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1 Introduction

This contribution analyses further details related to the UEs lightly connected focusing on UE modelling, including the NAS/AS interaction and the required procedures to get in/out of this mode taking into consideration previous RAN2 agreements [1]. For reference, exemplary stage-3 text proposals are shown in Annex.
2 UE modeling for light connection
This section focuses on the UE's modelling while using light connection (referred as "Light-Conn") keeping in mind that while a UE is in light connection, this is transparent to the MME (i.e. UE is still ECM-CONNECTED from MME perspective). 
The key points identified for AS/RRC side to consider are the following:

1. Whether exiting from "Light-Conn" is triggered by UE's NAS (similar to Rel-13 resume proc.) or UE's AS.
2. Whether access barring mechanisms (e.g. ACB, EAB, ACDC) are used for a UE exiting "Light-Conn".
3. Whether eNB gets information about the kind of RRC connection that is resumed from "Light-Conn" (e.g. RRC Resume Cause) to allow access control on RRC level when required. 

The foreseen number of UEs in "Light-Conn" is the same or even higher than the UEs in idle mode, and having the means to allow access differentiation/prioritization on msg.1 and msg.3 is preferable. In legacy, the AS layer is able to apply the access barring mechanisms and to set the RRC resume cause based on the information shared by the upper layers, i.e. NAS layer. Therefore, we see it as beneficial if UE's NAS is aware when the UE is in "Light-Conn" and also indicates to the lower layers when to exit from lightly connected, similar to how it is done for Rel-13 resume procedure. 
On the other hand, the details on how to model the UE's ECM state (e.g. ECM-CONNECTED with light connection indication, or ECM-IDLE with light connection indication, or a new ECM-LIGHT-CONNECTION state) should better be discussed by CT1/SA2 taking as input the RAN2's related agreed requirements. Even though it is out of scope of RAN2 discussion, we would like for reference to explain the key points identified for NAS side to discuss:
1. Whether the NAS messages are sent ciphered and/or un-ciphered; considering that from the MME side, the UE is ECM-CONNECTED, the MME expects to currently receive all NAS messages in ciphered form (except Attach Request and TAU Request).
2. Whether a NAS PDU, that was generated, is actually sent or not via the radio interface to avoid NAS COUNT numbers being out of synch. This was an important aspect considered when defining Rel-13 resume procedure as a tentative NAS Service Request was generated in case the resumption of the RRC connection fall-backs to legacy establishment.
When informing CT1/SA2, it is important to clarify that a UE in "Light-Conn" is not expected to perform periodic TAU, understanding that from MME side, the UE is still ECM-CONNECTED and if any periodic UL notification were required, this would be configured by the RAN node (i.e. "anchor" eNB).
Proposal 1. The UE's NAS layer is aware when the UE is in light connection (even though the MME is not), therefore the UE's AS layer indicates to UE's NAS layer when the UE enters into Light Connection.

Proposal 2. When a UE exits from light connection into RRC_CONNECTED, the following points are agreed:

Proposal 2.1. Legacy access barring mechanism (e.g. ACB, AB, ACDC) is applicable to allow the network access control via msg.1 under congestion situations.

Proposal 2.2. Legacy "RRC resume cause" is applicable to allow the network access control via msg.3 under congestion situations.

Proposal 2.3. 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).

Proposal 3. To send an LS To: CT1, and Cc: SA2, asking them to take into consideration the RAN2 related agreements for the specification of the UE's NAS modelling while the UE is in lightly connected in RAN side.
Proposal 4. A UE in "Light-Conn" is not expected to perform periodic TAU procedure, understanding that from MME side, the UE is still ECM-CONNECTED and if any periodic UL notification were required with the network, this would be configured by/with the RAN nodes (transparently to the MME).

The following options are possible on the RRC modelling of a UE lightly connected: (a) new "RRC_LIGHT_CONN" state, or (b) RRC_IDLE with a "Light-Conn" indication, or (c) RRC_CONNECTED with a "Light-Conn" indication.  Option (c) is not preferable taking into consideration that access control via msg.1 and/or msg.3 is desirable, and option (a) requires the specification of a new RRC state, which did not look preferable by majority of companies for Rel-14 LTE. Therefore we suggest specifying option (b).
Proposal 5. A UE lightly connected is defined as RRC_IDLE with a "Light-Conn" indication.

