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Abstract of the contribution: This document proposes an update to the agreed CRs on separation of S11-U from S1-U to TS23.401 to (1) reflect that the optionality of the new functionality to S11-U separation from S1-U, (2) correct the impact description and (3) add additional impact.
1. Introduction 

In order to address a special network deployment where the Serving GW S11-U interface and S1-U interface have to be carried with different IP transportation networks, S2-177605 on 3GPP Rel-14 and its mirror S2-177669 on Rel-15, which were agreed in SA2#123 meeting, proposed an update to TS23.401 to allow the separation of S11-U interface from S1-U interface.
Note: F-TEID stands for IP address and TEID, as specified in stage 3.
2. Discussion

2.1 Changes in S2-177605/S2-177669 in Initial Attach, UE Requested PDN Connectivity, and Tracking Area Update procedure with Serving GW change
Take Initial Attach as input for discussion below, and same change applies to UE requested PDN Connectivity and TAU).
5.3.2.1
E-UTRAN Initial Attach

16.
The Serving GW returns a Create Session Response (PDN Type, PDN Address, Serving GW address for S1-U User Plane, Serving GW TEID for S1-U User Plane, Serving GW address for S11-U User Plane, Serving GW TEID for S11-U User Plane, EPS Bearer Identity, EPS Bearer QoS, PDN GW addresses and TEIDs (GTP-based S5/S8) or GRE keys (PMIP-based S5/S8) at the PDN GW(s) for uplink traffic, Protocol Configuration Options, Prohibit Payload Compression, APN Restriction, Cause, MS Info Change Reporting Action (Start), Presence Reporting Area Action, CSG Information Reporting Action (Start), APN-AMBR, Delay Tolerant Connection) message to the new MME. For Control Plane CIoT EPS optimisation, the Serving GW should additionally include the Serving GW IP address for S11-U User Plane and the Serving GW TEID for S11-U User Plane in the Create Session Response if there is no Control Plane Only PDN Connection Indicator in Create Session Request from MME. The Serving GW address for S11-U User Plane and Serving GW TEID for S11-U User Plane are used by the MME to forward UL data to the SGW
Observation-1 It’s incorrect to remove change “control plane” to “S11-U user plane”.
Proposal-1 Resume text “control plane”.
Observation-2 When Control Plane CIoT EPS optimisation applies, the SGW shall always return S11-U SGW F-TEID, and it’s incorrect to state “the Serving GW should additionally include the Serving GW IP address for S11-U”. 

Observation-3 The SGW doesn’t have to always return both S11-U and S1-U SGW F-TEIDs. Which SGW F-TEID(s) for user plane should be returned to MME is dependent on conditions whether Control Plane CIoT EPS optimisation applies and/or whether S11-U and S1-U are separated.
Proposal-2 Generalize the description what is included in Create Session Response in the first sentence, and clarify how to include S11-U and/or S1-U depending on Control Plane CIoT EPS optimisation, and also separation of S11-U from S1-U so that operators who haven’t deployed the separate transport network for S11-U and S1-U don’t have to worry about the functional change. 
Suggested update as follow:
16.
The Serving GW returns a Create Session Response (PDN Type, PDN Address, Serving GW address for User Plane, Serving GW TEID for User Plane, Serving GW TEID for control pcontrol plane, EPS Bearer Identity, EPS Bearer QoS, PDN GW addresses and TEIDs (GTP-based S5/S8) or GRE keys (PMIP-based S5/S8) at the PDN GW(s) for uplink traffic, Protocol Configuration Options, Prohibit Payload Compression, APN Restriction, Cause, MS Info Change Reporting Action (Start), Presence Reporting Area Action, CSG Information Reporting Action (Start), APN-AMBR, Delay Tolerant Connection) message to the new MME. 
When Control Plane CIoT EPS optimisation doesn’t apply, the Serving GW includes Serving GW IP address and TEID for S1-U in Create Session Response.

When Control Plane CIoT EPS optimisation applies, and if the MME includes Control Plane Only PDN Connection Indicator in the Create Session Request, the Serving GW includes Serving GW IP address and TEID for S11-U in Create Session Response.

When Control Plane CIoT EPS optimisation applies, and if MME doesn’t include Control Plane Only PDN Connection Indicator in the Create Session Request,
· if separation of S11-U from S1-U is not required, the Serving GW includes the Serving GW IP address and TEID for S11-U in Create Session Response,

· Otherwise if separation of S11-U from S1-U is required, the Serving GW shall include the Serving GW IP address and TEID for S11-U and additionally the Serving GW IP address and TEID for S1-U in Create Session Response. 

