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1.
Introduction
1.1
Brief history of light connection

In Rel-14, RAN2 has introduced the concept of light connection under the LTE_LIGHT_CON-Core WID [1]. 

RAN2 has involved CT1 via LS [2], and as part of the CT1 discussion, CT1 identified that SA2 needs to be involved providing and LS to SA2 in [3]. 

RAN2 later provided LS [4] to CT1 (SA2 not CC’ed but link provided in this document for reference) with further agreements in RAN2 meeting in Reno, US. 

1.2
RAN2 agreements for light connection and QC analysis of system architecture implications
The following is a summary list of agreements in RAN2 regarding light connection as provided in [4]:
General agreements:

1. Agreed model: Lightly connected UEs are in RRC_CONNECTED light connection mode and ECM_CONNECTED using the suspend-resume procedure (Model A-2).
· QC analysis of system architecture implications:
· S1 interface active towards eNB that establishes light connection with UE. 
· No NAS state machine impact when UE moves RRC_CONNECTED to RRC_CONNECTED light connection mode.
	Identified system impact in SA2 #1: Minor alignment in ECM-CONNECTED state definition in TS 23.401 (4.6.3.2) to include RRC_CONNECTED light connection state referencing TS 36.331. 


2. Reuse the existing RRC resume mechanism and messages (including the network signal that allows different Msg3 sizes).
· QC analysis of system architecture implications:
· RRC resume message was introduced in the context of Rel-13 User Plane EPS CIoT optimization. For that case the RRC resume procedure would be triggered by a need to move from ECM IDLE to ECM CONNECTED mode. 

· For the case of RRC_CONNECTED light connection, RRC resume procedure is used to move from RRC_CONNECTED light connection / ECM CONNECTED to RRC_CONNECTED / ECM CONNECTED. 

· Therefore, in the case of light connection, a successful RRC resume procedure would result in the following from system architecture procedure:

1. If the UE performs successful RRC resume procedure with the same eNB that holds the S1 connection towards the core network: RRC resume procedure is transparent to Core Network.
2. If the UE performs successful RRC resume procedure with a different eNB: this looks like a ECM CONNECTED mode mobility procedure from system perspective.
· For the successful RRC resume procedure, the target eNB has been able to retrieve the UE context form the “source eNB”, therefore the right procedure to use in this case is X2-based handover as defined in TS 23.401 Section 5.5.1.1.
	Identified system impact in SA2 #2: Include RRC resume procedure for RRC_CONNECTED light connection to RRC_CONNECTED transition with eNB change as trigger for X2-based handover.

For this scenario, it is assumed successful UE context fetch via X2 and that the MME is unchanged.


3.  Access Barring for transition from light connected to normal connected mode is not supported (except SSAC):
· QC analysis of system architecture implications:

· No impacts, as access barring does not apply in ECM CONNECTED mode.

RAN2 agreements on procedures:

1. As a baseline, idle mode features covered by TS 36.304 are applicable for UEs in RRC_CONNECTED with light RRC connection.

· 1.1 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.

· 1.2 I-eDRX and PSM mode are not used for light connected UEs
· QC analysis of system architecture implications:
· The RRC idle mode features covered by TS 36.304 that do not trigger any RRC procedure (e.g. cell selection/reselection) are transparent to the core network. 
· (a) PLMN selection:  
· RAN2 agreements do not clarify the UE procedure once a UE performs PLMN selection to a new PLMN.
	Identified system impact in SA2 #3:

One main issue with this agreement is that from system perspective, the UE is ECM-CONNECTED, a state in which the UE would not normally perform PLMN selection, except in the case of RLF. In general, there is no trivial way (i.e. it would require major system impact) to perform inter-PLMN ECM-CONNECTED mode mobility in this scenario. (Refer to Section 1.3 for further analysis and options for this case)


·  (b) Cell reselection to CSG: This matches the X2-based HO procedure towards a CSG cell. Same SA2 impact as for Identified system impact in SA2 #2. 
· (d) Logged MDT and (f) DRX handling: No system impacts identified.

