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1 Introduction

Data forwarding for inter-system handover was discussed in last RAN3#97 meeting with the following agreements: 

The source NG-RAN node proposes data forwarding; the target node confirms
Tunnel granularity between gNB and UPF is per-PDU-session-tunnel
One open issue is the data forwarding granularity proposed by the source. This contribution discussed and compared different alternatives. Text proposals are provided correspondingly. 
2 Discussion
The source gNB could propose data forwarding per E-RAB or per Qos-flow or per-PDU-session.
Alternative 1: Per-E-RAB
· gNB proposes data forwarding per E-RAB and sends the info to target by source eNB to target eNB transparent container i.e. source adapt to target.
IEs abstracted from “Source eNB to Target eNB Transparent Container”:
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	RRC Container
	M
	
	OCTET STRING
	Includes the RRC Handover Preparation Information message as defined in subclause 10.2.2 of TS 36.331 [16].

	E-RABs Information List
	
	0..1
	
	

	>E-RABs Information Item
	
	1 .. <maxnoof E-RABs>
	
	

	>>E-RAB ID
	M
	
	9.2.1.2
	

	>>DL Forwarding
	O
	
	9.2.3.14
	

	……
	
	
	
	


· The target eNB can decide to accept the data forwarding or not, assign TEID/TNL address for the corresponding E-RAB if yes.
· The behavior of the MME and SGW is the same as in legacy handover.

· For the E-RABs that the target system has assigned TEID/TNL address for data forwarding, the UPF assigns TEID for the corresponding PDU Session. The TEID and TNL address is transmitted to the source gNB through AMF.
· The data forwarding between gNB <-> UPF could still be per PDU session level. Then UPF maps the data received from one tunnel (for the PDU session) to the tunnels corresponding to the mapped EPS bearer.
For this solution to work, the AMF should send the Qos flow-EPS bearer mapping information to the gNB before handover e.g. in Initial Context Setup Request message and PDU Session Resource Setup Request message. The mapped EPS bearer information should include the E-RAB ID. E-RAB ID is necessary in the Source eNB to target eNB container. E-RAB level Qos could also be included in order to decide whether data forwarding is needed or not as in legacy systems. Alternatively, the Qos flow level Qos parameter could be used for this purpose.
This solution has no impact on the legacy behavior in EPS system and has no specification impact on S1AP. It is fully inline with the “source adapt to target” principle i.e. using the existing IEs in Source eNB to Target eNB transparent container. The whole procedure for this alternative is shown in Figure 1 below.
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Figure 1: Inter-system HO from 5GS to EPS (Alternative 1)
Alternative 2: Per-Qos-Flow
· gNB proposes data forwarding per Qos flow and sends the info to AMF( to SMF through AMF) by Handover Required message. 
· SMF decides the E-RABs proposed for data forwarding based on the mapping between Qos flow and EPS bearer and sends the EPS bearer to be setup list to the AMF. EPS bearer to be setup list includes EPS bearer ID and DL forwarding.
· AMF includes the DL forwarding in Relocation Request message to the MME.
· MME includes the DL forwarding in Handover Request message. DL forwarding is one item in E-RABs To Be Setup Item IEs.

· If the eNB receives DL forwarding IE in E-RABs To Be Setup Item IEs and accept the data forwarding, the eNB assign TEID/TNL address for the E-RAB.

· For the E-RABs that the target system has assigned TEID/TNL address for data forwarding, the UPF assigns TEID for the corresponding PDU Session. The TEID and TNL address is transmitted to the source gNB through AMF.

· The data forwarding between gNB <-> UPF could still be per PDU session level. Then UPF maps the data received from on tunnel to the tunnels corresponding to the mapped EPS bearer.
Currently, DL forwarding is included in Source eNB to Target eNB Transparent Container in Handover Required and Handover Request message. It is an optional IE. The range of the “E-RABs Information List” in “Source eNB to Target eNB Transparent Container” IE is 0..1. It is allowed to not use this IE from coding point of view. 