3 Signaling procedure to exit light connection

For the signaling procedure defined to get a UE out of light connection, RAN2 only agreed that "the UE will get back to be connected to the eNB when it is paged (via RAN initiated paging) or when any MO data/signaling is initiated. Details of the related procedure are FFS". This section explains the procedural details when getting a lightly connected UE back connected taking resume procedure as a baseline and differentiating between the key scenarios. As a first phase, we have not included further RRC signaling optimization, however if the WI timeline allows it, we would be open to discuss further optimizations afterwards (e.g. defining an optimized resume procedure that only requires 2 hands-shake messages instead of 3).
· Scenario A: Resume Light RRC Connection (with UE context found/valid). This procedure is the same as Rel-13 resumption with the exception of S1 AP signaling. It is important to highlight that the RRC resume cause used while resuming the connection is not forwarded over S1-AP as the UE is considered as ECM-CONNECTED from MME side.
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Proposal 6. To  exit light connection and enter connected mode, Rel-13 resumption procedure is used as baseline, with the change that S1-AP UE Context Resume Request/Response messages are not used (as MME is not aware when a UE gets in or out of lightly connected in RAN side).
· Scenario B: Resume Light RRC Connection (with UE context found/valid) and a NAS PDU is sent. This procedure is similar to scenario A, however it is assumed that there is a NAS PDU to be sent in msg.5. The following S1 AP messages could be used: (A) S1-AP UPLINK NAS TRANSPORT, (B) S1-AP UE CONTEXT MODIFICATION INDICATION, (C) S1-AP Resume Context Request or (D) a new S1-AP messages. Our preference is option (A) S1-AP UPLINK NAS TRANSPORT, as it is the message that shares common functionality/procedure. For example, option (B) is currently used for the CSG membership verification, and option (C) would require to change the NAS specification as in Rel-13 MME differentiates when the UE is in ECM_IDLE with suspend indication while in Rel-14 Light-Conn, the MME would not differentiate this.
Moreover our understanding is that when a NAS PDU is sent in RRC Conn. Resume Complete, the information of the RRC resume cause might be beneficial for the MME. If so, a new field with this information could be defined in the S1-AP UPLINK NAS TRANSPORT to send this information to the MME while the UE is in EMM-CONNECTED.
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Proposal 7. When resuming the connection for a UE lightly connected and the RRC Connection Resume Complete message carries a NAS PDU, a S1-AP UPLINK NAS TRANSFER message is used to transfer this NAS PDU to MME and, if needed, RRC Resume Cause could be forwarded as part of this S1-AP message. 
· Scenario C: Resume Light RRC Connection with fallback to establish the RRC Connection (UE context is not found/valid). Similar to Rel-13 resume procedure, eNB responds with RRC Conn. Setup (instead of RRC Conn. Resume), a NAS Serv. Request (which needs to be sent un-ciphered) would be sent in msg.5 as the resumptions fails and fallbacks to continue with the establishment of the RRC Connection. For this scenario, we could rely on legacy S1-AP UE INITIAL MESSAGE, understanding that if the MME gets this S1-AP msg. for a EMM-CONNECTED UE, it would assume that the UE context is not valid/found on the eNB, and the MME would take care of discarding the "old"/non-valid UE context. On other hand, the UE NAS specification might need to be updated to be able to generate a NAS Service Request (which is un-ciphered) for this kind of scenario.
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Observation 1. When resuming a Light RRC Connection with fallback to establish the RRC Connection, legacy resume fallback procedure is still applicable from RRC point of view, as RRC Conn. Setup (msg.4) would be sent in response to RRC Conn. Resume Request (msg.3), and the RRC Conn. Setup Complete (msg.5) carrying a NAS Service Request would be sent to the MME via a S1-AP Initial UE Message.



Proposal 8. When resuming a Light RRC Connection with fallback to establish the RRC Connection, legacy resume fall-back procedure is still applicable from RRC point of view. Inform to CT1 and ask whether UE NAS needs to be informed when the resumption of a Light RRC Connection fallsback to establish the RRC Connection (e.g. to send a  un-ciphered NAS Service Request instead of any other NAS PDU that could have sent while MME had the UE as ECM-CONNECTED).
4 Signaling procedure to get into light connection

For the signaling procedure defined to get a UE into light connection, RAN2 agreed that "the UE enters into "lightly connected" state by RRC signaling. Details of the related procedure are FFS". The straight forward RRC signaling options to convey this information are:
1. Via RRC Conn Reconfiguration message including a new release timer. A new release timer indication could be defined within this message for the UE to know that when it is released with the suspend indication, it is released into lightly connected, or alternatively a release timer could be indicated to UE for an implicit release into lightly connected if the UE is inactive for that period of time.

