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1
Introduction

This contribution analysis the approach to allow the serving eNB configuring a UE specific cell list as RAN paging area.
2
Discussion

2.1
Principles of the solution

The following principles are assumed for the assessment:
1.
A serving eNB may configure a UE with a list of cells before sending it to “light connected”/”inactive” mode. 
2.
The list of cells may contain cells controlled by the serving eNB and other (neighbouring) eNBs.

3.
Only when the UE enters a cell not contained in the list it contacts the network.
4.
The serving RAN node would page the UE within the cells configured for the UE.

5.
The list of cells configured by the serving eNB are not (directly) visible to the CN. (A UE moving outside its configured list of cells may cause path update signalling towards the Core without CN-detectable reasons).

2.2
Considerations on the solution

In order to avoid UEs being assigned to RAN Paging Area(s) outside the (CN) Tracking Areas, i.e. to avoid useless waste of paging resources, the serving RAN node would need to be aware of the Tracking Areas the UE is registered in the CN.

Observation 1 The serving RAN node should not configure cells the UE would not be in w/o Tracking Area Update, i.e. observe the registered Tracking Areas.
The cell list with which a UE-specific RAN paging area is configured is assumed to stem from the very same RAN function that would provide paging assistance data to the CN for later paging in Rel-13. So, the advantage of configuring a UE-specific RAN paging area lies in ensuring that the UE notifies the network if the estimation/prediction of the UE’s mobility as performed by the network is or has become inaccurate.

One may call the Rel-13 approach a pure “predictive” one, while the proposed enhancement for Rel-14 is “predictive with a pro-active correction”. The question is of course whether it is worth to introduce such a “pro-active correction”, given the fact, that even paging within the same eNB already gives a very high success rate and that UEs will well predictable mobility behaviour such an approach wouldn’t be necessary at all.
There might be a benefit for introducing the cell-list approach for UEs with less predictable mobility behaviour. For such UEs it would depend on the UEs data activity whether signalling resources can be optimised overall. If the UE shows quite some data activity, the likelihood that MT/MO data activity can serve as “area update” signalling is rather high. RAN could register the UE in a rather small area of cells and hence spare paging resources. 
If the UE shows rather low data activity, and its mobility is rather unpredictable, no good solution would exist either way. If cell-list registration is introduced, the respective area update signalling would need to be balanced against usage of paging resources (the well-known classical problem of mobile networks).

On the other side, one may question whether it would be a good strategy to put UEs with less predictable mobility behaviour and low data activity into light connected mode at all. If one stretches the usage of cell-list RAN registration for such UEs to an extreme, this might end up either in rather large cell lists (which is costly to provide to the UE and providing limited gain in terms of paging resources) or, in case of moderate cell list lengths, in massive area update signalling (for UEs with lower data activity).
Observation 2 The same (RAN) function that would provide paging assistance data in Rel-13 is able to collect statistics for light connected UEs in terms of determining in which cells the UE should be registered.

Observation 3 It seems that overall the number of use cases for the cell-list approach is rather limited. We expect that good prediction of the UEs mobility w/o introducing the cell-list approach would lead to comparable results.
Observation 4 UEs with less predictable mobility behaviour and less data activity (so that it would not be able to update its location by requesting MO data or receiving MT data) shouldn’t be seen as candidates for RAN area registration methods.

Compared to the “explicit RAN Paging Area” approach, the cell-list approach has the advantage that it can be configured/assigned on a per UE basis with the lowest granularity possible. An explicit RAN Paging Area would need to configure rather small RAN Paging Areas and provide the possibility to register UEs to list of RAN Paging Areas in order to be of comparable performance than the cell-list approach.
Observation 5 The major advantage of the “cell-list” approach over the “explicit RAN Paging Area” approach is the ability to fine-tune the registration area down to cell level on a per-UE basis, which corresponds to the flexibility and possibility introduced already in Rel-13 for paging optimisation. 

One last point on the assumptions of X2 connectivity: While reading through relevant papers from RAN3#93, one might get the impression that a design guideline of the concept is to avoid signalling outside the RAN, assuming X2 connectivity between the involved eNBs. 
-
We have already shown that UE Context Retrieval via the CN will become necessary, not only because X2 connectivity cannot be always assumed (it might e.g. be torn down for various reasons): the UE’s RAN registration area would need to be defined in a way that the UE contacts the network right before it leaves the serving RAN node’s X2 connectivity. This is in general not possible to guarantee, as it would require quite detailed topology knowledge, which is at least not possible to gain in an automated way with SON means. 

-
While UEs not able to retrieve the context for the former serving RAN node would be able to fall-back to normal RRC Connection Establishment, such a fall-back would not be given, if the serving RAN node is not able to page the UE due to lack of X2 connectivity – and RAN paging relies on X2 paging only. 

Observation 6 UE Context Retrieval and Paging cannot rely on X2 connectivity alone, hence network functions utilising S1 connectivity would need to be introduced. 

3
Conclusion

The following observations have been made for the approach that foresees definition of explicit RAN Paging Areas:
Observation 1
The serving RAN node should not configure cells the UE would not be in w/o Tracking Area Update, i.e. observe the registered Tracking Areas.
Observation 2
The same (RAN) function that would provide paging assistance data in Rel-13 is able to collect statistics for light connected UEs in terms of determining in which cells the UE should be registered.
Observation 3
It seems that overall the number of use cases for the cell-list approach is rather limited. We expect that good prediction of the UEs mobility w/o introducing the cell-list approach would lead to comparable results.
Observation 4
UEs with less predictable mobility behaviour and less data activity (so that it would not be able to update its location by requesting MO data or receiving MT data) shouldn’t be seen as candidates for RAN area registration methods.
Observation 5
The major advantage of the “cell-list” approach over the “explicit RAN Paging Area” approach is the ability to fine-tune the registration area down to cell level on a per-UE basis, which corresponds to the flexibility and possibility introduced already in Rel-13 for paging optimisation.
Observation 6
UE Context Retrieval and Paging cannot rely on X2 connectivity alone, hence network functions utilising S1 connectivity would need to be introduced.
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