2.2 Changes in S2-177605/S2-177669 in clauses 5.7.2 MME and 5.7.3 Serving GW

Take 5.7.3 as input for discussion, and similar change applies to clause 5.7.2
5.7.3 Serving GW
..
Table 5.7.3-1: S‑GW EPS bearer context

	Field
	Description
	E-UTRAN
	UTRAN/
GERAN

	..
	..
	
	

	S‑GW IP address for S1-u, S12, S4 (user plane)
	S‑GW IP address for the S1-u interface (Used by the eNodeB), for the S12 interface (used by the RNC), for the S4 interface (used by the SGSN). 
	X
	X

	S‑GW IP address for S11-u
	S‑GW IP address for the S11-u interface (used by the MME). The S11-u interface is used for Control Plane CIoT EPS optimization.
	X
	X

	S‑GW TEID for S1-u, S12, S4 (user plane)
	S‑GW Tunnel Endpoint Identifier for the S1-u interface, for the S12 interface (used by the RNC), for the S4 interface (used by the SGSN). 
	X
	X

	S‑GW TEID for S11-u
	S‑GW Tunnel Endpoint Identifier for the S11-u interface (used by the MME). The S11-u interface is used for Control Plane CIoT EPS optimization.
	X
	X


Observation-1 S11-U is not applicable for UTRAN/GERAN, and the “X” in the corresponding rows should be removed.
Obervation-2 The changes are not introduced in a backward compatible way.
Proposal-1 Keep the existing field S‑GW IP address for S1-u, S12, S4 (user plane) and S11-u unchanged in EPS bearer context, and add two new fields for S11-U and S1-U with a clarification when they’re used. 
Suggested update as follows: 
	S‑GW IP address for S1-u, S12, S4 (user plane) and S11-u (NOTE 1)
	S‑GW IP address for the S1-u interface (Used by the eNodeB), for the S12 interface (used by the RNC), for the S4 interface (used by the SGSN) and for the S11-u interface (used by the MME). The S11-u interface is used for Control Plane CIoT EPS optimization.
	X
	X

	S‑GW IP address for S1-u, S12 and S4 (user plane) (NOTE 2)  
	S‑GW IP address for the S1-u interface (Used by the eNodeB), for the S12 interface (used by the RNC), for the S4 interface (used by the SGSN).
	X
	X

	S‑GW IP address for S11-u (NOTE 2)
	S‑GW IP address for the S11-u interface (used by the MME). The S11-u interface is used for Control Plane CIoT EPS optimization.
	X
	

	S‑GW TEID for S1-u, S12, S4 (user plane) and S11-u (NOTE 1)
	S‑GW Tunnel Endpoint Identifier for the S1-u interface, for the S12 interface (used by the RNC), for the S4 interface (used by the SGSN) and for the S11-u interface (used by the MME). The S11-u interface is used for Control Plane CIoT EPS optimization.
	X
	X

	S‑GW TEID for S1-u, S12 and S4 (user plane) (NOTE 2)
	S‑GW Tunnel Endpoint Identifier for the S1-u interface (Used by the eNodeB), for the S12 interface (used by the RNC), for the S4 interface (used by the SGSN).
	X
	X

	S‑GW TEID for S11-u (NOTE 2)
	S‑GW Tunnel Endpoint Identifier for the S11-u interface (used by the MME). The S11-u interface is used for Control Plane CIoT EPS optimization.
	X
	


NOTE 1: Used when separation of S11-U and S1-U is not required.

NOTE 2:  Used when separation of S11-U and S1-U is required.
2.3 TAU with MME Change and without SGW Change 
Observation-1 The impact for MME change is not captured in S2-177605/S2-177669 for the following clauses:
5.3.3.1
Tracking Area Update procedure with Serving GW change 

5.3.3.2 E-UTRAN Tracking Area Update without S‑GW Change
The following options are investigated:

Option-1 Expand the EPS Bearer Context so that separate S11-U and S1-U SGW F-TEIDs can be included when they’re available.
Impact on both MME logic and Context Response message (see below table from TS29.274)

Possibly backward compatibility issue, i.e. if the old MME includes separate S11-U SGW F-TEID and S1-U SGW F-TEID, will the legacy MME be able to ignore the new IE for S11-U? 

***TS29.274 v14.4.0*** 

Table 7.3.6-3: Bearer Context within MME/SGSN UE EPS PDN Connections within Context Response

	Octet 1
	
	Bearer Context IE Type = 93
	
	

	Octets 2 and 3
	
	Length = n
	
	

	Octet 4
	
	Sparae and Instance fields
	
	

	Information elements
	P
	Condition / Comment
	IE Type
	Ins.

