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1
Introduction

In RAN3#110-e meeting, how direct data forwarding works for inter-system HO from 5G to 4G in CP-UP separation scenario was agreed.
The contribution discussed the detail of inter-system HO from 4G to 5G with a split (S)gNB.

2
Discussion

2.1 Scenarios

For 4G to 5G handover, the target NG-RAN nodes could decide the Qos flow to DRB mapping based on its flexibility. At last RAN3#111-e meeting, the scenarios for direct data forwarding i.e. whether the scenario is similar to intra-system handover was discussed. This contribution clarified the scenarios firstly. In general, there are the following four possible scenarios for data forwarding:

Scenario 1:
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Figure 1: Scenario 1

The character of Scenario 1: the number of DRBs is the same as the number of E-RABs. For the forwarded data the target NG-RAN node use the same Qos flow to DRB mapping as the source. For fresh data, the target could use new mapping e.g. QFI1 to DRB1, map QFI2 to DRB2. 

Scenario 2:
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Figure 2: Scenario 2
The character of Scenario 2: the number of DRBs is the same as the number of E-RABs. For the forwarded data the target NG-RAN node use new mapping decided by target. 

Because forwarded packed over E-RAB tunnel has no QFI, the target NG-RAN node cannot separate the data packets to DRB1 and DRB2. Therefore, direct data forwarding is not possible in this scenario 2.
Scenario 3:
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Figure 3: Scenario 3
The character of Scenario 3: the number of DRBs is the more than the number of E-RABs. For the forwarded data the target NG-RAN node use new mapping decided by target. 

Similar as in Scenario 2, because forwarded packed over E-RAB tunnel has no QFI, the target NG-RAN node cannot separate the data packets to DRB1 and DRB2. Therefore, direct data forwarding is not possible in this scenario 3.

Scenario 4:
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Figure 4: Scenario 4
The character of Scenario 4: the number of DRBs is the less than the number of E-RABs. For the forwarded data the target NG-RAN node use new mapping decided by target. 

In this scenario 4, the target NG-RAN node needs to put the data packets received over two E-RAB tunnels to the buffer of one DRB. The target NG-RAN node may receive data packets from the two tunnels simultaneously. In this case, how to decide the sequence to putting the data received from the two tunnels to one DRB buffer is not clear. Different vendors may have different implementation as the examples given in the figure. This may leads that the sequence of the data put to the buffer of the DRB is different from which is received from the CN.
Based on above analysis, we have the following observations:
Observation 1:  Direct data forwarding is feasible for Scenario 1 and Scenario 4. Direct data forwarding is NOT possible for Scenario 2 and Scenario 3.
Observation 2:  Considering direct data forwarding is NOT possible for Scenario 2 and Scenario 3, the target NG-RAN node needs to take the source mapping (Qos Flow to E-RAB mapping) into account when the target NG-RAN node decides to use direct data forwarding. There are some restrictions to assign direct data forwarding tunnel in the target NG-RAN node.
Observation 3:  Scenario 4 may leads to that the data sequence put to the DRB buffer is different from the sequence received from the CN. 
Proposal 1: Considering the sequence issue, it is proposed for RAN3 to confirm whether scenario 4 should be supported or not.
2.2 Solutions for non-shared case
For scenario 1, the same as intra-system handover discussed in R3-211947 [1], the QoS Flows Information To Be Setup IE in DRB To Setup Item in E1AP BEARER CONTEXT SETUP REQUEST messge can be used to transmit the source mapping. QoS Flows Information to be updated IE can be used to transmit the target mapping. The CU-UP use the source mapping to handle the forwarded data and use the target mapping to handle the data received from the 5GC. 
Observation 4: For Scenario 1, direct data forwarding from 4G to 5G in CP-UP sepearation works once the intra-system handover is finalized i.e. proposal in R3-211948 [2] for intra-system handover is agreed.
For Scenario 4, if all companies agree that it should be supported. There are the following three solutions.

