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Abstract of the contribution: This paper discusses the open issues for ISR&CSFB and proposes to adopt a simple solution for ISR in CS Fallback.
1. Introduction

This contribution discusses the open issues for current ISR solution in CS Fallback scenario. It also proposes to adopt a simple ISR solution in CS Fallback, which can be used to solve all those open issues under the principle of ISR as specified in TS 23.401.
2. Discussion
The current ISR solution for CS Fallback described in TS 23.272 reuses the principle of ISR as specified in TS 23.401 simply without considering the particularity of CS Fallback. So it brings on a number of open issues which could result in failure for ISR in CS Fallback.
2.1 Open Issues

Issue1: Gs interface has to be updated in order to include CM information
In CS Fallback scenario, the CS service related information (e.g. CS service indicator, optional CLI and etc.) should be included in the paging message via SGs interface to MME, and the MME can decide how to page the UE according to those information. For example, when the UE is in EMM-CONNECTED status, the MME doesn't need to page UE for SMS service but should send NAS page message to the UE for CS call service.
According to the current ISR solution in CS fallback, the MSC/VLR sends page message via Gs interface to the SGSN when Gs interface is active, and then the SGSN forwards page message via S3 interface to the associated MME. Because MME needs to decide how to page UE in E-UTRAN according to the CS service related information, the MSC/VLR must send CM information via Gs interface and S3 interface to the MME, which means the Gs and S3 interface must be updated to include CM information.
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Figure 1: Call flow when ISR is active and Gs is active

Issue2: The SMS would fail in TA/LA misalignment case
It’s difficult to avoid the problem of TA/LA misalignment in CS fallback. So the Roaming Retry procedure is selected to solve the problem during the fallback to GERAN/UTRAN procedure as described in clause 7.5 of TS 23.272. However, the problem of TA/LA misalignment still exists when the UE returns back to E-UTRAN, but it will not impact on the network when ISR is not introduced, and the UE can perform combined TA/LA Update procedure to re-select the old MSC/VLR once it returns back.
But when ISR is active, the problem appears. After the voice call is terminated, the UE may return back to E-UTRAN by performing Cell Reselection procedure. As ISR is active, the UE should not initiate combined TA/LA Update procedure to re-establish SGs association with the old MSC/VLR when the current TAI is in the TA list allocated to the UE. So the UE is severed by the new MSC/VLR.
In that case, when there is an incoming MT SMS, as shown in step 5b in Figure 2 below, based on TA/LA mapping configured in MME, the MME is to re-establish the SGs association towards the old MSC/VLR rather than the new MSC/VLR and then SMS delivery encounters a failure.
And the current Roaming Retry procedure can not be reused simply here, because it only defines the handling for CS voice service not including SMS in TS 23.018 and the MSC/VLR would delay until LAU procedure finishes.
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Figure2: Call flow in TA/LA misalignment

Issue 3: MSC needs to be updated to be aware of ISR status
In clause 4.3.3 of TS 23.272, it says:

The CS fallback enabled MSC supports the following additional functions:

-
Maintaining SGs association towards MME for EPS/IMSI attached UE.

-
Paging on SGs and Iu/A in parallel.

-
Supporting SMS procedures defined in this document.
Does paging on SGs and Iu/A in parallel mean that MSC/VLR will page UE via Iu/A and SGs at the same time?
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Figure 3: MSC paging in Iu/A and SGs in parallel
If yes, then the following procedure can be used for CSFB&ISR as shown in Figure 3:

For MT Call, MSC pages the UE in both E-UTRAN and GERAN/UTRAN and the UE will receive the CSFB paging either in E-UTRAN or GERAN/UTRAN.

So, it seems that paging on SGs and Iu/A in parallel can solve the CSFB/ISR problem without introducing impacts to SGSN/MME and S3 interface as described in TS 23.272 and the Gs interface doesn’t need to be updated.
But the MSC/VLR shall be updated to be aware of ISR status of SGSN and MME, and additional ISR notification mechanism must be defined between MSC/VLR and SGSN/MME. So MSC/VLR can page the UE via SGs and A/Iu-cs in parallel only when it is aware that the ISR is active between the SGSN and MME.
2.2 Solution 

As described above, there are a number of issues or problems for the current ISR solution or potential ISR solution in CS fallback:

(1) The legacy Gs interface needs to be updated.

