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1. Introduction
In the last RAN-3 meeting, scenarios and procedures for topology adaptation were agreed for architecture 1a [1]. Also, redundant topologies were discussed for architecture 1a [2]. Finally, three scenarios for backhaul-RLF recovery were established [3]:
1. Recovery occurs via a redundant backhaul link

2. Recovery occurs to a new backhaul link with the same IAB-donor

3. Recovery occurs to a new backhaul link with a different IAB-donor

This paper discusses procedures for these backhaul-RLF recovery scenarios for architecture 1a.  

2. Discussion
2.1 Principal steps of BH RLF recovery in architecture 1a
In the following, there scenarios of backhaul RLF and subsequent recovery are discussed:

· Scenario 1: Recovery via an existing BH link (Figures 1 and 2).

· Scenario 2: Recovery via a newly established BH link using the same IAB-donor CU (Figures 3 and 4).

· Scenario 3: Recovery via a newly established BH link using a different IAB-donor CU (Figures 5 and 6).
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Figure 1. BH topology with BH RLF (1a) and after recovery using existing backup link (1b)
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Figure 2. Procedure for BH RLF recovery using existing backhaul link
In scenario 1 (Figs. 1 and 2), the MT on IAB-node-5 is dual-connected to IAB-node-3 and IAB-node-4, which hold MCG and SCG, respectively. Two adaptation layer routes have been established, one referred to as Adapt route A via IAB-node-3, and the other referred to as Adapt route B via IAB-node 4. It is assumed that Adapt route A is used for backhauling of access traffic for the UE attached to IAB-node-5. The RLF is further assumed to occur on the link to the MCG on IAB-node-3. 

Figure 2 shows one example for the recovery procedure for scenario 1:

· 1. The MT on IAB-node-5 conducts RLM on both links and discovers RLF on the link to MCG on IAB-node-3.

· 2. The MT reports MCG RLF over SCG RRC to the CU-CP using NR DC procedures. This step implies that such reporting is supported by NR DC.

· 3. The CU-CP migrates the MT’s MCG from IAB-node-3 to IAB-node-4 using NR DC procedures. This step implies that such procedure is supported by NR DC.

· B. The CU-CP migrates the F1*-U connection with the DU on IAB-node-5 to Adapt route B. It further uses Adapt route B for F1*-C signalling with the DU on IAB-node-5. This procedure is described in TR 38.874, sections 9.7.8 and 9.7.9. This step also has to be applied to all descendent IAB-nodes of IAB-node-5.

· C. The CU-CP releases Adapt route A. This procedure is described in TR 38.874, sections 9.7.5 and 9.7.6. 

Note: While the Scenario 1 recovery procedure is presented for the case of multi-connectivity of single-MT IAB nodes, it is expected that a similar solution is applicable to the case of multi-connected multi-MT IAB nodes.
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Figure 3. BH topology with BH RLF (1a) and after recovery via new BH link using same CU (1b)
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Figure 4. Procedure for BH RLF recovery using new BH link using same CU
In scenario 2 (Figs. 3 and 4), the MT on IAB-node-5 is single connected to IAB-node-3. One adaptation layer route has been established via IAB-node-3 referred to as Adapt route A. The RLF is assumed to occur on the link between IAB-node-5 and its parent node IAB-node-3. 

Figure  4 shows one example for the recovery procedure for scenario 2:

· 1. The MT on IAB-node-5 conducts RLM on the link to its parent and discovers RLF.

· 2. The MT on IAB-node-5 synchronizes with the DU on IAB-node-4 and performs RACH procedure. 

· 3. The MT on IAB-node-5 initiates RRC-Connection-Reestablishment leveraging existing NR procedures. Since the CU is the same as before, it has all context of this MT. IAB-node-5 discovers that the CU has not changed through a CU-specific identifier provided to the MT. Consequently, IAB-node-5’s DU can keep the existing F1-AP with the CU.

· A. The CU-CP establishes Adapt route B to IAB-node-5 via IAB-donor-DU2, IAB-node-2 and IAB-node-4. This procedure is described in TR 38.874, sections 9.7.5 and 9.7.6.  

· B. The CU-CP migrates F1*-U with the DU on IAB-node-5 to Adapt route B. It further uses Adapt route B for F1*-C signalling with the DU on IAB-node-5. This procedure is described in TR 38.874, sections 9.7.8 and 9.7.9.  This step also has to be applied to all descendent IAB-nodes of IAB-node-5.

