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1 Introduction
In last RAN3 110e meeting, the following working assumption are agreed for inter-donor topology redundancy:
WA: In Rel-17, RAN3 agrees to support the following scenarios for inter-donor topology redundancy with the principle that an IAB-DU only has F1 interface with one Donor-CU:

 - Scenario 1: the IAB node is multi-connected with 2 Donors. 

 - Scenario 2: the IAB node’s parent/ancestor node is multi-connected with 2 Donors.
As a starting point, the F1 interface of the boundary IAB node and descendant IAB node(s) terminate to the same donor. The following open issues need further discussion:

- FFS at which of the two donors these F1 interfaces terminate

- FFS if boundary and descendent IAB-nodes can have their F1 interfaces terminate at different donors.

In inter-donor topology redundancy, the traffic may be sent from one donor CU directly to the donor DU of another donor and further towards the IAB node, without passing through additional donor CU(s).

In last RAN3 meeting, RAN3 send LS to RAN1 to inform the progress about introducing two scenarios for inter-donor redundancy, and check about whether there is any half duplex issue from RAN1 perspective. According to the LS out [1], the figure of above two scenarios are shown as following
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Figure 1. Scenarios of inter-donor topology redundancy
Apparently, such two scenarios will cause some issues of topology management, e.g., the BAP address allocation, BAP routing ID allocation, BAP routing table configuration, QoS determination of each BH link, etc.. The listed issues are easy to be handled by the one IAB donor CU in R16 since an IAB node will only connect to one IAB donor. In this paper, we will discuss how to handle these issues corresponding to the inter-donor topology management.
2 Discussion

2.1 Clarification of the co-existence of IAB-MT and IAB-DU 

2.1.1 Assumption on the IAB-MT and its collocated IAB-DU co-existence

In R16, the IAB-MT and its collocated DU always connect to same IAB donor CU. This is an important assumption because the IAB-MT and its collocated DU belongs to the same IAB node, and they need to apply configuration from same CU to avoid any confliction. 

However, as introduced in clause 2.1, in some scenarios of inter-donor topology management, the following case will occur: for some IAB nodes, the IAB-MT and its collocated IAB-DU will be controlled by two different IAB donors. For example, the IAB node 2 in Figure 2-(b), and IAB node 3 in Figure 2-(c). Moreover, in Figure 2-(a), if the MN of the IAB2-MT is IAB donor CU2, but the collocated IAB2-DU connects to the IAB donor CU1, the IAB2-MT and IAB2-DU also controlled by two different IAB-donors. This is much different from the R16 assumption, it may cause the configuration issue more complicated because the configuration confliction of an IAB-MT and its collocated IAB-DU from two different CUs should be avoided. In addition, considering the IAB-MT and collocated IAB-DU should meet half duplex constraint and this is RAN1 scope, so we need to check with RAN1 first about the possibility of such case. 

Proposal 1: In R17 inter-CU migration/topology management cases, the baseline co-existence assumption is that IAB-MT and its collocated IAB-DU always controlled by the same IAB donor CU.
Proposal 2: RAN3 sends LS to RAN1 for asking about the possibility that an IAB-MT and its collocated IAB-DU are controlled by to different IAB-donor CUs.
2.1.2 Assumption on the parent node DU and its child IAB-MT co-existence

In R16, from the viewpoint of a UE or a child IAB-MT, its parent node DU (either an IAB-DU or an IAB-donor-DU) is served as a normal gNB-DU, so it is naturally that the UE/IAB-MT and its parent node DU connects to same IAB-donor-CU, and they are controlled/configured by this IAB-donor-CU. This is still reasonable for R17 case, because the CG related configuration of the UE/IAB-MT’s link towards parent node is generated by its parent DU, and send back to the IAB donor CU via F1 interface, then the CU will forward the configuration to the UE via RRC message. Therefore, in R17, this assumption is worthwhile to be inherited, and then the applied configuration of IAB-MT and its parent IAB-DU should be generated by same IAB donor CU. 

Proposal 3: IAB-MT’s applied configuration and its parent IAB-DU’s applied configuration on the BH link should be always controlled/generated by the same CU.
2.2 Scenarios of inter-donor topology management.
2.2.1 Inter-donor topology redundancy

According to the agreement “As a starting point, the F1 interface of the boundary IAB node and descendant IAB node(s) terminate to the same donor”. Therefore, we start with the simple example as shown in the following figure 2-(a), i.e. IAB node 2 is dual connected to two parent IAB nodes, the parent node corresponding to MCG is IAB node 1 which connects the IAB donor CU1, and another parent node corresponding to SCG is IAB node 4 which connects the IAB donor CU2. The F1 connection of IAB2-DU and IAB3-DU are terminated at the IAB donor CU1. And the traffic (including F1 traffic) of IAB2-DU and IAB3-DU can use the path which involves IAB2-MT’s SCG (the red path shown in figure 2). Apparently, the red path is consisted of two sets of nodes, one set belongs to the IAB donor CU1 and the other set belongs to the IAB donor CU2. 
It is easy to foresee that if the descendent IAB node is allowed to connect different donors (not same as the boundary IAB node), then the whole inter-donor BAP path may be comprised of more than two IAB network fragments, each is controlled by a separate IAB donor. And we need to solve how to do topology management for such concatenated network across multiple IAB donors.