For this solution to work, the AMF shall send DL Forwarding IE to the MME. The MME shall include DL Forwarding IE in E-RABs To Be Setup Item IEs in Handover Request message to the target eNB. The MME/eNB behavior and the S1AP are impacted by this mechanism. The whole procedure for this alternative is shown in Figure 2.
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Figure 2: Inter-system HO from 5GS to EPS (Alternative 3)
Alternative 3: Per-PDU-Session
· gNB proposes data forwarding per PDU session and sends the info to AMF( to SMF through AMF) by Handover Required message. 
· SMF decides the E-RABs proposed for data forwarding based on the mapping between PDU session and EPS bearer and sends the EPS bearer to be setup list to the AMF. EPS bearer to be setup list includes EPS bearer ID and DL forwarding.
· AMF includes the DL forwarding in Relocation Request message to the MME. 
· MME includes the DL forwarding in Handover Request message. DL forwarding is one item in E-RABs To Be Setup Item IEs.

· If the eNB receives DL forwarding IE in E-RABs To Be Setup Item IEs and accept the data forwarding, the eNB assign TEID/TNL address for the E-RAB.

· For the E-RABs that the target system has assigned TEID/TNL address for data forwarding, the UPF assigns TEID for the corresponding PDU Session. The TEID and TNL address is transmitted to the source gNB through AMF.

· The data forwarding between gNB <-> UPF could still be per PDU session level. Then UPF maps the data received from on tunnel (for the PDU session) to the tunnels corresponding to the mapped EPS bearer.
Currently, DL forwarding is included in Source eNB to Target eNB Transparent Container in Handover Required and Handover Request message. It is an optional IE. The range of the “E-RABs Information List” in “Source eNB to Target eNB Transparent Container” IE is 0..1. It is allowed to not use this IE from coding point of view. 

For this solution to work, the AMF shall send DL Forwarding IE to the MME. The MME shall include DL Forwarding IE in E-RABs To Be Setup Item IEs in Handover Request message to the target eNB. The MME/eNB behavior and the S1AP are impacted by this mechanism. The whole procedure for this alternative is shown in Figure 3. 
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Figure 3: Inter-system HO from 5GS to EPS (Alternative 2)
The summary of the three alternatives is given in Table 1.
Table 1: Comparison of different alternatives
	
	Alternative 1: Per-E-RAB
	Alternative 2: Per-Qos-Flow
	Alternative 3: Per-PDU-Session

	IE in NGAP
	The Mapped EPS bearer Info in Initial Context Setup Request and PDU Session Resource Setup Request message.

	The New IEs in NGAP Handover Required message: PDU Session Subject for forwarding list which includes PDU Session ID, Qos flow list (Qos flow ID and DL forwarding).
	The New IEs in NGAP Handover Required message: PDU Session Subject for forwarding list which includes PDU Session ID and DL forwarding.

	Impact on S1AP
	No
	DL forwarding IE in E-RABs To Be Setup Item IEs in S1AP Handover Request message.
	DL forwarding IE in E-RABs To Be Setup Item IEs in S1AP Handover Request message.

	Pros
	· Follow source adapt to target principle.
· Fully use the “Source eNB to Target eNB transparent container IE”.

· No impact on S1AP and the behavior of MME and eNB.
	Don’t need to send the mapped EPS bearer info to the gNB before handover
	Don’t need to send the mapped EPS bearer info to the gNB before handover

	Cons
	5GC should transmit the mapped EPS bearer information to the gNB before handover.
	· Impact on S1AP and the behavior of MME and eNB
· Special handling of the E-RABs Information List IE in source eNB to target eNB transparent container.
	· Impact on S1AP and the behavior of MME and eNB
· Special handling of the E-RABs Information List IE in source eNB to target eNB transparent container.


From above table, it could be observed that Alternative 2 and Alternative 3 have similar impact on specifications. The pros and cons compared with Alternative 1 is similar. Data forwarding per Qos flow has the following benefits:

· Qos parameters and admission control are Qos level. It is reasonable to decide data forwarding based on such information.
· per Qos-flow data forwarding has better granularity.

