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Introduction

In IAB network, UL data sent by an IAB node may suffer scheduling delay. Considering the multi-hop nature of IAB network, the delays are likely to accumulate with the number of hops. During last RAN2 meeting, the following statement was agreed:

One method by which the IAB-node can reduce UL scheduling latency is through signalling of SR and/or BSR to its parent node, e.g., based on UL grants provided to child nodes and/or UEs, or based on SRs and/or BSRs from a child nodes or UEs.

In this contribution, we analyze the potential issues about reducing UL scheduling latency through BSR/SR and give our considerations on these issues. 

Discussion

2.1 Pre-BSR

Request of uplink resources at each hop and UL data transmission are shown in Figure 1 [1]. As we can see, this process may increase the end-to-end latency to a level not acceptable for certain bearers. The underlying reason for these delays is that the MT part of an IAB-node can only request uplink resources after it actually receives the UL data to be transmitted. One approach to mitigate such delay is early BSR transmission, by which the IAB-node can request the uplink resource prior to actual data reception from its child-node/UE.

[image: image1.emf]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


Figure 1  Uplink Delays in IAB Network

Though Pre-BSR could reduce UL scheduling latency to some degree, it may bring about UL resource waste due to various reasons. For example the packets sent from the child node may not arrive the IAB node due to packets retransmission, latency-sensitive packets discard at the adaptation layer, or backhaul-link failure with child node. To avoid such UL resources waste, it is suggested that Pre-BSR is only used by control plane signaling and latency sensitive data.
Proposal 1: It is suggested that Pre-BSR is only used by control plane signaling and latency sensitive data.
Since Pre-BSR is used to request the uplink resource prior to actual data reception from its child-node/UE, the trigger of Pre-BSR should be performed after receiving the BSR/Pre-BSR from its child-node/UE. But for when exactly to trigger the Pre-BSR, there exists many solutions, such as, upon getting a BSR/Pre-BSR from the child node/UE, after UL grant is scheduled by IAB node DU, or according to the estimated time of expected data arrival. Considering the fact that the data volume granted to the child node/UE may be less than the data volume reported, which means the data volume expected to arrive at the IAB node does not equal to the data volume reported by the BSR/Pre-BSR from its child-node/UE. So it is better to trigger Pre-BSR after UL grant is scheduled by IAB node DU. And the data volume reported by the Pre-BSR equals to the data volume granted to the child node/UE.
Proposal 2:  Considering the fact that the data volume granted to the child node/UE may always less than the data volume reported, it is better to trigger Pre-BSR after UL grant is scheduled by IAB node DU. And the data volume reported by the IAB node MT equals to the data volume granted to the child node/UE.

According to NR specification, a BSR shall be triggered if the UL data belongs to a logical channel with higher priority than the priority of any logical channel containing available UL data which belong to any LCG, or none of the logical channels which belong to an LCG contains any available UL data. Obviously, the UE may not trigger a BSR every time when new UL data is available. Similarly, IAB node MT may not trigger a Pre-BSR every time for the received virtual data from the BSR/Pre-BSR. Therefore, it is necessary to maintain a virtual buffer for the expected data. 
Proposal 3: IAB node MT may not trigger a Pre-BSR every time for the received virtual data from the BSR/Pre-BSR. Therefore, it is necessary to maintain a virtual buffer for the expected data.

