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Introduction
At the RAN plenary meeting RP#76 it was agreed to update the WI on LTE connected to 5G-CN to support also an RRC_INACTIVE state in LTE. From the WID:
[bookmark: _GoBack]-	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 solutions for supporting an RRC_INACTIVE state in LTE when connected to 5G-CN.
This contribution is a revision of R2-1707795 submitted to RAN2#99. The main change compared to the previous version is the discussion of the mandatory/optional aspect.
[bookmark: _Ref478047469]Discussion
Annex A and B of this paper contains a high level summary of the agreements for NR RRC_INACTIVE and agreements on Light Connected (LC). From these agreements it can be seen 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 state 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. 
[bookmark: _Toc478047435][bookmark: _Toc478047546][bookmark: _Toc492990764][bookmark: _Toc492990792][bookmark: _Toc492990829][bookmark: _Toc492990839][bookmark: _Toc492990866]The ongoing work on NR RRC_INACTIVE and the LC work in Rel-14 should be considered when defining an RRC_INACTIVE like state for LTE connected to 5G-CN
[bookmark: _Toc492990765][bookmark: _Toc492990793][bookmark: _Toc492990830][bookmark: _Toc492990840][bookmark: _Toc492990867]From an LTE Rel-15 RRC point of view a single solution should be defined for inactive UEs both for EPC (light connected) and 5G-CN. It is proposed to call the resulting RRC state RRC_INACTIVE 
[bookmark: _Toc478047436][bookmark: _Toc478047547][bookmark: _Toc492990766][bookmark: _Toc492990794][bookmark: _Toc492990831][bookmark: _Toc492990841][bookmark: _Toc492990868]Enhancements compared to the LTE LC solutions should be considered in the following areas:
· [bookmark: _Toc478047548][bookmark: _Toc492990767][bookmark: _Toc492990795][bookmark: _Toc492990832][bookmark: _Toc492990842][bookmark: _Toc492990869]Access control
· [bookmark: _Toc478047549][bookmark: _Toc492990768][bookmark: _Toc492990796][bookmark: _Toc492990833][bookmark: _Toc492990843][bookmark: _Toc492990870]RAN area update procedure
· [bookmark: _Toc478047550][bookmark: _Toc492990769][bookmark: _Toc492990797][bookmark: _Toc492990834][bookmark: _Toc492990844][bookmark: _Toc492990871]Solutions to handle no X2/Xn connectivity cases

Proposed description of the RRC_INACTIVE state for LTE connected to 5G-CN
-	RRC_INACTIVE:
-	UE performs cell re-selection based on information provided by network;
-	The UE stores the AS context;
-	UE monitor paging channels;
-	UE performs RAN area updating when leaving a RAN area configured by the RAN


Figure 5.5.2-1:	UE state machine and state transitions in LTE connected to 5G-CN
Other principles adopted for LC that should also be considered for LTE connected to 5G-CN:
· UE will initiate resume procedure for UL data/signaling. If the network fails to resume the UE context, the network send RRC connection setup, and UE recovers via NAS 
· UE can be paged with Resume ID (RAN paging), S-TMSI (CN paging)
· If UE is paged with Resume ID, UE does RRC resume
· If UE is paged with S-TMSI, UE deletes AS context, and initiates NAS procedures
· RAN area update is performed with Resume Procedure (special cause), network can then re-suspend the UE
· The procedure can be optimized for LTE connected to 5G-CN by allowing the network to “ack” the RAN area update and suspend UE in MSG4.
· Preferred way of allowing this is to provide NCC in suspend message so that UE can derive a new key meaning MSG4 is encrypted.
· RAN area is made up of a cell list (max 128 cells)
· RAN can choose if the RAN area should be a list of cells or the normal TA list (configured on CN level)
· RAN configured DRX period. UE uses the shortest one e.g. DRX A = DRX B/2^N N=0,1,2…
· Periodic RAN Area Update (configurable by network)

[bookmark: _Toc478047437][bookmark: _Toc478047551][bookmark: _Toc492990770][bookmark: _Toc492990798][bookmark: _Toc492990835][bookmark: _Toc492990845][bookmark: _Toc492990872]Agree in the text in section 3 and capture it in relevant specifications

