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1. Introduction

In the last CT4 meeting (CT4#66) at Cape Town, South Africa, the following aspects were discussed and it was decided to further investigate the scenarios.

1. For P-CSCF restoration Solution D (HSS based solution) when HSS triggers P-CSCF restoration and if MME supports the optional feature of informing the P-CSCF restoration to PGW through a Modify Bearer Request, is it required for MME to store the S1U eNodeB FTEID to handle the case of Modify Bearer Request in ECM-CONNECTED state.

2. Are there any other scenarios that require MME to store the S1U eNodeB FTEID.

This paper discusses these scenarios and proposes a solution forward.

2. The Issue

As per 3GPP TS 29.274, sub-clause 7.2.7 the "Bearer contexts to be modified" is mandatory to be included on the S4/S11 interface in the Modify Bearer Request message. Table 7.2.7 states that
	Bearer Contexts to be modified
	C
	This IE shall be sent on the S4/S11 interface and S5/S8 interface, except 
· on the S5/S8 interface for a UE triggered Service Request. 
· on the S5/S8 interface for a TAU/RAU/HO without SGW change procedure. See NOTE 10. .
· on the S5/S8 interface when requesting the PGW to pause or unpause charging for the PDN connection.
(see NOTE 6).
When Handover Indication flag is set to 1 (i.e., for EUTRAN Initial Attach or UE Requested PDN Connectivity when the UE comes from non-3GPP access), the PGW shall ignore this IE. See NOTE 1.  

Several IEs with the same type and instance value may be included as necessary to represent a list of Bearers to be modified.
During a TAU/RAU/Handover procedure with an SGW change, the SGW includes all bearers it received from the MME/SGSN (Bearer Contexts to be created, or Bearer Contexts to be modified and also Bearer Contexts to be removed) into the list of 'Bearer Contexts to be modified' IEs, which are then sent on the S5/S8 interface to the PGW (see NOTE 2, see NOTE 10). 

See NOTE 11.
	Bearer Context
	0


The exception cases listed are only for the S5/S8 interface. So it is very clear that only on the S5/S8 interface there are scenarios where "Bearer Context to be modified" is not included. On the S4/S11 interface, the "Bearer Context to be modified" is always included for each PDN.

Now inside the "Bearer context to be modified" IE, table 7.2.7-2 of 3GPP TS 29.274 states that,

	S1 eNodeB F-TEID
	C
	This IE shall be sent on the S11 interface if the S1-U is being used:

· for an eUTRAN initial attach

· a UE triggered Service Request

· in all S1-U GTP-U tunnel setup procedure during a TAU procedure  (see 3GPP TS 24.301 [23]) /handover cases.
If an MME is aware that the eNodeB supports both IP address types, the MME shall send both IP addresses within an F-TEID IE. If only one IP address is included, then the SGW shall assume that the eNodeB does not support the other IP address type.
	F-TEID
	0


This means in the scenarios where the UE is in ECM-CONNECTED state with radio bearers, the MME is supposed to include the S1U eNodeB FTEID. In all the scenarios highlighted above, the MME receives the S1U eNodeB FTEID from the eNodeB. The MME has no need to store the S1U eNodeB FTEID. 
The following are the cases where MME does not include S1U eNodeB FTEID in the Modify Bearer Request
1. TAU procedure involving an MME change but no SGW change and E-RABs are not established as part of the TAU procedure.

2. S4-SGSN to MME TAU procedure without any SGW change and E-RABs are not established as part of the TAU procedure.

If the MME doesn’t include the S1U eNodeB FTEID, the SGW assumes that the UE is in IDLE state and hence will not establish its S1U GTP-U tunnels with the eNodeB. As a result of this, if SGW receives any downlink user plane packet, it will trigger a Downlink Data Notification message to the MME to establish the S1U tunnel with eNodeB. 

Now consider the following scenario for P-CSCF restoration

1. UE is in ECM-CONNECTED state at MME.

2. P-CSCF restarts.

3. As per Solution D, HSS will indicate MME about this P-CSCF restoration.

4. MME supports the optional Modify Bearer Request procedure towards PGW to inform the P-CSCF restoration.

5. MME has to send the Modify Bearer Request now. Since UE is in ECM-CONNECTED state, the MME has to include the S1U eNodeB FTEID in the "Bearer Context to be modified" IE. Otherwise the SGW will think that the UE is in IDLE state and will tear down the S1U GTP-U tunnel towards the eNodeB locally. 

6. However, today there is no requirement on MME to store the S1U eNodeB FTEID. Also in this scenario, the MME doesn’t have any communication with eNodeB to receive the S1U eNodeB FTEID.
7. Hence the P-CSCF restoration in ECM-CONNECTED mode now brings a new requirement on MME to store the S1U eNodeB FTEID.

During the discussions in the CT4#66 meeting, it was decided to investigate further whether this is the only scenario that requires MME to store the S1U eNodeB FTEID or if there are other scenarios to look at. The next section investigates the various scenarios that trigger a Modify Bearer Request on the S11 interface from MME.