Solution 1: CU-CP requests one data forwarding address from the CU-UP using the existing signalling. CU-CP feedback the tunnel address to the two E-RABs in Handover Request Ack message to 5GC. With this, the data from the two E-RABs in the source node will be sent to one DRB buffer in the target.
Solution 2: Add Data Forwarding from E-UTRAN Request List in PDU Session Resource To Setup List within Bearer Context Setup Request message and Data Forwarding from E-UTRAN Response List in PDU Session Resource Setup List within Bearer Context Setup Request message.

Solution 3: Add Data Forwarding from E-UTRAN Request List to the DRB To Setup List in PDU Session Resource To Setup List within Bearer Context Setup Request message and Data Forwarding from E-UTRAN Response List to the DRB Setup List in PDU Session Resource Setup List within Bearer Context Setup Request message.

All the three solution works. 

Solution 1 has no E1 impact. It can be supported by implementation. To make it clear in standard, some text description can be added to TS38.413.
For Solution 2, CU-UP has to correlate two list i.e. Data Forwarding from E-UTRAN Request List and DRB To Setup List for data handling. CU-CP also has to correlate two list i.e. Data Forwarding from E-UTRAN Response List and DRB Setup List. This bring complexity for CU-CP and CU-UP.
Comparing with Solution 2, Solution 3 doesn’t require the CU-CP and CU-UP to correlate two list. The data from two E-RAB tunnel should be send to the buffer of one DRB. Therefore, the related information could be included in the DRB list.
Solution 1 or Solution 3 should be selected. 

Proposal 2: If Scenario 4 confirmed to be supported, it is proposed for RAN3 to decide Solution 1 or Solution 3. CR for Solution 1 is provided in [5]. CR for Solution 3 is provided in [6].
2.3 Solutions for shared case
For inter-system HO from 4G to 5G with a shared split (S)gNB, there are two options for the CU-CP to communicate with the CU-UP when the CU-CP receives Handover Request message.

Option 1: Bearer Context Setup procedure 

Option 2: Bear Context Modification procedure.

For Option 1. The argument is that Option 2 breaks several agreed principles to use the Bearer Context Modification procedure. We tend to agree with this analysis.
If Option 1, the CU-UP could retrieve the UE context using gNB-CU-CP UE E1AP ID. If more robust solution is expected, then gNB-CU-UP E1AP ID could be added as optional. When the gNB-CU-UP E1AP ID is received, the CU-UP use it to retrieve the UE context. 
Proposal 3: It is proposed to add gNB-CU-UP E1AP ID IE to the E1AP BEARER CONTEXT SETUP REQUEST messge as optional.
2
Summary

This contribution made full analysis regarding how to support direct data forwarding for inter-system handover from 4G to 5G in case of CP-UP separation scenario. Based on the analysis, we have the following observations and proposals.
Observation 1:  Direct data forwarding is feasible for Scenario 1 and Scenario 4. Direct data forwarding is NOT possible for Scenario 2 and Scenario 3.

Observation 2:  Considering direct data forwarding is NOT possible for Scenario 2 and Scenario 3, the target NG-RAN node needs to take the source mapping (Qos Flow to E-RAB mapping) into account when the target NG-RAN node decides to use direct data forwarding. There are some restrictions to assign direct data forwarding tunnel in the target NG-RAN node.
Observation 3:  Scenario 4 may leads to that the data sequence put to the DRB buffer is different from the sequence received from the CN. 

Observation 4: For Scenario 1, direct data forwarding from 4G to 5G in CP-UP sepearation works once the intra-system handover is finalized i.e. proposal in R3-211948 [2] for intra-system handover is agreed.
Proposal 1: Considering the sequence issue, it is proposed for RAN3 to confirm whether scenario 4 should be supported or not.

Proposal 2: If Scenario 4 confirmed to be supported, it is proposed for RAN3 to decide Solution 1 or Solution 3. CR for Solution 1 is provided in [5]. CR for Solution 3 is provided in [6].
Proposal 3: It is proposed to add gNB-CU-UP E1AP ID IE to the E1AP BEARER CONTEXT SETUP REQUEST messge as optional.
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