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1   Introduction
During the RAN2#113bis-e meeting (April 2021) the following was agreed:

· LCG range to be extended for IAB-MT. Size of LCG and enhancements to BSR are FFS
We see this agreement – which essentially introduces finer reporting of buffer status – as (among other things) a way to assist in alleviating the potential issue with fairness in IAB networks, because:

1. It can ensure better QoS management – e.g. if bearers are mapped onto BH channels in 1:1 manner, but then if we have to group them for purposes of buffer status reporting into ‘just’ 8 groups (as per Rel-16 NR baseline) – then this could cancel out some of the benefits of the 1:1 mapping

2. It can help prevent congestion on the uplink by identifying a specific LCH or a small group of LCHs where buffer is close to a threshold, and then schedule/bring forward for scheduling those LCHs

3. It can ensure per-bearer or per-UE scheduling, by e.g. mapping bearers of a single UE to a single LCG
At the RAN2#115-e meeting (August 2021) the following was further agreed:

· The length of LCG to be extended to 8 bits (i.e., at most 256 LCGs).
· New Short (Truncated) BSR format to specified that has a fixed size and consists of an 8-bit LCG ID field and an 8-bit Buffer Size field.
In this tdoc we look at outstanding issues with designing the format(s) for reporting the BSR with an increased number of LCGs, in line with agreements above. More specifically, it is the design of the Long/Long Truncated BSR format that is open for discussion. There are several ways of doing this, and we focus on the least disruptive ones i.e. the option(s) which can reuse existing BSR formats. We additionally look at whether BSR triggering enhancements are needed and beneficial. And finally, we also look at enhancements to pre-emptive BSR (not necessarily linked to the LCG range extension). But first, we look at the more general issues of the configuring and use of these new (extended) BSR formats.
2   Use of Extended BSR formats

The first issue is whether the use of both formats should be allowed for IAB-MTs. The second issue is whether the support for extended BSR by IAB-MTs is mandatory, whether it is configurable by the network, or whether the IAB-MT has some autonomy in choosing the format when both are configured/allowed (this is especially useful for padding as it allows sending ‘old’ BSR formats when there would be no room for Extended BSR formats). And finally, if use of both formats are supported, the question is whether and how to maintain two different mappings of LCHs to LCGs (in one case, limited to 8 LCGs, in the other case, limited to 256 LCGs).
On the first issue, we feel there should be no restrictions placed on IAB-MTs to only support the extended format:

Proposal 1: IAB-MTs need to support both ‘old’ (existing Rel-16 baseline) and extended BSR formats.
On the second issue, we see the following options:

· Support of extended BSR by IAB-MTs is mandatory;

· Support of extended BSR by IAB-MTs is configurable by the network. 
Proposal 2: RAN2 to decide whether support of extended BSR by IAB-MTs is mandatory or configurable by the network.
If support of both formats is enabled, we then have the following two options (assuming support of extended BSR by IAB-MT is mandatory, or currently configured/allowed):

· Only the extended BSR format can be used by IAB-MTs;
· Both formats can be used simultaneously, distinguished by the relevant LCID/eLCID value, and IAB-MT decides between the two (this is especially relevant for padding, where IAB-DU of the parent node cannot know the exact number of padding bits).
We therefore propose the following:

Proposal 3: RAN2 to decide whether simultaneous use by the IAB-MT of both old and Extended BSR formats is allowed.

If simultaneous use by the IAB-MT of both old and Extended BSR formats is allowed, then we foresee two possibilities for this to be implemented:

· Two LCG groupings are configured by the network, and the IAB-MT chooses between the two; or 

· A single LCG grouping is configured, and if the IAB node only has Buffer Status (BS) for no more than 8 LCGs (and thus both old or Extended BSR formats can be used), and if relevant LCGIDs are 0-7, the IAB-MT may send the old version of the formats 
·  This assumes that the network allocates high priority LCGs to values of LCGID of 0-7, and is especially relevant for the case of only 1 LCG having (new) data, where legacy 'short' BSR can be frequently used for e.g. the truncated short BSR case
In line with above we propose the following:
Proposal 4: For the case where simultaneous use by the IAB-MT of both old and Extended BSR formats is allowed, RAN2 should decide whether two groupings (one for the case of 8 LCGs, the other for the case of 256 LCGs) of logical channels into LCGs should be configured by the network, or whether only one grouping is enough.

