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1 Introduction
In last RAN3 meeting, the following agreements were achieved for service interruption reduction:

	For intra-donor migration, the solution set to support transfer of RRCReconfiguration for descendent IAB node over source path is limited to solutions 1 and 2. Further down-selection is expected.

 No other enhancements are required to address potential UL packet loss when inter-donor-DU re-routing is not possible.


In this contribution, we will continue to discuss the service interruption reduction for Rel-17. 
2 Discussion 
2.1 Service interruption reduction for boundary node
As discussed in our contribution [R3-214873], the baseline procedure for inter-donor partial migration can be given as the following figure. The figure indicates that the service interruption is mainly due to the time length between step 6 and step 15, which covers the following procedures:

· Procedure 1: RACH procedure performed by the IAB-MT of boundary IAB node 

· Procedure 2: New SCTP association establishment between the boundary IAB-DU and the F1-termination donor

· Procedure 3: Context transfer in step 12&13, and the target path configuration in Step 14

· Procedure 4: F1-C/F1-U redirection in Step 15
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Among those procedures, Procedure 1&2 has to be implemented orderly; moreover, such two procedures cannot be skipped or be shortened. Thus, the delay caused by these two procedures is inevitable. Procedure 4 can be realized by F1 IAB UP Configuration Update procedure which only has two messages. Thus, it won’t cause large interruption. The main cause of service interruption is Procedure 3. 

The time caused by procedure contains:

· Context transfer may not be completed in one procedure if the boundary node and descendant nodes serve large volume of traffic. In other words, several context transfer procedures should be triggered in order to gradually transfer the context to the non-F1-termination donor CU. 
· The routing and bearer mapping configuration is time-consuming since it needs perform the configurations for each hop at the target path. 
Thus, it can be imagined that Procedure 3 will take a long period, and the service interruption reduction aims at reducing the interruption caused by it. To achieve such purpose, we are considering the following methods:

· Method 1: perform context transfer in advance

There are some options for consideration:
( Option 1: before sending Handover Request message
This option is possible if the F1-termination donor CU can determine the target cell of boundary IAB node in advance. Such case can happen for load balance, where F1-termination donor CU determines a target cell with good link quality and low load. Thus, the context transfer procedure can be triggered early before triggering the handover. After context transfer is completed and the target path is well prepared, the F1-termination donor can trigger the handover procedure of the boundary IAB-MT. In this case, the service interruption can be perfectly reduced. 

Observation 1: the context transfer and target path configuration can be performed before sending handover request message for cases where the target cell can be determined early enough before performing the real handover. 

However, this option results in resource pre-reservation at the target path. Moreover, this case may face the risk that once the boundary IAB-MT handover is failed, the signalling for procedure 3 is meaningless. On the other hand, this option cannot be applied for all cases. In some situation, the migration is triggered due to the link quality degradation, which is a sudden case. Thus, when F1-termination donor decide to perform migration, it has no time to perform Procedure 3. Then, we can have Option 2:

· Option 2: after receiving Handover Request ACK message

This option can ensure the access of the boundary IAB-MT is accepted by the non-F1-termination donor. This can be applicable for the cases where the target cell is determined before performing context transfer (e.g., the link quality is suddenly degraded). 
Observation 2: the context transfer and target path configuration can be performed after receiving the Handover Request ACK message for cases where the target cell is determined before performing context transfer and target path configuration (e.g., the link quality is suddenly degraded). 

However, this case also face the similar risk as option 1, i.e., the context transfer becomes meaningless if the access of boundary IAB-MT is failed. To avoid such risk, option 3 and Option 4 can be considered:

· Option 3: triggered by the non-F1-termination donor
In this option, the non-F1-termination donor can send an indication to F1-termination donor to start the context transfer after receiving the RRCReconfigurationComplete message.

· Option 4: triggered by the boundary IAB node
In this option, to establish the SCTP association, the boundary IAB node should use the default BH configuration to send some message, e.g., SCTP INIT message. When receiving such message, the F1-termination donor can realize the success access of the boundary node at the target path. In this option, the F1-termination donor should know the new IP address of boundary node via XnAP. 

Both Option 3&4 have the similar effect, which can balance between the service interruption reduction and risk caused by Option 1&2. 