Per-Qos-flow approach is in line with SA2 agreement for NG based handover as well (refer below text abstracted from TS23.502). Therefore, Alternative 2 is preferred between Alternative 2 and Alternative 3. 
All PDU Sessions handled by S-RAN (i.e. all existing PDU Sessions with active UP connections) shall be included in the Handover Required message, indicating which of those PDU Session(s) are requested by S-RAN to handover. The SM N2 info also includes Direct Forwarding Path Availability, and which QoS flows are subject to data forwarding.
Between Alternative 1 and Alternative 2, if we want to avoid the impact on S1AP and the behavior of eNB and MME, Alternative 1 is a good choice. If it is not expected to send the mapped EPS bearer information to the gNB, Solution 2 is better. Considering that the principle of “source adapt to the target” could be followed by Alternative 1 and no impact on eNB/MME behavior, alternative 1 is preferred.
Proposal: It is proposed for RAN3 to select one solution between Alternative 1 and Alternative 2.
3 Conclusion
This contribution discussed the potential solutions for data forwarding to support inter-system handover especially the proposed data forwarding granularity by the source gNB. The data forwarding granularity could be per E-RAB, per Qos flow  or per PDU session. It is proposed for RAN3 to select one solution between per-E-RAB and per Qos flow.
The pCRs to TS38.413 for Alternative 1 and Alternative 2 is in section 4 and section 5 separately. 
The CR to TS36.413 for Alternative 2 is in [7].

In case alternative 1 is agreed. RAN3 should update SA2 that the mapped EPS bearer information should be sent to NG-RAN before handover.

In case Alternative 2 is agreed. RAN3 should LS SA2 as well because the Gn spec is impacted i.e. DL forwarding IE for EPS bearer in Relocation Request message is needed.
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4 Text proposal to TS38.413 for alternative 1
*******************Start of Change*******************
8.2.1.2
Successful Operation
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Figure 8.2.1.2-1: PDU session resource setup: successful operation

The AMF initiates the procedure by sending a PDU SESSION RESOURCE SETUP REQUEST message to the NG-RAN node.

-
The PDU SESSION RESOURCE REQUEST message shall contain the information required by the NG-RAN node to setup PDU session related NG-RAN configuration consisting of at least one PDU Session Resource for each PDU Session Resource to setup included in PDU Session Resource To Be Setup Item IE.
Upon reception of the PDU SESSION RESOURCE SETUP REQUEST message, and if resources are available for the requested configuration, the NG-RAN node shall execute the requested NG-RAN configuration and allocate associated resources over NG and over Uu for each PDU session listed in the PDU Session Resource To Be Setup Item IE. 
For each requested PDU session, if resources are available for the requested configuration, the NG-RAN node shall establish at least one or several Data Radio Bearers and associate each accepted QoS flow of the PDU session to a Data Radio Bearer established. 
For each PDU session successfully established the NG-RAN node shall pass to the UE the NAS-PDU IE, if available, and the value contained in the PDU Session ID IE received for the PDU Session. The NG-RAN node shall not send to the UE the NAS PDUs associated to the failed PDU sessions. 
For each PDU session the NG-RAN node shall store the transport layer address and the tunnel endpoint included in the PDU Session Setup Request Transfer IE contained in the PDU SESSION RESOURCE SETUP REQUEST message and use it as the uplink termination point for the user plane data for this PDU session.

For each PDU session for which the PDU Session Type IE is included in the PDU SESSION RESOURCE SETUP REQUEST message and is not set to “IPv4” nor “IPv6” [values FFS], the NG-RAN node shall not perform header compression for the concerned PDU session.

For each PDU session for which the S-NSSAI IE is included in the PDU SESSION RESOURCE SETUP REQUEST message the NG-RAN node shall store the Network Slice Selection Assistance Information corresponding to the concerned PDU session and use it as specified in TS 38.300 [8]. 

