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1. Introduction

When the SGW restarts, all the PDN contexts in SGW will be lost. In order to ensure the PDN connections not to be interrupted by the restart of SGW, the PGW triggered SGW restoration mechanism is introduced, (see 27.2.3 in TS23.007). 
On the other hand, when the SGW restarts, all the GTP-U TEIDs are also lost. When the SGW receives the GTP-U PDU for which no Bearer context exists, the SGW will return a GTP Error indication message to the originating node(see 16.1.0 in TS23.007).
However, these two mechanisms will conflict when the SGW restarts. 
This paper will discuss the confliction between GTP Error indication and SGW restoration and proposes a solution.
2. Discussion

SGW restart
At the time of the SGW restart, there may be a mass of UEs in the connected mode, to which the PGW is forwarding the downlink data. After the SGW restarts, the SGW will lose all the bearer contexts and it means the SGW will return GTP Error indication messages for each GTP-U PDU from the PGW (see 16.1.0 TS 23.007). The PGW will delete the related bearer contexts after receiving GTP Error indication messages (See 21.8 TS23.007). After a while, the PGW obtains the restart counter of the SGW from the GTP-C message (Create bearer response or modify bearer request, etc.) and the PGW knows the SGW restart and initiates the PGW triggered SGW restoration procedure for remain contexts (except which has been deleted due to received GTP Error indication).
It’s obvious that there are mass of contexts which cannot be restored, since they have been deleted before the PGW knows the SGW restart event. On the other hand, there are mass of Error indication message from the SGW to the PGW, which may cause signaling overload.
3. Solution
Alternative 1: Restrain the sending of GTP Error indication
After the SGW restart, the SGW starts a timer. Before the timer expires, no Error Indication message is sent to the PGW. It is implementation matter how long the timer is set.
Alternative 2: Delay the deletion of context
After the PGW receives mass of GTP Error indication, the PGW will delay the deletion of bearer contexts until the PGW knows whether the SGW restarts. 
Alternative 3: Speed up the detection of SGW restart
After the SGW restarts, the SGW includes the Recovery IE in the GTP Error indication message. The PGW can easily know the SGW restart event by the restart counter in the Recovery IE and the PGW triggered SGW restoration.
4. Proposal

Alternative 1 is the simplest solution. It can decrease the Error indication significantly and avoid the deletion of bearers which causes restoration failed.

Alternative 2 will increase the complex of the PGW logic and there are still mass of Error indication message from the SGW to the PGW.

Alternative 3 speeds up the restart detection and decreases the Error indication significantly. The most important is this solution could also be used in other GTP interface. However, the Recovery IE in GTP-U has been abandoned from Rel-8 and cannot be added to the IGMP message in PMIP-S5/S8 interface.
Therefore, alternative 1 is proposed and the corresponding description is added to TS 23.007 from rel-11.
Annex. A example of wrong contexts deletion
In order to know how many contexts which cannot be restored, we develop a simple mathematical model. In this mode, 

· all the UEs only use voice call service
· at any time, the number of UEs in voice call is fixed
· period TAU procedure doesn't cause the signalling between the SGW and the PGW

· No signalling delay between the SGW and PGW

We assume:
1. There are 10k UEs served by the same SGW and PGW
2. 500 UEs is on voice call

3. each voice call lasts 1 minute

4. per minute, 1k idle UEs move to this SGW in a TAU with SGW relocation procedure 

According to bulletin 2 and 3, we can find 500 bearers to be created in 1 minute and 500 bearers to be deleted in 1 minute, which cause that the PGW receives 1k signaling from the SGW (500 Create Bearer Response messages and 500 Delete Bearers Response message).

According to bulletin 4, the idle UEs in a TAU with SGW relocation procedure will cause 1k signaling to the PGW (Modify Bearer Request) per minute.
So the interval of two message received by PGW is about 60s/2k=30ms. It means the PGW will know the SGW restart event after 0~30ms of the SGW restart. 

Normally, the interval of two packets in same voice call is 20ms.  So in the worst case (30ms later the PGW knows the SGW restart), all the voice call bearers are deleted by the PGW and cannot be restored; in the best case (0ms), no voice call bearer is deleted incorrectly. In general, the PGW knows the SGW restart after 15ms. It means about 75% (15ms/20ms) voice call bearers, i.e. 375 bearers, cannot be restored.
