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1. Introduction
In RAN3#94 meeting, the open issues for LC were identified and captured in the WF [1]. Base on the LS, we can see the progress and the agreements have been achieved by RAN2 and CT1 [2] [3].
In this contribution, we will further discuss how to handle the RAN paging failure and provide relevant observations and proposals.

2. Discussion
Issue5: eNB handling of unreachable UE in case of RAN paging failure

It was discussed:

· In case eNB triggers RAN Paging upon receiving DL NAS PDU, if RAN Paging failed, the eNB will trigger the NAS NON DELIEVERY towards the CN and trigger S1 UE context release.

Further discussion is needed on if and how to capture this in stage2. [FFS]
In case RAN paging is triggered by DL NAS PDU, NAS NON DELIVERY INDICATION  + eNB initiated UE CONTEXT RELEASE REQUEST could be used in case of RAN paging failure, MME may trigger thenS1 paging after UE context is released, and MME could retransmit the NAS Data if UE is successfully paged.

Proposal 1: If RAN paging is triggered by DL NAS PDU, NAS NON DELIVERY INDICATION + eNB initiated UE CONTEXT RELEASE REQUEST could be used in case of RAN paging failure.

If RAN paging is triggered by DL data, two options could be selected:

· Option 1: Discard the buffered data, and start eNB initiated UE CONTEXT RELEASE REQUEST procedure.

· Option 2: Forward back the downlink data to S-GW + UE CONTEXT RELEASE REQUEST procedure, how to forward back the downlink data to S-GW, here’re some potential solutions:

· Option 2a: new class 1 S1 procedure to get GTP tunnel endpoint of S-GW.

· Option 2b: Enhance S1AP HANDOVER REQUIRED and HANDOVER COMMAND to get the GTP tunnel endpoint of the S-GW.

· Option 2c: Enhance the S1AP UE CONTEXT RELEASE REQUEST and UE CONTEXT RELEASE COMMAND to get the GTP tunnel endpoint of the S-GW.

For the option 1, the buffered data will be discarded, and then S1 connection will be released. MME may trigger the S1 paging in case of new data arrival. In this case, TCP/IP layer can do the retransmission for the data which was discarded by the eNB.
For the option 2, three potential solutions are provided above to get the GTP tunnel endpoint in order to support data forwarding to S-GW. 

· For Option 2a, eNB can get the GTP tunnel endpoint of the S-GW via the new class 1 S1AP procedure, not impact the legacy procedures.

· For Option 2b, reuse the legacy procedures, MME can send the GTP tunnel endpoint of the S-GW in the HO COMMAND message. As this is not a typical handover procedure, HANDOVER REQUEST is not required. The handling of HANDOVER REQUIRED is not same as legacy, a special indicator or new cause value need to be included in HANDOVER REQUIRED. Anyway, it impact the spec of S1 handover procedure, this is not preferred.

· For Option 2c, reuse and enhance the legacy S1AP UE CONTEXT RELEASE REQUEST and UE CONTEXT RELEASE COMMAND. The special indicator or new cause value need to be introduced in UE CONTEXT RELEASE REQUEST message, and the GTP tunnel endpoints should be introduced in UE CONTEXT RELEASE COMMAND to deliver forwarded DL PDCP SDUs. The benefit of this option is S1 signallings are saved, no need specific signallings to get the GTP tunnel endpoints of the S-GW. 

Above all, forwarding back the data to the S-GW have the following impacts: 

· Impact S1 signallings, e.g. add new S1AP messages or change the existing S1AP messages.

· Impact MME and S-GW, e.g. MME needs to allocate a GTP-Tunnel for the data forwarding, and inform S-GW to use the tunnel. It may also impact the buffer of the S-GW.

To our understanding, no much gains to forward back the DL data in case of RAN paging is failed. Even if the buffered data is forwarded back to the S-GW, the end-to-end latency for the DL data is big. Therefore, the simplest way is release the S1 connection directly in case of RAN paging failure, not to do the data forwarding; the TCP/IP retransmission should be enough.
Proposal 2: If RAN paging is triggered by DL Data, eNB initiated UE CONTEXT RELEASE REQUEST could be used in case of RAN paging failure.

Proposal 3: The buffered data in the anchor eNB could be discarded, TCP/IP retransmission should be enough, not necessary to forward back the buffered data to the S-GW.
Issue 10: CN Paging Assisstance 

CN Paging Assistance is triggered if the serving eNB decides that the paging scope for RAN paging has to be extended by S1AP signalling means, e.g. when the serving eNB did not reach the UE by X2 paging:
Three options for CN Paging Assistance have been discussed:

1)
The UE Context in the anchor eNB is kept in “light connected mode”. The anchor eNB keeps the control of the overall paging process:
The anchor eNB is responsible to decide how often and in which area the UE is paged.
If the MME is requested by the anchor eNB to assist in RAN Paging, it sends S1 Paging in the (tracking) area(s) indicated by the anchor eNB.
If the UE is reached, it resumes the RRC connection and the UE Context is retrieved.
If the UE cannot be reached, the serving eNB will typically request the release of the UE Context.

2)
The UE Context in the anchor eNB is kept in “light connected mode”. The anchor eNB “hands over” the responsibility of the paging process to the serving MME:
It is FFS by which S1AP signalling means the MME is requested to take over the paging process.
From the point in time when the serving MME has taken responsibility of the paging process, it is the serving MME that decides how often and in which area the UE is paged.
It is FFS how the serving MME is informed if the UE resumes in the anchor eNB. 
If the UE is reached, it resumes the RRC connection and the UE Context is retrieved.
If the UE cannot be reached, the serving MME will typically release of the UE Context.

3)
The UE Context in the anchor eNB is released. The MME is in responsible to page the UE.
As the S1 UE context is released, if the UE is reached after MME paging, the UE context will be newly setup in the new serving eNB, and then the new serving eNB makes the decision on whether move the UE to light connected mode or not.

There is no conclusion on which way to go FFS.

As has been agreed by RAN2 and CT1 [2] [3], MME is not aware of the LC state of UE, NAS state is kept as EMM-CONNECTED.  In case of RAN paging failure, if the UE Context in the anchor eNB is kept in “light connected mode”, the eNB requests MME to assist or to do S1 paging, that requires MME to handle the corresponding request message from the eNB and trigger the S1 paging in EMM-Connected state. The impact to S1 interface and MME is little big.
To be simple, eNB can initiate S1 UE context release procedure, then eNB and MME release the UE context and return to idle mode, the legacy S1 paging procedure could be used in case of new data is arrival. This solution has no impact to S1 interface and the core network.
Proposal 4: To limit the impact to CN and S1 interface, it’s better to release the UE context and let MME to decide whether and how to page the UE in case of RAN paging is failure.
3. Conclusion
In this contribution, we further discussed the open issues on RAN paging failure and provided the following observations and proposals:
Proposal 1: If RAN paging is triggered by DL NAS PDU, NAS NON DELIVERY INDICATION + eNB initiated UE CONTEXT RELEASE REQUEST could be used in case of RAN paging failure.

Proposal 2: If RAN paging is triggered by DL Data, eNB initiated UE CONTEXT RELEASE REQUEST could be used in case of RAN paging failure.

Proposal 3: The buffered data in the anchor eNB could be discarded, TCP/IP retransmission should be enough, not necessary to forward back the buffered data to the S-GW.
Proposal 4: To limit the impact to CN and S1 interface, it’s better to release the UE context and let MME to decide whether and how to page the UE in case of RAN paging is failure.
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