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Introduction
As part of the Work Item on Integrated Access and Backhaul for NR [1], 3GPP has agreed to support solutions for efficient operation of integrated access and wireless backhaul for NR including the following requirements:
· [bookmark: _Hlk530593150]Specification of signalling for L2 transport and resource management [RAN2-led, RAN3, RAN1]:
· [bookmark: _Hlk530558816][bookmark: _Hlk530558350]Specification of RRC and F1-AP procedures and messages for: the setup and release of IAB-nodes; configuration of adaptation layer at the IAB-nodes and IAB-donor DU; configuration of BH RLC channels, QoS information, routing tables, bearer-mappings; configuration of means for network synchronization; and configuration for sharing of time-domain resources among backhaul and access links (see physical layer specification). 
· Specification of an IP address allocation mechanism for the IAB-nodes [RAN3]. 
· Specification of enhancements to bearer context setup/release procedures to support flow QoS across multiple hops. 
· Specification of signalling to enable aspects of radio-aware scheduling on IAB-nodes and IAB-donor DUs (e.g. as discussed in TR 38.874 clauses 8.2.4.2-3).
· Specification of enhancement for uplink resource request procedure and related signalling to enable low latency uplink data scheduling. 
· [bookmark: _Hlk531256143]Specification of BH RLF handling (e.g. downstream BH RLF notification).

In order to support efficient and optimized operation, radio-aware scheduling mechanisms should be supported for IAB. This contribution analyses the requirements for introduction of a scheduling benefit metric.
Scheduling Metric for QoS Enforcement
Consider a multi-hop IAB relay architecture, where a UE accesses a serving IAB node, which then connects via IAB links to other IAB nodes to reach the IAB donor. This architecture is demonstrated in Figure 1 [2].
Data generated at a UE in Figure 1 must propagate through the network in a timely manner, subject to QoS of radio bearer established by the CU. For architecture 1a, the adaptation layer is to provide QoS-enforcement by the scheduler on DL and UL on the wireless backhaul link [2]. In a multi-hop IAB-network, there is a scheduler in the DU for each IAB-node. 
Observation 1: Successful propagation of UE UP data relies on multiple scheduler decisions.


Figure 1: Example SA IAB architecture
All UE UP data arriving at the MT of an IAB-node must leave the IAB-node from the DU. To balance the transmission of data and optimize the scheduling, the parent IAB-node should have information beyond buffer status to prioritize bearers, subject to other QoS constraints. This concept has been used in 3GPP prior for CoMP in the X2-AP specification. A signed integer is exchanged to indicate the cost or benefit of CoMP hypotheses. Such a concept can be used to inform parent IAB-nodes of bearer status downstream.
Additionally, the scheduling of data for the DL IAB transmission (backhaul link to child node or access link) resides at the IAB-donor or IAB-node, while scheduling of data for the UL IAB transmission (backhaul link to parent node) is scheduled by the parent IAB-node. If a certain UE or downstream IAB-node is aggressively scheduled in the UL by the IAB-node, the parent-IAB node can be notified to provide load balancing.
Furthermore, there could be situations in which the scheduler at the parent-IAB node may not have all the information needed to make appropriate scheduling decisions for different bearers/RLC channels across multiple child-IAB nodes. For example, if the backhaul link to one child-IAB node supports three UE bearers with 1:1 mapping to RLC channels, and a second child-IAB node supports three UE bearers with 3:1 mapping to a single RLC channel, the scheduler at the parent-IAB node may see four RLC channels, and a normal proportional-fair metric for each RLC channel may not translate into more scheduling opportunities for the RLC channel that multiplexes three UE bearers. For such and other examples, it may be useful to provide some benefit metric from child-IAB nodes to parent-IAB nodes to allow the parent-IAB node to provide appropriate weighting of bearers as well. In addition, such a benefit metric could incorporate link quality across multiple hops for a given route, based on L1 (e.g. CSI) or L3 (e.g. RRM) measurements for example.
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Figure 2: Comparison of access user throughput with or without radio-aware scheduling weights at IAB nodes/donors

Figure 2 illustrates the benefit of providing information about the downstream topology and access/backhaul link radio conditions at the schedulers of higher-up IAB nodes or donor nodes. System simulations based on assumptions in the IAB TR [1] are used to compare the case where the scheduling metric at each parent node is only based on the reported feedback of the directly connected child nodes with the case where the scheduling metric is computed with additional weights applied depending on the number of descendent nodes (e.g. including grandchildren) and the ratio of the backhaul link(s) RSRP to the eventual target UE’s access link RSRP. 
Specifically, the benefit metric is computed as an additional weight applied by the parent node to the child MT’s k Proportional Fair (PF) scheduling metric: 
PF_k(t) = IAB_bonus*(R_k,instantaneous(t)/R_k, average(t)) ,  (1)
where:
R_k,instantaneous(t) is the instantaneous throughput of the MT at time t,
R_k, average(t) is the average throughput of the MT up to time t, and
IAB_bonus is the additional weight applied to MTs compared to access UEs

Further:
IAB_bonus  = N_k * (RSRP_k,backhaul/RSRP_k,access)   (2)
where:
	N_k = The total number of descendent nodes associated with IAB node k (e.g. children/grandchildren)
	RSRP_k,backhaul = The RSRP of the backhaul link associated with the route selected by IAB node k
	RSRP_k,access = The RSRP of the access link associated with the access UE on the final hop of the route 
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Figure 3: Comparison of access user throughput with or without radio-aware scheduling weights at IAB nodes/donors

Figure 3 provides additional simulation results at higher load and with a larger topology (3 donors and 16 IAB nodes). Additionally, two other PF weighting schemes are provided: Fixed Weight and Topology Weight. The Fixed Weight scheme applies a linear weight (e.g. 10x) to the PF weight depending on whether the link is an access link or backhaul link. The  Topology Weight is calculated in a similar manner as (1), except that the IAB_bonus weight (2) is only N_k, e.g. the total number of child nodes.

[bookmark: _GoBack]The results in Figures 2 and 3 show the significant benefits of this form of radio-aware scheduling, especially for the lower and median ranges of the L2 throughput distribution. The gains are mainly derived from the new ability for the higher-up node in the topology to be able to prioritize routes which may suffer significant congestion due to a large number of downstream nodes, and as shown in Figure 3, the large variances between the access and backhaul link quality which cannot be directly derived by the intermediate IAB node’s or donor node’s feedback from its serving links, but is instead provided by tunnelling the feedback or just the values of the weights to be applied in the PF scheduling via the adaptation layer.

Proposal 1: The adaptation layer should support a benefit metric to communicate weighting of bearers/RLC channels between schedulers of different IAB-nodes which can also take L1/L3 link quality measurements and the topology associated with different routes into account.

Conclusion
This contribution discussed requirements and solutions for IAB radio-aware scheduling. The following proposal was made: 
Proposal 1: The adaptation layer should support a benefit metric to communicate weighting of bearers/RLC channels between schedulers of different IAB-nodes which can also take L1/L3 link quality measurements and the topology associated with different routes into account.
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