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Discussion
1. Introduction
In the last meeting, the open issue related to RAN-initiated paging failure for a lightly connected UE was discussed. In this contribution, we examine this issue and then provide our view on it.
2. Discussion

In RAN3 #93bis meeting, the WF [1] for the lightly connected UE was endorsed. As shown in this WF, when the anchor eNB receives the DL data from the S-GW, it triggers the paging over Uu interface to find the location of the UE. Since it is possible for the UE to move to the coverage of the other eNB, the anchor eNB may also send to its neighbour eNBs with the X2 interface the X2 PAGING message. On receiving the X2 PAGING message from the anchor eNB, the neighbour eNB broadcasts the Paging message within its coverage. If the UE responds to paging as usual, the neighbour eNB notifies to its anchor eNB that the UE is located in its coverage.
However, if the UE does not respond to the paging over Uu interface (e.g. poor radio, or power off, etc), the anchor eNB does not know the location of the UE exactly. Therefore, it cannot deliver to the UE the buffered DL data. Besides, the S-GW does not know whether the anchor eNB delivers the data it provides to the UE or not. In other words, the core network (CN) is not aware that the UE is unreachable. Hence, if the DL data is subsequently sent to the anchor eNB, the anchor eNB may buffer the data and repeat the paging towards the UE. This causes the unnecessary signalling over Uu and X2 interface for the paging towards the UE.
Observation 1: For the case of RAN-initiated paging failure, the CN does not know that the anchor eNB fails to find the exact location of the UE.

To alleviate this problem, there are three options in last RAN3 #94 meeting as follows [2]:

· Option 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.

· Option 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.

· Option 3: the UE Context in the anchor eNB is released. The MME is in responsible to page the UE.

In the following section, we are going to investigate some aspects on three options when the RAN-initiated paging is failed to find the UE exactly.

In Option 1, 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 area indicated by the anchor eNB. To this end, the anchor eNB may send CN assisted paging information to the MME to trigger S1 Paging message. This means that a new message should be defined to indicate to the MME the failure for the RAN-initiated paging. In addition, it seems that the S1 Paging message may be triggered in EMM-CONNECTED for the RAN-initiated paging failure case, which is different to legacy operation. This causes many impacts in SA2 and CT specifications.
Observation 2: Option 1 seems to be many specification impacts.
Option 2 is that the serving MME decides how often and in which area the UE is paged. Similar to Option 1, it is also decided which S1AP signalling is used to request to the MME in order to take over the paging process.
Observation 3: In Option 2, it needs to define a new message to indicate to the MME the failure for the RAN-initiated paging.
Option 3 is that the anchor eNB triggers the UE context release procedure in order for the MME to turn the UE’s context to EMM-IDLE. As the S1 UE context is released, the UE context will be newly setup in the new serving eNB. In this option, there seems no standard impact. If the anchor eNB is able to notify the CN the RAN-initiated paging failure, the MME can also send the S1 Paging message to find the UE. Different to Option 1 and 2, however, the UE’s state in the MME is now EMM-IDLE because of the UE context release procedure. Therefore, it is natural to trigger the Paging message by the MME via the S1 interface. To this end, one possible solution is that an indication is included to inform the MME of failing to page the UE as shown in Figure 1. 
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Figure 1. Anchor eNB-triggered UE context release procedure with RAN paging failure indication
On receiving the UE CONTEXT RELEASE REQUEST message, the MME may request to the S-GW to stop the subsequent DL data transmission to the anchor eNB. Based on the indication, the MME may also trigger the Paging procedure via the S1 interface to find the exact location of the UE. 
Observation 4: Option 3 can perform the legacy procedure including an indication to inform the MME of failing to page the UE.

With above observations, the following proposal is suggested to RAN3:
Proposal 1: It is proposed to adopt Option 3 to handle the RAN paging failure case.
3. Conclusion
In this contribution, we focused on analysis of proposed options and provided our view on it. The following proposals are kindly suggested to RAN3:
Proposal 1: It is proposed to adopt Option 3 to handle the RAN paging failure case.
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