Observation 1: For the inter-donor topology redundancy, there may exist a concatenated topology which is formed two or more than two IAB network fragments controlled by different CUs.
2.2.2 Inter-donor migration

Besides, about the inter-donor migration procedure, the gradual migration which requires either top-down sequence or bottom-up sequence is introduced in last meeting[3], the inter-donor topology management will also applicable for the intermediate step of the gradual migration. 

For example, as shown in the figure 2-(b), if the migration sequence is top-down, the IAB2-MT has migrated to the IAB donor CU2 via target parent node 4, but the IAB2-DU and all the descendent UEs and IAB nodes still maintain connection towards the IAB donor CU1, then all the traffic related to these descendent nodes must be transmitted via the new path of IAB2-MT which involves some nodes (e.g. IAB node 4 and IAB donor DU2) controlled by the IAB donor CU2. 
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Figure 2. Possible scenarios of inter-donor topology management
Furthermore, as shown in the Figure 2-(c), if the migration sequence is bottom-up, the bottom nodes (e.g. IAB3-DU, UE3, UE2) may migrate to the new IAB donor CU2 before the top nodes, then the traffic between the CU2 and these bottom nodes need to be transmitted via the source path of the IAB node 2, which consists of the nodes (e.g. IAB node 1, and the IAB donor DU1) controlled by the IAB donor CU1.

2.2.3 Inter-donor re-routing

As we discussed in previous meeting, the packet lossless is important for the intra/inter-donor topology adaptation, and it has been agreed that “Inter-donor-DU local re-routing in Rel-17 IAB should be supported” in last RAN3 meeting. For the inter-donor topology adaptation case, such re-routing will ensure that some in-flight UL packets which are originated from the IAB-DU and to be send to the source CU via the target path, while the target path will involve the target IAB-donor-DU and some other intermediate IAB nodes which are controlled by the target CU. Therefore, in this case, the transmission of these existing BAP PDU will also use part of BAP path controlled by other CU, and such issue is similar to the .  
Proposal 4: The inter-donor topology management, including concatenation of multiple IAB network fragments from different CUs, should support the specific BAP path for F1 traffic between one IAB-DU and its associated CU, where some of the intermediate nodes in this BAP path may be controlled by different CUs.
Proposal 5: R3 design unified solutions for inter-donor F1 transport, to covery the following three use cases together: inter-donor redundancy, inter-donor migration, and inter-donor re-routing. 
2.3 Issues of the inter-donor topology management 
The main problem to be solved for the inter-donor topology management is how to ensure the data transmission through the concatenated inter-donor BAP path. Then the following related issues are worth to be discussed.
· E2E QoS parameter division. In R16 IAB, it is the donor CU who determines the E2E QoS requirement of an F1 traffic (e.g. for F1-U traffic, determine the QoS parameters) and determine the QoS division across the multiple BH links (e.g. determine the QoS parameter for BH RLC channel in each BH link). For the inter-donor path, there should be one donor CU to determine the E2E QoS and how to divide it for each IAB network fragment of the whole inter-donor BAP path, then the QoS of the network fragment may be divided into QoS per BH link for further step by the fragment’s corresponding CU.
· BH RLC channel management. The setup/modification/release of the BH RLC channel are performed via F1AP messages and RRC messages, so it is natural that such BH RLC channel management in each BH link should be controlled by the connected CU of the parent DU in this BH link. And this issue also includes the per hop QoS determination for each BH RLC channel
· BAP routing ID allocation. This includes the BAP address allocation to each IAB node and IAB donor DU, and the BAP path ID allocation for each BAP path. How to perform the BAP routing ID allocation is related to the uniqueness range of the BAP routing ID. For example, if the concatenated BAP routing will be used across multiple fragments in the whole inter-donor path, i.e. the BAP routing ID used for BH link routing is different in each network fragment, then the BAP routing ID only need to be unique in each CU’s own network fragment, and the existing principle (i.e. each CU allocates BAP routing ID for its own fragment) can be reused. While if a common BAP routing ID will be used across multiple fragments in the whole inter-donor path, such BAP routing ID should be unique in the multi- donors’ network, maybe one CU should be responsible for centralized BAP routing ID allocation and some kinds of coordination among multiple CUs may be needed to avoid any potential confliction. The mentioned coordination may perform by OAM, or information exchange among CUs, or adding CU specific information in the BAP routing ID, etc. 
· BAP routing ID determination. The BAP routing ID determination is to decide the route path for each F1 traffic. This is important nodes to add the BAP routing ID, e.g. the IAB donor DU for DL transmission, the access IAB node for UL transmission. This issue may be handled by one CU in a centralized way, or let individual donor CU make the decision for each node belongs to this donor. The CU make such decision should be aware of the allocated BAP routing ID for each path, so this issue should be considered together with the previous one.
· BAP routing configuration. This is to determine the routing table entries for each node in the inter-donor BAP path. Similar to the BAP routing ID determination, this issue can also be handled by one CU in a centralized way, or by each individual CU corresponding to the node.
· BH RLC channel mapping configuration. This issue is to determine the information of selecting the egress BH RLC channel for each node in the inter-donor BAP path, such mapping configuration can be determined by one CU in a centralized way, or by individual CU corresponding to the node.
The analysis for the above issues are summarized in the following table 1. It is worth noting that some of the above issues should also involve RAN2, e.g. the BAP routing ID allocation is totally RAN2 scope, and how to perform the BAP routing ID determination, BAP routing configuration, BH RLC CH mapping configuration for IAB node most rely RAN2’s work since R16, so RAN3 should ask RAN2 for coordination when discuss these issues in the inter-donor topology management.

