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8
S1AP Procedures

Editor’s Note: Classification of S1AP procedures and procedural specification of S1AP procedures, 

8.1
Elementary procedures 

8.x
Handover Signalling 
8.x.1
Handover Preparation

8.x.1.1
General
The purpose of the Handover Preparation procedure is to initiate a Handover via the S1 interface. The procedure uses a UE individual signalling connection. 
1>
If a Prepared Handover exists in the source eNB for that UE individual signalling connection via the S1 interface
1>
or if a Handover Preparation procedure is ongoing for that UE individual signalling connection via the S1 interface
2>
the source eNB shall not initiate the Handover Preparation procedure for an UE individual signalling connection on the S1 interface
8.x.1.2
Successful Operation
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Figure 8.x.1.2: Handover Preparation procedure. Successful operation.

The source eNB initiates the procedure by sending a HANDOVER REQUIRED message to the MME.
1>
If the handover target is an eNB (intra SAE/LTE inter eNB Handover) and:

2>
if there is no X2 interface between the source eNB and the target eNB

2>
or if configuration information is available in the source eNB (although X2 interface might exist)
2>
or if after an unsuccessful handover initiation attempt via the X2 interface to the target eNB. 
3>
the source eNB shall send a HANDOVER REQUIRED message to the MME

2>
else

3>
initiate an intra SAE/LTE inter eNB Handover via the X2 interface (see ref. [4])
1>
else if the handover target is within another 3GPP-RAT (UTRAN Iu mode or GERAN A/Gb mode). 
2>
the source eNB shall send a HANDOVER REQUIRED message to the MME

The source eNB shall indicate within the HANDOVER REQUIRED message: 

1>
in case of intra SAE/LTE Handover 
2>
in the Source ID IE the eNB-ID of the source eNB
2>
in the Target ID IE the eNB-ID of the target eNB including the TAC
2>
the Source eNB to Target eNB Transparent Container IE

3>
including the RRC Container IE in order to pass radio related information transparently from the source eNB to the target eNB.
1>
in case of inter-3GPP-RAT Handover towards UTRAN Iu mode

2>
in the Source ID IE the eNB-ID of the source eNB

2>
in the Target ID IE the RNC-ID of the target system including the routing area code for the relevant cell in the target system.

2>
the Source RNC to Target RNC Transparent Container IE 
1>
in case of inter-3GPP-RAT Handover towards GERAN A/Gb mode
2>
in the Source ID IE the eNB-ID of the source eNB
2>
in the Target ID IE the cell global identity of the cell in the target system including the routing area code for the relevant cell in the target system.
2>
the Source BSS to Target BSS Transparent Container IE. 
When the source eNB sends the HANDOVER REQUIRED message:

1> it shall start the timer THOprep independent of the target system.
If the source eNB receives a HANDOVER COMMAND message it shall assume that
1>
the handover preparation including the resource allocation in the target system is ready

1>
the EPC has decided to continue the Handover 
After the MME has sent the HANDOVER COMMAND message

1>
it shall start timer THOcomplete.
1>
the Handover Preparation procedure is terminated in the EPC. 
The HANDOVER COMMAND shall contain, if received by the source eNB 
1>
in case of intra SAE/LTE Handover 

2>
the Target eNB to Source eNB Transparent Container IE 
1>
in case of inter-3GPP-RAT Handover towards UTRAN Iu mode

2>
the Target RNC To Source RNC Transparent Container IE 
1>
in case of inter-3GPP-RAT Handover towards GERAN A/Gb mode

2>
the Target BSS to Source BSS Transparent Container IE.
If the source eNB receives in the HANDOVER COMMAND message, 
1>
in case of inter-3GPP-RAT Handover towards GERAN A/Gb mode

2>
the Target BSS to Source BSS Transparent Container IE only the value part of UE related containers shall be sent to the UE. 
If the SAE Bearers subject to Data Forwarding IE is included in the HANDOVER COMMAND message the source eNB shall for each SAE Bearer included in the SAE Bearers subject to Data Forwarding IE
1>
assume that resources have been successfully allocated in the target system and that data forwarding has to take place for that SAE Bearer
1>
forward DL N-PDU duplicates towards the handover target as indicated in the  transport layer address IE and S1 transport association IE 
1>
if more than one pair of transport layer address and S1 transport association is included 

