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1   Introduction
Last RAN#82 meeting agreed a new WI on direct data forwarding for inter-system handover. This is regarded as an enhancement on top of existing indirect data forwarding if the direct connectivity between the source and the target node exists. The main objective is copied as follows. 

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 document we propose our analysis and solutions on the direct data forwarding for inter-system handover.  
2   Discussion

The indirect data forwarding for 5GC and EPC mobility was introduced in Rel-15, which requires that forwarded data is relayed by the core network between the source node and the target node. Under some deployment scenarios, e.g., the collocated or very near location between the eNB and NG-RAN node, the direct data forwarding may be beneficial in terms of UP data forwarding latency under the condition that the direct connectivity between the source and the target exists. 
2.1   General principles 
Before discussing the exact solutions, we list the general principles which should be applied for the direct data forwarding. 
In section 9.3.2.2 of TS 38.300 for inter-system handover, it was captured that: 
-
In-sequence and lossless handovers are not supported.
-
A full configuration is required to reset the radio bearers.

This is proposed for the handover from 5GC to EPS in Section 9.3.2.2 as a general principle. For the direct data forwarding, we think these should be applied as well since it is a little hard to accomplish the lossless handover from 5GC to EPS.  
For example, for intra-system lossless handover, RAN2#97bis made the following agreements, which was already captured in the TS 38.300. 
Agreements

1.
For intra NR mobility, when “Lossless HO”, that is lossless, in sequence without duplication to upper layers, can be accomplished by the target using the same DRB configuration and QoS flow to DRB mapping as the source. 

The challenges to ensure lossless handover include the followings. 
· The mapping between the E-RAB ID and QoS flow ID is decided by the core network during the PDU session setup/modification procedure. It is a little hard or even impossible for the target eNB to have the same DRB configuration as the source NG-RAN node due to the fact that the DRB configuration is determined by the source NG-RAN node while the EPS ID decision is made by the core network. 

· For DRB for which the preservation of SN status applies, the source NG RAN forwards the DL and UL PDCP SDUs which may contain the SDAP headers. However, for DL forwarded PDCP SDUs, the UE can not be configured with SDAP header since the target eNB does not support QoS flow concept. And the target eNB can not identify the SDAP header for those retransmitted UL PDCP SDUs from UE. 
Proposal 1: For the 5GS to EPC direct data forwarding, the in sequence and lossless handover are not supported. A full configuration is required to reset the radio bearers. 
For EPC to 5GC handover, it is not clearly indicating whether the lossless handover is supported or not in TS 38.300. In order to support the “lossless handover”, the target NG-RAN node need the following operations. 
· The same DRB configuration at the source eNB is applied for the DRB configuration at the target NG-RAN node for the forwarded data meanwhile no SDAP header is configured. 
· The PDCP SN length can not be changed during the handover. Note that for NR, the PDCP length may be 12bits, 18bits while in LTE it could be 7,12, 15, 18 bits. 

· The source eNB provides the SN status report to the target node to indicate the UL and DL PDCP SN status.  
· After handover, the target NG-RAN may setup new DRBs for new UL and DL packets, and configure the SDAP header. 
Technically, the lossless handover is possible, but it is reliant to the target NG-RAN node’s decision with the above actions.  Further in TS 36.300 for inter-RAT handovers from E-URTAN, the in-sequence delivery of upper layer PDUs during handover is not guaranteed. 
Hence the following is proposed as the baseline and lossless handover can be further studied.  
Proposal 2: For the EPC to 5GS handover direct data forwarding, the in sequence and lossless handover is not guaranteed.  
2.2   The detailed solutions
Data forwarding

For the direct data forwarding, the E-RAB bearer tunnel is setup between the source and target node. Specifically, 
For the handover from 5GS to EPC, since the lossless handover is not supported, only the SDAP SDUs are forwarded on E-RAB bearer tunnel. For the QoS flows accepted for data forwarding, the NG-RAN node initiates data forwarding to the target node by the corresponding E-RAB data forwarding tunnel(s) 
For the handover from EPC to 5GS, the PDCP SDUs are forwarded per E-RAB bearer tunnel. For each E-RAB accepted for data forwarding, the source eNB forwards data to the NG-RAN in the corresponding E-RAB tunnel. 
Proposal 3: The data forwarding is performed on per E-RAB bearer basis, i.e. 

· From 5GC to EPC, The SDAP SDUs are forwarded on per E-RAB bearer tunnel;
· From EPC to 5GC, the PDCP SDUs are forwarded per E-RAB bearer tunnel. 
Handling of end marker 
For the handover from 5GS to EPC, the source NG-RAN node receives one or several end marker packets per PDU session from the UPF. Then the source NG-RAN node sends one or several end markers for each E-RAB and sends the end marker packets to the target eNB over the E-RAB tunnel. 
For the handover from EPC to 5GS, the source eNB receives end markers per EPS bearer  from the UPF/PGW-U, then forwards the received end markers in the EPS bearer tunnel to the target NG-RAN node. 
Proposal 4: The end marker is transmitted on per E-RAB bearer basis. 

Specification impact
The above procedures to support the inter-system handover should be captured in TS 38.300. We have the following the proposal. 
Proposal 5: To update the inter-RAT mobility in 38.300 to support the direct data forwarding. 
For TS 38.413, for 5GS to EPC handover, the source NG-RAN node shall include the Direct Forwarding Path Availability IE to indicate whether direct forwarding path is available or not. Based on this indication, the 5GC can decide whether to request the UPF to setup the tunnel for data forwarding. For example, if it is set that direct path is available between the source NG-RAN node and the target eNB, the 5GC shall not assign the data forwarding tunnel. Also in section 4.11.1.2 of TS 23. 502, direct and indirect data forwarding using N26 interface is well described. Hence with the Direct Forwarding Path Availability IE, the EPC or 5GS can decide whether to setup the indirect data forwarding tunnel or not.  
Currently in TS 38.413, the inter-system direct data forwarding is not described. Hence the procedural texts and direct data forwarding should be clearly included. For example, in handover resource allocation phase, the DRB ID in the Data Forwarding Response DRB List carries either the DRB ID for intra-system handover, or the E-RAB ID in case of inter-system handover to LTE. 

Proposal 6: To update the corresponding descriptions in 38.413 to support the direct data forwarding.   
3   Conclusion
Based on the discussion in this paper, we propose the following observation and proposals for inter-system handover.   
Proposal 7: For the 5GS to EPC direct data forwarding, the in sequence and lossless handover are not supported. A full configuration is required to reset the radio bearers. 

Proposal 8: For the EPC to 5GS handover direct data forwarding, the in sequence and lossless handover is not guaranteed.  
Proposal 9: The data forwarding is performed on per E-RAB bearer basis, i.e. 

· From 5GC to EPC, The SDAP SDUs are forwarded on per E-RAB bearer tunnel;

· From EPC to 5GC, the PDCP SDUs are forwarded per E-RAB bearer tunnel. 

Proposal 10: The end marker is transmitted on per E-RAB bearer basis. 

Proposal 11: To update the inter-RAT mobility in 38.300 to support the direct data forwarding. 
Proposal 12: To update the corresponding descriptions in 38.413 to support the direct data forwarding.   
The CR for TS 38.300 and TS 38.413 is given in [2] and [3] respectively. 
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