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Abstract of the contribution: this contribution aims to discuss on how MME retrieves the S1-U SGW F-TEID while EPS bearers are transferred from CP to UP.
1. Introduction

CT4 has agreed to introduce the S11-U F-TEID for Control Plane CIoT EPS optimization, including the S11-U MME F-TEID and the S11-U SGW F-TEID. According to TS 29.274 V13.5.0, the S11-U SGW F-TEID is added into the Bearer Context of the tunnel management messages, e.g. Create Session Request and Modify Bearer Request. 
The S1-U SGW F-TEID and the S11-U SGW F-TEID are two different F-TEIDs, so when the MME decides to establish S1-U bearer during Data Transport in Control Plane CIoT EPS optimisation, it needs to get the S1-U SGW F-TEID from S-GW.
2. Analysis
2.1. 
CT4’s principle on S11-U F-TEIDs

Currently, for an EPS bearer, either S1-U or S11-U is used, when the S11-U tunnel is used, the S11-U Tunnel flag is set in the Create Session Request or Modify Bearer Request, then only the S11-U MME F-TEID shall be included in the request message and only the S11-U SGW F-TEID shall be included in the response message. 

In addition, one reason of introducing the new S11-U type F-TEID by CT4 is the IP address consideration. Because CT4 assumes that there may exist requirements for being able to set IP addresses from different IP subnets for S1-U vs S11-U tunnels. That means S11-U Serving GW address and S1-U Serving GW address may be different. So even if the Serving GW TEID for control plane and Serving GW TEID for user plane can be a same one, the MME cannot obtain the valid S1-U SWG F-TEIDs (when UE initially uses CP).
Observation 1: The MME cannot obtain the S1-U SGW TEID if the UE initially uses CP optimization.
2.2. 
Problems during Establishment of S1-U bearer during Data Transport in Control Plane CIoT EPS optimisation
Based on above CT4’s principle, S1-U SGW F-TEID and S11-U SGW F-TEID may be two different F-TEIDs. If UE firstly uses Control Plane CIoT EPS optimization, MME can only get the S11-U SWG F-TEIDs, which actually includes the S11-U Serving GW address and S11-U Serving GW TEID. 

Problem: As a result, when MME decides to establish S1-U bearers during the procedure of Data Transport in Control Plane CIoT EPS optimisation, MME does not have the valid S1-U SGW F-TEIDs.
3.
Solutions
If we want to stick to the CT4 principle described above, the MME shall fetch the S1-U SGW F-TEIDs from SGW before sending the S1-AP Initial Context Setup Request to eNB in step6 of “Establishment of S1-U bearer during Data Transport in Control Plane CIoT EPS optimisation” procedure.

In the following subsections four options are described.
3.1
Option 1: Provision of S1-U TEID during establishment of S11-U bearers
During establishent of S11-U bearers, SGW allocate both S11-U SGW F-TEIDs and S1-U SGW F-TEIDs and includes them in the Modify Bearer Response, or Modify Access Bearers Response, or Create Session Response to MME.
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Figure 1: Option 1 = S1-U SGW F-TEIDs allocated @ S11-U bearer establishment
Step1: During S11-U bearers establishment for MO/MT Data Transport in Control Plane CIoT EPS optimisation, which may happen in attach, TAU, Service request, and HO procedures, MME sends the Modify Bearer Request, or Modify Access Bearers Request, or Create Session Request to S-GW.
Step2: S-GW allocate both S11-U SGW F-TEIDs and S1-U SGW F-TEIDs and includes them in the Modify Bearer Response, or Modify Access Bearers Response, or Create Session Response to MME.
NOTE:
Steps 1 and 2 of Figure 1 coincide with the steps of the following procedures: (a) Steps 12 and 16 of the Attach procedure (see Figure 5.3.2.1-1 of TS 23.401), (b) Steps 8 and 11 of the Tracking Area Update procedure (see Figure 5.3.3.1-1), (c) Steps 8 and 12 of the UE triggered Service Request procedure (see Figure 5.3.4.1-1), (d) Steps 2 and 4 of the X2-based handover procedure (see Figure 5.5.1.1.2-1) and (e) Steps 4 and 4 of the S1-based handover procedure (see Figure 5.5.1.2.2-1).
3.2
Option 2: Provision of S1-U TEID during establishment of S1-U bearers with additional Modify Bearer messages
Before step 6 of “Establishment of S1-U bearer during Data Transport in Control Plane CIoT EPS optimisation” procedure, the MME initiates a Modify Bearer Request/Response procedure to get the S1-U SGW F-TEIDs.

[image: image2.emf]UE eNodeB MME S-GW P-GW

2. TAU (w/ active flag)

3. S1-AP: UL NAS Transport (TAU 

w/ active flag)

8. S1-AP: Init. Context Setup 

Request (TAU accept)

9. Radio bearers setup

10.Uplink data

10.Uplink data

11. S1-AP: Init. Context Setup 

Comp.

12. Modify Bearer Request

13. Modify Bearer Response

HSS

4. Release Access Bearers

5.Release Access Bearers response

1. MO/MT Data Transport in Control Plane CIoT EPS optimisation

MME establishes 

S1-U bearer(s)

UE in 

ECM_CONNECTED

6. Modify Bearer Request

7.Modify Bearer Response

Figure 2: Option 2 = new Modify Bearer messages during S1-U bearer establishment
New steps:

6. 
The MME sends Modify Bearer Request message to the Serving GW per PDN connection to get the S1-U SGW F-TEIDs, including a “CP transfer to UP flag” to indicate SGW that EPS bearers shall be transferred from S11-U to S1-U. The MME may send Modify Access Bearers Request per UE to the Serving GW to optimize the signalling.

