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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]1	Introduction
In RAN #75 meeting, one new WI LTE connectivity to 5G-CN was approved [1].  One of the objectives of this work item is to develop and specify necessary enhancements to:
· 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 Rel-14, RAN2 had comprehensively and deeply discussed the feature of light connection in LTE, which is RRC_INACTIVE-like feature, but was studied based on LTE functionality in RAN2. To avoid duplication of discussion in Rel-15 for eLTE, it is better to adopt the current conclusion of light connection as much as possible. In this document, we firstly introduce the conclusion of light connection in LTE that RAN2 had already achieved. And then identify the impact on E-UTRA to support Light connection connected to 5GC to see the feasibility of reusing the conclusion of light connection in LTE.
2	Discussion
2.1	Introduction of Light Connected in LTE
The agreements of R14 light connection in LTE are concluded from the following aspects:
· Mobility Signalling reduction due to handover 
· RAN initiated Paging  
· State transition procedure 
· UE context storage and retrieval along with UE mobility across different eNBs
· Necessity of a new RAN based state 
The detailed agreements are provided in the Annex. Briefly, Light Connection is characterized as below:
-	the Light Connection is defined as RRC_CONNECTED with a light RRC connection;
- 	The UE in RRC_CONNECTED with a light RRC connection shall suspend all DRB and SRB(except SRB0) and apply the following functions as in RRC_IDLE;
-	PLMN selection (including Background search for High Priority PLMN);
-	Cell reselection (including reselection to CSG);
-	Logged MDT.
-	 The ECM state is ECM-CONNECTED from network and UE perspective.
To configure the RRC CONNECTED with a light RRC connection the following principles apply: 
-	When the last serving eNB decides to move the UE to RRC_CONNECTED with a light RRC connection, it keeps the S1 connection while the UE remains RRC_CONNECTED with a light RRC connection and becomes anchor eNB for the UE;
-	the UE is configured by RRC Connection Release with explicit light connection indication;
-	Anchor eNB configures  RAN Paging Area in terms of cells list or trakcing area . The UE in RRC_CONNECTED with a light RRC connection is required to notify the network by RRC Connection Resume procedure with Paging Area Update indication when it moves out of the configured RAN Paging Area.
-	Anchor eNB configures  DRX parameter.
When the UE is in RRC CONNECTED with a light RRC connection, transition to RRC CONNECTED should be initiated: 
-	upon RAN initiated paging, or upon any MO data/signaling is initiated;
-	by the RRC connection resume procedure.
Access Barring for transition from RRC_CONNECTED with a light RRC connection to RRC_CONNECTED mode is not supported (except SSAC). 
I-eDRX and PSM mode are not used for RRC_CONNECTED with a light RRC connection.
Observation 1: RAN2 had comprehensively and deeply discussed the feature of light connection in LTE ,and achieved the agreements of R14 light connection from the following aspects:
· Mobility Signalling reduction due to handover 
· RAN initiated Paging  
· State transition procedure 
· UE context storage and retrieval along with UE mobility across different eNBs
· Necessity of a new RAN based state 

