same initial message or procedure can trigger different state transition e.g. depending on the if the procedure is successful or not. 
Note: It is proposed to call the message from RRC_CONNECTED to RRC_INACTIVE for RRCConnectionSuspend which is different from LTE which use RRCConnectionRelease with suspend indication. 
In addition to the transition discussed in earlier sections also the RRCConnectionReject case is shown e.g. when network rejects an RRCConnectionResumeRequest due to congestion. There may also be some additional transitions such as handovers, radio link failures, RRC connection reject back to RRC_INACTIVE, transitions performed for RAN area update etc. These transitions are FFS.
Proposal 9: The NR state model shown in Figure 1 should be adopted in TR.

Basic signalling flows to/from RRC_INACTIVE
Below are initial signalling flows from the transitions to/from RRC_INACTIVE to be discussed further once the proposed modelling is agreed.
RRC resume:
[image: ]
Figure 2 RRC Connection Resume, successful 


RRC suspend:
[image: ]
Figure 3 RRC Connection Suspend, successful 

RRC reject:
[image: ]
Figure 4 RRC Connection Resume, network reject or release
RRC  Resume, fall back to RRC connection establishment:
[image: ]
Figure 5 RRC  Resume, fall back to RRC connection establishment, successful
RRC Connection Establishment (from RRC_IDLE):
[image: ]
Figure 6 RRC Connection establishment (from RRC_IDLE), successful


Proposal 10: The signalling flow diagrams in Figure 2 – Figure 6 should be considered for further discussions depending on the agreed state model.

Conclusion

Proposal 1: Efficient state transition procedures between RRC_CONNECTED and RRC_INACTIVE should be defined. It is proposed to call these procedures RRC Resume/Suspend.
Proposal 2: It is proposed to assume the 3-step based solution as a baseline (i.e. Request / Response / Complete) for the Resume procedure. It is FFS whether optimizations of that procedure should be considered.
Proposal 3: In case the transition from RRC_INACTIVE to RRC_CONNECTED fails, the UE should be able to recover using a NAS procedure (e.g. Service Request).
Proposal 4: It is proposed to model the NAS recovery case as a separate transition from RRC_INACTIVE to RRC_CONNECTED using the RRCConnectionSetup procedure.
Proposal 5: In addition to receiving a RAN initiated paging in RRC_INACTIVE, the UE shall be able to receive and act upon a CN initiated paging. 
Proposal 6: For RAN2 to further discuss what identifiers should be used for RAN and CN initiated paging for UEs in RRC_INACTIVE.
Proposal 7: The UE behaviour upon receiving a page in RRC_INACTIVE should be the same regardless if it was a RAN initiated page or a CN initiated page, meaning the UE should always attempt to resume the AS context.
Proposal 8: The paging occasions should be aligned between RAN and CN avoiding the need for the UEs in RRC_INACTIVE to monitor additional CN paging occasions. 


Figure 1 Proposed NR state model
Proposal 9: The NR state model shown in Figure 1 should be adopted in TR.
Proposal 10: The signalling flow diagrams in Figure 2 – Figure 6 should be considered for further discussions depending on the agreed state model.

In addition to the proposals above it is proposed to agree to the text proposal to the TR below based [1].
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Text proposal to TR 38.804

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;]
-	UE listen to CN pagingPaging is initiated by CN;
- 	UE is assigned CN paging area by CN

-	UE performs CN level area updating when moving into new CN paging areaPaging 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;
-	UE listen to CN paging and RAN Nnotification is initiated by NR RAN;
-	UE is assigned RAN-based notification area is managed by NR RAN;
-	UE performs RAN level area updating when leaving the NR RAN knows the RAN-based notification area which the UE belongs 
-	UE performs CN level area updating when moving into new CN paging area.
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:	How to model RRC_INACTIVE in the specification will be decided in the work item phase.

The figure X shows the RRC states and state transitions within NR.




Figure X Propose NR state model

The following state transitions and associated messages are supported:
RRCConnectionRelease:
· Procedure used to send UE to RRC_IDLE
· Upon reception the UE will release the AS context and enter RRC_IDLE

RRCConnectionSuspend:
· Procedure used to send UE to RRC_INACTIVE
· Upon reception the UE will store AS context and enter RRC_INACTIVE

RRCConnectionResume:
· Procedure used to transition from RRC_INACTIVE to RRC_CONNECTED
· Upon reception the UE will enter RRC_CONNECTED. At this stage all SRBs/DRBs will be re-established.

RRCConnectionSetup:
· Procedure used to transition from RRC_IDLE to RRC_CONNECTED and from RRC_INACTIVE to RRC_CONNECTED when the AS context cannot be recovered.
· Upon reception the UE will enter RRC_CONNECTED. At this stage only one or more SRBs will re-established.

RRCConnectionReject:
· Procedure used to abort a transition from RRC_INACTIVE to RRC_CONNECTED. 
· Upon reception the UE will enter RRC_IDLE and remove AS context
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