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1   Introduction
Last RAN3#104 meeting agreed the stage 2 and stage 3 CRs on direct data forwarding for inter-system handover in [1-2], along with the LS to SA2 in [3]. 
Based on the LS, SA2#134 meeting discussed this issue, but decided to postpone the discussion until the clear understanding of the exact implication, e.g., the impact on the logical function separation of MM and SM.  
In this document we intend to further discuss this issue and provide a CR for further consideration. 
2   Discussion
Generally, the agreed solution in [1-2] is to allow the direct data forwarding to work similar with the no data forwarding case for inter-system handover. The following gives further implications of the agreed solution for the 5GS to EPS handover and EPS to 5GS handover procedure respectively. 
2.1   5GS to EPS handover
2.1.1   E-RAB Handover Request Acknowledge List in Handover Command
The N26 based handover procedure from 5GS to EPS is given in the following figure. 
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Figure 4.11.1.2.1-1: 5GS to EPS handover for single-registration mode with N26 interface in TS 23.502
According to the agreed solution in [2], the procedure 10a-10c can be skipped for the direct data forwarding. Then the AMF needs to interpret the information in the Relocation response message, and build the E-RAB Handover Command List IE in the Handover command. 
The detailed information in Relocation Response is specified in TS 29. 274 as follows. Specifically the AMF is required to interpret the list of set-up Bearers, e.g., the Bearer Context for each E-RAB bearer, and build the E-RAB Handover Command List IE in the Handover command message in step 11a. 

	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


Table 7.3.2-2: Bearer Context 

	Octet 1
	
	Bearer Context IE Type = 93 (decimal)
	
	

	Octets 2 and 3
	
	Length = n 
	
	

	Octet 4
	
	Spare and Instance fields
	
	

	Information elements
	P
	Condition / Comment
	IE Type
	Ins.

	EPS Bearer ID
	C
	This IE shall be included if the message is used for S1-Based handover procedure, 5GS to EPS handover or EPS to 5GS handover. 

This IE shall be included if the message is used for SRNS relocation procedure and Inter RAT handover to/from Iu mode procedures.
	EBI
	0

	Packet Flow ID
	C
	This IE shall be included if the message is used for PS handover and Inter RAT handover to/from A/Gb mode procedures.
	Packet Flow ID
	0

	eNodeB F-TEID for DL data forwarding
	C
	This IE shall be included for the message sent from the target MME, if the DL Transport Layer Address and DL GTP TEID are included in the "SAE Bearers Admitted List" of the S1AP: HANDOVER REQUEST ACKNOWLEDGE and direct forwarding or indirect forwarding without SGW change is applied.
	F-TEID
	0

	eNodeB F-TEID for UL data forwarding
	O
	This IE may be included for the message sent from the target MME during the intra-EUTRAN HO, if the UL Transport Layer Address and UL GTP TEID are included in the "SAE Bearers Admitted List" of the S1AP: HANDOVER REQUEST ACKNOWLEDGE and direct forwarding or indirect forwarding without SGW change is applied.
	F-TEID
	1

	SGW/UPF F-TEID for DL data forwarding
	C
	This IE shall be included when indirect data forwarding with SGW change is applied. 


	F-TEID
	2

	
	CO
	This IE shall be included when using indirect data forwarding during an EPS to 5GS handover or a 5GS to EPS handover. 
	
	

	RNC F-TEID for DL data forwarding
	C
	This RNC F-TEID shall be included in the message sent from SGSN, if the target system decides using RNC F-TEID for data forwarding.
	F-TEID
	3

	SGSN F-TEID for DL data forwarding
	C
	This SGSN F-TEID shall be included in the message sent from SGSN, if the target system decides using SGSN F-TEID for data forwarding.
	F-TEID
	4

	SGW F-TEID for UL data forwarding
	O
	If available this SGW F-TEID may be included when indirect data forwarding with SGW change is applied, during the intra-EUTRAN HO.
	F-TEID
	5

	NOTE:
The Bearer Context IE for an SCEF PDN connection shall only contain the EPS Bearer ID IE.


Observation 1.1: For 5GS to EPC handover, the agreed direct data forwarding solution has the following characterises. 

· It can skip additional signalling (step 10a-10c). 
· The AMF needs to interpret the information in Relocation Response message, and generate the E-RAB Handover Command List in Handover Command message.
On the contrary, an alternative solution is to put the data forwarding List in the SM container. Then the step 10a-10c can not be skipped. Thus the AMF just needs to understand the  Relocation response message, and sends the EPS bearer(s) to the related SMFs as described in TS 29.502. 

	epsBearerSetup
	array(EpsBearerContainer)
	C
	0..N
	This IE shall be present during a 5GS to EPS handover using the N26 interface. 

When present, it shall include the EPS bearer context(s) successfully setup in EPS. The array shall be empty if no resource was successfully allocated in EPS for any PDU session.   