2.2	The Impact on E-UTRA to support Light connection connected to 5GC
[bookmark: OLE_LINK204]SA2 has sent LS S2-175192[1] to clarify that the features to be or not to be supported in R15 for 5G System especially for E-UTRA connected to 5GC, for which in WG3 NR Ad#2 meeting RAN3 has agreed that the term “ng-eNB” is to be used in Stage 3 when describing functionality specific to E-UTRA connected to 5GC. In this section, we would like to discuss whether there is the impact on E-UTRA to support Light connection based on the feature list provided by SA2. In SA2 reply LS, SA2 confirmed that there are some features supported in 5GC are different from EPC, for example QoS, security, access control, network slicing, support for dual connectivity, mobility, and support for edge computing: 
The 2-level QoS mapping architecture is used in 5G, in which the NAS layer provides the TFTs to UE to map IP flows to QoS flows, and RAN provides the mapping relation between QoS flows and DRBs. This seems no extra impact on light connection mechanism of the 2-level QoS mapping architecture.
The key principles agreed for RAN support of Network Slicing in NR RAN2 is to support of Network Slicing relies on the principle that traffic for different slices is handled by different PDU sessions. Network can realise the different network slices by scheduling and also by providing different L1/L2 configurations. UE should be able to provide assistance information for network slice selection in RRC message, if it has been provided by NAS. All the optimizations for Network Slicing will not introduce extra impact on light connection mechanism. 
For the 5GC security, it has been agreed that new security algorithms will be added on the basis of legacy LTE security algorithms. The corresponding impact on E-UTRAN connected to 5GC is that the PDCP layer needs to be enhanced to support new security algorithms. This seems no directly impact on light connection mechanism of the 5GC security.
For mobility aspect, it noted that inter-RAT mobility between NR Inactive and E-UTRA/5GC Inactive will be discussed under NR agenda item 10.4.1.6.4. Then for the intra-LTE mobility, no extra enhancement of light connection mechanism could be identified.
The unified access control is expected for NR which will impact the NAS and the UE will use the 5G NAS as NR when E-UTRA connects to 5G CN, therefore original ACB mechanisms cannot work unless 5G NAS can be backward compatibility which seems not align with SA2 preference. Actually, due to the time limitation to complete the LC work in Rel-14, access barring for transition from light RRC connection to RRC_CONNECTED is not supported. Hence, with the increasing amount of UEs staying in light state, congestion control mechanism may need to be improved
The general impacts on E-UTRA to support light RRC connection when the E-UTRA connected to 5GC could be summarized in the Table 1.
Table 1: The Impact on E-UTRA to support Light connection connected to 5GC
	
	QoS
	Security
	Network slicing
	Mobility
	Unified access control

	The Light connection is impact or not 
	No impact

	No impact
	No impact
	No impact
	No impact



Although access barring for transition from light RRC connection to RRC_CONNECTED is not supported in LTE, it is due to the time limitation to complete the LC work in Rel-14. Therefore, it seems there is basically no impact on E-UTRA to support light RRC connection when the E-UTRA connected to 5GC, except the access control aspect. Based on above analysis, and to avoid duplication of discussion in Rel-15 for eLTE, it is better to adopt the current conclusion of light connection with some enhancement of access control.
Observation 2:	There is basically no impact on E-UTRA to support light RRC connection when the E-UTRA connected to 5GC, except the access control aspect.
Therefore, we propose that:
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Proposal: it is proposed to adopt the current conclusion of light connection with some enhancement of access control, to avoid duplication of discussion in Rel-15 for eLTE.
3	Conclusions
Observation 1: RAN2 had comprehensively and deeply discussed the feature of light connection in LTE, and achieved the agreements of R14 light connection from the following aspects:
· Mobility Signalling reduction due to handover 
· RAN initiated Paging  
· State transition procedure 
· UE context storage and retrieval along with UE mobility across different eNBs
· Necessity of a new RAN based state 
Observation 2:	There is basically no impact on E-UTRA to support light RRC connection when the E-UTRA connected to 5GC, except the access control aspect.
Based on the discussion we propose the following:
Proposal: it is proposed to adopt the current conclusion of light connection with some enhancement of access control, to avoid duplication of discussion in Rel-15 for eLTE.
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Annex: Current agreements on Light Connected in LTE
	
