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1
Introduction

At RAN3#110-e and RAN3#111-e meetings, how to support lossless handover in case a QoS flow is mapped to a different DRB at handover was discussed. The following agreements were achieved:
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.
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
Regarding how to support the above mechanism in split RAN scenario, two solutions were discussed at RAN3#110-e:

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.
At RAN3#111-e meeting, it was clarified that both Sol1 and Sol2 are supported for aggregated scenario. While for dis-aggregated scenario, only sol2 can be supported.  To have the same performance for dis-aggregated and aggregated RAN architecture, a variant of sol2 was proposed for dis-aggregated RAN during online discussion, which is

Sol2bis: The CU-CP indicates the old mapping via Bearer Context Setup procedure and use the Bearer Context Modification procedure to inform the new mapping (no specification change).
This contribution further clarifies the scenarios and analyses the two solutions (Sol1 and Sol2bis). A way forward is proposed based on the discussion.

2
Discussion

2.1 Remapping Scenarios

The typical re-mapping scenarios are shown in Table 1 below. Based on the following agreement achieved at the last meeting, both old mapping and new mapping should be transmitted to the CU-UP. The third column in Table 1 indicates the information which needs to be transmitted from the source to the target.
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
Table 1: Remapping Scenarios

	
	Source (old) mapping
	New mapping by the target CU-CP
	What needs to be transmitted from target CU-CP to target CU-UP:

– {old mapping}: for handling forwarded packet

– [new mapping]: for handling fresh data

	1
	DRB1: QFI1, QFI2

DRB2: QFI3
	DRB1: QFI1

DRB2: QFI2, QFI3
	DRB1:  {QFI1, QFI2}  (  [QFI1]
DRB2:  {QFI3}             (  [QFI2, QFI3]

	2
	DRB1: QFI1, QFI2


	DRB1: QFI1

DRB2: QFI2
	DRB1:  {QFI1, QFI2}  (  [QFI1] 
DRB2:  {none}             (  [QFI2]

	3
	DRB1: QFI1

DRB2: QFI2
	DRB1: QFI1, QFI2
	DRB1:  {QFI1}             (  [QFI1, QFI2]
DRB2:  {QFI2}             (  [none]


According to the following note in stage 2, the scenario 3 should be supported.

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.
Proposal 1: Lossless HO should be supported for all the remapping scenarios in Table 1.
2.2 Solution to transmit old and new mappings
The unclear point is how to transmit both the old mapping and new mapping to the target CU-UP. The following two solutions are on the table:
· Solution 1:  Both the old and new mappings are provided to the target CU-UP during the bearer context setup. The CU-UP utilizes the old mapping until it determines that data forwarding is completed. At that point, the CU-UP switches to the new mapping and transmits the fresh data.

· Solution 2bis:  The CU-CP indicates the old mapping during the bearer context setup and later uses the Bearer Context Modification procedure to inform the new mapping. The new configuration is sent to the UE in Handover Command (no specification change).
On top of the above Solution 1 and Solution 2bis, there was also a proposal [1][2] to have an explicit data forwarding completion indication from the target CU-UP to the target CU-CP. We think this is beneficial espeically for the scenario 3, since the target CU-CP can know when transmitting forwarded data has been completed from the target CU-UP and it can subsequently trigger the DU and the UE to release unnecessary DRBs timely.
But we first would like to compare the Solution 1 and Solution 2bis, which is more critical and fundermental. 
We believe Solution 2bis is prone to the following issues:

· In Solution 2bis, new configuration is sent to the UE via HO Command. If the Bearer Context Modification procedure fails, there could be a configuration mismactch between the UE and the network.
· The target CU-CP doesn’t know when the target CU-UP will finish transmiting the forwarded data to the UE. If the target CU-CP sends the BEARER CONTEXT MODIFICATION REQUEST messge too early, the target CU-UP may release the old configuration and use the new configuration to handle the forwarded data.

· Normally, CU-UP executes modification upon receiving the Bearer Context Modification Request message from CU-CP. Withtout having new IE in the BEARER CONTEXT MODIFICATION REQUEST message, CU-UP doesn’t know whether it should wait or not. Changing the behaviour of CU-UP without any new indication may introduce backward compatibility issue.
E.g. for scenario 3 where the target decides no QoS flows to be assigned to a DRB, in the BEARER CONTEXT MODIFICATION REQUEST message, the target CU-CP would ask the target CU-UP to release DRB2 as usual, which, is normally expected that the target CU-UP would release it immediately.
On the other hand, Solution 1 has no problems and can assure the same performance as for the aggregated case. 