For each PDU session in the PDU SESSION RESOURCE SETUP REQUEST message the NG-RAN node shall enforce the traffic corresponding to the received PDU Session Resource Aggregated Maximum Bit Rate IE. The NG-RAN node shall use the received Aggregate Maximum Bit Rate for the concerned PDU session and concerned UE as specified in TS 23.501 [9].
For each QoS flow requested to be setup the NG-RAN node shall take into account the received QoS Flow Level QoS Parameters IE. For each QoS flow the NG-RAN node shall establish or modify the resources according to the values of the Allocation and Retention Priority IE (priority level and pre-emption indicators) and the resource situation as follows: 

-
The NG-RAN node shall consider the priority level of the requested QoS flow, when deciding on the resource allocation.

-
The priority levels and the pre-emption indicators may (individually or in combination) be used to determine whether the QoS flow setup has to be performed unconditionally and immediately. If the requested QoS flow is marked as “may trigger pre-emption” and the resource situation requires so, the NG-RAN node may trigger the pre-emption procedure which may then cause the forced release of a lower priority QoS flow which is marked as “pre-emptable”. Whilst the process and the extent of the pre-emption procedure are operator-dependent, the pre-emption indicators shall be treated as follows:

1.
The values of the last received Pre-emption Vulnerability IE and Priority Level IE shall prevail.

2.
If the Pre-emption Capability IE is set to “may trigger pre-emption”, then this allocation request may trigger the pre-emption procedure.

3.
If the Pre-emption Capability IE is set to “shall not trigger pre-emption”, then this allocation request shall not trigger the pre-emption procedure.

4.
If the Pre-emption Vulnerability IE is set to “pre-emptable”, then this QoS flow shall be included in the pre-emption process.

5.
If the Pre-emption Vulnerability IE is set to “not pre-emptable”, then this QoS flow shall not be included in the pre-emption process.

6.
If the Priority Level IE is set to “no priority” the given values for the Pre-emption Capability IE and Pre-emption Vulnerability IE shall not be considered. Instead the values “shall not trigger pre-emption” and “not pre-emptable” shall prevail.

-
The NG-RAN node pre-emption process shall keep the following rules [FFS]:
1.
The NG-RAN node shall only pre‑empt QoS flows with lower priority, in ascending order of priority.

2.
The pre-emption may be done for QoS flows belonging to the same UE or to other UEs.

For each QoS flow which have been successfully established the NG-RAN node stores the mapped E-RAB ID if included in the PDU Session Setup Request Transfer IE contained in the PDU SESSION RESOURCE SETUP REQUEST message and uses it as specified in TS 38.300 [8]. 

The NG-RAN node shall report to the AMF in the PDU SESSION RESOURCE SETUP RESPONSE message the result for each individual PDU session resource requested to be setup. In particular, for each PDU session resource successfully setup, it shall include the PDU Session Setup Response Transfer IE containing the following information: 

-
The list of QoS flows which have been successfully established in the QoS Flows Setup List IE.
-
The list of QoS flows which have failed to be established, if any, in the QoS Flows Failed to Setup List IE.

-
The transport layer address and tunnel endpoint to be used for the PDU session.
The list of PDU session resources which failed to be setup, if any, shall be reported in the PDU SESSION RESOURCE SETUP RESPONSE message with an appropriate cause value within the PDU Session Resource Setup Failed List IE. 

Upon reception of the PDU SESSION RESOURCE SETUP RESPONSE message the AMF shall, for each PDU session indicated in the PDU Session ID IE, transfer transparently the PDU Session Setup Response Transfer IE to each SMF associated with the concerned PDU session.
When the NG-RAN node reports unsuccessful establishment of a QoS flow, the cause value should be precise enough to enable the SMF to know the reason for an unsuccessful establishment.

