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1   Background and context

At RAN2#105-Bis meeting RAN2 agreed the following on the topic of pre-emptive scheduling:

· 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.
The email discussion [106#46][IAB] (Low-latency scheduling) held in the run-up to the RAN2#107 meeting discussed the issue of pre-emptive resource requests, with focus on pre-emptive BSR, and covered a significant amount of issues on top of the above agreement. However, due to lack of time, only the following agreements were made at RAN2#107 meeting:

· Will have “preemptive” BSR. 

· R2 assumes that any new triggering rules are only introduced for pre-emptive BSR, i.e. SR triggering is then governed by NR Rel-15 baseline (pre-emptive BSR = regular BSR from SR triggering point of view).

· R2 assumes that Both types of triggers for pre-emptive BSR that were discussed (1. based on UL grants provided to child nodes and/or UEs, and 2. based on BSRs from child nodes or UEs) can be supported for IAB Rel-16 operation. FFS what details need to be specified. 

The above agreements mainly confirm existing understanding and give it normative weight, and clarify that new triggering rules are only introduced for BSR and not SR (of course, the new pre-emptive BSR can trigger an SR so this could be viewed as a new type of SR trigger).

At the time of writing of this tdoc, it is unclear which of the proposals suggested by the rapporteur of this discussion will be approved. However, regardless of whether the use of pre-emptive BSR is left to implementation, or standardized (similar to Rel-15 NR SR&BSR baseline), what is clear is that pre-emptive BSR will very likely be introduced into the Rel-16 IAB, at the level of recommendation as a minimum.
So far the discussions has centred around whether or not to introduce pre-emptive BSR. Even though this is now looking likely, concerns have been raised about:

· The fact that pre-emptive BSR may be triggered too frequently;

· The fact that pre-emptive BSR may lead to loss of radio resources by leading to allocation of resource to a node before data from the child node has arrived at the node in question;

· The fact that the parent node of the node in question (“third node”) may need to know that pre-emptive BSR refers to expected data volume.
In this tdoc, we argue against “blanket” triggering of pre-emptive BSR at the node in question (“second node”) whenever a BSR from the child node (“first node”) is received and/or whenever an UL grant is provided to the child node. Instead, we advocate for a rule-based triggering, whereby we only request resources from the parent node if the BSR from the child node is received and/or whenever an UL grant is provided to the child node, AND if one or more additional criteria are met. This would enable the second node to obtain the uplink resource  from the third node prior to actual data reception from the first node, or a UE that it serves – and, crucially, it would make sure this resource is well-matched to the needs (minimizing wasted resource) and that the signaling overhead is reduced.
2   Details of pre-emptive BSR triggering
The way we see it, there are 3 (not always mutually exclusive) groups of criteria:
1. The occupancy of the buffer at the first node;

2. The presence of data of a specific type in the first node;

3. The delay the first node can expect to experience until it receives a grant from the third node.

As an example of a criterion pertaining to Group 1, we would only trigger a pre-emptive BSR at the second node if the total buffer occupancy at the first node is above a certain threshold (this corresponds to the scenario where it is expected that a substantial UL grant will be needed from the third node). Another example from the same Group 1 (and also falling into Group 2) is if we only trigger a pre-emptive BSR at the second node if the amount of data of a specific type exceeds a certain threshold (this corresponds to the case where e.g. there is latency-critical data of a certain buffered volume at the first node). Sticking with Group 2, an example of another rule would be as follows: we would only trigger a pre-emptive BSR at the second node if first node contains data of a certain priority relative to priority of existing data in the second node’s own buffers (this corresponds to a scenario whereby data with more stringent requirement than any of the existing data in the second node will arrive from the first node, meaning a different type of grant from the third node may be required). Turning to Group 3, we would only trigger a pre-emptive BSR at the second node if the second node determines that the time to grant for the first node is below a certain threshold (this indicates imminent reception of new data by the second node).
The previous paragraph has perhaps gone into more detail then we can discuss or agree to at the ongoing meeting. However, to guide the RAN2 work further, we believe the following, more generic proposal is useful:

Proposal 1: We only trigger a pre-emptive BSR at the second node if one or more of the criteria falling into any of the below 3 groups is met: The occupancy of the buffer at the first node; The presence of data of a specific type in the first node; The delay the second node can expect to experience until it receives a grant from the second node.
Proposal 2: The exact criteria are FFS.
3   New MAC BSR CE
Whether a new BSR MAC CE should be designed for the enhanced BSR reporting (i.e. which includes pre-emptive BSR) for IAB has been another sticking point [106#46][IAB]. The proponents of this pointed out that this is essential so that the third node can distinguish between a buffer status report on actual data at second node and a buffer status report on data expected to arrive at the second node from the first node.
We agree this is a very useful feature; there are at least two ways in which we can make this distinction and we list them here:

1. A new BSR MAC CE is designed that covers only the buffer status of the first node;
2. A new BSR MAC CE is designed that covers combined expected and existing buffer status occupancy.
It is worth noting that in both the above cases, in order to distinguish from the existing BSR MAC CE (Rel-15 baseline), we would need a new LCID.

