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1 Introduction 
RAN initiated paging may fail due to sudden radio impairments, topology changes (e.g., due to X2 removal) and UE impairment. It is therefore important for an anchor gNB/eNB to seek CN assistance in case of a RAN paging failure. At least 4 different solutions were briefly discussed in RAN3 #94 to address this issue. 
Given that a new UE mode/state of UE is not transparent to an MME that assumes that a UE in question is ECM-CONNECTED, different state machines have to be aligned before seeking an MME assistance. This is because different nodes such as UE, eNB and MME have their own respective State-machines and any chosen solution should not impair these State machines. 

The objective of this paper is to recommend a mechanism for an eNB to seek CN assistance without impairing existing state machine principles.
2 Discussion
The following solutions were discussed in RAN3 #94:

i) Anchor eNB using S1 UE Context Release Request (eNB triggered)
ii) Anchor eNB notifying an MME using NAS NON DELIVERY INDICATION 
iii) Anchor eNB passing Resume ID onto an MME

iv) Using a new S1 Message to Seek MME Assistance  
2.1 S1 UE Context Release Request (eNB triggered)
Due to X2 removal, an earlier configured RAN Paging Area may have been impacted and unless a UE is notified for the purpose of getting a new RAN Configuration Area configured when a UE is in LIGHT-CONNECTED mode/state, RAN paging may simply fail if a UE moves closer to a cell operated by a X2 cut off eNB. Under such circumstances it is inevitable that an Anchor eNB contacts an MME after a few paging attempts. In case a UE happens to respond to MME paging, context can be fetched from an Anchor eNB using S1 or X2 context fetch mechanisms while an MME will play a role of relaying or linking an Anchor eNB with a new Serving eNB. 

Observation 1: Sudden topology change (e.g., X2 REMOVAL) can result in RAN Paging failure.

A 3-way context release handshake can be used with new causes to trigger special handling that enables an MME to play the role of a relay for linking an Anchor eNB and new Serving eNB, exchanging UE context and notifying if data forwarding is to happen. 
Observation 2: When a UE takes LIGHT-CONNECTED mode/state, it is inappropriate for an eNB to seek CN-assistance without aligning states.
Given that normally paging happens when a UE is in IDLE MODE, an MME can quickly moves a UE to an appropriate state before triggering S1 paging request. 

Observation 3: MME has to be made to move a UE to an appropriate state before  triggering a legacy paging.
Given that MME covers larger areas when compared to the size of RAN Paging area, MME should be given the freedom to act on its own when its S1-based paging is sought. This is useful when a UE slips into legacy area too that does not support RAN-based paging.

Observation 4: MME should take control of paging when its assistance is sought while an Anchor can provide recommended cell list.
2.2 NAS NON DELIVERY INDICATION
An eNB can report a non-delivery of a NAS message by sending a NAS NON DELIVERY INDICATION message to the MME including the non-delivered NAS message within the NAS-PDU IE and an appropriate cause value within an appropriate Cause IE. Under normal circumstances this might happen when S1 intra/inter system Handover or X2 HO is triggered.
Observation 5: NAS NON DELIVERY INDICATION is used to notify non-delivery of a NAS message.

RAN paging may be initiated on receiving DL UP data or NAS message and such a RAN paging may fail. Hence, a common procedure has to be used notify an MME when NAS or normal UP data gets lost.

Observation 6: A common procedure has to be used to notify an MME when NAS or UP data gets undelivered due to a RAN paging failure.

2.3 Anchor eNB passing Resume ID onto an MME
New UE mode/state is not transparent to an MME. Hence, passing Resume Id to an MME is not much of a use. 
Observation 7: Passing Resume ID may break earlier made RAN 3 agreement that MME does not know a new UE mode/state.
However, as part of Solution described in Section 2.1 an MME can play the role of an relay for the purpose of exchanging Resume ID and context between an Anchor eNB and a new Serving eNB. 

Observation 8: An MME can operate as a relay to exchange ResumeId and context between an Anchor eNB and new Serving eNB.
2.4 Seeking MME Assistance with a new message 
Requesting an MME paging, while a UE is in ECM_CONNECTED mode will impact existing MME State machines. 

Observation 9: Arbitrarily contacting MME for a paging when a UE is in ECM-CONNECTED State will impact MME State machine.
Proposal 1: RAN3 is respectfully requested to consider the analysis made in terms of suitability of each solution.

3 Conclusion and proposals
This paper analyses various solutions that are discussed in relation to an issue of how to seek MME assistance in case of RAN paging failure. . With this analysis, it makes the following 9 Observations and 1 proposal:
Observation 1: Sudden topology change (e.g., X2 REMOVAL) can result in RAN Paging failure.

Observation 2: When a UE takes LIGHT-CONNECTED mode/state, it is inappropriate for an eNB to seek CN-assistance without aligning states.

Observation 3: MME has to be made to move a UE to an appropriate state before  triggering a legacy paging.

Observation 4: MME should take control of paging when its assistance is sought while an an Anchor can provide recommended cell list.

Observation 5: NAS NON DELIVERY INDICATION is used to notify non-delivery of a NAS message.

Observation 6: A common procedure has to be used to notify an MME when NAS or UP data gets undelivered due to a RAN paging failure.

Observation 7: Passing Resume ID may break earlier made RAN 3 agreement that MME does not know a new UE mode/state.

Observation 8: An MME can operate as a relay to exchange Resume Id and context between an Anchor eNB and new Serving eNB.
Observation 9: Arbitrarily contacting MME for a paging when a UE is in ECM-CONNECTED State will impact MME State machine.
Proposal 1: RAN3 is respectfully requested to consider the analysis made in terms of suitability of each solution.
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