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Abstract of the contribution: 3GPP TS 23.271 currently requires an MME to abort an LCS session when the S1/RRC connection is released. It is shown here that an abort is not needed if S1/RRC release occurs due to UE inactivity. Alternative solutions to support this are then evaluated leading to a preferred solution that is proposed here for approval.
1.
Background
The LCS exception procedures for an MME defined in section 9.4.3a of 3GPP TS 23.271 require an MME to abort a location session if the S1 and RRC Connections are released. In the case that the release is instigated by the serving eNodeB, the MME will receive an S1-AP UE Context Release Request identifying the S1 connection and providing a cause value (e.g. see 3GPP TS 36.413 sections 8.3.2.2 and 9.1.4.5). The MME is then expected to release the S1 connection using the procedure defined in section 8.3.3 of 3GPP TS 36.413.
For some release cause values (e.g. “Radio Connection with UE Lost”), aborting an ongoing location session makes sense because location measurements may no longer be possible by, or no longer be obtainable from, the UE and eNodeB. In this case, the MME would send an LCS-AP Location Abort Request to the E-SMLC on the SLs interface  as described in section 6.3.1 of 3GPP TS 29.171 and the E-SMLC would confirm the abort by returning an LCS-AP Location Response message to the MME which could carry some “best effort” location estimate for the UE as obtained by the E-SMLC using already obtained location data (e.g. the serving cell ID).
However, for the release cause value of “User Inactivity” there is no reason to abort the the LCS session. This release cause may arise when the E-SMLC has instructed the UE (using LPP) to perform positioning measurements and possibly positioning computation for some positioning method that requires significant time to complete – e.g. A-GNSS in an environment where GNSS satellite signal levels are very low. If no other EPS activity is then ongoing (i.e. no data or voice transfer and no EMM and ESM procedures), the eNodeB may not observe any activity from the UE until such time as the UE needs to return positioning measurements or a computed position to the MME using LPP. If the duration of inactivity last at least several seconds (e.g. 5 or 10 seconds or more), the eNodeB could request the MME to release the S1 and RRC connections in order to conserve resources. However, the LCS session could still continue in this case as discussed further down – e.g. if the release of the S1/RRC connections was delayed or if the UE and MME were permitted to trigger a new S1/RRC connection some time later when positioning information next needs to be transferred using LPP.
It might be assumed that the probability of S1/RRC connection release occurring due to UE inactivity on an actual LCS session would be very low and therefore there is no urgent need to provide a correction. For example, if this assumption were true, only a small fraction of LCS requests would fail and, in any case, the E-SMLC could generally still provide a location estimate with at least cell level accuracy when this occurred. However, this assumption will sometimes be false.

One case where the assumption can fail concerns location support by an operator for lawful interception. In this case, the operator may be expected to provide a high accuracy location estimate when certain events occur (e.g. after a call is completed) or at periodic intervals (e.g. every 15 minutes). The E-SMLC may then invoke A-GNSS but because there may be no other EPS related activity then ongoing, the eNodeB may timeout before the positioning is complete resulting in, at best, a location estimate with cell level accuracy being provided instead of a more accurate A-GNSS based location. If the user is indoors or in a dense urban environment, the chances of this happening may be significant. 
Another case where the assumption may fail would be a value added location request from an external client where high accuracy is needed (e.g. to support a friend/relative/asset finder service or to provide precise navigation related directions). Again, the E-SMLC may invoke A-GNSS positioning and the eNodeB may timeout on EPS related inactivity.

The above examples demonstrate that a correction to the problem may be justified if not too complex. 

2.
Alternative Solutions
2.1
MME continues the LCS Session

With this solution, the MME would accept a request from the serving eNodeB to release the S1/RRC connections when the provided cause indicated “user inactivity” but would continue (and thus not abort) any ongoing LCS session. In order to transfer positioning results at some later time from the UE to the MME (using LPP), the UE would then first need to perform a UE triggered service request (e.g. as defined in 3GPP TS 23.401 section 5.3.4.1) in order to restore an S1/RRC connection after which the positioning results could be transferred using LPP. UE support for this is already defined in 3GPP TS 36.305 (see section 6.4.2) so this is actually not a new impact. 
If instead, the E-SMLC needs to send a positioning related message to either the UE (e.g. to request another positioning method or provide assistance data) or the eNodeB (e.g. to request network based positioning measurements) and the S1/RRC connection has been released, then the MME would first need to perform a Network Triggered Service Request (e.g. see 3GPP TS 23.401 section 5.3.4.3). This would restore the S1/RRC connections enabling the MME to then send either an LPP positioning message to the UE or an LPPa positioning message to the eNodeB. MME support for this was originally present in 3GPP TS 36.305 in version 9.1.0 (in sections 6.4.2 and 6.5.2) but was removed in version 9.2.0 of TS 36.305 after it was verified that an LCS session would always start off with an S1/RRC connection. The possibility of the S1/RRC connection later being released due to user inactivity was not at that time perceived. An attempt was made at RAN2#79 to restore the original capability removed from TS 36.305 version 9.1.0 with the expectation that SA2 could then agree to a change to 3GPP TS 23.271 to make “user inactivity” an exception to aborting an LCS session due to release of the S1/RRC connections (e.g. see R2-124009 for the Rel-9 CR). However, some companies were not convinced that this was the best solution and requested that SA2 first look at the overall problem and decide a preferred overall solution.
Hence the solution whereby the MME continues the LCS session would have the following impacts:

