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Abstract of the contribution: This paper proposes to correct solution 2, to add some details with regards to OCS interactions and to add the eNB granularity as enhancement. It also proposes an evaluation.
Discussion
Corrections
At SA2 meeting #98, a paragraph requiring further analysis was introduced by mistake. This paragraph was related to the original solution 2 proposal, and is not correct regarding the newly documented solution 2. It also contradicts the evaluation section.  
Additional details with regards to OCS interactions

It is already stated that only PCRF can activate ULI at PCC area level on the PGW. However, when on-line charging applies, but it is not stated that the OCS should be able to request the PGW to report ULI for the PCC area activated by PCRF, via the Credit Control procedure.
For UE-dedicated PCC areas and for Core Network predefined PCC areas, coordination between entities only needs to be done via the PCC area identifier: OCS configuration only consists in the mapping between the PCC area identifier and the rating group inside the PCC area on one hand and the rating group outside the PCC area on the other hand.
Proposed enhancements

It is proposed to enhance this solution by adding the possibility to define a PCC area with macro eNBs (using Global eNB ID defined in TS 36.413) rather than with its list of cells. This would: 

· save signalling on S1 interface as the MME would not request cell-level reporting to the eNB: without eNB granularity, the MME would request cell-level reporting in the area of interest (the MME does not know how many cells have an eNB);

· avoid PCRF/PGW to know all the cells constituting an eNB. The reporting from the MME would still be the ECGI, as the eNB ID can be derived from ECGI easily (the leftmost 20 bits). Such enhancement is proposed to solution 2 (PCC area).
Per TS 36.413, the eNB ID corresponds to the 20 leftmost bits of the Cell Identity IE contained in the E-UTRAN CGI IE, which makes easy for the PGW and PCRF to derive the eNB ID from ECGI.

9.2.1.37
Global eNB ID

This information element is used to globally identify an eNB (see TS 36.401 [2]).

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	PLMN Identity
	M
	
	9.2.3.8
	

	CHOICE eNB ID
	M
	
	
	

	>Macro eNB ID
	
	
	
	

	>>Macro eNB ID
	M
	
	BIT STRING (20)
	Equal to the 20 leftmost bits of the Cell Identity IE contained in the E-UTRAN CGI IE (see subclause 9.2.1.38) of each cell served by the eNB.

	>Home eNB ID
	
	
	
	

	>>Home eNB ID
	M
	
	BIT STRING (28)
	Equal to the Cell Identity IE contained in the E-UTRAN CGI IE (see subclause 9.2.1.38) of the cell served by the eNB.


9.2.1.38
E-UTRAN CGI

This information element is used to globally identify a cell (see TS 36.401 [2]).

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	PLMN Identity
	M
	
	9.2.3.8
	

	Cell Identity
	M
	
	BIT STRING (28)
	The leftmost bits of the Cell Identity correspond to the eNB ID (defined in subclause 9.2.1.37).


Proposed changes to TR 23.843

* * * First Change * * * *

7.2
Solution 2: ULI reporting at PCC area level

7.2.1
Overview of ULI reporting at PCC area level
In some use cases policy/charging decisions and also e.g. statistics gathering per specific IP-CAN session depend on whether the UE is inside or outside a specific set of cells and/or serving areas associated with the user subscription:

-
PCRF should be notified when an individual UE enters or leaves a specific area of interest (e.g. group of cells or RA/TA) provided by the PCRF i.e. therefore avoiding notifications inside or outside the specific area of interest.
-
PCRF should be notified when an individual UE enters or leaves a specific area of interest (e.g. group of cells or RA/TA) pre-configured in the MME/SGSN i.e. therefore avoiding notifications inside or outside the specific area of interest.
NOTE 1:
This is e.g. to define suitable QoS and charging policies to apply to the data service of the user in that set of cells and/or serving areas.
Thus a (new) granularity of User Location Information reporting "at PCC area level" is defined.

The ULI reporting at PCC area level works the same way as ULI reporting defined in TS 23.203 [9] with the following modification: The PCRF may send via the PCEF towards the CN node serving the UE a Location change reporting request at "PCC area" level, telling it wants to be notified only when the UE enters or leaves a PCC area together with the definition of the PCC area(s), providing for each PCC area:

-
Either a "UE-dedicated PCC area" i.e. a short list of [exact maximum TBD by stage 3] cells and/or ENB and/or serving areas (TA/RA) comprising this PCC area in the request from PCRF. In this case, the actual Location report contains the PCC area identifier and a flag stating whether the UE is entering or leaving the area, or

-
A pointer to a "Core Network predefined PCC area" that is predefined in the MME/SGSN serving the UE. In this case, the actual Location report contains the PCC area identifier and a flag stating whether the UE is entering or leaving the area.

