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1. Introduction

This paper discusses the issues and specification impacts related to CSFB Emergency Call.

2. Discussion

At SA2#96, CRs on LAU-less Emergency call with CSFB (23.272 S2-131288-90, CR#0854r3, 0862r2, 0863r2) were agreed from Rel-9 onwards. However upon further checks it seems that more factors need to be considered to assess the proper handling on the UE and the network side. 

A). What are the issues?

The issue and justification of SA2 CR is described in S2-130341:

In normal MO/CSFB call, UE shall first check the current LA (Location Area) of the serving cell and then performs LAU (Location Area Update) procedure if required. After that, the UE can then continue the CS call setup procedure with MSC.

In emergency/CSFB call, the UE is not required to perform the LA check and can immediately start the CS call setup procedure with the MSC. This is allowed due to stage 3, TS 24.008:

 “In the case that the mobile station is initiating an emergency call but, due to cell re-selection or redirection by the network, it moves to a different LAI then the mobile station may delay the location updating procedure in the new LA until after the emergency call is completed”. 

For this case, UE uses IMSI for the CS emergency call setup.

 …without LAU, the UE is unknown in the serving MSC/VLR; the HLR is no longer having the current serving node information. This results in an issue with Mobile Terminating Location Request (MT-LR) procedure initiated by PSAP.
So essentially, the issue and justification of SA2 CRs are entirely based on this 24.008 text. 

B). Is LAU required before Emergency call?

There are several considerations:

1). One critical usage of the UE’s location during emergency call is for PSAP callback.  According to 22.101, PSAP callback support is mandatory for core network: 

10.1.3 Call-Back Requirements
Subject to local/regional regulations the network shall support a call-back from a PSAP. 
It shall be possible to supply the user’s Directory Number/MSISDN/SIP URI as the CLI to the PSAP to facilitate call-back. The CLI used on call-back shall allow the PSAP to contact the same terminal that originated the emergency call. 
In order to support PSAP call-backs, the MSC/VLR needs to retrieve the MSISDN from the user’s subscription during the emergency call. Additionally, the HLR needs to have the information about the MSC that is currently serving the mobile, otherwise, Mobile Terminating Location Request (MT-LR) procedure initiated by PSAP cannot be performed. This requires the mobile to perform location update before emergency call to trigger MAP Update Location to the HLR for storing these information. Therefore for emergency call, performing LAU is essential and mandatory in order for PSAP callback feature to be able to work properly. It should be emphasized that emergency call without LAU should not be a normal case behaviour.
2). Based on this principle, correction on PSAP Callback for eCalls has been agreed from Rel-8 onwards back in 2011 (C1-114224).  It was clarified that eCall mobile station needs to initiate a Location Updating procedure in addition to going through MM and CM procedures for establishing the emergency call:
-
if there is a CM request for an emergency services call: the mobile station should follow the procedure for return to state MM-IDLE in subclause 4.2.3 and attempt a location update.  The MS then uses the MM and CM procedures to establish the emergency call at the earliest opportunity; or 

NOTE:
If an eCall device has not successfully completed a location update procedure, PSAP callback will not be possible due to its calling line identity being unavailable at the PSAP.
Note that although performing LAU is essential and mandatory in order for PSAP callback feature to be able to work properly, the word “should” is used here instead of mandatory “shall”.  This is because for eCall, the two special cases exist when the UE does not need to attempt LU before eCall: there could be eCall device that just transmits the minimum set of eCall data but does not have any microphone for speech information, and UE in limited service already knows that the LU will not succeed.  These special cases are not applicable for here for CSFB emergency call. CSFB capable mobiles are voice call capable and support for PSAP call-back remains mandatory per regulatory requirements. 
3). In fact, current Mobile Origination Call requirement in 23.272 is very clear that CSFB UEs are mandated to initiate Location Area Update procedure whenever the location area of the fallback cell is different from the one stored in UE regardless whether the fallback call is emergency call or not: 
4a.
If the LA of the new cell is different from the one stored in the UE (which is received as part of Combined Attach/TAU procedure in E-UTRAN), the UE shall initiate a Location Area Update procedure as follows:

-
if the network is operating in NMO-I (Network Modes of Operation), the UE shall initiate a separate Location Area Update before initiating the RAU procedure instead of a Combined RA/LA Update procedure (to speed up the CSFB procedure); or

-
if the network is operating in NMO-II, the UE shall initiate a Location Area Update before initiating the RAU procedure required for PS handover.


