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1. Introduction

In last RAN3 meeting, when discussing on direct data forwarding for inter-system handover, it was found that there are still some issue on the inclusion of Handover Preparation Unsuccessful Transfer IE in Handover  Command message. This contribution makes some analysis and provides proposals accordingly
2. Discussion
In current Handover Command message, the SM container Handover Preparation Unsuccessful Transfer is included for the PDU session which is not admitted in the target node. The definition of the SM container is as below:
9.3.4.18
Handover Preparation Unsuccessful Transfer

This IE is transparent to the AMF.

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

	Cause
	M
	
	9.3.1.2
	


2.1 Intra-system handover

For intra-system handover, this SM container is driven from UeContextCreatedData  message send by target AMF. According to 29.518,the target AMF may include two kinds of failed PDU session 
1) The PDU session failed in the SMF

2) The PDU session failed in the target AMF

For case 1, the Handover Preparation Unsuccessful Transfer  SM container is generated by SMF and sent to source AMF via target AMF. For case 2, since it is target AMF reject the PDU session, it is not possible for the SMF to generate a SM container. The final solution agreed in CT4 is that AMF generate a SM container for this specific case as below.
6.1.6.2.42
Type: UeContextCreatedData

Table 6.1.6.2.42-1: Definition of type UeContextCreatedData
	Attribute name
	Data type
	P
	Cardinality
	Description

	ueContext
	UeContext
	M
	1
	Represents the newly created individual ueContext resource

	targetToSourceData
	N2InfoContent
	M
	1
	This IE shall contain the "Target to Source Transparent Container".

	pduSessionList
	array(N2SmInformation)
	M
	1..N
	This IE shall be included to contain the list of N2SmInformation, where each N2SmInformation includes the "Handover Command Transfer" received from the SMF, per PDU session ID.

	pcfReselectedInd
	boolean
	C
	0..1
	This IE shall be present and set to true if the target AMF has decided to select a new PCF for AM Policy other than the one which was included in the UeContext by the old AMF.

	ngapCause
	NgApCause
	C
	0..1
	This IE shall be present, if available. When present, it shall represent the NGAP cause received from RAN.

	failedSessionList
	array(N2SmInformation)
	C
	1..N
	This IE shall be included to contain a list of N2SmInformation, where each N2SmInformation includes the "Handover Preparation Unsuccessful Transfer" N2 SM content either received from the SMF for a PDU session failed to be handed over or generated by the target AMF for a PDU session not accepted by the target AMF (e.g. due to no response from the SMF within a maximum wait timer or due to non-available S-NSSAI in the target AMF). See NOTE.

	supportedFeatures
	SupportedFeatures
	C
	0..1
	This IE shall be present if at least one optional feature defined in subclause 6.1.8 is supported. 

	NOTE:
As an exception, the AMF generates N2 SM Information (Handover Preparation Unsuccessful Transfer IE) for a PDU session not accepted by the AMF, since this N2 SM IE needs to be included in the Handover Command sent by the source AMF to the source NG-RAN; this N2 SM IE carries a Cause value.      


Observation 1: For intra-system handover, AMF may generate Handover Preparation Unsuccessful Transfer SM container and fill the corresponding cause value.
However, in current 38.413,there is no definition on cause value which could be used by the target AMF to reject the PDU session e.g. due to no response from the SMF within a maximum wait timer or due to non-available S-NSSAI in the target AMF. So, it is proposed to add the above two cause value which is defined in CT4 spec.

Proposal 1:It is proposed to add two cause i.e. due to no response from the SMF within a maximum wait timer or due to non-available S-NSSAI in the target AMF value in 38.413 

2.2 Inter-system handover 

For 5G to 4G handover it seems not possible for the SMF to generate Handover Preparation Unsuccessful Transfer IE according to current SA2/CT4 spec. The reason is as follows:
During 5G to 4G handover, the target eNB would include the E-RABs Failed to Setup List which includes the cause of each failed E-RAB. However, when target MME receives the information, it does not include it in Forward Relocation Response message.
The definition of Forward Relocation Response message in 29.274 is as below:
Table 7.3.2-1: Information Elements in a Forward Relocation Response

	Information elements
	P
	Condition / Comment
	IE Type
	Ins.