Mandatory support for RRC_INACTIVE
New LTE features like LC are typically introduced gradually in a network which means that there may be areas where the feature is not supported. To prevent that a UE tries to resume a connection in cell where LC is not supported, each cell indicates if it supports LC by broadcasting the flag rrc-LightConnectionSupport in SIB2.  For LTE connected to 5G-CN, the situation is a bit different since it is new CN and new RAN, and we can therefore require all LTE cells that supports 5G-CN to be able to handle RRC_INACTIVE UEs. The eNB does not need to support the whole RRC_INACTIVE feature but it should at least be able to recognize the RRC connection resume request so that it can fall back to the regular RRC connection setup procedure.
[bookmark: _Toc492990771][bookmark: _Toc492990799][bookmark: _Toc492990836][bookmark: _Toc492990846][bookmark: _Toc492990873]All LTE cells connected to 5G-CN support RRC_INACTIVE, meaning that they are at least capable of parsing and handling the RRC connection resume request. No separate indication in SI for support RRC_INACTIVE is therefore required.
Whether RRC_INACTIVE is mandatory or optional on the UE side or whether it is tied to the support of 5GC-NAS is left FFS.
[bookmark: _Toc492990772][bookmark: _Toc492990800][bookmark: _Toc492990837][bookmark: _Toc492990847][bookmark: _Toc492990874]Whether RRC_INACTIVE is mandatory or optional on the UE side or whether it is tied to the support of 5GC-NAS is FFS.


Conclusion
Based on the discussion in section 2 and 3 we propose the following proposals:
Proposal 1	The ongoing work on NR RRC_INACTIVE and the LC work in Rel-14 should be considered when defining an RRC_INACTIVE like state for LTE connected to 5G-CN
Proposal 2	From an LTE Rel-15 RRC point of view a single solution should be defined for inactive UEs both for EPC (light connected) and 5G-CN. It is proposed to call the resulting RRC state RRC_INACTIVE
Proposal 3	Enhancements compared to the LTE LC solutions should be considered in the following areas:
-	Access control
-	RAN area update procedure
-	Solutions to handle no X2/Xn connectivity cases
Proposal 4	Agree in the text in section 3 and capture it in relevant specifications
Proposal 5	All LTE cells connected to 5G-CN support RRC_INACTIVE, meaning that they are at least capable of parsing and handling the RRC connection resume request. No separate indication in SI for support RRC_INACTIVE is therefore required.
Proposal 6	Whether RRC_INACTIVE is mandatory or optional on the UE side or whether it is tied to the support of 5GC-NAS is FFS.
 
Annex A: Current agreements on NR RRC_INACTIVE
The current agreed version of 38.331 capture the principles for NR RRC_INACTIVE. See excerpt below:
A UE is either in RRC_CONNECTED state or in RRC_INACTIVE state when an RRC connection has been established. If this is not the case, i.e. no RRC connection is established, the UE is in RRC_IDLE state. The RRC states can further be characterised as follows:
-	RRC_IDLE:
-	A UE specific DRX may be configured by upper layers;
-	UE controlled mobility based on network configuration;
-	The UE:
-	Monitors a Paging channel;
-	Performs neighbouring cell measurements and cell (re-)selection;
-	Acquires system information.

-	RRC_INACTIVE:
-	A UE specific DRX may be configured by upper layers or by RRC layer;
-	UE controlled mobility based on network configuration;
- 	The UE stores the AS context;
-	The UE:
-	Monitors a Paging channel;
-	Performs neighbouring cell measurements and cell (re-)selection;
- 	Performs RAN-based notification area updates when moving outside the RAN-based notification area;
FFS Whether a RAN-based notification area is always configured or not.
FFS UE behavior if it is decided that a RAN-based notification area is not always configured.
-	Acquires system information.

