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1. Introduction 
In this document, we are going to discuss about RRC_INACTIVE State for EUTRAN connected to 5GCN. As per LTE connectivity to 5G-CN WI [1], RRC_INACTIVE state is part of WI. 

	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


In this document, we will discuss various aspects of RRC_INACTIVE state design and proposals for LTE connected to EUTRAN (= eLTE).
2. Discussion

During Rel-14, RAN2 extensively discussed and made several agreements for LTE Light Connection Feature. NR RRC_INACTIVE state feature is also similar to LTE Light Connection (LC) Feature but with some additional changes applicable to NR and additional enhancements. Both eLTE and LTE uses same AS protocols but connected to different core networks (i.e 5GCN and EPC). It is also desirable to facilitate UE mobility in RRC_INACTIVE state between NR and eLTE connected to same 5GCN . Hence, to avoid duplicate discussions in RAN2, eLTE RRC_INACTIVE state design can adopt most of the Rel-15 NR agreements for eLTE Uu Interface and introduce additional enhancements and optimizations based on available Rel-14 LTE LC design agreements and other new agreements.  Core Network Interactions of NR connected to 5GC and eLTE Connected 5GC are exactly same and the interaction between 5GC and NG-RAN is captured in SA2 defined 23.501 specification. Hence, for eLTE RRC_INACTIVE state, we shall consider 5GC and eLTE eNB interaction is exactly same as between 5GC and NR gNB.

RRC_INACTIVE State Model:
In Rel-14 LTE, Light Connection Feature is considered as part of RRC_CONNECTED State. For Rel-15 NR, RRC_INACIVE was agreed to be a new RRC State. For eLTE case, in order to provide smooth interworking between eLTE and NR connected to same 5GCN, it is bettet to consider eLTE RRC_INACTIVE as new state for RRC State Machine. Having eLTE RRC_INACTIVE as new state also makes state transitions interactions between 5G NAS and eLTE RRC same as that of 5G NAS and NR RRC.
Proposal 1.     Adopt RRC_INACTIVE State as new RRC State for eLTE RRC Protocol, same as NR agreement
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Proposal 2.     Adopt eLTE RRC_INACTIVE State Transition Signalling based on both Rel 15 NR   agreements and adopt Rel 14 LTE Light Connection agreements on scenario basis. 
Table 1: RRC INACTIVE State Transition Signalling Scenarios
	Scenario
	Signalling Mechanism 
	Proposal notes 

	1. RRC_CONNECTED to RRC_INACTIVE Transition
	1. Reception of RRC Connection Release with RRC_INACTIVE Indication
	Agreed for both NR and LTE LC. Follow same agreement for eLTE as well. 

	2. RRC_INACTIVE to RRC_CONNECTED Transition
	2. UE initiated RRC Resume Signalling Procedure due to UL Data/Signalling, RAN Location Area Update (RLAU), RAN Paging Response 
	Agreed for LTE LC and NR. Follow same agreement for eLTE as well. 

	3. Fallback to RRC Connection establishment in response to RRC Resume Request from UE
	3a. eNB RRCConnectionSetup can be sent in response to UE’s RRCConnectionResumeRequest as fallback to RRC Connection establishment when eNB does not have AS Context for UE. RRC connection establishment involves SRB1 establishment. In this scenario, UE releases the AS security context, as well as, AS context related configurations kept while in INACTIVE state.

	Agreed for both NR and LTE LC. Follow same agreement for eLTE as well. 



	
	3b. In case of   RRC Connection fallback scenario mentioned above, The UE AS shall inform the UE NAS of a fallback to establish a new RRC connection due to RRC resume failure which is resulting in a NAS Service Request message to establish a new connection
	Agreed for NR and follow same agreement for eLTE as well.

	4. How UE enters into INACTIVE State under RRC Resume failure scenario
	4. when the UE receives RRCConnectionReject in response to RRCConnectionResumeRequest, the UE should be kept in INACTIVE state if there is INACTIVE indication in RRCConnectionReject received in MSG 4 on SRB 0 (without Integrity Protection). 
	Agreed for both LTE LC and NR. Follow NR agreement for eLTE as well.