6d.
…
If the LA of the new cell is different from the one stored in the UE, the UE (which is received as part of Combined Attach/TAU procedure in E-UTRAN) shall initiate a Location Area Update regardless of the different Network Modes of Operation (NMO). The UE shall set the "follow-on request" flag in the LAU Request in order to indicate to the MSC not to release the Iu/A connection after the LAU procedure is complete. The UE shall indicate to the target MSC that this is an originating call establishment as a result of CSFB by including the CSMO flag. Further the UE performs any Routing Area Update procedure as specified by TS 23.060 [3].

Given the importance of UE’s location during emergency call, LAU is more critical to emergency call than normal call, not the other way around. The argument used in S2-130341 that “For emergency call using CSFB, the UE can immediately proceed with CS call using IMSI without first performing location area update procedure even when LA of the serving cell is different from the one that UE has stored internally” does not make sense logically.

It is noticed that this requirement somehow is missing in the bullet list where conditions for mandatory LAU initiation are specified in clause 4.4.1. This condition needs to be added.
4). Regarding the text quoted in 24.008 that was used as base and justification for SA2 change:

In the case that the mobile station is initiating an emergency call but, due to cell re-selection or redirection by the network, it moves to a different LAI then the mobile station may delay the location updating procedure in the new LA until after the emergency call is completed.

History check shows that this text is very old text inherited from Rel6, prior to introduction of PSAP callback feature. Given that this text would cripple PSAP callback feature, it should have been removed when PSAP callback feature was implemented but unfortunately this was forgotten.

Conclusion 1:  It is proposed to add the missing condition for triggering mandatory LAU during CSFB if the location area of the current cell after CS fallback is the different from the one stored in the UE. In addition it is proposed to remove the above mentioned contradicting text from clause 4.4.1 in 24.008 from Rel-9 onwards.
C). Network side handling in case legacy UE does not perform LAU or if LAU fails
Since the quoted 24.008 text has been in spec since Rel6, it is possible that these legacy UEs may not perform LAU before the CSFB call even if the location area of the fallback 2G/3G cell is the different from the one stored in the UE. In addition, it is also possible that UEs may have performed LAU before the CSFB call, however the LAU is not successful. 

Note that the same situation (no LAU before emergency call) could also happen for non CSFB case if the UE is in limited service state.

In these situations, it may be desired to implement a workaround on the network side in order to allow PSAP callback to be supported for these UEs.

SA2 agreed a network based solution from NSN (S2-131288) in SA2#96 meeting. The idea is in case the UE does not perform LAU during emergency call, network will make implicit Location Update to the HLR on behalf of the UE. Furthermore, When MME detects that the CSFB request is due to emergency call, it marks the SGs association as not valid (i.e., move to SGs-NULL state).

Based on local operator policy, if the MSC/VLR is required to handle emergeny call setup with IMSI, the network may perform the additional procedure defined in sub-clause 4.6.2.

NOTE 2:
When the target RAT for emergency call due to CSFB is selected based on cell re-selection or redirection by the network and the UE moves to a different LA then it is possible that the UE continues the emergency call setup without performing a location updating procedure. In this case, the UE performs the emergency call setup with IMSI. 

4.6.2
Procedures to handle emergency call setup with IMSI

This procedure is only invoked when permitted by the operator policy.

When MME detects that the CSFB request is due to emergency call, it shall mark the SGs association as not valid (i.e., move to SGs-NULL state) and continue with the CSFB procedure. If ISR is active, MME shall initiate DETACH REQUEST message with the detach type set to "IMSI detach" via S3 to the associated SGSN. 

NOTE 3:
This DETACH REQUEST is to deactivate ISR in the UE so that combined EPS/IMSI TAU will always be performed when UE returns to E-UTRAN as described in subclause 6.5. 

When MSC/VLR receives CS emergency call setup with IMSI due to CSFB and this IMSI is unknown, the MSC/VLR shall perform a Location Update procedure to the HLR on behalf of the UE after it successfully authenticated the UE.

