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1   Introduction
At the RAN2#108 meeting (Reno, Nevada, November 2019), RAN2 agreed the following on the topic of pre-emptive BSR:

· We specify a new BSR (with a new format), for pre-emptive BSR. 

· For the new BSR

- differentiate in BSR available data (as today) and expected data. 
- Associating a LCH with pre-emptive BSR is left to implementation, unless issues are identified requiring normative solutions. 
- FFS if SR and BSR generated by a MAC entity need or can only be reported to the parent node where the peer of that MAC entity resides. 
- On Triggering of pre-emptive BSR, can capture some text similar to the current agreements, in stage-3/2. 
- Exact timing etc is up to implementation.  
· The network can configure whether the pre-emptive BSR is used at an IAB node (by MAC configuration in RRC)

· Except for the format which is FFS, endorsed as baseline. (A/N: this last agreement is in reference to the TP contained R2-1916537)
The agreed TP (R2-1916537) introducing pre-emptive BSR, together with other MAC-related TPs agreed in Reno, have been incorporated in the running IAB MAC CR as submitted by the rapporteur thereof [1].
In the present tdoc, we look at open issues highlighted above, starting with the format, the need (or lack thereof) for a periodic pre-emptive BSR, the priority of the new MAC CE, and finishing with a discussion of the multi-parent case. The accompanying submission in [2] contains the TP translating our proposals into required spec changes.
2   Supported formats for pre-emptive BSR 
The key issue here is what format(s) should the pre-emptive BSR support. This is largely impacted by whether we allow pre-emptive BSR to be sent as padding (in addition to it being sent when triggered). Should this be agreed, we would need to support Short Truncated BSR and Long Truncated BSR. The downside of this is that we need 2 extra LCID values from the UL-SCH LCID space. Since the UL LCID space is not as crowded as DL LCID space, perhaps this is not a major issue; on our opinion, the main question we should be asking ourselves is – is a padding pre-emptive BSR meaningful and useful?

Let us examine the non-pre-emptive (“normal”) BSR first, and the reasons why we allow padding BSR for that case. For “normal” padding BSR the trigger is different from the regular BSR: the padding BSR is triggered if “UL resources are allocated and number of padding bits is equal to or larger than the size of the Buffer Status Report MAC CE plus its subheader”. In other words, we do not need arrival of data in order to trigger padding BSR. It is not linked to a specific regular BSR.

Turning our attention now to the pre-emptive BSR case, we could try and use the same trigger for the padding version (as for the non-pre-emptive case). We would like to note however that there is a significant difference between “normal” BSR and pre-emptive BSR: for the “normal” case there is a clear scenario where regular BSR is not being triggered but the buffer status is changing – the arrival of data of same or lower priority; in this case, padding BSR is useful. For the pre-emptive BSR, unless there is actual arrival of SR/BSR(s) from child nodes, there is no good reason to send pre-emptive BSR to the parent. Therefore we propose the following:

Proposal 1: We will not support sending the pre-emptive BSR as padding in Rel-16 IAB.

In the running CR [1], the only format supported for the pre-emptive BSR is the Long BSR, with other formats being under study. Our Proposal 1 rules out truncated versions (needed for padding), but we feel we should discuss the Short BSR as well. If we support Short BSR, then in the case of only 1 LCG having (expected) data to report, we only need to send one octet; if we do not support Short BSR, then in the same scenario we need to send two octets. However, the granularity of reporting in the latter case will be finer. Given this fact, and the fact that one extra octet is not a major overhead worry given that pre-emptive BSR may be sent relatively infrequently, we think it is ok to go with the following proposal:
Proposal 2: The only reporting format supported for the pre-emptive BSR is the Long BSR.

3   Periodic pre-emptive BSR?
The discussion on this issue is not dissimilar to the discussion on whether to support the padding pre-emptive BSR. The pre-emptive BSR is only sent when SR or BSR from child nodes are received (i.e. there is a specific trigger), and therefore it may seem unnecessary to configure a periodic pre-emptive BSR. However the same could be said of periodic “normal” BSR from a UE – the gNB does not know whether any new data has arrived at the UE, so it asks for periodic updates. The difference between “normal” BSR and pre-emptive BSR however is that in the “normal” case there is a clear scenario where regular BSR is not being triggered but the buffer status is changing – the arrival of data of same or lower priority; in this case, periodic BSR is useful. For the pre-emptive BSR, unless there is actual arrival of SR/BSR from child nodes, there is no good reason to send pre-emptive BSR to the parent. We therefore propose the following:
Proposal 3: RAN2 to rule out the periodic pre-emptive BSR in Rel-16 IAB.

4   On priority of the new MAC CE carrying the pre-emptive BSR

We will need to update section ‘5.4.3.1.3 Allocation of resources’ in the NR MAC spec (and the accompanying TP does this). Here we briefly discuss the reasoning behind our proposal.

The ‘data from any Logical Channel, except data from UL-CCCH’ splits the list of prioritized MAC CEs very clearly into two groups:
· Those MAC CEs which are sent even though there is data to be sent; and

· Those MAC CEs which are only sent when all available data has been sent (i.e. padding).

In our mind, pre-emptive BSR should be in the first group, but at the very bottom of that group. This way it does not interfere with the sending of (arguably) more important MAC CEs, but it is ensured that it can be sent when needed without having to wait for all available LCH data to be sent. This is especially important if we rule out periodic pre-emptive BSR (as per Proposal 3).