	Cause
	M
	
	Cause
	0

	Sender's F-TEID for Control Plane
	C
	If the Cause IE contains the value "Request accepted", the target MME/SGSN/AMF shall include this IE in the Forward Relocation Response message.
	F-TEID
	0

	Indication Flags
	C
	This IE shall be included if any of the flags are set to 1.
: 
· SGW Change Indication: this flag shall be set to 1 if the target MME/SGSN has selected a new SGW. 
This flag shall be set to 1 by the target AMF during the EPS to 5GS handover using N26 interface.
	Indication
	0

	List of Set-up Bearers
	C
	The list of Set-up Bearers IE shall contain the EPS bearer Identifiers of the bearers that were successfully allocated in the target system during a handover procedure. This IE shall be included if the source and target access type is EUTRAN or NG-RAN and the Cause IE contains the value "Request accepted". 

See NOTE 1.

Several IEs with this type and instance values shall be included as necessary to represent a list of Bearers.
	Bearer Context 
	0

	List of Set-up RABs
	C
	The list of Set-up RABs IE shall contain the RAB Identifiers of the RABs that were successfully allocated in the target system. This IE shall be included if the Cause IE contains the value "Request accepted" and 

· If the source access type is UTRAN and the target access type is E-UTRAN/UTRAN,

· If the source access type is E-UTRAN and the target access type is UTRAN, 

except over the S16 interface if the Forward Relocation Request did not include the MME/SGSN UE EPS PDN Connections IE.

See NOTE 1.

Several IEs with this type and instance values shall be included as necessary to represent a list of Bearers.
	Bearer Context 
	1

	List of Set-up PFCs
	O
	The list of Set-up PFCs IE shall contain the Packet Flow Identifies of the PFCs that were successfully allocated in the target system during a PS handover to/from GERAN or inter RAT handover to/from GERAN. If the Cause IE contains the value "Request accepted", this IE may be included. 
See NOTE 1. 
Several IEs with this type and instance values shall be included as necessary to represent a list of Bearers.
	Bearer Context
	2

	S1-AP Cause


	C
	This IE shall be included if the cause value is received in an S1-AP message or derived from the cause value received in a NGAP message. Refer to the 3GPP TS 29.010 [42] for the mapping of cause values between S1AP, RANAP, BSSGP and NGAP.
	F-Cause
	0

	RANAP Cause
	C
	This IE shall be included if the cause value is received in RANAP message. Refer to the 3GPP TS 29.010 [42] for the mapping of cause values between S1AP, RANAP and BSSGP.
	F-Cause
	1

	BSSGP Cause
	C
	For handover to GERAN, if a cause value is received from the Target BSC, the BSSGP Cause IE shall be included and shall be set to the cause value received from the target BSC. Refer to the 3GPP TS 29.010 [42] for the mapping of cause values between S1AP, RANAP and BSSGP.
	F-Cause
	2

	E-UTRAN Transparent Container
	C
	This IE shall be included to contain the "Target to Source Transparent Container" during a handover to E-UTRAN, 5GS to EPS handover and EPS to 5GS handover. If the Cause IE contains the value "Request accepted". The Container Type shall be set to 3.
	F-Container
	0

	UTRAN Transparent Container
	C
	This IE shall be included to contain the "Target to Source Transparent Container" during a handover to UTRAN. If the Cause IE contains the value "Request accepted". The Container Type shall be set to 1.
	F-Container
	1

	BSS Container
	C
	This IE shall be included to contain the Target BSS to Source BSS Transparent Container during a handover to GERAN. If the Cause IE contains the value "Request accepted". The Container Type shall be set to 2
	F-Container
	2