· TS 23.271 (SA2): change section 9.4.3a to make a cause of user inactivity an exception to the MME aborting an LCS session when an eNodeB requests release of the S1/RRC connection

· TS 35.305 (RAN2): change sections 6.4.2 and 6.5.2 to require an MME to perform a Network Triggered Service Request when an LPP or LPPa positioning message needs to be transferred to the UE or eNodeB, respectively, and the UE is in ECM-IDLE state

· TS 29.171 (CT4): change section 6.4.1 to no longer indicate that LCS session abort occurs for S1/RRC connection release due to user inactivity
The above impacts are to the MME and do not affect the UE, eNodeB or E-SMLC. They also appear to be simple and straightforward.

2.2
MME Defers the S1/RRC Connection Release

With this solution, the MME would not immediately release the S1/RRC Connection when requested by a serving eNodeB if the cause for the request was “user inactivity”. Instead, based on there being an ongoing LCS session, the MME would defer the release until either the LCS session was normally terminated or some timeout on this occurred.

The above appears to be permissible from an eNodeB perspective because TS 36.413 states in section 8.3.2.2 for the UE Context Release Request procedure that “The UE Context Release procedure should be initiated upon reception of a UE CONTEXT RELEASE REQUEST message”. So it looks like the MME does not need to perform the procedure immediately.

One potential problem with this would be an eNodeB that started to release resources associated with the S1/RRC connection immediately in anticipation of a release command from the MME. This might be a poor implementation but would then cause problems regarding continued use of the S1/RRC connection.

A more likely problem would be an eNodeB that waited for release from the MME and when such a release was not forthcoming (e.g. following a few seconds timeout) issued a second UE Context Release Request with a different cause value (e.g. a cause value of “Unspecified”). When the MME sees the different cause value, it will abort the LCS session and so the deferral will have been in vain. We have heard secondhand that such behavior has indeed been seen in practice by a certain US operator.
This solution is thus simple but does not appear to be reliable.
2.3
MME informs the eNodeB about an LCS Session
With this solution, an MME would keep an eNodeB informed in some way about the existence of one or more LCS sessions for a UE. For example, the MME could send a message to the eNodeB when an initial LCS session was started, but might not inform the eNodeB when additional LCS sessions were started. The MME would also inform the eNodeB when the LCS session or a last LCS session was terminated. The eNodeB would then not issue a request to release the S1/RRC connections due to user inactivity. If there was intra-MME handover to a new eNodeB, the same information would be provided to the new eNodeB.

While an E-SMLC instead of an MME could send the same information to the eNodeB using LPPa, a problem would arise when intra-MME handover occurred as the E-SMLC would not be aware of the change in eNodeB. However, this could be solved by having the source eNodeB include the status of LCS sessions in the data sent to the target eNodeB via either the MME or the X2 interface.
This solution appears reliable but would impact either (a) the MME and eNodeB or (b) the E-SMLC and eNodeB. The impact to two entities and the change to one signaling interface in case (a) and two signaling interfaces in case (b) make this appear more complex than the correction described in section 2.1

3.
Conclusions

The description of the problem in section 1 shows this may adversely affect network operator support of high accuracy location support for both lawful interception and value added services. Therefore a correction starting in Rel-9 seems justified.
The description of the 3 alternative solutions in section 2 shows that the simplest reliable solution would be the one described in section 2.1 involving the following impacts:

a) TS 23.271 (SA2): change section 9.4.3a to make a cause of user inactivity an exception to the MME aborting an LCS session when an eNodeB requests release of the S1/RRC connection

b) TS 35.305 (RAN2): change sections 6.4.2 and 6.5.2 to require an MME to perform a Network Triggered Service Request when an LPP or LPPa positioning message needs to be transferred to the UE or eNodeB, respectively, and the UE is in ECM-IDLE state

c) TS 29.171 (CT4): change section 6.4.1 to longer indicate that LCS session abort occurs for S1/RRC connection release due to user inactivity

It is thus proposed to agree a CR to TS 23.271 starting in Rel-9 for (a) and to send an LS to RAN2 and CT4 to notify them of this correction and advise them of the further corrections that may be needed in (b) and (c). 
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