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1. Introduction 

This paper includes a description of S1 C-Plane functions and procedures on a stage 2 level. Similar to other stage 2 level TSs for the baseline architecture, the supported functions and procedures are described and the need for SAE/LTE will be discussed. This document provides input material for TS 36.300. 
2. S1 Interface Functions and procedures
2.1 
Assumptions
-
The procedural description for the S1 interface doesn’t touch discussions on the functional split between MME and UPE. Therefore the term evolved packet core (EPC) is used in the procedure descriptions. 

-
The contribution is focused on the S1 the definition of functions and procedures in general in order to get an overview which functions procedures needs to be defined in SAE/LTE via the S1 interface and why these functions and procedures are needed.

-
Aspects of MME/UPE separation for the S1 interface definition is discussed in (see R3-061815).
2.2
S1-interface Protocol Functions

This section explains required functions in the SAE/LTE architecture and the corresponding signalling procedure via the S1 interface. 
2.2.1
SAE Bearer Service Management function 

The SAE Bearer Service management function is responsible for establishing, modifying and releasing E-UTRA resources for user data transport. E-UTRA resource establishment, modification and release is triggered by the EPC and requires respective QoS information to be provided to the eNodeB. 

Note:
The actual assignment of this function within the EPC (i.e. to either the MME or to the UPE) is FFS. 
Note:
Whether queuing and resource negotiation has to be supported on S1 is FFS.
2.2.2 Mobility Functions for UEs in LTE_ACTIVE

2.2.2.1
Intra-LTE Handover

The Intra-LTE Handover function supports inter-eNodeB mobility for UEs in LTE_ACTIVE and comprises the following:

-
switching the user data path from the source eNodeB to the target eNodeB in case of intra-EPC-node handover

-
preparing and executing inter-eNodeB handover in case of inter-EPC-node handover.

2.2.2.2

Inter-3GPP-RAT Handover

The Inter-3GPP-RAT Handover function supports mobility to and from other 3GPP-RATs for UEs in LTE_ACTIVE and comprises the preparation and execution of handover via the S1 interface.

2.2.3
S1 Paging function

The Paging function supports the distribution of Paging requests to all cells of the TA the UE is registered. 

Paging is initiated in the EPC in case incoming DL user data packets arriving (or in case of EPC initiated NAS activities). The MME, keeping the UE MM context and hence the knowledge of the TA the UE is registered, distributes the paging request to all eNodeBs within the TA.

Note:
Whether the UE is allowed to be registered in more than one TA is FFS.

2.2.4
NAS Signalling Transport function

The NAS Signalling Transport function provides means to transport NAS messages (for e.g. NAS mobility management procedures) for a specific UE between the eNodeB and the MME in LTE_IDLE and LTE_ACTIVE. This kind of information is transferred in a transparent way from the UE via the eNBs to the MME. 

NAS signalling messages are delivered encapsulated (piggy packed) in a corresponding S1 signalling message between eNB and MME/UPE. 

2.2.5
UE Context Management function

In order to support UEs in LTE_ACTIVE, UE contexts need to be managed, i.e. established and released in the eNodeB and the EPC to support user individual signalling on S1. 

Note: 
Aspects of separated MME/UPE are FFS.

2.2.6
Location Reporting function

Location Reporting functions support the provision of location services in SAE/LTE. 

Note: 
Details are FFS, but it is assumed that the functions comprises location requests from the EPC and provision of UE location information via S1.

2.2.7
Trace function

The trace function provides means to activate or deactivate a trace session in the E-UTRAN or to provide the E-UTRAN with required information.
2.2.8
S1-interface management functions 

The S1-interface management functions provide 

-
means to ensure a defined start of S1-interface operation (reset)

-
means to indicate signalling and user data processing load status reports

-
means to handle different versions of application part implementations and protocol errors

2.2.9
Network Sharing Function 

In case radio access network sharing is configured, E-UTRAN shall provide functionality to connect the eNodeB to the EPC node serving the UE and to steer its mobility based on information received by the MME.

The functionalities for network sharing are located in the eNB only. There is no specific procedure required on the S1 interface.
Note:
More details are in [R3-061812]. 

2.2.10
Roaming and Area Restriction Support function 

The Roaming and Area Restriction Support function enables the E-UTRAN to steer the UE’s mobility in LTE_ACTIVE according to the information received by the MME.

Note:
More details about roaming restrictions are given in document [R3-061813].

2.2.11
Provision of RAN Information Management Function
In GERAN and UTRAN specific RAN Information (PSI/SI Information) is exchanged in order to reduce the service interruption during UE’s mobility. Such an exchange of RAN specific information could be needed in SAE/LTE architecture especially for the support of Inter RAT HO. The specific RAN information could be transferred via the S1 interface to the eNB in case of inter RAT HO. 

