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1. Introduction
CSFB return LTE topic was discussed very long time in 3GPP SA2 since SA2#94 meeting (November, 2012). In SA2#97 May meeting, two contributions [1] [2] were agreed to add the requirements to enable the UE return back to the last used PLMN after CSFB as far as possible. In SA2#98 July meeting, the new added requirements were enhanced without changing the logic [3].

One new requirement was added to let the MME explicitly indicates the VLR for the MO-CSFB request. For the general MME function, it said (quoted from TS 23.272 subclause 4.3.2):

"-
When configured to support the return to the last used PLMN after CSFB:

· Indicating to the MSC that the MO CS service is due to CSFB by sending SGsAP-SERVICE-REQUEST as specified in TS 29.118 [44]."
In the procedural description for the MO call, it said (quoted from TS 23.272 subclause 4.3.2):
"1d.
If configured to support the return to the last used PLMN after CSFB, the MME sends the SGs Service Request message (CS MO call indicator) to the MSC in order to indicate that the CM service request message, as described in step 4b in this clause , is due to the CSFB via CS MO call."
This discussion paper attempts to provide observations on how to implement the above new added stage 2 requirements at stage 3 and cover other stage 3 issues in detail.
2. Stage 3 implementation
2.1 Reusing the existing SGs message
In the above SA2 description for the requirement, it clearly recommended that the MME should re-use the existing SGsAP-SERVICE-REQUEST message to indicate the VLR an MO-CSFB request was triggered. As proposed in CR [4] tabled in the CT1#84 Vienna meeting, a new service indicator called “CS MO call indicator” was defined and then included in the SGsAP-SERVICE-REQUEST message. This proposal can implement stage 2 requirement.

Note that the new stage 2 requirement was added since Rel-11. If taking the backward compatibility into count, then two cases need to be considered:

(1) Rel-11 onwards MME interfaces with pre-Rel-11 VLR:

Following the definition of Service indicator IE given in TS 29.118 subclause 9.4.17, the pre-Rel-11 VLR will treat this “CS MO call indicator” as a CS MT call. This looks strange for the VLR that received an SGs Service Request from the MME for an MT call but no MT call request received from GMSC for that UE. The VLR can treat the received SGs Service Request message as not compatible with the current protocol state. Then the VLR will handle it as specified in TS 29.118 subclause 7.3, quoted:

"The entity receiving a message that is not compatible with the protocol state shall return an SGsAP-STATUS message with the SGs cause information element set to "message not compatible with the protocol state" and the erroneous message."
However, this will not impact the VLR to handle the subsequent MO CSFB procedures (e.g. the CM Service Request or LAU request) after the UE successfully falls back to 2G/3G for MO-CSFB.
(2) Pre-Rel-11 MME interfaces with Rel-11 onwards VLR:
If the pre-Rel-11 MME is not configured to support the return to the last used PLMN after CSFB, then no SGsAP-SERVICE-REQUEST message sent to the VLR for MO-CSFB. No problem here. Even if pre-Rel-11 MME is configured to support this new feature, then the Rel-11 onwards VLR can work well.
2.2 Using a new SGs message
Even though SA2 does recommend to re-use the existing SGsAP-SERVICE-REQUEST message, from stage 3 point of view, to use a new SGs message is still an alternative way forward. If going this way, a new dedicated SGs message needs to be defined. This proposal can implement stage 2 requirement as well.

Also, if taking the backward compatibility into count, then two cases need to be considered as well:

(1) Rel-11 onwards MME interfaces with pre-Rel-11 VLR:

The pre-Rel-11 VLR will handle this new message as specified in TS 29.118 subclause 7.3, quoted:

"7.3
Unknown or unforeseen message type

The entity receiving a message with a message type not defined or not implemented shall ignore the message. The receiving entity shall return an SGsAP-STATUS message with the SGs cause information element set to "message unknown" and the Erroneous message information element containing the received message."
This will not impact the VLR to handle the subsequent MO CSFB procedure (e.g. the CM Service Request or LAU request) after the UE successfully falls back to 2G/3G for MO-CSFB.

(2) Pre-Rel-11 MME interfaces with Rel-11 onwards VLR:

If the pre-Rel-11 MME is not configured to support the return to the last used PLMN after CSFB, then no SGsAP-SERVICE-REQUEST message sent to the VLR for MO-CSFB. No problem here. Even if pre-Rel-11 MME is configured to support this new feature, then the Rel-11 onwards VLR can work well.

2.3 Evaluation
One can see both proposals in section 2.2 can implement stage 2 requirements very well. The evaluation of such two proposals are summarised as in the below table:

	Proposals
	Pros.
	Cons.