3   Design of Extended BSR formats: open issues
In addition to issues raised in Section 2 of this tdoc, there is also the following open issue with regards to design of Extended Short BSR:
Proposal 5: Discuss whether LCID or eLCID space is used for additional identifiers needed for the new format for Short/Short Truncated BSR.

With regards to design of Extended Long BSR, we see 2 options:

1. Adding another 7 octets to identify presence of LCG8 – LCG255.

· Either unused LCIDs or eLCIDs are used to identify presence of LCG8-255.

2. Send multiple existing Long BSRs, each covering up to 8 LCGs, but we would need a way of indicating which is which (i.e. different LCIDs), and also this may result in higher overhead.

It would appear the first option makes more sense, so we propose:
Proposal 6: For the case of Long/Long Truncated BSR, add suitable number of octets to match the extension agreed. 

Proposal 7: Discuss whether LCID or eLCID space is used for additional identifiers needed for the new format for Long/Long Truncated BSR.

4   Enhancements to BSR triggers

We believe new formats go some way towards ensuring better QoS management, but that they need to be combined with enhancements to triggering. As we explain below, existing triggering mechanisms fall short of ensuring fairness across the IAB topology.
As a specific example, let us look at IAB-node 2b from Fig. 1 (taken from the IAB TR) and assume that there is 1:1 mapping across the entire network between UE radio bearers (each UE has only one bearer in this example) and backhaul channels. 
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Fig. 1
The following mapping (Table 1) shows some examples of input to output LCH mapping (upstream direction) and LCG grouping:

	
	Mapping to egress channels of IAB-node 3
	Mapping to egress channels of IAB-node 2b
	Example LCG grouping no. 1
	Example LCG grouping no. 2

	UEi
	LCH_3_1
	LCH_2b_1
	LCG_1
	LCG_1

	UEj
	LCH_3_2
	LCH_2b_2
	LCG_1
	LCG_2

	UEk
	LCH_3_3
	LCH_2b_3
	LCG_1
	LCG_3

	UEl
	LCH_3_4
	LCH_2b_4
	LCG_2
	LCG_4

	
	UEg
	LCH_2b_5
	LCG_2
	LCG_5

	
	UEh
	LCH_2b_6
	LCG_2
	LCG_6


Table 1

In the example grouping no. 1, we assume we are limited to 2 LCGs. We further assume that UEi and UEj have higher QoS requirements and are mapped to higher-priority channels at IAB-node 2b (LCH_2b_1 and LCH_2b_2).

Under the Rel-16 baseline, assuming there is existing data in LCG1 and LCG2 buffers, arrival of data from UEg (and mapped into LCG2) would not trigger a BSR towards node 1b. This is not an issue per se, since we did assume that this data is of lower priority overall. 

However, if we want to ensure fairness – meaning that lower priority overall could still mean highest priority for an individual UE – and allocate resources with per-UE granularity, or even groups of UEs – and/or if data from all UEs are of similar QoS requirements, then this BSR not being triggered is a potential issue. This can be solved by allocating a separate LCG for each of the UEs as in example grouping no. 2. (In this example, as mentioned already, there is only one bearer per UE, but one could easily imagine there being multiple bearers per UE each mapped to individual backhaul channel.)

Assuming now we have multiple bearers per UE, we can have a grouping done based on relative, and not overall priority (example grouping no. 2 in Table 1 is a simplification of this). For instance, we group together the bearers from individual UEs with highest individual priority (per UE) into LCG_1, and then bearers from individual UEs with second highest individual priority (per UE) into LCG_2, etc. This will ensure triggering of the BSR when data arrives for the highest-priority bearer of a given UE, which does not have highest priority overall.