Observation 2: RAN2 should be involved when we discuss the issues related to BAP routing ID allocation, BAP routing ID determination, BAP routing configuration, and BH RLC CH mapping configuration.
Table 1. Summary of the issues related to the inter-donor topology management

	Issues
	Possible manner：Controlled/ determined by one CU （centralized way）or individual CU?

	E2E QoS parameter division
	One CU

	BH RLC channel management
	Individual CU

	BAP routing ID allocation
	One CU or individual CU

	BAP routing ID determination
	One CU or individual CU

	BAP routing configuration
	One CU or individual CU

	BH RLC channel mapping configuration
	One CU or individual CU


Proposal 6: RAN3 agree the following principle for inter-donor topology management:

· Single CU is responsible for the E2E QoS division among multiple IAB network fragments.
· The per hop QoS and BH RLC channel management is still controlled by individual CU.

Proposal 7: RAN3 ask RAN2 for coordination when discuss the two manners (controlled by one CU in centralized way, or controlled by individual CU) for the following configurations in inter-donor topology management: BAP routing ID allocation, BAP routing ID determination, BAP routing configuration, BH RLC CH mapping configuration. 

3 Conclusion
In this paper, we discuss the scenario of the inter-donor IAB topology management, and provide some analysis on the issues to be solved, then obtain the following observations and proposals:
Observation 1: For the inter-donor topology redundancy, there may exist a concatenated topology which is formed two or more than two IAB network fragments controlled by different CUs.
Observation 2: RAN2 should also be involved when we discuss the issues related to BAP routing ID allocation, BAP routing ID determination, BAP routing configuration, and BH RLC CH mapping configuration.
Proposal 1: In R17 inter-CU migration/topology management cases, the baseline co-existence assumption is that IAB-MT and its collocated IAB-DU always controlled by the same IAB donor CU.
Proposal 2: RAN3 sends LS to RAN1 for asking about the possibility that an IAB-MT and its collocated IAB-DU are controlled by to different IAB-donor CUs.
Proposal 3: IAB-MT’s applied configuration and its parent IAB-DU’s applied configuration on the BH link should be always controlled/generated by the same CU.
Proposal 4: The inter-donor topology management, including concatenation of multiple IAB network fragments from different CUs, should support the specific BAP path for F1 traffic between one IAB-DU and its associated CU, where some of the intermediate nodes in this BAP path may be controlled by different CUs.
Proposal 5: R3 design unified solutions for inter-donor F1 transport, to covery the following three use cases together: inter-donor redundancy, inter-donor migration, and inter-donor re-routing.
Proposal 6: RAN3 agree the following principle for inter-donor topology management:

· Single CU is responsible for the E2E QoS division among multiple IAB network fragments.

· The per hop QoS and BH RLC channel management is still controlled by individual CU.

Proposal 7: RAN3 ask RAN2 for coordination when discuss the two manners (controlled by one CU in centralized way, or controlled by individual CU) for the following configurations in inter-donor topology management: BAP routing ID allocation, BAP routing ID determination, BAP routing configuration, BH RLC CH mapping configuration. 
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