However there are undesired consequences with this approach that need to be further analyzed:

Issue 2.1). Implicit location update and MAP Update Location procedure by MSC
Currently in 3GPP specification, location update is always initiated by the MS. There is no mentioning of implicit location update in 23.012. In fact 23.012 defines location update as:

The action taken by a MS in order to provide location information to the PLMN will be referred to as location updating.
Also as per TS 23.018, an MSC/VLR does not perform the implicit LAU and MAP Update Location procedure on behalf of the UE during an emergency call (even if the UE has a valid IMSI) if the UE did not perform a Location Update procedure prior to the emergency call:

-        Figure 6: Process OCH_MSC: upon receipt of CM Service Request, the MSC initiates the “Process_Access_Request_MSC” procedure which leads to forward this request to the VLR (see Figure 7a: Procedure Process_Access_Request_MSC (sheet 1))
-        Upon receipt of that request, the VLR calls the procedure “Process_Access_Request_VLR), see Figure 7.1.2.1: Process OCH_VLR 
-        In Figure 7.1.2.2a: Procedure Process_Access_Request_VLR (sheet 1), the VLR goes into circle 1 (which leads to update the HLR if necessary in Figure 7.1.2.2b) only if the IMSI is known in the VLR (see also Figure 7.1.2.4: Procedure Obtain_Identity_VLR), i.e. only if there is already an IMSI record in the VLR at the time the emergency call is received.

In 24.008 clause 4.4.1, it is specified that “The location updating procedure is always initiated by the mobile station”:
The location updating procedure is a general procedure which is used for the following purposes:

-
normal location updating (described in this subclause);

-
periodic updating (see subclause 4.4.2); or

-
IMSI attach (see subclause 4.4.3).

…

The location updating procedure is always initiated by the mobile station.

Conclusion 2:  Allowing implicit location update somewhat contradicts existing specifications and handling principles.
 
Issue 2.2). UE and HLR de-synchronization resulting in subsequent MT call failure
When the MSC/VLR is allowed to perform implicit location update, it would de-synchronize the information stored on the UE and on the HLR. If by chance, the UE does not re-synchronize (by LAU or combined EPS/IMSI TAU) with the HLR, then subsequent MT call will fail. 

At least the following two scenarios have been identified at the moment that can lead to UE and HLR de-synchronization and more scenarios are possible:
a). De-synchronization happens when UE is redirected back to LTE immediately after CSFB call  

This is explained in S2-130341:

With “fast return” feature or certain SPID setting, LAU is not done in CS domain as it is redirected back to LTE immediately. At this point, UE may not perform combined TAU; hence, no way to re-establish the SGs association with the CS domain and not able to update the HLR with the correct MSC address. If HLR is not updated with the correct serving MSC address, all MT related services (MT call or MT-SMS or MT-LR) would fail. 
b). De-synchronization happens after CS handover to original LA
This can be shown using the following scenario:

1. UE is IMSI attached via MME to MSC/VLR1 in LA1

2. The UE initiates the emergency call in MSC/VLR2. UE performs CSFB to LA2, no LAU is performed, MSC/VLR2 performs implicit Update Location, Cancel Loc is sent to MSC1

3. UE is handed over to MSC/VLR1 in a cell belonging to LA1
4. Call is released
At step 4, when the call is released, the UE will not perform LAU (no LA change for the UE). The PSAP will not be able to page the UE and all MT related services would fail. 
For scenario a): 

SA2 agreed NSN’s proposal to address scenario a) by setting SGs association state to NULL, so that when UE returns to LTE SGs-LUR can be initiated to re-establish SGs and update HLR with correct MSC/VLR information.

However this workaround has deficiencies:

· Based on this proposal, whenever the UE initiates CS emergency call, the MME would blindly mark the SGs association to not valid and move to SGs-NULL state, regardless whether there has been a Location Area change or not, and in case yes, whether the UE has made Location update or not. Given that in normal case (majority of the time), there will probably be no location area change involved during CSFB, and even if there is location area change, most likely the UE will make location update if it is compliant with 23.272 requirement, implementing this proposal would mean undesired side effects to ALL mobile originating CS fallback emergency call, and sacrifice normal case behaviour to fix rare/abnormal case behaviour!  Is this acceptable?