2>
the source eNB shall select one of the pairs to be used for the forwarding of the DL N-PDU duplicates towards the handover target.  
If the HANDOVER COMMAND message contains a list of SAE Bearers in the SAE Bearers to Be Released IE the source eNB
1>
shall assume that the target radio access system and/or the core network does not support all existing SAE Bearers  
1>
shall ignore those SAE Bearers in the SAE Bearers to Be Released IE which do not exist in the source eNB. 
1>
shall use the SAE Bearers to Be Released IE to avoid transferring associated contexts where applicable
1>
may use this list to decide if to cancel the handover or not.  
1>
shall not release resources associated with not supported SAE Bearers until the handover is completed. This is in order to make a return to the old configuration possible in case of a failed or cancelled handover.
Upon reception of the HANDOVER COMMAND message, the source eNB
1>
shall stop the timer THOprep 
1>
shall start the timer THOOverall
1>
shall start the timer TDATAfwd
1>
and  shall terminate the Handover Preparation procedure. 

2>
The source eNB  is then defined to have a Prepared Handover for that S1 signalling connection.  
8.x.1.3
Unsuccessful Operation
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Figure 8.x.1.3. Handover Preparation procedure. Unsuccessful operation.

If the HANDOVER PREPARATION FAILURE message is received by the source eNB 
1>
shall assume that
2>
either the EPC or target system is not able to even partially accept the handover 
2>
or a failure has occurred during the Handover Preparation procedure in the EPC
2>
or the EPC has decided to not continue the handover.  
1>
shall assume that the Handover Preparation procedure is terminated in the EPC

1>
shall terminate the Handover Preparation procedure

The HANDOVER PREPARATION FAILURE message shall contain the Cause IE set to one of the following values appropriately: 
1>
"THOalloc expiry"
1>
"Handover Failure in Target CN/eNB or Target System"
1>
"Handover not supported in Target eNB or Target System"
1>
"No Radio Resources Available in Target Cell"
1>
"Traffic Load In The Target Cell Higher Than In The Source Cell".

Interactions with UE context Release procedure on the target side:

In case of intra SAE/LTE inter eNB handover

1>
if the Handover Preparation procedure is unsuccessfully terminated, 
2>
the EPC shall release the possibly already existing UE individual signalling connection for the same UE and related to the same handover towards the target eNB by initiating the UE context Release procedure towards the target eNB with the Cause IE set to "Handover Cancelled”.
Interactions with Handover Cancel procedure:

If there is no response from the EPC to the HANDOVER REQUIRED message before timer THOprep expires in the source eNB: 
1>
the source eNB shall cancel the Handover Preparation procedure by initiating the Handover Cancel procedure with the Cause IE set to: 
2>
"THOprep expiry".
8.x.1.4
Abnormal Conditions 
If the Cause IE in the HANDOVER PREPARATION FAILURE message is set to "Unknown target eNB"

1>
the source eNB shall assume that target eNB indicated in the HANDOVER REQUIRED message is not known to the EPC.

1>
the existing UE individual signalling connection towards the source eNB shall continue to be used.
8.x.2
Handover Resource Allocation
8.x.2.1
General

The purpose of the Handover Resource Allocation procedure is to allocate resources from a target eNB for a handover procedure. The procedure uses a UE individual signalling connection.

8.x.2.2
Successful Operation
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Figure 8.x.2.2: Handover Resource Allocation procedure. Successful operation.

The Handover Resource Allocation procedure is initiated by the MME by sending a HANDOVER REQUEST message. 
When the MME transmits the HANDOVER REQUEST message,  
1>
the MME shall start the timer THOalloc.

Upon reception of the HANDOVER REQUEST message, the target eNB shall initiate the allocation of the requested resources. 
The HANDOVER REQUEST message :

1>
shall contain the Cause IE;

1>
shall contain the Source eNB  To Target eNB  Transparent Container IE;

1>
shall contain the Integrity Protection Information IE (if available);
1>
shall contain the Encryption Information  IE if the Integrity Protection Information IE is included.

