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Introduction

The multi-hop nature of IAB networks increases latency. For the downlink, the increased latency is not as noticeable as for the uplink, if resources are allocated for transmission at each node without significant queueing delays. For the uplink, resources are not allocated until a parent node receives a request for uplink resources from a UE or a child IAB node. The resulting delay in requesting and allocating of resources can be additive across multiple hops and can significantly increase the uplink latency.
During the IAB study, RAN2 discussed requesting of resources by a node before the actual arrival of data, as a means to reduce the uplink latency. In this contribution we discuss further the details of such an approach.

Discussion
Uplink latency in IAB impacts both control plane and user plane traffic. Figure 1 (from [1]) illustrates a sequence that explains the additional delays. Transmission of data from a UE to the network can require resource request and resource allocation (i.e., SR and/or BSR) at multiple intermediate nodes. The MT at each IAB node, operating as a UE, transmits a resource request to its parent node only when it has data in its buffer.
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Figure 1
The principle described in [1] for combating the uplink latency is that of requesting resources for uplink transmission (at an IAB node) based on data that is expected to be received (but not yet received). We refer to this principle as “pipelining”. The overall goal is to achieve a reduction of latency as shown in Figure 2.
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Figure 2
Our first observation is that requesting resources based on data that has not yet arrived requires interaction between the DU and the MT of an IAB node. A signal such as SR or BSR serves as an indication that data is expected to arrive at the DU. The signal sent on a hop enables the next hop to request resources in advance. This has to then result in the MT performing a request of uplink resources, so that when the data to be transmitted is available to the MT, it can be transmitted without further delay. 

Observation 1: Requesting resources based on data that has not yet arrived requires interaction between the DU and the MT of an IAB node.

The interaction essentially consists of using an uplink resource request received at the DU of an IAB node as a trigger for resource request at the MT of the IAB node.

Proposal 1: In order to minimize uplink latency, IAB nodes support triggering a resource request at an MT based on a resource request received at the DU. 

Figure 1 shows SR and BSR at each hop. However, the SR and BSR transmission rules imply that one or both of SR and BSR may not be transmitted. This affects the interaction between the DU and the MT (i.e., the indication that is used to trigger a resource request by the MT). If a CCCH PDU is being transmitted, the CCCH data is prioritized over other data including BSR. Therefore, in such a situation a BSR may not be transmitted. If an UL grant is already available, an SR is not needed. Furthermore, if an UL grant is already available (including an UL grant in response to an SR), a BSR may not be sent if the data awaiting transmission can be accommodated in the UL grant. 

Proposal 2: The trigger for a resource request at the MT can be either an SR received at the DU or a BSR received at the DU.
When a resource request is triggered, the MT can transmit either an SR (if an UL grant is not available) or a BSR (if an UL grant is available).
Conclusion

This contribution considered the issue of uplink latency in IAB networks. Starting with the discussion in the IAB study regarding ways to minimize uplink latency, we have discussed further details regarding how the resource request procedures can be optimized to reduced latency. Our observations and proposals are reproduced below.

Observation 1: Requesting resources based on data that has not yet arrived requires interaction between the DU and the MT of an IAB node.

Proposal 1: In order to minimize uplink latency, IAB nodes support triggering a resource request at an MT based on a resource request received at the DU. 

Proposal 2: The trigger for a resource request at the MT can be either an SR received at the DU or a BSR received at the DU.
References

[1] 3GPP TR 38.874
UE
DU
MT
DU
MT
DU
CU
SR
UL grant
BSR
SR
UL grant
BSR
IAB donor
IAB node 1
IAB node 2
PDU
UL grant
UL grant
PDU
SR
UL grant
BSR
PDU
UL grant



UE
DU
MT
DU
MT
DU
CU
SR
UL grant
BSR
SR
UL grant
BSR
IAB
donor
IAB node
1
IAB node
2
PDU
UL grant
UL grant
PDU
SR
UL grant
BSR
PDU
UL grant



