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8
S1AP Procedures

8.1
List of S1AP Elementary procedures

In the following tables, all EPs are divided into Class 1 and Class 2 EPs (see subclause 3.1 for explanation of the different classes):
Table 1: Class 1 procedures
	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome

	
	
	Response message
	Response message

	Handover Preparation
	HANDOVER REQUIRED
	HANDOVER COMMAND
	HANDOVER PREPARATION FAILURE

	Handover Resource Allocation
	HANDOVER REQUEST
	HANDOVER REQUEST ACKNOWLEDGE
	HANDOVER FAILURE

	Path Switch Request
	PATH SWITCH REQUEST
	PATH SWITCH REQUEST ACKNOWLEDGE
	PATH SWITCH REQUEST FAILURE

	Handover Cancellation
	HANDOVER CANCEL
	HANDOVER CANCEL ACKNOWLEDGE
	

	SAE Bearer Setup
	SAE BEARER SETUP REQUEST
	SAE BEARER SETUP RESPONSE
	

	SAE Bearer Modify
	SAE BEARER MODIFY REQUEST
	SAE BEARER MODIFY RESPONSE
	

	SAE Bearer Release
	SAE BEARER RELEASE COMMAND
	SAE BEARER RELEASE COMPLETE
	

	Initial Context Setup
	INITIAL CONTEXT SETUP REQUEST
	INITIAL CONTEXT SETUP RESPONSE
	INITIAL CONTEXT SETUP FAILURE

	Reset
	RESET
	RESET ACKNOWLEDGE
	

	S1 Setup
	S1 SETUP REQUEST
	S1 SETUP RESPONSE
	S1 SETUP FAILURE


Table 2: Class 2 procedures
	Elementary Procedure
	Message

	Handover Notification
	HANDOVER NOTIFY

	SAE Bearer Release Request
	SAE BEARER RELEASE REQUEST

	Paging
	PAGING

	Initial UE Message
	INITIAL UE MESSAGE

	Downlink NAS Transport
	DOWNLINK NAS TRANSPORT

	Uplink NAS Transport
	UPLINK NAS TRANSPORT

	NAS non delivery indication
	NAS NON DELIVERY INDICATION

	Error Indication
	ERROR INDICATION

	UE Context Release Request
	UE CONTEXT RELEASE REQUEST

	eNB Status Transfer
	eNB STATUS TRANSFER

	MME Status Transfer
	MME STATUS TRANSFER


The following applies concerning interference between Elementary Procedures:

-
The Reset procedure takes precedence over all other EPs.
8.4
Handover Signalling

8.4.1

Handover Preparation

8.4.1.1
General

The purpose of the Handover Preparation procedure is to request the preparation of resources at the target side via the EPC.

Editor’s Note: It is FFS whether the eNodeB is allowed to initiate this procedure in case there is an already prepared handover for this particular UE either on S1or on any of its X2 interfaces.

8.4.1.2
Successful Operation
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Figure 8.4.1.2-1: Handover preparation: successful operation
The source eNodeB initiates the handover preparation by sending the HANDOVER REQUIRED message to the serving MME. 

Editor’s note: How to handle and control data forwarding is FFS.
When the preparation, including the reservation of resources at the target side is ready, the MME responds with the HANDOVER COMMAND message to the source eNodeB.

If the Target eNodeB to Source eNodeB Transparent Container IE or the Target RNC To Source RNC Transparent Container IE or the Target BSS to Source BSS Transparent Container IE has been received by the MME from the handover target then the transparent container shall be included in the HANDOVER COMMAND message.

If there are any SAE bearers that could not be admitted in the target, they shall be indicated in the SAE Bearers to Release List IE.
For each bearer for which the source eNodeB proposes to do forwarding of downlink data, the source eNodeB shall include the DL forwarding IE within the Source eNodeB to Target eNodeB Transparent Container IE of the HANDOVER REQUIRED message.
Interactions with SAE Bearer Management procedures:

If, after a HANDOVER REQUIRED message is sent and before the Handover Preparation procedure is terminated, the source eNB receives a MME initiated SAE Bearer Management procedure on the same UE associated signaling connection, the source eNB shall either:

