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[bookmark: _Ref429645891]Introduction
[bookmark: Proposal_Pattern_Length]During the previous RAN2 meeting i.e. RAN2#96, the following agreements have been made related to RAN notification area to support UEs in inactive mode. 
Agreements
1	For the inactive state there will be a way to configure the UE with a RAN based notification area that is smaller than a TA.
2	A RAN notification area can cover a single cell or multiple cells

As part of email discussion 96#32, aspects related to the different options for specifying RAN notification area have been considered and discussed. In this contribution, we primarily discuss the advantages of using CN tracking area at RAN level and the concerns associated with defining new RAN area ID when CN tracking area will still be defined.
Discussion
[bookmark: _Toc447236289][bookmark: _Toc447236303][bookmark: _Toc447337255][bookmark: _Toc447337288][bookmark: _Toc447337328][bookmark: _Toc447236291][bookmark: _Toc447236305][bookmark: _Toc447337257][bookmark: _Toc447337290][bookmark: _Toc447337330]A RAN-based notification area is being defined to support mobility of UEs in inactive mode of operation. While moving within the RAN notification area, the UE performs ‘cell’ reselection procedure moving from one ‘cell’ to another (without requiring to notify the network of its change of location). During this mobility, it might move outside of its initial serving ‘cell’, with which the NG connection is maintained. Hence, it was agreed to define a DL mechanism to notify these UEs whenever there is DL data buffered at the initial gNB (which has stored the UE AS context and maintained the NG-U/C associated to the UE). As shown in the agreement above and in the email discussion 96#32, different options to define the RAN based notification area are being considered. 
These options include to define it as a single cell, a list of cells, and/or to be a specific RAN based area or the same as CN TA. Some companies prefer multiple solutions. Also, if a list of cells is defined, single cell option can be automatically covered. 
RAN based notification area vs CN TA
In this section, we discuss the different options to define the RAN based notification area and provide concerns with defining RAN specific area ID. 
Since SA2 has decided to continue to support Idle state and CN based tracking (similar to LTE), it is clear that there has to be a CN tracking update procedure.  This requires broadcast of CN tracking area IDs that can be used by UE to know when to perform this CN update procedure.  LTE introduced a mechanism of providing individual tracking area sizes for a UE by allowing CN to provide a list of TAIs that is considered the actual tracking area for this UE.  Only when UE leaves this combined area of the list of TAs does it trigger a NAS tracking area update (TAU) procedure. Moreover this NAS TAU message is generated by any UE, regardless on whether they are in connected and idle mode.  
A similar approach has been agreed in SA2 for NG Core as well.
UE and core network shall at least support tracking area list as registration area for standalone NR and evolved E-UTRA.
-	It is possible that the core network allocates tracking area list including both the standalone NR and evolved E-UTRA.
When UE in INACTIVE crosses a NAS TA, it should be further noted that UE needs to Resume in order to perform a NAS TA update procedure, as shown in the figure below.