Interactions with Handover Preparation procedure:

If a handover becomes necessary during the PDU Session Resource Setup procedure, the NG-RAN node may interrupt the ongoing PDU Session Resource Setup procedure and initiate the Handover Preparation procedure as follows:

1.
The NG-RAN node shall send the PDU SESSION RESOURCE SETUP RESPONSE message in which the NG-RAN node shall indicate, if necessary, all the PDU session resources failed to be setup with an appropriate cause value.
2.
The NG-RAN node shall trigger the handover procedure.
Editor’s Note:
Further details are FFS.
*******************Next Change*******************
8.2.3.2
Successful Operation
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Figure 8.2.3.2-1: PDU session resource modify: successful operation

The AMF initiates the procedure by sending a PDU SESSION RESOURCE MODIFY REQUEST message to the NG-RAN node.

-
The PDU SESSION RESOURCE MODIFY REQUEST message shall contain the information required by the NG-RAN node, which may trigger the NG-RAN configuration modification for the existing PDU sessions listed in the PDU Session Resource Modify Request Item IEs IE.
Upon reception of the PDU SESSION RESOURCE MODIFY REQUEST message, if the NG-RAN configuration is triggered to be modified and if resources are available for the modified NG-RAN configuration, the NG-RAN node shall execute the configuration modification for the requested PDU session. 
For each PDU session included in the PDU Session Resource Modify Request Item IEs IE:
-
For each QoS flow included in the QoS Flows Add Or Modify Request List IE, based on the QoS Flow Level QoS Parameters IE, the NG-RAN node may establish, modify or release the Data Radio Bearer configuration and may change allocation of resources on NG or Uu accordingly. The NG-RAN node shall associate each QoS flow accepted to setup or modify with a Data Radio Bearer of the PDU session. The associated Data Radio Bearer for the QoS flow accepted to modify may not change.
-
For each QoS flow included in the QoS Flows Release Request List IE, the NG-RAN node shall de-associate the QoS flow with the previously associated Data Radio Bearer.

-
The NG-RAN node shall pass the NAS-PDU IE received for the PDU session to the UE when modifying the PDU session configuration. The NG-RAN node does not send the NAS PDUs associated to the failed PDU sessions to the UE. 
-
The NG-RAN node may change allocation of resources on NG according to the requested target configuration.
-
If the PDU Session Aggregated Maximum Bit Rate IE is included in the PDU Session Resource Modify Request Transfer IE, the NG-RAN node shall use the received Aggregate Maximum Bit Rate for the concerned PDU session and concerned UE as specified in TS 23.501[9].
-
If the UL Transport Layer Information IE is included in the PDU Session Resource Modify Request Transfer IE, the NG-RAN node shall update the transport layer information for the uplink data accordingly for the concerned PDU session.
For each QoS flow which have been successfully established the NG-RAN node stores the mapped E-RAB ID if included in the PDU SESSION RESOURCE MODIFY REQUEST message and uses it as specified in TS 38.300 [8]. 

The NG-RAN node shall report to the AMF, in the PDU SESSION RESOURCE MODIFY RESPONSE message, the result for each PDU session requested to be modified listed in the PDU SESSION RESOURCE MODIFY REQUEST message:

-
For each PDU session which is successfully modified, the PDU Session Resource Modify Response Transfer IE shall be included to report [FFS]: 

1. 
The list of QoS flows which have been successfully setup or modified, if any, shall be included in the QoS Flows Add Or Modify List IE in case the PDU Session Resource Modify procedure is triggered by QoS flow setup or modification.
2. 
The list of QoS flows which have failed to be setup or modified, if any, shall be included in the QoS Flows Failed To Add Or Modify List IE in case the PDU Session Resource Modify procedure is triggered by QoS flow setup or modification.
3. 
The list of QoS flows which have been successfully released, if any, shall be included in the QoS Flows Release List IE in case the PDU Session Resource Modify procedure is triggered by QoS flow to be released.
4. 
The list of QoS flows which have failed to be released, if any, shall be included in the QoS Flows Failed To Release List IE in case the PDU Session Resource Modify procedure is triggered by QoS flow to be released.
-
For each PDU session which failed to be modified, the failure cause shall be included in the Cause IE for each PDU session within the PDU Session Failed To Modify List IE.
For a PDU session or a QoS flow which failed to be modified, the NG-RAN node shall fall back to the configuration of the PDU session or the QoS flow as it was configured prior to the reception of the PDU SESSION RESOURCE MODIFY REQUEST message.
Interactions with Handover Preparation procedure:

If a handover becomes necessary during the PDU Session Resource Modify procedure, the NG-RAN node may interrupt the ongoing PDU Session Resource Modify procedure and initiate the Handover Preparation procedure as follows:

1.
The NG-RAN node shall send the PDU SESSION RESOURCE MODIFY RESPONSE message in which the NG-RAN node shall indicate, if necessary, all the PDU sessions failed with an appropriate cause value, e.g. [FFS].
2.
The NG-RAN node shall trigger the handover procedure. 

