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1. Introduction

At the CT4#58bis meeting, it was agreed to standardize the solution 1 and solution 3 described in the TR23.857 as the solution to the SGW failure with ISR active, though there were a few companies not agreeing to include Solution 1 since this solution could cause network overload at the SGW failure.

This paper is to further analysis the signalling impact due to the introduction of Solution 1 and propose to further study the solution when the PGW triggered SGW restoration is not supported.  
2. Discussion
2.1 Analysis of the Solution 1:

The most critical problem for the solution 1 is how to handle the UEs in the idle mode.

Let's study the following example:

Let make a comparison on the proactive approach between the non-ISR case and ISR active case.
Assuming the failed SGW has1, 000,000 UEs before it fails, so 1,000,000 UEs are affected by the SGW failure, to make an easier calculation, we are assuming that 50% UE in active mode for both 2G/3G and LTE.

For non-ISR:

When the MME/SGSN supports only MME/SGSN triggered SGW restoration, the MME or the SGSN does NOT need perform any paging for 500,000 UEs in idle mode to restore the affected PDN connections, it can control the pace of the SGW relocations to avoid core network node overload. 

For ISR active case:

If we assume 1,000,000 UEs are evenly distributed in the LTE and 2G/3G, so 500,000 UEs are at each side, and 50% of them are active UEs.

As described in the solution 1, it will introduce the following signalling:

a. For MME, it has 25% of 1,000,000 UEs in Active mode, it need page the rest of 750,000 UEs; the same for the SGSN. So in total, it increases the Network 1,500,000 Paging signalling;

b. In addition, for those Active UEs in one access while they appear as Idle in the other access, the MME or SGSN need inform their ISR associated node that it holds 25% active UEs, in order to the ISR associated node to not page those UEs which are active in the other access. This leads 250,000 x 2 = 500, 000 S3 signalling;

c. In addition, once the UE which was in idle ( 250,000 UEs on each radio access) answers the paging, the MME or SGSN need inform the other ISR associated to stop paging, this lead another 250,000 x2 =500, 000 S3 signalling.
The following needs further analysis:
1. The S3 signaling introduced in the bullet b, is aim for reducing the paging message for those UEs which are in Active mode in the other radio access, if the paging messages for the Idle UEs are sent immediately after the detection of the SGW, those UEs which are in Active mode in the other radio access may be already be paged, it makes this new S3 signaling useless. So delaying paging UE in idle mode, wait for certain time, to receive all the S3 signaling (to tell the ISR associated node that UE is active in the other access) could reduce 500, 000 Paging signaling. 
However how long the MME/SGSN should wait is also very tricky since MME and SGSN have difference signaling capacity.
2. The S3 signaling described in the bullet c above need not be implemented for solution 1, as MME and SGSN perform paging independently, perhaps with different paging sequence, e.g. the UE1 may be scheduled to be paged at the 1000th page message in the MME, but UE1 may be paged at the 10th page in the SGSN already, if UE1 is actually camping on LTE side,  this makes MME sending "ISR deactivation notification" to the SGSN useless, since the SGSN has already performed several times paging and decides that UE1 is in the MME. Therefore the new S3 signaling introduced in the bullet 3 does not help so much.
Conclusion: The solution 1 for the SGW failure solution may cause signalling overload on the radio interface, as well as on S1AP interface and S3 interface. We should definitely avoid any further node failure due to signalling bing overloaded at the situation that the SGW has already failed.
3. Proposal
We propose to further study the solutions for the SGW failure with ISR active when the PGW triggered SGW restoration is not supported.    














































