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1
Introduction
RAN3 received an LS at RAN3#81bis from SA2 in R3-131887 [1] on “ULI reporting enhancements”.
This LS contains information from SA2 that ULI reporting enhancements have been discussed and two agreements were made. The first agreement is on providing a RAN/NAS cause towards S/P-GW and PCRF, the second agreement is about reporting the most up to date User Location Information / Time Zone.
The LS further details the approach by describing that in scenarios when the ERAB is dropped e.g. due to RF conditions or when the UE is detached, the MME does not know the cell the UE is currently camping on, as it only gets the ECGI/TAI from the eNB at ERAB Establishment, bearer modification and UE Initiated Detach.
Attached to the LS were two CRs, one on TS23.401 (CR 2623, S2-133744), the other one on TS23.203 (CR 0850, S2-133526).

The second CR is of no relevance for RAN3, the first one introduces S1AP procedures by which the eNB can provide the ECGI/TAI in Network Initiated Bearer Release and UE Context Release procedures.

At RAN3#81bis, a CR on 36.413 following SA2 (original) approach was submitted in [2], later revised to [3].

During discussions on the LS and the CR on 36.413, an alternative approach emerged and was provided during RAN3#81bis in a set of three CRs: a CR on 36.300 [4], a CR on 36.413 [5] and a CR on 36.423 [6].

This contribution discusses requirements as deducible from SA2 documents, presents the alternative set of CRs provided to this meeting in [7], [8] and [9], including  additional changes made compared to [4]-[6] and compares it to the SA2 approach.
2
Discussion

2.1
Deducing Requirements from SA2 documents

Taking the information from SA2 as provided in the LS [1] the following requirements can be deduced:

REQ 1: The E-UTRAN shall provide location information 
a)
when an E-RAB is dropped or
b)
when the UE is detached.
Note 1:
We understand that the requirement for scenario a) target at cases where the bearer is released in a manner that was not intended by the user, e.g. RLF, HO failure, probably E-UTRAN internal reasons like shortage of resources etc.

The same holds for scenario b), as the UE location is reported at every Uplink NAS Transport. So b) covers scenarios where the UE was not able to send an explicit Detach Request/Accept.
REQ 2: The location information shall feed (operator specific) functions like call performance analysis, User QoE analysis and proper billing reconciliation.

Note 2:
We believe that it would be worthwhile to understand in which way location information may serve the listed functions, more discussion below.
REQ 3: The solution shall specifically work for IMS sessions
Note 3:
We understand that the solution may need to differentate between the E-RABs’ QoS classes and should especially work for voice bearers.
2.2
Designing an approach along the requirements
2.2.1
How to Activate Reporting

For activating location reporting for the required scenarios there are two possibilities:

1.
Report at each release event once the eNB SW is upgraded. Optionally, the feature may be switched on/off via OAM.

2.
Specify a standardised method to allow the EPC to control reporting via an open and well defined S1 interface function.

We believe that RAN3 should investigate possibilities to follow the second approach.

And indeed, the S1 interface function providing 

-
means to the EPC to activate location reporting at well-defined trigger events

-
avoid reporting in cases where reporting is not needed

is the S1 Location Report function, the S1AP procedure supporting the activation of location reporting is Location Reporting Control.

2.2.2
When to Report

Another aspect is the observation that reporting would not be necessary in most cases, as a well deployed and configured network should enable resources to be released in a way that is in line with the user’s intentions.

We believe that the EPC functions would benefit from an accurate reporting, i.e. the information provided on S1 should reflect the actual event within the E-UTRAN as precise as possible, which would be only possible, if the trigger criteria are as precise as possible. E.g., following REQ 3, reporting would be not be necessary for all kinds of E-RABs.
2.2.3
What to Report
The location information provided on S1 may depend either on the scenario for which reporting should be performed or on the (operator specific) functions that needs to be served:

-
If billing reconciliation is the main aim:

Differentiated charging may be provided for a specific area, that either matches with cell or (tracking) area borders. Information about the location of the UE would need to be provided during the call, not only at call release.
Indeed, as reporting during the call for accurate charging should be already implemented/configured in existing networks it is questionable whether reporting the last known location at call release would provide any additional information.
-
Call performance/user QoE analysis:

If call performance is the main interest for reporting, location information should be delivered that help if providing proper user plane resources causes problems.

