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1   Introduction
At last RAN3#99bis meeting, discussions took place on the relative usage of DRB forwarding tunnels and PDU session forwarding tunnels during handover. More precisely, the debated question is whether for a given QoS flow the forwarding process can use both a DRB tunnel and a PDU session tunnel (for the fresh data).

Two alternatives were captured as follows in chairman’s notes:

Send fresh data for QoS flows that are mapped to a DRB for which a DRB forwarding tunnel was established and a PDU session GTP-U tunnel was established:

- over PDU session tunnel or DRB tunnel (by implementation)?

- only over DRB tunnel?
This paper analyses this issue to select the most appropriate alternative. 
2   Xn forwarding only over DRB tunnels 
Figure 1 Illustrates DRB based data forwarding in hand over. 
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Figure 1. DRB based forwarding in HO. 

A SDAP layer of the Source gNB (SgNB) maps all incoming DL data packets to DRBs and packets of DRBs are forwarded to Target gNB (TgNB) through DRB based Xn-tunnels. When SgNB receives a PDU session specific end marker from the core network, it sends DRB specific end markers after the last data packets to DRB specific Xn tunnels. 

The TgNB takes care of the in-order delivery between forwarded packets over the Xn-interface and incoming fresh packets through NG-U interface by gating fresh packets until forwarding over Xn tunnels has ended. 


NOTE: The gating of fresh packets can be performed on NG-U or DRB basis below the SDAP. 

The TgNB can map fresh packets received directly from the CN over the NG-U interface based on its own mapping policy. 
3   Xn forwarding over PDU session tunnel in addition to DRB tunnels
Figure 2 illustrates data forwarding in HO with PDU session specific and DRB specific tunnels
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Figure 2. Data forwarding with PDU session tunnel.

In this scenario DRB specific tunnels are used only for packets that are already mapped to DRBs. The SgNB forwards fresh packets directly to TgNB over the PDU session specific tunnel without mapping to DRBs.  

NOTE: To be precise only packets that have PDCP sequence number assigned in SgNB need to be forwarded through DRB tunnels.

The TgNB guarantees in order delivery between forwarded packets and fresh packets received directly form the core network over the NG-U interface by gating the NG-U (Gate 2), however in this case also the order of the packets between DRB tunnels and the PDU session tunnel need to be guaranteed, which necessitates additional gating function. In a Figure 1 the additional gating function (Gate 1) is located at the TgNB but alternatively the source can host the gating function. 

 The TgNB can map forwarded fresh packet based its own mapping policy.

4   Comparison of the two solutions above

The benefit of the PDU session level forwarding is that TgNB can map fresh packets received and forwarded by the source gNB according to TgNB’s mapping policy. The new mapping can take place a bit earlier than without the PDU session tunnel and the target can change the RRC configuration to its liking as soon as possible. It must be noted that for the lossless HO (lossless, in-order, without duplicates) target must replicate the DRB configuration of the source gNB anyway and if target was not able to establish the required DRB configuration at first place, it would not admit the SgNB’s DRB configuration.

From user experience and application performance perspective it hardly makes noticeably difference if the fresh packets received by the source are mapped according to source’s or target’s mapping policy, assuming that source base station had mapped them at least somewhat correctly. 

On one side, when directing fresh packets to PDU session tunnel, packets do not need any further processing on SgNB side relieving the processing load, but the forwarding is just a momentary state. On the other side, the additional management of the PDU session tunnel increases complexity due to simultaneous management of two Xn tunnel types.  

Conclusion: benefit of the additional PDU session tunnel seems not to be sufficient to justify the added complexity.

Proposal: agree the TP below for TS 38.300 to reflect the above analysis and conclusion.
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9.2.3.2.x
Data Forwarding

The following description depicts the data forwarding principles for intra-system handover (applicability to be confirmed for the indirect forwarding case).  

When “lossless handover” is required the source NG-RAN node may include information on DRBs for which PDCP SN status needs to be preserved. The target NG-RAN node may send back to the source NG-RAN node one tunnel address per DRB for which it accepts the forwarding. One tunnel per PDU session may be setup for the forwarding of the new incoming packets of the PDU session. 

In case of no lossless data forwarding, the target NG-RAN node may send back to the source NG-RAN node one tunnel address for the PDU session to enable the source NG-RAN node to forward all the new incoming packets of the PDU session.

The following description depicts the data forwarding principles for intra-system Xn handover. 

The source NG-RAN node may request from the target NG-RAN node per DRB the establishment of a DL data forwarding tunnel. The target NG-RAN node may send back to the source NG-RAN node one tunnel address per DRB for which it accepts the DL data forwarding. For DRBs for which preservation of SN status applies, the target NG-RAN node may also establish a UL data forwarding tunnel.

The source NG-RAN node may propose forwarding of fresh DL user data packets.

-
For QoS flows accepted for data forwarding by the target NG-RAN node that are mapped at the source RAN node to a DRB for which no DRB DL forwarding tunnel was established or for which no mapping information was provided, the target NG-RAN establishes one DL forwarding tunnel for the corresponding PDU Session via which SDAP SDUs of the QoS flows are forwarded.

-
For any QoS flow accepted for data forwarding by the target NG-RAN node and for which a DRB DL forwarding tunnel was established for a DRB to which this QoS flow was mapped at the source NG-RAN node, any fresh packets of this QoS flow shall be forwarded as PDCP SDUs via the mapped DRB DL forwarding tunnel.

For DRBs for which preservation of SN status applies

-
The source NG-RAN node may forward in order to the target NG-RAN node all downlink PDCP PDUs with their SN that have not been acknowledged by the UE via the DRB DL forwarding tunnel.

-
The source NG-RAN node:

-
either discards the uplink PDCP PDUs received out of sequence if the source NG-RAN node has not accepted the request from the target NG-RAN node for uplink forwarding or if the target NG-RAN node has not requested uplink forwarding for the bearer during the Handover Preparation procedure,

-
or forwards to the target NG-RAN node the uplink PDCP PDUs received out of sequence if the source NG-RAN node has accepted the request from the target NG-RAN node for uplink forwarding for the bearer during the Handover Preparation procedure.

Handling of end marker packets:

The source NG-RAN node receives one or several GTP-U end marker packets per PDU session from the UPF. If a forwarding PDU session tunnel has been setup, the source NG-RAN node forwards the GTP-U end marker packets received from the UPF towards the target NG-RAN node over the PDU session tunnel. If forwarding DRB tunnels have been setup, the source NG-RAN node generates one or several GTP-U end marker packets over each forwarding DRB tunnel when no more data packets are to be forwarded over that tunnel.
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