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1. Introduction

RAN3 has received the LS [2] from RAN2, which indicates RAN2 has agreed that the S1 connection of a "lightly connected" UE is kept and active, in order to hide the mobility and state transitions from the CN, and the RAN initiated paging could be introduced for the "lightly connected" UE.

· 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.
In this contribution, we will further discuss the RAN initiated paging for "lightly connected" UE.
2. Discussion
1. UE enters  and leaves "lightly connected" mode

When there’s no uplink data to transmit, eNB may move the UE from connected state to "lightly connected" state, the state transaction is transparent to the CN. In case of transmission of uplink data or received the paging, UE should transfer its state from "lightly connected" to connected state for uplink and/or downlink data transmission.
How to transfer the UE between connected state and "lightly connected" state is pending to RAN2. In Uu interface, maybe the Suspend and Resume procedures introduced by NB-IoT/CIoT could be reused to support the state transition. In S1 interface, no impact is foreseen as the state transition is transparent to CN. 
Observation 1: the state transition between connected state and "lightly connected" state is transparent to the CN, Suspend and Resume procedures defined for NB-IoT/CIoT could be reused in Uu interface to support the state transition between connected state and lightly connected state, it’s pending to RAN2.

Proposal 1: No impact to S1 interface is foreseen to support the state transitions between connected and "lightly connected" state.
2. CN send DL data to a "lightly connected" UE via anchor eNB
As has been agreed in RAN2 the S1 connection of a "lightly connected" UE is kept and active, therefore the core network will think the UE is always in the connected mode and may send the downlink data at any time to the eNB which has the signalling connection with it for a concerned UE, we call the eNB as anchor eNB.
Observation 2: the eNB which kept the S1 connection for a “lightly connected” UE, is called “anchor eNB”.
3. Anchor eNB initiates paging
Issue 1: How to decide the paging area?

When anchor eNB receives downlink data from CN for a lightly connected UE, it shall decide the paging area and then initiate the RAN paging to inform the data arrival for a "lightly connected" UE. The paging area may include a list of cells among one or more eNBs, details are pending to RAN2.
If the paging area decided by the anchor eNB includes the other eNB(s), new X2 paging procedure should be introduced to page the UE  under the non-anchor eNB(s). 

Observation 3: the anchor eNB should decide the paging area when received the downlink data from CN for the lightly connected UE, how to decide the paging area is pending to RAN2.
Proposal 2: new X2 paging procedure should be introduced to support paging in non-anchor eNBs, details are FFS.
Issue 2: How to identify a UE in RAN paging?

For traditional paging, eNB uses the 10 or 14 LSBs of the IMSI provided by MME to calculate the paging occasion for a specific UE. But for the RAN initiated paging, eNB may not able to get such kind of information from MME.
Based on the observation 1, Resume ID/truncated Resume ID is assigned to UE when eNB moves the UE to lightly connected state, the anchor eNB could use Resume ID/truncated Resume ID as UE_ID to calculate the paging occasion for a lightly connected UE, and the anchor eNB should also include in X2 paging procedure the UE_ID to the other non-anchor eNB(s). 
Proposal 3: Resume ID/truncated Resume ID could be used as UE_ID to calculate the paging occasion for a lightly connected UE.

4. Successfully paged the "lightly connected" UE 
If successfully paged the UE in the anchor eNB, UE will moved to connected mode from light connected mode, resume procedure in radio interface can be reused.
If successfully paged the UE in the non-anchor eNB, the eNB should trigger the X2 UE context retrieval procedure to retrieve the stored UE context and implicit indicate the anchor eNB to stop the RAN paging. Then the eNB could reuse Path Switch procedure to switch S1 connection.

Proposal 4: X2 UE context retrieval procedure defined for NB-IoT/CIoT could be reused to transfer the UE context to the new eNB, and this procedure could implicitly indicate the anchor eNB to stop RAN initiated paging. 
Proposal 5: Path Switch procedure could be reused to switch downlink GTP tunnel towards the target eNB.
5. Failed to page the "lightly connected" UE
A timer should be used in the anchor eNB for paging, and it should be started after the anchor eNB distribute the paging to the potential eNBs. The paging should be treated as failed in case of the timer is expired. The anchor eNB should re-send the paging if paging for a certain UE is failed.
Observation 3: If need to define a timer for RAN initiated paging is pending to RAN2.

Proposal 6: Paging retransmission should be done in RAN by the anchor eNB, details are pending to RAN2.
3. Conclusion
This contribution discusses the RAN initiated paging for light connected UE and provides the following observations and proposals:
Observation 1: the state transition between connected state and "lightly connected" state is transparent to the CN, Suspend and Resume procedures defined for NB-IoT/CIoT could be reused in Uu interface to support the state transition between connected state and lightly connected state, it’s pending to RAN2.

Observation 2: the eNB which kept the S1 connection for a “lightly connected” UE, is called “anchor eNB”.
Observation 3: the anchor eNB should decide the paging area when received the downlink data from CN for the lightly connected UE, how to decide the paging area is pending to RAN2.
Observation 3: If need to define a timer for RAN initiated paging is pending to RAN2.
Proposal 1: No impact to S1 interface is foreseen to support the state transitions between connected and "lightly connected" state.

Proposal 2: new X2 paging procedure should be introduced to support paging in non-anchor eNBs, details are FFS.
Proposal 3: Resume ID/truncated Resume ID could be used as UE_ID to calculate the paging occasion for a lightly connected UE.

Proposal 4: X2 UE context retrieval procedure defined for NB-IoT/CIoT could be reused to transfer the UE context to the new eNB, and this procedure could implicitly indicate the anchor eNB to stop RAN initiated paging. 

Proposal 5: Path Switch procedure could be reused to switch downlink GTP tunnel towards the target eNB.

Proposal 6: Paging retransmission should be done in RAN by the anchor eNB, details are pending to RAN2.
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