	EPS Bearer ID
	M
	
	EBI
	0

	TFT
	C
	This IE shall be present if a TFT is defined for this bearer.
	Bearer TFT
	0

	SGW S1/S4/S12/S11 IP Address and TEID for user plane
	C
	The IE shall be present except if:

· the source and target MME/S4-SGSN support the MME/S4-SGSN triggered SGW restoration procedure, and the source MME/S4-SGSN has not performed the SGW relocation procedure after the SGW has failed as specified in 3GPP TS 23.007 [17].
See NOTE 2.
	F-TEID
	0


 Option-2 The old MME always includes S1-U SGW F-TEID, as long as it’s available, in EPS Bearer Context.
If the new MME uses S1-U after TAU, then the S1-U SGW F-TEID (provided by the old MME) is provided to eNB. Everything is OK.
If the new MME uses S11-U after TAU, and 

if Modify Bearer Request includes S11-U MME F-TEID, then the SGW will return S11-U SGW F-TEID correspondingly =>Legacy behaviour, or

If Modify Bearer Request does not include S11-U MME F-TEID, but includes S11-U Tunnel Flag (i.e. as specified in TS29.274), the SGW will return S11-U SGW F-TEID => Legacy behaviour
The benefit is that the impact is limited to MME logic and NO impact on Context Response message.
Proposal-1 Option-1 is chosen to simplify the MME logic. 
Suggested change according to Solution-Option-1 as follows:
5.3.3.1
Tracking Area Update procedure with Serving GW change 

…

5.
If the Context Request is sent to an old MME the old MME responds with a Context Response (IMSI, ME Identity (IMEISV), MM Context, EPS Bearer Context(s), Serving GW signalling Address and TEID(s), ISR Supported, MS Info Change Reporting Action (if available), CSG Information Reporting Action (if available), UE Time Zone, UE Core Network Capability, UE Specific DRX Parameters) message. If the new MME supports CIoT EPS Optimisation and the use of header compression has been negotiated between the UE and the old MME, the Context Response also includes the Header Compression Configuration which includes the information necessary for the ROHC channel setup but not the RoHC context itself.


If the Context Request is sent to an old S4 SGSN the old S4 SGSN responds with a Context Response (MM Context, EPS Bearer Context(s), Serving GW signalling Address and TEID(s), ISR Supported, MS Info Change Reporting Action (if available), CSG Information Reporting Action (if available), UE Time Zone, UE Core Network Capability, UE Specific DRX Parameters). If the source MME has not yet reported a non-zero MO Exception Data Counter to the PGW, the Context Response also includes the MO Exception Data Counter as described in TS 29.274 [43].


The MM Context contains security related information as well as other parameters (including IMSI and ME Identity (if available)) as described in clause 5.7.2 (Information Storage for MME). The unused Authentication Quintets in the MM Context are also maintained in the SGSN. TS 33.401 [41] gives further details on the transfer of security related information.


If the MM Context received with the Context Response message did not include IMEISV and the MME does not already store the IMEISV of the UE, the MME shall retrieve the ME Identity (IMEISV) from the UE.


The PDN GW Address and TEID(s) (for GTP-based S5/S8) or GRE Keys (PMIP-based S5/S8 at the PDN GW(s) for uplink traffic) and the TI(s), is part of the EPS Bearer Context. If the UE is not known in the old MME/old S4 SGSN or if the integrity check for the TAU Request message fails, the old MME/old S4 SGSN responds with an appropriate error cause. ISR Supported is indicated if the old MME/old S4 SGSN and associated Serving GW are capable to activate ISR for the UE.


If the UE receives emergency bearer services from the old MME/old S4 SGSN and the UE is UICCless, IMSI can not be included in the Context Response. For emergency attached UEs, if the IMSI cannot be authenticated, then the IMSI shall be marked as unauthenticated. Also, in this case, security parameters are included only if available.


If SIPTO at the Local Network is active for a PDN connection in the architecture with stand-alone GW, the old MME/old S4 SGSN shall include the Local Home Network ID of the old cell in the EPS Bearer context corresponding to the SIPTO at the Local Network PDN connection.


For UE using CIoT EPS Optimisation without any activated PDN connection, there is no EPS Bearer Context(s) included in the Context Response message.

