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1. Introduction
During the study item phase of IAB, the issue of latency in UL scheduling has been identified. According to the current TR 38.874 [1], increased latency due to multiple hops in an IAB network can adversely impact the performance of both control plane procedures (such as handover and radio link recovery) and also user plane data transmission. In order to achieve hop agnostic performance in IAB scheduling, it is important to reduce the E2E delay from the UE to the IAB-donor, and meet the latency requirement, regardless of how many hops the UE is away from the IAB-donor. In addition, it is also specified in TR 38.874 [1] that one approach to mitigate such delays consists of initiating an uplink resource request at an IAB-node based on data that is expected to arrive. This would enable the IAB-node to obtain the uplink resource prior to actual data reception from its child IAB-node or a UE that it serves. And the details of the content and triggers of the SR/BSR and UL scheduling are left for the WI phase.
In this contribution, we discuss the triggers of the SR/BSR in multi-hop IAB network.
2. Discussion 
When UL data becomes available for transmission but there is no UL resource for new transmission, the UE triggers BSR and SR accordingly. The UE performs SR transmission to the network in order to request UL resource for transmitting the UL data. After receiving the SR, the network could allocate UL resource to the UE. The UE then performs UL transmission using the received UL grant. If the received UL grant is not sufficient for accommodating all pending data, the network should continue allocating UL resource to the UE, based on the received BSR information.
In a multi-hop IAB network, there could be several intermediate IAB nodes between the UE and the IAB donor. As already specified in TR 38.874 [1], the scheduling delays are likely to accumulate due to number of hops and aggregated volume of data at IAB-nodes.
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Figure 1: quotation of Figure 8.6-1 in [1]: Uplink Delays in IAB Network: worst case scenario, where none of the intermediate nodes have any UL resources allocated to them
In the DL direction, the IAB node could directly allocate DL resource to its child IAB node (i.e. no SR/BSR transmission), so the DL user plane latency is less severe as compared to UL user plane latency. According to TR 38.874 [1], in order to reduce the UL latency, mechanisms to mitigate delays are required.
The approach mentioned in TR 38.874 [1] to reduce the latency is to initiate an uplink resource request at an IAB-node based on data that is expected to arrive. Similar approaches have also been mentioned in several documents. In [2], it proposed a “pre-BSR” concept: an IAB node may trigger BSR reporting based on a BSR received from a downstream IAB node. The data volume of the pre-BSR (to be reported) is the sum of the actual amount of data the IAB node currently has and the data volume reported by its downstream IAB nodes/UEs. In [4], it also proposed a similar idea that a signal such as SR or BSR serves as an indication that data is expected to arrive at the DU.
An IAB-node could expect that some data is about to arrive when it receives BSR from its child node. If the IAB-node could trigger BSR based on a BSR received from its child node, the buffer status information could be provided to the IAB-node’s parent node earlier, so that the parent node could prepare and allocate UL resource to the IAB-node earlier. One example is illustrated in Figure 2. In Figure 2, the IAB node 2 receives a BSR from the UE, and it directly triggers a BSR (and thus SR) before the UL data (PDU) is received from the UE. Similarly, the IAB node 1 receives a BSR from the IAB node 2, and it directly triggers a BSR (and thus SR) before the UL data (PDU) is received from the IAB node 2. Because the IAB node 1 provides UL grant to the IAB node 2 earlier, the BSR could be transmitted earlier to IAB node 1 (and thus IAB-donor). In other words, the IAB-node and IAB-donor could get the buffer status information earlier, as compared to Figure 1. 
Although the UL delay is reduced, there may be additional complexity for the IAB-nodes, e.g. the IAB-node needs to estimate the buffer status to be reported in the triggered BSR, especially when the mapping between the logical channel of the child node and the logical channel of the parent node is not one-to-one mapping. 
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Figure 2, example of early-triggered BSR based on BSR received from a child node.
The early-triggered BSR could reduce some scheduling delay from BSR transmission to PDU transmission, but cannot mitigate the delay from SR to BSR. The delay caused by SR is still likely to accumulate. That is, whenever a BSR is triggered, an IAB-node still needs to wait for the UL grant in response to a SR to transmit the BSR. 
In order to further reduce the latency, the IAB node could also trigger the SR earlier before the actual UL data (including BSR) is received. If the IAB-node triggers SR based on a SR received from its child node, the parent node could understand that some data (i.e. BSR) is about to arrive and could provide e.g. a small UL grant to the IAB-node for BSR. One example is illustrated in Figure 3. In Figure 3, the IAB node 2 receives a SR from the UE, and it directly triggers a SR before the BSR and the UL data (PDU) is received from the UE. Similarly, the IAB node 1 receives a SR from the IAB node 2, and it directly triggers a SR before the BSR and the UL data (PDU) is received from the IAB node 2. Because the IAB node 2 triggers SR earlier, the IAB node 1 provides UL grant to the IAB node 2 earlier, as compared to Figure 2.
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Figure 3, example of early-triggered SR based on SR received from a child node.
Proposal: IAB-node could trigger SR/BSR based on SR/BSR received from its child node for reducing user plane latency in multi-hop IAB network.

3. Conclusion

In this contribution, we discuss the triggers of the SR/BSR in multi-hop IAB network and have the following proposal:
Proposal: IAB-node could trigger SR/BSR based on SR/BSR received from its child node for reducing user plane latency in multi-hop IAB network.
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