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1
Introduction

This contribution examined how direct data forwarding works for inter-system HO in CP-UP separation sceanrio. 
2
Discussion

2.1 4G->5G
How direct data forwarding works with the current specification

For 4G to 5G handover, the data from the source eNB should be forwarded to the target PDCP buffer i.e. without SDAP involvement. 
Before handover completion, the target gNB should use the Qos Flow to E-RAB mapping. The data forwarding is ilustated as in Figure 1.
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Figure 1: 4G to 5G Data forwarding
To achieve above, the existing Bearer Context Setup Request message over E1 are enough to request the CU-UP assign data forwarding tunnel and also indicate the mapping information (using QoS Flows Information To Be Setup IE and DRB Data forwarding information Request IE). CP-UP transmits the assigned data forwarding tunnel to the CU-CP using DRB Data forwarding information Response IE in Bearer Context Setup Response message. The CU-CP does the maping between E-RAB ID and DRB ID.
After handover completion, the target gNB may do the remapping if needed. Then the SDAP in the gNB can use the new mapping for handling the new packets received from NG-U. The remapping proecedure is already supported over E1 and Uu.
Observation 1: The current specification can already support direct data forwarding from 4G to 5G.
Someone may think that the target gNB does not necessariy to use the Qos Flow to E-RAB mapping. Let’s check whether this is possible.
Possible to have flexible Qos flow to DRB mapping without considering the mapped E-RAB ID for handling the forwarded packets in target gNB ?
For example 1:

In the souce:                    E-RAB1: QFI1 & QFI2,      E-RAB2: QFI3                   
The target gNB decides: New DRB1: QFI1,               New DRB2: QFI2 & QFI3 
The forwarded data packets have no QFI information, how the target gNB can identify the data packets of QFI2 received from the E-RAB1 tunnel and distribute it to the DRB2? Seems no way.

For example 2:

In the souce:                    E-RAB1: QFI1 & QFI2                   

The target gNB decides: New DRB1: QFI1,               New DRB2: QFI2 

The forwarded data packets have no QFI information, how the target gNB can separate the data packets of QFI1 and QFI2 received from the E-RAB1 tunnel and distribute them to the DRB1 and DRB2 sepeartly? Seems also not possible.
For example 3:

In the souce:                    E-RAB1: QFI1,   E-RAB 2: QFI2         

The target gNB decides: New DRB1: QFI1 & QFI2                    

In this scenario, it is possible for gNB to put the data received from two tunnels to one DRB. But it’s not end to end tunnel anymore. If the gNB receives data packets from two tunnels simultaneously, it has to decide which data packets should be put the single DRB buffer firstly. The sequence will derminate the PDCP SN added for the packets. The sequence is already dis-ordered by this way before adding PDCP SNs. 

In order to assure workable, the target gNB has to consider the mapping of Qos flow to E-RAB to avoid the Qos flow to DRB mapping for scenario 1 and scenario 2. This is also restriction (cannot say Flexible Qos flow to DRB mapping without considering the mapped E-RAB ID) .
Furthermore, the key question is that can we say the gNB decides Flow to DRB mapping in its flexibility in above cases? Obviously no. There are a couple of scenarios this does not work but only works in one scenario (with drawback of the disordering).
Observation 2: Flexible Qos flow to DRB mapping without considering the mapped E-RAB ID for handling the forwarded packets in target gNB is not possible.
The solution in Figure 1 is what we have assumed for direct data forwarding (end to end per E-RAB/DRB tunnel). There is no E1 spec impact with this solution.
Conclusion 1: No problem to support direct data forwarding from 4G to 5G in CP-UP separation scenario with the current specification.
2.2 5G->4G
When PDU Session Resources are configured in the gNB, the gNB can decides the Qos Flow to DRB maping without considering the mapped E-RAB ID. The CU-CP configures the CU-UP based on this decision.
When handover to 4G occurs, the target eNB sends its DRB/E-RAB configuration in RRC HandoverCommand message to the UE via the source gNB. After that, the data transmitted to the UE by the target eNB should follow this configuration. So the data received from the source gNB should also be transmitted to the UE following this target configuration.