Based on the CIoT EPS Optimization support indication, old MME only transfers the EPS Bearer Context(s) that the new MME supports. If the new MME does not support CIoT EPS Optimization, EPS Bearer Context(s) of non-IP PDN connection are not transferred to the new MME. If the EPS Bearer Context(s) of a PDN connection has not been transferred, the old MME shall consider all bearers of that PDN connection as failed and release that PDN connection by triggering the MME requested PDN disconnection procedure specified in clause 5.10.3. The buffered data in the old MME is discarded after receipt of Context Acknowledgement.
When the EPS Bearer Context(s) are to be transferred to the new MME, the Serving GW IP address and TEID for both S1-U and S11-U if available are included by the old MME. 
2.4 Handover with MME change
Observation-1 The impact for handover with MME change is not captured in S2-177605/S2-177669 for the following clause:
5.5.1.2.2 S1-based handover, normal

The investigation (i.e. two options) in chapter 2.2 TAU with MME change also applies here with the except that S1-U SGW F-TEID is always available during S1-based handover.
Investigation:

Solution-Option-1 Expand the EPS Bearer Context so that separate S11-U SGW F-TEID can also be included when available in addition to S1-U SGW F-TEID.
Solution-Option-2 source MME includes only S1-U SGW F-TEID in EPS Bearer Context even if S11-U SGW F-TEID may also be available in the source MME.
Proposal-1: Solution-Option-1 is chosen to simplify the MME logic.
Suggested update according to Option-1 as follows:

5.5.1.2.2 S1-based handover, normal

….

3.
The source MME selects the target MME as described in clause 4.3.8.3 on "MME Selection Function" and if it has determined to relocate the MME, it sends a Forward Relocation Request (MME UE context, Source to Target transparent container, RAN Cause, target eNodeB Identity, CSG ID, CSG Membership Indication, target TAI, MS Info Change Reporting Action (if available), CSG Information Reporting Action (if available), UE Time Zone, Direct Forwarding Flag, Serving Network, Local Home Network ID) message to the target MME. The target TAI is sent to the target MME to help it to determine whether S‑GW relocation is needed (and, if needed, aid SGW selection). The old Serving Network is sent to target MME to support the target MME to resolve if Serving Network is changed.  In network sharing scenarios Serving Network denotes the serving core network.


The source MME shall perform access control by checking the UE's CSG subscription when CSG ID is provided by the source eNodeB. If there is no subscription data for this CSG ID or the CSG subscription is expired, and the target cell is a CSG cell, the source MME shall reject the handover with an appropriate cause unless the UE has emergency bearer services.


The MME UE context includes IMSI, ME Identity, UE security context, UE Network Capability, AMBR, Selected CN operator ID, APN restriction, Serving GW address and TEID for control signalling, and EPS Bearer context(s).

An EPS Bearer context includes the PDN GW addresses and TEIDs (for GTP-based S5/S8) or GRE keys (for PMIP-based S5/S8) at the PDN GW(s) for uplink traffic, APN, Serving GW addresses and TEIDs for uplink traffic, and TI.


Based on the CIoT EPS Optimization capabilities of the target MME (determined according to the target MME selection procedure of clause 4.3.8.3) the source MME only includes the EPS Bearer Context(s) that the target MME can support. If none of the UE's EPS Bearers can be supported by the selected target MME, the source MME rejects the S1 handover attempt by sending a Handover Preparation Failure (Cause) message to the Source eNodeB. If the target MME supports CIoT EPS Optimization and the use of header compression has been negotiated between the UE and the source MME, the source MME also includes in the Forward Relocation Request the previously negotiated Header Compression Configuration that includes the information necessary for the ROHC channel setup but not the RoHC context itself.
When the source MME includes EPS Bearer Context, in addition to the Serving GW IP address and TEID for S1-U use plane, the source MME also includes Serving GW IP address and TEID for S11-U if it’s available.
2.5 Handling of Modify Bearer Request/Response message

Observation-1 The impact for procedures involving Modify Bearer Request is not captured in S2-177605/S2-177669.
Observation-2 When S11-U is separated from S1-U, the MME stores S11-U MME F-TEID and S1-U eNodeB F-TEID in separate field (as specified in clause 5.7.2). 

Observation-3 The data transport procedures related to Control Plane CIoT EPS optimisation are as follows:

5.3.4B.2
Mobile Originated Data Transport in Control Plane CIoT EPS optimisation with P-GW connectivity

5.3.4B.3
Mobile Terminated Data Transport in Control Plane CIoT EPS optimisation with P-GW connectivity

5.3.4B.2 Mobile Originated Data Transport in Control Plane CIoT EPS optimisation with P-GW connectivity
….

