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1.
Introduction
RAN2 agreed as below in #95 and #95bis meetings, 
· The UE specific paging area configuration, defined in term of cell list or new list of paging area ID, shall be supported by dedicated and/or broadcast RRC signaling. Further optimization and down selection can be considered.
· FFS: UE should know whether a UE lightly connected function is supported or not in the cell.
· FFS whether the eNB could optionally signal a global cell identity list to the UE via RRC dedicated signaling to indicate the RAN-based Paging Area. Detail FFS; the design should aim minimizing signaling and configuration overhead (e.g. cellIdentity could be used instead of global cell id).
Also, RAN2 agreed as below in #96 meetings,

· RRC Connection Resume procedure triggered by AS for PAU shall include additional indication for PAU.
In this discussion paper we present our view on PAU and the FFS.
2
Discussion 
In lightweight connection (LC), a UE in LC performs UE based mobility while ECM state is ECM_CONNECTED from perspective of network. Therefore, the RAN-based paging area update (PAU) mechanism is important because a UE in LC need to inform the UE’s location to network. If the PAU does not perform properly, a UE in LC will not receive a paging message at all or will receive a paging message after a quite long time. Thus, it is worth to consider various aspect about PAU.
2.1 Initiation of PAU

A UE in LC would need to initiate PAU procedure whenever it crosses the RAN-based paging area boundary. Therefore, a UE in LC should be able to determine whether the UE has entered in a new RAN-based paging area or not and this determination depends on how the RAN-based paging area is configured. Since, it is still the FFS about to use a RAN paging area ID, we largely divided into two options – one is ‘RAN paging area ID’ and the other is ‘Cell list’.
If the RAN-based paging area is configured by RAN paging area ID, a cell needs to broadcast a RAN paging area ID. Therefore, a UE in LC could know that the UE has moved out of the RAN-based paging area via broadcasting message such as System Information. Also, the UE could know whether a new cell is supported lightweight connection feature or not.
Observation 1. With ‘RAN paging area ID’ option, a UE in LC could know the information related lightweight connection feature of a new cell via broadcasting message.

If the RAN-based paging area is configured by cell list, a UE in LC could only know whether the UE has moved out of the RAN-based paging area or not though comparing a cell list. With this option, a UE in LC could not know the new cell information related lightweight connection feature until RAN-based paging area update procedure is completed.

Observation 2. With ‘cell list’ option, a UE in LC could know the information related lightweight connection feature of a new cell after PAU is finished.
However, regardless of whether a cell supports a lightweight connection feature or not, there should be a procedure to let a UE get out of a LC state and to trigger a release of S1 connection between anchor eNB and CN. If a UE transits to RRC_IDLE state automatically because a UE finds out that a new cell does not support light connection feature at all, there is still a possibility of state mismatch. Even though the PAU procedure will fail in above situation but the PAU procedure will trigger a S1 connection release of a UE in LC and a release of a UE CONEXTE in anchor eNB.

Observation 3. If a UE in LC moves to a cell which does not support lightweight connection feature, the PAU is needed in order to trigger a release of S1 connection of a UE in LC.

Proposal 1. UE does not necessarily need to know whether a lightweight connection feature is supported or not in the cell. However, if necessary by network, it could be possible.

2.2 Periodic PAU
In most normal cases, the UE in LC will respond the RAN paging. However, there could be cases of mis-synchronization of UE and RAN states, e.g., when a UE switched off without detach procedure or a UE moves out of RAN paging area after entering out of service. It is obviously corner cases, but due to the UE reachability function is moved down to eNB, the RAN should be possible to handle this abnormal situation. In order to avoid state mis-match cases, we can consider the “periodic RAN-based paging area update” to notify the availability of the UE to the network like the periodic TAU procedure which has similar concept in RRC_IDLE. 
Proposal 2. The periodic RAN-based paging area update procedure is needed to avoid a mis-synchronization of UE and RAN state.

For the periodic PAU, the UE needs to know the timer value, and there are two ways to inform a timer value to a UE.
Option 1) a common timer of a periodic PAU broadcasts via SIB
Option 2) a timer of a periodic PAU per UE informs via dedicated signalling
Considering the RAN paging area is configured by RAN depending on the situation, e.g., traffic overload or UE speed, it is beneficial to configure the periodic PAU timer per UE via dedicated signalling. With a stationary UE, a frequent PAU causes inefficient signalling between UE and RAN, in that case, enough long timer or infinite timer value might be useful. If only a cell configured to a UE with normal mobility as a RAN paging area, long timer value might be effective because there will be PAU before timer expiry.
Proposal 3. The periodic PAU timer configured per UE informs via dedicated signalling.
Upon the expiry of timer T3412, to avoid unnecessary behaviour, e.g., bearer establishment, UE shall set the EPS update type IE to "periodic updating". Similarly, considering the purpose of the periodic PAU, if the UE could set the RRC cause value for the periodic PAU, the UE could omit unnecessary behavior below:

Point 1. State transition to RRC_CONNECTED
When the UE perform PAU, the UE in lightweight connection follows the three-step handshake procedure (resume requests, resume, resume complete). During this procedure, the UE should transit to RRC_CONNECTED. However, since the periodic PAU only needs to check the state of the UE, the UE can perform two-step handshake procedure only for the periodic TAU
Point 2. Context fetch from anchor eNB
Depending on the network implementation, when the UE perform the PAU due to moving out of the RAN-base paging area, the network generally would not perform the context fetch. While, when any Mo data is triggered in same RAN paging area, the network would perform the context fetch for transition to RRC_CONNECTED. From the perspective of the periodic PAU, the context fetch from anchor eNB to serving eNB may not be needed because the motivation of the periodic PAU is synchronization of UE and RAN state.
Proposal 4. The RRC cause value for the periodic PAU is beneficial to omit unnecessary behavior of the UE in lightweight connection.
3 Conclusion
In this discussion paper we have presented our views and considerations on PAU in lightweight connection. We made the following observations and proposal:

Observation 1. With ‘RAN paging area ID’ option, a UE in LC could know the information related lightweight connection feature of a new cell via broadcasting message.

Observation 2. With ‘cell list’ option, a UE in LC could know the information related lightweight connection feature of a new cell after PAU is finished.
Observation 3. If a UE in LC moves to a cell which does not support lightweight connection feature, the PAU is needed in order to trigger a release of S1 connection of a UE in LC.

Proposal 1. UE does not necessarily need to know whether a lightweight connection feature is supported or not in the cell. However, if necessary by network, it could be possible.

Proposal 2. The periodic RAN-based paging area update procedure is needed to avoid a mis-synchronization of UE and RAN state.

Proposal 3. The periodic PAU timer configured per UE informs via dedicated signalling.
Proposal 4. The RRC cause value for the periodic PAU is beneficial to omit unnecessary behavior of the UE in lightweight connection.
