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Introduction
In the last RAN3-97bis meeting, companies discussed how to forward the remaining packets in the source during intra-system Xn HO to ensure lossless and in-sequence delivery toward the UE. Within new 5G QoS framework, we discussed in general based on two types of packets to be forwarded: (1) fresh data arriving from NG-U and (2) remaining PDCP SDUs at the source, and has made the following working assumption:

WA (for Xn HO):
A) PDCP PDUs (with SN assigned but not acked by UE)
→ per-DRB-level tunneling
B) “fresh data” from NG-U
→ per-PDU-session forwarding
C) PDCP SDUs without SN
→ FFS
Based on this working assumption, this contribution provides further analysis and our views on “right” data forwarding mechanisms to ensure lossless and in sequence delivery during intra-system Xn HO.
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Discussion
2.1     DL “fresh data” arriving from NG-U
The consensus has already been reached [1-8] on fresh data arriving from NG-U, to be forwarded per-PDU-session. This is quite straightforward because the fresh data arriving from NG-U are DL G-PDUs, which contain the information about QFI and RQI in the corresponding GTP-U header (encapsulation header). For the sake of progress, this should be agreed.
Observation 1: Consensus has already been reached to forward fresh data (DL G-PDUs) arriving from NG-U by per-PDU-session tunnel.
The SDAP layer will receive those fresh data arriving from NG-U as DL SDAP SDUs. The SDAP protocol performs a very simple task of generating DL SDAP PDU directly from T-PDU within the received G-PDU over the GTP-U protocol, but if the SDAP header is configured per a DRB, then a header (containing information about QFI and RQI) will be prepended to the T-PDU, which together constitute a DL SDAP PDU. Due to this simple functionality, there may be no need to consider buffering of SDUs in the SDAP layer. We may safely assume that the SDAP layer processes a SDU as soon as it is received and sends the generated PDU to the PDCP layer. There would be no buffered DL SDAP SDUs to be considered in the data forwarding to the target. 

However, even if we have to consider SDAP buffering and forwarding DL SDAP SDUs buffered, these can be treated the same as fresh data arriving from NG-U because it is not a big deal to re-generate a G-PDU (with QFI and RQI set accordingly in the GTP-U header) from a DL SDAP SDU.
Observation 2: The DL SDAP SDUs, if has to be considered in data forwarding to the target, can be forwarded the same as fresh data (DL G-PDUs) arriving from NG-U.
Proposal 1: Fresh data arriving from NG-U are forwarded by per-PDU-session tunnel. So are DL SDAP SDUs if has to be considered in data forwarding.
2.2     DL PDCP SDUs
Once a DL packet is reached to the PDCP layer, per-QoS-flow or per-PDU-session forwarding cannot be used. Those two forwarding mechanisms require the knowledge of at least the associated QFI of a DL PDCP SDU to be forwarded, but in most cases the SDAP header would not be present inside a DL PDCP SDU according to RAN2 agreement. The same argument applies to an UL PDCP SDU received out-of-sequence (which also needs to be forwarded to the target), where in most cases such an UL PDCP SDU would not include an SDAP header inside.

Observation 3: PDCP SDUs cannot be forwarded by per-QoS-flow or per-PDU-session tunnel as the associated QFI information is missing in most cases.
Moreover, we already agree to use the existing LTE mechanism as a baseline, meaning that when data forwarding is initiated, the source will send the SN Status Transfer message to the target gNB to ensure lossless and in-sequence delivery of DL PDCP SDUs for which SN has been already assigned but not acknowledged by the UE. The message structure of the LTE SN Status Transfer is based upon E-RABs, and thus as long as Radio Bearer concept is maintained with new QoS framework in NR, there is really no reason to re-design NR SN Status Transfer message from the scratch. The same argument also applies to the UL PDCP SDUs received out-of-sequence, which are forwarded to the target with the bitmap information in the SN Status Transfer message.
Observation 4: Forwarding DL PDCP SDUs (with SN assigned but not acked by UE) by other than per-DRB-level tunnel requires new design on SN Status Transfer in NR. So does UL PDCP SDUs received out-of-sequence.
The other reason is related to the current RAN2 guideline for lossless and in sequence HO in NR, i.e., the target maintains the same DRB configuration and QoS flow to DRB mapping as the source (at least temporarily) during intra NR mobility. If the same DRB configuration can be maintained, then the PDCP status can be preserved to ensure lossless and in sequence HO and thus the existing LTE mechanisms on data forwarding would suffice. Although flow re-mapping at the target is still in consideration and may be supported in future with various solutions, the current RAN2 guideline implies that per-DRB-level forwarding would be sufficient for DL or UL PDCP SDUs.
Proposal 2: DL PDCP SDUs, whether SN has been assigned or not, are forwarded by per-DRB-level tunnel. So are UL PDCP SDUs received out-of-sequence.

