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1. Introduction
According to the Rel-16 new WID as described in RP-182886 [1], RAN3 is tasked to specify direct data forwarding mechanism such as:

“Enable direct data forwarding per bearer, (other solutions are not precluded if justified) during inter-system mobility between NG-RAN and E-UTRAN (where direct connectivity between source and target nodes exists), in addition to the existing solution for indirect data forwarding.
· Define solution in stage 2, including e.g. bearer ID mapping, QoS handling, end marker handling, etc.

· Define solution in stage 3, if needed, e.g. in NGAP

Address interoperability issues, if any.”
In this contribution, we shall discuss the co-existing and interoperability issues between Rel-15 existing indirect DF and Rel-16 pursuing direct DF mechanisms.

2. Discussion

In Rel-15, the indirect data forwarding mechanism between 4G and 5G has been specified. When direct data forwarding mechanism between 4G and 5G will become available in Rel-16, it is questionable which option is to be applied after source node’s HO decision when both mechanisms’ conditions are fulfilled.

In 5G intra-system NG based HO case; the source NG-RAN node may indicate “Direct Forwarding Path Availability” to 5GC if direct forwarding path is available. Upon receiving that explicit indicator, 5GC can be aware that direct forwarding path is available between source and target node, then normally 5GC shall not assign local DF TNL resources for indirect DF, but deliver the DF TNL resources allocated by the target NG-RAN node to the source NG-RAN node in “Handover Command Transfer”.

For the target NG-RAN node, it needs not know whether the allocated DF TNL resources shall be used for direct or indirect DF purpose, but simply provide DF TNL resources  in “DL Forwarding UP TNL Information”  and/or “Data Forwarding Response DRB List” upon DF acceptance decision.

Observation 1: In 5G intra-system NG based HO case, the source NG-RAN node proposes between direct and indirect DF with explicit indicator, and the 5GC normally follows the “Direct Forwarding Path Availability” indicator from the source NG-RAN node, i.e. applying direct DF. The target NG-RAN node needs not know whether the allocated DF TNL resources shall be used for direct or indirect DF purpose.

In 4G/5G inter-system HO case, even if above principle is inherited; there is still some difference as below:

For 4G -> 5G, the source eNB may also indicate “Direct Forwarding Path Availability” to EPS in case of direct 4G/5G connectivity path. Upon receiving that indicator, EPS can be aware that direct forwarding path is available between source and target node, then normally EPS shall not assign local DF TNL resources, but further coordinate with target 5GC, asking for remote DF TNL resources (e.g. via TS29.274 Forward Relocation Request message ). 5GC shall further coordinate with the target NG-RAN node via NGAP, indicating that DF TNL resources is expected for direct data forwarding or not. Subject to the exact solution for direct DF, E-RAB level tunnel other than PDU session level tunnel shall be expected by the source eNB from the target NG-RAN node, hence in order to avoid misallocation of different types of DF TNL resources, 5GC should indicate target NG-RAN node explicitly whether direct or indirect DF is to be applied.

Assumption 1: In case that E-RAB level tunnel will be adopted for 4G -> 5G direct DF, the source eNB still proposes between direct and indirect DF with explicit indicator, and EPS/5GC still normally follows the “Direct Forwarding Path Availability” from the source eNB. 5GC should indicate target NG-RAN node explicitly whether direct or indirect DF is to be applied, so as to avoid misallocation of different types of DF TNL resources.

For 5G -> 4G, the source NG-RAN node may also indicate “Direct Forwarding Path Availability” to 5GC. Upon receiving that explicit indicator, 5GC can be aware that direct forwarding path is available between source and target node, then normally 5GC shall not assign local DF TNL resources, but further coordinate with target EPS, asking for remote DF TNL resources (e.g. via TS29.274 Forward Relocation Request message ). EPS shall further coordinate with the target eNB via S1AP, indicating that DF TNL resources is expected for direct data forwarding or not. Subject to the exact solution, E-RAB level tunnel may be expected by the source NG-RAN node from the target eNB; however, target eNB shall always provide E-RAB DF TNL resources regardless of direct or indirect DF, hence no misallocation would occur in this case, EPS needs not indicate target eNB explicitly whether direct or indirect DF is to be applied.

