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1
Introduction
This paper discusses the scenario for supporting lossless intra-system mobility in disaggregated architecture. A way forward and corresponding CRs is provided in [1]. 
2
Discussion

At RAN3#110-e and RAN3#111-e, the scenario for supporting lossless intra-system HO mobility in a disaggregated architecture was discussed, with agreements and open items captured as follows.

<<RAN3#110e>>
	Supporting Lossless handover when a QoS flow is mapped to a different DRB at handover has been agreed before.

For supporting lossless handover when a QoS flow is mapped to a different DRB at handover, the old DRB needs to be configured in the target cell for transmitting the forwarded packets 

The above mechanism is already supported if the target node is aggregated.

How to support the above mechanism in disaggregated gNB scenario and whether any correction to the specification is needed to support the above mechanism in disaggregated gNB scenario. Two solutions were discussed:

Sol1:  The same as aggregated scenario, the UP is configured with both old DRB and new DRB. In Handover Command, the new configuration is included. So the UP can first transmits the forwarded PDCP SDUs on the old DRB before transmitting new data from 5GCN on the new DRB

Sol2: the target CP firstly configures the old DRB to the UP and the DU, and transmits the old DRB to the UE in Handover Command. After handover completion, the CP reconfigure the UP, the DU and the UE with new configuration.

 To be continued...


<<RAN3#111e>>

	At intra-system HO, in case of per-DRB data forwarding, CU-UP should be aware of old mapping for data forwarding and new mapping for fresh data

…
Clarify remapping scenarios applicable for lossless intra-system HO: To be continued...


As captured in the notes above, there is already prior agreement for supporting the lossless handover, as well as on the scenario in which QoS flow(s) are mapped to a different DRB during the handover. Similarly, it was clarified that in order to support the lossless mobility, the target cell needs to have the old DRB configuration. This function is also described in 38.300 as follows.
NOTE:
Lossless delivery when a QoS flow is mapped to a different DRB at handover, requires the old DRB to be configured in the target cell. For in-order delivery in the DL, the target gNB should first transmit the forwarded PDCP SDUs on the old DRB before transmitting new data from 5GCN on the new DRB. In the UL, the target gNB should not deliver data of the QoS flow from the new DRB to 5GCN before receiving the end marker on the old DRB from the UE.
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Figure 2: Inter-gNB handover involving gNB-CU-UP change (source: TS 38.401)
During discussion, separate alternatives to be captured in the summary of offline discussion (R3-211294) as follows

· Sol1:  The same as aggregated scenario, the UP is configured with both old DRB and new DRB. In Handover Command, the new configuration is included. So the UP can first transmits the forwarded PDCP SDUs on the old DRB before transmitting new data from 5GCN on the new DRB

· Sol2: the target CP firstly configures the old DRB to the UP and the DU, and transmits the old DRB to the UE in Handover Command. After handover completion, the CP reconfigure the UP, the DU and the UE with new configuration.

Let’s focus on the aggregated scenario as staring point. In case of an aggregated NG-RAN node, the old mapping will be received from the source node, while the new mapping will be determined by the target node. In this scenario the NG-RAN node will firstly establish the old DRBs in the target cell. Secondly, upon determining that data forwarding has completed, the NG-RAN node can trigger and switch to the newly desired DRB configuration. However, we reiterate that that this does not mean that an aggregated node necessarily supports simultaneous configuration of old and new mappings. In that sense, we see as incorrect to assume that the aggregated NG-RAN node will always and by default support simultaneous configuration of old DRB and new DRB. This remains an implementation choice.

Observation 1: For lossless handover, an aggregated target NG-RAN node shall setup the old DRB configuration at target and can decide whether to switch to a new configuration during or after the handover.

In case of disaggregated architecture, bearer establishment and data forwarding operation itself are carried out by two separate entities, CU-CP and CU-UP respectively. This incurs a special case for lossless mobility, in which the source configuration may include a DRB that is no longer intended to be used in the new configuration to transmit any of the new data. That is, a DRB that will be utilized only for data forwarding purpose. Such a case can be e.g., source configuration (DRB1: QFI1, DRB2:QF2) and target configuration (DRB1:QF1, QFI2). In any solution, the source “old” configuration needs to be made known to the gNB-CU-UP as the starting point, while the timing in which the target “new” configuration may not occur at the same time.
Observation 2: Regardless of the solution, for lossless handover in a disaggregated scenario, the source “old” configuration needs to be made known to the gNB-CU-UP as the starting point, while the timing in which the target “new” configuration is informed to gNB-CU-UP may or may not occur at the same time.