The main issue is how to transmit the per E-RAB tunnel received in NGAP Handover Command from CU-CP to CU-UP. 
	>DRB To Modify List
	
	0.. 1
	
	
	-
	-

	>>DRB To Modify Item 
	
	1..<maxnoofDRBs>
	
	
	-
	-

	>>>DRB ID 
	M
	
	9.3.1.16
	
	-
	-

	>>>SDAP Configuration
	O
	
	9.3.1.39
	
	-
	-

	>>>PDCP Configuration 
	O
	
	9.3.1.38
	
	-
	-

	>>>DRB Data forwarding information
	O
	
	Data Forwarding Information 

9.3.2.6
	Providing forwarding information to the source gNB-CU-UP.
	-
	-

	>>>……
	O
	
	ENUMERATED (requested, …)
	The gNB-CU-CP requests the gNB-CU-UP to provide the PDCP SN Status in the response message.
	-
	-

	>>>Flow Mapping Information 
	O
	
	QoS Flow QoS Parameters List

9.3.1.25
	Overrides previous mapping information. 
	-
	-


Similar like 4G->5G, CU-CP does the E-RAB ID to DRB ID mapping. Then DRB Data forwarding information in DRB To Modify Item can provide the forwarding tunnel received from the target eNB to the CU-UP. Flow mapping information IE indiates which Qos flows should be mapped to this DRB therefore data packets were forwarded over that tunnel.
Based on the discussion, seems the above is not clear enough for everyone. Maybe it is benifical to have some procedure text in TS38.463.
One potencial issue needs to be discussed is how to transmit the per E-RAB tunnel to the UP in the following scenario if this scenario is possible:
In the souce gNB:           Old DRB1: QFI1 & QFI2                  

The E-RAB mapping:    E-RAB1: QFI1,   E-RAB 2: QFI2

In this case, DRB Data forwarding information IE in DRB To Modify is used to transmit the tunnel of E-RAB1 and Flow Mapping Information is used to transmit the new mapping (DRB1: QFI1).

DRB2 (corresponding to E-RAB2) is not configured in the UP. DRB To Setup Item can be used to transmit the necessary information to the CU-UP. The mapping information (DRB2: QFI2) is carried in QoS Flows Information To Be Setup. 
	>>DRB To Setup Item 
	
	1..<maxnoofDRBs>
	
	
	-
	-

	>>>DRB ID
	M
	
	9.3.1.16
	
	-
	-

	>>>……
	M 
	
	9.3.1.39
	
	-
	-

	>>>QoS Flows Information To Be Setup
	M
	
	QoS Flow QoS Parameters List

9.3.1.25
	
	-
	-

	>>>DRB Data forwarding information Request
	O
	
	Data Forwarding Information Request 

9.3.2.5
	Requesting forwarding info from the target gNB-CU-UP.
	-
	-


For transmiting the tunnel information, DRB Data forwarding information IE can be added to DRB To Setup Item List (Currently, only DRB Data forwarding information Request is in DRB To Setup Item). With this, everyting will go ok. This should be the only necessary change to the spec.

Observation 3: For 5G to 4G, the only necessary change is to add DRB Data forwarding information IE to DRB To Setup Item List.
Proposal: Add DRB Data forwarding information IE to DRB To Setup Item List.
2
Summary

This contribution discussed how to support direct data forwarding in case of CP-UP separation. Based on the analysis, it could be observed that the current spec already support this feature for handover from 4G to 5G. From 5G to 4G, the change needed is to add DRB Data forwarding information IE to DRB To Setup Item List. The CR was provided in R3-203624.
The observations and proposal were summarized as follow:

Observation 1: The current specification can already support direct data forwarding from 4G to 5G.
Observation 2: Flexible Qos flow to DRB mapping without considering the mapped E-RAB ID for handling the forwarded packets in target gNB is not possible.
Conclusion 1: No problem to support direct data forwarding from 4G to 5G in CP-UP separation scenario with the current specification.
Observation 3: For 5G to 4G, the only necessary change is to add DRB Data forwarding information IE to DRB To Setup Item List.
Proposal: Add DRB Data forwarding information IE to DRB To Setup Item List.
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