Proposal 2: Agree Solution 1 as way forward.
Stage 3 impacts of Solution 1
For a DRB that requires data forwarding, the existing QoS Flows Information To Be Setup IE in the BEARER CONTEXT SETUP REQUEST message can be used to transmit the old mapping. A new “Qos Flows Information To Be Updated” IE can be added to transmit the new mapping. 
The message setting is summarized in Table 2 (“Qos Flows Information To Be Updated” IE is used to transmit the new mapping).
Table 2: Transmit the old and new mappings to the target CU-UP
	
	Source (old) mapping
	New mapping by the target CU-CP
	

	1
	DRB1: QFI1, QFI2

DRB2: QFI3
	DRB1: QFI1

DRB2: QFI2, QFI3
	DRB1:

- QoS Flows Information To Be Setup        :     {QFI1, QFI2}
- QoS Flows Information To Be Updated :     [QFI1]
DRB2:

- QoS Flows Information To Be Setup        :     {QFI3}
- QoS Flows Information To Be Updated :     [QFI2, QFI3]

	2
	DRB1: QFI1, QFI2


	DRB1: QFI1

DRB2: QFI2
	DRB1:

- QoS Flows Information To Be Setup        :     {QFI1, QFI2}
- QoS Flows Information To Be Updated :     [QFI1]
DRB2:

- QoS Flows Information To Be Setup        :     {QFI2}

	3
	DRB1: QFI1

DRB2: QFI2
	DRB1: QFI1, QFI2
	DRB1:

- QoS Flows Information To Be Setup        :     {QFI1}
- QoS Flows Information To Be Updated :     [QFI1, QFI2]
DRB2:

- QoS Flows Information To Be Setup        :     {QFI2}


And it is also important for the target CU-CP to know that this new IE is properly reflected when the target CU-UP establishes DRBs upon requested. Since the target CU-UP may be the legacy CU-UP that does not comprehend this new IE, it should be properly informed to the target CU-CP whether this new QoS Flows Information To Be Updated IE is properly considered in the target CU-UP or not. For that, one could make the criticality of this new IE as “reject”, but we don’t have to make the legacy CU-UP reject the whole DRB setup procedure due to this. As a result, we believe having the reply “QoS Flows Information Updated” IE in the BEARER CONTEXT SETUP RESPONSE message is necessary and suitable to make the target CU-CP aware and to ensure inter-operability. 
Proposal 3: Add a new “QoS Flows Information To Be Updated” IE to the E1AP BEARER CONTEXT SETUP REQUEST message, and the corresponding response “QoS Flows Information Updated” IE to the BEARER CONTEXT SETUP RESPONSE message.
3
Conclusion
This contribution discussed how to support lossless intra-system HO in case of CP-UP separation. Based on the discussions, we have the following observations and proposals. The CRs for Rel-15 and Rel-16 TS 38.463 are provided in R3-211948 [3] and R3-211949 [4], respectively.
Proposal 1: Lossless HO should be supported for all the remapping scenarios in Table 1.
Observation: For the two solutions (i.e. Solution 1 and Solution 2bis) on the table, we believe Solution 2bis is prone to the following issues:
· In Solution 2bis, new configuration is sent to the UE via HO Command. If the Bearer Context Modification procedure fails, there could be a configuration mismactch between the UE and the network.

· The target CU-CP doesn’t know when the target CU-UP will finish transmiting the forwarded data to the UE. If the target CU-CP sends the BEARER CONTEXT MODIFICATION REQUEST messge too early, the target CU-UP may release the old configuration and use the new configuration to handle the forwarded data.

· Normally, CU-UP executes modification upon receiving the Bearer Context Modification Request message from CU-CP. Withtout having new IE in the BEARER CONTEXT MODIFICATION REQUEST message, CU-UP doesn’t know whether it should wait or not. Changing the behaviour of CU-UP without any new indication may introduce backward compatibility issue.

E.g. for scenario 3 where the target decides no QoS flows to be assigned to a DRB, in the BEARER CONTEXT MODIFICATION REQUEST message, the target CU-CP would ask the target CU-UP to release DRB2 as usual, which, is normally expected that the target CU-UP would release it immediately.

Proposal 2: Agree Solution 1 as way forward.
Proposal 3: Add a new “QoS Flows Information To Be Updated” IE to the E1AP BEARER CONTEXT SETUP REQUEST message, and the corresponding response “QoS Flows Information Updated” IE to the BEARER CONTEXT SETUP RESPONSE message.
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