· Idle mode eDRX and PSM are ECM IDLE feature, therefore RAN2 decision is correct and creates no SA2 impacts.

· Given that the UE follows cell selection as defined in TS 36.304, the UE may select a different RAT. The UE behaviour needs to be defined in that case. X2-based connected mode mobility is not possible in that case. Therefore, it is proposed that in case the UE selects. GERAN, UTRAN, it moves to ECM IDLE, and performs idle mode procedures. The UE also deactivates ISR in that case, i.e. it performs registration update procedure. Whether the inter-RAT mobility to GERAN/UTRAN will be detected in RRC and informed to NAS or NAS will have to detect on its own (i.e. new NAS impact) will be determined by RAN2/CT1.
	Identified system impact in SA2 #4:

If a UE in RRC-Connected with light connection performs cell selection to GERAN/UTRAN, the UE moves to ECM IDLE, and performs idle mode procedures. The UE deactivates ISR if it was activated.


· 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).
· QC analysis of system architecture implications: No identified impact to SA2.
· When RRC resume fails, the UE should enter RRC_IDLE and notify the higher layer about the failure.
· QC analysis of system architecture implications: 
· This scenario is close to RLF with NAS recovery. It is proposed that in this case the UE enters ECM IDLE and performs regular NAS recovery.
	Identified system impact to SA2 #5: RRC resume failure in RRC-CONNECTED light connection, should trigger NAS recovery, i.e. it enters ECM-IDLE mode and follows behaviour as defined in TS 24.301.
This however does not have Stage 2 specification impacts, and therefore it is left to CT1 to capture. 


· 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 RRCConnectionRelease message is used to get UE into light connection.

· 6.1 To define the following new information: (a) an indicator to light connection, (b) paging area configuration and (c) DRX cycle in RRCConnectionRelease message.

· The RRC Connection Resume procedure triggered by AS for PAU shall include additional indication for Paging Area Update.
· QC analysis of system architecture implications for 6, 7, 8, 9: RAN specific, no core network impact.

RAN2 agreements on RAN paging:
1. 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.
· QC analysis of system architecture implications: RAN specific, no core network impact.
2. The UE ID (IMSI mod x) is used for PO/PF calculation in RAN-based paging. 
· QC analysis of system architecture implications:
· Today IMSI is provided by the MME in S1 paging request, but the eNB does not know the IMSI of a UE when it connects.
	Identified system impact to SA2 #6: The MME needs to provide (IMSI mod x) to eNB in S1-AP Initial Context Setup, UE Context Modification and Handover Request messages.


3. A single legacy RRC paging message is used to page UEs in idle mode and UEs in light connection (extension can be discussed).
· QC analysis of system architecture implications: 
· If RAN paging follows the same equations as for CN paging, the RAN needs to be provided the UE specific DRX value, which is currently provided in the S1 paging request message.
	Identified system impact to SA2 #7: The MME may need to provide UE specific DRX to eNB in S1-AP Initial Context Setup, UE Context Modification and Handover Request messages. Needs corroboration with RAN2


1.3
Discussion on PLMN selection in RRC-CONNECTED with light connection

1.3.1 Background on UE aspects

As described in Section 1.2 of this document, RAN2 is planning to reuse procedures in TS 36.304, e.g. cell selection/reselection when the UE is in RRC-CONNECTED with light connection. One of the procedures that RAN2 has agreed to reuse is PLMN selection. 
However, PLMN selection as defined in TS 36.304 would not be consistent with the ECM-CONNECTED state the UE is in. Currently there is no autonomous UE PLMN selection while the UE is in ECM-CONNECTED mode. 

In fact, TS 36.304 mentions the following in Section 5.1 “PLMN selection”:
In the UE, the AS shall report available PLMNs to the NAS on request from the NAS or autonomously.