2.3     End marking for the PDCP SDUs forwarded
If the above two proposals are agreed following the working assumption, then we will have separate GTP-U forwarding tunnels for a PDU session, one for fresh data arriving from NG-U as per-PDU-session and others for the remaining PDCP SDUs (with SN assigned or not) as per-DRB-level tunnels. The target should maintain in order delivery between the PDCP SDUs forwarded and fresh data forwarded, but they are forwarded over different tunnels so may arrive at the target in any order. As a result, there is a need to indicate the “end” of the PDCP SDU stream per each DRB-level tunnel so that target knows when it can start transmissions of the forwarded fresh data (by the per-PDU-session tunnel) of the admitted QoS flows for which has been mapped to that DRB at the source (based on the flow to DRB mapping used as the source).

Observation 5: If separate forwarding tunnels are agreed for PDCP SDUs and fresh data, then the source needs to indicate the “end” of the PDCP SDU stream, so that the target can maintain in order delivery between PDCP SDUs forwarded and fresh data forwarded.
There can be several ways to indicate the “end” of a DRB-level forwarding. Since PDCP SDUs are forwarded, one can use the maximum PDCP SN as to mark the last PDCP SDU among forwarded as in [4]. 

But we believe that we can simply re-use the end marker GTP-U packet already implemented in TS 29.281 [9], which has been used for path switch during HO. The UPF sends one or more end marker packets on the old path (through the source) when the target requests a path switch update. This end marker can be re-used for a DRB-level forwarding. The source can send one or more “end marker” packets to the target after forwarding all the remaining PDCP SDUs. When the target detects an "end marker" in a DRB-level tunnel, the target can simply discard the end marker packet and initiate any necessary processing to maintain in order delivery between PDCP SDUs forwarded and fresh data forwarded.
Proposal 3: RAN3 to re-use the existing end marker GTP-U packet for the indication of the “end” of the PDCP SDU stream, if separate forwarding tunnels are agreed for PDCP SDUs and fresh data.
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Conclusion

In this contribution, we provide some analysis based on working assumptions: packets to be forwarded from the source are (1) fresh data arriving from NG-U and (2) remaining PDCP SDUs.
For (1) fresh data arriving from NG-U, our observations and conclusion are as follows:
Observation 1: Consensus has already been reached to forward fresh data (DL G-PDUs) arriving from NG-U by per-PDU-session tunnel.
Observation 2: The DL SDAP SDUs, if has to be considered in data forwarding to the target, can be forwarded the same as fresh data (DL G-PDUs) arriving from NG-U.
Proposal 1: Fresh data arriving from NG-U are forwarded by per-PDU-session tunnel. So are DL SDAP SDUs if has to be considered in data forwarding.

For (2) remaining PDCP SDUs, our observations and conclusion is as follows:
Observation 3: PDCP SDUs cannot be forwarded by per-QoS-flow or per-PDU-session tunnel as the associated QFI information is missing in most cases.
Observation 4: Forwarding DL PDCP SDUs (with SN assigned but not acked by UE) by other than per-DRB-level tunnel requires new design on SN Status Transfer in NR. So does UL PDCP SDUs received out-of-sequence.

Proposal 2: DL PDCP SDUs, whether SN has been assigned or not, are forwarded by per-DRB-level tunnel. So are UL PDCP SDUs received out-of-sequence.

The target should maintain in order delivery between the PDCP SDUs forwarded and fresh data forwarded. Regarding that,   our observations and conclusion is as follows:

Observation 5: If separate forwarding tunnels are agreed for PDCP SDUs and fresh data, then the source needs to indicate the “end” of the PDCP SDU stream, so that the target can maintain in order delivery between PDCP SDUs forwarded and fresh data forwarded.
Proposal 3: RAN3 to re-use the existing end marker GTP-U packet for the indication of the “end” of the PDCP SDU stream, if separate forwarding tunnels are agreed for PDCP SDUs and fresh data.
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