1.
cancel the Handover Preparation procedure by executing the Handover Cancel procedure with an appropriate cause value "Interaction with other procedure”. After successful completion of the Handover Cancel procedure, the source eNB shall continue the MME initiated SAE Bearer Management procedure

or

2.
terminate the MME initiated SAE Bearer Management procedure by sending the appropriate response message with the cause value “Handover Triggered” to the MME and then the source eNB shall continue with the handover procedure.
8.4.1.3
Unsuccessful Operation
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Figure 8.4.1.3-1: Handover preparation: unsuccessful operation
If the EPC or the target system is not able to accept any of the bearers or a failure occurs during the Handover Preparation, the MME sends the HANDOVER PREPARATION FAILURE message with an appropriate cause value to the source eNodeB. 
8.4.1.4
Abnormal Conditions

8.4.2

Handover Resource Allocation

8.4.2.1
General

The purpose of the Handover Resource Allocation procedure is to reserve resources at the target eNodeB for the handover of a UE. 
8.4.2.2
Successful Operation
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Figure 8.4.2.2-1: Handover resource allocation: successful operation
The MME initiates the procedure by sending the HANDOVER REQUEST message to the target eNodeB. If the Source eNodeB to Target eNodeB Transparent Container IE or the Source RNC to Target RNC Transparent Container IE or the Source BSS to Target BSS Transparent Container IE has been received by the MME from the source side the MME includes the transparent container in the HANDOVER REQUEST message.

The HANDOVER REQUEST message may contain the Serving PLMN IE, and shall contain this Information Element if MME serves more than one PLMN identity.
The HANDOVER REQUEST message may contain the Handover Restriction List IE, which may contain roaming area or access restrictions.

If the Serving PLMN IE or the Handover Restriction List IE is contained in the HANDOVER REQUEST message, the target eNB shall store this information in the UE context.
The eNB should use the information in Handover Restriction List IE to determine a target cell for handover. If the Handover Restriction List IE is not contained in the HANDOVER REQUEST message, the target eNB shall consider that no access restriction applies to the UE.

After all necessary resources for the admitted SAE Bearers have been allocated the target eNodeB generates the HANDOVER REQUEST ACKNOWLEDGE message. The target eNodeB shall include in the SAE Bearers Admitted List IE the SAE Bearers for which resources have been prepared at the target cell. The SAE bearers that have not been admitted in the target cell shall be included in the SAE Bearers Failed to Setup List IE.
For each bearer that it has decided to admit, the target eNB may include the DL GTP Tunnel endpoint IE within the SAE Bearers Admitted List IEs IE of the HANDOVER REQUEST ACKNOWLEDGE message indicating that it accepts the proposed forwarding of downlink data for this bearer.
For each bearer in the SAE Bearers Admitted List IE of the HANDOVER REQUEST ACKNOWLEDGE message, the target eNodeB may include the UL GTP Tunnel Endpoint IE if it requests data forwarding of uplink packets to be performed for that bearer.

8.4.2.3
Unsuccessful Operation


[image: image4.emf] 

HANDOVER  REQUEST  

MME  

HANDOVER   FAILURE  

target  eNodeB  


Figure 8.4.2.3-1: Handover resource allocation: unsuccessful operation
If the target eNodeB is not able to admit any of the SAE Bearers or a failure occurs during the Handover Preparation, it shall send the HANDOVER REQUEST FAILURE message to the MME with an appropriate cause value. 
8.4.2.4
Abnormal Conditions

8.4.x

eNB Status Transfer
8.4.x.1

General

The purpose of the eNB Status Transfer procedure is to transfer the uplink PDCP-SN receiver status and the downlink PDCP-SN transmitter status from the source to the target eNodeB via the MME during an S1 handover for each respective SAE bearer for which PDCP SN status preservation applies.

8.4.x.2

Successful Operation


[image: image5.emf] 

eNodeB  

eNB  STATUS T RANSFER  

MME  


Figure YY: eNB Status Transfer procedure 
The source eNodeB initiates the procedure by sending the eNB STATUS TRANSFER message to the MME at the time point when it considers the transmitter/receiver status to be freezed. After sending this message the source eNodeB shall stop assigning PDCP SNs to downlink SDUs and shall stop delivering UL SDUs toward the EPC.
At that point of time, the source eNodeB shall either:

· discard the uplink packets received out of sequence for each bearer for which PDCP SN status preservation applies but not forwarding,

