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1
Introduction
The Rel-17 WI on Enhancements to Integrated Access and Backhaul (IAB) for NR builds on Rel-16 IAB for NR, which introduced wireless backhauling of F1 over NR to enable flexible and dense deployment of 5G cells while reducing the need for wireline transport infrastructure.

The enhancements to IAB introduced in Rel-17 improve on various aspects over Rel-16 IAB such as robustness, degree of load-balancing, spectral efficiency, and backhaul performance.

The Rel-17 IAB enhancements support the following new functionality:

· Introduction of inter-donor migration of the IAB-MT to increase robustness and allow for more refined load-balancing and topology management.
· Reduction of service interruption during IAB-node migration and BH RLF recovery to improve network performance, allow the network deployment to undergo more frequent topology changes, and provide more stable backhaul performance.

· Enhancements to scheduling as well as flow and congestion control to improve end-to-end performance as well as spectral efficiency to the IAB network. 

· Duplexing enhancements to increase spectral efficiency and reduce latency through the support of SDM/FDM-based resource management and through simultaneous transmissions and/or reception on IAB-nodes.

With Rel-17 enhancements, IAB remains transparent to the UE. At the same time, legacy UEs can benefit from the enhancement provided by Rel-17. The Rel-17 IAB enhancements are further applicable to FR1 and FR2. 

2
Summary
2.1
Inter-donor IAB-MT migration and connectivity
2.1.1
Inter-donor IAB-MT migration and recovery

To enhance robustness and load balancing, Rel-17 IAB introduces the inter-donor partial migration and RLF recovery. For inter-donor partial migration, the IAB-MT performs handover or conditional handover to migrate from the source IAB-donor to the target IAB-donor. For inter-donor RLF recovery, the IAB-MT performs the RRC Reestablishment procedure at the target IAB-donor. During these procedures, the IAB-MT obtains new IP addresses from the target IAB-donor that are anchored at the target IAB-donor-DU to enable IP connectivity via this target IAB-donor-DU. The F1 and non-F1 traffic of the migrating IAB-node and its descendent nodes is then routed via a new BAP path that uses the target IAB-donor-DU. The F1 connections, however, remain terminated at the source IAB-donor. This traffic migration is facilitated via coordination between source and target IAB-donors using the XnAP IAB Transport Migration Management/Modification procedures introduced in Rel-17 for this purpose. In these procedures, the source IAB-donor sends QoS information of the traffic to be migrated to the target IAB-donor, so that the target IAB-donor can establish the backhaul transport on RLC and BAP sublayers on the target path. The target IAB-donor informs the source IAB-donor about all layer-2 and IP information needed by the source IAB-donor to configure the necessary end-to-end transport. The XnAP IAB Transport Migration Management/Modification procedures are also used to allocate IP addresses for descendent nodes, and to ensure proper QoS and connectivity support via the target IAB-donor-DU over time, e.g., due to configuration or release of new F1-U GTP-tunnels.

Rel-17 introduces the concept of the IAB-topology, which contains all IAB-nodes and IAB-donor-DUs as well as all backhaul links that are controlled by the same IAB-donor via RRC and/or F1AP. After inter-donor partial or RLF recovery, all descendent node traffic has to pass through two IAB topologies controlled by separate IAB-donors. The migrating IAB-node is referred to as the boundary IAB-node since it is controlled by both IAB-donors and therefore resides in both topologies.
The concept of the IAB-topology is necessary to coordinate the L2 configurations across an IAB-network controlled by two IAB-donors. Each IAB-donor can independently use the full name space of BAP addresses, BAP path IDs and BH RLC CH IDs for the transport in its own IAB topology. Descendent-node traffic that travels across two IAB-topologies uses a separate BAP routing IDs for each of these two topologies. At the boundary node, the BAP routing ID used by a BAP PDU in one topology is rewritten to the BAP routing ID the BAP PDU uses in the other topology. The BAP routing ID mapping is coordinated between both IAB-donors during traffic migration. 

Rel-17 enhancements also allow for the revocation of the traffic migration caused by inter-donor partial migration. For this purpose, the target IAB-donor conducts an Xn handover of the IAB-MT in reverse direction, i.e., back to the former source IAB-donor. The source IAB-donor can request the revocation of this traffic migration. 
Source and target IAB-donors can further coordinate the use of radio resources used on parent and child links via the XnAP IAB Resource Coordination procedure introduced in Rel-17 for this purpose.

