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1 Introduction
In RAN2#94 meeting, there were some discussions on paging signaling optimization for light connection, and the following agreement was achieved[1].

=>
S1 connection of a UE lightly connected is kept and active, in order to hide the mobility and state transitions from CN. For the UE lightly connected, the RAN initiated paging is feasible and beneficial in terms of signalling reduction as well as decreasing latency from RAN2 perspective. Thus the RAN initiated paging can be introduced from RAN2 perspective.
In this document, we provide more technical insight on RAN-initiated paging issues.
2 RAN-initiated paging procedure

According to the above agreement, UE in light connection has an active S1 connection with S-GW, therefore, upon downlink data arrival, S-GW will send the DL data directly to the eNB in which S1 connection is kept for that UE.
Observation 1: For UE in light connection, upon downlink data arrival, S-GW will send the DL data directly to the eNB in which S1 connection is kept for that UE.
Considering RAN has a better knowledge about UE position than CN, it would be possible to create a smaller area for paging transmission in RAN, which consists of several interconnected eNBs. Here we call it paging area (PA).The PA concept is very similar to existing TA concepts in LTE. Each cell in the network broadcasts one PA identity. 
Proposal 1: Paging area (PA), which consists of several interconnected eNBs and applied for paging transmission in RAN, should be defined for UE in light connection. 
Proposal 2: Each cell should broadcast which PA it belongs to in the system information.

This RAN-initiated paging procedure is illustrated in figure 1, in which 

· the UE is in light connection;

· eNB1 stores the UE context and keeps the S1connection for the UE;
· and cell1 in eNB1, cell2 in eNB2 and cell3 in eNB3 belong to one PA.
After S-GW sends UE’s DL data to the eNB1, eNB1 buffers the data, and then initiates the paging procedure and forwards the paging message to all eNBs with cells belonging to the same PA which the UE has been assigned to, i.e. eNB2 and eNB3 in figure 1.
In the paging message, a UE Identity, which is unique in one PA, needs to be carried to indicate which UE is being paged. This UE Identity could be S-TMSI if it is available in eNB, or a new UE Identity allocated by eNB. All the eNBs having the paging message, i.e. eNB1, eNB2 and eNB3 in figure 1, transmit the paging message at the UE's paging occasion as specified in TS 36.304[2].
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Figure 1: RAN-initiated paging procedure
Proposal 3: For UE in light connection, the eNB which keeps the S1 connection for that UE initiates the paging procedure and forwards the paging message to all eNBs with cells belonging to the PA which the UE has been assigned to.
3 Paging area update (PAU)
When the UE in light connection enters a new cell, it will read the system information broadcast to see which PA the cell belongs to. If the cell does not belong to the same PA as the UE has been assigned to, the UE will initiate a paging area update (PAU) procedure, as illustrated in figure 2. 
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Figure 2: PAU procedure
Step 1: The UE sends the new eNB a PAU request containing old PA and the UE Identity mentioned in section 2, and the new eNB routes the message to the MME. 
Step 2: The MME responds by sending a PAU response, which assigns a new PA back to the new eNB. The UE context will be send to the new eNB meanwhile. eNB stores the new PA and UE context for that UE. In this step, S1 connection is also switched to the new eNB.
Step 3: The new eNB sends PAU response to UE carrying the new PA.

As a result of this procedure the new eNB and UE will be assigned to a new PA it enters using the PAU response message. 
In order to avoid frequently PAU, UE may also be assigned additional PAs, i.e. a PA list. The PA list could be configured to eNB by MME during UE access, e.g. in Initial context setup request message, and as long as the terminal moves within the PA in the PA list it has been assigned to it will not perform any PAU procedures.
Proposal 4: During UE access, eNB will be configured UE’s PA list by MME, e.g. in Initial context setup request message.
Proposal 5: UE in light connection will perform PAU when it enters a new cell which is not in the PA list.

4 Proposal
The paper discussed RAN-initiated paging procedure for UE in light connection and came to the following observation and proposals:

Observation 1: For UE in light connection, upon downlink data arrival, S-GW will send the DL data directly to the eNB in which S1 connection is kept for that UE.

Proposal 1: Paging area (PA), which consists of several interconnected eNBs and applied for paging transmission in RAN, should be defined for UE in light connection. 
Proposal 2: Each cell should broadcast which PA it belongs to in the system information.

Proposal 3: For UE in light connection, the eNB which keeps the S1 connection for that UE initiates the paging procedure and forwards the paging message to all eNBs with cells belonging to the PA which the UE has been assigned to.

Proposal 4: During UE access, eNB will be configured UE’s PA list by MME, e.g. in Initial context setup request message.

Proposal 5: UE in light connection will perform PAU when it enters a new cell which is not in the PA list.
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