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Discussion
The issue of location reporting for LC has been captured because there can be system impact to be aware UE location if UE moves around areas managed by RAN while keeping in ECM-Connected.  
In EPC, UE location awareness is detected and reported by MME. For example, for Monitoring Event, the MME invokes the appropriate procedures depending on the requested Accuracy as defined in TS 23.401 for determining the location as requested. Then the question is, which procedure should be performed for location reporting? For example, if the requested accuracy is cell level, MME may perform location reporting procedure. If the requested accuracy is TA level, MME gets the information when UE transits to ECM-Connected state or handover. This paper analyses possible solution for requested location accuracy.
1) Cell level location accuracy
If requested accuracy is cell level, MME may perform location reporting procedure as defined in 5.9.1 of TS 23.401, as quoted below:
[bookmark: _Toc468693603]5.9.1	Location Reporting Procedure
This procedure is used by an MME to request the eNodeB to report where the UE is currently located when the target UE is in ECM-CONNECTED state. The need for the eNodeB to continue reporting ceases when the UE transitions to ECM-IDLE. This procedure may be used for services that require accurate cell identification (e.g. for emergency services, lawful intercept, charging).


Figure 5.9.1-1: Location Reporting Procedure
1)	The MME sends a Location Reporting Control message to the eNodeB. The Location Reporting Control message shall identify the UE for which reports are requested, the requested location information and may contain information such as reporting type. Requested location information is TAI+EGCI. Reporting type indicates whether the message is intended to trigger a single stand‑alone report about the current Cell ID serving the UE or start the eNodeB to report whenever the UE changes cell.
2)	The eNodeB sends a Location Report message informing the MME about the location of the UE which shall include the requested location information.
3)	The MME can send a Cancel Location Reporting message to inform the eNodeB that it should terminate location reporting for a given UE. This message is needed only when the reporting was requested for a reporting period.
NOTE:	Location reporting is transferred during X2 handover, although new control signalling is not transferred during an active handover.
In order to help S1AP operation, please see below excerption from TS 36.413.
[bookmark: _Toc478169734]8.11.1	Location Reporting Control
[bookmark: _Toc478169735]8.11.1.1	General
The purpose of Location Reporting Control procedure is to allow the MME to request the eNB to report where the UE is currently located. The procedure uses UE-associated signalling.
[bookmark: _Toc478169736]8.11.1.2	Successful Operation


Figure 8.11.1.2-1: Location Reporting Control procedure. Successful operation.
The MME initiates the procedure by sending a LOCATION REPORTING CONTROL message. On receipt of a LOCATION REPORTING CONTROL message the eNB shall perform the requested location reporting control action for the UE.
The Request Type IE indicates to the eNB whether:
-	to report directly;
-	to report upon change of serving cell, or
-	to stop reporting at change of serving cell.
If reporting upon change of serving cell is requested, the eNB shall report whenever the UE changes its serving cell to another cell belonging to the eNB.
The Request Type IE also indicates what type of location information the eNB shall report. The location information is E-UTRAN CGI and TAI.

Note that this feature has limited purpose as exampled in green highlight. (Emergency, LI, charging). Therefore, this feature can be re-used for Light Connection if target service is Emergency, LI, or charging. One additional clarification is required to address operator’s local policy to perform this feature for any services. 
Observation 1) For Cell level location reporting while UE is in Connected, there is no need to propose new feature.
Proposal 1) It is proposed to use Location report procedure by operator’s local configuration as well.

2) eNB level location accuracy
In LC architecture, RAN defined Anchor eNB which has S1 connection with MME. Therefore, from MME point of view, unless Anchor eNB is not changed, eNB level location of UE is always Anchor eNB. MME gets to know serving eNB when S1 signalling occurs, so that there is no need to introduce new behaviour for LC.

3) TA level location accuracy
There are two possible scenarios for LC.
3-1) RAN management area across TA
In this case, MME has no way to recognize when UE moves to another TA which is in allocated TAI list by MME. Therefore following solutions can be discussed
Solution 3-1) Anchor eNB always informs to MME when UE moves to another TA
Solution 3-2) If the UE is in LC mode, MME sends S1AP:Location Reporting Control to Anchor eNB with request type as ‘Report upon change of TA’. S1AP protocol needs to be modified to add new type of request ‘To report upon change of TA’, which should be taken by RAN3 decision.
Solution 3-3) MME puts the last known location information with age of location instead of accurate UE location 
3-2) RAN management area not across TA
In this case, there is no issue to report UE location as TA level because handover should occur when UE moves to other RAN management area.

In addition, for all options, the MME needs to determine the UE is light connected or not. This is supposed to be covered by other key issues of this study.

