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1. Introduction
In RAN3 #93bis meeting, way forward on Light connection identified 9 open issues for further discussion. Four issues are related with core network:
Open Issue5:  eNB handling of unreachable UE in case of RAN paging failure

Open Issue 7: How to support CP signalling in Light connection

Open Issue 8: Possible Legacy functionality impact needs to be discussed if confirmed

Open Issue 9: MME awareness of whether the UE is in Light Connection or not.
In this paper, we analyses whether core network impacts could be avoided for MT SMS, Class 1 signalling and CSFB. 

2. MT SMS
In R3-162255, Vodafone identified: with “Light connection”, eNB hides from MME the true state of a UE, i.e. MME is not aware that a UE is in fact in Idle Mode. As a result the “messages-waiting” function in SMS and thus the “UE presence” mechanism would fall apart. Consequently persistent re-transmissions of signalling traffic in the RAN, VPLMN CN and HPLMN CN can be observed. Subsequently, expiry of the re-transmission counter in the SC will result in the message never being delivered to the UE. 

Problems with light connection:
               
The root cause of SMS retransmitted again and again for light connection paging failure UE is that MME doesn’t know UE is unreachable in step 12a. It answers with fake state to MSC leading SMS to be retransmitted again and again.   
This may also happen when UE encounters radio link failure in legacy full connected state.
While in Radio link failure cases
Step 2 to step 11 is the same as light connection RAN paging failure. Yet, RL failure UE will start RRC reestablishment after RL failure, then after that, the S1 connection + RRC connection will both “works” or both be “released”. 
In either of the two cases, MME will know the True connection state of the UE. When UE radio link recovery successful, MME in step 12a, MME notify MSC UE activity state is “active”, and that’s true. So the SMS will be delivered successful after repeat from step 2. 
The duration of Radio link failure is very short. But UE in light connection may be for a very long time.

In the way forward document [1], NAS NON DELIVERY INDICATION is mentioned to be sent before S1 release. But we think it is not mandatory. Because NAS NON DELIVERY INDICATION is now only received by MME when the UE is ECM_CONNECTED (usually in HO failure) and the expected behaviour of the “S1 component” of MME is for MME to retransmit the NAS PDU. We can add a new IE in NAS NON DELIVERY INDICATION (eNB->MME) and define new MME behaviour for this new indicator, BUT this has CN impacts. Considering the light connection feature is studied with the assumption of no CN impact, NAS NON DELIVERY INDICATION may be not delivered to MME.
Proposal 1: When RAN paging fails, eNB shall release the S1 connection.
Observation 1: Issue 5 (RAN Paging failure) can be resolved by S1 release.
3. Class 1 procedure
Issue description: From 36.413 definition there are class 1 and class 2 messages. Class 1: Elementary Procedures with response (success and/or failure) and Class 2 Elementary Procedures without response. Class 1 message needs to be considered for light connection because the S1 message is sent to old eNB from MME. while actually UE is new eNB, how shall old eNB handling this message?
We can categorize class 2 messages relevant to light connection UE  into 2 categories,  category 1 is procedure that source eNB can indicate MME with ” Handover triggered”, category 2 is about resource completely release procedure.
· Category 1: E-RAB set, E-RAB modify, UE context  modification, E-RAB release
· Solution 1: indicate to MME with “Handover triggered”
· Old eNB can treat these class 1 message the same way as normal RRC states when class 1 message interaction with handover preparation procedure (see [3]).   eNB can response to MME with indication of failure cause “S1 intra system Handover triggered”, “S1 inter system Handover triggered” or “X2 Handover triggered”,  and then start the RAN paging procedure, after UE setup connection with new eNB, and path switch to the new eNB, MME can retry the class1 message as what it do in handover case.

· Solution 2: old eNB as S1AP message relay
· Old eNB relays the class1 message to new eNB after RAN paging .New eNB processes the class 1 message and sends the response to old eNB via X2 relay (otherwise the response is sent from new eNB to MME, it will confuse MME because class 1 message receiving node and response node are separate one), old eNB sends response message to MME. In this solution, the new eNB shall start path switch after class 1 message response sending back to old eNB via X2 relay.

Solution 1 has no functional impact on MME. It is follows the legacy existing MME behaviour. Yet Solution 2 needs new node implementation.
Proposal 2: When class 1 S1 message (e.g. E-RAB set, E-RAB modify, UE context modification, E-RAB release class 1 message) for lightly connected UE is received from MME, (anchor) eNB pages the UE. If UE responds paging from a different eNB, the anchor eNB should reject the class 1 S1 message with failure cause “handover triggered”.  After path switch, MME would retry previous procedure. 
· Category 2: UE context release, Reset
36.413 specified it as below:

Interactions with other procedures: If the RESET message is received, any other ongoing procedure (except another Reset procedure) on the same S1 interface related to a UE association, indicated explicitly or implicitly in the RESET message, shall be aborted.
For this kinds of class 1 message, old eNB can release the resource required by MME.  And then starts RAN paging of UE with the indication in X2 message that UE context has been released or reset by MME, target eNB will release UE to ECM-idle state. 
Proposal 3: When category 2 of class 1 message (UE context Release and Reset class) is received and UE is lightly connected state, the eNB should release the S1 connection without paging the UE. 
4. CSFB
When light Connection UE is in poor coverage, the RAN paging for CS MT call may fail and lead to NAS CS Service Notification delivery failure. The NAS delivery failure also existing in current CSFB, e.g. due to RLF. 
In addition, in current CSFB, it is possible that CS Service Notification message from MME collides with S1 release from eNB. In light connection, if S1 is released when RAN paging fails, the RAN paging failure for MT CSFB case would be same as the above S1 message collision case.

So, Light connection doesn’t introduce new issue to CSFB.

Observation 3: Light connection doesn’t introduce new issue to CSFB. 
5. Conclusion 
Based on above discussion, we have following proposals.
Proposal 1: When RAN paging fails, eNB shall release the S1 connection.
Proposal 2: When class 1 S1 message (e.g. E-RAB set, E-RAB modify, UE context modification, E-RAB release class 1 message) for lightly connected UE is received from MME, (anchor) eNB pages the UE. If UE responds paging from a different eNB, the anchor eNB should reject the class 1 S1 message with failure cause “handover triggered”.  After path switch, MME would retry previous procedure. 

Proposal 3: When category 2 of class 1 message (UE context Release and Reset class) is received and UE is lightly connected state, the eNB should release the S1 connection without paging the UE. 
Proposal 4: RAN3 to agree that no CN impact from light connection is identified. 
On the 4 CN related issues, we have following observations:
· Open Issue5:  eNB handling of unreachable UE in case of RAN paging failure
Observation 1: Issue 5 (RAN Paging failure) can be resolved by S1 release
· Open Issue 7: How to support CP signalling in Light connection
Observation 2: Class 1 signaling issues can be resolved by proposal 2 and proposal 3
· Open Issue 8: Possible Legacy functionality impact needs to be discussed if confirmed
Observation 3: Light connection doesn’t introduce new issue to CSFB 
· Open Issue 9: MME awareness of whether the UE is in Light Connection or not
Observation 4: CN needs not to be light connection aware.
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