	5. RRC_INACTIVE to RRC IDLE State Transition 
	5a. Network initiated RRC state transition from INACTIVE to CONNECTED and then CONNECTED to IDLE
	This is agreed in NR. Follow same mechanism for eLTE as well. 

	
	5b.RRC Resume Reject (Integrity Protected) received by UE in Msg 4 in response to RRC Resume procedure initiated by RRC INACTIVE UE
	Agreed for both LTE LC and NR. Adopt for eLTE as well

	
	5c.UE in INACTIVE, trying to resume an RRC connection, cannot receive MSG4 sent over SRB0 (without Integrity protection) to move the UE into IDLE to stay in IDLE
	Agreed for NR . Adopt for eLTE as well

	
	5d. If eNB does not support RRC_INACTIVE (i.e RAN Area ID is not broadcasted) , UE goes to IDLE state.
In any scenario If UE Initiates RRC Resume and gets RRC Resume Reject from eNB or uses fallback RRC Connection. UE can fallback to IDLE state if rejected.
	New eLTE agreement.

	
	5e. Upon UE receiving CN Paging while in RRC_INACTIVE Mode triggers UE RRC to transition into RRC IDLE Mode from RRC INACTIVE State
	This mechanism is same for both LTE LC and NR. Follow same mechanism for eLTE as well.

	6. How UE sends RAN Area update while in RRC_INACTIVE state and Transition back to RRC_INACTIVE State.
	6. A UE in RRC_INACTIVE, trying to resume an RRC connection, can receive MSG4 sent over SRB1 with at least integrity protection to move the UE back into INACTIVE (i.e. not rejected). 
	Agreed for NR. Adopt same for eLTE as well.


Proposal 3.     Adopt table 1 specified proposals for eLTE RRC_INACTIVE State Transition Procedures

UE RRC and NAS Interaction due to RRC_INACTIVE State Transitions:
Based on R14 LTE LC, When UE is in LC state, UE & Anchor eNB maintains AS Context and Security context. UE suspends SRBs/DRBs and maintains Security Context.  Anchor eLTE eNB maintains signalling connection with 5GCN core network. 
UE NAS remains in CM_CONNECTED while RRC is in CONNECTED & INACTIVE State. While RRC is in IDLE State, NAS CM is in CM_IDLE state. If any RRC State Transitions occur between CONNECTED and INACTIVE occurs, by providing RRC indication to NAS, NAS can perform functionalities like PLMN selection (based on CT1 defined 5G PLMN procedures and any other functions consistent with 5G NAS) & NAS mobility restrictions as specified in TS 23.501, sub clause 5.3.4.1.1 and is given below.
Mobility Restrictions for CM-IDLE state and, for CM-CONNECTED state when in RRC Inactive state are executed by the UE based on information received from the core network. Mobility Restrictions for CM-CONNECTED state when in RRC-Connected state are executed by the radio access network and the core network.

If UE RRC transitions to RRC IDLE from RRC INACTIVE through RRC Reject or CN paging received or other scenarios, then providing RRC indication to NAS will cause CM to transition from CM_CONNCTED to CM_IDLE mode. For subsequent UE RRC connections, NAS service request procedure can be used.
Hence, When UE RRC transitions into and out of RRC_INACTIVE State, UE RRC is required to indicate NAS layer about UE RRC State Transition. 
Proposal 4.     eLTE UE RRC state transition into and out of RRC_INACTIVE State shall be indicated to NAS layer  
Observation 1. RRC_INACTIVE state transition triggers will assist NAS layer to perform PLMN selection, Mobility Restriction functionality and any other functions while RRC is in RRC_INACTIVE state. 
Based on NR & LC agreements, UE AS has to inform UE NAS when UE releases AS context when RRC_INACTIVE state UE fails to resume RRC Connection, failure to perform RAN location area update (RLAU), upon reselecting to another RAT (Not NR), upon receiving CN paging etc.
Proposal 5. eLTE RRC and NR RRC interactions with 5G NAS due to RRC inactive should be common. Following are various scenarios for RRC to provide Indication to NAS, 
· when RRC resume procedure fails or eNB responds to RRC resume with RRC connection establishment procedure