Proposal
[bookmark: _Toc466210216][bookmark: _Toc477522673][bookmark: _Toc477622260][bookmark: _Toc477853811][bookmark: _Toc477853858][bookmark: _Toc479184683][bookmark: _Toc479236681]6.x	Solution #x: Location reporting with regard to requested location accuracy
Editor’s note: This clause contains a solution to one or more issues described in clause 5.
[bookmark: _Toc466210217][bookmark: _Toc477522674][bookmark: _Toc477622261][bookmark: _Toc477853812][bookmark: _Toc477853859][bookmark: _Toc479184684][bookmark: _Toc479236682]6.x.1	Description
Editor's note: Include the issues addressed by the solution. Describe the solution. Sub-clause(s) may be added to capture details, procedural flow etc.
[bookmark: _Toc466210218][bookmark: _Toc477522675][bookmark: _Toc477622262][bookmark: _Toc477853813][bookmark: _Toc477853860][bookmark: _Toc479184685][bookmark: _Toc479236683]This solution addresses issue of location reporting for RRC LIGHT CONNECTION. There can be system impact to be aware UE location if UE moves around areas managed by RAN while keeping in ECM-Connected in CN perspective.
This solution proposed different handling per different level of location accuracy.
6.x.1.1	Cell level accuracy
If requested accuracy is cell level, MME may perform location reporting procedure as defined in 5.9.1 of TS 23.401. Also TS 36.413 clause 8.11 specifies Location Reporting procedure to get UE’s current location as cell level. This feature is applicable on ECM-CONNECTED. Therefore, this feature can be re-used for Light Connection.
However, this feature has limited purpose such as for emergency services, lawful intercept, charging, as specified in TS 23.401. In order to use this feature for more general case (e.g., Monitoring event request from 3rd party application), it is proposed to add one additional clarification: Location Reporting procedure can be performed based on operator’s local policy for any services. 

6.x.1.2	eNB level accuracy
In RAN architecture for Light Connection, RAN defines Anchor eNB which has S1 connection with MME. Therefore, from MME point of view, unless Anchor eNB is not changed, eNB level location of UE is always Anchor eNB. MME gets to know serving eNB when S1 signalling occurs, so that there is no need to change any existing procedure.
6.x.1.3	Tracking Area level accuracy
For Tracking Area level location reporting, there are two possible scenarios should be considered for Light Connection.
6.x.1.3.1	RAN management area across TA
In this case, MME has no way to recognize when UE moves to another TA which is in allocated TAI list by MME. There are three possible options to resolve this case.
Solution 3-1) Anchor eNB always informs to MME when UE moves to another TA
Solution 3-2) If the UE is in LC mode, MME sends S1AP: Location Reporting Control to Anchor eNB with request type as ‘Report upon change of TA’. S1AP protocol needs to be modified to add new type of request ‘To report upon change of TA’.
Solution 3-3) MME puts the last known location information with age of location instead of accurate UE location, if UE is in RRC LIGHT CONNECTED.
6.x.1.3.2	RAN management area not across TA
In this case, there is no issue to report UE location as TA level because handover should occur when UE moves to other RAN management area
6.x.2	Impacts on existing nodes and functionality
Editor's note: Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW, etc.).
[bookmark: _Toc466210219][bookmark: _Toc477522676][bookmark: _Toc477622263][bookmark: _Toc477853814][bookmark: _Toc477853861][bookmark: _Toc479184686][bookmark: _Toc479236684]MME: 
	For 6.x.1.1 Cell level accuracy, Location Reporting procedure can be performed based on operator’s local 	policy for any services. 
	For 6.x.1.3.1 TA level accuracy solution 3-1, S1AP message from eNB needs to be changed.
	For 6.x.1.3.1 TA level accuracy solution 3-2, new request type for TA change is required.
	For 6.x.1.3.1 TA level accuracy solution 3-3, MME is required to include age of location always if UE is in 	Light Connected.
E-UTRAN: 
	For solution 3-1) in 6.x.1.3.1, eNB is required to inform change of TA to MME when it occurs.	
	For solution 3-2) in 6.x.1.3.1, eNB is required to handle new request type for S1AP location reporting 	procedure.
UE: 	No impact.
6.x.3	Solution Evaluation
Editor's note: Use this clause for evaluation at solution level.
If RAN management area is restricted not to across a TA, there is no impact on existing EPC feature. However, it may limit flexible RAN deployment. If RAN management area is not restricted within a TA, protocol impact is required but it doesn’t limit RAN deployment.
Solution 3-1 has protocol impact on S1AP and may cause unnecessary signalling to inform UE’s location as TA level.
Solution 3-2 has protocol impact on S1AP but the location reporting can be performed on-demands. Impact on S1AP is one additional request type.
Solution 3-3 has protocol impact on northbound of MME that has to include age of location if UE is in Light Connected.
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