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1 Introduction
There are three approaches discussed for RAN Paging:

-
explicit RAN Paging Area

-
RAN Paging Area consisting of a per-UE RRC configured list of cells

-
no explicit RRC configured RAN paging area, UE follows NAS configured Tracking Areas

The following principles are assumed for the assessment of the “explicit RAN Paging Area” approach:
1.
A RAN Paging Area is introduced, which, like (CN) Tracking Areas, are configured in a rather static way and rarely changed, optimised for a certain assumed general mobility behaviour in a geographical area.

2.
This RAN Paging Area would need to be explicitly “seen” in System Broadcast, UEs would need to read this information at cell selection.

3.
UEs would need to be registered to a (list of) RAN Paging Area(s) by the RAN before they are sent to inactive mode. 

4.
UEs would contact the RAN when they move out of the RAN Paging Area(s) assigned by the RAN.

5.
The serving RAN node would page the UE within its registered (list of) RAN Paging Area(s).

6.
RAN Paging Areas are not (directly) visible to the CN. (A UE moving outside its configured (list of) RAN Paging Area(s) may cause path update signalling towards the Core).

7.
A cell belongs to a single RAN Paging Area only.

The following principles are assumed for the assessment for the “cell list” approach:
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 Discussion
Definitions:

RRC configured RAN Paging Area: RAN Paging Area (either explicit Paging Area or cell-list) managed by the E-UTRAN. The UE notifies the E-UTRAN when it leaves the area.

2.1 Increased amount of X2 interfaces
The intention of the X2 interface was originally to be used for handover and therefore the X2 interface is normally established to the neighbor eNBs, more specifically between eNBs which cells have overlapping coverage or interact from a radio resource point of view. Figure 2 illustrates part of a network with 6 three-cell macro eNBs. The notation is as follows: Cell k,m is the m:th cell in eNB#k.
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Figure 1: The figure illustrates increasing number of X2 connections in case RAN Paging would rely on X2 paging only.
In a legacy system, the eNB1 (cell 1,1, cell 1,2, and cell 1,3) would probably have detected the neighboring cells belonging to eNBs 2-5 corresponding to the non grey cells (2,2, 2,3, 3,2, 3,3, 4,1, 4,2 6,1, 6,2 and 5,2) in the left picture in figure 1. If considered useful the eNB1 would then have established X2 connections to those five eNBs. An inactive UE may with high probability move to a cell where X2 connectivity cannot be assumed (from ANR mechanisms) due to non-overlapping radio coverage. This is illustrated by eNB7 in the picture to the right in Figure 1. If a UE is likely to move from eNB1 to eNB 7 and RAN paging would rely on X2 paging only it is necessary to add eNB7 to the RAN paging area and establish an X2 interface towards this eNB in order to guarantee UE reachability and allow X2 based context retrieval.

Observation 1 (applies to all three approaches): With the introduction of RAN Paging, relying on X2 paging only, the need to establish X2 interfaces towards eNBs without overlapping radio coverage will increase.
According to [1]: “Even though technical specifications allow sufficient freedom with regards to in the number of possible X2 interfaces for an eNB, current vendor implementations are restricting the number of available X2 interfaces e.g. to 32 or 64 etc.”. 
A base station which is already using its complete capacity w.r.t. the number of supported X2 links will have to make decisions in order to select only the most useful X2 links. Candidates for X2 links could be those with a large amount of S1 signaling which could replace X2 links towards cells with a low amount of X2 signaling. This type of mechanisms in the network has previously been discussed in RAN3 [1]:

“In networks with an increasing number of eNBs per square km and the popularity of heterogeneous networks, the number of necessary X2 interfaces, but also more importantly the number of reconfigurations of X2 connections between different eNBs is increasing.”
The discussion resulted in standardization of the X2 Removal procedure.

Observation 2: RAN3 have confirmed that X2 links are a limited resource and a mechanism to release X2 links in favor of new and more valuable X2 links has been standardized.