-	RRC_CONNECTED:
-	The UE stores the AS context.
-	Transfer of unicast data to/from UE.
-	At lower layers, the UE may be configured with a UE specific DRX.;
-	For UEs supporting CA, use of one or more SCells, aggregated with the PCell, for increased bandwidth;
-	For UEs supporting DC, use of one SCG, aggregated with the MCG, for increased bandwidth;
-	Network controlled mobility, i.e. handover within NR and to/from E-UTRAN.;
-	The UE:
-	Monitors a Paging channel;
-	Monitors control channels associated with the shared data channel to determine if data is scheduled for it;
-	Provides channel quality and feedback information;
-	Performs neighbouring cell measurements and measurement reporting;
-	Acquires system information.
Figure 4.2.1-1 illustrates an overview of UE RRC state machine and state transitions in NR. A UE has only one RRC state in NR at one time.
[image: ]
Figure 4.2.1-1:	UE state machine and state transitions in NR


Annex B: Current agreements on Light Connected in LTE


Agreements
1	The Resume ID will be used in the RAN initiated paging message.
2	UE in light connection behavior upon reception of paging: UE in light connection checks both Resume ID and CN paging ID (i.e. S-TMSI or IMSI).
2.1	When is paged using CN paging ID while been in light connection, UE enters into idle mode and follows legacy procedure (i.e. a new connection RRC Connection is established.
2.2	When is paged using CN paging ID while been in light connection, it means eNB doesn’t have the UE context from RAN2 understanding.
3	The cell list for the RAN-configured paging area is defined using the CellIdentity. Further optimizations could be discussed based on contributions.
4	To define the maximum number of cells as 128.
5	To post-pone for future release the discussion on whether to define of a new RAN-configured paging area identifier (ID) as another option for the RAN-configured paging area.
6	The values of the RAN-configured DRX cycle (which is used for the RAN-initiated paging mechanism) are 32, 64, 128, and 256 radio frames. Value 1, 2, 4, 8 and 16 will be considered in future release because the RAN4 impact.
7	The paging DRX cycle, used by a UE in light RRC connection and for the RAN-initiated paging, should be the shortest of RAN-configured paging DRX cycle, UE specific DRX cycle (if configured by upper layers) and default DRX cycle (which is broadcasted).
8	To also enable the following resume cause values to be used by a UE in light connection:
		1) A new value (e.g. ranAreaUpdate) for the UE to indicate the access due to a paging area update (PAU) procedure. The value is added in Msg 3.
		2) The emergency and highPriorityAccess values. It should be triggered by up layer.
9	The UE AS notifies the UE NAS when entering to and exiting from light RRC connection.
10	A UE knows whether the cell supports light RRC connection feature via a broadcast indication
11	To define a periodic paging area update (PAU) procedure for the RAN to perform UE's reachability monitoring.
12	To define the following values for the periodic UE's reachability timer which is used by the eNB to configure a UE in light connection for periodical PAU procedure: {5, 10, 30, 60, 120, 360, 720, infinity} with the value in minutes and default value been 30 minutes.

13.	If PAU procedure fails (e.g., UE out of coverage when periodic PAU timer expires), the UE AS autonomously leaving RRC_CONNECTED (in light connection) to RRC_IDLE and informs the UE NAS of the failure of the light RRC connection.

Agreements
1	The UE could indicate to high layer of “RRC Connection failure” when the UE enter into a cell where light Connection is not supported as indicated in the SIBs.
2	UE transitions to idle mode state when the UE enters camping on any cell state.

Agreements

1.	Upon CN paging, RRC enters RRC_IDLE, indicates to NAS about RRC connection release (release cause “other”) and then indicates the reception of CN paging.
2	UE enters idle mode in the target RAT in case of inter-RAT cell reselection from LTE light connection.

 
[bookmark: _Toc473841773]Working assumption:
	The expected behaviour when a UE in light RRC connection receives RRCConnectionReject in response to an RRCConnectionResumeRequest is:
		If RRCConnectionReject does not indicate to stay in light RRC connection (i.e. the message does not include a new rrc-LightConnectionIndication indication), UE enters to RRC_IDLE and informs the upper layer of a failure of the RRC connection when resuming a light RRC connection due to access barring reasons.
		If RRCConnectionReject indicates to stay in light RRC connection (i.e. the message includes a new rrc-LightConnectionIndication indication), UE continues in light RRC connection.

Agreement

1 Similar as Rel-13, RRCConnectionSetup can be sent in response to RRCConnectionResumeRequest in Light Connection.

Agreement

1.	Incorporate connection initiation behaviour to same chapter as connection resumption and establishment are done to avoid unnecessary duplication of procedural text.
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