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Introduction

In the WID on R17 IAB [1],  there is a WI to specify enhancements to improve topology-wide fairness, as follows.
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In this paper, we will provide our considerations on topology-wide fairness. Specifically, we will first have a look on how the RAN system deal with fairness issues in one hop wireless network. Then, we will discuss the fairness issues in multi-hop IAB network.
Discussion

Topology-wide fairness
In this paper, we discuss on issues on topology-wide fairness. Before we discuss topology-wide fairness, we can have a look on how the RAN system deal with fairness issues in one hop wireless network. 

Fairness in one-hop network
As shown in Figure 3, each UE establishes a link to the base station and establishes several DRBs to receive/transmit service traffic data. For downlink, the scheduler at the base station assigns resources to each DRB according to the BSR from UE and QoS profile/priority of the DRB, i.e., the QoS parameters of the DRB or UE, such as AMBR, GBR, priority, delay and so on. Base station is assumed to meet the QoS requirement of each DRB and ensure fairness by implementation. For uplink, the base station assigns UL grant to UE and UE assign resources to specific logical channel via LCP procedure. It should be noted that each logical channel is associated with priority and prioritisedBitRate, which could be used to realize prioritized scheduling and starvation avoidance. As we can see, gNB ensure the fairness among UEs as well as the downlink fairness of DRBs within one UE whereas UE ensures uplink fairness of DRBs within UE.
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Figure 3 A scenario of one-hop RAN system
Fairness in multi-hop IAB network
In IAB network, there are multiple hops between the UE and the donor node. The scheduler at the intermediate IAB-DU takes control of the radio resource available, which allocates the DL/UL radio resource to child IAB-MT or UE with the aim of meeting the QoS requirement of the BH RLC channel. As we know, both 1:1 and N:1 mapping between UE DRB and BH RLC channel are supported. They have different impacts on the network fairness. We will discuss them one by one:
1:1 bearer mapping: If 1:1 mapping is used, a DRB is mapped to a dedicated BH RLC channel in each hop along the routing path. The QoS of the BH RLC channel is essentially the same with UE DRB in each hop. The only difference is that the PDB info associated with BH RLC channels defines the upper bound for the time that a packet may be delayed between the IAB-DU and its child IAB-MT whereas the PDB info associated with UE DRB defines the upper bound for the time that a packet may be delayed between the UE and the UPF. It means that IAB-DU may prioritize the backhaul traffic from BH RLC channel over access traffic from other UE DRB. Nevertheless, the scheduler at IAB-DU is able to fairly allocate the radio resource for such BH RLC channels. There is no need to introduce specification changes for improving fairness in 1:1 mapping scenario, since it has been solved via legacy specification.
Observation 1: For BH RLC channel with 1:1 mapping, the QoS of the BH RLC channel is essentially the same with UE DRB in each hop except that the PDB info associated with BH RLC channels defines the upper bound for the time that a packet may be delayed between the IAB-DU and its child IAB-MT instead of between UE and UPF. 

Observation 2: IAB-DU may fairly allocate the radio resource for 1:1 mapped BH RLC channels and even slightly prioritize the backhaul traffic from BH RLC channels due to the low PDB value.
Proposal 1: It is not necessary to introduce fairness enhancement for 1:1 mapped BH RLC channel.
N:1 bearer mapping: If N:1 bearer mapping is used, multiple UE DRBs may be aggregated into one BH RLC channel. The QoS configured for a BH RLC channel at the IAB-DU can only represent one statistic QoS for all bearers aggregated into the BH RLC channel. For example, for GBR type BH RLC channel, each aggregated UE DRBs’ GBR requirements could be accumulated into the total GBR requirement of the BH RLC channel. It means the scheduler of IAB-DU could allocate sufficient radio resource for the GBR type BH RLC channel with N:1 bearer mapping. With regard to the non-GBR type BH RLC channel, it is not clear how to ensure the fairness since IAB-DU only know the 5QI, priority, PDB information of the BH RLC channel rather than the UE DRBs. It may happen that IAB-DU treat the BH RLC channel which aggregates multiple UE DRBs in the same way as single UE DRB. To solve this problem, we think it is better for donor CU to send the QoS profile of not only BH RLC channel but also the QoS profile of each QoS flows aggregated to this BH RLC channel to IAB-DU. In this manner, IAB-DU could have knowledge of how many QoS flows are aggregated to this BH RLC channel and the associated QoS requirement. Then IAB-DU could take this into account during scheduling and allocate more radio resources for child IAB-MT which has BH RLC channel aggregated with more QoS flows. As a matter of fact, during the UE context setup/modification request procedure over F1-C interface, the QoS information of QoS flows mapped to the UE DRB is delivered from CU to DU together with the QoS information of UE DRB. It is suggested to reuse this design for BH RLC channel in IAB network to solve the fairness issue. 
Observation 3: For N:1 mapped BH RLC channel with GBR type, each aggregated UE DRBs’ GBR requirements could be accumulated into the total GBR requirement of the BH RLC channel. Therefore the scheduler of IAB-DU could allocate sufficient radio resource for the BH RLC channel.

Observation 4: For N:1 mapped BH RLC channel with non-GBR type,  IAB-DU may treat the BH RLC channel aggregated with multiple UE DRBs in the same way as single UE DRB, which thus brings up the fairness issue. 

Observation 5: During the UE context setup/modification request procedure over F1-C interface, the QoS information of QoS flows mapped to the UE DRB is delivered from CU to DU together with the QoS information of UE DRB.
Proposal 2: To solve the fairness issue for N:1 mapped BH RLC channel with non-GBR type, it is suggested that the QoS information of QoS flows mapped to the BH RLC channel is delivered from donor-CU to IAB-DU/donor-DU. 
Conclusion

In this contribution, we mainly discussed topology-wide fairness related issues. And we have the following observations and proposals:

Observation 1: For BH RLC channel with 1:1 mapping, the QoS of the BH RLC channel is essentially the same with UE DRB in each hop except that the PDB info associated with BH RLC channels defines the upper bound for the time that a packet may be delayed between the IAB-DU and its child IAB-MT instead of between UE and UPF. 

Observation 2: IAB-DU may fairly allocate the radio resource for 1:1 mapped BH RLC channels and even slightly prioritize the backhaul traffic from BH RLC channels due to the low PDB value.
Observation 3: For N:1 mapped BH RLC channel with GBR type, each aggregated UE DRBs’ GBR requirements could be accumulated into the total GBR requirement of the BH RLC channel. Therefore the scheduler of IAB-DU could allocate sufficient radio resource for the BH RLC channel.

Observation 4: For N:1 mapped BH RLC channel with non-GBR type,  IAB-DU may treat the BH RLC channel aggregated with multiple UE DRBs in the same way as single UE DRB, which thus brings up the fairness issue. 

Observation 5: During the UE context setup/modification request procedure over F1-C interface, the QoS information of QoS flows mapped to the UE DRB is delivered from CU to DU together with the QoS information of UE DRB.

Proposal 1: It is not necessary to introduce fairness enhancement for 1:1 mapped BH RLC channel.
Proposal 2: To solve the fairness issue for N:1 mapped BH RLC channel with non-GBR type, it is suggested that the QoS information of QoS flows mapped to the BH RLC channel is delivered from donor-CU to IAB-DU/donor-DU. 
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