Essentially, we need to ensure that – in the case where new data arrives in a LCG (which gathers bearers from a single UE/source) and there is already data in a LCG with higher priority – that a BSR will nevertheless be triggered. More specifically, we propose to allow:
· Specific LCH/LCGs to trigger the BSR based on threshold, regardless of priority or if falling within a certain priority range (but not necessarily limiting triggering to top-priority LCH as per the baseline)

· Specific LCH/LCGs to trigger the BSR based on the data source and/or destination (UE / IAB node)
· One specific scenario where this enhancement is especially beneficial would be when data with the highest priority for a single UE arrives, but this data does not have the highest priority overall (across all LCHs of an IAB-MT) – for instance:

· An IAB node has available data with priorities p=1 and p=3 from UE1.

· This IAB node receives a data with p=2 from UE2. Based on the current BSR triggering, a regular BSR would not be triggered. (The presence of this data will be reported in the next periodic/regular BSR.)

· If the IAB parent node wishes to allocate the radio resource with granularity of UE (or group of UEs), e.g. in order to ensure fairness, it would be desirable to send a BSR in this case.

Based on the above we propose the following:

Proposal 8: RAN2 to agree BSR triggering based on LCH data source and/or destination.

Proposal 9: RAN2 to agree BSR triggering for designated LCH/LCGs.
5   Pre-emptive BSR enhancements
Buffer size calculation for pre-emptive BSR may differ for nodes of different vendors as it is left to implementation in Rel-16. We believe this is potentially a major issue since it leads to nodes from different vendors within a single IAB network using different buffer size calculation rules. This leads to inconsistency across the network, and potential misinterpretation of the received pre-emptive BSR (e.g. the receiving node estimating higher expected data arrival due to different quantization of the buffer occupancy).

Proposal 10:  RAN2 will standardize buffer size calculation for pre-emptive BSR.
Additionally, we feel that the same reasoning applies to pre-emptive BSR triggering (which is in Rel-16 left to implementation). Using implementation-based triggering leads to overhead which is not easy to control/limit (even in single-vendor networks), and also to potential misinterpretation of the received pre-emptive BSR in multi-vendor networks (e.g. the receiving node does not know which event or events triggered it and cannot assess the urgency/weight of the received data). We therefore propose:

Proposal 11: RAN2 will standardize triggering conditions for pre-emptive BSR.
6   Conclusions
To accommodate the agreed increase in LCG space for IAB-MTs, we propose the following:

Proposal 1: IAB-MTs need to support both ‘old’ (existing Rel-16 baseline) and extended BSR formats.
Proposal 2: RAN2 to decide whether support of extended BSR by IAB-MTs is mandatory or configurable by the network.
Proposal 3: RAN2 to decide whether simultaneous use by the IAB-MT of both old and Extended BSR formats is allowed.

Proposal 4: For the case where simultaneous use by the IAB-MT of both old and Extended BSR formats is allowed, RAN2 should decide whether two groupings (one for the case of 8 LCGs, the other for the case of 256 LCGs) of logical channels into LCGs should be configured by the network, or whether only one grouping is enough.

Proposal 5: Discuss whether LCID or eLCID space is used for additional identifiers needed for the new format for Short/Short Truncated BSR.

Proposal 6: For the case of Long/Long Truncated BSR, add suitable number of octets to match the extension agreed. 

Proposal 7: Discuss whether LCID or eLCID space is used for additional identifiers needed for the new format for Long/Long Truncated BSR.

With respect to new triggers for BSR for IAB-MTs, we additionally propose:

Proposal 8: RAN2 to agree BSR triggering based on LCH data source and/or destination.

Proposal 9: RAN2 to agree BSR triggering for designated LCH/LCGs.

And finally, on the topic of pre-emptive BSR, we propose the following:

Proposal 10: RAN2 will standardize buffer size calculation for pre-emptive BSR.
Proposal 11: RAN2 will standardize triggering conditions for pre-emptive BSR.
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