2.1.2
Inter-donor topological redundancy
For the enhancement of load balancing, Rel-17 IAB further introduces inter-donor topological redundancy. For this purpose, the IAB-MT executes the NR DC procedure to concurrently connect to two IAB-donors. The collocated IAB-DU can establish F1 with either of these two IAB-donors. Inter-donor topological redundancy also interconnects two IAB-topologies where the dual-connected IAB-node assumes the role of the boundary node. F1 and non-F1 traffic of the dual-connected IAB-node and its descendent nodes can be gradually migrated between the two paths via either the MN’s or the SN’s IAB-donor-DU. The XnAP IAB Transport Migration Management/Modification procedures are used for the coordination between MN and SN IAB-donors for this traffic migration.  The boundary node applies BAP header rewriting for all traffic that passes through both IAB-topologies. The MN and SN further coordinate the use of radio resources used on the parent links and child links of the dual-connecting IAB-node.
2.1.2
CP-UP separation
For the enhancement of robustness, Rel-17 IAB introduces CP-UP separation for an IAB-node that is dual-connected with an IAB-donor and a gNB, which does not assume IAB-donor role. In this case, the IAB-node’s F1-C can be exchanged via the backhaul with the IAB-donor or, alternatively, via the path containing the access link between IAB-node and gNB and the Xn connection between gNB and IAB-donor. For CP-UP separation, the gNB can either assume MN or SN role. In the former case, SRB2 is used on the NR access link for the passing of F1-C traffic, and split SRB in the latter case.
2.2 
Reduction of service interruption 
2.2.1
Intra-donor migration with parallel migration of descendent nodes

For the reduction of service interruption during intra-donor IAB-node migration, Rel-17 introduces enhancements to enable concurrent traffic migration by the descendent nodes and the migrating IAB-node. For this purpose, the IAB-donor sends the RRC Reconfiguration messages to the descendent nodes prior to migration. It includes an indicator in the F1AP Transfer message for the descendant’s parent node to withhold the RRC message from delivery until the migration has succeeded. When the migration succeeds, all RRC messages withheld are released in a top-down sequence through the tiers of the subtree. In this manner, all IAB-nodes affected can conduct the migration of F1-C in a concurrent rather than sequential manner. 
2.2.2
Support of inter-donor-DU local re-routing

For the reduction of packet loss due to link unavailability, Rel-17 introduces inter-donor-DU local re-routing for UL traffic. 
The NR dual-connected IAB-node can perform inter-donor-DU re-routing in case its parent backhaul links connect to separate IAB-donor-DUs, but do not share a single route to a common IAB-donor-DU. When one of the parent links is not available, the IAB-node can re-route the UL traffic via the other parent link to the alternative IAB-donor-DU. To ensure proper routing on the BAP sublayer, the IAB-node rewrites the BAP header of these re-routed UL PDUs with a BAP routing ID that contains the BAP address of this alternative IAB-donor-DU. 

The alternative IAB-donor-DU can forward the traffic to the peer IAB-donor-DU, which was the packet’s original destination, via a statically configured GTP-U tunnel. The alternative IAB-donor-DU selects a packet for tunneling by matching the packet’s source IP address with a IAB-donor-configured IP address list. In case the alternative IAB-donor-DU and its peer belong to separate IAB-donor-CUs, the IP address list is forwarded between the IAB-donors. 
2.2.3
Enhancements to BH RLF indications
For the reduction of packet loss due to BH RLF, Rel-17 introduces the BH RLF detection indication and the RLF recovery indication. In case an IAB-node attempts RRC Reestablishment due to BH RLF, it can send the RLF detection indication to each child node. If the child node has an alternative backhaul path available, it can apply UL rerouting for upstream packets. If it has no such alternative backhaul path, it can propagate the BH RLF detection indication to the next tier. When the IAB-node has recovered from the BH RLF, it can send the RLF recovery indication to each child node, which revokes all behavior triggered by the BH RLF detection indication before. The BH RLF recovery indication is propagated in the same manner as the BH RLF detection indication. 