· Mobility Signaling reduction due to handover 
RAN2-95
The lightly connected UE performs cell reselection based mobility (i.e. the same cell reselection mechanism in RRC IDLE).
The UE specific paging area configuration, defined in term of cell list or new list of paging area ID, shall be supported by dedicated and/or broadcast RRC signaling. Further optimization and down selection can be considered.
UE lightly connected is required to notify the network when it moves out of the configured RAN based paging area.
RAN2-95bis
RAN2-96
As a baseline, idle mode features covered by TS 36.304 are applicable for UEs in RRC_CONNECTED with light RRC connection.
Working assumption: The following features are applicable for lightly connected UEs:  (a) PLMN selection (including Background search for High Priority PLMN), (b) Cell reselection to CSG, (d) Logged MDT and (f) DRX handling.
I-eDRX and PSM mode are not used for light connected UEs

· RAN initiated Paging.  
RAN2-94:
the RAN initiated paging is feasible and beneficial in terms of signalling reduction as well as decreasing latency from RAN2 perspective. Thus the RAN initiated paging can be introduced from RAN2 perspective.
RAN2-95
	The RAN initiated paging mechanism is used/supported. 
The paging process is controlled by the “anchor eNB.
The "anchor eNB" controls the RAN based paging area.
A RAN based paging area update mechanism is used (when a UE goes out of the RAN based paging area). 
RAN based paging area can be configurable specific per UE.
The paging area can be configured as one or more cells from RAN2 point of view. The configured cells can come from different eNB.
To take as a baseline that Rel-13 legacy PO/PF calculations are used for the RAN-initiated paging. The input parameters for PO/PF calculation can be changed in necessary.

RAN2-95bis
For the RAN-initiated paging occasion calculation, the preferred UE ID is "IMSI mod x" design (similar to legacy paging calculation), as per option d) in R2-166688.
The RRC RAN-initiated paging message is defined reusing (with extensions if necessary) legacy RRC paging message, as per option a) in R2-166688.
RAN2 understanding is that legacy TAU behavior applies also for a UE lightly connected. This means that the UE always perform TAU when changing TA boarders.

