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The Rel-17 IAB WID objectives [2] include:
	Topology adaptation enhancements [RAN3-led, RAN2]:
·  …
·  Specification of enhancements to topological redundancy, including support of CP/UP separation.
·  …




For IAB-nodes using SA mode, Rel-16 supports topological redundancy on BAP layer. This redundancy can be used to load-balance user plane traffic with the granularity of F1-U GTP tunnels. It can further support robustness on the control-plane through the configuration of multiple paths for F1-C. BAP layer redundancy together with local rerouting is further used to retain connectivity in case of BH RLF. Also, IP multihoming is supported for F1-C across multiple IAB-donor-DUs.

For IAB-nodes using ENDC, Rel-16 IAB supports IP multihoming for F1-C by providing one path via NR and another via LTE. 

This paper discusses potential extensions to be considered for topological redundancy in Rel-17.
Discussion
CP/UP separation
The benefit of CP/UP separation is that CP traffic can be routed via a more robust link or path, which may have low capacity (e.g. such as an FR1 link or path), while UP traffic is routed via a high capacity link or path, which may have less reliability (e.g. such as an FR2 link or path). 
The following two options may be considered for CP/UP separation:
Option A: The IAB-node uses separate backhaul links and BAP paths for CP and UP traffic. This is already supported for Rel-16 IAB operating in SA mode.
Option B: The IAB-node uses an access link (e.g. using FR1) for CP traffic while exchanging UP traffic over a backhaul link and BAP path (e.g. using FR2). This is already supported for Rel-16 IAB using ENDC. In Rel-17, this solution could be extended to SA mode.


Figure 1: IAB-node uses access link to separate gNB for transport of F1-C
In Rel-16 IAB using ENDC, the IAB-node can exchange F1-C traffic via the LTE access link it has with the MeNB, while F1-U is carried over the NR backhaul link. 
This CP/UP separation can be extended to standalone IAB, where the IAB-node uses NR DC to simultaneously connect to an IAB-donor-CU and a separate gNB (Figure 1). The backhaul link to the parent node is used for the backhauling of user plane traffic with the IAB-donor-CU, while the access link to the separate gNB is used for the exchange of L3 control plane traffic with the IAB-donor-CU. 
Since this NR-DC-based CP/UP separation can use the same transport mechanism as defined in Rel-16 for ENDC, the specification effort is expected to be rather small. The following needs to be considered:
· Extending Xn and NR RRC to support the same solutions specified for X2 and LTE RRC, respectively.
· MN- vs. SN-role assignment to IAB-donor-CU and gNB.
· Operation with multiple MTs as discussed in the sub-section 2.2 may be considered. This allows combining CP/UP separation with load balancing of user plane traffic over a redundant BAP topology.  
Proposal 1a: The IAB-node to support F1-C and RRC signalling with the IAB-donor-CU through an NR access link with a separate gNB.
Proposal 1b: The same transport mechanism to be used for F1-C transport over the NR access link as defined for F1-C over LTE in Rel-16. 

Multi-IAB-MT support

Figure 2: IAB-node supporting multiple parent links via separate IAB-MTs  
The Rel-16 IAB-node can only support two parent links for backhauling if operating in SA mode and only one parent link for backhauling if operating in ENDC. It would be desirable to extend the maximum number of parent nodes for backhauling. Two options can be considered:
Option 1: The MR dual-connectivity framework is extended to more than two cell groups.
Option 2: The IAB-node supports multiple parent-node links via separate IAB-MTs.
Option 1 also applies to UEs and should therefore be handled in a separate WI. This would have to wait until at least Rel-18 since there is no Rel-17 WI that has such effort on the agenda. 
Option 2 can be handled by the Rel-17 IAB WI. The specification effort can be estimated as follows:
·  Many tasks such as cell selection, RRC connection establishment and network registration can be separately applied by each IAB-MT using existing specifications.   
·  For some backhauling aspects, the IAB-MTs can still be considered separate entities, i.e., each IAB-MT may obtain its own BAP address, for instance.
·  The collocation of multiple IAB-MTs needs to be captured in the IAB-donor-Cu’s topology discovery.
·  A few changes are necessary to TS 38.340, e.g., to capture the consideration of multiple IAB-MTs in packet routing.
·  Some restrictions need to be considered in the coordination of connection establishment among IAB-MTs to separate gNBs or IAB-donors.
The overall specification effort is expected to be rather small.
Proposal 2a: The IAB-node may concurrently use multiple IAB-MTs for the traffic exchange with the IAB-donor-CU.
Proposal 2b: The IAB-node’s multiple IAB-MTs may connect to different parent nodes on BAP layer.

