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Abstract of the contribution: A paper presented at SA2#60 raised concerns that the current service request procedure can cause unnecessary paging requests and a spiral of overload on the MME under certain conditions. This contribution proposes a solution to this issue.
Introduction

TD S2-074422 which was presented by Vodafone at SA2#60 in Kobe raised concerns that the current service request procedure can cause unnecessary paging requests and a spiral of overload on the MME under certain conditions.
In the first discussions of potential solutions to this issue essentially two types of approaches have been identified:

1) solutions based on early TEID allocation (S2-074874, S2-074894).

2) solutions based on delaying the “Downlink Data Notification” message by the Serving GW.

This paper further elaborates details of the delay-based approach based on comments given to S2-074909, and also taking into account contribution S2-074875.
Problem statement

The current Service Request procedure is described in section 5.3.4 of TS 23.401. The message sequence for the case of UE triggered Service Request is illustrated in the figure below.
The issue which was raised in TD S2-074422 occurs when the uplink data sent in step 6 causes a response on the downlink which arrives at the Serving GW before the Update Bearer Request message, step 8. As the Update Bearer Request message includes the S1 DL TEID(s), downlink data cannot be forwarded from the Serving GW to the eNode-B before this information is available.

As an example, the described scenario may occur when e.g. the Serving GW and the PDN GW are co-located and relatively close to the eNode-B while the MME is located at greater distance from these nodes. If e.g. the first uplink message sent in step 6 is a DNS query which results in a fast response (step 6b) by a DNS server, this DNS response causes a Downlink Data Notification message (step 6c) which triggers the Paging procedure by the MME.
It is argued in TD S2-074422 that the described scenario is especially likely and harmful when the MME is anyway operating in high load conditions since the unnecessary downlink data indication messages and paging procedures will increase the load even further. 

.
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Proposed solution:
Delaying of Downlink Data Notification message transmission in the Serving GW
When the Serving GW receives a downlink data packet and does not have the DL-TEID of the S1 user plane tunnel for this packet, the Serving GW simply delays sending of the Downlink Data Notification message to the MME by an amount set by a timer that is started upon arrival of downlink data. The timer value can be set by the operator to an interval large enough to allow completion of any Service Request procedure that is ongoing.
The value of the timer can be configured flexibly taking into account network deployment. 
Here it is proposed that the setting of this timer can be toggled based on the MME load conditions. The load status shall be monitored by each MME itself and indicated to the Serving Gateway by means of an MME load information which is included into messages sent to the Serving GW (the message to be used is FFS). 

When the MME is not loaded, the Downlink Data Notification message shall be sent without delay. When the MME is loaded, a preconfigured timer value is set in the Serving Gateway (e.g. by OAM procedures or some vendor specific default setting).
Note that the timer value is toggled on a "per SGW" basis, not on a "per user" basis, and applies to all subsequent Service request procedures to the MME specified by its IP address.
The advantages of the proposed solution are

· Simplicity

· The configuration of the timer value depending on MME load conditions allows the operator to avoid the extra MME load caused by the Downlink Packet Notification messages.
· Has no impact on the eNodeB which would otherwise occur with early TEID allocation, such as requiring extra buffering means for DL traffic even before admission control and radio bearer establishment, releasing unused resources, or putting requirements on TEID usage.
· Does not impact performance:

· in normal conditions when the MME is not overloaded

· When MME is overloaded, Paging is delayed but would nevertheless not have been handled as the MME was overloaded
Proposal

The corresponding changes to the Service request procedure description is provided below.
Annex
*** start of changed section ***
5.3.4 Service Request procedures
5.3.4.1
UE triggered Service Request
[…]

5.3.4.2
Handling of abnormal conditions at service request  
Under certain conditions, the current service request procedure can cause unnecessary Downlink Packet Notification messages which increase the load of the MME.
When uplink data sent in step 6 causes a response on the downlink which arrives at the Serving GW before the Update Bearer Request message, step 8, this data cannot be forwarded from the Serving GW to the eNode-B and triggers a Downlink Data Notification message.
To avoid this situation, the MME shall monitor its load status, and when it receives a large number of unnecessary Downlink Packet Notification messages in a high load situation, it shall indicate its load status to the Serving Gateway (the message to be used is FFS). 
When the MME is not loaded, the Downlink Data Notification message shall be sent without delay.
Else, the Serving GW receiving a downlink data packet while there is no DL-TEID of the S1 user plane tunnel for this packet shall delay sending of the Downlink Data Notification message to the MME by an amount set by a timer that is started upon arrival of downlink data. The timer value can be set by the operator to an interval large enough to allow completion of any Service Request procedure that is ongoing.

5.3.4.3
Network Triggered Service Request
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Figure 5.3.4.2-1: Network triggered Service Request procedure

If the MME needs to signal with the UE that is in EMM-IDLE state, e.g. to perform the MME/HSS-initiated detach procedure for the idle mode UE, the MME starts network triggered service request procedure from step 3.
1.
The Serving GW receives a downlink data packet for a UE. When the Serving GW does not have the DL-TEID and eNodeB address of the S1 user plane tunnel for this packet, it buffers the downlink data packet. If MME is overloaded, as indicated by the MME, the Serving GW starts a timer and waits until the timer expires before continuing with step 2. The timer value shall be configurable. If the DL-TEID and eNodeB address for the same UE is received before the expiry of the timer, the timer shall be cancelled and the Network triggered Service Request procedure is finished without executing the steps below, i.e DL data are sent to the UE. If the Serving GW receives additional downlink data packets for this UE before the expiry of the timer, the Serving GW buffers these downlink data packets and the Serving GW does not start a new timer.
NOTE:The timer value should be set such that it allows completion of a UE-initiated Service Request procedure that may have been triggered before the downlink data arrived in order to avoid unnecessary loading the MME with the Downlink Data Notification message.
2.
The Serving GW sends a Downlink Data Notification message to the MME. 

If the Serving GW receives additional downlink data packets for this UE, the Serving GW buffers these downlink data packets and the Serving GW does not send a new Downlink Data Notification to the MME.

3.
The MME sends a Paging message (NAS Paging ID, TAI(s), Paging DRX ID) to each eNodeB belonging to the tracking area(s) in which the UE is registered. The step is described in detail in 3GPP TS 36.300 [5]. Steps 3-4 are omitted if the MME already has a signalling connection over S1-MME towards the UE.

4.
The UE is paged by the eNodeBs. The step is described in detail in 3GPP TS 36.300 [5].

5.
The UE initiates the UE triggered Service Request procedure, which is specified in clause 5.3.4.1.

*** start of changed section ***
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9. Update Bearer Response
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6. Uplink Data (e.g. DNS query) 
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AP: Initial Context Setup Request
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1. NAS: Service Request 
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