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Introduction

The issue of increased uplink latency in IAB networks was discussed in RAN2#103bis [1]. Following an email discussion, a text proposal describing the problem was agreed [2] for inclusion in the TR. The description that was agreed is essentially a very high-level observation noting that multiple hops leads to increased delays and requesting uplink resources for “expected data” can reduce the delays. 
In this contribution discuss further details related to uplink latency to ease the specification work in the work item phase. A text proposal is attached.

Discussion
Uplink latency in IAB impacts both control plane and user plane traffic. Following RAN2#103bis a description of uplink latency issue [2] was captured in the TR. Figure 1 (from [2]) illlutrates a messaging 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.
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Figure 1
The main principle described in the related discussion in RAN2#103bis and captured in [2] is that requesting resources for uplink transmission (at an IAB node) based on data that is expected to be received (but not yet received) can reduce the uplink latency. We refer to this principle as “pipelining”. 

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. 
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. 
Observation 1: Requesting resources based on data that has not yet arrived requires interaction between the DU and the MT of an IAB node.
Observation 2: In order to enable pipelining, MT needs to perform uplink resource request (i.e., transmit an SR or BSR) based on an SR or BSR received at the DU.
Proposal: RAN2 is requested to discuss and adopt the text proposal to the TR shown below.
Conclusion

We have considered further details regarding the pipelining approach for reducing the uplink latency in IAB networks. Our observations and proposal are shown below and a text proposal is attached.
Observation 1: Requesting resources based on data that has not yet arrived requires interaction between the DU and the MT of an IAB node.

Observation 2: In order to enable pipelining, MT needs to perform uplink resource request (i.e., transmit an SR or BSR) based on an SR or BSR received at the DU.

Proposal: RAN2 is requested to discuss and adopt the text proposal shown below.
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Text Proposal

8
Radio protocol aspects

Editor’s note:
Primary responsible WG for this clause is RAN2.

8.1
Packet Processing

8.x
Latency in UL scheduling
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 multi-hop networks, upstream data arriving from a child node may suffer scheduling delays at the parent node and intermediate nodes. To some extent, this is no different from a single-hop UE where new data arrives into UE buffers after a BSR is sent. However, in a multi-hop network, the delays are likely to accumulate due to number of hops and aggregated volume of data at IAB nodes, and may require mitigation mechanisms. Request of uplink resources at each hop and UL data transmission are shown in Figure 8.x-1.
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Figure 8.x-1: Uplink Delays in IAB Network: worst case scenario, where none of the intermediate nodes have any UL resources allocated to them

It is clear that this process can be significantly longer than the corresponding process in one-hop networks, due to the multiple consecutive uplink resource request and allocation steps. The underlying reason for these delays is that the MT part of an IAB node can only request uplink resources for the UL data transmission after it actually receives the data to be transmitted. 
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. Requesting resources based on data that is expected to arrive requires interaction between the DU and the MT of an IAB node. The indication that data is expected to arrive at the DU may be an SR or a BSR. Based on the reception of such an SR or BSR, the MT of the IAB node performs a resource request. It should be noted that either one or both of SR and BSR may not be transmitted in different situations. For example, if a CCCH PDU is being transmitted a BSR may not be transmitted (CCCH is prioritized over BSR). If an UL grant is available, an SR may not be transmitted. Also, if an available UL grant can accommodate the data awaiting transmission a BSR may not be sent.
The details of the content and triggers of the SR/BSR and UL scheduling are left for the WI phase.
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