(2) SMS would fail in TA/LA misalignment case.

(3) The MSC/VLR needs to be updated to be aware of the ISR status.
So, we need to define a new simple ISR solution in CS fallback, which can solve all those problems and has less impact on the legacy entity and current mechanism (e.g. ISR mechanism).
The principle of the simple ISR solution is described as following:

1) The MSC/VLR keeps either Gs association or SGs association at the same time;

2) When ISR is active, the SGs association must be active when the UE is in E-UTRAN;

3) When ISR is active, the UE must be in GERAN/UTRAN when Gs association is active.

4) When ISR is active, the UE can be in GERAN/UTRAN with SGs association is active, which is according to the principle of ISR. In this case, the page message should be forwarded from MME to SGSN when MT service comes.
ISR can be activated during the combined RA/LA Update procedure or combined TA/LA Update procedure as specified in TS 23.401.

In order to fulfil the above principle, once the UE returns back to E-UTRAN and camps in the original TA or TA list, it shall perform combined TA/LA Update procedure in order to re-establish the SGs association when ISR is active and the SGs association is removed.
When UE fallbacks to GERAN/UTRAN and camps in the original RAI allocated during ISR activation procedure, it needn’t perform combined RA/LA Update procedure according to the principle of ISR. In this case, the SGs association is kept as active.
2.3 Call Flows 

Based on the above mechanism, the call flows for the simple ISR solution are described as following:

In case of no TA/LA misalignment:
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Figure 5: MT Call in case of no TA/LA misalignment

(1) UE camps in E-UTRAN with established SGs association with MSC/VLR. 

(2) When MT service comes, the MSC/VLR sends page message via SGs interface to MME, and the MME pages the UE in E-UTRAN. 
(3) The UE fallbacks to GERAN/UTRAN, establishes Gs association with removing SGs association and sends page response to the MSC/VLR to continue the CS service.


ISR is active during the combined RA/LA Update procedure as specified in TS 23.401.

(4) Once the UE returns back to E-UTRAN and camps in the original TA or TA list, it shall perform combined TA/LA Update procedure in order to re-establish the SGs association because the SGs association has been removed when UE is in GERAN/UTRAN and the ISR is active.


When MT service comes, the MSC/VLR sends page message via SGs interface to MME, and the MME pages the UE in E-UTRAN.


If UE fallbacks to GERAN/UTRAN and camps in the original RA, the MME should forward the page message to the associated SGSN via S3 interface, and the SGSN pages the UE in its own domain.


Because the SGs association is re-established when UE returns back to E-UTRAN, so the Gs interface need not to be updated and the SMS data can be delivered via SGs interface when UE is in E-UTRAN.
In case of TA/LA misalignment:
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Figure 6: MT Call in case of TA/LA misalignment

(1) UE camps in E-UTRAN with established SGs association with MSC/VLR. 

(2) When MT service comes, the MSC/VLR sends page message via SGs interface to MME, and the MME pages the UE in E-UTRAN. 

(3) The UE fallbacks to GERAN/UTRAN, establishes Gs association with a new MSC/VLR using roaming retry procedure and sends page response to the new MSC/VLR to continue the CS service.


ISR is active during the combined RA/LA Update procedure as specified in TS 23.401.

(4) Once the UE returns back to E-UTRAN and camps in the original TA or TA list, it shall perform combined TA/LA Update procedure in order to re-establish the SGs association with the old MSC/VLR because the SGs association has been removed when UE is in GERAN/UTRAN due to TA/LA misalignment and the ISR is active.


When MT service comes, the old MSC/VLR sends page message via SGs interface to MME, and the MME pages the UE in E-UTRAN.


Because the SGs association is re-established when UE returns back to E-UTRAN, so the Gs interface need not to be updated and the SMS data can be delivered via SGs interface when UE is in E-UTRAN.
As described in Figure 6, in case of TA/LA misalignment, ISR is not in effect. However, as we have agreed before, TA/LA misalignment is a very rare case and then ISR&CSFB can work well in most cases.
3. Proposal

This contribution discusses a number of issues for the current ISR solution and potential solution, and provides a simple ISR solution.

Here, it is expected to take into account the above consideration, and adopt the simple solution for ISR in CS Fallback.
A CR (S2-085644) is also provided.
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