Subtile differentiation between control plane and user plane resources may not always be necessary in currently deployed networks, but could if the cell providing user plane resources is different from the (primary) cell via which control plane traffic is signalled.
2.2.4
Outlining the Alternative Approach

Taking into account all the requirements stated and discussed above the following solution has been designed.
a.
A new Event “E-RAB Release” is introduced within the Request Type IE provided in the . Location Reporting Control procedure. The eNB is requested to trigger location reporting  whenever an E-RAB is released (covering E-RAB- and UE Context release).

b.
A classification of the trigger condition for location reporting upon E-RAB Release is introduced: 
-
The MME may indicate within the Request Type IE the classifier “QCI” in order to allow the MME to receive only Location Reports upon release of E-RABs of a certain QoS Class. If the operator is only interested in reports e.g. for E-RABs established for VoLTE, this may reduce S1 signalling and system processing.

-
Whether the MME should receive location reports only in case of abnormal releases is left FFS for later discussions, see section 2.3.6.
c.
In addition to the CRs presented at the last meeting, the set of CRs provided to RAN3#82 considers a possibility to indicate a “global” reporting trigger.
The CR for 36.413 [9] introduces a new Report Applicability IE, defined as enumeration with a single code-point “All UEs”. By this it is possible to signal a single activation trigger per eNB instead of activating reporting for each UE individually.
Note:
There were three possibilities for the implementation of this “global” trigger:

-
Either allow the Location Report Control message to use non-UE-associated signalling (but this results in exceptional handling of the eNB/MME S1AP ID IEs which are define with mandatory presence)
(Note: the possibility to define a new S1AP message for that purpose without the IEs in question would be possible, but there is also advantage in (re-)using existing procedure logic)
-
Or to send this “global” trigger within an “UE-individual” Location Report Control message (which circumvents the exceptional handling)
-
Or utilise the S1 Setup/MME Configuration Update procedure to signal the trigger.


We decide to go for the first possibility. Exceptional handling should be easy achievable as the message would be received via a different SCTP stream.
d.
The eNB should ensure that reporting is performed in a way that correlating the location report to the release event is possible:

-
the eNB shall send the location report in a strict order relative to the actual release signalling.
(note, that this order will not be changed on S1, as SCTP guarantees in-sequence delivery)

-
the eNB could provide the E-RAB ID within the Location Report message to exclude any disambiguities.

e.
It should be possible to stop reporting upon E-RAB release via S1 signalling, i.e. an additional event is defined (“stop E-RAB Release reporting”).

2.3
Discussion of the alternative approach in light of the original SA2 proposal
2.3.1
Compliance with Requirements

Whereas the SA2 approach (and the corresponding CR for TS 36.413 in [3]) foresees to include location information within the related bearer-release and context-release procedures in S1AP, the alternative approach exploits the possibility to use the existing Location Reporting procedures.
We understand that both solutions meet the requirements in general. For further analysis we would need to look at additional criteria to understand the performance of each approach.
2.3.2
Protocol Design and Extensibility

The idea behind the alternative approach is to keep functions already assigned by existing procedures within such procedures.

Any extension to the new feature would necessitate protocol changes within the Location Reporting function only, whereas this would not be possible in the SA2 approach. This should not come to any surprise, as the location reporting function as such already exists from Rel-8 onwards and was well designed for that purpose. This is a clear indication that following a modular design principle really pays off.

We would also propose to follow a modular protocol design approach in future, assuming that protocols for the LTE system will be supported still for many 3GPP Releases. 