4a.
If the S11-U connection is not established, the MME sends a Modify Bearer Request message (MME address, MME TEID DL, Delay Downlink Packet Notification Request, RAT Type, MO Exception data counter) for each PDN connection to the Serving GW. The Serving GW is now able to transmit downlink data towards the UE. The usage of the Delay Downlink Packet Notification Request Information Element is specified in clause 5.3.4.2 with reference to the UE initiated service request procedure, but it equally applies in this case. The MME shall indicate S11-U tunnelling of NAS user data and send its own S11-U IP address and MME DL TEID for DL data forwarding by the SGW. Also, regardless of whether the S11-U was already established:

….
Investigation:

Solution-Option-1 Do as in Create Session Response, i.e. Modify Bearer Response includes both S11-U SGW F-TEID and S1-U SGW F-TEID when the following conditions are met:

(1) Control Plane CIoT EPS optimisation applies and

(2) MME doesn’t include Control Plane Only PDN Connection Indicator in the Modify Bearer Request, and

(3) Separation of S11-U from S1-U is required. 
Solution-Option-2 Only update Modify Bearer Request to allow separate S11-U MME F-TEID
Proposal-1: Solution-Option-2 is proposed, and Stage 2 update is considered unnecessary as the MME behaviour is clear regarding when to include S11-U. Stage 3 update is considered sufficient to handle separate S11-U MME F-TEID.
Solution-Option-1 is also acceptable depending on the discussion. 
2.6 Clause 4.10
 Introduction of CIoT EPS Optimisations
Observation-1 The modification to the functionality is not captured in the high level functional description in clause 4.10.
Proposal-1 Capture the modification, and add a note that homogeneous support of S11-U and S1-U separation in the MMEs and Serving GWs is assumed.  
Suggested update as follows:
4.10
Introduction of CIoT EPS Optimisations

Cellular IoT EPS Optimisations provide improved support of small data transfer. One optimisation is based on User Plane transport of user data and is referred to as User Plane CIoT EPS Optimisation. Another optimisation, known as Control Plane CIoT EPS Optimisation, transports user data or SMS messages via MME by encapsulating them in NAS, reducing the total number of control plane messages when handling a short data transaction. For EPC Mobile Originated Location Request (EPC-MO-LR) and EPC Mobile Terminated Location Request (EPC-MT-LR) when the UE and network support Control Plane CIoT EPS Optimisation, Control Plane Service Request is used. These optimisations can be used separately e.g. if the UE or the network supports one of them, or in parallel if the UE and the network supports both. If both the Control Plane and User plane CIoT EPS optimisations are supported for a UE, the PDN connections that only use the Control Plane CIoT EPS Optimization i.e. the MME has included Control Plane Only Indicator in ESM request will only be handled via the Control Plane CIoT EPS optimisation. All other PDN connections are handled using Control Plane or User Plane CIoT EPS optimisations. In addition, the Control Plane CIoT optimisation can be used to support PDN connections to an SCEF, while regular S1-U data transfer is used independently to support PDN connections to P-GW. The MME shall consistently include Control Plane Only Indicator either in all SGi PDN connections of a UE or in none of them. All the SGi PDN connections of a UE shall either use S11-U or S1-U at any point in time.

The Cellular-IoT data could include e.g. status information, measurement data from Machine-to-Machine applications.

Several types of MME are envisaged, e.g.

-
an MME that supports either User Plane or Control Plane CIoT EPS Optimisation;

-
an MME that supports both User Plane and Control Plane CIoT EPS Optimisations;

-
an MME that does not support any CIoT EPS Optimisations.

The E-UTRAN shall support the routeing of UEs to an MME that can process the request from the UE.

The Cellular IoT EPS Optimisations are negotiated as described in clause 4.3.5.10 "Preferred and Supported Network Behaviour".

CIoT EPS Optimisations may be supported also by UEs that are not limited to low complexity and low throughput applications for Machine Type Communications.
When Control Plane CIoT EPS Optimisation applies, separation of S11-U from S1-U may be required, and if required, the MME and the Serving GW shall handle the IP address and TEID for the S1-U and the address and TEID for the S11-U independently.

NOTE: Homogeneous support of separation of S11-U from S1-U in the MMEs and Serving GWs is assumed.
3.  Proposal
See CR S2-178353 (Rel-14) and S2-178354 (Rel-15)
�Legacy behaviour, included for clarification and completeness.


�Legacy behaviour


�New behaviour in SGW.
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