Assumption 2: In case that E-RAB level tunnel will be adopted for 5G -> 4G direct DF, the source NG-RAN node still proposes between direct and indirect DF with explicit indicator, and 5GC/ EPS still normally follows the “Direct Forwarding Path Availability” from the source NG-RAN node. EPS needs not indicate target eNB explicitly whether direct or indirect DF is to be applied.

Furthermore, in past the source RAN node may get to know the existence of “Direct Data Forwarding Path” with certain target RAN nodes via OAM provision. In 4G/5G inter-system HO case, it can also rely on OAM, but it is also questionable whether signalling based coordination for existence of “Direct Data Forwarding Path” is expected.

Assumption 3: In 4G/5G inter-system HO case, the source RAN node can get to know the existence of “Direct Data Forwarding Path” via OAM provision, if signaling based coordination is not pursued.

Above assumptions are based on the principles inherited from past, e.g. EPS/5GC always follows the proposal of “Direct Forwarding Path Availability” from the source node as in intra-system NG based HO case, and EPS/5GC  does not take the final decision between direct and indirect DF choice. All of those assumptions need to be confirmed by SA2.

Proposal 1: To send LS to SA2 to confirm above assumptions.
3. Conclusion
RAN3 is kindly asked to consider following assumptions and proposals:

Assumption 1: In case that E-RAB level tunnel will be adopted for 4G -> 5G direct DF, the source eNB still proposes between direct and indirect DF with explicit indicator, and EPS/5GC still normally follows the “Direct Forwarding Path Availability” from the source eNB. 5GC should indicate target NG-RAN node explicitly whether direct or indirect DF is to be applied, so as to avoid misallocation of different types of DF TNL resources.

Assumption 2: In case that E-RAB level tunnel will be adopted for 5G -> 4G direct DF, the source NG-RAN node still proposes between direct and indirect DF with explicit indicator, and 5GC/ EPS still normally follows the “Direct Forwarding Path Availability” from the source NG-RAN node. EPS needs not indicate target eNB explicitly whether direct or indirect DF is to be applied.

Assumption 3: In 4G/5G inter-system HO case, the source RAN node can get to know the existence of “Direct Data Forwarding Path” via OAM provision, if signaling based coordination is not pursued.

Proposal 1: To send LS to SA2 to confirm above assumptions.
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5. Annex (TP for draft LS to SA2)

///////////////////////////////////////////////////////////////          first change        /////////////////////////////////////////////////////////////////////////////

RAN3 has discussed the co-existing and interoperability issues between Rel-15 existing indirect DF and Rel-16 pursuing direct DF mechanisms between 4G and 5G.

In 5G intra-system NG based HO case, the source NG-RAN node proposes between direct and indirect DF, and 5GC normally follows the “Direct Forwarding Path Availability” explicit indication from the source NG-RAN node, i.e. applying direct DF. The target NG-RAN node needs not know whether the allocated DF TNL resources shall be used for direct or indirect DF purpose.

In 4G/5G inter-system HO case, RAN3 assumes that it is still the source RAN node to propose between direct and indirect DF, and EPS/5GC shall always follow the proposal of “Direct Forwarding Path Availability” indication from the source RAN node, in the same way as in intra-system NG based HO case. EPS/5GC does not take the final decision between direct and indirect DF choices, but for 4G->5G, 5GC needs to indicate target NG-RAN node which DF option is preferred by source RAN node. Hence the target NG-RAN node can know whether the allocated DF TNL resources shall be used for direct or indirect DF purpose.

Furthermore, RAN3 assumes that the source RAN node can get to know the existence of “Direct Data Forwarding Path” with target RAN nodes via OAM provision.
RAN3 kindly asks SA2 to confirm above assumptions.

//////////////////////////////////////////////////////////////           end         //////////////////////////////////////////////////////////////////////////////////

Stage 3 TP for TS38.413:

From 4G -> 5G, the source eNB proposes per E-RAB DL direct forwarding, AMF follows and requests target NG-RAN node to allocate Per E-RAB direct tunnel.
9.2.3.4
HANDOVER REQUEST

This message is sent by the AMF to the target NG-RAN node to request the preparation of resources.