2.3.3
Relevance of the location reported

There is another aspect concerning requirement 2:

We would assume that the cell identity to be reported within the E-RAB Release or UE Context Release procedure should be the one where the RAB/context was established, i.e. the control plane anchor cell. This cell however may not be the one serving the UP bearer traffic.

In current deployments there are already cases of CoMP and carrier aggregation where CP anchor cell and UP cell can be different. In the future there will be eCoMP and dual connectivity small cells where this condition will be even more relevant.
Hence, it is clear that reporting the E-CGI of such cell for call performance/user QoE analysis may lead to errors and wrong conclusions for error handling. Future scenarios, where dual connectivity seems to be a very likely option will make the situation only more prone to errors.
2.3.4
Signalling and processing effort, impact on existing implementations
We also understood that location reporting upon E-RAB Release would be necessary primarily for voice bearers and in case an error occurred. The alternative approach may further limit the location reporting and ensures that respective data is only provided if the respective trigger conditions apply. An implementation following the alternative approach would have to take action on trouble shooting only when the event is reported, rather than having to check every E-RAB/Context Release message, just to find out that the majority of such messages are for bearers of no interest.
Another aspect is the fact that the requested new feature is a pure CN feature. Whereas in the original approach the feature would need to be activated by RAN O&M, the alternative solution would leave RAN O&M untouched and provide an activation mechanism via S1, this is yet another aspect showing benefits of a modular protocol design approach. 

It is true, that an additional message would need to be sent to the MME if the new feature is activated to report the UE location at release of all E-RABs and for all UEs, however, we would assume that the possibilities provided by the alternative approach would be utilised for the advantages presented in the discussion above, in which case the eNB would only report at very specific occasions. For example, in the future ULI reporting might be needed upon events not requiring triggering of any of the procedures used in the first solution (E-RAB Release, Context Release, etc.). One example could be ULI reporting at single bearer handover in dual connectivity, which is an event that may be invisible to the CN. With the Location Reporting  solution proposed, it would be easy to add or extend triggering events to allow for reporting also for such events. 
2.3.5
Meeting the timeline for standardisation
We understand the proponents of the new system function would like to finalise standardisation work by end of this year. Analysing the necessary changes to specifications it can be seen that work already performed in CT groups is not affected, one CR under SA2 responsibility for 23.401 would need to be slightly modified (changes to S1 release procedures will be removed and updates to the Location Reporting procedure will be added) and is provided to SA2#100 [11].
Indeed, changes necessary on the E-UTRAN side can be isolated quite well from work performed in other TSGs. There is no danger in meeting the requested time-line.

If additions to the agreed solution are being proposed or clarifications would be necessary, this can be done for most likely more than half a year, as stage 3 will not be frozen earlier. Further, it is even questionable, if Rel-12 versions for TSs under TSG RAN control will be created in December.
2.3.6
Further Enhancements
This last section outlines possible enhancements that could be discussed later-on:
a.
Should it be possible to explicitly indicate release-causes for which reporting shall be triggered (e.g. not-user-intended, radio failure, overload in e-utran, etc.) ?
b.
Should it be possible to indicate several QCIs in the Location Report Control procedure?
c.
Should it be possible to report a list of cells in case the E-UTRAN provides UP resources from more than one cell ?

3
Conclusion and Proposal

We have provided an analysis of requirements in section 2.1 and deduced how an alternative approach could be designed along those requirements.

We have provided a comparison of the original and the alternative solutions in section 2.3 showing that the alternative solution is able to meet the requirements in a more efficient and accurate way, being more future proof and aligned with existing protocol design principles.
Proposal 1:
It is proposed to agree on the set of CRs provided in [7], [8] and [9].

Proposal 2:
It is proposed to inform SA2 on the alternative approach (see draft LS in [10])

Proposal 3: It is proposed to continue discussing possible refinements of the agreed solution at the next meetings.
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