3. Scenarios that Require MME to Trigger Modify Bearer Request 

The following are the scenarios that require an MME to trigger Modify Bearer Request
	Sl.No
	Scenario
	Is Modify Bearer Request Sent on S11?
	Is S1U eNodeB FTEID Sent?
	Remarks / Comments

	1
	E-UTRAN Initial attach
	Yes
	Yes
	The S1U eNodeB FTEID is available at MME after the S1-AP UE Initial Context Setup is done. Refer steps 17 to 23 of sub-clause 5.3.2.1 of 3GPP TS 23.401.

	2
	UE triggered Service Request Procedure
	Yes
	Yes
	The S1U eNodeB FTEID is available at MME after the S1-AP UE Initial Context Setup is done. Refer steps 4 to 8 of sub-clause 5.3.4.1 of 3GPP TS 23.401.

	3
	Inter MME TAU without SGW relocation and SGSN to MME TAU without SGW relocation
	Yes
	No
	This is IDLE mode mobility procedure and hence E-RABs are not established. SGW will think UE is in IDLE mode after getting Modify Bearer Request without S1U eNodeB FTEID. If SGW receives any downlink user plane packet, it will trigger a Downlink Data Notification message to the MME to establish the S1U tunnel with eNodeB. Refer step 9 of sub-clause 5.3.3.2 of 3GPP TS 23.401

	4
	S1 Handover without SGW relocation
	Yes
	Yes
	The S1U eNodeB FTEID of the target eNodeB is available at the MME as part of the Handover Request / Handover Request Ack procedure. Refer step 5 and 5a of sub-clause 5.5.1.2.2 of 3GPP TS 23.401.

	5
	Inter RAT handover without SGW relocation
	Yes
	Yes
	The S1U eNodeB FTEID of the target eNodeB is available at the MME as part of the Handover Request / Handover Request Ack procedure. Refer step 5 and 5a of sub-clause 5.5.2.2.2 of 3GPP TS 23.401.

	6
	X2 Handover without SGW relocation
	Yes
	Yes
	The S1U eNodeB FTEID of the target eNodeB is available at the MME as part of the Path Switch Request procedure. Refer step 1 of sub-clause 5.5.1.1.2 of 3GPP TS 23.401

	7
	UE requested additional PDN connectivity
	Yes
	Yes
	The S1U eNodeB FTEID for the bearers in the additional PDN is available at the MME as part of the Bearer Setup Request / Response procedure with the eNodeB. Refer step 7 to 10 of sub-clause 5.10.2 of 3GPP TS 23.401

	8
	CS to PS – MSC to E-UTRAN rSRVCC procedure
	Yes
	Yes
	The S1U eNodeB FTEID is available at the MME as part of the bearer setup procedures with the target eNodeB. Refer steps 6 to 12 of sub-clause 6.4.3.1 of 3GPP TS 23.216.

	9
	E-RAB Modification procedure for dual connectivity
	Yes
	Yes
	CT4 had sent an LS to RAN3 to consider including the S1U eNodeB FTEID of all the bearers along with an encoding to identify which all bearer S1U eNodeB FTEID modified. Refer C4-141621. If RAN3 agrees to this, then MME will get the S1U eNodeB FTEID in the E-RAB Modification procedure itself. Otherwise MME has to store the S1U eNodeB FTEID.

	10
	Intra MME TAU without SGW relocation when ULI reporting is enabled
	No
	Not Applicable
	In this scenario there is no need to send Modify Bearer Request. MME can send a Change Notification Request.

	11
	HSS based P-CSCF restoration solution when UE is in ECM-CONNECTED state 
	Optional
	Yes
	Currently there is no way for MME to get the S1U eNodeB FTEID in this procedure. So MME has to store the S1U eNodeB FTEID received during a previous S1 setup.


From the table above, it is very clear that the only scenario that now mandates MME to store the S1U eNodeB FTEID is the HSS based P-CSCF restoration scenario. In the scenario described in row 11 above, sending a Modify Bearer Request without S1U eNodeB FTEID will result in SGW thinking that the UE is IDLE and will locally release the S1U GTP-U tunnels towards the eNodeB. This will cause un-necessary DDN and E-RAB establishments when there is subsequent downlink packet received at the SGW.
Extending the same logic to S4-SGSN for P-CSCF restoration scenario, when direct tunnel is used, it is now required for the S4-SGSN to store the S12 RNC FTEID. For non-direct tunnel case, the S4-SGSN is in the data path anyways and is always aware of its own S4U SGSN FTEID.
4. Conclusion and Proposals 

1. It is proposed to update 3GPP TS 23.008 sub-clause 5.2A for the MME to store S1U eNodeB FTEID and the S4-SGSN to store S12 RNC FTEID.
2. It is proposed to send an LS to SA2 requesting them to update 3GPP TS 23.401, sub-clause 5.7.2 for the MME to store S1U eNodeB FTEID. 
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