	
	
	MME impacted
	VLR impacted
	Backward compatibility issues

	2.1 Reusing the existing SGs message
	Re-using an existing SGs message
	Yes, a new trigger for sending SGs Service Request was added and a new service indicator was defined.
	Yes, the handling for the SGs Service Request message including a new service indicator needs to be specified.
	No*

	2.2 Using a new SGs message
	Without impact on the existing SGs procedures at both the MME and the VLR (e.g. no impact on the existing SGs Service Request procedure)
	Yes, a new SGs message was defined.
	Yes, the handling for the new SGs message needs to be specified.
	No


* For “2.1 Reusing the existing SGs message”, even it is strange for the pre-Rel-11 VLR to receive an SGs Service Request message without MT SGs paging, but the VLR can handle the subsequent MO CSFB procedure as well.
3. MO CSFB monitoring
During the offline discussion in CT1#84 Vienna meeting, it was commented that for the new added MO-CSFB indication, a similar monitoring mechanism was proposed to be added at the VLR as done for MT-CSFB [5]. 
The existing CSFB monitoring mechanism added in TS 29.118 subclause 5.15 was only for the MT-CSFB case, i.e. to supervise whether the UE can successfully fall back to 2G/3G after sending the SGs paging. Without this mechanism, the MT call will be unnecessarily kept for a long time at the network side in case of fall back failure, which wastes the network resources. So for the MT-CSFB, such monitoring mechanism does improve the system efficiency for the CS call handling. Below trying to analyze whether the similar monitoring mechanism at the VLR is needed for the MO-CSFB as well:
3.1 Monitoring for call handling
For the call handling, the thing is much different at the VLR for MO-CSFB. Before receiving the indication from the MME for the MO-CSFB, nothing has done at the VLR for this MO call, typically, no resources has allocated by the network for this MO call. After receiving the indication from the MME for the MO-CSFB, the VLR needs not provide any specific handling (e.g. allocate the resources for the call) before receiving the request via A/Iu-cs interface from the UE. Even the subsequent fallback is failed, nothing was hung at the network side. So there is no problem at the VLR without such monitoring mechanism.
Furthermore, as agreed in the CR C1-133036 [6] and C1-133626 [7], if the failure of MO-CSFB is due to unable to find a suitable GERAN or UTRAN cell or receive a CS fallback cancellation request from the upper layers, then the MO-CSFB procedure will be aborted and the UE still stays in LTE and then triggers a TAU procedure. So the resources for the MO-CSFB will be released in time if the MO-CSFB fails.
In short, cannot see the problem for the MO call handling at the VLR if no monitoring mechanism was defined, e.g. the similar problem (i.e. the call will be unnecessarily kept for a long time at the network side) for the MT-CSFB does not exist.

3.2 Monitoring for call statistics
If the VLR implemented a feature for the MO call statistics (for both success and failure cases), one can see a monitoring mechanism is required to enable the VLR to determine whether an MO-CSFB is successful or not. One problem at the VLR for the MO call statistics may happen in some cases, if there is no such monitoring mechanism, e.g.:

(1) The UE initiates the 1st MO-CSFB request to the MME;

(2) The MME sends an MO-CSFB indication to the VLR;

(3) No monitoring mechanism (e.g. no supervised timer is started) is performed at the VLR after receiving the indication from the MME;

(4) The UE fails to fall back to 2G/3G and then stay the LTE. The 1st MO-CSFB request is aborted.
(5) Later (e.g. after 2 min.), the UE initiates the 2nd MO-CSFB request to the MME;
(6) The MME sends an MO-CSFB indication to the VLR;

(7) No monitoring mechanism (e.g. no supervised timer is started) is performed at the VLR after receiving the indication from the MME;

(8) The UE falls back to 2G/3G successful. The VLR counts this MO-CSFB as successful.
In above step (4), the VLR will not count that MO-CSFB as failed. Hence in the above case, for two MO-CSFB attempts, the VLR only counts once as successful. From this point of view, it does make sense to specify a monitoring mechanism for MO call statistics, e.g., upon receipt of an MO-CSFB indication from the MME, the VLR starts a timer. At the expiry of this timer, the VLR counts this MO-CSFB as failed.

4. Conclusion
It is proposed that CT1 discusses the possible ways to implement the stage 2 requirements for MO-CSFB indication and decides one way forward.
The preferred proposal for “reusing the existing SGs message” is described in the CRs C1-133740 (Rel-11) / C1-133741(Rel-12). 
Furthermore, it is proposed that CT1 to discuss whether to add the similar monitoring mechanism at the VLR for the MO-CSFB is needed. It is concluded that for the call handling, there is no need to specify a monitoring mechanism for the MO-CSFB but for the call statistics, such monitoring mechanism is required. 
In our view, to add the monitoring mechanism for the MO-CSFB is just an auxiliary feature for MO-CSFB indication and can be discussed separately.
References
[1] S2-132184, “How CSFB UE return back to the former LTE PLMN”, SA2#97, May 2013.

[2] S2-132185, “CN signalling for allowing UE return to former LTE PLMN after CSFB”, SA2#97, May 2013.
[3] S2-132798, “How CSFB UE return back to the former LTE PLMN”, SA2#98, July 2013.
[4] C1-132907, “MO CSFB indication”, CT1#84, August 2013.
[5] C1-133627, “CSFB supervision via timer Ts5/Ts14 and CFNRy/CRNRc handling”, CT1#84, August 2013.
[6] C1-133036, “Clean-up of agreed correction for failed CSFB cases”, CT1#84, August 2013.
[7] C1-133626, “TAU trigger at return to LTE after CSFB cancellation”, CT1#84, August 2013. 