As we know, NR BSR is reported based on LCG. But for IAB network, an LCH from one ingress LCG may be mapped onto a different egress LCG on the next hop no matter one-to-one bearer mapping or many-to-one bearer mapping is used. We take 1:1 mapping as an example. In Figure 2, suppose each UE DRB is mapped onto a separate BH RLC-channel. Further, each BH RLC-channel is mapped onto a separate BH RLC-channel on the next hop. The number of established BH RLC-channels is equal to the number of established UE DRBs. In addition, each BH RLC-channel is mapped onto a separate backhaul logical channel. As we can see, data volume corresponding to BH RLC channel 2 is associated with LCG1 at the child node, while it is associated with LCG2 at the IAB node. 
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Figure 2  UL 1:1 mapping of UE-bearers to BH RLC-channels
Hence, the IAB node MT cannot figure out the exact BH RLC channel of child IAB node which contributes to the buffer size per LCG reported by the child IAB node. And it is hard to determine the egress LCG to report Pre-BSR to its parent node. To solve this issue, it is necessary for donor CU to configure the mapping relationship between child node LCG and IAB node LCG. Then IAB node MT could report Pre-BSR based on the LCG ID of the BSR/Pre-BSR received from the child node. 
Proposal 4: IAB donor CU configures the mapping between child node LCG and IAB node LCG to each IAB node. IAB node MT triggers a Pre-BSR based on the mapped LCG.
Another issue to be considered is Pre-BSR format design. In our opinion, the following two options can be considered: 
Option 1: Reusing the existing BSR MAC CE, where the virtual data volume is reported by the normal BSR together with the actual data volume of the MT. 
Option 2: New Pre-BSR MAC CE, where actual data volume and virtual data volume are reported separately.
Compared with using option 1, the IAB node can distinguish the virtual data volume from the actual data volume by using option 2. Thus, the IAB node could judge whether to allocate UL grant for the virtual data. But option 2 imposes more specification impact. 
Proposal 5: RAN2 to discuss the following options for Pre-BSR format design:

Option 1: Reusing the existing BSR MAC CE
Option 2: New Pre-BSR MAC CE
2.1 Pre-SR
As seen from Figure 1, when no UL grant for BSR is available, UE/IAB node MT need to transmit SR first to request UL grant for BSR. This causes additional delay and the delay could accumulate in multi-hop IAB network. A Pre-SR method is proposed to reduce this delay, where the IAB node triggers an SR based on the SR received from its child node. 

According to 38.321, if UL-SCH resources can accommodate the BSR MAC CE plus its subheader, the UE does not trigger a Scheduling Request. Similarly, if the UL-SCH resources can accommodate the Pre-BSR MAC CE plus its subheader, there is no need to send an SR, which means that it is not always necessary to send an SR before sending a BSR. It is possible that the child node needs to trigger an SR to acquire UL grant for BSR/Pre-BSR transmission, while the IAB node may not need to trigger an SR after receiving the BSR/Pre-BSR from the child node. Thus the transmission of Pre-SR may lead to unnecessary operation. 

Currently, an SR is mainly used to indicate gNB that some data (i.e. BSR) is to be transmitted and gNB could then provide a small UL grant to the IAB node for BSR transmission. If the existing SR mechanism is used for Pre-SR, the parent node does not know the received SR is a Pre-SR. Some company proposed to modify the SR mechanism to let the IAB node know the SR is a Pre-SR. But this would impose more specification impacts not only on MAC layer, but also on PHY layer.

Observation 1: The trade-off between the gains from the Pre-SR solution and the potential drawbacks (e.g. loss of efficiency and impact to specifications), should be discussed.
Conclusion

In this contribution, we analyzed low latency scheduling in multi-hop IAB network. Based on the discussion, we have the following observations and proposals:

Observation 1: The trade-off between the gains from the Pre-SR solution and the potential drawbacks (e.g. loss of efficiency and impact to specifications), should be discussed.
Proposal 1: It is suggested that Pre-BSR is only used by control plane signaling and latency sensitive data.
Proposal 2:  Considering the fact that the data volume granted to the child node/UE may always less than the data volume reported, it is better to trigger Pre-BSR after UL grant is scheduled by IAB node DU. And the data volume reported by the IAB node MT equals to the data volume granted to the child node/UE.

Proposal 3: IAB node MT may not trigger a Pre-BSR every time for the received virtual data from the BSR/Pre-BSR. Therefore, it is necessary to maintain a virtual buffer for the expected data.

Proposal 4: IAB donor CU configures the mapping between child node LCG and IAB node LCG to each IAB node. IAB node MT triggers a Pre-BSR based on the mapped LCG.

Proposal 5: RAN2 to discuss the following options for Pre-BSR format design:

Option 1: Reusing the existing BSR MAC CE
Option 2: New Pre-BSR MAC CE
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