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1. Introduction
In RAN3#91bis meeting, we discussed the further enhancement of paging for Light Connection [1], it was agreed to focus on paging optimization this quarter. Both of MME initiated and RAN initiated paging are discussed, however there’re no much progress, need to clarify the benefits and the impact of paging optimization against Rel-13 paging optimization for both of the solution. The way forward is captured in [2].
In RAN2#93bis, the following working assumptions for paging in light connection were agreed [3]:

=> Work assumption to study the paging enhancement is “S1 connection of a UE lightly connected is kept and active, in order to hide the mobility and state transitions from CN”

=> Work assumption: Light connected UE can be addressed only by the trigger of paging initiated by eNB or MME.

In this contribution, we will further discuss the MME initiated paging aimed at further signalling reduction for paging for Light Connection.

2. Discussion
A working assumption of RAN2#93bis is that Light connected UE can be addressed only by the trigger of paging initiated by eNB or MME.
MME initiated paging for light connected UE may happen in the following potential scenarios:

· Scenario 1: S1 connection is tore down in “light connected” state.

· Scenario 2:  S1-U is tore down, while S1-C is kept in “light connected” state.

Observation 1: MME initiated paging for light connected UE may happen in case of S1-U is tore down for a light connected UE.
To further reduce the S1 signallings for paging, we assume MME could select an “anchor” eNB to send the paging message to, and then the anchor eNB could organize the paging in RAN side. The MME initiated paging could be done with following steps:

1. Selection of “anchor” eNB

For the scenario 1, MME could select the last serving eNB as the anchor eNB.
For the scenario 2, MME could select the eNB which has the S1-C connection with it as the anchor eNB.
Proposal 1: MME should decide which is the anchor eNB for paging, the last serving eNB or the eNB which has the S1-C connection with it could be selected as anchor eNB.
2. MME send S1 paging message to the anchor eNB

MME only send S1 paging message to the anchor eNB. The content of the S1 paging message:

· Introduce a “UE type” IE or an indication to indicate this is a paging for Light connected UE, which also implies the receiving eNB is authorized as anchor eNB and its allowed to paging the UE in RAN side.

Proposal 2: MME only need to send the S1 paging message to the anchor eNB.
Proposal 3: UE Type or an indication should be introduced in S1 paging message to indicate it’s a paging for light connected UE, this can also imply the receiving eNB is authorized as an anchor eNB.
3. Paging in RAN side
Upon reception of S1 paging message, the assistance info in S1 paging message may help the anchor eNB to decide the scope of paging in RAN, however the assistance info is not mandatory, the anchor eNB could decide the scope of paging in RAN by some other means and then relay the paging to the possible eNBs via X2 interface. Same means could be used as RAN initiated paging to decide the scope of RAN paging and relay the paging via X2.
For MME initiated paging, the DRX cycle, UE identifier in the S1 paging message could be used directly for RAN paging. While for RAN initiated paging, we should find a proper UE identifier to address the UE in the paging messages.
Observation 2: MME initiated paging and RAN initiated paging could use the same means to decide the scope of paging in RAN level.
Proposal 4: The content of S1 paging message could help RAN to generate the paging messages for radio interface, it can make the handling of RAN paging much simple compared to RAN initiated paging.
4. Successfully paged the Light Connected UE 

If successfully paged the UE in the anchor eNB, UE will moved to connected mode from light connected mode, and the anchor eNB will trigger the setup/resume ofS1 connection.
If successfully paged the UE in the non-anchor eNB, the eNB should trigger the X2 Context Fetch 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 resume S1 connection, or switch the S1-C and request to setup the S1-U in case of S1-C is exist and S1-U is not exist .

Proposal 5: X2 CF procedure defined in NB-IoT could be reused to transfer the UE context to the new eNB, and this procedure could implicit indicate the anchor eNB the success of paging. 
Proposal 6: Path Switch procedure could be reused to resume/setup the S1 connection between the new eNB and MME.
5. Failed to page the Light 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 of a UE is failed, so the MME does not need to do the retransmission of S1 paging.
Proposal 7: MME does not need to do the retransmission for S1 paging message, paging retransmission could be done in RAN by the anchor eNB.
Based on the analysis above, we summarized the main differences between the MME initiated paging mechanism and the existing paging optimization mechanism introduced in Rel-13: 

· MME only need to send one paging message to the anchor eNB;
· MME does not need to do paging retransmission;
· An indication or UE type should be introduced in S1 paging message;
Observation 3: The MME initiated paging mechanism introduced in this contribution is simpler than the paging optimization solution which has been done in Rel-13. 
3. Conclusion
This contribution discusses the MME initiated paging for light connected UE and gives the following observations and proposals:
Observation 1: MME initiated paging for light connected UE may happen in case of S1-U is tore down for a light connected UE.

Observation 2: MME initiated paging and RAN initiated paging could use the same means to decide the scope of paging in RAN level.

Observation 3: The MME initiated paging mechanism introduced in this contribution is simpler than the paging optimization solution which has been done in Rel-13. 
Proposal 1: MME should decide which is the anchor eNB for paging, the last serving eNB or the eNB which has the S1-C connection with it could be selected as anchor eNB.

Proposal 2: MME only need to send the S1 paging message to the anchor eNB.

Proposal 3: UE Type or an indication should be introduced in S1 paging message to indicate it’s a paging for light connected UE, this can also imply the receiving eNB is authorized as an anchor eNB.
Proposal 4: The content of S1 paging message could help RAN to generate the paging messages for radio interface, it can make the handling of RAN paging much simple compared to RAN initiated paging..

Proposal 5: X2 CF procedure defined in NB-IoT could be reused to transfer the UE context to the new eNB, and this procedure could implicit indicate the anchor eNB the success of paging. 

Proposal 6: Path Switch procedure could be reused to resume/setup the S1 connection between the new eNB and MME.

Proposal 7: MME does not need to do the retransmission for S1 paging message, paging retransmission could be done in RAN by the anchor eNB.
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