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1 Introduction
In the RAN#82 meeting, a new WI for Integrated Access and Backhaul was agreed and following objectives were specified for signalling of L2 transport and resource management [1].

· Specification of enhancement for uplink resource request procedure and related signalling to enable low latency uplink data scheduling. 

In the RAN2#105bis meeting, following agreement was achieved for UL scheduling latency reduction.

· 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.
And in the latest TR 38874 [2], uplink resource request at an IAB-node based on data that is expected to arrive was introduced to mitigate uplink data delays. In this paper, we will further discuss more details for this precedent uplink resource request scheme.
2 Discussion
It’s obvious that traditional uplink data transmission with SR->UL grant->BSR->UL grant->UL DATA procedures will suffer lots of scheduling delays. And in a multi-hop IAB network, the delays are likely to accumulate due to the number of hops. In order to decrease the delays, an IAB node can transmit a BSR to its parent node based on UL grant provided to child nodes and/or UEs, or based on SRs and/or BSRs from a child nodes or UEs. In other words, the IAB node can request the uplink resource from its parent IAB node based on the expected data. However, traditional BSR is only used for the data which have already buffered in the UL transmission buffer. Considering the different scheduling priorities may be applied for the buffered data and the expected data, the BS of the expected data should be differentiated by the parent IAB node with the legacy BS data volume
Observation 1: IAB node can request the uplink resource from its parent IAB node based on the expected data.
Proposal 1: BS of the expected data should be differentiated with the legacy BS when reporting BSR.
Issue 1: Whether a new BSR MAC CE is used for expected data
In order to differentiate the legacy buffered BS and expected BS when reporting BSR, following two potential solutions can be used:
· Option 1: reusing legacy BSR MAC CE, e.g. [3][5]
· Option 2: introducing a new MAC CE, e.g. [9][10]
For option 1, it has less standard work on the MAC layer and some additional enhancements are introduced based on the legacy BSR procedure. With the assumption the parent IAB node should identify the BS of expected data and the legacy BS for different scheduling priorities, mechanism shall be designed for differing the BS of expected data and the legacy BS within a BSR MAC CE. In addition, if the regular BSR type is reused for expected data, the current trigger conditions should be update, especially for “Regular BSR”. Furthermore, The data volume calculation also needs to be enhanced to support the expected data. 
While for option 2, the BS calculation and the trigger conditions can be designed decoupling from the legacy BSR. Generally, a clean design for a new BSR type and a new MAC CE can have less impacts on the current BSR design. Some BSR types can be introduced for this new BSR, e.g. “Regular BSR” and “Periodic BSR”. The different scheduling priorities between BS of expected data and the legacy BS can be easily realized by different MAC CEs. In this contribution the new BSR type is named as “Early BSR”.  
Proposal 2: A new MAC CE is introduced for the expected data.

Proposal 3: RAN2 further discusses whether a new BSR type is introduced for the expected data.

For the potential format of the “Early BSR” MAC CE, LCG based reporting can be used for reducing the overhead. Besides, if LCG based reporting is used, NR BSR format can be also reused as baseline.
Proposal 4: New MAC CE includes the BS of data that is expected to arrive, per LCG. The Rel15 NR BSR format can be considered as baseline.
Issue 2: The trigger condition of the BSR MAC CE for expected data
In last meeting, different companies had different views when considering the trigger condition of the BSR. Majority two different trigger conditions were included in their contributions.

· Trigger condition 1: the BSR can be triggered based on the SRs and/or BSRs from a child nodes or UEs, e.g. [3][4][5][6][7]

· Trigger condition 2: the BSR can be triggered based on UL grants provided to child nodes and/or UEs, e.g. [5][7][8][9]