In case of intra MME/UPE HO this functions - if needed - could be transported on the X2 interface. 

Note:
Basic 2G-LTE/SAE mobility concepts have still to be elaborated with GERAN (workshop planned in January 2007).

2.2.12
MBMS Functions

MBMS functions on S1 comprise 

-
MBMS Session Start and Session Stop indication

-
MBMS SAE Bearer management function in order to setup, modify or release MBMS transport resources on S1 

Note:
The MBMS architecture for LTE/SAE and hence the actual location of these functions in the node “above” the eNodeB are FFS.

2.2.13
Security Functions

Security functions on the S1 interface comprises:

· User data integrity in the course of NDS (details from SA3 ffs) 

· RRC security related exchange of information 

· S1 C-plane encryption 

Whether a procedure similar to the Security Mode control procedure is needed depends on the final architecture. 

2.2.14
S1 Addressing function

The S1 Addressing function provides means to address 

-
E-UTRAN and EPC nodes on S1

-
EPC nodes in case of interconnection of eNodeBs to multiple MME/UPEs. This function is located in the eNodeB.

-
SAE Access Bearer transport terminations in the UPE and eNodeB

-
UE signalling contexts in the relevant EPC node and the eNodeB

2.2.15
NAS Node Selection Function

The interconnection of eNBs to multiple MME/UPEs is supported in the LTE/SAE architecture. Therefore a NAS node selection function is required in the eNB to determine based on the UE’s temporary identifier the MME and/or UPE association of the UE, which was defined during the initial attach. The required functionality needed in the eNB comprise the 

· Determination of the MME/UPE based on the temporary identifier and 

· The routing functionality to the associated MME/UPE.

This functionality is located in the eNB only and is needed to ensure routing via the S1 interface. Therefore no procedure needs to be defined in SAE/LTE. 
2.3
S1-Interface Signalling Procedures

This section provides the depiction of signalling procedures required on S1 in order to support the necessary function identified in [section 2.2]. 

2.3.1
SAE Bearer signalling procedures

2.3.1.1
SAE Bearer Setup procedure
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Figure 1: SAE Bearer Setup procedure

The SAE Bearer Setup procedure is initiated by the evolved packet core (EPC) to support:

-
the setup of the default SAE Bearer configuration for basic IP connectivity
-
the setup of  SAE Bearers for enhanced QoS support 
The SAE Bearer Setup procedure comprises the follwing steps:
-
The SAE Bearer Setup Request is sent by the EPC to the eNB to setup one or several SAE Bearers. 
-
Upon receipt of the SAE Bearer Setup the eNB establishes the SAE Radio Bearers. 

-
The eNB responds with one or more SAE Bearer Setup ACK messages (subsequent) to inform whether the SAE Bearer establishment was successful or unsuccessful. 
Note:
UE initiated bearer setup and the corresponding impacts on S1 are FFS in SA2.

2.3.1.2
SAE Bearer Modification procedure


[image: image2]
Figure 2: SAE Bearer Modification procedure

The SAE Bearer Modification procedure is initiated by the evolved packet core (EPC) to support the modification of already established SAE Bearer configurations.
Note:
Special rules may apply to the modification of the default SAE Bearer (FFS).

The SAE Bearer Modification procedure comprises the follwing steps:

-
The SAE Bearer Modify Request is sent by the EPC to the eNB to modify one or several SAE Bearers. 

-
Upon receipt of the SAE Bearer Modify the eNB modifies the SAE Radio Bearers. 

-
The eNB responds with one or more SAE Bearer Modify ACK messages (subsequent) to inform whether the SAE Bearer modification has succeeded. 
2.3.1.3
SAE Bearer Release procedure (EPC initiated)
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Figure 3: SAE Bearer Release procedure

The SAE Bearer Release procedure is initiated by the evolved packet core (EPC) to release the indicated SAE Bearers. 

Note:
Special rules may apply to the release of the default SAE Bearer (FFS).

The SAE Bearer Release procedure comprises the follwing steps:

-
The SAE Bearer Release Request is sent by the EPC to the eNB to release one or several SAE Bearers. 

-
Upon receipt of the SAE Bearer Release the eNB releases the SAE Radio Bearers. 

-
The eNB responds with one or more SAE Bearer Release ACK messages (subsequent) to inform whether the SAE Bearer release was successful or unsuccessful. 
2.3.1.4
SAE Bearer Release procedure (eNB initiated)
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Figure 4: SAE Bearer Release (eNB initiated) procedure

The SAE Bearer Release function enables the E-UTRAN to request the release of one or several SAE Bearers. The eNB initiated SAE Bearer Release procedure comprise the following steps:

-
The eNB initiates the SAE Bearer Release procedure by sending the SAE Bearer Release request message to the EPC in order to of one or more SAE Bearers. 