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

	Handover Type
	M
	
	9.3.1.22
	
	YES
	reject

	Cause
	M
	
	9.3.1.2
	
	YES
	ignore

	UE Aggregate Maximum Bit Rate
	M
	
	9.3.1.58
	
	YES
	reject

	Core Network Assistance Information
	O
	
	9.3.1.15
	
	YES
	ignore

	UE Security Capabilities 
	M
	
	9.3.1.86
	
	YES
	reject

	Security Context
	M
	
	9.3.1.88
	
	YES
	reject

	New Security Context Indicator
	O
	
	9.3.1.55
	
	YES
	reject

	NASC
	O
	
	NAS-PDU

9.3.3.4
	Containing either the “Intra N1 mode NAS transparent container” or the “S1 mode to N1 mode NAS transparent container” specified in TS 24.501 [26].
	YES
	reject

	PDU Session Resource Setup List
	
	1
	
	
	YES
	reject

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

	>>PDU Session ID 
	M
	
	9.3.1.50
	
	-
	

	>>S-NSSAI
	M
	
	9.3.1.24
	
	-
	

	>>Handover Request Transfer
	M
	
	OCTET STRING
	Containing the PDU Session Resource Setup Request Transfer IE specified in subclause 9.3.4.1.
	-
	

	Allowed NSSAI
	M
	
	9.3.1.31
	Indicates the S-NSSAIs permitted by the network.
	YES
	reject

	Trace Activation
	O
	
	9.3.1.14
	
	YES
	ignore

	Masked IMEISV
	O
	
	9.3.1.54
	
	YES
	ignore

	Source to Target Transparent Container
	M
	
	9.3.1.20
	
	YES
	reject

	Mobility Restriction List
	O
	
	9.3.1.85
	
	YES
	ignore

	Location Reporting Request Type
	O
	
	9.3.1.65
	
	YES
	ignore

	RRC Inactive Transition Report Request
	O
	
	9.3.1.91
	
	YES
	ignore

	GUAMI
	M
	
	9.3.3.3
	
	YES
	reject

	E-RAB to Be Directly Forwarded List
	
	0..1
	
	
	YES
	reject

	> E-RAB to Be Directly Forwarded Item
	
	1..<maxnoofERABs>
	
	
	-
	

	>>E-RAB ID 
	M
	
	
	
	-
	

	>>Direct Forwarding Request
	M
	
	
	requests target NG-RAN node to allocate Per E-RAB direct tunnel
	-
	


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

	Data Forwarding Response E-RAB List
	O
	
	9.3.1.xx
	Target NG-RAN node allocates the E-RAB tunnels to deliver forwarded DL PDCP SDUs from 4G to 5G.
	
	


From 5G -> 4G, the source NG-RAN node proposes per E-RAB DL direct forwarding, MME follows and requests target eNB to allocate Per E-RAB direct tunnel.
9.2.3.1
HANDOVER REQUIRED

This message is sent by the source NG-RAN node to the AMF to request the preparation of 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
	reject

	RAN UE NGAP ID
	M
	
	9.3.3.2
	
	YES
	reject

	Handover Type
	M
	
	9.3.1.22
	
	YES
	reject

	Cause
	M
	
	9.3.1.2
	
	YES
	ignore

	Target ID
	M
	
	9.3.1.25
	
	YES
	reject

	Direct Forwarding Path Availability
	O
	
	9.3.1.64
	
	YES
	ignore

	PDU Session Resource List
	
	1
	
	
	YES
	reject

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

	>>PDU Session ID
	M
	
	9.3.1.50
	
	-
	

	>>Handover Required Transfer
	M
	
	OCTET STRING
	Containing the Handover Required Transfer IE specified in subclause 9.3.4.14.
	-
	

	Source to Target Transparent Container
	M
	
	9.3.1.20
	
	YES
	reject

	E-RAB to Be Directly Forwarded List
	
	0..1
	
	
	YES
	reject

	> E-RAB to Be Directly Forwarded Item
	
	1..<maxnoofERABs>
	
	
	-
	

	>>E-RAB ID 
	M
	
	
	
	-
	

	>>Direct Forwarding Path Availability
	O
	
	9.3.1.64
	proposes per E-RAB DL direct forwarding
	-
	


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

	Data Forwarding Response E-RAB List
	O
	
	9.3.1.xx
	Target eNB allocates the E-RAB tunnels to deliver forwarded DL SDAP SDUs from 5G to 4G.
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