· forward the uplink packets received out of sequence for each bearer for which the source eNodeB has accepted the request from the target eNodeB for uplink forwarding,

· send the uplink packets received out of sequence to the EPC for each bearer for which the PDCP SN status preservation doesn’t apply.
For each bearer for which PDCP SN status preservation applies, the source eNB shall include the UL PDCP-SN Next In-Sequence Expected IE and the UL PDCP-HFN Next In-Sequence Expected IE within the SAE Bearers Subject to Status Transfer Item IE. 
The source eNodeB shall also include in the STATUS TRANSFER message the list of uplink SDUs received out of sequence within the PDCP-SN of UL SDUs Not To Be Retransmitted List IE (FFS) for each bearer for which the source eNB has accepted the request from the target eNodeB for uplink forwarding.
For each bearer for which PDCP SN status preservation applies, the source eNB shall include the DL PDCP-SN Next To Assign IE and the DL PDCP-HFN Next To Assign IE within SAE Bearers Subject to Status Transfer Item IE.

8.4.X.4

Abnormal Conditions

8.5.x

MME Status Transfer
8.5.x.1

General

The purpose of the eNB Status Transfer procedure is to transfer the uplink PDCP-SN receiver status and the downlink PDCP-SN transmitter status from the source to the target eNodeB via the MME during an S1 handover for each respective SAE bearer for which PDCP SN status preservation applies.

8.5.x.2

Successful Operation
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Figure YY: MME Status Transfer procedure

The MME initiates the procedure by sending the MME STATUS TRANSFER message to the eNB. 
For each bearer for which the UL PDCP-SN Next In-Sequence Expected IE is received in the STATUS TRANSFER message, the target eNodeB shall use it and not deliver any uplink packet which has a PDCP SN lower than the value contained in this IE.

If the PDCP-SN of UL SDUs Not To Be Retransmitted List IE is included in the STATUS TRANSFER message for at least one bearer, the target eNodeB may use it to build and send a Status Report message to the UE over the radio.
If the DL PDCP-SN Next To Assign IE and the DL PDCP-HFN Next To Assign IE is received in the STATUS TRANSFER message for one bearer, the target eNodeB shall use it to mark with the value contained in this IE the first downlink packet for which there is no PDCP SN yet assigned.

8.5.X.3

Abnormal Conditions

If the target eNodeB receives this message for a UE for which no prepared handover exists at the target eNodeB, the target eNodeB shall ignore the message.

9.1.5.2
HANDOVER COMMAND

This message is sent by the MME to inform the source eNodeB that resources for the handover have been prepared at the target side.

Direction: MME ( eNodeB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	reject

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	reject

	Handover Type
	M
	<IntraLTE, LTEtoUTRAN, LTEtoGERAN>
	9.2.1.13
	
	YES
	reject

	SAE Bearers Subject to Forwarding List
	O
	
	
	
	YES
	ignore

	>SAE Bearers Subject to Forwarding Item IEs
	
	1 to <maxnoof SAEbearers>
	
	
	EACH
	ignore

	>> SAE Bearer ID
	M
	
	9.2.1.2
	
	-
	

	>> Transport Layer Address
	M
	
	9.2.2.1
	
	-
	

	>> UL GTP Tunnel Endpoint
	O
	
	9.2.2.2
	Target eNB tunnel endpoint. For delivery of UL PDCP SDUs 
	-
	

	>> DL GTP Tunnel Endpoint
	O
	
	9.2.2.2
	
To deliver forwarded DL PDCP SDUs
	-
	

	SAE Bearers to Release List
	O
	
	
	
	YES
	ignore

	>SAE Bearers to Release Item IEs
	
	1 to <maxnoof SAEbearers>
	
	
	EACH
	ignore

	>> SAE Bearer ID
	M
	
	9.2.1.2
	
	-
	

	Intra-LTE HO Information ListResponse
	C- ifIntraLTE
	
	
	
	YES
	reject

	> Target eNodeB to Source eNodeB Transparent Container
	M
	
	9.2.1.8
	
	
	

	LTE to UTRAN HO Information ListResponse
	C- ifILTEto
UTRAN
	
	
	
	YES
	reject

	> Target RNC to Source RNC Transparent Container
	M
	
	9.2.1.10
	FFS if this is mandatory and needed
	
	

	LTE to GERAN HO Information ListResponse
	C- ifILTEto
GERAN
	
	
	