RAN3-93
The anchor eNB initiates RAN paging when it receives the DL data from SGW and the anchor eNB decides which cells to page when it receives DL data.
RAN2-96
The configured RAN paging area will be one of the following options:
· A list of cells.
· Single cell.
· The same as CN Tracking Area.
· FFS: paging area which can be indicated by ID.As a baseline, idle mode features covered by TS 36.304 are applicable for UEs in RRC_CONNECTED with light RRC connection.
The UE ID (IMSI mod x) is used for PO/PF calculation in RAN-based paging.
A single legacy RRC paging message is used to page UEs in idle mode and UEs in light connection (extension can be discussed).
· State transition procedure 
RAN2-94:
S1 connection of a UE lightly connected is kept and active, in order to hide the mobility and state transitions from CN. For the UE lightly connected.
RAN2-95
S1 connection is kept and active in the “anchor eNB”. NOTE: “anchor eNB” term refers to the eNB where the S1 connection of the UE lightly connected is kept (and active); however this terminology will be discussed further.
A UE enters into "lightly connected" by RRC signaling
RAN2-95bis
UE should be configured into light connection by dedicated RRC signalling (i.e. RRC reconfiguration or RRC release). From MME point of view, lightly connected UE is in ECM_CONNECTED.
To define a new optional radio capability within the UE-EUTRA-Capability IE for the UE to indicate its support of Rel-14 Light Connection operation.
RAN2-96
As a baseline, idle mode features covered by TS 36.304 are applicable for UEs in RRC_CONNECTED with light RRC connection.
Working assumption: The following features are applicable for lightly connected UEs:  (a) PLMN selection (including Background search for High Priority PLMN), (b) Cell reselection to CSG, (d) Logged MDT and (f) DRX handling.
I-eDRX and PSM mode are not used for light connected UEs
The RRCConnectionRelease message is used to get UE into light connection.
To define the following new information: (a) an indicator to light connection, (b) paging area configuration and (c) DRX cycle in RRCConnectionRelease message.
· UE context storage and retrieval along with UE mobility across different eNBs. 
RAN3-93
When UE accesses to a eNB other than the anchor eNB for MO / MT data in the same RAN based paging area, the eNB retrieves the UE context from anchor eNB.
UE lightly connected is required to notify the network when it moves out of the configured RAN based paging area. The network can then decide to keep the UE in light connected mode or suspend the UE.
RAN3-94
It is agreed to introduce new class2 message to carry forwarding GTP Tunnel info from the new eNB to the old eNB. Data forwarding indication in X2: RETRIEVE UE CONTEXT RESPONSE message is FFS.
It is agreed that if S1 context fetch function is agreed, it will be introduced via a new procedure.
-If S1 context fetch is not supported, there are two options:
-Option1: no S1 context fetch (release + connection setup in new eNB) + old eNB discards the buffering data if any.
-Option2: no S1 context fetch (release + connection setup in new eNB) + data forwarding
-If S1 context fetch is supported, the solution is new S1 context fetch procedure + data forwarding.
There is no agreement on if S1 context fetch is supported or not, to be continued.
· Necessity of a new RAN based state 
RAN2-95
The ECM state is ECM-CONNECTED, from perspective of network. From UE perspective the state is FFS.
RAN2-95bis
•For Modelling A : Lightly connected UEs are in RRC_CONNECTED with light connection indication and ECM_CONNECTED from UE point of view.
1	 When a UE exits from light connection into RRC_CONNECTED, UE should perform RAN level access control mechanism. For modelling A, SSAC is applicable. 
2.2 The RRC connection cause comes from AS layer for modelling A.
3.	The lightly connected UEs enter into legacy behavior in RRC connected via RRC procedure including three messages (i.e. request, response and complete). For Modelling A, the procedure should be RRC resume or reestablishment procedure.
4.2 For modelling A, if RRC resume procedure is used by lightly connected UEs, eNB should be allowed to trigger the fallback procedure to establish the RRC connection upon RRC connection setup. But the feasibility should be considered in CT1.
4.3 For modelling A, if RRC reestablishment procedure is used by lightly connected UEs, legacy NAS recovery procedure will be triggered in the failure case.
•For Modelling B : Lightly connected UEs are in RRC_IDLE with light connection indication and ECM_IDLE from UE point of view.
1 When a UE exits from light connection into RRC_CONNECTED, UE should perform RAN level access control mechanism. All the existing mechanisms of access control are applicable for modelling B.
2 The network should be able to reject access via a certain RRC connection cause sent via msg.3. For modelling B, the RRC cause is RRC resume cause.
2.1 For modelling B: the UE's NAS provides to UE's AS the call type and the RRC Resume Cause (similar to legacy when resuming/establishing the connection).
3.The lightly connected UEs enter into legacy behavior in RRC connected via RRC procedure including three messages (i.e. request, response and complete). For Modelling B, the procedure should be RRC resume.
4.1 For modelling B, if RRC resume procedure is used by lightly connected UEs, eNB should be allowed to
RAN2-96
· Model A-2 (RRC_CONNECTED with light RRC connection & resume procedure) is adopted.
· Reuse the existing RRC resume mechanism and messages (including the network signal that allows different Msg3 sizes).
· Access Barring for transition from light connected to normal connected mode is not supported (except SSAC).
· To allow eNB prioritization based on the cause values of MO data, MO signaling, and MT access. FFS other values e.g. PAU (paging area update).
· When RRC resume fails, the UE should enter RRC_IDLE and notify the higher layer about the failure.
· To use resumeID for a UE in light connection to uniquely identify the UE and its "anchor eNB".
· To send msg.4 integrity protected (over SRB1) when successfully "resuming from light RRC connection (i.e. a valid UE AS context is found in the network).
· The RRC Connection Resume procedure triggered by AS for PAU shall include additional indication for Paging Area Update.
· The RRCConnectionRelease message is used to get UE into light connection.
· To define the following new information: (a) an indicator to light connection, (b) paging area configuration and (c) DRX cycle in RRCConnectionRelease message.
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