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<<<<<<<<<<<<<<<<<<<< First Change >>>>>>>>>>>>>>>>>>>>

19.2.1
S1 Interface Functions

The S1 interface provides the following functions:

-
E-RAB Service Management function:

-
Setup, Modify, Release.

-
Mobility Functions for UEs in ECM-CONNECTED:

-
Intra-LTE Handover;

-
Inter-3GPP-RAT Handover.

-
S1 Paging function: 

-
NAS Signalling Transport function;

-
LPPa Signalling Transport function;

-
S1-interface management functions:

-
Error indication;
-
Reset.
-
Network Sharing Function;

-
Roaming and Access Restriction Support function;

-
NAS Node Selection Function;

-
Initial Context Setup Function;

-
UE Context Modification Function;

-
UE Context Resume Function; 

UE Context Retrieve Function;
Editor’s Note: Context Retrieval via the core network needs to be further discussed.
-
MME Load balancing Function;

-
Location Reporting Function;

-
PWS (which includes ETWS and CMAS) Message Transmission Function;

-
Overload function;

-
RAN Information Management Function;

-
Configuration Transfer Function;

-
S1 CDMA2000 Tunnelling function;
-
Trace function;

-
UE Radio Capability Match;
-
Core network assistance for RAN based paging function.

Editor’s Note: Core network assisted RAN paging needs to be further discussed.
19.2.1.1
S1 Paging function

The paging function supports the sending of paging requests to all cells of the TA(s) the UE is registered. 

Paging requests are sent to the relevant eNBs according to the mobility information kept in the UE’s MM context in the serving MME. 
19.2.1.1a
S1 Paging Assistance Request
The Core Network Assisstance for RAN based paging function supports triggering the S1 Paging function by the eNB. 
19.2.1.2
S1 UE Context Management function

In order to support UEs in ECM-CONNECTED, UE contexts need to be managed, i.e. established and released in the eNodeB and in the EPC to support user individual signalling on S1. 
<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>

19.2.2
S1 Interface Signalling Procedures

The elementary procedures supported by the S1AP protocol are listed in Table 1 and Table 2 of TS 36.413 [25].

19.2.2.1
Paging procedure
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Figure 19.2.2.1-1: Paging procedure

The MME initiates the paging procedure by sending the PAGING message to each eNB with cells belonging to the tracking area(s) in which the UE is registered. Each eNB can contain cells belonging to different tracking areas, whereas each cell can only belong to one TA.

The paging response back to the MME is initiated on NAS or AS layer and is sent by the eNB based on NAS-level or AS-level routing information.
Editor’s Note: Changes in this section are related to core network assisted RAN paging which needs to be further discussed.
19.2.2.1a
Paging Assistance Request

[image: image3]
Figure 19.2.2.1a-1: S1 Paging Assistance Request procedure
The Paging Assistance Request procedure is used to request the MME to page the UE. It is invoked by the serving eNB by sending the PAGING ASSISTANCE REQUEST message to the MME. The serving eNB pages the UE without being requested by the MME. The MME provides the UE RAN Paging Identity received from the serving eNB to the non serving eNBs within the PAGING message.
Editor’s Note: Changes in this section are related to core network assisted RAN paging which needs to be further discussed.
<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>

19.2.2.27
UE Context Resume procedure
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Figure 19.2.2.27-1: UE Context Resume procedure

The UE Context Resume procedure is initiated by the eNB to indicate that the UE has resumed the RRC connection and to request the MME to resume the UE context and related bearer contexts in the EPC. In case the UE context cannot be resumed in the EPC this is indicated by the MME by sending the UE CONTEXT RESUME FAILURE message.
19.2.2.bb
Retrieve UE Context
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Figure 19.2.2.bb-1: Retrieve UE Context procedures (successful case)
The Retrieve UE Context procedures are used to request and transfer a UE Context from the old eNB to the new eNB by S1-AP means via the EPC. Four procedures (eNB and MME initiated Retrieve UE Context Request, eNB and MME initited Retrieve UE Context Response) are invoked and those are highlighted in blue in Figure 19.2.2.bb-1. The New eNB may request any MME within the MME pool the New and the Old eNB is connected to, to forward the request to transfer and actually transfer the UE Context to the Old eNB. The New eNB provides an indication to the serving MME to invoke the S1-AP UE Context Release procedure within the PATH SWITCH REQUEST message. The New eNB provides forwarding addresses within the PATH SWITCH REQUEST and the UE CONTEXT RELEASE COMMAND messages to the old eNB to allow forwarding of pending DL user data from the Old eNB. 
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Figure 19.2.2.bb-2: Retrieve UE Context procedures (non-successful case)
The Retrieve UE Context failure procedures are highlighted in blue in Figure 19.2.2.bb-2 and are used to indicate to the old eNB that the UE Context could not be retrieved. Normal RRC Connection establishement may commence upon which the S1 UE-associated signalling connection to the Old eNB is released. The new eNB shall provide forwarding addresses to the Old eNB within the INITIAL UE CONTEXT SETUP RESPONSE and the UE CONTEXT RELEASE COMMAND messages in order to allow forwarding of pending DL user data from the Old eNB.
Editor’s Note: Changes in this section are related to context retrieval via the core network which needs to be further discussed.
Editor’s Note: It is assumed that the New eNB rejects the RRCConnectionResumeRequest if the New eNB is not able to identify any MME that could resolve the eNB ID. Actual specification impact of this assumption is FFS.
Pending NAS PDUs are reported to the MME by means of the S1 NAS Non Delivery Indication procedure.