· C. The CU-CP releases Adapt route A. This procedure is described in TR 38.874, 9.7.5 and 9.7.6.  
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Figure 5. BH topology with BH RLF (1a) and after recovery via new BH link with different CU (1b)
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Figure 6. Procedure for BH RLF recovery using new BH link with different CU
In scenario 3 (Figs. 5 and 6), the MT on IAB-node-5 is single-connected to IAB-node-3. One adaptation layer route has been established via IAB-node-3 referred to as Adapt route A. The RLF is assumed to occur on the link between IAB-node-5 and its parent node IAB-node-3. 

Figure 6 shows one example for the recovery procedure for scenario 3:

· 1. The MT on IAB-node-5 conducts RLM on the link to its parent and discovers RLF.

· 2. The MT on IAB-node-5 synchronizes with the DU on IAB-node-4 and performs RACH procedure. 

· 3. The DU on IAB-node-5 discontinues service since it has lost F1*-C connectivity to gNB-CU-1.

· 4. The MT on IAB-node-5 initiates RRC-Connection-Reestablishment leveraging existing NR procedures. Since the CU is the different, it may or may not be able to fetch the context of this MT. IAB-node-5 discovers that the CU has changed from a CU-specific identifier provided to the MT. Consequently, IAB-node-5 has to restart F1-AP from its DU to the new CU.

· A. The new CU-CP establishes Adapt route B to IAB-node-5 via IAB-donor-DU2, IAB-node-2 and IAB-node-4. This procedure is described in TR 38.874, sections 9.7.5 and 9.7.6.  

· B’. The DU on IAB-node-5 initiates a new F1*-C connection to the new CU-CP. This procedure is the same as IAB-node setup phase 2.2 described in section 9.3. The DU will obtain a new configuration during that procedure which, e.g., a new PCI. Then, the DU will resume service.
· 5. The UE determines RLF with the prior DU on IAB-node-5.

· 6. The UE discovers and selects the new DU on IAB-node-5

· 7. The UE conducts random access procedure with this new DU on IAB-node-5.

· 8. The UE initiates RRC-Connection-Reestablishment with the new CU-CP leveraging NR procedures. The new CU-CP may or may not be able to fetch the UE’s context from the old CU-CP. The new CU-CP will set up F1*-U for the UE with the new DU on IAB-node-5 following NR procedures. 

· C. The CU-CP releases Adapt route A. This release may be based on F1*-C failure detection. The procedure for the release is described in Tr 38.874, sections 9.7.5 and 9.7.6.   

Steps 1, 2, 3, 4, A, B’ and C also have to be applied by for all descendant IAB-nodes of IAB-node-5. Further, steps 4, 5 and 6 will also be applied by all UEs connected to descendant IAB-nodes of IAB-node-5.

As these steps show, the BH RLF recovery procedure to a different CU may cause multiple subsequent RLFs for descendant IAB-nodes and UEs. This may cause long service interruption for UEs. Further enhancements are needed to reduce this service interruption.
2.2  Downstream notification of BH RLF in architecture 1a
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Figure 8. Topology with multiple IAB-node generations below BH RLF 
When the IAB-node observes RLF on its parent link, it cannot provide further backhaul service to downstream IAB-nodes. Also, child IAB-nodes cannot further serve their descendant IAB-nodes. One example is shown in Fig. 8, where IAB-node-5 observes RLF to its parent IAB-node-3 and subsequently cannot provide backhaul service to its child node, i.e., IAB-node-6. 

While the IAB-node observing RLF is aware about backhaul connectivity loss, the descendent IAB-nodes do not have explicit means to identify this upstream backhaul connectivity loss. In case the RLF can be recovered swiftly, as it can be expected for BH-RLF-recovery scenario 1, there may be no need to explicitly inform the descendant IAB-nodes about the temporary BH connectivity loss. When the BH RLF cannot be recovered swiftly, as it may be the case for BH-RLF-recovery scenarios 2 and 3, it may be beneficial to release backhaul connectivity to descendant IAB-nodes so that they themselves can seek means to recover from the BH RLF. For this purpose, two options may be considered:

· Option 1: The IAB-node DU discontinues service. Consequently, the child nodes will also determine BH RLF and follow through the above procedures to recover.

· Option 2: The IAB-node DU explicitly alerts child IAB-nodes about the upstream RLF. Child IAB-nodes receiving this alert can forward the alert further downstream. Each IAB-node receiving such alert initiates BH-RLF recovery as discussed above. 