· upon RLAU timer expires and UE cannot successfully resume RRC connection, , 
· upon reselection to other RATs (not NR), 
· upon receiving CN paging, 
· upon any other error scenario which causes the RRC state to move from RRC inactive to RRC idle.
5GCN and eLTE RAN interaction for RRC_INACTIVE State transition:

There was no support of CN assistance information for R14 LTE Light Connection. Based on SA2 agreements, for NR RRC_INACTIVE, the AMF, based on network configuration may provide assistance information to the NG RAN, to assist the NG RAN's decision whether the UE can be sent to RRC Inactive state. 
The "RRC Inactive assistance information" includes [2]:

-
UE specific DRX values;
-
The Registration Area provided to the UE;

-
Periodic Registration Update timer;
-
If the AMF has enabled MICO mode for the UE, an indication that the UE is in MICO mode.

Since eLTE is connected to 5GC, it is required for eLTE RRC_INACTIVE to follow the above characteristic of NR RRC_INACTIVE.
Observation 2. Based on SA2 agreements, for NR RRC_INACTIVE, the AMF, based on network configuration provides assistance information to the NG RAN, to assist the NG RAN's decision whether the UE can be sent to RRC Inactive state. 

Proposal 6.   The CN assistance information for RRC_INACTIVE in LTE connectivity to 5G-CN shall follow NR RRC_INACTIVE.

RRC_INACTIVE State UE Mobility in RAN Paging Area:
Considering on SA2 agreement that the eLTE eNB and NR gNB could be included in a single TA, it would be beneficial to configure the RAN area with eNBs and/or gNBs belonging to the same TA and connected to the same 5G-CN in order to alleviate frequent RRC connection setup and to improve the end user experience due to shorter call setup latency regardless of RAT In order to facilitate better mobility performance (to reduce mobility signalling and avoid UE RRC State Transitions), it is desirable to have RAN Paging Area shall be allowed to have mix of both eLTE eNBs and NR gNBs connected to same 5GCN. This makes possible for eLTE RRC_INACTIVE State UE to move and camp onto gNBs within same RAN Notification Area without UE changing its RRC_INACTIVE State. In order to allow context fetching between different eLTE eNBs and gNBs within same RAN Notification area, X2/Xn signalling interface support is required. 
Observation 3. By allowing both eLTE and gNBs connected to same 5GCN in same RAN Notification Area, UE can move between different RATs without causing additional mobility signalling and UE can remain in RRC_INACTIVE state in both RATs.   
Proposal 7. RAN Paging Area is allowed to have both eLTE eNBs and gNBs connected to common 5GCN (to allow inter-RAT RRC_INACTIVE Mobility).
Proposal 8. Within given RAN Paging Area, X2 interface support is required among eLTE eNBs , Xn interface among gNBs and Xn between eLTE eNBs and gNBs to facilitate context fetching between inter RAT Nodes 
Proposal 9. To facilitate inter RAT RRC INACTIVE mobility within same RAN Notification Area, common resumeId shall be designed for NG-RAN Nodes. 
Proposal 10. Common Resume Id shall be adopted for both NR and eLTE RATs. Follow NR Agreement for Common Resume ID format design.
Proposal 11. The resume id/AS context allocated by NR shall be understood by eLTE, to achieve that, UE shall encode the Resume ID with eLTE ASN.1 format when it resumes in eLTE. 