7. 
According to the “CP transfer to UP flag”, the SGW shall allocate the S1-U SGW F-TEIDs for establishment of S1-U bearers. The Serving GW shall return a Modify Bearer Response (Serving GW address and TEID for S1-U bearers) message to the MME as a response to a Modify Bearer Request message, or a Modify Access Bearers Response (Serving GW address and TEID for S1-U bearers) as a response to a Modify Access Bearers Request message.
Editor’s note: whether the current “S11-U tunnel flag” can be reused or a new “CP transfer to UP flag” is needed shall be discussed and determined by CT4.
3.3
Option 3: Provision of S1-U TEID during establishment of S1-U bearers with combined release and modification of bearers
Before step 6 of “Establishment of S1-U bearer during Data Transport in Control Plane CIoT EPS optimisation” procedure, the MME initiates a Modify Bearer Request/Response procedure to let the SGW both allocate the S1-U SGW F-TEIDs and delete the S11-U MME F-TEIDs.
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 Figure 3: Option 3 = combined release and modification of bearers during S1-U bearer establishment
4. 
The MME sends Modify Bearer Request message to the Serving GW per PDN connection, including a “CP transfer to UP flag” to indicate SGW that EPS bearers shall be transferred from S11-U to S1-U. The MME may send Modify Access Bearers Request per UE to the Serving GW to optimize the signalling.

5. 
According to the “CP transfer to UP flag”, SGW shall delete the S11-U MME F-TEIDs so as to release S11-U bearers, and then allocate the S1-U SGW F-TEIDs for establishment of S1-U bearers. The Serving GW shall return a Modify Bearer Response (Serving GW address and TEID for S1-U bearers) message to the MME as a response to a Modify Bearer Request message, or a Modify Access Bearers Response (Serving GW address and TEID for S1-U bearers) as a response to a Modify Access Bearers Request message.

Editor’s note: whether the current “S11-U tunnel flag” can be reused or a new “CP transfer to UP flag” is needed shall be discussed and determined by CT4.
3.4
Option 4: Change of CT4’s principle (S11-U SGW F-TEID same as S1-U SGW F-TEID)
This option would not change the current “Establishment of S1-U bearer during Data Transport in Control Plane CIoT EPS optimisation” procedure (see Figure 4 below), but it would need to update the CT4 principle described in 2.1, i.e. the SGW shall use the same F-TEID IP address and TEID values for S11-U bearers and S1-U bearers. So in this assumption, MME can reuse the S11-U SGW F-TEIDs as the S1-U SGW F-TEIDs.
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Figure 4: current “Establishment of S1-U bearer during Data Transport in Control Plane CIoT EPS optimisation” procedure (see Figure 5.3.4B.4-1 of TS 23.401)
4.
Comparison and proposal
	
	Addition signalling
	MME impact
	S-GW impact

	Option 1
(Allocation of S1-U SGW F-TEID during S11-U bearer establishment)
	Do not need additional messages between MME and S-GW
	MME need to store S1-U SGW F-TEIDs even it may not be used (when UE use CP solution all the time).
	1. SGW needs to allocate and store S1-U SGW F-TEIDs even it may not be used (when UE use CP solution all the time).

2. Change current SGW’s action when establish S11-U bearers.

	Option 2 (Extra steps during S1-U bearer establishment)
	Need new additional messages between MME and S-GW
	MME does not need to store S1-U SGW F-TEIDs which may not be used.
	1. SGW does not need to allocate and store S1-U SGW F-TEIDs which may not be used.
2. Does not impact SGW’s action when establish S11-U bearers.

	Option 3 (Combined steps during S1-U bearer establishment)
	Need new combined messages between MME and S-GW
	MME does not need to store S1-U SGW F-TEIDs which may not be used.
	1. SGW does not need to allocate and store S1-U SGW F-TEIDs which may not be used.
2. Does not impact SGW’s action when establish S11-U bearers.

	Option 4 (change of CT4’s principle = S11-U and S1-U SGW F-TEIDs are the same)
	No additional signalling needed
	No impact on MME
	Allocates the same SGW IP address for S11-U SGW F-TEID and S1-U SGW F-TEID. It is not to isolate S11-U from S1-U and thus assigns IP addresses from different IP subnet for S1-U vs. S11-U tunnels.


Figure 5: Comparison of the 4 options of section 3
Figure 5 gives a comparison between the four options discussed in Section 3. 
Since it cannot be known beforehand whether the S11-U will be transferred to S1-U or not, Option 1 will bring unnecessary overhead and complexity to allocate and store the S1-U SGW F-TEIDs, which may not be used.
While on one hand Option 4 would limit the changes to the standards (at least from an SA2 perspective), on the other it would imply that S1-U and S11-U termination point are not isolated (i.e., they cannot be assigned IP addresses from different IP subnets). It is worth to be noted that, for security reason, some operators require physical isolation between RAN IP transport network and Core IP transport network, so S1-U and S11 interface in SGW are allocated in different Ethernet ports with IP address in different IP subnets.
Because of the reasons above it is proposed to agree on either Option 2 or Option 3.
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