-
Upon receipt the EPC initiates the SAE Bearer Setup procedure (SAE Bearer Setup/SAE Bearer Setup ACK) to release the requested SAE Bearers. 

2.3.2
Handover signalling procedures
In LTE/SAE intra-LTE handovers, interRAT handovers are required. 

Typically, intra-LTE handovers (intra MME/UPE) are initiated via the X2 interface, whereas Inter MME/UPE handovers and inter-(3GPP) RAT handovers are initiated via the S1 interface. 
For both, intra-LTE inter-MME/UPE and inter-(3GPP) RAT handover scenarios functions and corresponding procedures for the preparation, resource allocation and completion phase are needed on the S1 interface. 

For intra MME/UPE handover procedures for the HO completion phase are needed on the S1 interface.

2.3.2.1

Handover Preparation procedure
The Handover preparation is initiated by the eNB if it determines the necessity of a handover initiated via the S1 interface. 
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Figure 5: Handover preparation procedure
The handover preparation comprises the following steps:

-
In case of interRAT (to 3G) and interMME/UPE handover the Handover Required message is sent to the EPC. The eNB includes a source to target transparent container in the Handover Required message in order to provide SAE radio bearer information for the target RAN node (eNB/RNC). The EPC determines whether an intra LTE/SAE or interRAT handover needs to be triggered. 
-
The handover preparation phase is finished upon the reception of the Handover Command (SAE Bearer setup list, SAE Bearer Release list) in the eNB. The eNB determines according to the QoS information per SAE bearer of the SAE Bearer setup list the appropriate DL and UL traffic handling respectively (e.g. forwarding, stopping of DL data). 
Note:
Unsuccessful case handling and criteria for cancellation is FFS.

2.3.2.2 Handover Resource Allocation procedure
The handover resource allocation comprises the following steps:
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Figure 6: Handover resource allocation procedure
-
The EPC sends the Handover Request message including the SAE Bearer setup list, source to target transparent container to the eNB. The SAE Bearer setup list contains one or several SAE Bearers, which needs to be established. Each SAE Bearer to be setup contains the SAE bearer ID, QoS information, transport network layer address and S1 transport association. 
-
The eNB responds with the Handover Request ACK message after the required resources for all accepted SAE Bearers are allocated. The Handover Request message contains a SAE bearer setup list, which includes the successfully allocated SAE Bearers and a SAE Bearer release list including SAE Bearers failed to setup. 
2.3.2.3 Handover Completion procedure
The Handover Completion comprises the following steps:

-
The Handover Complete message is sent by the eNB (target side) if the UE indicates its location in the target cell. 
-
The EPC responds with Handover Complete ACK message to confirm the reception of the Handover Complete message.  
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Figure 7: Handover completion procedure
2.3.2.4 Handover Cancellation
This functionality is located in the eNB to allow a final decision regarding the outcome of the resource allocation, i.e. either to proceed or to cancel the handover procedure. 
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Figure 8: Handover cancellation procedure
-
The eNB sends a Handover Cancel message to the EPC indicating the reason for the handover cancellation. 

-
The EPC confirms the reception of the Handover Cancel message by returning the Handover Cancel AC message.
2.3.3
UE Context Release procedure
The UE Context Release procedure causes the eNodeB to remove all UE individual signalling resources and the related user data transport resources. This procedure is initiated by the EPC and may be triggered on request of the serving eNodeB.

2.3.3.1
UE Context Release (EPC triggered)
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Figure 9: UE Context Release procedure (EPC triggered)
-
The EPC initiates the UE Context Release procedure by sending the UE Context Release Command towards the E-UTRAN. The eNodeB releases all related signalling and user data transport resources.

-
The eNB confirms the UE Context Release activity with the UE Context Release Complete message. 

-
In the course of this procedure the EPC releases all related resources as well, except context resources in the EPC for mobility management and the default SAE Bearer configuration.

2.3.3.2
UE Context Release Request (eNodeB triggerd)
The UE Context Release Request procedure is initiated for E-UTRAN internal reasons and comprises the following steps: 

-
The eNB sends the UE Context Release Request message to the EPC. 

-
The EPC triggers the UE Context Release procedure and sends the UE Context Release Command. 
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Figure 10: UE Context Release Request procedure (eNB triggered) and subsequent UE Context Release procedure (EPC triggered)
2.3.4
Paging procedure
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Figure 11: Paging procedure
The paging procedure is initiated by the EPC sending the Paging Request message to all eNBs in the current TA over the S1 interface. 