In case a descendant IAB-node (such as IAB-node 6) can recover from such an upstream RLF by using one of the procedures described above, its DU can provide BH RLF-recovery for former ancestor nodes (such as IAB-node 5).
Proposal: Include the TP into TR 38.874.
3. Conclusions

This contribution discusses procedures for backhaul RLF recovery in architecture 1a. The following proposal has been made:
Proposal: Include the TP into TR 38.874.
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Editor’s note:
Primary responsible WG for this clause is RAN3.
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9.x
Topology adaptation

…

9.x.y Principal steps of BH RLF recovery in architecture 1a
In the following, there scenarios of backhaul RLF and subsequent recovery are discussed:

· Scenario 1: Recovery via an existing BH link (Figures 9.x.y-1, -2).

· Scenario 2: Recovery via a newly established BH link using the same IAB-donor CU (Figures 9.x.y-3, -4).

· Scenario 3: Recovery via a newly established BH link using a different IAB-donor CU (Figures 9.x.y-5, 6).
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Figure 9.x.y-1. BH topology with BH RLF (1a) and after recovery using existing backup link (1b)
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Figure 9.x.y-2. Procedure for BH RLF recovery using existing backhaul link
In scenario 1 (Figs. 9.x.y-1, -2), the MT on IAB-node-5 is dual-connected to IAB-node-3 and IAB-node-4, which hold MCG and SCG, respectively. Two adaptation layer routes have been established, one referred to as Adapt route A via IAB-node-3, and the other referred to as Adapt route B via IAB-node 4. It is assumed that Adapt route A is used for backhauling of access traffic for the UE attached to IAB-node-5. The RLF is further assumed to occur on the link to the MCG on IAB-node-3. 

Figure 9.x.y.-2 shows one example for the recovery procedure for scenario 1:

· 1. The MT on IAB-node-5 conducts RLM on both links and discovers RLF on the link to MCG on IAB-node-3.

· 2. The MT reports MCG RLF over SCG RRC to the CU-CP using NR DC procedures. This step implies that such reporting is supported by NR DC.

· 3. The CU-CP migrates the MT’s MCG from IAB-node-3 to IAB-node-4 using NR DC procedures. This step implies that such procedure is supported by NR DC.
· B. The CU-CP migrates the F1*-U connection with the DU on IAB-node-5 to Adapt route B. It further uses Adapt route B for F1*-C signalling with the DU on IAB-node-5. This procedure is described in sections 9.7.8 and 9.7.9. This step also has to be applied to all descendent IAB-nodes of IAB-node-5.

· C. The CU-CP releases Adapt route A. This procedure is described in 9.7.5 and 9.7.6. 

Note: While the Scenario 1 recovery procedure is presented for the case of multi-connectivity of single-MT IAB nodes, it is expected that a similar solution is applicable to the case of multi-connected multi-MT IAB nodes.
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Figure 9.x.y-3. BH topology with BH RLF (1a) and after recovery via new BH link using same CU (1b)
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Figure 9.x.y-4. Procedure for BH RLF recovery using new BH link using same CU
In scenario 2 (Figs. 9.x.y-3, -4), the MT on IAB-node-5 is single connected to IAB-node-3. One adaptation layer route has been established via IAB-node-3 referred to as Adapt route A. The RLF is assumed to occur on the link between IAB-node-5 and its parent node IAB-node-3. 

Figure 9.x.y.-4 shows one example the recovery procedure for scenario 2:

· 1. The MT on IAB-node-5 conducts RLM on the link to its parent and discovers RLF.

· 2. The MT on IAB-node-5 synchronizes with the DU on IAB-node-4 and performs RACH procedure. 

· 3. The MT on IAB-node-5 initiates RRC-Connection-Reestablishment leveraging existing NR procedures. Since the CU is the same as before, it has all context of this MT. IAB-node-5 discovers that the CU has not changed through a CU-specific identifier provided to the MT. Consequently, IAB-node-5’s DU can keep the existing F1-AP with the CU.

· A. The CU-CP establishes Adapt route B to IAB-node-5 via IAB-donor-DU2, IAB-node-2 and IAB-node-4. This procedure is described in 9.7.5 and 9.7.6.  

· B. The CU-CP migrates F1*-U with the DU on IAB-node-5 to Adapt route B. It further uses Adapt route B for F1*-C signalling with the DU on IAB-node-5. This procedure is described in sections 9.7.8 and 9.7.9.  This step also has to be applied to all descendent IAB-nodes of IAB-node-5.