Proposal 12. UE to store SRB/DRB context in RRC_INACTIVE state. Based on Inter RAT, UE can delete previous RAT lower layer configuration (RLC, MAC.PHY) and use new RAT lower layer configuration received from New RAT Node. eLTE to follow NR agreements about which layers to be stored by UE when SRB/DRBs are suspended.
During UE Mobility within same RAN Notification Area consisting of both eLTE eNBs and gNBs, it is possible for 5G UE RRC state transitioning between RRC_INACTIVE and RRC_CONNECTED in multiple NG-RAN nodes (eLTE and gNB) based on RRC suspension and resume signalling procedures. That means there exists a new Anchor-eNB/gNB for everytime UE transitions into RRC_INACTIVE state in a new NG-RAN Node. UE and Network are required to maintain UE AS Context and associated 5GCN N2 Signalling link between NG-RAN node and 5GCN AMF.  From network side, only last UE visited Anchor Node shall keep UE AS Context and N2 Connection. From UE side, UE shall store AS context of last visited Anchor Node. This avoids UE and NW storing AS context of RRC_INACTIVE UE in multiple nodes.
Example Illustration of UE Mobility & Anchor change in RRC_INACTIVE state:  
· NR and eLTE uses same NR PDCP for SRB/DRB. QoS configuration is same within same 5GCN. Security Context depends on eLTE or gNBs.

· UE is suspended in gNB1. gNB1 will become Anchor. UE maintains AS Context from gNB1 (which is full NAS/QoS/SRBs/DRBs/Security Context)

· UE moved to eLTE eNB1 in same RAN Paging Area. UE initiates RRC resume operation from RRC_INACTIVE on eLTE eNB1. eNB1 fetches the UE AS context from gNB1

· UE activates suspended bearers of NR in eNB1. Here UE will apply LTE RLC/MAC/PHY configuration received from eNB1 on top of suspended NR PDCP/QoS/Security Context of NR.

· UE goes into suspended mode again in eNB1. New Anchor is eNB1.

· UE moves into NR gNB2 coverage within same RAN Paging Area. UE Initiates RRC Resume procedure on gNB 2.

· gNB2 gets UE context from latest Anchor eNB1. Here UE will apply NR RLC/MAC/PHY configuration received from gNB2 on top of suspended eLTE PDCP/QoS/Security Context.
Here only latest anchor node AS context is suspended by UE and fetched by eNB or gNB. No need of maintaining previous anchors AS context.

Proposal 13. UE in RRC_INACTIVE State shall maintain AS context and security context of last visited Anchor Node only. There shall be only one RAN Anchor Node maintaining UE AS context, security context and connection with 5GC . 

Proposal 14. FFS how RRC_INACTIVE security context is transferred between eLTE and gNB connected to same 5GCN 

Access Control Mechanism for eLTE RRC_INACTIVE State:

As per LTE LC agreements, Access Barring mechanism for transition from light connected to normal connected mode is not supported (except for SSAC). Based on NR agreements, RAN2 aims that the 5G AC mechanism for a UE in RRC_IDLE is applicable to a UE in RRC_INACTIVE. FFS if any aspects may not be applicable or may need to be changed for RRC_INACTIVE relative to RRC_IDLE (to be addressed by both CT1 and RAN2).

SA1 has already agreed that unified access control applies to eLTE, in RRC-INACTIVE, see the following text in TS 22.261 sub clause 6.22.2:

The unified access control framework shall be applicable both to UEs accessing the 5G CN using E-UTRA and to UEs accessing the 5G CN using NR.

The unified access control framework shall be applicable to UEs in RRC Idle, RRC Inactive, and RRC Connected at the time of initiating a new access attempt (e.g. new session request).

Proposal 15.      Adopt for eLTE RRC inactive Unified Access Control once it is defined for NR RRC inactive.
Proposal 16.     FFS if any access control mechanisms may not be applicable to RRC_INACTIVE state relative to RRC_IDLE of eLTE (to be addressed by both CT1 and RAN2 WGs)

3. Conclusion
In this contribution, we discussed various enhancements for eLTE RRC_INACTIVE stateaspects and proposals to be adopted for eLTE System.  
 Observation 1.
RRC_INACTIVE state transition triggers will assist NAS layer to perform PLMN selection, Mobility Restriction functionality and any other functions while RRC is in RRC_INACTIVE state.