<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>

20.2.1
X2-CP Functions

The X2AP protocol supports the following functions:

-
Intra LTE-Access-System Mobility Support for UE in ECM-CONNECTED:

-
Context transfer from source eNB to target eNB;

-
Control of user plane tunnels between source eNB and target eNB;
-
Handover cancellation.
-
Support of DC for UE in ECM-CONNECTED:

-
Establishment, Modification and Release of a UE context at the SeNB;

-
Control of user plane tunnels between MeNB and SeNB for a specific UE for split bearer and data forwarding;
-
Provision of the TNL information of the S1 user plane tunnels for SCG bearers.

-
Support of inter-eNB UE Context Resume:

-
Retrieval of UE context for a UE which attempts to resume its RRC connection in an eNB different from where the RRC connection was suspended.
-
Load Management;
-
General X2 management and error handling functions:

-
Error indication;

-
Setting up the X2;

-
Resetting the X2;

-
Updating the X2 configuration data;

-
X2 Release;

-
X2AP Message Transfer;

-
Registration;

-
X2 Removal.

-
Mobility failure event notification and information exchange in support of handover settings negotiation;

-
Energy Saving. This function allows decreasing energy consumption by enabling indication of cell activation/deactivation;

-
RAN Paging: This function allows paging of a UE in another eNB.

20.2.2
X2-CP Procedures

The elementary procedures supported by the X2AP protocol are listed in Table 8.1-1 and Table 8.1-2 of TS 36.423 [42].
<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>

20.2.2.19
Retrieve UE Context
The purpose of the Retrieve UE Context procedure is to retrieve the UE context for a UE which attempts to resume its RRC connection in an eNB (the new eNB) different from the eNB (the old eNB) where the RRC connection was suspended.

If the new eNB is able to identify the old eNB based on the Resume ID received from the UE, it triggers the Retrieve UE Context procedure towards the old eNB.

If the old eNB is able to match the UE context with the Resume ID included in the RETRIEVE UE CONTEXT REQUEST message it responds with the RETRIEVE UE CONTEXT RESPONSE message containing UE context information.

Upon resumption of the UE Context in the new eNB, the new eNB resumes the RRC connection and performs the S1-AP Path Switch procedure to establish a S1 UE associated signalling connection to the serving MME and to request the MME to resume the UE context and related bearer contexts in the EPC and update the downlink path. After the S1-AP Path Switch procedure the new eNB triggers release of the UE Context at the old eNB by means of the X2-AP UE Context Release procedure.
If the S1-U bearer contexts have been kept established in the old eNB, the new eNB provides forwarding addresses for forwarding any pending user data from the old eNB within the X2 DATA FORWARDING ADDRESS INDICATION message. Pending NAS PDUs are reported to the MME by means of the S1 NAS Non Delivery Indication procedure.
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Figure 20.2.2.19-1: Retrieve UE Context procedure (highlighted in blue). Successful case
In case the old eNB cannot find UE Context Information corresponding to the Resume ID received from the UE, it responds with the RETRIEVE UE CONTEXT FAILURE message and the new eNB fails the RRC connection resume procedure as specified in TS 36.331 [16].
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Figure 20.2.2.19-2: Retrieve UE Context procedure (highlighted in blue). Unsuccessful case
20.2.2.xx
RAN Paging
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Figure 20.2.2.xx-1: RAN Paging procedure

The purpose of the RAN Paging procedure is to request another eNB to page a UE.

20.2.2.xxx
Data Forwarding Address Indication
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Figure 20.2.2.xxx-1: Data Forwarding Address Indication procedure

The purpose of the Data Forwarding Address Indication Procedurer is to provide forwarding address to another eNB as part of the overall Retrieve UE Context procedure, in case S1-U bearer contexts are established.

<<<<<<<<<<<<<<<<<<<< Last Change >>>>>>>>>>>>>>>>>>>>

23.x
Support for RAN Paging

If the S1 UE-associated signalling connection and S1-U bearer contexts are kept although there is no RRC signalling connection established for the UE and the EPC regards the UE in ECM-CONNECTED, the serving eNB is responsible for paging the UE, e.g. upon reception of DL user data. 
The serving eNB may request relevant eNBs to page the UE by means of X2AP and S1AP signalling. 
Editor’s Note: Whether RAN paging also contains a function where the CN is requested to assist in RAN paging needs further discussions and co-ordination with SA2. This also applies to the text below.
The serving eNB is responsible to decide how often and in which area the UE is paged. For the sake of optimising the usage of radio resources for paging, the serving eNB should regard the Tracking Areas in which the UE is registered, as provided by the MME, when deciding in which area the UE is paged.
If the serving eNB requests relevant eNBs to page the UE by means of X2AP signalling it provides information about the area in which the UE shall be paged. In this case the neighbouring eNB may apply paging optimisation. 
While the serving eNB requests relevant eNBs to page the UE it keeps responsibility for paging the UE in the cells it controls. 
If RAN Paging fails, any DL NAS PDU that was not able to be delivered to the UE will be reported to the CN by means of the S1 NAS Non Delivery Indication procedure and the eNB will trigger the S1 UE Context Release procedure and discard any pending user data.
Editor’s Note: Whether and how the serving eNB sets the paging priority needs further discussions.
Editor’s Note: MME and eNB exchange signalling to control the operation of RAN Paging needs further discussions
<<<<<<<<<<<<<<<<<<<< End of Changes >>>>>>>>>>>>>>>>>>>>
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