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Introduction
In the last RAN3-AH1801 meeting, a high-level principle for data forwarding has been agreed for intra-NR HO. However, there are still issues to be resolved for the support of lossless and in-sequence HO toward the UE. This contribution discusses such remaining issues and proposes the corresponding draftCR to TS 38.300 [1].
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Discussion
2.1     Packet Forwarding for Lossless HO

For lossless HO, RAN3-AH1801 has agreed in TS 38.300 [1] that one tunnel per DRB may be setup for which PDCP SN status need to be preserved, and one tunnel per PDU session may be setup for the forwarding of the new incoming packets of the PDU session:
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 DRBs information for which PDCP SN status need 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.

When lossless HO is required, it is quite obvious that the agreement means that PDCP PDUs (with SN assigned but not acknowledged by UE) would be forwarded over per-DRB tunnel and “fresh data” from NG-U would be forwarded per-PDU-session tunnel.

Observation 1A: The data forwarding principle agreed implies that, when the lossless HO is required, PDCP PDUs (with SN assigned but not acknowledged by UE) are forwarded over per-DRB tunnel and “fresh data” from NG-U are forwarded per-PDU-session tunnel.
However, RAN3 did not reach a conclusion on how to forward the PDCP SDUs without SN, which was left FFS in the working assumption made at the RAN3-97bis meeting: 

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
We believe that those PDCP SDUs queued at source without SN assigned should be forwarded per-DRB tunnel, because per-QoS-flow or per-PDU-session forwarding cannot be applied. Those latter two forwarding tunnels 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 for the PDCP status preservation), where in most cases such an UL PDCP SDU would not include an SDAP header inside.

Observation 1B: PDCP SDUs cannot be forwarded by per-QoS-flow or per-PDU-session tunnel as the associated QFI information is missing in most cases.

Proposal 1: DL PDCP SDUs, whether SN has been assigned or not, are forwarded by per-DRB tunnel. So are UL PDCP SDUs received out-of-sequence.

2.2     End marking for the PDCP SDUs forwarded

Since we have separate GTP-U forwarding tunnels for a PDU session (per-PDU-session tunnel for fresh data arriving from NG-U and per-DRB tunnels for the remaining PDCP SDUs), they may arrive at the target in any order. If the target starts to transmit the fresh data forwarded as soon as receiving them, out-of-order delivery may happen for a QoS flow. There is a need to indicate the “end” of the PDCP SDU stream for a DRB-level tunnel so that target knows when to start transmissions of the forwarded fresh data of the admitted QoS flows (for which has been mapped to that DRB at the source).

Observation 2: Due to separate forwarding tunnels for PDCP SDUs and fresh data, the source needs to indicate the “end” of the PDCP SDU stream, so that the target can maintain in order delivery for an admitted QoS flow 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 [2]. 

But we believe that we can simply re-use the end marker GTP-U packet already implemented in TS 29.281 [3], 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 onto a DRB-level tunnel after forwarding all the remaining PDCP SDUs associated to that DRB at the source. 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 2: RAN3 to re-use the existing end marker GTP-U packet for the indication of the “end” of the PDCP SDU stream, when separate forwarding tunnels for PDCP SDUs and fresh data are setup.

2.3     Data Forwarding Proposal
Given that the agreed data forwarding principle relies on the PDCP status preservation based upon DRBs, it is quite natural that the source proposes data forwarding per DRB basis. However, a question arose during offline CB in the last RAN3-AH1801 meeting whether the source can propose data forwarding per QoS flow basis. The argument for flow-level proposal is that the flow-to-DRB mapping information will be transferred to the target anyway, so the target can deduce which DRB is proposed for data forwarding base on the mapping info. 
From our understanding, the purpose of QoS flow-level data forwarding proposal is unclear. For example, let’s say that the source proposes data forwarding for QoS flow 1 but not QoS flow 2, both mapped on DRB1 at the source. How should the target interpret QoS flow 2? Does this mean that if the target admits QoS flow 2, then QoS flow 2 won’t be forwarded per-PDU-session tunnel but starts to arrive at the target after path switch is done? If DRB1 was associated to RLC-AM and the target also admits QoS flow 1 with the same DRB1 configuration, then the target may decide to accept data forwarding for DRB1. But the DRB1 PDCP SDUs forwarded from the source may contain QoS flow 2 packets as well, for which the source did not propose data forwarding. If the SDAP header was not configured for this DRB1, then there is no way for the target to scrutinize which PDCP SDU (among forwarded) contains QoS flow 2 or not. Moreover, we do not think that the intention of flow-level data forwarding proposal is for the target to reject this flow.

If the intention is to give some granularity which QoS flows are forwarded over a PDU-session tunnel, then from our understanding it seems no need. As long as a QoS flow is admitted at the target, it is better to forward the corresponding fresh data (incoming from 5GC) to the target until the path switch is done. From the agreed principle, note that per-PDU-session tunnel may be setup regardless whether lossless HO is required or not, and the underlying reason could be to forward fresh incoming data to the target until path switch is done.

Observation 3A: The data forwarding principle agreed relies on the PDCP status preservation based upon DRBs, thus it is natural that the source proposes data forwarding per DRB basis.

Observation 3B: The purpose of QoS flow-level data forwarding proposal is unclear and seems no need.
Proposal 3: The source proposes data forwarding per DRB basis during intra-NR HO.
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Conclusion

In the present contribution we make the following observations:

Observation 1A: The data forwarding principle agreed implies that, when the lossless HO is required, PDCP PDUs (with SN assigned but not acknowledged by UE) are forwarded over per-DRB tunnel and “fresh data” from NG-U are forwarded per-PDU-session tunnel.

Observation 1B: 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 2: Due to separate forwarding tunnels for PDCP SDUs and fresh data, the source needs to indicate the “end” of the PDCP SDU stream, so that the target can maintain in order delivery for an admitted QoS flow between PDCP SDUs forwarded and fresh data forwarded.

Observation 3A: The data forwarding principle agreed relies on the PDCP status preservation based upon DRBs, thus it is natural that the source proposes data forwarding per DRB basis.

Observation 3B: The purpose of QoS flow-level data forwarding proposal is unclear and seems no need.
Based on the discussion in the present contribution and the observations above we propose: 

Proposal 1: DL PDCP SDUs, whether SN has been assigned or not, are forwarded by per-DRB tunnel. So are UL PDCP SDUs received out-of-sequence.

Proposal 2: RAN3 to re-use the existing end marker GTP-U packet for the indication of the “end” of the PDCP SDU stream, when separate forwarding tunnels for PDCP SDUs and fresh data are setup.
Proposal 3: The source proposes data forwarding per DRB basis during intra-NR HO.
It is proposed to agree the corresponding stage-2 draftCR to TS 38.300 in [4]. 
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