Conclusion 1 (applies to RRC configured RAN Paging Area): The number of X2 interfaces is limited, hence X2 connectivity cannot be assumed between all eNBs being part of an RRC configured RAN paging area.
2.2 Selecting beneficial X2 interfaces
To reduce OPEX, unnecessary configuration effort regarding inactive UEs needs to be avoided. Since the eNB the UE connects (resumes) to request the UE context from the old eNB, it is straightforward for the old eNB to build statistics on how UEs move in the network. Figure 2 shows an example illustrating the rate of retrieve UE context request messages from other eNBs. 
Assumption 1: Retrieve UE Context functionality is available if an X2 interface does not exist.
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Figure 2: Context resume request rate from other eNBs. 
With assumption 1 eNBs as in Figure 2 would be able to estimate the rate of incoming retrieve UE context request messages. Here, the eNB 0 would prioritize setup of X2 interfaces towards the eNBs 8, 9, 10, 14 and 18. 
If RRC configured RAN paging areas are introduced, where the UE indicates to the network when it leaves the area, the information received by the eNB 0 is different if the RAN paging area is not covering the cells where an inactive UE may resume. The intention with Figure 3 is to illustrate three cases on what needs to be taken into account. Initially the RAN Paging Area is set to some area. Here we have selected the closest neighbors which could correspond to those with radio overlap which is marked by the circle around eNBs 0, 7, 8, 12, 13, 17 and 18 since X2 is likely to be established towards this eNBs based on ANR. 
Use case 1: UEs are moving in the direction from eNB 0 towards eNB 10. In cell 10 the UEs stop/move slower hence the probability for UEs connecting to the network from eNB 11 and 12 is low compared to eNB 10.

Use case 2: UEs are moving from eNB 0 towards eNB 14. The probability for a UE connecting to the network for the first time is similar in all eNBs.

Use case 3: UEs are moving from eNB 0 towards eNB 24 similar to in scenario 2 but the rate of received messages is lower.
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Figure 3: The figure shows how an algorithm could attempt to adapt an RRC configured RAN Paging area which requires a notification to the network when the UE moves outside the RAN Paging area. 
With the initial RRC configured paging area the eNB 0 would detect that eNB 9, 11 and 21 which are located outside the RAN Paging Area would benefit from an expansion of the explicit RAN paging. This would reduce the signaling when the UE passes the RRC configured RAN Paging Area border. The picture B) shows how the network compensates by increasing the RAN Paging area by including eNB 9, 11 and 21 in the RAN paging area. Picture B also shows how the rate of the incoming Retrieve UE context requests changes. With the new information the eNB 0 increases the RAN paging area to also include eNB 10 and 14. eNB 0 also realizes that the eNB 24 only has low rate hence node 21 does not need to be taken into account.
Use case 1: In order to reduce the signaling caused by not having eNB 10 in the RAN Paging Area eNB 11 needs to be part of the RRC configured RAN paging Area. If not, all the UEs passing through eNB 11 on their way to eNB 12 would first request the context from eNB 0 causing extra signaling. 

Use case 2: In this scenario the algorithm would correctly setup the X2 interface towards eNB 8, 9 and 14.

Use case 3: In this scenario the algorithm would setup the interface towards eNB 21 and then realize that the interface may not be needed. This could generate that the X2 is released because there is a larger benefit to setup the X2 interface towards another eNB.
From the examples above we make the following observations
Observation 3 (applies to RRC configured RAN Paging Area): When the UEs need to report to the network when they move out of an RRC configured RAN paging area the algorithm which select the most beneficial X2 interfaces becomes more complex.