1>
shall contain the Global MME-ID IE
2>
to indicate the MME that sent the HANDOVER REQUEST message;
2>
the target eNB shall store the received Global MME-ID within the UE context 
1>
shall contain SAE Bearer information which, 
2>
in case of intra SAE/LTE handover 
3>
shall include all necessary information required by the E-UTRAN to build the same set of SAE bearers as existing for the UE before the handover
3>
shall include for each SAE Bearer requested to handover:

4>
the SAE Bearer ID IE;

4>
the SAE Bearer parameters IE;

4>
the Transport Layer Address IE;

4>
the S1 Transport Association IE; 
4>
the PDP Type Information IE (only IPv4 and IPv6 applicable)
2>
in case of HO from other 3GPP RATs 

3>
shall include for each “RAB” or “PFC” requested to be handed over to LTE access (and which needs to be mapped to SAE Bearers in the course of the handover process)
4>
the SAE Bearer ID IE;

4>
the SAE Bearer parameters IE;

4>
the Transport Layer Address IE;

4>
the S1 Transport Association IE; 

4>
PDP Type Information IE (only IPv4 and IPv6 applicable)
3> may include SAE Bearers that do not map to bearers previously existing on the source side and represent SAE Bearers to support default connectivity.
If the HANDOVER REQUEST message includes the PDP Type Information IE, the eNB may use this IE to configure any compression algorithms. 

The Cause IE shall contain the same value as the one received in the related HANDOVER REQUIRED message.
The following additional actions shall be executed in the target eNB during the Handover Resource Allocation procedure:

1>
In case of intra SAE/LTE Handover
2>
The target eNB shall not accept a requested SAE bearer if the SAE bearer did not exist in the source eNB before the handover. 
1>
In case of inter-3GPP-RAT Handover

2>
The target eNB shall accept a requested SAE bearer if the SAE bearer did not exist in the source side before the handover if this SAE bearer is related to default connectivity.

1>
Other SAE bearers shall be rejected by the target eNB in the HANDOVER REQUEST ACKNOWLEDGE message, which are included in the SAE Bearer Failed to Setup List IE, with an appropriate value in the Cause IE, "Unable to Establish During HANDOVER".

1>
The target eNB may accept a requested SAE bearer only if the SAE bearer can be supported by the target eNB.
1>
The target eNB shall include information adapted to the resulting SAE bearer configuration in the target to source eNB transparent container to be included in the HANDOVER REQUEST ACKNOWLEDGE message sent to the MME.
 After all necessary resources for accepted SAE Bearers, including the initialisation of the S1 user plane, are successfully allocated, the target eNB shall send a HANDOVER REQUEST ACKNOWLEDGE message to the MME.

In the HANDOVER REQUEST ACKNOWLEDGE message 
1> each SAE Bearer successfully setup by the target eNB shall be indicated in the SAE Bearer Setup List  IE which
2> shall include

3>
the SAE Bearer  ID IE
3>
the Transport Layer Address IE
3>
the S1 Transport Association IE

2>
may include
3>
a second pair of Transport Layer Address and S1 Transport Association IEs
1>
each SAE Bearer the target eNB is not able to setup during the Handover Resource Allocation procedure shall be indicated in the SAE Bearers Failed To Setup IE which, 
2>
shall include 
3>
the SAE Bearer ID IE 
3>
and the Cause IE. 
1>
if the handover source is 
2>
LTE shall include the Target eNB To Source eNB Transparent Container IE. This container shall be transferred by the MME to the source eNB while completing the Handover Preparation procedure.
2>
UTRAN shall include the Target RNC To Source RNC Transparent Container IE. This container shall be transferred via the MME to the source RNC while completing the Handover Preparation procedure.

2>
GERAN shall include the Target BSS To Source BSS Transparent Container IE. This container shall be transferred via the MME to the source BSS while completing the Handover Preparation procedure.
Each SAE Bearer the target eNB is not able to setup during the Handover Resource Allocation procedure shall not be released in the EPC until the handover is completed. This is in order to make a return to the old configuration possible in case of a failed or cancelled handover. 
Transmission and reception of a HANDOVER REQUEST ACKNOWLEDGE message terminate the procedure in the E-UTRAN and in the EPC respectively.
8.x.2.3
Unsuccessful Operation
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Figure 8.x.2.3: Handover Resource Allocation procedure: Unsuccessful operation.

