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Abstract of the contribution:

The need for differentiated policies and charging that differs, urge for location reporting where the decisions can be taken based on what portion of the total area the UE is located in. The contribution discusses a use of Partitioning the Presence Reporting Area into zones.
1
Background

The intensive signalling that may be the result from a detailed location reporting to the PCRF and/or OCS called for an optimization. 3GPP has for Rel-12 specified a concept (Presence Reporting Area) that allows the reporting to be reduced to occasions where the UE enters or leaves the area.

In the interest of reducing signalling as much as possible there is a restriction to one such area per PDN connection that can be established for monitoring when establishing a PDN connection (IP-CAN session). The reporting is restricted to the events of UE entering or leaving the area, which truly minimizes the signalling for the interest in one single area.
2
Discussion

There are several legitimate needs for location awareness for purposes like differentiated QoS, differentiated tariff and more, where the combination makes one single area insufficient to the support all the needs.

A PRA reporting solution requires processing resources at the MME:
· Information storage of the area definition
· Event processing at UE location changes to detect whether the UE enters/leaves the service area

· Reporting/Signaling of a PRA event at a change of UE presence in service area
PRA was introduced to address the potentially too high signaling load from reporting of User Location Information (ULI) over GTP signaling. Use of PRA-based reporting enables the operator to avoid fine granular reporting of network mobility events and instead be informed of a UE location change related to a business need, i.e. the area defined as a PRA.
This legacy PRA logic, however, does not support simultaneous monitoring of more than one area per PDN connection; the logic supports monitoring UE mobility into and out of the PRA.
The contribution S2-144007 proposed to enrich the PRA reporting to include information about current location of the UE with the intention to enable the receiving party to identify for which service the reporting is relevant.
That will however not address all mobility events as illustrated in the examples below
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The two examples illustrate a PRA with the purpose to detect if the UE is at home or at work.

The first illustration shows a scenario where the two areas @home and @work are geographically adjacent and where the UE is moving from @home to @work.
The UE will during the location change not enter or exit the PRA and as a result there is no PRA reporting at a change from @home to @work.

The second illustration shows a scenario where the two areas @home and @work are not geographically adjacent and where the UE is moving from @home to @work.
The UE will during the location change exit the PRA and the re-enter when it arrives @work.
But if the UE is in idle mode during the location change it’s not possible to detect that it has passed the PRA border twice; The UE location was originally inside the PRA and is still inside PRA. The network will gain no information on the UE idle period and being outside the PRA.
A wanted effect is to identify the change and report that the UE is currently at work:
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A solution to identify the UE mobility in the examples is to use a single PRA and divide its area into zones of service interest.
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A UE location change would not only be indicated with the inside/outside indication but also, while being inside the PRA, also in what zone (@home, @work in the illustration) within the PRA the UE is.
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Overlapping zones is allowed with use of a zone references to the area identities of the PRA.

Another alternative is a solution which makes use of multiple PRAs. Each zone would in that case be defined as a separate PRA.
3
Solution alternatives

Solution (A):
Based on a single PRA which is divided into zones

Solution (B):
Based on using multiple PRAs

3.1
Solution (A)

The PRA zones can e.g. be defined by indicating - for each item in the PRA -  what zone(s) it belongs to

The PRA zones are defined together with the source of the PRA itself, i.e. at the SPR for UE-dedicated Presence Reporting Areas and at MME for Core Network pre-configured Presence Reporting Areas.

Augmenting the PRA with a zone concept as outlined above, the MME would report the PRA status

· when the UE appears or moves to a location outside the PRA (status=outside)

· when the UE appears in or moves into the PRA (status=inside and presence in zone(s))

· when the UE moves within the PRA and enters/leaves any of the zones (status=inside and presence in zone(s));

The MME would, in addition to the legacy reports, also report when there is any change in the UE presence in any of the zones within the PRA.
To define the zones, each item of the zone needs an association with that zone. 

Since each item in the PRA may be a member of more than one zone, it is suitable to define the item’s association with the zone(s) as part of its membership in the PRA. At a protocol level it is possible to use different IEs for PRA membership and zone membership, e.g. by using a positional correlation between the IEs.

As shown above it is possible to enhance the legacy PRA standard in a backward compatible manner to support a zone concept. The association and item and a zone is ignored by a legacy node, but the notifications whether the UE is inside/outside the total PRA still works without any change.
The backward compatibility is achieved by that the receiving party gets notifications on the UE presence within the (total) PRA, also when the support for PRA zones is not available.