During PLMN selection, based on the list of PLMN identities in priority order, the particular PLMN may be selected either automatically or manually. Each PLMN in the list of PLMN identities is identified by a 'PLMN identity'. In the system information on the broadcast channel, the UE can receive one or multiple 'PLMN identity' in a given cell. The result of the PLMN selection performed by NAS (see 3GPP TS 23.122 [5]) is an identifier of the selected PLMN.
After a PLMN is selected at NAS, the UE performs cell selection in the selected PLMN (or equivalent PLMNs). From TS 36.304 Section 5.1.2.2:

Once the UE has selected a PLMN, the cell selection procedure shall be performed in order to select a suitable cell of that PLMN to camp on.
For the case of cell selection (and also cell reselection) the UE performs cell selection on the selected PLMN or equivalent PLMNs. From TS 36.304 Section 5.2.1:
UE shall perform measurements for cell selection and reselection purposes as specified in [10].

The NAS can control the RAT(s) in which the cell selection should be performed, for instance by indicating RAT(s) associated with the selected PLMN, and by maintaining a list of forbidden registration area(s) and a list of equivalent PLMNs. The UE shall select a suitable cell based on idle mode measurements and cell selection criteria.
Summarizing: 

· AS can only provide list of available PLMNs to NAS, it does not perform PLMN selection. 

· NAS performs the PLMN selection, i.e. the NAS provides the AS with the selected PLMN.

· Only after the AS is provided the selected PLMN by NAS, the AS can perform cell selection/reselection for the new selected PLMN (or equivalent PLMNs when available).
· ISSUE on the UE side: NAS only performs PLMN selection in EMM-IDLE as defined in TS 23.122, and a UE in RRC-CONNECTED with light connection is in EMM-CONNECTED mode. In EMM-CONNECTED mode, NAS would ignore the list of available PLMNs if provided by AS. Therefore PLMN selection does not occur in RRC-CONNECTED with light connection (unless NAS is modified).
1.3.2
Background on NW aspects
Another issue is how a PLMN selection to a higher priority PLMN in ECM-CONNECTED mode would look like to the network. 
In general, a change in PLMN (outside the RPLMN and equivalent PLMNs) would imply a change in MME, so most likely an X2 context retrieve is not possible, and S1-based handover requires target eNB preparation which would not occur in case UE autonomous PLMN selection. Therefore, none of current ECM-CONNECTED mode mobility procedures would fit the UE autonomous PLMN selection. 
1.3.3
Proposed way forward 
Today PLMN selection is ruled by NAS layer, and does not apply in EMM-CONNECTED mode. Therefore, assuming no major change to the NAS behaviour in Rel-14 due to RRC-CONNECTED with light connection, there should be no PLMN selection in RRC-CONNECTED with light connection. 

This is the least impacting option, and would be the status quo with current NAS, and should be adopted in Rel-14 timeframe.
One potential drawback is that a VPLMN may decide to keep the UE in RRC-CONNECTED with light connection/EMM-CONNECTED instead of moving the UE to ECM-IDLE.

Note though that this can happen even today for regular EMM/RRC-CONNECTED. As long as the VPLMN keeps the UE in ECM-CONNECTED mode, the UE cannot autonomously search and select a higher priority PLMN. 
One possible option to alleviate this is that the VPLMN does not enable RRC-CONNECTED with light connection for roaming devices. The use of RRC-CONNECTED with light connection can be disabled for roaming devices based on roaming agreement with the HPLMN, local configuration, etc. 

