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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.
This paper discusses potential solutions that can avoid the described problem and proposes a simple change of the present Service Request procedure that would solve the issue.
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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Possible solutions

There exist various solutions that avoid the described problem:
Solution 1: Setup the DL S1 tunnel already after step 2 of the Service Request procedure

This solution was proposed already in TD S2-072785. The Update Bearer Request/Response messages are already exchanged after step 2 and possibly simultaneously with step 4. This means the S1 DL is prepared already, before successful Radio Bearer Establishment is confirmed with the Initial Context Setup Complete message in Step 7. In this case two additional messages need to be exchanged at steps 8 and 9 between the MME and the SGW to confirm Radio Bearer establishment.
The disadvantages of this approach are:

· Exchange of two additional messages between MME and SGW.
· In case of a radio link failure during step 5, data arriving at the eNodeB due to genuine paging message may be lost.
Solution 2: Delaying of Downlink Data Notification message transmission
The SGW could simply 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.
The disadvantage of this approach is that paging is triggered with a small delay (in the order of 50 – 100 ms) which however should be acceptable given the typically much larger paging DRX cycle intervals.

However, such a timer is also very useful to prevent transmission of successive paging messages by ensuring that paging triggered service requests can be completed before another paging message is sent. 
Solution 3: SGW delays forwarding of uplink packets 
The SGW starts sending of uplink packets only after it has received the Bearer Update message from the MME.
In this case, the major drawback is that uplink data transmission can be delayed unnecessarily, and the SGW needs to create contexts for each served user and has to relate any uplink data received on a S1 UL tunnel with the status of the corresponding S1 DL tunnel.   
Proposal

Due to its simplicity, we propose to adopt the above described solution 2.
The corresponding addition 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
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Figure 5.3.4.1-1: UE triggered Service Request procedure

1.
The UE sends NAS message Service Request (S-TMSI, TAI, Service Type) towards the MME encapsulated in an RRC message to the eNodeB. The RRC message(s) that can be used to carry this NAS message are described in 3GPP TS 36.300 [5].

2.
The eNodeB forwards NAS message to MME. NAS message is encapsulated in an S1-AP: Initial UE Message (NAS message, Cell Global ID of the serving cell). Details of this step are described in 3GPP TS 36.300 [5].

3.
NAS authentication procedures may be performed.

4.
The MME sends S1-AP Initial Context Setup Request (Serving GW address, S1-TEID(s) (UL), Bearer QoS(s), Security Context, MME Signalling Connection Id) message to the eNodeB. This step activates the radio and S1 bearers for all the active EPS Bearers. The eNodeB stores the Security Context, MME Signalling Connection Id, Bearer QoS profile(s) and S1-TEID(s) in the UE RAN context.  The step is described in detail in 3GPP TS 36.300 [5]. 
When the Service Request is the response of paging for the network initiated signalling e.g. to perform the MME/HSS-initiated detach procedure for the UE in EMM-IDLE state, the MME sets up only a signalling connection and does not establish the radio and S1 bearers for the user plane, i.e. the steps 4 to 9 are omitted. In this case, the S1 signalling connection is established through the network initiated NAS signalling, e.g. MME/HSS-initiated detach procedure.
5.
The eNodeB performs the radio bearer establishment procedure. The user plane security is established at this step. This step implicitly confirms the Service Request. This step is described in detail in 3GPP TS 36.300 [5]. When user plane security has been established the EPS bearer state is synchronized between the UE and the network, i.e. the UE should remove any internal resources for bearers that are not set up.
6.
The uplink data from the UE can now be forwarded by eNodeB to the Serving GW. The eNodeB sends the uplink data to the Serving GW address and TEID provided in the step 4.


7.
The eNodeB sends an S1-AP message Initial Context Setup Complete (eNodeB address, S1 TEID(s) (DL)) to the MME. This step is described in detail in 3GPP TS 36.300 [5].

8.
The MME sends an Update Bearer Request message (eNodeB address, S1 TEID(s) (DL)) to the Serving GW. The Serving GW is now able to transmit downlink data towards the UE. 

9.
The Serving GW sends an Update Bearer Response to the MME.

5.3.4.2
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 of the S1 user plane tunnel for this packet, it buffers the downlink data packet and starts a timer to supervise transmission of the Downlink Data Notification message in Step 2.
NOTE: The timer should be set to a value that allows completion of any Service Request procedure that may have been triggered before the downlink data arrived in order to avoid unnecessary paging.
2.
After expiry of the timer started at Step 1, 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.
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