Additionally, the new BSR MAC CE could include additional data on top of buffer occupancy data pertaining to timings of BSR reception from first node, and/or time when the reception of data from first node is expected. These are just examples, but would in our opinion assist the scheduler at the third node enormously, allaying some of the fears about signaling overload due to frequent triggering of pre-emptive BSR, and fears about waste of UL resources due to pre-allocation. 

In summary, we propose the following:

Proposal 3: RAN2 to agree the introduction of a new BSR MAC CE which conveys to the third node partial or full buffer status of the first node.

Proposal 4: For the design of a new BSR MAC CE, RAN2 to consider the below approaches: A new BSR MAC CE is designed that covers only the buffer status of the first node; A new BSR MAC CE is designed that covers combined expected and existing buffer status occupancy.

Proposal 5: RAN2 to further discuss second node reporting to the third node data pertaining to timings of BSR reception from first node, and/or time when the reception of data from first node is expected.
4   Some considerations for and against normative solutions

One of the major questions posed [106#46][IAB] was the following – are any new pre-emptive triggering rules:

1) a recommendation (i.e. it is down to the IAB node implementation as to whether this triggering is used, and when); or 

2) a requirement (i.e. treated in the same way as the use of existing NR Rel-15 SR/BSR triggering).

Observation 1 We have two major concerns with approach 1) above: 
A. for the multi-vendor case, non-standardised BSR triggers could lead to ‘greediness’ and uncontrolled loss of efficiency, whereas standardised approach would at least be able to keep this loss in check; 
B. while we do not mandate behavior of network nodes, things are a bit different when we are talking about IAB nodes - the MT part will essentially mimic UE behavior (and perhaps reuse the UE chipsets) and it does make sense to standardise the behavior of the MT part of IAB nodes.
Given the above, we propose the following:

Proposal 6: RAN2 to agree to pursue approach 2) above: rules & formats for pre-emptive BSR will be standardized and their support mandatory; their use however can be optional.

5   Conclusions

In this tdoc, we advocate a rule-based triggering of pre-emptive BSR, whereby we only request resources from the parent node if the BSR from the child node is received and/or whenever an UL grant is provided to the child node, and if one or more additional criteria are met. To guide to guide the RAN2 work further, we proposed the following:

Proposal 7: We only trigger a pre-emptive BSR at the second node if one or more of the criteria falling into any of the below 3 groups is met: The occupancy of the buffer at the first node; The presence of data of a specific type in the first node; The delay the second node can expect to experience until it receives a grant from the second node.
Proposal 8: The exact criteria are FFS.
On the topic of a new BSR MAC CE, which we argued in favour of, we proposed the following:
Proposal 9: RAN2 to agree the introduction of a new BSR MAC CE which conveys to the third node partial or full buffer status of the first node.

Proposal 10: For the design of a new BSR MAC CE, RAN2 to consider the below approaches: A new BSR MAC CE is designed that covers only the buffer status of the first node; A new BSR MAC CE is designed that covers combined expected and existing buffer status occupancy.

Proposal 11: RAN2 to further discuss second node reporting to the third node data pertaining to timings of BSR reception from first node, and/or time when the reception of data from first node is expected.
And finally, on a major sticking point of whether the pre-emptive triggering should be 1) a recommendation, or 2) a requirement, we shared the following views:

Observation 2 We have two major concerns with approach 1) above: 
A. for the multi-vendor case, non-standardised BSR triggers could lead to ‘greediness’ and uncontrolled loss of efficiency, whereas standardised approach would at least be able to keep this loss in check; 
B. while we do not mandate behavior of network nodes, things are a bit different when we are talking about IAB nodes - the MT part will essentially mimic UE behavior (and perhaps reuse the UE chipsets) and it does make sense to standardise the behavior of the MT part of IAB nodes.
Proposal 12: RAN2 to agree to pursue approach 2) above: rules & formats for pre-emptive BSR will be standardized and their support mandatory; their use however can be optional.
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