Note that this option requires the Core Network to enable / disable the feature. Since the MME needs to assist the eNB anyway with the IMSI mod X information (and possibly the UE specific DRX), one possibility is that the RRC-CONNECTED with light connection is implicitly enabled/disabled based on whether the MME provides or not the RRC-CONNECTED with light connection assistance information via S1.  
1.4
Discussion on Core Network awareness of UE support of RRC-CONNECTED with light connection

The MME needs to provide assistance information to an eNB via S1 Signalling regarding RRC-CONNECTED with light connection:
1. For assisting RAN paging, the MME needs to provide IMSI mod x to the eNB, and possibly UE specific DRX (requires RAN2 feedback if this is needed).
2. The MME may want to enable/disable the possibility of using RRC-CONNECTED with light connection for a particular UE (see e.g. Option 1.1 of section 1.3).

There are two possible triggers for the MME to provide this assistance information: 

1. The MME can blindly provide this information to an eNB supporting RRC-CONNECTED with light connection for every UE. This would mean that the MME would provide this information for devices that do not support this feature (including all pre-Rel-14 UEs). This creates some potentially unnecessary additional information being sent over S1. However, the extra signalling is rather small. 

2. The MME provides the assistance information only for UEs that support the light connection feature. This will require the MME to receive indication of UE support for RRC-CONNECTED with light connection state, and only provide the above information for UEs that do support the feature. This is though is not essential because it is always eNB that decides whether to suspend the UE or not and activate Light Connection. Given this would imply a NAS impact in MME since it would require the MME to know the UEs capability for Light Connection, it is proposed to be avoided in Rel-14.  
	Identified System Impact #8: When the MME provides RRC-CONNECTED with light connection assistance information (e.g. IMSI mod X, feature enabled/disabled). 

· It is proposed that MME provides this information to every eNB that supports the feature, and for every UE. This avoids the MME having to know whether a UE supports Light Connection or not.


2.
Proposed way forward
It is proposed to align with RAN2 design as TEI14, by adding the following aspects into TS 23.401:

· Identified system impact in SA2 #1: Minor alignment in ECM-CONNECTED state definition in TS 23.401 (4.6.3.2) to include RRC_CONNECTED light connection state referencing TS 36.331.

· Identified system impact in SA2 #2: Include RRC resume procedure for RRC_CONNECTED light connection to RRC_CONNECTED transition with eNB change as trigger for X2-based handover. Given that for X2-based handover the MME needs to be unchanged, the “target eNB” needs to check whether it has connectivity to the correct MME, otherwise it needs to not proceed with RRC resume procedure, and force UE to move to ECM IDLE.
· Identified system impact in SA2 #4: If a UE in RRC-Connected with light connection performs cell selection to. GERAN/UTRAN, the UE moves to ECM IDLE, and performs idle mode procedures. The UE deactivates ISR if it was activated.

· Identified system impact to SA2 #7: The MME needs to provide (IMSI mod x) to eNB in S1-AP Initial Context Setup, UE Context Modification and Handover Request messages.
· Identified System Impact #8: When the MME provides RRC-CONNECTED with light connection assistance information (e.g. IMSI mod X, feature enabled/disabled): It is proposed that MME provides this information to every eNB that supports the feature, and for every UE. This avoids the MME having to know whether a UE supports Light Connection or not.
A companion CR is included in S2-170224.
For identified system impact to SA2 #5: RRC resume failure in RRC-CONNECTED light connection, should trigger NAS recovery, i.e. enter ECM IDLE and perform procedures as defined in TS 24.301. This however does not have Stage 2 specification impacts, and therefore it is left to CT1 to capture.
For identified system impact in SA2 #3: PLMN selection in light connection:

· It is proposed to send LS to RAN2/CT1 identifying the issues above for PLMN selection in RRC-CONNECTED with light connection, with preferred SA2 option for way forward as described in Section 1.3. 

It is also proposed to ask RAN2 for feedback regarding Identified system impact to SA2 #6: Whether the MME needs to provide UE specific DRX to eNB in S1-AP Initial Context Setup, UE Context Modification and Handover Request messages, i.e. whether the UE and eNB consider the UE specific DRX when computing PO/PF for RAN paging.
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