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Background
[bookmark: _Toc242573354]In this contribution, we present our views on the offline discussions for topology adaptation solutions as discussed in [1]. Our views are based on the discussion in regard to the CHO, DAPS and NR-DC solutions being debated both in RAN2 and in RAN3. We try to compare and contrast these different solutions using various useful parameters and provide observations that have helped us revisit our own views from RAN2#113-e. We hope this analysis also helps other companies achieve the same.

Discussion
[1] discusses two main options to deal with potential RLF recovery at IAB Nodes 
- Use the Rel-16 CHO procedure (either existing or modified) to ensure at least some of the signaling and service interruption latency impacts can be reduced
- Use a modified DAPS based procedure in order to ensure a migration can be triggered so the descendant node capacity impacts can be reduced
Additionally, NR-DC as a potential solution for the same problem has been discussed in RAN3.  
In this regard, we evaluate the different solutions of CHO, DAPS-like (referred to as eDAPS from here on) and NR-DC for IAB RLF and Migration Recovery. In terms of analysis, we assume two different configurations inter-donor and intra-donor RLF recovery and migration scenarios and check if the solution can be applicable for both the cases. 
The evaluation criteria (like need for descendant node handling, network state maintenance changes, service interruption time at UE etc.), keep the analysis simple in terms of the solution’s impact. Additional details on why the impact is small/medium/complex or low/heavy can be found in the following subsections. All analysis impact outcomes should be read as relative to the other solutions and are therefore relevant to just this discussion. Also, we try to refrain from having mixed solution combinations (separate ones for intra donor and inter donor) in line with the preference shown by RAN2 [2,3] and RAN3 [4].
Table 1 summarizes the solution impact for the different parameters. The two different configurations of inter and intra donor RLF and migration recovery are shown in Figures 1 and 2. 
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Figure 1a. Inter-Donor and 1b. Intra-Donor RLF and Migration Configurations
Table 1: Comparison of different Potential IAB RLF and Migration Recovery Solutions
	IAB RLF and Migration Solutions 
	Service Interruption at descendant nodes
	Need for descendant Node handling
	Procedure Robustness
	Network Migration State Maintenance 
	Changes needed for UL dual connectivity during migrations
	3GPP Specification Impacts