	MME/S4-SGSN LDN
	O
	This IE may be sent by the MME/S4-SGSN to the peer MME/S4-SGSN on the S3/S10/S16 interfaces (see 3GPP TS 32.423 [44]), when communicating the LDN to the peer node for the first time.
	Local Distinguished Name (LDN)
	0

	SGSN node name
	CO
	This IE shall be sent by the target SGSN on the S3 interface if both target SGSN and associated SGW support ISR. See NOTE 2.
	FQDN
	0

	MME node name
	CO
	This IE shall be sent by the target MME on the S3 interface if both target MME and associated SGW support ISR. See NOTE 2.
	FQDN
	1

	SGSN Number
	O
	This IE may be sent by the target S4-SGSN to the source MME/S4-SGSN as specified in 3GPP TS 23.271 [56].
	Node Number
	0

	
	CO
	This IE shall be included if the PMTSMI flag in the Forward Relocation Request message is set to 1.
	
	

	SGSN Identifier
	O
	This IE may be sent by the target S4-SGSN to the source MME/S4-SGSN as specified in 3GPP TS 23.271 [56].
	Node Identifier
	0

	MME Identifier
	O
	This IE may be sent by the target MME to the source MME/S4-SGSN as specified in 3GPP TS 23.271 [56].
	Node Identifier
	1

	MME number for MT SMS
	CO
	This IE shall be included on the S10/S3 interface if the PMTSMI flag in the Forward Relocation Request message is set to 1.
	Node Number
	1

	SGSN Identifier for MT-SMS
	CO
	This IE shall be included on the S16/S3 interface if the target S4-SGSN supports the Gdd reference point and if the PMTSMI flag in the Forward Relocation Request message is set to 1.
	Node Identifier
	2

	MME Identifier for MT SMS
	CO
	This IE shall be included on the S10/S3 interface if the target MME supports the SGd reference point and if the PMTSMI flag in the Forward Relocation Request message is set to 1.
	Node Identifier
	3

	List of Set-up Bearers for SCEF PDN Connections
	CO
	This IE shall contain the EPS bearer Identifiers of the Bearers of SCEF PDN connections that were successfully allocated in the target system during a handover procedure, if any. 
Several IEs with this type and instance values shall be included as necessary to represent a list of Bearers.
	Bearer Context 
	3

	Private Extension
	O
	
	Private Extension
	VS

	NOTE 1:
In the Forward Relocation Request message, the inclusion of "RAN Cause" indicates that the source access type is E-UTRAN. In the Forward Relocation Request message, the inclusion of "RANAP Cause" indicates that the source access type is UTRAN. In the Forward Relocation Request message, the inclusion of "BSSGP Cause" indicates that the source access type is GERAN.

NOTE 2:
According to the 3GPP TS 23.401 [3], during an inter-RAT handover procedure for a UE with ISR activated, the source MME/SGSN should select the ISR associated CN node for this UE as the target CN node for the inter RAT HO when the ISR associated CN node can serve the target access. This parameter is exchanged when ISR is being activated and used in the source MME/SGSN for this decision upon subsequent inter-RAT handover.


In the definition of Forward Relocation Response message, the MME only include the E-RAB list which is successfully setup in the target eNB and there is no information on the list of failed E-RAB. Based on that, it means the source AMF does not have any information on the cause of failed PDU session during a successful 5G to 4G handover procedure. There is no way for the source 5GC to know the cause why this PDU session failed.

