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1 Introduction 
In RAN3 #93bis, it was argued that RAN-based paging might fail [1][2] and hence, there has to be a mechanism in place for an eNB to seek MME for paging assistance. Although it may seem that RAN-based paging may not fail unless UE is switched off, failed or has slipped out of cellular coverage, it is better to have a fall back mechanism for the purpose of getting an eNB to resort to CN-based paging, if necessary. Although some basic solutions were presented in RAN3 #93bis, it is better to look into it in depth in order to make it proper. 

The objective of this paper is to make a CN-based paging work if sought by an eNB. Further it explores, the various ways to make such a CN-based paging to work especially in mixed-deployment cases.
2 Discussion

2.1 Conserving Network Resource
Although different companies put forward arguments that are in favour of or against [2] RAN-based paging, the basic tenet was to reduce core signalling by hiding UE state transitions between the legacy and new states. Although signalling can be minimised on S1, resources would be permanently allocated for a UE especially on S1 together with active state maintenance. This does not come for free given the fact that MME can easily be overloaded that may either trigger S1 release with a cause of Load balancing TAU required or S1 Overload Start/Stop. Given that UE does not maintain RRC connection when it takes the new LIGHT-CONNECTED State, triggering fact that MME can easily be overloaded that may either trigger S1 may defeat the purpose of this WI Hence, it is more appropriate for an anchor eNB to release UE context if a UE does not transmit/receive data within a time period.

Observation 1: If a UE hardly transmit/receive data, it is better for an Anchor eNB to move a UE from LIGHT-CONNECTED to RRC-IDLE State to conserve network resources.

When an anchor eNB moves a UE from LIGHT-CONNECTED to RRC-IDLE State after a time out, it can trigger S1-AP: UE Context Release Request for the purpose of releasing S1 resources and states.

Proposal 1: RAN3 is respectfully requested to ensure that a UE is not configured to take LIGHT-CONNECTED State indefinitely unless otherwise it is necessary and S1 resources are released after a time out.

2.2 Identifying a UE uniquely across Neighbour eNBs
For context retrieval purposes, a new or existing identifier (e.g., Resume Id) that can be used for identification purposes especially by the E-UTRAN when a UE takes LIGHT-CONNECTED State needs to be unique across neighbours. For instance when a UE tries to resume with a Resume Id that is not comprehensible to a new eNB in terms of which eNB to contact in order to fetch associated UE context. This is especially difficult when there is no X2 between an anchor eNB and a new eNB.

Observation 2: UE has to be uniquely identified across neighbour eNBs for context retrieval purposes.

If the new or existing identifier includes tracking area code (TAC) or RAN Routing Area Code (i.e., the RAN routing area code that is analogous to TAC) and eNB Id. This way a new eNB can determine the exact anchor eNB from which to fetch a UE context. 

Proposal 2: RAN3 is respectfully requested to ensure that a new or existing identifier (e.g., ResumeID) includes tracking area code (TAC) or RAN Routing Area Code (i.e., the RAN routing area code that is analogous to TAC) and eNB ID.

2.3 Non-Transparent Nature of New State
It is one of the design principles that the new UE state is hidden from MME. In other words, whenever an eNB configures a UE to take this new state, it does not explicitly notify an MME. As a result, a UE which takes LIGHT-CONNECTED State is considered to be in ECM-CONNECTED mode from the perspectives of an MME. Hence, it is inappropriate for an eNB to suddenly seek an MME for CN-based legacy paging. 

