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1   Introduction
The new Work Item on Signalling reduction to enable light connection for LTE was approved at RAN#71[1], 
In the study phase, investigate potential solutions for the following aspects, taking into account both UE mobility and traffic pattern:
· Signalling reduction due to handover, considering UE centric mobility, e.g. cell (re)-selection. (RAN2/3, Q3/2016) 
· Signaling reduction due to Paging, considering limiting the Paging transmission within a more limited area. (RAN2/3, Q2/2016) 
· Signalling reduction to CN over S1 interface due to mobility and state transitions by hiding them from CN. (RAN2/3, Q3/2016) 
· UE context storage and retrieval along with UE mobility across different eNBs. (RAN3/2, Q3/2016)
· Necessity of a new RAN based state (RAN2, Q3/2016)

and in RAN2#93bis meeting, the following working assumptions are made:

=>
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 give some solutions with respect to paging optimization mechanism based on the working assumption above.  
2   Discussion
2.1   How MME treats lightly connected UE
S1 connection for a lightly connected UE
In the WI description, one of the objectives to study potential solutions for:

Signalling reduction to CN over S1 interface due to mobility and state transitions by hiding them from CN.
Form this objective, it is assumed that the CN shall be hidden from mobility and state transition, then we believe that from MME’s point of view, the UE is in ECM-CONNECTED, that is to say, MME should keep UE active, and maintain MM context of the UE,
Proposal 1: MME shall keep UE active and the active S1 connection for the UE, and maintain MM context of the UE. 
2.2   How eNB treats lightly connected UE
In case the UE is in EMM_CONNECTED state, as we assumed above, when there is downlink data transmitted from the P-GW/S-GW, the MME shall not initiate S1 paging procedure to the eNB, since in MME the UE is in EMM-CONNECTED mode, the DL data will be directly forward to the eNB, however, the UE state in the eNB is RRC_IDLE, thus the eNB shall initiate paging procedure toward the UE. 
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Proposal 2: when the eNB receives the DL data from S-GW/P-GW, it will initiate the paging towards the UE.  
2.3   General principle for signalling reduction of lightly connected UE
In the LTE system, to minimize the UE location reporting signalling, we introduced TA level location reporting mechanism. After the UE perform TA update or UE attach procedure, the MME will send a TA list to the UE through NAS signalling. When the UE moves to a target cell, if the target cell is in the TA list which is stored in the UE, the UE will assume that the cell is within the same TA area with the source cell, then the UE won’t perform TA update procedure to minimize the signalling. However, if there is DL data from the S-GW/P-GW, the MME will page the UE in a large TA area. 
This is likely a tradeoff between location reporting signalling overhead and paging signalling overhead. For lightly connected UE, by the above working assumption of the last meeting and the above proposals, the eNB doesn’t know the cell level UE information; the MME has the TA level UE location. In this case, how to page the UE is the next issue that we need to solve. 
If we come back to 3G, the UE location information is in cell level compared to TA level in LTE, the UE has to report the location information to the network when the UE changes the cell. If we reuse this approach for light connected UE, the network will know where to page the UE in a limited cell; however, this would increase additional location reporting signalling, especially in case the UE moves very fast and very frequently across cells(logistics UE), by which it makes the paging signalling reduction no sense. 
Proposal 3: Reduction of paging signalling for lightly connected UE shouldn’t introduce too much addition location reporting signalling.  
2.4   Solutions for paging optimization of lightly connected UE
Step by step paging optimization mechanism for lightly connected UE:

By the current legacy LTE UE operation, the UE converted to RRC_IDLE when there is no data transmission for a certain period of time, the eNB still maintain the S1 UE context for the UE. In that sense, we believe that this eNB with UE context is the most likely that the UE may camp in. Thus we suggest that the eNB with the UE context should trigger the first round of paging for lightly connected UE.  
Proposal 4: the eNB with the UE context should trigger the first step of paging for lightly connected UE.  
After the first step of paging then we proceed the next step of paging. From the above working assumption in the SI, it is clear that the mobility and state transitions by hiding them from CN. That is to say, the next step of paging should not be aware by MME. However, Paging optimization has been introduced in Rel-13 in RAN3. One rule for optimization is that the eNB sends some assistance information to the MME, e.g. eNB and cell lists where this UE was camped before, and the MME can send paging in a limitated area the first time, and then extend the paging area in a second area, as shown in figure 2. Based on this paging optimization method, the paging area is narrowed down. However, the existing paging optimization is built on the precondition that the paging is initiated by MME and thus the state transitions are not hidden from the CN side [2], as RAN2 intends to study signalling reduction to CN over S1 interface due to mobility and state transitions by hiding them from CN, namely that the RAN3 paging optimization solution is conflict with the lightly connected UE paging working assumption. 

Observation 1: RAN3 paging optimization solution is conflict with the lightly connected UE paging working assumption and this paging optimization will not be used for lightly connected UE.
One of the solutions that not disturbing MME is that we can develop an eNB topology network. In case the eNB with UE context didn’t get the response of the paging UE, which means that the UE is not camping in the UE context, the eNB sends a paging request to the neighbor eNB, which has an X2 interface with the source eNB, and if the neighbor eNB successfully paged UE, then the neighbor eNB response the source eNB; if the neighbor eNB doesn’t paged UE, it keeps sending the paging request to another neighbor eNB based on network topology, until there is an eNB paged UE and sending a paging response to the eNB with UE context through multiple eNBs
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Proposal 5: RAN2 is asked to study the network topology based paging solution.  
3   Conclusion
In this contribution, we discussed general principles for light connection and general aspects on paging optimization, and propose:

Proposal 1: MME shall keep UE active and the active S1 connection for the UE, and maintain MM context of the UE. 
Proposal 2: when the eNB receives the DL data from S-GW/P-GW, it will initiate the paging towards the UE.  
Proposal 3: Reduction of paging signalling for lightly connected UE shouldn’t introduce too much addition location reporting signalling.  
Proposal 4: the eNB with the UE context should trigger the first step of paging for lightly connected UE.  
Observation 1: RAN3 paging optimization solution is conflict with the lightly connected UE paging working assumption and this paging optimization will not be used for lightly connected UE.
Proposal 5: RAN2 is asked to study the network topology based paging solution.  
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