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Introduction

Maintaining fairness across different UE bearers is a standard scheduling requirement in wireless networks and IAB networks are no exception. In the IAB study [1] it was observed that enforcing fairness is challenging in IAB networks because IAB nodes can aggregate traffic from multiple UEs into a logical channel. 
In this contribution we revisit the issue of fairness and analyse functionality needed to effectively support fairness in IAB networks.

Discussion
An IAB node has an MT part and a DU part; the DU provides service to downstream nodes and UEs while the MT provides the backhaul connection. The MAC layer at each hop maintains logical channels and packets are processed according to the priorities of the logical channels. It is desirable that performance in IAB is agnostic to number of hops. 

Note that more than one UE bearer can be mapped to an outbound logical channel. In the example illustrated in Figure 1, all the inbound UE bearers have similar QoS properties. Two of the inbound bearers are mapped to one logical channel. 
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Figure 1: Mapping of UE bearers to outbound logical channels

It is assumed that a logical channel on a backhaul link carries only UE bearers with similar QoS characteristics. This enables QoS enforcement via prioritization of logical channels; i.e., higher QoS UE bearers are carried in higher priority logical channels. However, this does not eliminate the possibility that one of the UE bearers carried within the logical channel has much more data traffic. For example, in Figure 1, UE bearers 1 and 3 are carried in logical channel 2. UE bearer 1 can have higher data rates than UE bearer 2, and use a larger proportion of the resources available to logical channel 2. As a result, UE bearer 3 is treated unfairly.
While the above problem can occur in both the downlink and the uplink, the discussion has mainly focused on uplink traffic. This is due to two reasons:
· In the downlink, because UEs are at the leaves of the tree/DAG topology, it is more likely that IAB nodes split incoming traffic (comprising of more than one UE bearer) into different backhaul bearers and therefore different logical channels.

· Prioritization and QoS handling at the DU, particularly at the MAC layer, is not specified and is left to implementation.

Consequently, we focus on uplink traffic for the remainder of the discussion. That is, referring to Figure 1, the UE bearers are received by the DU and the logical channels are transmitted by the MT.

To help solve the fairness issue described above, the following options have been considered [1]:

· Indicating number of UE bearers carried on each backhaul link;
· Indicating number of descendant IAB nodes supported by each backhaul link.
However, it is unclear that such information helps enforce fairness. Knowing the number of UE bearers does not rule out the possibility that some UE bearers have a higher corresponding data rate. Similarly, it is unclear that the knowledge of number of descendant IAB nodes is helpful to resolve the fairness issue, since it does not reveal the traffic patterns of the UE bearers involved. In summary, such information can try to limit unfairness to some extent, but does not fully resolve the issue of unfairness.
Observation 1: Information about the number of UE bearers on each backhaul and the number of descendant nodes for each backhaul does not entirely address the issue of fairness.
Figure 2 illustrates the logical channel prioritization procedure that a UE follows. The variables Bj for each logical channel j are used to regulate the relative amounts of data transmitted for the logical channel. In the conventional, non-IAB scenario, different UE bearers are carried in different logical channels. Therefore the logical channel prioritization does not introduce unfairness.
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Figure 2: Logical channel prioritization in a UE (MT)

When multiple UE bearers are mapped to one logical channel, it is not possible to distinguish them within the logical channel for scheduling purposes. Specifically, note that the Bj variable is for the logical channel and does not distinguish the UE bearers within the logical channel.
Observation 2: The fairness problem in IAB network is a result of the logical channel prioritization being unable to distinguish between UE bearers mapped to one logical channel.

Based on the above discussion, fairness has to be enforced before the DU submits data it has received to the MT. Fairness enforcement consists of maintaining a counter for each UE bearer handled by the IAB node. When the DU receives data for one or more UE bearers with the same QoS, it submits data to the MT in the following manner:

· The counter is incremented by the amount of data submitted by the DU to the MT. 

· When selecting data to submit to the MT, the DU selects (from the UE bearers with the same QoS) the UE bearer with the lowest counter. 

· When the counter values get large, all the counters are reduced by the value of the smallest counter.
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Figure 3: Fairness Enforcer in IAB node

The MT further ensures that the data is transmitted in the order received from the DU. This ensures fairness across UE bearers of the same QoS.

Observation 3: The fairness problem in IAB can be addressed by using a data counter that counts the amount of data submitted by the DU to the MT for each UE bearer.
Proposal 1: The fairness issue in IAB is addressed by having a fairness enforcer between the IAB node DU and the MT. Additional information is not signalled for the purpose of enforcing fairness.
Proposal 2: The BAP header includes UE bearer identity to enable fairness handling.
Conclusion

Ensuring fairness across UE bearers has been seen as a challenging problem during the IAB study. It has been proposed to collect various types of information from descendant nodes to support fairness enforcement. In this contribution we have analysed the core issues that can result in unfair handling. Our observations and proposals are below.

Observation 1: Information about the number of UE bearers on each backhaul and the number of descendant nodes for each backhaul does not entirely address the issue of fairness.
Observation 2: The fairness problem in IAB networks is a result of the logical channel prioritization being unable to distinguish between UE bearers mapped to one logical channel.

Observation 3: The fairness problem in IAB can be addressed by using a data counter that counts the amount of data submitted by the DU to the MT for each UE bearer.

Proposal: The fairness issue in IAB is addressed by having a fairness enforcer between the IAB node DU and the MT. Additional information is not signalled for the purpose of enforcing fairness.
Proposal 2: The BAP header includes UE bearer identity to enable fairness handling.
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