The target eNB shall send a HANDOVER FAILURE message to the CN
1>
if the target eNB can not even partially accept the handover 
1>
or a failure occurs during the Handover Resource Allocation procedure in the target eNB, 
The HANDOVER FAILURE message shall contain the Cause IE with an appropriate value.

Transmission and reception of a HANDOVER FAILURE message terminate the procedure in the E-UTRAN and in the EPC respectively.

When the MME receives HANDOVER FAILURE message from the target eNB, 
1>
the MME shall stop timer THOalloc and shall assume possibly allocated resources within the target eNB completely released.

8.x.2.4
Abnormal Conditions

If after reception of the HANDOVER REQUEST message, the target eNB receives another HANDOVER REQUEST message on the same UE individual signalling connection, 
1>
the target eNB shall discard the latter message and the original Handover Resource Allocation procedure shall continue normally.

Interactions with UE context Release procedure:

If the EPC decides to not continue the Handover Resource Allocation procedure (e.g. due to THOalloc expiry) before the Handover Resource Allocation procedure is completed, 
1>
the EPC shall stop timer THOalloc (if timer THOalloc has not already expired) and 
1>
the EPC shall, 
2>
if the UE individual signalling connection has been established 
2>
else later becomes established, 
3>
initiate the UE context procedure towards the target eNB with an appropriate value for the Cause IE. "Handover Cancelled".

8.x.3
Handover Complete
8.x.3.1
General

The purpose of the Handover Complete procedure is to indicate to the EPC the completion by the target eNB of the handover. The procedure uses UE individual signalling connection.
8.x.3.2
Successful Operation
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Figure 8.x.3.2: Handover Complete procedure. Successful operation.

When the new eNB-ID and serving eNB Radio Network Temporary Identity are successfully exchanged with the UE by the radio protocols, 
1>
the target eNB shall initiate the Handover Complete procedure by sending a HANDOVER COMPLETE message to the EPC. 
Upon reception of the HANDOVER COMPLETE message, 
1>
the EPC should stop the THOcomplete timer.

8.x.3.3
Unsuccessful Operation

Not applicable.
8.x.3.4
Abnormal Conditions

If the timer THOcomplete expires:

1>
the EPC should initiate release of  UE individual signalling connections towards the source and the target eNB by initiating the UE Context Release procedure with an appropriate value for the Cause IE "THOcomplete expiry".

8.x.4
Handover Cancel
8.x.4.1
General

The purpose of the Handover Cancel procedure is to enable a source eNB to cancel an ongoing handover. The Handover Cancel procedure may be initiated by the source eNB during and after the Handover Preparation procedure if either of the following conditions is fulfilled:
1>
the source eNB has not yet initiated the execution of the handover via the Uu interface
1>
after having initiated the execution of the handover, the UE has returned to the source eNB by transmitting an RRC message which indicates that the UE considers the source eNB as its serving eNB
The procedure uses UE individual signalling connection. 
8.x.4.2
Successful Operation
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Figure 8.x.4.2: Handover Cancel procedure. Successful operation.

The source eNB initiates the procedure by sending a HANDOVER CANCEL message to the EPC. 
The HANDOVER CANCEL message 
1>
shall indicate the reason for cancelling the handover by the appropriate value of the Cause IE 
Upon reception of a HANDOVER CANCEL message, 
1>
the EPC shall send a HANDOVER CANCEL ACKNOWLEDGE message to the source eNB.

Transmission and reception of a HANDOVER CANCEL ACKNOWLEDGE message terminate the procedure 
1>
in the EPC and 
1>
in the source eNB. 
2>
After this, the source eNB does not have a prepared handover for that UE individual signalling connection.

Interactions with Handover Preparation procedure:

Upon reception of a HANDOVER CANCEL message from the source eNB, 
1>
the EPC shall locally terminate the possibly ongoing Handover Preparation procedure towards that eNB and abandon the handover.

If the source eNB receives a HANDOVER COMMAND message from the EPC after the Handover Cancel procedure is initiated, 
1>
the source eNB shall ignore the received HANDOVER COMMAND message. 
If the source eNB receives a HANDOVER PREPARATION FAILURE message from the EPC after the Handover Cancel procedure is initiated, 
1>
then the source eNB shall terminate the ongoing Handover Cancel procedure.  
8.x.4.3
Unsuccessful Operation
Not applicable.
8.x.4.4
Abnormal Conditions
Not applicable.
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