Observation 4 (applies to RRC configured RAN Paging Area): Holes in the RRC configured RAN Paging Areas causes extra signaling hence needs to be avoided. Additional X2 interfaces are needed to follow the path UEs are likely to take in the network (e.g. eNB 11 in Figure 3).
Observation 5 (applies to RRC configured RAN Paging Area): The algorithm may detect that an eNB by itself does not cause high load and may decide to remove an X2 interface previously established for inactive UEs (e.g eNB 21 in Figure 3).
Conclusion 2 (applies to RRC configured RAN paging): Autonomous selection of X2 connection becomes complex with the introduction of RRC configured RAN paging, it requires more X2 associations, may trigger removal of an existing X2 interface.

2.3 Non static traffic patterns
If the traffic pattern in the network varies the relative context retrieve request rate varies. To achieve an optimal selection of X2 links they may need to be changed rather quickly. Detecting changes in these rates is easy if no explicit RAN paging area is used since what is needed is to monitor the rate of incoming context retrieve request messages from the surrounding eNBs. How to achieve this in a fast way when explicit RAN paging areas are used is not as clear when the cells which changes are outside the RRC configured RAN paging area.

Conclusion 3 (applies to RRC configured RAN Paging Area): Algorithms taking variations in traffic patterns into account for selecting optimal eNBs for establishment of X2 interfaces become slow.
When a X2 interface is (re-)moved the method where RAN Paging Area consisting of a per-UE RRC configured list of cells and the explicit RAN Paging Area mechanisms experience different problems. In the cell-list mechanism, a UE would camp on a cell without knowing that the eNB is no longer part of the paging area [3]. The UE is unreachable via paging over X2 and will be released by the source eNB after unsuccessful paging. In case of the explicit paging area method, the UEs would be aware that the eNB they are camping on are no longer part of the RAN paging area. All those inactive UEs would then perform a (simultaneous) TAU without a context fetch. The MME would also perform a release of the UEs towards the eNBs where the corresponding UE context is stored.
Conclusion 4a (per-UE RRC configured list of cells): When a X2 interface to a eNB where inactive UEs are camping are removed the network needs to handle unreachable UEs. 
Conclusion 4b (applies to explicit RAN Paging Area): In the explicit area method all inactive UEs camping on an eNB removed from the paging area would perform a TAU and release of all UE contexts towards the respective eNBs where the UE contexts are stored.
2.4 Concentration of UE contexts in border eNBs
As seen from Figure 3 eNBs outside an RRC configured RAN paging area, especially for the “explicit RAN PA” approach, will trigger retrieve context request messages in order to retrieve the UE contexts. The UE context then remains in the eNB until the UE signals to the network from another eNB. With an increasing amount of UE context the signaling is expected to increase because:
· Increased amount of initiated Retrieve UE context request procedures sent to other eNBs.

· Increased amount of initiated path switch request procedures towards the core network

· Increased amount of paging sent over the X2 interface
· Increase amount of received Retrieve UE context request messages from other eNBs.

Observation 6 (applies to RRC configured RAN Paging Area): An eNB just outside an explicitly signaled RAN Paging area will experience an increased amount of signaling. 
When UEs move over an explicit RAN paging border this will be an additional trigger for signaling. This will generate extra signaling compared to when no explicit RAN paging areas are used.
Observation 7 (applies to RRC configured RAN Paging Area):: An explicitly signaled RAN Paging area introduces a new trigger for signaling.
Conclusion 5 (applies to RRC configured RAN Paging Area): The MO originated signaling is expected to increase in the network when the “explicit RAN paging area” approach is used.

2.5 Cell reselection on explicitly signaled paging area border

When an inactive UE moves on the border between two eNBs it will reselect cell according to the instructions from the network. When the UE is on the border between the two paging areas it may select back and forth between cells in different paging areas. If the explicit paging area border cannot be changed for the UE each time the UE reselects to a cell outside the current explicit RAN paging area it triggers the retrieve UE Context procedure, path switch procedure and UE context release procedure. For the explicit RAN area where a cell list is configured our understanding is that this can be solved by selecting the cell list appropriately. In solutions where the UE cannot have an individually set paging area the eNBs can detect from UE history list and release the UE.