Figure 1: Resume function to perform NAS update procedure
Hence it can be seen that the NAS boundary automatically creates a RAN inactive notification area boundary.    That is, even if the RAN notification area spans CN TA, UE will still preform a Resume function on crossing a CN TA.
Observation #1: CN tracking area update automatically creates a RAN notification area boundary.  If a UE in INACTIVE is not configured with a specific RAN Notification Area ID, then we can assume that RAN Notification Area is the same as TA and when UE changes TA, UE NAS would trigger a TAU.
Observation #2: RAN based notification area needs to be configured such that the cells belonging to it are part of the CN tracking area that a UE is configured with.
Smaller notification area generate more update traffic while reducing notification (i.e. Paging) traffic.  Optimising the overall signalling traffic is finding the right notification area size considering Paging traffic and location update traffic that takes into consideration UE mobility and traffic pattern.  The use of TA list in CN makes it possible to optimise it for specific UEs while maintaining a common TA broadcast. 
Over the different releases of LTE, several Paging optimisation solutions were introduced.  These provide for good reduction in Paging traffic allowing overall bigger notification areas.
Therefore from the RAN side of the NR design, there is very little motivation to optimise the RAN Notification traffic or to define an additional RAN tracking area beyond the enhancements already developed.
As the main aim of keeping the UE in inactive mode is to save on CN and RAN related signalling, it would be unnecessary to induce RAN update traffic within the same RAN based notification area (spanning multiple TAs). Further, NR is attempting to significantly reduce the broadcast information.  
Therefore, for NR design, we think that it is a valid configuration for the gNB to decide that the CN location area (which is defined for CN idle mode) is re-utilized as the RAN notification area. Moreover in this case, as discussed above, it could even be considered that the CN location/tracking area update procedure can also be used for RAN level tracking. This is possible because the gNB can simply use any uplink message from the UE to record the current location of UE. The advantages of using CN location area being the same as RAN notification area are thus:
· Only one area ID to be configured, maintained and broadcast;
· Utilize the signalling caused by the CN location area update mechanism to update the RAN with the new location of the UE, and hence no additional RAN level location update signalling needs to be used;
· Less signalling;
· No coordination between RAN area and TA configuration required;
Thus, RAN level tracking can be performed with no additional overhead. This mechanism is efficient and sufficient and hence it is proposed as the baseline. 
Proposal 1: The CN level location/tracking area update procedure is used for RAN level location/tracking update. 
There may be some cases to use a significantly small notification area such as when the UE is almost stationary.  This can be achieved by providing the cell list to the UE.
Proposal 2: The RAN notification area, defined as list of cells (1 to N), can be a sub-set of the cells belonging to CN level location/tracking area associated with a given UE.

From the email discussion 96#32, it is understood that some companies prefer to define RAN specific area IDs. Based on the above considerations, it needs to be clarified how the RAN notification area IDs correlate to the tracking area. At the same time, when it is proposed to use CN tracking area as baseline, some companies/operators may prefer to have RAN based area to be smaller than the CN update area but much larger than a list of cells. To alleviate this concern, as a trade-off, smaller TAs may be planned. UE can be configured such that the RAN based area is one or smaller number of TAs for inactive mode and a larger list of TAs for idle mode. TAU will be generated when the UE crosses the boundary of TAI list, but RAN updates could be triggered when it crosses RAN configured TA list. 
[bookmark: _GoBack]Proposal 3: RAN broadcast only one TA id.  If cell list is not sufficient, smaller RAN based notification area than CN notification area can be created by using one or smaller number of TAs for RAN notification area while CN list can consist of larger number of TAs.  UE triggers RAN/CN updates whenever it crosses the corresponding TAI list.

[bookmark: _Toc447236296][bookmark: _Toc447236311][bookmark: _Toc447337264][bookmark: _Toc447337297][bookmark: _Toc447337337]Conclusion
In this contribution we have discussed the RAN notification area with the following observations and proposals:
Observation #1: CN tracking area update automatically creates a RAN notification area boundary.  If a UE in INACTIVE is not configured with a specific RAN Notification Area ID, then we can assume that RAN Notification Area is the same as TA and when UE changes TA, UE NAS would trigger a TAU.
Observation #2: RAN based notification area needs to be configured such that the cells belonging to it are part of the CN tracking area that a UE is configured with
Proposal 1: The CN level location/tracking area update procedure is used for RAN level location/tracking update. 
Proposal 2: The RAN notification area, defined as list of cells (1 to N), can be a sub-set of the cells belonging to CN level location/tracking area associated with a given UE.
Proposal 3: RAN broadcast only one TA id.  If cell list is not sufficient, smaller RAN based notification area than CN notification area can be created by using one or smaller number of TAs for RAN notification area while CN list can consist of larger number of TAs.  UE triggers RAN/CN updates whenever it crosses the corresponding TAI list.
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