Besides, according to 23.502, the source AMF would not contact the corresponding SMF if PDU session failed after the source AMF received Forward Relocation Response message. So, following the current handover procedure, even the cause of the failed PDU session is available in AMF, the Handover Preparation Unsuccessful Transfer SM container could only be generated by AMF. 
Observation 2: For handover from 5G to 4G, since the cause of each failed E-RAB is not included in Forwarding Relocation Response message, it is not possible for the source 5GC to inform the source NG-RAN node of the cause for each failed PDU session, i.e. Handover Preparation Unsuccessful Transfer IE could not be generated for the failed PDU session.
However, the Handover Preparation Unsuccessful Transfer IE is Mandatory within PDU Session Resource to Release Item IE which is contrary with the above observation 2. To resolve the problem, two solutions are foreseen:
Alternative 1:

Add a new PDU Session Resource to Release List for 5Gto4G Handover IE in Handover Command message which only include the ID of failed PDU session. i.e. for handover from 5G to 4G,the AMF only inform source NG-RAN node of the failed PDU session ID without cause value.
Alternative 2:

Send a LS to CT4/SA2 to clarify that source 5GC/NG-RAN node needs the information on the cause of failed E-RAB during handover procedure and ask CT4/SA2 whether it is possible to introduce the related information in Forwarding Relocation Response message. Then after the Source AMF get the failure cause from the target MME, two possibilities for the subsequent procedure.
   Alternative 2a): AMF just generate the Handover Preparation Unsuccessful Transfer SM container  and send to source NG-RAN node. Similar as intra-system handover procedure.(In last RAN3 meeting ,we think it is a ugly solution since it does not follow the principle that SM container is transparent to AMF)
  Alternative  2b): AMF send the cause of failed PDU session to SMF and SMF generate a Handover Preparation Unsuccessful Transfer SM container.(This solution needs update on SA2/CT4 spec)

For alternative 2a/2b, since the cause value is generated by the target eNB per E-RAB and it is possible that different E-RAB within one failed PDU session has different cause values, there is still an open issue on which cause should be used by the source AMF/SMF.

The selection of the above two alternatives depends on how much the source NG-RAN node needs the information on the cause of the failed PDU session. For alternative 1,only RAN3 spec needs update. For alternative 2a and 2b,CT4/SA2 update is needed.
Proposal2: It is proposed to discuss the issue on failed PDU session during 5G to 4G handover procedure and have an agreement on solution.
For handover from 4G to 5G, the same issue exists. In S1AP Handover Command message, the E-RAB to be release list IE includes a Mandatory IE i.e. cause value which is not available in the source MME. Besides, for inter-MME handover, the issue also exists. Similarly, two alternatives are foreseen:
Alternative 1:

Add a new extended-E-RAB-Release list IE in Handover Command message which only includes the ID of failed E-RAB. i.e. for handover from 4G to 5G,the MME only inform source eNB of the failed E-RAB ID with optional cause value.

Alternative 2:

Ask CT4/SA2 to include the cause of failed E-RAB in Forwarding Relocation Response message.

Proposal3: It is proposed to discuss the issue on failed E-RAB during 4G to 5G handover/inter-MME handover procedure and have an agreement on solution.
We provides CRs  for alternative 1 together with two new cause value for inter-AMF handover in [1][2]and LS for alternative 2 in [3].
3. Conclusion

Based on analysis above, we have the following observation and proposal:

Observation 1: For intra-system handover, AMF may generate Handover Preparation Unsuccessful Transfer SM container and fill the corresponding cause value.
Proposal 1:It is proposed to add two cause i.e. due to no response from the SMF within a maximum wait timer or due to non-available S-NSSAI in the target AMF value in 38.413.

Observation 2: For handover from 5G to 4G,since the cause of each failed E-RAB is not included in Forwarding Relocation Response message, it is not possible for the source 5GC to inform the source NG-RAN node of the cause for each failed PDU session, i.e. Handover Preparation Unsuccessful Transfer IE could not be generated for the failed PDU session.
Proposal2: It is proposed to discuss the issue on the presence of Handover Preparation Unsuccessful Transfer IE in Handover Command message and have an agreement on solution.
Proposal3: It is proposed to discuss the issue on failed E-RAB during 4G to 5G handover/inter-MME handover procedure and have an agreement on solution.
We provides CRs  for alternative 1 together with two new cause value for inter-AMF handover in [1][2]and LS for alternative 2 in [3].
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