Conclusion 6 (applies to explicit RAN Paging Area): If the RRC configured RAN Paging Area cannot be set per UE such UE may need to be released due to UEs moving out of, or on the border of, the paging area.
2.6 Coordination of tracking areas and explicit RAN paging areas

In order to avoid UEs being assigned to explicit 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 8 (applies to all three approaches): The serving RAN node would need to be aware of the (CN) Tracking Areas the UE is registered.

Further, if the objective Signalling reduction to CN over S1 interface due to mobility and state transitions by hiding them from CN (see WID in [2] is taken seriously, a RAN Paging Area cannot be composed of cells belonging to different (CN) Tracking Areas. If we assume for a moment that an explicit RAN Paging Area consisting of cells belong to several TAs, the MME may allocate the TA list for a UEs in a way that the UE is only registered to a subset of the Tracking Areas the cells of a RAN Paging Area are members of, UE would cause unnecessarily NAS signalling although moving out of its TAs but still being within its allocated list of RAN Paging Areas. 

Observation 9 (applies to explicit RAN Paging Area): A RAN Paging Area can be only composed of cells belonging to the same Tracking Area.
It might be also argued that the current configuration of Tracking Areas in existing network deployments are rather difficult to change, and an explicit RAN paging area approach would allow independency between NAS and AS related configuration schemes.

However, it should be noticed, that both, for Tracking Areas and the envisaged explicit RAN Paging Area, configuration of areas, i.e. the mapping of cells to such areas, would have to happen at RAN O&M. So, the configuration effort would happen at the same location. 

Conclusion 7 (applies to RRC configured RAN Paging Area): Both, configuration of Tracking Areas and the envisaged explicit RAN Paging Area would take place at RAN O&M. It is expected that such an approach would require quite elaborated effort to be taken at RAN, with questionable results (see previous observations).

3 Conclusions and Proposals
In this document the conclusions 1-6 have been made:

Conclusion 1 (applies to RRC configured RAN Paging Area): The number of X2 interfaces is limited, hence X2 connectivity cannot be assumed between all eNBs being part of an RRC configured RAN paging area.

Conclusion 2 (applies to RRC configured RAN paging): Autonomous selection of X2 connection becomes complex with the introduction of RRC configured RAN paging, it requires more X2 associations, may trigger removal of an existing X2 interface.

Conclusion 3 (applies to RRC configured RAN Paging Area): Algorithms taking variations in traffic patterns into account for selecting optimal eNBs for establishment of X2 interfaces become slow.

Conclusion 4a (per-UE RRC configured list of cells): When a X2 interface to a eNB where inactive UEs are camping are removed the network needs to handle unreachable UEs. 
Conclusion 4b (applies to explicit RAN Paging Area): In the explicit area method all inactive UEs camping on an eNB removed from the paging area would perform a TAU and release of all UE contexts towards the respective eNBs where the UE contexts are stored.
Conclusion 5 (applies to RRC configured RAN Paging Area): The MO originated signaling is expected to increase in the network when the “explicit RAN paging area” approach is used.

Conclusion 6 (applies to explicit RAN Paging Area): If the RRC configured RAN Paging Area cannot be set per UE such UE may need to be released due to UEs moving out of, or on the border of, the paging area.

Conclusion 7 (applies to RRC configured RAN Paging Area): Both, configuration of Tracking Areas and the envisaged explicit RAN Paging Area would take place at RAN O&M. It is expected that such an approach would require quite elaborated effort to be taken at RAN, with questionable results (see previous observations).

There is no benefit identified by the explicit RAN Paging Area approach. The following is proposed:

Proposal: Exclude the approach to define explicit RAN Paging Areas from the concepts discussed for the Rel-14 WI on “Signalling reduction to enable light connection for LTE”.
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