For trigger condition 1, it will accelerate to request for uplink resource than trigger condition 2. But when it comes to the resource efficiency, trigger condition 1 may cause additional resource waste. The trade-off between latency and resource efficiency should be an important criterion to determine the trigger condition. However, the UL grant is allocated by per node granularity while Early BSR is reported by per LCG, it is more difficult to specify the mapping between the UL grant and LCG based BS. Therefore, we propose the following.
Proposal 5: The BSR for expected data is triggered based on the BSRs from a child nodes or UEs.
Generally, regardless for the SRs and/or BSRs from a child nodes or UEs, or for the UL grants provided to child nodes and/or UEs, the operations above is from the point of view of DU part. However, BSR reporting is resided in the MT part of the IAB node. As for the agreement which was achieved for BSR last meeting, it seems to be a stage 2 conclusion and more details about the trigger condition need to be further investigated.
Issue 3: How to specify the trigger condition
An example of the Early BSR procedure is shown in Figure 1, after receiving a BSR from a downstream IAB node or a served UE, IAB node will trigger an Early BSR to its parent IAB node for requesting uplink resource. What the key different between traditional BSR and Early BSR is focus on the buffer size estimation. For the traditional BSR, the buffer size calculation for an IAB node is based on the actual status of local uplink data buffer. While the buffer size of Early BSR can be either determined by the BSR received from its served UEs or child IAB nodes, or determined by the uplink resource size scheduled for its served UEs or child IAB nodes. However, either way to estimate the buffer size can be left as the implementation of IAB node’s DU part. Once DU part of IAB node has determined the data volume, it can delivery this data volume to MT part of the IAB node via internal interface, and MT triggers and generates the Early BSR based on the indicated data volume.
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Figure 1: An example of Early BSR procedure

The key issue in the above procedure is how to capture the trigger condition in the specification.
· Option 1: No stage 3 impact

· In this option, it is assumed that there is no new BSR MAC CE and no specific trigger condition for the expected data. The BS of the expected data can be included in the legacy BSR MAC CE when triggered by the legacy trigger conditions. In this option, no separate pending BSR can be triggered for the BS of the expected data.
· In this option, only stage 2 specification captures that “IAB node can send BSR MAC CE to its parent IAB node based on the BSR from child IAB node and/or UL grant allocated to its child IAB node”.
· Option 2: Both stage 2 and stage 3 impacts

· The MT MAC layer can trigger a separate pending BSR, by the BSR from child IAB node or UL grant allocated to its child IAB node.
· In this option, new trigger condition and/or new BSR MAC CE will be specified in MAC specification.
Proposal 6: RAN2 discuss whether to specify the trigger condition for the expected data in MAC specification for IAB.
Issue 4: Other issue in case of multiple connection
Moreover, it was agreed in SI stage that IAB networks support a DAG topology. With a DAG topology, redundant backhaul links for one IAB node are available and one IAB node can be configured with multiple backhaul links. Since there are multiple upstream nodes, the mechanism of BSR for dual connectivity (DC) can be reused for Early BSR reporting when it is triggered at an IAB node with multiple upstream links. For DC MN and SN each has its own MAC scheduler, and the UE reports BSR to both nodes. Similar to above mentioned mechanism, if only one backhaul link is activated, an Early BSR should be reported to the parent node on this link. If multiple backhaul links are activated concurrently, Early BSRs should be reported to multiple parent nodes simultaneously.

Proposal 7: If multiple backhaul links are activated concurrently, the Early BSRs can be reported to multiple parent nodes simultaneously.
3 Conclusion and Proposals
In this contribution, we will further discuss more details for this precedent uplink resource request scheme. We have the following observations and proposals:
Observation 1: IAB node can request the uplink resource from its parent IAB node based on the expected data.
Proposal 1: BS of the expected data should be differentiated with the legacy BS when reporting BSR.

Proposal 2: A new MAC CE is introduced for the expected data.

Proposal 3: RAN2 further discusses whether a new BSR type is introduced for the expected data.

Proposal 4: New MAC CE includes the BS of data that is expected to arrive, per LCG. The Rel15 NR BSR format can be considered as baseline.
Proposal 5: The BSR for expected data is triggered based on the BSRs from a child nodes or UEs.
Proposal 6: RAN2 discuss whether to specify the trigger condition for the expected data in MAC specification for IAB.

Proposal 7: If multiple backhaul links are activated concurrently, the Early BSRs can be reported to multiple parent nodes simultaneously. 
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