To avoid a MME/SGSN to handle reporting for multiple PCC areas in parallel for any given UE, PCRF shall make sure that only one Location change reporting procedure is active at a time:

-
either a "UE-dedicated PCC area", made of a single PCC area, or

-
a pointer to an "Core Network predefined area". 

Based on operator configuration, Core Network "predefined PCC areas" shall not overlap.

NOTE 2:
For the PCRF, the determination of the PCC area may take into account the subscription of the user retrieved from the SPR.

NOTE 3:
A PCC area does not span beyond a PLMN boundary. 

NOTE 4:
Solution 2 as well as the H-PCRF subscription to Location change reporting (serving cell) or to Location change reporting (serving area (i.e. RA / TA)) are not generally meant to apply to roaming cases not associated with Network sharing. 

At IP-CAN session establishment and upon change of serving EPC node (MME, SGSN, SGW), the PCRF and/or OCS and/or TDF (through PCRF) is notified whether Location change at PCC area level is supported by the network. If Location change at PCC area level is not supported, then the fall-back to Location change reporting at cell and/or serving area and/or CSG levels should be performed.
In addition, rather than listing all the cells of an eNB as “cells of interest”, it could be possible for the UE-dedicated PCC area to refer to eNBs of interest, using the Global eNB ID IE defined in TS 36.413. This would 

· save signalling on S1 interface as the MME would not need to request cell-level reporting to the eNB: without eNB granularity, the MME would need to request the eNB with cell-level reporting in the area of interest (the MME does not know how many cells the eNB has);

· avoid PCRF/PGW to know all the cells constituting an eNB. The reporting from the MME would still be the ECGI, as the macro eNB ID can be derived from ECGI easily (the leftmost 20 bits).
7.2.2
More detailed description

When ULI reporting at PCC area level is supported, the following capabilities are added to the 3GPP system:
1.
Adding a change of PCC area as an Event Reporting Function trigger:


The Event Reporting Function (ERF) performs event trigger detection. When an event matching the event trigger occurs, the ERF shall report the occurred event to the PCRF.


When ULI reporting at PCC area level is supported, the following Event trigger is added to the list of existing Event triggers (TS 23.203 [9] clause 6.1.4 "Event Triggers"):

	Event trigger
	Description
	Reported from
	Condition for reporting

	Location change (PCC area) (see note 13)
	The UE has entered or left a PCC area
	PCEF, BBERF
	PCRF

	NOTE X: 
A change in the PCC area may be associated with a change in the serving cell, possibly a change in the serving area and possibly a change in the serving CN node. PCC areas are defined in clause XXX.



When the ULI reporting at PCC area level applies to EPC (TS 23.203 [9] Table A.4.3-2: EPS specific event triggers), this corresponds to:

	Location change (PCC area)
	The UE has entered or left a PCC area. The PCC area is defined as a
· A pointer to a "Core Network predefined PCC area" that is predefined in the MME/SGSN serving the UE, or  
· A collection of cells (CGI/SAI for GERAN/UTRAN accesses and/or ECGI or Global eNB ID for E‑UTRAN access) and/or as a collection of serving areas (Routeing areas and/or Tracking Areas). 
	PCEF, BBERF
	PCRF


2.
Adding PCC area entering/leaving event in ULI reporting request sent by PGW (e.g. Change Reporting Action) towards MME/SGSN.

Rel-11 specifications of subscription requests to ULI reporting sent by PGW (e.g. Change Reporting Action) towards MME/SGSN just allow the PGW to tell it wants ULI at RA/TA level (or ULI at cell level) i.e. any RA/TA (any cell) where the UE is camping shall be reported.

The solution proposes that the subscription request to ULI reporting sent by PGW (e.g. Change Reporting Action) towards MME/SGSN is modified to allow the PGW to tell it wants ULI at PCC level together with a PCC area identifier and with the list of cells and/or eNBs and/or serving areas (TA/RA) comprising this PCC area. i.e. ULI reporting is done only when the UE enters in the PCC area or leaves this PCC area. The actual reporting from MME/SGSN contains the same PCC area identifier as in the request from PGW and an indication on whether the UE is inside or outside the PCC area. 
When ULI at PCC area has been activated, the PGW should be able to store in its CDR information about the UE entering or leaving a PCC area 
Only PCRF can activate ULI at PCC area level on the PGW. Nevertheless, when on-line charging applies, the OCS can request the PCEF to report ULI at PCC area level activated by the PCRF, via the Credit Control procedure. When such reporting has been activated over Gy, the PGW notifies the OCS with information about the UE entering or leaving a PCC area (together with the PCC area identifier). This assumes co-ordination between the PCRF and the OCS about the configuration of the PCC areas (similar PCRF-OCS co-ordination is needed for the configuration related with Rating group, …).
· UE-dedicated PCC areas: the PCC area and its identifier for the UE is expected to be configured in the SPR. OCS is configured with the mapping between the PCC area identifier and the rating groups inside and outside the PCC area. When PGW initiates Credit-Control procedure, its request contains the PCC area identifier and an indication on whether the UE is inside or outside the PCC area.
· Core Network predefined PCC areas: the PCC area and PCC area identifier should be configured in MME/SGSN and OCS should be configured with the mapping between PCC area identifier and the rating groups inside and outside the PCC area. When PGW initiates Credit-Control procedure, its request contains the PCC area identifier and an indication on whether the UE is inside or outside the PCC area.
7.2.3
Impacts on existing nodes and functionality