2.3
Performance enhancements in BH transport and scheduling
2.3.1
Enhancements to QoS

For the improvement of UL QoS scheduling on the backhaul, Rel-17 introduces an extension of the LCG space. The extended LCG space supports 256 instead of just 8 LCGs. Extended LCGs can be signaled via new short and long BSR MAC CEs. The extended LCGs can also be used for preemptive BSR.  
2.3.2
Enhancements to congestion mitigation

For the improvement of congestion mitigation, Rel-17 introduces DL local re-routing based on flow-control feedback on BAP sublayer as well as DL congestion reporting to the IAB-donor-CU-CP. 

The IAB-node can apply DL local re-routing for a BAP destination when the congestion control feedback for this destination exceeds an IAB-donor-configured threshold. 

The IAB-DU can report congestion with child BH RLC channel granularity to the IAB-donor-CU-CP. This allows the IAB-donor-CU-CP to apply congestion mitigation measures such as the configuration of routing changes, topology adaptation, or changes to the radio-resource configuration.
2.5
Enhancements in multiplexing 
The following enhancements to physical layer procedures have been made in Rel-17 in the context of enhanced multiplexing:

FDM of IAB-MT and IAB-DU operation is enabled by extending the concept of Hard, Soft and Unavailable IAB-DU symbol resources to Hard, Soft, and Unavailable IAB-DU sets of RBs within a component carrier, provided through a Rel-17 IAB-DU frequency domain resource configuration in addition to the Rel-16 IAB-DU time domain resource configuration. The DCI 2_5 mechanism is extended to support explicit release of Soft resources with RB set granularity. Similarly, the rules for implicit determination of availability of a Soft RB set are extended for FDM operation.

Interference mitigation is facilitated by the ability to exchange of semi-static Rel-16 IAB-DU time domain resource configuration information and the Rel-17 IAB-DU frequency domain resource configuration information among neighbouring IAB-nodes and IAB-donors.

SDM of IAB-MT and IAB-DU operation is facilitated by the introduction of two new timing alignment modes for IAB-MT transmit timing: Case 6 timing aligns the IAB-MT transmit timing with the IAB-DU transmit timing, facilitating SDM Tx at the IAB-node. Case 7 timing aligns the IAB-DU receive timing with the IAB-MT receive timing, facilitating SDM Rx at the IAB-node.

The provision for over-the-air synchronization, introduced in Rel-16 to enable an IAB-node to derive its IAB-DU Tx timing from the received DL signal by the collocated IAB-MT, is updated to account for the newly introduced Case 6 and Case 7 timing modes.

Simultaneous operation of the IAB-MT and the IAB-DU is further facilitated by the ability of an IAB-node to indicate to a parent node a list of preferred IAB-MT beams with the associated conditions under which such beam preference applies, and by the ability of a parent node to indicate to the IAB-node a list of restricted IAB-DU beams with the associated conditions under which such beam restriction applies. Additionally, concurrent IAB-MT and IAB-DU operation, is aided by the ability of the IAB-node to indicate to a parent node a desired DL power adjustment and/or a desired IAB-MT Tx power spectral density range, where each indication includes the associated conditions for the desired adjustments.

Optimizations for dual-connectivity operation of an IAB-node are introduced by supporting coordination of IAB-MT’s TDD configuration to avoid conflicts from the two parent nodes, by supporting the exchange of IAB-DU resource configurations between parent nodes, by applying Rel-16 CA TDD prioritization rules, and by supporting a per-child MT link Unavailable resource configuration.

2.6
 RF and RRM requirements

RAN4 decided to adopt following update to RF and RRM requirements for IAB enhancement:

RF perspective: the requirement applicability for simultaneous operation is agreed to be included in specification with clarification that the different declaration on transmission power in simultaneous transmission is allowed for ACLR and Modulation quality. Timing error between IAB-DU and IAB-MT of the same IAB-Node is also defined for transmission mode case 6.
RRM perspective: No impact is identified for RRM aspect to enable Rel-17 IAB enhancement except update with applicability clarification that existing transmit timing and timing adjust requirements of IAB-MTs apply when transmission mode is set to “case 1”. 
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