CP redundancy on BAP-layer via descendant nodes

Figure 3: IAB-node supporting alternative path for F1-C via descendant node  
In Rel-16, BAP-layer transport is strictly aligned with the directed acyclic graph topology of the backhaul, i.e., DL traffic is always forwarded in downstream direction and UL traffic in upstream direction. Under some circumstances, it may have advantages to allow more flexible forwarding. When BH RLF has occurred, for instance, it may be beneficial if an alternative path via a child or descendant node can be utilized to exchange control-plane traffic with the IAB-donor-CU (Figure 3). This would allow the IAB-donor-CU to reconfigure the topology and avoid autonomous RLF recovery procedures. For user-plane traffic, routing via descendant nodes may be less beneficial.
The following specification effort is expected:
·  BAP-layer routing and BH RLC channel mapping must be transparent to the hierarchy imposed by the underlying topology. This is already supported by Rel-16 F1AP. Some extension is necessary to the routing description in TS 38.340.
·  Mapping from upper layers to L2 on the access IAB-node must allow for downstream egress. This is already supported by Rel-16 F1AP. Some minor rewording might be necessary in TS 38.340.
·  Avoidance of routing loops: For centrally configured routes (i.e. using BAP address and BAP path ID) routing loops will not occur. Further scrutiny should be applied to guarantee loop-free routing in case of local rerouting. 
The overall specification effort is expected to be small. Since further scrutiny is necessary on the avoidance of potential routing loops, transport via descendant nodes should initially remain a working assumption. 
Proposal 3: WA: BAP to support transport of the IAB-node’s F1-C traffic via its descendant nodes.
Inter-donor BH redundancy
The following benefits can be expected from inter-donor BH redundancy:
1. It provides enhanced robustness for control-plane traffic
2. It allows load balancing between IAB-donor-CUs.
3. It facilitates inter-donor IAB-node migration with reduced packet loss and interruption time 
These expectations require some scrutiny. 
On 1: Enhancements to control-plane robustness can also be achieved via CP/UP-separated transport as discussed in sub-section 2.1, where the IAB-node connects to two gNBs but only one of them has to have IAB-donor functionality. 
On 2: For user-plane traffic, load balancing among IAB-donor-DUs and IAB-donor-CU-UPs is already supported in Rel-16 IAB. For control-plane traffic, load balancing among IAB-donor-CU-CPs can be achieved via inter-donor IAB-node migration in absence of inter-donor BH redundancy.
On 3: Potential improvements in packet loss and interruption time for inter-donor IAB-node migration need to be discussed in the context of other solutions for IAB-node migration.    
Observation 1: The only benefit to be expected from inter-donor BH redundancy is reduction in interruption time and packet loss for inter-donor IAB-node migration.
Proposal 4: Inter-donor BH redundancy to be considered only for performance optimization of inter-donor IAB-node migration.
Conclusion
This paper discussed extensions to be considered for topological redundancy in Rel-17. The following observations and proposals have been made:

Observation 1: The only benefit to be expected from inter-donor BH redundancy is reduction in interruption time and packet loss for inter-donor IAB-node migration.

Proposal 1a: The IAB-node to support F1-C and RRC signalling with the IAB-donor-CU through an NR access link with a separate gNB.
Proposal 1b: The same transport mechanism to be used for F1-C transport over the NR access link as defined for F1-C over LTE in Rel-16. 
Proposal 2a: The IAB-node may concurrently use multiple IAB-MTs for the traffic exchange with the IAB-donor-CU.
Proposal 2b: The IAB-node’s multiple IAB-MTs may connect to different parent nodes on BAP layer.
Proposal 3: WA: BAP to support transport of the IAB-node’s F1-C traffic via its descendant nodes.
Proposal 4: Inter-donor BH redundancy to be considered only for performance optimization of inter-donor IAB-node migration.
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