	YES
	reject

	> Target BSS to Source BSS Transparent Container
	M
	
	9.2.1.12
	FFS if this is mandatory and needed
	
	


Editor’s Note: How to handle and control data forwarding is FFS. This means that the existence of, and the definition of the SAE Bearers Subject to Forwarding List IE is FFS.
	Condition
	Explanation

	ifIntraLTE
	This IE shall be present if the Handover Type IE is set to the “Value” IntraLTE.

	ifLTEtoUTRAN
	This IE shall be present if the Handover Type IE is set to the “Value” LTEtoUTRAN.

	ifLTEtoGERAN
	This IE shall be present if the Handover Type IE is set to the “Value” LTEtoGERAN.


	Range bound
	Explanation

	maxnoofSAEbearers
	Maximum no. of SAE Bearers for one UE. Value is 256.


9.1.5.5
HANDOVER REQUEST ACKNOWLEDGE

This message is sent by the target eNodeB to inform the MME about the prepared resources at the target.

Direction: eNodeB ( MME.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	reject

	eNB UE S1AP ID
	M
	
	9.2.3.4
	allocated at the target eNodeB
	YES
	reject

	Handover Type
	M
	<IntraLTE, UTRANtoLTE, GERANtoLTE>
	9.2.1.13
	
	YES
	reject

	SAE Bearers Admitted List
	O
	
	
	
	YES
	ignore

	>SAE Bearers Admitted Item IEs
	
	1 to <maxnoof SAEbearers>
	
	
	EACH
	reject

	>> SAE Bearer ID 
	M
	
	9.2.1.2
	
	-
	

	>> Transport Layer Address
	M
	
	9.2.2.1
	
	-
	

	>> UL GTP Tunnel Endpoint
	O
	
	9.2.2.2
	To deliver forwarded UL PDCP SDUs 
	-
	

	>> DL GTP Tunnel Endpoint
	O
	
	9.2.2.2
	To deliver forwarded DL PDCP SDUs. 
	-
	

	>> GTP TEID
	M
	
	9.2.2.2
	To deliver DL PDUs
	-
	

	SAE Bearers Failed to Setup List
	O
	
	
	
	YES
	ignore

	>SAE Bearers Failed to Setup Item IEs
	
	1 to <maxnoof SAEbearers>
	
	
	EACH
	ignore

	>>SAE Bearer ID
	M
	
	9.2.1.2
	
	-
	

	>>Cause
	M
	
	9.2.1.3
	
	-
	

	Intra-LTE HO Information ListResponse
	C- ifIntraLTE
	
	
	
	YES
	reject

	> Target eNodeB to Source eNodeB Transparent Container
	M
	
	9.2.1.8
	It includes HO Command info for the UE
	
	

	UTRAN to LTE HO Information ListResponse
	C- if
UTRANtoLTE
	
	
	
	YES
	reject

	> Target RNC to Source RNC Transparent Container
	M
	
	9.2.1.10
	FFS if this is mandatory and needed
	
	

	GERAN to LTE HO Information ListResponse
	C- if
GERANtoLTE
	
	
	
	YES
	reject

	> Target BSS to Source BSS Transparent Container
	M
	
	9.2.1.12
	FFS if this is mandatory and needed
	
	


	Condition
	Explanation

	ifIntraLTE
	This IE shall be present if the Handover Type IE is set to the “Value” IntraLTE.

	ifUTRANtoLTE
	This IE shall be present if the Handover Type IE is set to the “Value” UTRANtoLTE.

	ifGERANtoLTE
	This IE shall be present if the Handover Type IE is set to the “Value” GERANtoLTE.

	Range bound
	Explanation

	maxnoofSAEbearers
	Maximum no. of SAE Bearers for one UE. Value is 256.