3.2
Solution (B)

With a solution based on multiple PRAs, the MME would report the PRA status
· when the UE appears or moves to a location outside a PRA (status=outside)

· when the UE appears in or moves into a PRA (status=inside)

Each PRA is handled independent from other PRAs. Since an item may be a member of more than one PRA, each PRA reporting may require reporting for more than one PRA to be included in the same report. If the receiver does not retain information on the latest status for each PRA, then each report must include the status for all the PRAs monitored.
The signaling used to define a PRA includes a list of multiple PRAs. A P-GW/MME/SGSN with support for legacy single PRA only is not able to interpret multiple PRAs and would report for one of the PRAs only (or even deny the request), i.e. a list of multiple PRAs is by itself not possible to deploy in a backward compatible manner.
The lack of backward compatibility is due to the fact that the legacy support for PRA reporting in a serving node is limited to one PRA per IP-CAN session. No additional PRA can be handled within the same IP-CAN session, so requesting PRA reporting for more than one PRA would lead to either the access ignoring all but one PRA or the access generating an error indication.
4
Evaluation
Comparing processing resources required by the solution alternatives

- (A) using a single PRA which is divided into zones, and

- (B) using multiple PRAs

4.1
Establishment of PRA
(A) One PRA with zones is defined .

 PRA is provided at IP-CAN session establishment by PCRF and cannot be changed during the life time of the IP-CAN session..
By always using a maximum of one PRA per PDN connection there is a predictable load from use of PRA.

The MME is a traffic processing node which is dimensioned to address an anticipated signaling load from service provisioning to UE end users, while the consumers of PRA reporting is the network.

With a known load impact from use of PRA it’s possible to do MME node dimensioning based on traffic processing.

UE mobility may cause the UE registration to be moved to a next MME with required continued PRA reporting after the move. The known maximum effort to provide PRA reporting enables node dimensioning to ensure PRA reporting after a node change.

Retaining the legacy limitation to one PRA for each PDN connection caters for a processing load predictability which is an enabler for dimensioning the MME node capacity for PRA reporting.

(B) Multiple PRAs are defined

The MME is a traffic processing node which is dimensioned to address an anticipated signaling load from service provisioning to UE end users, while the consumers of PRA reporting is the network.
With a known load impact from use of PRA it’s possible to do MME node dimensioning based on traffic processing.

The node capacity may be dimensioned to address the load from PRA reporting of multiple PRAs the load from multiple PRAs, for example based on an average number of PRAs used.
With a certain node dimensioning the MME will as a consequence have to verify that the PRA reporting capacity is not exhausted, for example by policing a maximum number of multiple PRAs in a PRA reporting request.

The impact from MME policing of node load from PRA reporting of multiple PRAs is that the MME may reject PRA requests for multiple PRAs.
The MME policing may also impact PRA reporting at UE mobility which cause the UE registration to be moved to a next MME.
With the same reasoning as above, the next MME will police the PRA reporting request and may reject to ensure that the node load from PRA reporting is not exhausted.
4.2
Data storage and information transfer impact
The amount of processing is related to the size and complexity of a PRA 

For (A) the maximum data size of a PRA is determined by the amount of area information that defines a PRA and its zones.
For (B) the data size is roughly proportional to the number of PRAs

The size of information required to represent a certain set of multiple PRAs is roughly equivalent for the two alternatives.
4.3
Reporting processing and signaling impact

With use of (A) the reporting is at entering the PRA area, exiting the PRA area, and at a entering/exiting of zone(s). A report includes information about inside and presence in the zone(s) / outside the PRA.
With a use of (B) the reporting is at entering a PRA area or exiting a PRA area. A report includes information about status for all PRAs (inside or outside for each of them).
Reporting for only those that have changed would require that the receiver maintains information of the last reported status for all PRAs.
The resulting signaling load / signaling frequency from reporting of UE location changes is roughly equivalent for the two alternatives since the load is rather caused by changes in UE location and not by which data structure the PRA reporting is defined.
3.5
Conclusion

The comparison of

Solution (A):
Based on a single PRA which is divided into zones

Solution (B):
Based on using multiple PRAs

shows that 

1) PRA is in both solution alternatives defined at establishment of a PDN connection.

2) The processing effort at PRA reporting is similar for solution (A) and solution (B)

3) Use of solution (A) simplifies network dimensioning.

4) Use of solution (A) enables a predictable behaviour at PRA reporting, while a use of solution (B) may result in a reject to requested PRA reporting 

4) Solution (A) is backwards compatible with legacy PRA.
5
Proposal

Introduce the optional possibility to partition the PRA into zones and augment the reporting (for locations inside the PRA) with the zone identity. Also define that a transition between two zones shall generate a report.
These changes are introduced with CR 0967 to TS 23.203 (S2-150094) , CR 2827 to TS 23.060 (S2-150095) and CR 1946 to TS 23.401 (S2-150096).
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