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Discussion
1. Introduction
In the last meeting, the open issues to reduce the signaling overhead by limiting the paging transmission in a lightly connected UE were discussed. In this contribution, we examine these issues and then provide our view on it.
2. Discussion

2.1. S1 connection for lightly connected UE
In a lightly connected UE, it is needed to decide whether the S1 connection of the UE is torn down or not while there is no traffic. In the last meeting in RAN2, the following agreement for the “lightly connected” UE is reached [1]:

	Agreement:

· The S1 connection of a "lightly connected" UE is kept and active, in order to hide the mobility and state transitions from the CN. From RAN2 perspective, for the "lightly connected" UE, the RAN initiated paging is feasible and beneficial in terms of signalling reduction as well as decreasing the latency. Thus the RAN initiated paging can be introduced from RAN2 perspective.



As highlighted texts above, RAN2 already considers that the S1 connection is kept for the lightly connected UE. In this case, it is possible to reduce the unnecessary signaling to change from the ECM-IDLE state to the ECM-CONNECTED state. When the DL data arrives for the lightly connected UE, the MME does not need to send the S1 PAGING message to the eNB due to keeping the S1 connection. The S-GW just sends the DL data to the eNB. However, if the S1 connection between the eNB and the MME for a lightly connected UE is released because there is no traffic, the signaling is required whenever the UE is entered into the ECM-CONNECTED state to transmit or receive the data. This result does not accord with the objective of this WI. From the number of signalling point of view, therefore, the MME should keep the S1 connection of the lightly connected UE while there is no traffic. Also, it is important for RAN3 to align with RAN2’s view for the lightly connected UE.
Proposal 1: The MME should keep the S1 connection of the lightly connected UE while there is no traffic.
2.2. X2 paging
As mentioned in Proposal 1, the MME keeps the S1 connection of the lightly connected UE. Therefore, when the downlink data arrives, the S-GW does not send to the MME the DOWNLINK DATA NOTIFICATION message to trigger the S1 PAGING message. The S-GW just sends the data directly to the anchor eNB which maintains the S1 connection with the MME. When to receive the DL data for the lightly connected UE, the anchor eNB buffers the received DL data, and decides which area is paged over Uu interface. Then, the anchor eNB pages the UE over Uu interface in only cells which belong to it.
Since it is possible for the UE to move to the neighbor eNB of the anchor eNB, it is necessary for the anchor eNB to send the paging message to the some neighbor eNBs which are connected to it via X2 interface. In this scenario, the anchor eNB should use the X2 interface instead of the S1 interface in order to carry the paging message to other eNBs and reduce the unnecessary signaling towards the CN. To this end, the X2 paging needs to be defined for the lightly connected UE. 

Similarly, on receiving the X2 paging message from the anchor eNB, the neighbor eNB broadcasts the paging message within its coverage in order to find the UE. If the UE responds to paging as usual, the neighbor eNB should notify the anchor eNB that the UE is located in its coverage. However, it is not yet considered how the neighbor eNB indicates to the anchor eNB the UE mobility between the eNBs.
Proposal 2: X2 paging should be supported for the lightly connected UE.
2.3. Awareness of anchor eNB in MME
From the MME point of view, the lightly connected UE is still connecting to the MME via a specific eNB. To this end, the specific eNB (i.e., anchor eNB) has to store the context of the UE in order to maintain the S1 connection. This is different to the legacy eNB which generally releases the S1 connection when there is no traffic. For example, since the S1 connection of the lightly connected UE is kept and activated, the paging functionality may be controlled by the anchor eNB instead of the MME. To deliver the received DL data to the UE, the eNB instead of the S-GW should also buffer it until the UE responses to the paging message successfully. When the UE is reachable to the neighbor eNB of the anchor eNB, the neighbor eNB may fetch the UE context from the anchor eNB and switch the path towards the MME.
Therefore, it is needed for the MME to know which eNB takes a role of the anchor eNB and to perform the specific handling for the anchor eNB. 
Proposal 3: The MME should know which eNB takes a role of the anchor eNB.
3. Conclusion
In this contribution, we focused on the open issues for the paging in a lightly connected UE and provided our view on it. The following proposals are kindly suggested to RAN3:
Proposal 1: The MME should keep the S1 connection of the lightly connected UE while there is no traffic.
Proposal 2: X2 paging should be supported for the lightly connected UE.
Proposal 3: The MME should know which eNB takes a role of the anchor eNB.
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