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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
After the RAN#71 meeting, a new WI was agreed [1] main objective of which is to develop a new radio access technology. One of the design goals of a new radio access technology is to allow a UE to stay in "always connected" mode.
At the RAN2#94 [6] meeting, RAN WG2 made an agreement to introduce a new "RAN controlled" state that is characterized by at least "UEs in RAN controlled state should incur minimum signalling, minimise power consumption, minimise resource costs in the RAN/CN making it possible to maximise the number of UEs utilising (and benefiting from) this state
For NR a new RRC state, RRC INACTIVE has been defined for this purpose, which have similar characteristics as what was discussed for LTE in Rel-14, Light Connection. From a 5GC point of view, the new RRC INACTIVE state is not limited to NR, but also valid for LTE.
Some agreements related to the paging area definition was made in relation to Light connection for Rel-14, at RAN2#95[3], 
· 1the functions of a lightly connected UE include:
· S1 connection is kept and active in the “anchor eNB” 
· Support of RAN initiated paging
· The paging process is controlled by “anchor eNB”
· eNB controlled RAN based paging area
· RAN based paging area update mechanism. RAN based paging area can be configurable as UE specific
· Performing cell reselection based mobility, the same cell reselection mechanism in RRC IDLE.
· The UE AS context is kept in both UE and “anchor eNB” side.
· The ECM state is ECM-CONNECTED, from perspective of network. From UE perspective the state is FFS.
· When a "lightly connected" UE is paged (via RAN-initiated paging) or when any MO data/signaling is triggered, the UE will get back to be connected to eNB. The related procedure is FFS.
· A UE enters into "lightly connected" by RRC signaling. The details are FFS.

At RAN2#96 meeting [9], the following agreements were made;
Agreement
1. RAN based notification area is UE-specific and configurable by the gNB via dedicated signalling
2 There will be a unique global Cell ID broadcast in system information of NR Cell.

In RAN2#99bis, based on LS from RAN3 [7], RAN2 concluded that the following options are technically feasible and RAN2 supports all the options.
	· Option 1: List of cells;
· Option 2: List of RAN Area IDs, 
· A TA (CN Tracking Area) is partitioned in RAN areas which are static and non-overlapping
· Anchor gNB can configure the UE with RNA (RAN notification area) = list of RAN areas
· RAN area ID is defined as TAI + RANAC (RAN Area Code)
· RANAC size is FFS (suggested between 6 to 8 bits) and to be broadcast by cells in addition to TAC
· Option 3: List of TAIs



Based on email discussion [8], discussion the options below, only details of each option was discussed but no discussion about which options to support.
In this contribution we are discussing how to define a more dynamic and UE specific paging area based on Option 1, and the agreements made in Rel-14.
The discussion below is based on [4].
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 an implementation specific paging strategy and paging escalation strategy based on e.g. service requirements and paging resource management.
Example of 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. Paging reliability have to be the same as in EPS which require RAN based mobility management with i.e. RAN Notification Area Update signalling 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 in INACTIVE mode”, 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.
In NR, 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 gNB needs to define suitable paging areas. These could be either statically defined, as described in [5] 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 gNB. 
UE specific list/Paging strategy;
This list of neighbour cells can form the overall paging area, and the individual cells can be ranked based on actual measurements performed by the UE and where the gNB can build a paging strategy based on this ranking of the measured neighbour cells. (In connected mode).
For example, if the UE has reported current cell and one neighbouring cell which has almost equal signal quality, then the gNB 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. 
Observation 1: The gNB can apply a paging strategy based on previously received UE measurements.
Based on this paging strategy, the gNB can define a RAN paging area or RAN Notification Area (RNA) that can be configured to the UE before leaving Connected mode.
Proposal 1: The RAN Notification area is based on UE reported neighbour cells to enable a configurable and UE specific paging area.

Other parameters to consider for the RAN based paging strategy could be the mobility history and speed of the UE if known. This is important to minimize RNA update signalling due to mobility outside the RNA and minimizing the corresponding path switch of N2 and N3. SA2 has also agreed to include UE moving trajectory [10].

Proposal 2: Other parameters to consider for the RAN based paging strategy could be the mobility history, expected UE moving trajectory and speed

When the eNB has created a UE specific paging area, this area can be signalled to the UE (while still in connected mode) 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 INACTIVE state and continues measurement reporting is not done, the Paging Area Update message could contain cell measurements for visited cells to the gNB to update the list of cells defining the UE specific paging area. 

Proposal 3: When UE is performing a RAN Area Update the UE can report latest status on neighbour cell for the eNB to configure a new UE specific paging area

Going back to the email discussion, [8], and especially 2.2-“Question 1how many RAN Area IDs could be configured in one RAN notification area” we believe that the UE only have one RNA configured, based on either option 1 (list of cells) and/or 3 (list of TA). Introduction of option 2 will create unwanted boundaries that the UE might cross and require new info in SIB. To mitigate RNA updates, a list of RNA as this question suggest could be a solution. BUT we should not create a problem that is not required. We should not allow option 2, which we believe creates more overhead and signalling without any clear problem to solve.

Proposal 4: We should no allow option 2 of creating a new concept of RAN Area ID´s.

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: The RAN paging area is based on UE reported neighbour cells to enable a configurable and UE specific paging area.
Proposal 2: Other parameters to consider for the RAN based paging strategy could be the mobility history and speed.
Proposal 3: When UE is performing a RAN Area Update the UE can report latest status on neighbour cell for the eNB to configure a new UE specific paging area.
Proposal 4: We should no allow option 2, of creating a new concept of RAN Area ID´s.
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