Then the SMF generates the SM container, and transmits to the source gNB transparently via the AMF. It should be noted that this is pretty similar to the  Rel-15 indirect data forwarding case as described as follows. 

If indirect data forwarding applies, the AMF sends the Nsmf_PDUSession_UpdateSMContext Request (Serving GW Address(es) and Serving GW DL TEID(s) for data forwarding) to the PGW-C+SMF, for creating indirect data forwarding tunnel. If multiple PGW-C+SMFs serves the UE, the AMF maps the EPS bearers for Data forwarding to the PGW-C+SMF address(es) based on the association between the EPS bearer ID(s) and PDU Session ID(s). In home-routed roaming case, the AMF requests the V-SMF to create indirect forwarding tunnel

Observation 1.2: For 5GS to EPC handover, the alternative solution has the following characterises. 

· It can not skip the additional signalling (step 10a-10c). 

· The AMF behaves like Rel-15 indirect data forwarding, that is, to transmit message 10a, and transparently transmit the SM container in 11a. No new requirement is needed to AMF. 
2.1.2   Handover Preparation Unsuccessful Transfer IE in Handover Command
In Handover Command message in TS 38.413, the Handover Preparation Unsuccessful Transfer IE is used to indicate the unsuccessful cause of the released PDU session, which is transparent to the AMF. 

Under the agreed solution in [2], since the procedure 10a-10c is skipped, one potential way is that the AMF builds the  Handover Preparation Unsuccessful Transfer IE after interpreting the related information in the Relocation Response message or by itself. But this may not be inline with the logic that SMF container is generated by the SMF, which should be discussed and decided by SA2. 
Observation 2.1: For the 5GS to EPC handover, the agreed solution requires the AMF to generate the Handover Preparation Unsuccessful Transfer IE. 
In the alternative solution, the SMF can build the  Handover Preparation Unsuccessful Transfer IE if some information can be referred from the EPS bearer container message, or by itself. 
Observation 2.2: For the 5GS to EPC handover, the alternative solution requires the SMF to generate the Handover Preparation Unsuccessful Transfer IE. 
2.2   EPS to 5GS handover

The EPS to 5GS handover procedure is given in the following figure. 
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Figure 4.11.1.2.2.2-1: EPS to 5GS handover using N26 interface, preparation phase in TS 23. 502
In the agreed solution [2], the AMF needs to generate the step 14 forward relocation response message. Basically it can work but with the following issues. 

·  No additional latency is saved since the step 11 to 13 can not be skipped, which includes the N3 DL tunnel address of gNB after the handover procedure. Even if step 11 to 13 can be skipped, this means that the N3 DL tunnel address of gNB is not transferred to the SMF at the step 11, then the  AMF need store that information and transfer to the SMF the Handover Execution phase step. This should be further discussed in SA2. 
·  The target AMF needs to derive the E-RAB data forwarding list IE in the Handover Request Acknowledge message for direct data forwarding, and generates the Bearer Context in the Forward reallocation Response message by itself. This is new requirement to AMF. 
Observation 3.1 : For EPC to 5GS handover, the agreed direct data forwarding solution has the following characterises. 

· No additional latency is saved. 

· The AMF needs to generates the information in Forward Relocation Response message, different from the Rel-15 indirect data forwarding case.

On the other hand, if the E-RAB Handover Command List is carried in the SM container, then the AMF can transparently signal to the SMF. And upon receiving the step 13, the AMF just forwards the Bearer Context in the Forward reallocation Response message. Note that this procedure is similar to Rel-15 indirect forwarding case as follows.
14.
The target AMF sends the message Forward Relocation Response (Cause, Target to Source Transparent Container, Serving GW change indication, CN Tunnel Info for data forwarding, EPS Bearer Setup List, target AMF Tunnel Endpoint Identifier for Control Plane, Addresses and TEIDs). The EPS Bearer Setup list is the combination of EPS Bearer Setup list from different PGW-C+SMF(s).

Observation 3.2 : For EPC to 5GS handover, the alternative forwarding solution has the following characterises. 

· The AMF needs to forward the EPS bearer Container to the MME, similar to the Rel-15 indirect data forwarding case.

2.3   Comparison analysis
Generally the agreed solution is to avoid the additional signaling exchanges between the AMF and the SMF typically for 5GS to EPS handover. But as analyzed above, this may add a new requirement to the AMF. 
The alternative solution is to put the E-RAB data forwarding list IE in the SM container so that the SMF can be involved. But this has no latency improvement for 5GS to EPC handover. 
We understand both solutions could work from RAN3 perspective and SA2 can make final decision. Given the fact additional complexities in the AMF, the alternative solution is slightly preferred. 
Proposal 1: RAN3 further consider the alternative solution (reusing the Data Forwarding Response DRB List  IE in the SM container), and let SA2 make final decision. 
In the meantime, the stage 3 CR is provided in the companion paper in [2] when the E-RAB data forwarding address is put in the SM container. 
3   Conclusion

Based on the discussion in this paper, we propose the following .   