9.1.5.x 
eNB STATUS TRANSFER
This message is sent by the source eNodeB to transfer the PDCP SN receiver and transmitter status. 
Direction: eNodeB ( MME.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.11
	
	YES
	ignore

	MME S1-AP UE Identity
	M
	
	9.2.3.3
	
	YES
	reject

	eNB S1-AP UE Identity
	M
	
	9.2.3.4
	
	YES
	reject

	SAE Bearers Subject to Status Transfer List
	M
	
	
	
	YES
	ignore

	>SAE Bearers Subject to Status Transfer Item
	
	1 to <maxnoof SAEbearers>
	
	
	EACH
	ignore

	>> SAE bearer Identity
	M
	
	BIT STRING (SIZE (8))
	
	–
	–

	>> PDCP-SN of UL SDUs Not To Be Retransmitted List
	O
	1 to <maxnoofPDCP-SN>
	
	PDCP SNs of UL SDUs received out of sequence (FFS) 
	–
	–

	
>>> PDCP-SN
	M
	
	INTEGER
	
	–
	–

	>> UL PDCP-HFN Next In-Sequence Expected
	M
	
	INTEGER
	PDCP-HFN of the next in-sequence expected UL SDU by the target eNB (upper window edge)
	–
	–

	>> UL PDCP-SN Next In-Sequence Expected
	M
	
	INTEGER
	PDCP-SN of the next in-sequence expected UL SDU by the target eNB (upper window edge)
	–
	–

	>> DL PDCP-HFN Next to Assign
	M
	
	INTEGER
	PDCP-HFN that the target eNB should assign for the next DL SDU not having an SN yet
	–
	–

	>> DL PDCP-SN Next to Assign
	M
	
	INTEGER
	PDCP-SN that the target eNB should assign for the next DL SDU not having an SN yet
	–
	–


Editor’s note: it is FFS if the procedure may be triggered more than once time during the handover preparation.

9.1.5.x 
MME STATUS TRANSFER
This message is sent by the MME to transfer the PDCP SN receiver and transmitter status. 

Direction: MME ( eNodeB
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.15
	
	YES
	ignore

	MME S1-AP UE Identity
	M
	
	INTEGER (0..4095)
	eNB UE X2AP ID allocated at the old eNodeB


	YES
	reject

	eNB S1-AP UE Identity
	M
	
	INTEGER (0..4095)
	eNB UE X2AP ID allocated at the new eNodeB


	YES
	reject

	SAE Bearers Subject to Status Transfer List
	M
	
	
	
	YES
	ignore

	>SAE Bearers Subject to Status Transfer Item
	
	1 to <maxnoof SAEbearers>
	
	
	EACH
	ignore

	>> SAE bearer Identity
	M
	
	BIT STRING (SIZE (8))
	
	–
	–

	>> PDCP-SN of UL SDUs Not To Be Retransmitted List
	O
	1 to <maxnoofPDCP-SN>
	
	PDCP SNs of UL SDUs received out of sequence (FFS) 
	–
	–

	
>>> PDCP-SN
	M
	
	INTEGER
	
	–
	–

	>> UL PDCP-HFN Next In-Sequence Expected
	M
	
	INTEGER
	PDCP-HFN of the next in-sequence expected UL SDU by the target eNB (upper window edge)
	–
	–

	>> UL PDCP-SN Next In-Sequence Expected
	M
	
	INTEGER
	PDCP-SN of the next in-sequence expected UL SDU by the target eNB (upper window edge)
	–
	–

	>> DL PDCP-HFN Next to Assign
	M
	
	INTEGER
	PDCP-HFN that the target eNB should assign for the next DL SDU not having an SN yet
	–
	–

	>> DL PDCP-SN Next to Assign
	M
	
	INTEGER
	PDCP-SN that the target eNB should assign for the next DL SDU not having an SN yet
	–
	–


9.2.1.7
Source eNB to Target eNB Transparent Container

The Source eNB to target eNB Transparent Container IE is an information element that is produced by the source eNB and is transmitted to the target eNB. This IE is used for the intra SAE/LTE handover case. 

This IE is transparent to the EPC.


	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	RRC Container
	M
	
	OCTET STRING
	
	-
	-

	SAE Bearers Info List
	M
	
	
	
	YES
	ignore

	>  SAE Bearers Info Item
	
	1 to <maxnoof SAEbearers>
	
	
	EACH
	ignore

	  >> SAE Bearer ID
	M
	
	BIT STRING (SIZE (8))
	
	-
	-

	  >> DL Forwarding
	O
	
	9.2.x
	
	-
	-


9.2.3.x
DL Forwarding
This element indicates that the SAE bearer is proposed for forwarding of downlink packets.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	DL Forwarding
	
	
	
	

	>DL Forwarding
	M
	
	ENUMERATED (DL forwarding proposed, …) 
	


ASN.1 to be completed
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