2. Via RRC Conn. Release message including a new light connection indication. A new light connection indication IE could be defined within this message for the UE to release the RRC connection into lightly connected.
If (1) RRC Conn. Reconfiguration were used, we would need to also add release related IEs that might be needed for UEs in light connection e.g. redirectedCarrierInfo, or idleModeMobilityControlInfo or extendedWaitTime. On other hand, there is no need to replicate functionality when Rel-13 suspend procedure was defined to fulfill similar requirement; therefore we prefer using option (2) RRC Conn. Release.
Proposal 9. To enter a UE into lightly connected, Rel-13 suspend procedure is reused, with the changes that S1-AP UE Context Suspend Request/Response messages are not used (as MME is not aware when a UE gets in or out of lightly connected in RAN side) and that a new indication is defined within the RRC Connection Release for the eNB to indicate the UE to enter into light connected.

5 Light connection support indication

This section focuses on support indication of light connection by the UE and the network. This feature is RAN controlled and foreseen as optional by UEs and eNBs, therefore new support indication by the UE as part of the UE radio capabilities and by the network as part of the system information would be desirable. Moreover for the network broadcast indication, two options look potentially possible depending on the specification of the msg.3: using Rel-13 resume and doing a cell update notification. If RRC Conn. Resume Request is always used by a UE lightly connected when getting into connected mode, the same indication as defined in Rel-13 could be reused (up-CIoT-EPS-Optimisation); however if a different msg.3 were to be defined, a new indication would be required.
Proposal 10. 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.

Proposal 11. SystemInformationBlockType2 shall contain an indication for the UE to know that a UE lightly connected can resume the RRC connection on this cell. FFS whether Rel-13 UP CIoT indication (up-CIoT-EPS-Optimisation) could be re-used or a new indication specific for Rel-14 light connection is required.
6 Conclusion

The observations captured are the following:
Observation 1.
When resuming a Light RRC Connection with fallback to establish the RRC Connection, legacy resume fallback procedure is still applicable from RRC point of view, as RRC Conn. Setup (msg.4) would be sent in response to RRC Conn. Resume Request (msg.3), and the RRC Conn. Setup Complete (msg.5) carrying a NAS Service Request would be sent to the MME via a S1-AP Initial UE Message.


The proposal captured are the following:
Proposal 1.
The UE's NAS layer is aware when the UE is in light connection (even though the MME is not), therefore the UE's AS layer indicates to UE's NAS layer when the UE enters into Light Connection.
Proposal 2.
When a UE exits from light connection into RRC_CONNECTED, the following points are agreed:
Proposal 2.1.
Legacy access barring mechanism (e.g. ACB, AB, ACDC) is applicable to allow the network access control via msg.1 under congestion situations.
Proposal 2.2.
Legacy "RRC resume cause" is applicable to allow the network access control via msg.3 under congestion situations.
Proposal 2.3.
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).
Proposal 3.
To send an LS To: CT1, and Cc: SA2, asking them to take into consideration the RAN2 related agreements for the specification of the UE's NAS modelling while the UE is in lightly connected in RAN side.
Proposal 4.
A UE in "Light-Conn" is not expected to perform periodic TAU procedure, understanding that from MME side, the UE is still ECM-CONNECTED and if any periodic UL notification were required with the network, this would be configured by/with the RAN nodes (transparently to the MME).
Proposal 5.
A UE lightly connected is defined as RRC_IDLE with a "Light-Conn" indication.
Proposal 6.
To  exit light connection and enter connected mode, Rel-13 resumption procedure is used as baseline, with the change that S1-AP UE Context Resume Request/Response messages are not used (as MME is not aware when a UE gets in or out of lightly connected in RAN side).
Proposal 7.
When resuming the connection for a UE lightly connected and the RRC Connection Resume Complete message carries a NAS PDU, a S1-AP UPLINK NAS TRANSFER message is used to transfer this NAS PDU to MME and, if needed, RRC Resume Cause could be forwarded as part of this S1-AP message.
Proposal 8.
When resuming a Light RRC Connection with fallback to establish the RRC Connection, legacy resume fall-back procedure is still applicable from RRC point of view. Inform to CT1 and ask whether UE NAS needs to be informed when the resumption of a Light RRC Connection fallsback to establish the RRC Connection (e.g. to send a  un-ciphered NAS Service Request instead of any other NAS PDU that could have sent while MME had the UE as ECM-CONNECTED).
Proposal 9.
To enter a UE into lightly connected, Rel-13 suspend procedure is reused, with the changes that S1-AP UE Context Suspend Request/Response messages are not used (as MME is not aware when a UE gets in or out of lightly connected in RAN side) and that a new indication is defined within the RRC Connection Release for the eNB to indicate the UE to enter into light connected.
Proposal 10.
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.
Proposal 11.
SystemInformationBlockType2 shall contain an indication for the UE to know that a UE lightly connected can resume the RRC connection on this cell. FFS whether Rel-13 UP CIoT indication (up-CIoT-EPS-Optimisation) could be re-used or a new indication specific for Rel-14 light connection is required.
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