Observation 3: When UE takes LIGHT-CONNECTED state, it is inappropriate for an eNB to seek CN-assistance without aligning states.
Given the limited coverage size of RAN-based paging, it is always better to seek CN assistance in case an anchor eNB finds it difficult to reach out an UE for MT data. However, MME has to be brought back to the normal state in terms of how a UE in question is seen by an MME before a help of MME can be sought in this respect by an eNB.
Observation 4: MME has to be made to move a UE from ECM-CONNECTED to ECM-IDLE for triggering a legacy paging.
In other words, an MME has to move a UE from ECM-CONNECTED to ECM-IDLE mode before it can trigger a legacy-based paging.  Existing procedures and messages can be used for this purpose. As it is depicted in Fig. 1, for instance, an anchor eNB can trigger a UE Context Release procedure whenever an anchor eNB cannot reach out a UE through its RAN-based paging. Using the eNB-triggered UE Context Release mechanism on S1, the anchor eNB can additionally seek MME assistance for paging while releasing S1 context. This in turn can get an MME to initiate the legacy paging and suppose a UE makes the connection/resume request from a new eNB, MME can pass those details to an old and new anchor eNB for either X2-based or S1-based context retrieval and subsequent data forwarding. In Step 9, an MME can indicate to a new eNB that data forwarding from an old anchor eNB is to happen in Initial Context Setup Request message, together with UE identifiers for context fetch (e.g., Resume Id), MME UE S1AP ID, old anchor eNB ID, TAC of an old anchor eNB and other key parameters that can be found in HO Request message. Similarly, an old anchor eNB can be notified by an MME in terms of new eNB ID, TEID and data forwarding address using existing legacy UE Context Release command. A new eNB can trigger RETRIEVE UE CONTEXT REQUEST with a passed on details of an old anchor eNB which in turn respond with RETRIEVE UE CONTEXT RESPONSE. This context fetch can happen between Steps 10 and 11 in Fig. 1 although this is not shown for clarity. After X2-based or S1-based context retrieval, SN Status transfer and data forwarding can happen. After the path switch, the new eNB can trigger UE context release towards an old anchor eNB which in turn trigger S1-AP: UE Context Release Complete.

Observation 5: Existing S1-AP: UE Context Release procedure can be used for getting an MME to move UE from the ECM-CONNECTED to the ECM-IDLE State and to trigger S1-based paging.
Proposal 3: RAN3 is respectfully requested to ensure that MME is put to the right state using existing procedures for the purpose of enabling an eNB to seek MME assistance for paging when RAN-based paging fails.

2.4 What happens when UE moves into legacy area 
It is difficult to ensure that a mobile network operator (MNO) rolled out completely new system within its service region. Hence, it is possible to find pockets of legacy eNB coverage. Under such circumstances, RAN-based paging can fail and it will be necessary for an anchor eNB to seek MME for paging assistance. In Step 10, an MME can request an old anchor eNB to forward data nack to S-GW. Aftre data forwarding is complete, old anchor eNB can trigger S1-AP: UE Context Release Complete.
Observation 6: S1-based paging is necessary when a UE moves into legacy eNB area. .

Proposal 4: RAN3 is respectfully requested to ensure existing procedure is used to get an old eNB to forward data back to S-GW when RAN-based paging fails in mixed deployment cases.

3 Conclusion and proposals

Seeking MME assistance for paging may become necessary and this paper tries to ensure that MME states are aligned before MME assistance is sought. With this analysis, it makes the following 6 Observations and 4 proposals:

Observation 1: If a UE hardly transmit/receive data, it is better for an Anchor eNB to move a UE from LIGHT-CONNECTED to RRC-IDLE State to conserve network resources.

Proposal 1: RAN3 is respectfully requested to ensure that a UE is not configured to take LIGHT-CONNECTED State indefinitely unless otherwise it is necessary and S1 resources are released after a time out.
Observation 2: UE has to be uniquely identified across neighbour eNBs for context retrieval purposes.

Proposal 2: RAN3 is respectfully requested to ensure that a new or existing identifier (e.g., ResumeID) includes tracking area code (TAC) or RAN Routing Area Code (i.e., the RAN routing area code that is analogous to TAC) and eNB ID.

Observation 3: When UE takes LIGHT-CONNECTED state, it is inappropriate for an eNB to seek CN-assistance without aligning states.
Observation 4: MME has to be made to move a UE from ECM-CONNECTED to ECM-IDLE for triggering a legacy paging.
Observation 5: Existing S1-AP: UE Context Release procedure can be used for getting an MME to move UE from the ECM-CONNECTED to the ECM-IDLE State and to trigger S1-based paging.
Proposal 3: RAN3 is respectfully requested to ensure that MME is put to the right state using existing procedures for the purpose of enabling an eNB to seek MME assistance for paging when RAN-based paging fails.

Observation 6: S1-based paging is necessary when a UE moves into legacy eNB area. .

Proposal 4: RAN3 is respectfully requested to ensure existing procedure is used to get an old eNB to forward data back to S-GW when RAN-based paging fails in mixed deployment cases.
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Fig 1: Seeking MME Assistance when RAN-based paging fails
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