Finally, please note that there is no normative requirement to trigger a pre-emptive BSR – the “normal” BSR shall be triggered if… (obligation), but the pre-emptive BSR may be triggered if… (permission). Therefore we do not think that the handful of bytes required to send the pre-emptive BSR will in any way interfere with getting the LCH data across. In other words, we propose the following:

Proposal 4: Logical channels shall be prioritised in accordance with the following order (highest priority listed first):

-
C-RNTI MAC CE or data from UL-CCCH;

-
Configured Grant Confirmation MAC CE;

-
MAC CE for BSR, with exception of BSR included for padding;

-
Single Entry PHR MAC CE or Multiple Entry PHR MAC CE;
-
MAC CE for pre-emptive BSR;

-
data from any Logical Channel, except data from UL-CCCH;

-
MAC CE for Recommended bit rate query;

-
MAC CE for BSR included for padding.

5   Pre-emptive BSR in the multi-parent scenario
The perceived issue with the DC case is as follows. Imagine that a node receives a BSR from its child node, and it needs to send a pre-emptive BSR upstream. Since LCHs at a node are grouped into LCGs for purposes of BSR reporting, LCHs at the child node of the node in question, which will eventually go to different parent nodes of the node in question, may be grouped together (in the same LCG) in the received BSR. 
The received BSR gets converted to some LCGs of the node in question, for the purpose of sending the pre-emptive BSR. We do not specify how a received BSR from a child node is converted into expected increase in node’s own buffer occupancy. This is likely done based on similar QoS or perhaps some past experience of good practices. Whatever the way in which this is done, for the single-parent case there is no major issue. 

For the DC case, we now have two MAC entities. Therefore the node has a challenge of not only doing the QoS matching between LCGs of its child and its own, but also anticipating to which of its parent nodes (or both perhaps) the pre-emptive BSR should be sent. Therefore, depending on which LCGs of the node in question the received BSR gets converted to (for the purpose of sending the pre-emptive BSR), we may end up with either one pre-emptive BSR (if all the LCGs are confined to a single MAC entity of the IAB-MT) or two pre-emptive BSRs, one for each parent node (if LCGs are split across the two MAC entities of the IAB-MT). 

Therefore the use of the pre-emptive BSR may be limited in the DC case, since it relies on correct anticipation of individual paths of LCHs from the child node (which were grouped for purposes of BSR reporting and whose identity and destination is otherwise unknown). However, in our opinion this is not a major show-stopper, for the following reasons:
· The network could ensure that LCHs from the child node going to the same parent node are put in the same LCG – this is not always feasible, but it can be done to a certain extent;

· Additionally, it is possible that the differentiating factor might be the QoS (e.g. path via one of the parent nodes is for data with more stringent requirements), in which case the node in question can decide based on QoS which of its two MAC entities should send the pre-emptive BSR;
· Pre-emptive BSR is a feature that can be switched on or off and therefore for the nodes using DC it could be switched off;

· Even if nothing particularly clever is done, the pre-emptive BSR received by two parents can still be of some use. It is unlikely that one of them will get 0% of the data, while the other will get 100% of the data. Therefore through network implementation some weight could be given to the pre-emptive BSR for each of the parents.
In line with above, we propose the following:
Proposal 5: Pre-emptive BSR may be used both in cases where the node sending the pre-emptive BSR has a single parent node, or two parent nodes. In the latter case, it is down to network implementation to ensure this is useful to the receiving node (e.g. by grouping LCHs in an appropriate routing-aware manner, or by weighting the pre-emptive BSRs intended for individual parent nodes with some degree of accuracy/usefulness, or by discarding the received pre-emptive BSR), or to not configure pre-emptive BSR for nodes with more than one parent node in the first place.
6   Conclusions
In the present tdoc, using the existing running IAB MAC CR [1], we look at remaining open issues to do with pre-emptive BSR, starting with the format, the need (or lack thereof) for a periodic pre-emptive BSR, the priority of the new MAC CE, and finishing with a discussion of the multi-parent case. 
Specific proposals we put forward are:

Proposal 6: We will not support sending the pre-emptive BSR as padding in Rel-16 IAB.

Proposal 7: The only reporting format supported for the pre-emptive BSR is the Long BSR.

Proposal 8: RAN2 to rule out the periodic pre-emptive BSR in Rel-16 IAB.

Proposal 9: Logical channels shall be prioritised in accordance with the following order (highest priority listed first):

-
C-RNTI MAC CE or data from UL-CCCH;

-
Configured Grant Confirmation MAC CE;

-
MAC CE for BSR, with exception of BSR included for padding;

-
Single Entry PHR MAC CE or Multiple Entry PHR MAC CE;
-
MAC CE for pre-emptive BSR;

-
data from any Logical Channel, except data from UL-CCCH;

-
MAC CE for Recommended bit rate query;

-
MAC CE for BSR included for padding.

Proposal 10: Pre-emptive BSR may be used both in cases where the node sending the pre-emptive BSR has a single parent node, or two parent nodes. In the latter case, it is down to network implementation to ensure this is useful to the receiving node (e.g. by grouping LCHs in an appropriate routing-aware manner, or by weighting the pre-emptive BSRs intended for individual parent nodes with some degree of accuracy/usefulness, or by discarding the received pre-emptive BSR), or to not configure pre-emptive BSR for nodes with more than one parent node in the first place.
The accompanying submission in [2] contains the TP translating our proposals into required spec changes.
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