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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 a lightly connected UE
In a lightly connected UE, it is needed to consider whether the S1 connection of the UE is torn down or not during no traffic period. If the S1 connection between the UE and the MME is released, additional signaling is required whenever the UE is entered into the connected mode. This result does not accord with the objective of this WI. However, if the S1 connection is kept for the lightly connected UE, it is possible to reduce the unnecessary signaling to change from the idle mode to the connected mode. In this scenario, when the DL data arrives for the UE in the idle mode, the MME does not need to send the S1 PAGING message to the eNB. The MME just sends the DL data to the eNB, resulting in the S1 signalling reduction. From the number of signalling point of view, therefore, the MME should keep the S1 connection of the lightly connected UE activated during no traffic period.
Proposal 1: The MME should keep the S1 connection of the lightly connected UE activated during no traffic period.
When the S1 connection is kept, the lightly connected UE and the anchor eNB can maintain the (dedicated) configuration in RRC connected mode. In this respect, it is quite reasonable for lightly connected UE to take advantage of the connected mode DRX (C-DRX) to save the power of battery instead of using the idle mode DRX (I-DRX). The lightly connected UE can monitor PDCCH by the connected mode DRX configuration. 
Proposal 2: The lightly connected UE takes advantage of the connected mode DRX (C-DRX) monitoring PDCCH by the connected mode DRX (C-DRX) configuration.
2.2. Comparison with paging optimization in Rel-13
In Rel-13, the paging optimization is agreed to reduce the signalling overhead through the limitation for the paging area [1]. In this paging optimization, the last serving eNB may send to the MME the UE CONTEXT RELEASE COMPLETE message including Information on Recommended Cells and eNBs for Paging IE, and the MME then stores this information until the next time the UE is paged. When the downlink data arrives at the S-GW, the MME may send the S1 PAGING message with Assistance Data for Recommended Cells IE to only some ones from among all the eNBs indicated in Recommended eNBs for Paging IE. In other words, the MME may trigger the S1 PAGING message in more limited area at first. If there is no paging response from the UE in that area, the MME additionally sends the S1 PAGING message to another eNBs in Recommended eNBs for Paging IE. At last, it triggers the legacy paging to each eNB belonging to the TA(s) in which the UE is registered. 
In the paging optimization of Rel-13, therefore, if there is the paging response from the UE before the MME finally triggers to perform legacy paging, the signaling reduction can be achieved. Otherwise, the signaling overhead may be increased compared to the legacy paging.
As mentioned in Proposal 1, the MME keeps the S1 connection of the lightly connected UE activated. Therefore, when the downlink data arrives, the MME does not send the S1 PAGING message, but the DL data is transmitted to the anchor eNB directly. If the UE is in the idle state, the anchor eNB then buffers the received DL data, and decides which area is paged over Uu interface. Firstly, the anchor eNB performs the paging of the UE over Uu interface in only cells which belong to it. If the UE is not paged successfully, the anchor eNB may deliver the paging message to the some neighbor eNBs which are connected to it via X2 interface. This is because the UE can move from the coverage of the anchor eNB to that of the other eNB. If the UE does not still respond to the paging, the anchor eNB lastly propagates the paging of the UE towards all the eNBs which are connected to it via X2 interface.
Compared to the paging optimization in Rel-13, it is possible for the RAN-initiated paging in Rel-14 to reduce the S1 signaling to page the UE. For example, the MME does not send the S1 PAGING message to the anchor eNB because the S1 connection of the UE is still activated. For this lightly connected UE, the DL data is just sent to the anchor eNB without the S1 PAGING message. The anchor eNB uses the X2 interface instead of the S1 interface in order to carry the paging message to other eNBs. In the paging optimization in Rel-13, however, the MME may send the S1 PAGING message several times to the multiple eNBs indicated in Recommended eNBs for Paging IE. This may cause the S1 signalling overload. For the RAN-initiated paging in Rel-14, it may be thought there may be a lot of the X2 signallings between the anchor eNB and its neighbor eNB to page the UE. However, for the stationary UE and the low mobility UE, the paging may be only sent to the cells which belong to the anchor eNB. In this case, it is not required to exchange the paging message with the neighbour eNBs via X2 interface. Even for the worst case where the paging area is set to all neighbor eNBs which are connected to the anchor eNB via X2 interface, the overall signaling load of the RAN-initiated paging via X2 interface may be similar to that of the paging optimization in Rel-13. As a result, the RAN-initiated paging in Rel-14 has a benefit of the signaling reduction compared to the paging optimization in Rel-13.
Proposal 3: The RAN-initiated paging in Rel-14 has a benefit of the signaling reduction compared to the paging optimization in Rel-13.
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 for the idle mode UE. In addition, since the S1 connection of the lightly connected UE is kept activated, the Paging procedure may be controlled by the anchor eNB. 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 4: The MME should know which eNB takes a role of the anchor eNB to store the context of the UE.
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 activated during no traffic period.
Proposal 2: The lightly connected UE takes advantage of the connected mode DRX (C-DRX) monitoring PDCCH by the connected mode DRX (C-DRX) configuration.
Proposal 3: The RAN-initiated paging in Rel-14 has a benefit of the signaling reduction compared to the paging optimization in Rel-13.
Proposal 4: The MME should know which eNB takes a role of the anchor eNB to store the context of the UE.
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