When MME detects that the CSFB request is due to emergency call, it shall mark the SGs association as not valid (i.e., move to SGs-NULL state) and continue with the CSFB procedure. 
5.X.3
State transitions in the MME

Based on operator policy, if the MME receives Extended Service Request for mobile originating CS fallback emergency call, the MME shall change the state of the SGs association to SGs-NULL.
· Even if we allow this workaround at the expense of all CSFB emergency calls, still whether the proposal works or not depends on whether the UE initiates a combined TAU after returning back to LTE because otherwise SGs LUR cannot be triggered.  But can this initiation of combined TAU by UE after returning back to LTE be guaranteed?  
According to 24.301, the UE operating in CS/PS mode 1 or CS/PS mode 2 only initiate the combined tracking area updating procedure if the UE previously either performed a location area update procedure or a combined routing area update procedure in A/Gb or Iu mode before it returns back to LTE:
d)
when the UE performs an intersystem change from A/Gb or Iu mode to S1 mode, and the UE previously either performed a location area update procedure or a combined routing area update procedure in A/Gb or Iu mode, or moved to A/Gb or Iu mode from S1 mode through an SRVCC handover or moved to Iu mode from S1 mode through an vSRVCC handover. In this case the EPS update type IE shall be set to "combined TA/LA updating with IMSI attach";
But the scenario to be fixed here is the case where the UE DOES NOT initiate location update after fallback to 2G/3G. So there is no guarantee UE would trigger combined TAU after returning back to LTE.
For scenario b): 
It has been discussed during offline that the de-synchronization issue can be solved by having the MSC2 ask the UE to perform TMSI reallocation and indicates LA2 in Step 2. 
Issue 2.3). non-CSFB emergency call without LAU case
Given that the text in 24.008 is an old text back from Rel6, it is possible that the MS in 2G/3G environment could have the same situation where LAU-less emergency call is made due to either the MS is in limited service state, or the LAU has failed or the MS simply initiated emergency call without LAU. 

Instead of implicit LU from the MSC/VLR, a solution where the MSC sends a SRI for LCS (as if it would be a GMLC) would even solve the issue in the above NOTE: the MSC will get the MSISDN from the HLR via the SRI-for-LCS response.

If a solution is to be introduced for legacy UE to address the LAU-less issue, then the solution needs to work for both CSFB and non-CSFB case.
So far the CR agreed in SA2#96 meeting only addresses the CSFB case, at expense of good behaving UEs (all UEs that make CSFB emergency calls are penalyzed), causes de-synchronization issues, is it really worth it?
Also keep in mind that when Rel8 eCall CR was agreed, it is recognized and accepted that there might be cases where LAU is not possible due to either the MS is in limited service state, or the LAU has failed, the only handling is by introducing a NOTE to hint that PSAP callback will not be possible in case of failed LAU:

“If there is a CM request for an emergency services call: the mobile station should follow the procedure for return to state MM-IDLE in subclause 4.2.3 and attempt a location update. The MS then uses the MM and CM procedures to establish the emergency call at the earliest opportunity; 

NOTE: If an eCall device has not successfully completed a location update procedure, PSAP callback will not be possible due to its calling line identity being unavailable at the PSAP.”

Conclusion 3:  
- UE performs emergency call without location update can happen, but this may only occur for very small fraction of UEs and is part of the abnormal cases. 
- Whether the network should provide remedy to fix the abnormal case will depend on cost versus gain. If the cost is too much, it is not worth it as these are abnormal cases to begin with and also keep in mind that these abnormal cases are nothing new. 
- We should not sacrifice normal case behavior to save abnormal case behaviour. Performing implicit location update can lead to UE and HLR de-synchronization. Marking the SGs association as not valid for all emergency calls affects normal case behaviour for mobile originating CS fallback emergency call and could have potential service impact. The pros and cons needs to be carefully considered.
3. Conclusion

It is proposed that CT1 has further discussion on these considerations. CRs implementing conclusion 1 are provided in C1-132828, C1-132829, C1-132830 and C1-132831.



