Mobility Management (Attach, RA/TA updates) procedures and existing RA/TA etc. definition are not modified by this solution; this solution neither modifies the content nor the number of messages sent over S1/Iu/Gb. Existing mechanisms allowing the PCRF to request via the PGW related with "subscription" onto a MME/SGSN for ULI information are reused including the mechanisms used at mobility between MME/SGSN. 

The solution adds following modification in the signalling (e.g. GTP-c) carrying a request for ULI reporting: the ULI request may indicate ULI reporting associated with a PCC area(s) together with the mapping from PCC area(s) to a list of cells / eNBs / RA / TA.

The signalling (e.g. GTP-c) used for actual reporting of ULI is only modified by adding the indication of the PCC area the UE has entered in or has left. This solution aims at reducing the number of messages sent for actual reporting of ULI due to the fact that notifications are generated only when the UE enters or leaves a PCC area. 
The solution adds following modifications to Gy for on-line charging: 
· in the Credit-Control-Request message from the PGW, the addition of the PCC area identifier (provided by PCRF) and whether the UE is inside or outside the PCC area; and 
· in the Credit-Control-Answer message from OCS, the addition of an indication on whether OCS subscribes to PCC area entering/leaving events reporting.







* * * Next Change * * * *

9.4
Evaluation related with the support of User Location Information reporting improvements 

This technical study has identified and discussed 3 solutions
Solution 1: ULI reporting only when the UE is in “CONNECTED” state (§7.1 of this TR):

This option does not add new messages and requires a flag to be added in the subscription to UE change of RA/TA.

This solution saves ULI signalling at RA/TA updates due to the UE moving between RA/TA while being IDLE when ULI reporting at RA/TA level has been requested by the PGW. 

Solution 2: ULI reporting at PCC area level (§7.2 of this TR):

The solution introduces the PCC area, which is either a list of cells and/or eNBs or a list of TAs/RAs. A PCC area can either be defined as part of UE subscription (e.g. for Home Zones), or as a pre-configured area in MME/SGSN (e.g. for foreign PLMN overlapped coverage at country borders). This solution enhances the current ULI reporting per UE as follows: 

-
The solution adds following modification in the signalling (e.g. GTP-c) carrying a request for ULI reporting: the ULI reporting request from PCC may indicate ULI reporting associated with a single PCC area identified by a PCC area identifier together with the mapping from PCC area to a list of cells and/or eNBs and/or RAs and/or TAs.

-
The signalling (e.g. GTP-c) used for actual reporting of ULI is modified by only adding the indication of the PCC area the UE has entered in or has left the PCC area, identified by its PCC area identifier. This solution aims at reducing the number of messages sent for actual reporting of ULI due to the fact that notifications are generated only when the UE enters or leaves a PCC area.

-
Request to report Location Change on Sd, Gx, Gxx and Location Change reporting on Gx, Gxx and Sd are modified with the capability of reporting on PCC area level along with PCC area description.
-
Addition of PCC area identifier in the Credit-Control-Request message from the PGW, and addition of an indication on whether OCS subscribes to PCC area entering/leaving events reporting in the Credit-Control-Answer message from OCS.
This solution saves a lot of useless signaling as very often ULI are requested not to track each cell or RA/TA where the UE is camping but to determine whether an UE is within an area of interest (e.g. subscriber Home Zone, coverage overlapping country border area)

Only a single PCC area ULI reporting procedure can be active at a time, but there is no PCC area limitation as a PCC area can be made of non contiguous coverage cells or TAs/RAs. 

MME/SGSN is not required to handle reporting for multiple PCC areas in parallel, as only PCRF can request ULI reporting, only a single PCC area reporting procedure can be active at a time in this solution, and based on operator configuration, "Core Network predefined PCC areas" do not overlap.

Solution 3: New “change of eNB” reporting event (§7.3 of this TR):

Editor's note:
FFS.

* * * End of Changes * * * *
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