Observation 1.1: For 5GS to EPC handover, the agreed direct data forwarding solution has the following characterises. 

· It can skip additional signalling (step 10a-10c). 

· The AMF needs to interpret the information in Relocation Response message, and generate the E-RAB Handover Command List in Handover Command message.

Observation 1.2: For 5GS to EPC handover, the alternative solution has the following characterises. 

· It can not skip the additional signalling (step 10a-10c). 

· The AMF behaves like Rel-15 indirect data forwarding, that is, to transmit message 10a, and transparently transmit the SM container in 11a. No new requirement is needed to AMF. .

Observation 2.1: For the 5GS to EPC handover, the agreed solution requires the AMF to generate the Handover Preparation Unsuccessful Transfer IE. 
Observation 2.2: For the 5GS to EPC handover, the alternative solution requires the SMF to generate the Handover Preparation Unsuccessful Transfer IE. 
Observation 3.1 : For EPC to 5GS handover, the agreed direct data forwarding solution has the following characterises. 

· No additional latency is saved. 

· The AMF needs to generates the information in Forward Relocation Response message, different from the Rel-15 indirect data forwarding case.

Observation 3.2 : For EPC to 5GS handover, the alternative forwarding solution has the following characterises. 

· The AMF needs to forward the EPS bearer Container to the MME, similar to the Rel-15 indirect data forwarding case.

Proposal 2: RAN3 further consider the alternative solution (reusing the Data Forwarding Response DRB List  IE in the SM container), and let SA2 make final decision. 
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5   Appendix – agreed in [2]
9.2.3.2
HANDOVER COMMAND

This message is sent by the AMF to inform the source NG-RAN node that resources for the handover have been prepared at the target side.

Direction: AMF( NG-RAN node.

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

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	AMF UE NGAP ID
	M
	
	9.3.3.1
	
	YES
	reject

	RAN UE NGAP ID
	M
	
	9.3.3.2
	
	YES
	reject

	Handover Type
	M
	
	9.3.1.22
	
	YES
	reject

	NAS Security Parameters from NG-RAN
	C-iftoEPS
	
	9.3.3.26
	The NG-RAN node shall use this IE as specified in TS 33.501 [13].
	YES
	reject

	PDU Session Resource Handover List
	
	1
	
	
	YES
	ignore

	>PDU Session Resource Handover Item
	
	1..<maxnoofPDUSessions>
	
	
	-
	

	>>PDU Session ID
	M
	
	9.3.1.50
	
	-
	

	>>Handover Command Transfer
	M
	
	OCTET STRING
	Containing the Handover Command Transfer IE specified in subclause 9.3.4.10.
	-
	

	PDU Session Resource to Release List
	
	0..1
	
	
	YES
	ignore

	>PDU Session Resource to Release Item
	
	1..<maxnoofPDUSessions>
	
	
	-
	

	>>PDU Session ID
	M
	
	9.3.1.50
	
	-
	

	>>Handover Preparation Unsuccessful Transfer
	M
	
	OCTET STRING
	Containing the Handover Preparation Unsuccessful Transfer IE specified in subclause 9.3.4.18.
	-
	

	Target to Source Transparent Container
	M
	
	9.3.1.21
	
	YES
	reject

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore

	E-RAB Handover Command List
	O
	
	9.3.2.x
	
	YES
	ignore


5.1.1.1   9.2.3.5
HANDOVER REQUEST ACKNOWLEDGE

This message is sent by the target NG-RAN node to inform the AMF about the prepared resources at the target.

Direction: NG-RAN node ( AMF.

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

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	AMF UE NGAP ID
	M
	
	9.3.3.1
	
	YES
	ignore

	RAN UE NGAP ID
	M
	
	9.3.3.2
	Allocated at the target NG-RAN node.
	YES
	ignore

	PDU Session Resource Admitted List
	
	1
	
	
	YES
	ignore

	>PDU Session Resource Admitted Item
	
	1..<maxnoofPDUSessions>
	
	
	-
	

	>>PDU Session ID 
	M
	
	9.3.1.50
	
	-
	

	>>Handover Request Acknowledge Transfer
	M
	
	OCTET STRING
	Containing the Handover Request Acknowledge Transfer IE specified in subclause 9.3.4.11.
	-
	

	PDU Session Resource Failed to Setup List
	
	0..1
	
	
	YES
	ignore

	>PDU Session Resource Failed to Setup Item
	
	1..<maxnoofPDUSessions>
	
	
	-
	

	>>PDU Session ID
	M
	
	9.3.1.50
	
	-
	

	>>Handover Resource Allocation Unsuccessful Transfer
	M
	
	OCTET STRING
	Containing the Handover Resource Allocation Unsuccessful Transfer IE specified in subclause 9.3.4.19.
	-
	

	Target to Source Transparent Container
	M
	
	9.3.1.21
	
	YES
	reject

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore

	E-RAB Handover Request Acknowledge List
	O
	
	9.3.2.x1
	
	YES
	ignore
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