It can be observed that all above four options can be applied for the service interruption. Option 3 and Option 4 may have specification impact. Thus, we propose

Proposal 1: for service interruption reduction, RAN3 can consider the following options about when to trigger the context transfer and target path configuration:

· Option 1: before sending Handover Request message
· Option 2: after receiving Handover Request ACK message

· Option 3: triggered by the non-F1-termination donor, i.e., non-F1-termination donor sends indication to F1-termination donor
· Option 4: triggered by the boundary IAB node, i.e., triggered by receiving the first message via new IP address of boundary node 
· Method 2: use default BH configuration for F1-U traffic 

As mentioned above, the context transfer and target path configuration can be considered as a gradual procedure since the volume of transferred context is too large to finish them in one procedure. Thus, it is inevitable to face a situation that some context are already transferred, while some of them are still remaining in the F1-termination donor. If the whole procedure cannot be finished before SCTP association establishment of boundary IAB, the service interruption for the traffic not finishing context transfer is still inevitable. Thus, we think additional method is still needed. In particular, a similar scheme as non-UP traffic can be used. Specifically, the RRCReconfiguration message can include default configuration for the UL F1-U traffic, e.g., default BAP routing ID, default BH RLC CH. The QoS guarantee may be the concerns from proponents. However, this can be solved by setting such default BH RLC CH with the highest priority. Moreover, this status is a temporary status, which cannot be last for a long period so that the QoS would not be a problem. 

Proposal 2: to reduce the service interruption of inter-donor migration, the RRCReconfiguration message can include default UP mapping information, i.e., default BAP routing ID, default BH RLC CH, for all UL F1-U traffic. 
2.2 Service interruption reduction for descendant nodes
For descendant node, we have some discussions referring the intra-donor migration, and the solution down-selection (between hold on RRCReconfiguration at parent node of descendant node, and hold on RRCReconfiguration at descendant node) is carried out in RAN2. However, we think this discussion assumes that the RRCReconfiguration message can be sent down before the handover of the boundary IAB-MT. However, such assumption may not always possible. In our understanding, there are two cases for discussion (for both intra-donor and inter-donor migration):

· Case 1: the F1-termination donor can determine the target cell early enough before configuring the handover of the boundary IAB-MT

This case can be used for load balancing when the link quality of the boundary IAB-MT is good enough. In this case, the discussion for RRCReconfiguration can be applied. We slightly prefer to Solution 1, i.e., “ The RRCReconfiguration message for TNL migration of a descendent node IAB-MT is withheld by this descendant node’s parent IAB-DU, and it is delivered only when a condition is satisfied. The indication of buffering and conditional delivery may be provided by the IAB-donor-CU to the parent IAB-DU via an F1AP message including the RRCReconfiguration message.”, considering less RAN2 impact. Anyway, this can be left to RAN2 decision. 
· Case 2: the F1-termination donor determines the target cell, immediately followed by configuring the handover of boundary IAB-MT
This case can be used for migration due to sudden link quality degradation of the boundary IAB-MT. In this case, RRCReconfiguration message cannot be sent down in advance. In other words, the RRCReconfiguration message should be sent after the SCTP association establishment for each descendant nodes. Thus, the procedure becomes (assuming three descendant nodes under boundary node, e.g., descendant node 1~3): 1) boundary node establishes SCTP association first,   2) RRCReconfiguration is sent to boundary node and, then sent to descendent node 1, 3) descendant node 1 establishes SCTP association, 4) RRCReconfiguration is sent to descendant node 1, and then sent to descendant node 2, 5) descendant node 2 establishes SCTP association. During this procedure, the service can be started only if the SCTP association is established. Thus, RAN3 can discuss the service interruption reduction for this case. One possible option is to avoid the reconfiguration to the descendant node. This option requires to set up inter-donor-DU tunnels for all the traffic of descendant node. This causes large specification impact. We may need more thinking to justify this option. 
       Proposal 3: RAN3 discusses the service interruption reduction for descendant node for the case, where the F1-termination donor determines the target cell.
3 Conclusions
In this contribution, we discuss the service interruption reduction for intra/inter-donor IAB node migration, and propose:
Proposal 1: for service interruption reduction, RAN3 can consider the following options about when to trigger the context transfer and target path configuration:

· Option 1: before sending Handover Request message
· Option 2: after receiving Handover Request ACK message

· Option 3: triggered by the non-F1-termination donor, i.e., non-F1-termination donor sends indication to F1-termination donor
· Option 4: triggered by the boundary IAB node, i.e., triggered by receiving the first message via new IP address of boundary node 

Proposal 2: to reduce the service interruption of inter-donor migration, the RRCReconfiguration message can include default UP mapping information, i.e., default BAP routing ID, default BH RLC CH, for all UL F1-U traffic. 
Proposal 3: RAN3 discusses the service interruption reduction for descendant node for the case, where the F1-termination donor determines the target cell.
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#This is the default signalling chart.
#Edit and press F2 to see the result.
#You can change the default chart

hscale=0.78;
defstyle z2 [text.font.face="Arial", text.size.normal=12,arrow.size=tiny,arrow.endtype=solid, vspacing=3];
defstyle z1 [text.font.face="Arial", text.size.normal=12,text.color="green-25%",arrow.color="green-25%",arrow.size=tiny,arrow.endtype=solid, vspacing=1, line.type=dashed, line.color="green-25%",line.width=1];
defstyle z3 [text.font.face="Arial", text.size.normal=12,text.bold=yes];
u:UE[z3];
mi:Migrating\nIAB-node[z3];
gsp:Source Path[z3]{
sp:Source Parent\nIAB-node[z3];
si:Intermediate hop\nIAB-node on\nthe source path[z3];
sd:Source IAB-\ndonor-DU[z3];
};
sid:Source IAB-\ndonor-CU[z3];

gtp:Target Path[z3]{
tp:Target Parent\nIAB-node[z3];
ti:Intermediate hop\nIAB-node on\nthe target path[z3];
td:Target IAB-\ndonor-DU[z3];
};
idc:Target IAB-\ndonor-CU[z3];
ngc:NGC[z3];


u<-mi<-sp<-si<-sd<-sid<-ngc: Downlink user data[z1];
u->mi->sp->si->sd->sid->ngc: Uplink user data[z1];
mark P1start;
sid->idc:1. HANDOVER REQUEST[z2];
idc->tp: 2. UE CONTEXT SETUP REQUEST[z2];
idc<-tp: 3. UE CONTEXT SETUP RESPONSE[z2];
idc->sid:4. HANDOVER REQUEST ACKNOWLEDGE\n(RRCReconfiguration)[z2];
sid->sp:5. UE CONTEXT MODIFICATION REQUEST\n(RRCReconfiguration)[z2];
sp->mi:6. RRCReconfiguration[z2];
sp->sid:7. UE CONTEXT MODIFICATION RESPONSE[z2];
mi<->tp:8. Random Access Procedure[z2];
mi->tp:9. RRCReconfigurationComplete[z2];
tp->idc:10. UL RRC MESSAGE TRANSFER \n(RRCReconfigurationComplete)[z2];
idc<->ngc:11. Path Switch Procedure[z2,line.type=dashed];
mark P1end;
sid->idc:12. INTER-DONOR CONTEXT SETUP REQUEST(FFS)[z2];
idc->sid:13. INTER-DONOR CONTEXT SETUP RESPONSE(FFS)[z2];
mi--idc:14. Configuration of BH RLC channel, BAP route and mapping rules along target path \nbetween migrating IAB-node and target IAB-donor-DU via target parent IAB-node[text.font.face="Arial",text.size.normal=12];
mi--td:15. Redirection of migrating IAB-node-DU's F1-C and F1-U to target path[text.font.face="Arial",text.size.normal=12];
idc->sid:16.UE CONTEXT RELEASE[z2];
sp--sid:17. Release of BAP route along source path between migrating \nIAB-node and source IAB-donor-DU via source parent IAB-node[text.font.face="Arial",text.size.normal=12];
ngc->sid:[z1];
mark P2end;
join sid->td:[z1];
join u<-mi<-tp<-ti<-td: Downlink user data[z1];
u->mi->tp->ti->td: Uplink user data[z1];
join td->sid:[z1];
join sid->ngc:[z1];

vertical brace  P1start->P1end:Phase 1:IAB-MT migration [z2];
vertical brace  P1end->P2end:Phase 2:F1 transport migration [z2];
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