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1. Introduction 
.A new Rel-14 WI on reduction of signalling overhead was agreed in RAN#71 [1]. 
The objectives are to provide solutions to further reduce signalling due to handover, due to paging, as well as the necessity to define a new RAN based state, “Lightly CONNECTED”, to hide mobility and state transition from the CN and by then reducing SI signalling.
Confining mobility handling at RAN level when “Lightly Connected” [1], can further reduce network interface signalling. Additionally, RAN based handling and configuration of Paging can provide more dynamic and optimal setting for these parameters taking into account the UE mobility and traffic pattern. 
The “Lightly Connected” devices are quite similar the CIoT UP optimization feature, in which RAN context is stored in the eNB, as well as the S1 connection, when the Connection is “Suspended”. 
In [2]a need for a solution to reduce Core Network signalling has been discussed.
In legacy networks, when the UE is in idle mode, it is known at Tracking-area level, and in connected mode, it is known at the eNB level. In general, the TA encompasses several cells and during downlink reachability, excessive signalling may be necessary as part of paging to reach the UE in idle mode
In RAN2 #93bis, the following working assumptions were 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.

At RAN2#94 a number of contributions was discussed e.g. ,

In [3]the paging area was discuss in terms of how to related to other eNB and the following X2 connectivity.
In [4], the RAN based and CN based paging was evaluated

In [5], a RAN based paging mechanism was discussed and proposals were made related to UE ID

In [6], the definition of the RRC state was discussed as well what message to use and what the paging area should be.
There is also an email discussion, [95#31][LTE/Light connection], related to a number of issues for RAN based paging, including defining the paging area.
Also in SA2 the work with “Study on Architecture for Next Generation System”, TR 23.799 [7] is ongoing. In that study a number of solutions are presented solving a number of key issues. In chapter 6.3 solutions for Key Issue#3 Mobility Framework are listed. Some of the solutions are related to RAN based paging area.
· Solution 3.3: Solution for mobility framework with RAN level tracking

· Solution 3.10: RAN Specific paging for UE in CN connected mode

· Solution 3.19: Solution to activate RRC inactive state

In solution 3.3 the proposal is related RAN based Routing Areas, where the RRC can be a collection of cells, and whether these are assigned statically or dynamically.
In solution 3.19 the proposal is referring to the UE sending a list of cell ID´s and/or TAs it desires to be served in. Though in this solution the list is first sent to the CoreNW, before sending it to RAN/eNB, but in our RAN2 “WI: Signalling reduction to enable light connection for LTE”, we assume that CoreNW is not aware of UE´s being in some “Connected Inactive” mode.
None of the contributions in RAN2 have so far discussed a more UE specific paging area, but in solution 3.3 [7] the paging area should be based on a list of cells, and which might be defined statically or dynamically, and solution 3.19 [7] suggest the UE so send a list of cell. 
So in this contribution we are proposing  how to define a more dynamic and a UE specific paging area based on a list of cells reported from the UE measurements. .
2. Discussion

In legacy networks, when the UE is in idle mode, it is known at Tracking-area level, and in connected mode, it is known at the eNB level. In general, the TA encompasses several cells and during downlink reachability, excessive signalling may be necessary as part of paging to reach the UE in idle mode.

When the UE is to be paged, the MME in Core Network applies a paging strategy based on

Legacy Paging mechanism/ MME escalation: 

1 Last cell

2 Cluster cell = PA

3 TA

4 TA-list

This means that MME is sending a page request message to one or several eNB, which then transmits the corresponding page message in related cells trying to reach the concerned UE. Note there is a one to one mapping between one page request message and one page sent on Uu for the next scheduled page occasion, meaning that the page request message will be repeated to many eNB as the escalation mechanism is executed.

How can a RAN based paging feature enhance the legacy paging strategy? One can see the RAN-based paging in a way such that RAN will perform the first two levels of the paging escalation mechanism, and if those fails, the MME will need to perform the wider area paging. Though in most cases the UE will remain in the local area and the RAN based paging will then mostly be successful. This would mean a major reduction of S1 messages between MME and eNBs.

In order to ensure that there is minimal Uu signalling incurred during mobility for “UE-light-connected”, a Paging Area (PA) that consists of a group/cluster of cells, potentially in different eNBs needs to be considered. 

In legacy solution, the MME knows the network topology and the Cluster cells (step2) is based on geographical knowledge about the network. The MME knows which cells that are neighbours and which cells are Marco cells in the area etc.

The definition of the RAN based Paging Area is still under discussion, and the question is how to define a proper paging area. 

In a RAN based paging scenario, the RAN nodes/eNB needs to define suitable paging areas. These could be either statically defined, as described in [4]with a structure of last cell, a first, second and third ring of cells, or it could be more dynamically allocated, E.g. that the paging area could be based on neighbour cell measurements which the UE has done in connected mode and reported to the eNB. 

This list of neighbour cells forms the overall paging area, and the individual cells can be ranked based on actual measurements performed by the UE and where the eNB can build a paging strategy based on this ranking of the measured neighbour cells. For example, if the UE has reported current cell and one neighbouring cell which has almost equal signal quality, then the eNB could start the first level paging in these two cells. Since in this case, it is likely that the UE was at the border between these two cells, when it went from Connected to Idle mode. If the UE is not within this first group of cell/cells, the paging area is expanded to further cells in the list of ranked cells. Eventually there are no more cells in the list, and the eNB would have to escalate to the MME for a broader area to page within, i.e. Tracking Area (TA). 

Other parameters to consider for the RAN based paging strategy could be the mobility history and speed of the UE if known.
When the eNB has created a UE specific paging area, this area can be signalled to the UE in order to indicate for the UE in which area it can expect to be paged within. In case the UE moves outside this area, a Paging Area Update message from the UE to the eNB is to be triggered for the network to update it´s UE specific paging area.
Since the UE is in light connected state and continues measurement reporting is not done, the Paging Area Update message could contain cell measurements for the eNB to update the list of cells defining the UE specific paging area. 
3. Conclusion
In this contribution we have elaborated on the how to define the paging area and what paging strategy that might be used in a RAN based paging scenario. 
Proposal 1: We propose to base the RAN based paging area on UE reported neighbour cells to enable a configurable and UE specific paging area.
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