Editor’s Note:
Further details are FFS.
*******************Next Change*******************
9.2.3.2
HANDOVER COMMAND

Editor’s Note:
Message structure and IEs need further checking and completion. Further details FFS.

Editor’s Note:
Whether the SMF related information should be grouped in a container is FFS.

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
	
	9.3.1.33
	
	YES
	reject

	PDU Sessions Subject to Forwarding List
	
	0..1
	
	
	YES
	ignore

	>PDU Sessions Subject to Forwarding Item IEs
	
	1..<maxnoofPDUSessions>
	
	
	EACH
	ignore

	>>PDU Session ID
	M
	
	<ref>
	
	-
	

	>>DL Transport Layer Address
	O
	
	<ref>
	
	
	

	>>DL GTP-TEID
	O
	
	<ref>
	To deliver forwarded DL data packet.
	
	

	PDU Sessions to Release List
	O
	
	<ref>
	
	YES
	ignore

	Target to Source Transparent Container
	M
	
	9.3.1.32
	
	YES
	reject


9.3.1.11
PDU Session Setup Request Transfer

This IE is transparent to the AMF.

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

	PDU Session Resource Aggregated Maximum Bit Rate
	M
	
	<ref>
	
	-
	

	Transport Layer Information
	M
	
	9.3.2.2
	
	-
	

	PDU Session Type
	M
	
	<ref>
	eNote: IP, unstructured or Ethernet
	-
	

	QoS Flows Setup List
	
	1
	
	
	-
	

	>QoS Flows Setup Item IEs
	
	1..<maxnoofQoSFlows>
	
	
	-
	

	>>QoS Flow Indicator
	M
	
	<ref>
	
	EACH
	reject

	>>QoS Flow Level QoS Parameters
	O
	
	9.3.1.23
	
	EACH
	reject

	>> E-RAB ID
	O
	
	9.3.2.xx
	
	EACH
	ignore


*******************Next Change*******************
9.3.1.16
PDU Session Resource Modify Request Transfer

Editor’s Note: 
Further details FFS.

This IE is sent transparently by the AMF.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	PDU Session Aggregated Maximum Bit Rate
	O
	
	<ref>
	
	-
	

	UL Transport Layer Information
	O
	
	Transport Layer Information

9.3.2.2
	5GC Transport Layer Address
	-
	

	QoS Flows Add Or Modify Request List
	
	0..1
	
	
	-
	

	>QoS Flows Add Or Modify Request Item IEs
	
	1..<maxnoofQoSFlows>
	
	
	-
	

	>>QoS Flow Indicator
	M
	
	<ref>
	
	EACH
	reject

	>>QpS Flow Level QoS Parameters
	FFS
	
	9.3.1.23
	
	EACH
	reject

	>> E-RAB ID
	O
	
	9.3.2.xx
	
	EACH
	ignore

	QoS Flows Release Request List
	O
	
	QoS Flow List

9.3.1.24
	
	YES
	ignore


	Range bound
	Explanation

	maxnoofPDUSessions
	Maximum no. of PDU sessions allowed towards one UE. Value is FFS. 

	maxnoofQoSFlows
	Maximum no. of QoS flows allowed within one PDU session. Value is FFS.


9.3.2.xx
E-RAB ID
This information element is the identifier of the LTE E-RAB to which the corresponding Qos flow is mapped.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	E-RAB ID
	M
	
	INTEGER (0..15, …)
	


*******************End of Change*******************
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