	eDAPS at BAP
	Small
	None
	Good
	Complex
	Complex
	Heavy

	eDAPS at RLC
	Small
	None
	Good
	Complex
	Complex
	Heavy

	NR-DC 
	Medium
	Some
	Good
	None needed
	Good
	Low

	CHO
	Large
	Heavy impact
	Medium
	None needed
	Good
	Low



CHO as an RLF and Migration Recovery Solution
With the CHO mechanism, the main advantage with the procedure is its applicability to both the configurations on inter and intra donor RLF recovery and migration. However, the main issue with this solution is in terms of the complexity involved in handling of the descendant nodes and UEs. In this procedure, at least for most of the descendant nodes, a new re-configuration has to be sent by the target donor in order for the data transfer procedures to complete. This is why we feel there is a “heavy impact”. In terms of the service interruption time at the descendent nodes, this procedure will have a big impact relative to the other procedures due to the re-configurations needed. RAN2 has been currently discussing resource allocation as an option for these scenarios but no amount of pre-allocation will be able to ensure that all the descendant nodes can be ready with a configuration during the migration procedure itself.  
Observation 1: In their current state CHO procedures can be used for any of intra or inter donor migration post RLF while DAPS migration in their current state can only be applied for inter-donor migration scenarios.
Observation 2: The CHO based solutions suffer from resource reservation and capacity issues for handing over the descendant nodes after the migration procedure of the node undergoing RLF to a new parent Node is complete.
Observation 3: Depending on how many hops there are between the Donor CU and the farthest child, the burden of resource reservation could be exponentially large based on which nodes could undergo RLF.
Observation 4: Not only would there be resource contention for connectivity re-establishment of descendant nodes, but security procedures would also need to be performed for both the RRC Reestablishment and the CHO procedures.
Given these constraints and the lack of clarity on each of the different solutions, we have the following proposals.
Proposal 1: RAN2 to continue to evaluate through further analysis and additional parameters as needed on which of CHO, eDAPS and NR-DC will be the most efficient solution after modifications to cover both the inter and intra donor topology adaptation scenarios.
Proposal 2: RAN2 to discuss CHO recovery for IAB nodes only in conjunction with resource reservation schemes. RAN2 will not separate parent node and descendant node recoveries into two separate problem statements.   
Alternative mechanisms like CHO towards multiple parents at once from the child IAB Node should also be evaluated for their implementation complexity and usefulness in conjunction with RAN1 and RAN3.  Which leads us to our second alternative of NR-DC. 
NR-DC based solutions
NR-DC based solutions in our view are a mixed criteria between CHO and eDAPS. They provide the advantages of dual connectivity without the additional complexities of a large amount of specification changes. However, the re-configuration issues of descendant nodes will still exist in NR-DC as well but to a lesser extent especially in cases where the Master Parent node connectivity is lost. Thus, resource reservation becomes important here too. Also, spectrum availability in order to maintain a NR-DC based configuration is probably not a viable option for many operators. Given these constraints, we have the following proposal. 
Observation 5: NR-DC based recovery solutions for IAB Nodes will face some of the same descendant node issues as the CHO based recovery solutions.
Proposal 3: RAN2 to evaluate alternate proposals related to multi-parent CHO in conjunction with RAN1 and RAN3 using a combination of CHO and NR-DC.   
This solution is similar to an eDAPS without all the specification impact. A mechanism where CHO can be sent to multiple parent nodes at the same time would be most ideal way forward for this work item topic.
eDAPS based solutions
In this set of solutions, Rel-16 DAPS could be used to ensure a smooth migration of an IAB Node between source and target parent IAB Nodes. While this procedure works well for inter donor migration without the added penalty of needing additional re-configurations to the descendant nodes, the procedure cannot be applied as is for the intra donor topologies since DAPS as defined in Rel-16 3GPP is only applicable at PDCP layer (that is only available at the donor and the UE). RAN3 in its proposals on IAB [4] has decided to include a potential DAPS based solution at other data layers (BAP or RLC) so as to take advantages of the mechanisms they allow similar to those in inter-donor configurations. However, a DAPS like solution at BAP or RLC will have heavy specification impact for RAN2. RAN3 has therefore, decided to punt the entire procedure design to RAN2 [3]. In order to implement a solution for intra-donor configurations for DAPS at BAP and RLC, most accounting in terms of packets sent and received that is currently maintained at the PDCP layer for inter-donor topologies need to be re-specified for intra-donor topologies. This will need the introduction of (at least) a sequence numbering scheme at BAP layer if eDAPS is chosen for BAP or RLC. Thus the “complex” impact in terms of network state maintenance. 
Observation 6: DAPS procedure has to be heavily modified to work at RLC layer or BAP layer in order for it to support intra-donor migrations.
In light of these observations and the advantages that an eDAPS based solution can provide, we would like to revert our earlier position and propose that RAN2 further evaluate the implementation complexities towards a DAPS based solution. 
[bookmark: _Toc242573360]Proposal 4: RAN2 to re-evaluate eDAPS based solutions for intra donor handover scenarios and study the corresponding specification impact as a single alternate solution for both RLF and handover recovery for IAB Nodes.
Summary
[bookmark: _Toc242573361]Due to the important nature of the problem and the technical difficulties associated in achieving a solution, we identify the following observations and proposals and request RAN2 to consider them.
Observation 1: In their current state CHO procedures can be used for any of intra or inter donor migration post RLF while DAPS migration in their current state can only be applied for inter-donor migration scenarios.
Observation 2: The CHO based solutions suffer from resource reservation and capacity issues for handing over the descendant nodes after the migration procedure of the node undergoing RLF to a new parent Node is complete.
Observation 3: Depending on how many hops there are between the Donor CU and the farthest child, the burden of resource reservation could be exponentially large based on which nodes could undergo RLF.
Proposal 1: RAN2 to continue to evaluate through further analysis and additional parameters as needed on which of CHO, eDAPS and NR-DC will be the most efficient solution after modifications to cover both the inter and intra donor topology adaptation scenarios.
Proposal 2: RAN2 to discuss CHO recovery for IAB nodes only in conjunction with resource reservation schemes. RAN2 will not separate parent node and descendant node recoveries into two separate problem statements.   
Observation 5: NR-DC based recovery solutions for IAB Nodes will face some of the same descendant node issues like the CHO based recovery solutions.
Proposal 3: RAN2 to evaluate alternate proposals related to multi-parent CHO in conjunction with RAN1 and RAN3 using a combination of CHO and NR-DC.   
Observation 6: DAPS procedure has to be heavily modified to work at RLC layer or BAP layer in order for it to support intra-donor migrations.
Proposal 4: RAN2 to re-evaluate eDAPS based solutions for intra donor handover scenarios and study the corresponding specification impact as a single alternate solution for both RLF and handover recovery for IAB Nodes.
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