· C. The CU-CP releases Adapt route A. This procedure is described in 9.7.5 and 9.7.6.  
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Figure 9.x.y-5. BH topology with BH RLF (1a) and after recovery via new BH link with different CU (1b)
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Figure 9.x.y-6. Procedure for BH RLF recovery using new BH link with different CU
In scenario 3 (Figs. 9.x.y-5, -6), the MT on IAB-node-5 is single-connected to IAB-node-3. One adaptation layer route has been established via IAB-node-3 referred to as Adapt route A. The RLF is assumed to occur on the link between IAB-node-5 and its parent node IAB-node-3. 

Figure 9.x.y.-6 shows one example for the recovery procedure for scenario 3: 
· 1. The MT on IAB-node-5 conducts RLM on the link to its parent and discovers RLF.

· 2. The MT on IAB-node-5 synchronizes with the DU on IAB-node-4 and performs RACH procedure. 

· 3. The DU on IAB-node-5 discontinues service since it has lost F1*-C connectivity to gNB-CU-1.

· 4. The MT on IAB-node-5 initiates RRC-Connection-Reestablishment leveraging existing NR procedures. Since the CU is the different, it may or may not be able to fetch the context of this MT. IAB-node-5 discovers that the CU has changed from a CU-specific identifier provided to the MT. Consequently, IAB-node-5 has to restart F1-AP from its DU to the new CU.

· A. The new CU-CP establishes Adapt route B to IAB-node-5 via IAB-donor-DU2, IAB-node-2 and IAB-node-4. This procedure is described in TR 38.874, sections 9.7.5 and 9.7.6.  

· B’. The DU on IAB-node-5 initiates a new F1*-C connection to the new CU-CP. This procedure is the same as IAB-node setup phase 2.2 described in section 9.3. The DU will obtain a new configuration during that procedure which, e.g., a new PCI. After that, the DU resumes service.
· 5. The UE determines RLF with the prior DU on IAB-node-5.

· 6. The UE discovers and selects the new DU on IAB-node-5

· 7. The UE conducts random access procedure with this new DU on IAB-node-5.

· 8. The UE initiates RRC-Connection-Reestablishment with the new CU-CP leveraging NR procedures. The new CU-CP may or may not be able to fetch the UE’s context from the old CU-CP. The new CU-CP will set up F1*-U for the UE with the new DU on IAB-node-5 following NR procedures. 

· C. The CU-CP releases Adapt route A. This release may be based on F1*-C failure detection. The procedure for the release is described in Tr 38.874, sections 9.7.5 and 9.7.6.   

Steps 1, 2, 3, 4, A, B’ and C also have to be applied by for all descendant IAB-nodes of IAB-node-5. Further, steps 4, 5 and 6 will also be applied by all UEs connected to descendant IAB-nodes of IAB-node-5.

As these steps show, the BH RLF recovery procedure to a different CU may cause multiple subsequent RLFs for descendant IAB-nodes and UEs. This may cause long service interruption for UEs. Further enhancements are needed to reduce this service interruption.

9.x.y+1 Downstream notification of BH RLF in architecture 1a
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Figure 9.x.y+1-1. Topology with multiple IAB-node generations below BH RLF 
When the IAB-node observes RLF on its parent link, it cannot provide further backhaul service to downstream IAB-nodes. Also, child IAB-nodes cannot further serve their descendant IAB-nodes. One example is shown in Fig. 9.x.y+1-1, where IAB-node-5 observes RLF to its parent IAB-node-3 and subsequently cannot provide backhaul service to its child node, i.e., IAB-node-6. 

While the IAB-node observing RLF is aware about backhaul connectivity loss, the descendent IAB-nodes do not have explicit means to identify this upstream backhaul connectivity loss. In case the RLF can be recovered swiftly, as it can be expected for BH-RLF-recovery scenario 1, there may be no need to explicitly inform the descendant IAB-nodes about the temporary BH connectivity loss. When the BH RLF cannot be recovered swiftly, as it may be the case for BH-RLF-recovery scenarios 2 and 3, it may be beneficial to release backhaul connectivity to descendant IAB-nodes so that they themselves can seek means to recover from the BH RLF. For this purpose, two options may be considered:

· Option 1: The IAB-node DU discontinues service. Consequently, the child nodes will also determine BH RLF and follow through the above procedures to recover.

· Option 2: The IAB-node DU explicitly alerts child IAB-nodes about the upstream RLF. Child IAB-nodes receiving this alert can forward the alert further downstream. Each IAB-node receiving such alert initiates BH-RLF recovery as discussed above. 

In case a descendant IAB-node (such as IAB-node 6) can recover from such an upstream RLF by using one of the procedures described above, its DU can provide BH RLF-recovery for former ancestor nodes (such as IAB-node 5).
<<TP end>>
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