“Solution 1” (remapping triggered at gNB-CU-UP)

The “Solution 1” in the Summary of Discussion, relies on having the remapping triggered by the gNB-CU-UP. In this alternative, both the old QoS flow to DRB mapping and new mapping are provided to the target CU-UP at bearer context setup. The CU-UP utilizes the old mapping until it determines that data forwarding has completed. At that point, the CU-UP switches to the new DRB configuration and transmits data utilizing the new mapping. An advantage of this approach is that given that both mappings are configured at the UE as well, there is no break incurred from the change from the old configuration to the new one and the transition is seamless.
This solution requires changes to E1 to be supported in the disaggregated architecture. However, we believe this alternative is a valid implementation choice as well and should be supported with similar performance than in aggregated case. This means that the old DRB configuration should be removed in a timely manner when no longer in use. This is because these DRBs may incur an unnecessary waste of resources. This is not specific to the CU-UP, but also impacts the DU and the UE. That is, resources should be released at the DU and UE as well. Hence, this solution should also include an explicit indication from CU-UP to CU-CP to notify that data forwarding has completed. Subsequently, the CU-CP can trigger a modification accordingly to release the unused resources at CU-UP, DU and the UE.

“Solution 2” (remapping triggered at gNB-CU-CP)

The “Solution 2” in the Summary of Discussion, relies on having the remapping triggered by the gNB-CU-CP. In this alternative, the idea is that the old QoS flow mapping would be set at the target CU-UP, and then have CU-CP determine whether and when a change to the new QoS flow to DRB mapping would be appropriate to be carried out. This could take place implicitly (e.g., CU-CP estimates the required time for data forwarding to complete), or explicitly (CU-UP indicates to the CU-CP when data forwarding has completed). Likewise, the change in mapping is executed via a bearer context modification procedure, which would result in a RC Reconfiguration procedure toward the UE, incurring a break in communication. 
In regard as to how a CU-CP determines when to trigger the change in mapping, we believe it should be carried out in a timely manner based on a explicit notification from the CU-UP, given that the CU-UP will be the entity that has the understanding of when data forwarding has completed. This means that  the solution should not rely on the CU-CP to make an “estimation” of the time required to complete the data forwarding operation, given that based on implementation, behaviour would differ between vendors and could incur interoperability issues (e.g., remapping executed too early or too late).

Summary

In our view both solutions are to be supported. Additionally, it is clear in from the description in 38.300 that the solution for lossless mobility must also cover the case with remapping of QoS flows. Thus, we see no reason to validate having a different level of support for the disaggregated architecture case. Hence, we see having just “Solution 2” as an incomplete approach despite the benefit of not impacting the existing specifications. Likewise, as indicated in Observation 1, an aggregated node can implement today the equivalent of either “Solution 1” or “Solution 2”, hence we see no reason to validate having a different level of support for the disaggregated architecture case. Therefore, both solutions should be supported in standards.
Proposal 1: The solution for lossless intra-system HO mobility for disaggregated architecture shall support scenarios in which there is QoS flow to DRB remapping during handover

Proposal 2: Both a solution with “remapping triggered at gNB-CU-CP” as well as a solution with “remapping triggered at gNB-CU-UP” should be supported by standards for the disaggregated case to be on par with the aggregated case.

Further, the addition of an explicit indication from CU-UP to indicate when data forwarding has completed with the old QoS flow to DRB mapping should be pursued, as it is a common improvement for alternatives approaches, and resolves the possible case in which remapping is executed at an incorrect timing as well as unutilized resources being kept. 

Proposal 3: Introduce an explicit data forwarding completion indication from CU-UP to CU-CP to trigger the remapping of DRBs, or release of unused resources.

3
Conclusions
Observation 1: For lossless handover, an aggregated target NG-RAN node shall setup the old DRB configuration at target and can decide whether to switch to a new configuration during or after the handover.

Observation 2: Regardless of the solution, for lossless handover in a disaggregated scenario, the source “old” configuration needs to be made known to the gNB-CU-UP as the starting point, while the timing in which the target “new” configuration is informed to gNB-CU-UP may or may not occur at the same time.

Proposal 1: The solution for lossless intra-system HO mobility for disaggregated architecture shall support scenarios in which there is QoS flow to DRB remapping during handover

Proposal 2: Both a solution with “remapping triggered at gNB-CU-CP” as well as a solution with “remapping triggered at gNB-CU-UP” should be supported by standards for the disaggregated case to be on par with the aggregated case.

Proposal 3: Introduce an explicit data forwarding completion indication from CU-UP to CU-CP to trigger the remapping of DRBs, or release of unused resources.

Proposal 4: Agree on introducing the changes proposed in CR in [1] for E1AP.
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