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1
Introduction

In last RAN3 meeting, how direct data forwarding works for inter-system HO in CP-UP separation scenario was discussed. The following issues are still open for further discussion:

Open Issue 1: The solution on how to support direct data forwarding from 5GS to EPS in case flow to DRB mapping is different with flow to E-RAB mapping needs to be further discussed.

Open issue 2: Whether/how CU-UP should be aware whether the data forwarding is for intra-system handover or inter-system handover needs further discussion.

Open issue 3: For inter-system HO from EPS to 5GS, whether direct data forwarding should be supported if one DRB contains QoS flows mapped to different E-RABs in the target gNB needs further discussion. 

The contribution discussed the open issues.

2
Discussion

2.1 5G->4G
Open Issue 1: The solution on how to support direct data forwarding from 5GS to EPS in case flow to DRB mapping is different with flow to E-RAB mapping needs to be further discussed.

Three solutions were discussed in last RAN3 meeting:
Solution 1: CU-CP informs CU-UP of the flow to E-RAB mapping information during Bearer Context Setup procedure and informs CU-UP of the data forwarding address per E-RAB after it received HO COMMAND message.
Solution 1.1: CU-CP informs CU-UP of the flow to E-RAB mapping information and the data forwarding address per E-RAB during Bearer Context Modification procedure after it received HO COMMAND message
Solution 2: After CU-CP receives HO COMMAND message, it indicates to the CU-UP the per-E-RAB tunnel assigned by the target eNB using the DRB information in Bearer Context Modification Request message.
Each solution works. The main difference is which message/IEs are used to transmit per E-RAB tunnel and the Qos flows mapped to each tunnel from the CU-CP to the CU-UP. The specification impact was summarized in the table below.
Table 1: Specification impacts of different soltuions
	
	Solution 1
	Solution 1.1
	Solution 2

	Bearer Context Setup Request message
	Add Mapped E-RAB ID of a Qos Flow to QoS Flows Information To Be Setup IE within DRB To Setup List
	
	

	Bearer Context Modification Request message
	Add Data Forwarding Response E-RAB List into the PDU Session Resource To Modify Item 
	Add Qos flow to E-RAB mapping information and the data forwarding address per E-RAB to 
	Add DRB Data forwarding information IE to DRB To Setup Item List


Please note that, for solution 2, DRB Data forwarding information IE is needed in case the number of E-RAB is more than the number of DRB configured in the source gNB. In case the number of E-RAB is equal of less than the number of DRB, no new IE is needed.
As stated above, all solutions are feasible. Solution 1 has more specification impact therefore should be abandoned. 
Regarding solution 1.1 and solution 2, the main difference is whether to inform the E-RAB concept to the CU-UP. The key information needed in the CU-UP is the tunnel information and the Qos flows for which data should be transmitted over that tunnel. For EN-DC, no E-RAB information is transmitted to the en-gNB. The same principle could be used. 

During the discussion in last meeting, the main reluctant for solution 2 is that seems no need to setup a DRB during handover procedure. 

Based on above status, a compromised method between solution 1.1 and solution 2 is to add a new IE to PDU Session Resource To Modify Item in Bearer Context Modification Request message. The new IE includes the UP Transport Layer Information and the Qos flow list mapped to this tunnel. I.e. the following IE is added to PDU Session Resource To Modify Item in Bearer Context Modification Request message.
	>Redundant Common Network Instance
	O
	
	Common Network Instance

9.3.1.66
	
	YES
	ignore

	>Inter-system HO Data Forwarding Information list 
	
	0.. 1
	
	
	-
	-

	>>Inter-system HO Data Forwarding Information list Item 
	
	1..<maxnoofDRBs>
	
	
	-
	-

	>>>DRB ID 
	M
	
	9.3.1.16
	
	-
	-

	>>>Data forwarding information
	M
	
	Data Forwarding Information 

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

	>>>QoS Flow List


	M
	
	QoS Flow List

9.3.1.12
	
	-
	-


Proposal: It is proposed for RAN3 to agree the compromised solution from 5G to 4G.
Open issue 2: Whether/how CU-UP should be aware whether the data forwarding is for intra-system handover or inter-system handover needs further discussion.

With the compromised solution, the CU-UP will implicitly know this information.
2.2 4G->5G
Open issue 3: For inter-system HO from EPS to 5GS, whether direct data forwarding should be supported if one DRB contains QoS flows mapped to different E-RABs in the target gNB needs further discussion. 

The target NG-RAN nodes could decide the Qos flow to DRB mapping based on its flexibility. For the forwarded data, the target handle the data using the source configuration. This is the same as the intra-system as shown below.
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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.
Observation 1: The current specification can already support direct data forwarding from 4G to 5G.
As explained many time, for the forwarded data, the target gNB cannot flexibly do the Qos flow to DRB mapping without considering the Qos flow to E-RAB mapping as this doesn’t work in couple of scenarios:
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.
In summary, 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) .
Someone may think to configure less DRB number than E-RAB for the forwarded data (example 3 below). 
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. No benefits were identified for this. Therefore no need to consider standard solution to support this unreasonable implementation.
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
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, a compromised soltuion was given. The corresponding CR was provided in R3-205383.
The observations and proposal were summarized as follow:

Proposal: It is proposed for RAN3 to agree the compromised solution from 5G to 4G.
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.
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