The paging initiation is performed in the EPC in case incoming DL packets are arrived or in case of EPC initated NAS activities. The MME, which has the knowledge of the current tracking area (TA) and the TA/ eNodeB association, sends paging requests to all eNBs in the TA. The paging response is delivered back to EPC.

Note:
Whether the UE is allowed to be registered in more than one TA is FFS.

2.3.5
Trace procedures 


[image: image12]
Figure 12: Trace procedures 

Tracing of UEs is triggered by the MME/UPE by sending the EPC Invoke Trace message.

-
The EPC sends the EPC Invoke Trace message to the eNB including UE identity to indicate that the eNB should start a trace recording session.

-
EPC sends the EPC Deactivate Tarce message to the eNB to inform the eNB to stop the trace recording session of a UE including a reference for the activated trace session. 

2.3.6
Location Reporting procedure
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Figure 13: Location reporting procedure

The location information reporting is triggered by the EPC by sending Location Reporting Control message (service area, reporting type) to the E-UTRAN. 
The E-UTRAN provides the result of the location determination in the Location Report message (current location or velocity).
2.3.7
NAS transport procedure
NAS signalling messages are transferred on the S1 interface in the Uplink and Downling direction. 
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Figure 14: NAS Transport procedure
-
The NAS Transport procedure is initiated by the eNB by sending the NAS Transport message to the EPC. The NAS Transport message may contain a UE identification and other S1 related addressing information. 
-
The NAS Transport procedure is initiated by the EPC by sending the NAS Transport message to the eNB. The NAS Transport message may contain a UE identification and other S1 related addressing information.

2.3.8
Overload procedures
The overload procedure is used to indicate the signalling load level. Both sides, the E-UTRAN and the EPC initiate such a procedure. 

2.3.8.1 E-UTRAN initiated Overload procedure
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Figure 15: E-UTRAN initiated Overload procedure

· The E-UTRAN triggers this procedure by sending the Ovload message to the EPC. 

2.3.8.2 EPC initiated Overload procedure
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Figure 16: EPC initiated Overload procedure

· The EPC triggers the overload procedure by sending the Overload message to the E-UTRAN. 

 2.3.9

Reset procedure

The reset procedure is used to initialize the peer entity after node setup and after an failure event. This procedure is initiated by both the E-UTRAN and EPC side. 

2.3.9.1 E-UTRAN initiated Reset procedure
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Figure 17: E-UTRAN initiated Reset procedure

· The E-UTRAN triggers the Reset message to indicate that an initialisation in the EPC is required. The EPC releases the corresponding references and resources.
· Afterwards the EPC sends with Reset ACK to confirm that the resources and references are cleared.
2.3.9.2 EPC initiated Reset procedure
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Figure 18: EPC initiated Reset procedure

· The EPC triggers the Reset message to indicate that an initialisation in E-UTRAN is required. The E-UTRAN releases the corresponding references and resources.

· Afterwards the E-UTRAN sends with Reset ACK to confirm that the resources and references are cleared.

2.3.10

Error Indication functions and procedures

The Error Indication procedure is initiated by a E-UTRAN and EPC, to report detected errors in one incoming message, in case an appropriate failure message cannot be reported.

2.3.10.1 E-UTRAN initiated error indication
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Figure 19: E-UTRAN initiated Error Indication procedure

· The E-UTRAN sends the Error Indication message to report the peer entity which kind of error occurs. 
2.3.10.2 EPC initiated error indication
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Figure 20: EPC initiated Error Indication procedure

· The EPC sends the Error Indication message to report the peer entity which kind of error occurs. 

3. Summary and conclusion
This contributions provides stage 2 level text for 36.300. 

It identifies the following S1-Interface Protocol Functions
· SAE Bearer Service Management function

· Mobility functions for UEs in LTE_ACTIVE (intra-LTE, intra/inter-EPC node, inter-RAT)

· S1 Paging Function

· NAS Signalling Transport function

· UE Context Management function

· Location Reporting function

· Trace function

· S1-interface management functions

· network sharing function

· roaming and area restriction support function

· provision of RAN information management function

· MBMS Function

· Security Functions

· S1 addressing function

· NAS Node Selection function

and the following S1-Interface Signalling Procedures:

· SAE Bearer Signalling Procedures (setup, modification, release – eNB and EPC initiated)
· Handover signalling procedures (preparation, resource allocation, completion, cancellation)

· UE Context Release (eNB and EPC triggered)
· Paging

· Location Reporting

· Trace 

· NAS transport
· Overlaod 

· Reset 

· Error Indication 
It is proposed to capture the identified S1 functions and procedures with a description in the internal RAN3 TR and in the stage 2 TS 36.300.
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