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1
Introduction 
The current Service Request procedure is described in section 5.3.4 of 23.401. However, the procedure does not show how downlink data is handled when it is sent in response to the first uplink data packet.
This document attempts to describe this topic and highlight a problem that can result.

2
Discussion

The current message flow in 23.401 for UE triggered Service request is shown below:

[image: image1]
Figure 5.3.4-1: UE triggered Service Request procedure

However, frequently the first data packet from the UE will be a DNS enquiry, and, to provide a good customer experience, the operator will provide a DNS server close to the PDN GW.
Frequently PDN GW and Serving GW will be implemented in a single node.

Depending upon various factors, operators might place MMEs into ‘low cost’ locations that are at a long distance from the eNodeB. Possibly depending on other factors (e.g. user plane optimisation), the PDN GW (and S-GW) might be located close to the eNodeB. 

These factors mean that the response to a DNS enquiry (sent in step 6) could arrive before the message in step 8 arrives at the PDN-GW. However, the message in step 8 is the message that carries the downlink TEID to the S-GW – and the DL TEID is essential before forwarding the data to the eNodeB.
This was discussed when the current text in 23.401 was agreed (but while the author was in a parallel session), and the “solution” is that the Serving Gateway follows the paging procedure and sends a “Downlink Data Notification” to the MME. 
Because the MME has received message step 7 (or because the MME has sent message 4), the MME is then supposed to ignore this paging request from the S-GW. Also, the S-GW is required to treat message 8 as a response to the Downlink Data Notification
This behaviour is currently undocumented in 23.401, and, at least has a complicated impact on statistical counters in the MME. However, the main issue is discussed below the next figure.
An updated message flow is shown below.

[image: image2]
Normal behaviour and “overloaded behaviour”
When developing the Service Request flow, it was argued that “normally” the MME would operate fast and the above situation would not happen.

However, when the MME starts to get more loaded, extra delays in the MME in the processing of message 7 and sending message 8 are likely. As a result the S-GW will send more “downlink data notification” messages to the MME. This will further increase MME load.
This implies that “when an MME starts to get overloaded, the S-GW will increase the load it places on the MME, risking an increasing spiral of overload”.  This appears to be a bad design.

FFS in step 6
The current text in step 6 of this procedure in 23.401 contains an FFS stating

“
It is FFS if the uplink data can be forwarded onwards by Serving GW only after step 8.”
While such an approach might avoid a spiral of overload on the MME, it systematically adds delay to the Service Request procedure and introduces “uplink buffering functionality” into the S-GW.

Proposals

It is proposed that SA 2 agree on the following points:
a) The SAE design should “avoid situations where, because a network entity is overloaded, it is subjected to a further increase in load”.

b) The next SA2 meeting(s) schedule time to resolve the above problem.

Footnote:

The Vodafone proposal of allocating the Downlink TEID in between steps 1 and 2 still appears to the author to be a valid solution to this problem. 
In previous meetings, one issue was identified with the Vodafone proposal in the situation where downlink data (from a genuine paging event) arrives in the eNodeB, but the UE suffers a radio link failure (and changes cell) after responding to paging but before completing the RRC connection. 

However, further thought indicates that this situation should be no worse than with GSM circuit switched. In GSM CS the mobile can be paged, send paging response and then suffer a radio link failure. The arrival of the paging response in the MSC inhibits further paging, and, the call will fail if the mobile suffers that radio link failure.
But the MT call success rate of GSM systems is normally excellent – so is this a real issue?
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