Observation 2.
Based on SA2 agreements, for NR RRC_INACTIVE, the AMF, based on network configuration provides assistance information to the NG RAN, to assist the NG RAN's decision whether the UE can be sent to RRC Inactive state.

Observation 3.
By allowing both eLTE and gNBs connected to same 5GCN in same RAN Notification Area, UE can move between different RATs without causing additional mobility signalling and UE can remain in RRC_INACTIVE state in both RATs.

RRC_INACTIVE State Model and State Transitions:


Proposal 1.
Adopt RRC_INACTIVE State as new RRC State for eLTE RRC Protocol, same as NR agreement
Proposal 2.
Adopt eLTE RRC_INACTIVE State Transition Signalling based on both Rel 15 NR   agreements and adopt Rel 14 LTE Light Connection agreements on scenario basis.

Proposal 3.
Adopt table 1 specified proposals for eLTE RRC_INACTIVE State Transition Procedures
UE RRC and NAS Interaction due to RRC_INACTIVE State Transitions: 

Proposal 4.
eLTE UE RRC state transition into and out of RRC_INACTIVE State shall be indicated to NAS layer

Proposal 5.
eLTE RRC and NR RRC interactions with 5G NAS due to RRC inactive should be common. Following are various scenarios for RRC to provide Indication to NAS,

-
when RRC resume procedure fails or eNB responds to RRC resume with RRC connection establishment procedure

-
upon RLAU timer expires and UE cannot successfully resume RRC connection, ,

-
upon reselection to other RATs (not NR),

-
upon receiving CN paging,

-
upon any other error scenario which causes the RRC state to move from RRC inactive to RRC idle.

5GCN and eLTE RAN interaction for RRC_INACTIVE State transition:
Proposal 6.
The CN assistance information for RRC_INACTIVE in LTE connectivity to 5G-CN shall follow NR RRC_INACTIVE.
RRC_INACTIVE State UE Mobility in RAN Paging Area:

Proposal 7.
RAN Paging Area is allowed to have both eLTE eNBs and gNBs connected to common 5GCN (to allow inter-RAT RRC_INACTIVE Mobility).

Proposal 8.
Within given RAN Paging Area, X2 interface support is required among eLTE eNBs , Xn interface among gNBs and Xn between eLTE eNBs and gNBs to facilitate context fetching between inter RAT Nodes

Proposal 9.
To facilitate inter RAT RRC INACTIVE mobility within same RAN Notification Area, common resumeId shall be designed for NG-RAN Nodes.

Proposal 10.
Common Resume Id shall be adopted for both NR and eLTE RATs. Follow NR Agreement for Common Resume ID format design.

Proposal 11.
The resume id/AS context allocated by NR shall be understood by eLTE, to achieve that, UE shall encode the Resume ID with eLTE ASN.1 format when it resumes in eLTE.

Proposal 12.
UE to store SRB/DRB context in RRC_INACTIVE state. Based on Inter RAT, UE can delete previous RAT lower layer configuration (RLC, MAC.PHY) and use new RAT lower layer configuration received from New RAT Node. eLTE to follow NR agreements about which layers to be stored by UE when SRB/DRBs are suspended.

Example Illustration of UE Mobility & Anchor change in RRC_INACTIVE state:

Proposal 13.
UE in RRC_INACTIVE State shall maintain AS context and security context of last visited Anchor Node only. There shall be only one RAN Anchor Node maintaining UE AS context, security context and connection with 5GC .

Proposal 14.
FFS how RRC_INACTIVE security context is transferred between eLTE and gNB connected to same 5GCN

Access Control Mechanism for eLTE RRC_INACTIVE State:

Proposal 15.
Adopt for eLTE RRC inactive Unified Access Control once it is defined for NR RRC inactive.

Proposal 16.
FFS if any access control mechanisms may not be applicable to RRC_INACTIVE state relative to RRC_IDLE of eLTE (to be addressed by both CT1 and RAN2 WGs)
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