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1	Introduction
This contribution focuses on the reasons why the LCG range needs to be extended if the LCID range is extended. It also discusses the options to introduce an extended LCG range.
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2.1	Need of LCG extension and new BSR MAC CEs
For 1:1 mapping, one UE DRB is mapped to one backhaul RLC channel. An IAB node may have many UEs and a UE may have multiple DRBs plus SRB(s). In addition, an IAB node may also be connected to other IAB nodes which may also carry DRBs from other UEs and IABs. Therefore, the total number of backhaul RLC channels in a backhaul link can be considerable (up to 320 according to the proposal in [1]). 
The LCGs are meant to group LCIDs i.e. RBs which have similar characteristics. In Release 15, an LCG is defined per UE. Thus, the BSR provides an individual UE information of each configured LCG. For IAB nodes, in the case of 1-to-1 mapping, an LCG will necessarily have to group UE-RB pairs. The less number groups, the more UE-RB pairs will be collected in one group. This results in that the BSR may end up providing a buffer status of a plurality of UE-RB pairs. It is then questionable the value of the BSR. If one LCG collects 40 UE-RB pairs (which results of having 320 LCIDs and 8 LCGs), for example, it is not straight forward how much value this information can provide to the network with regards to scheduling or QoS decisions for each individual UE. 
Some contributions in RAN2#105 have suggested to increase the LCID range in the order of millions of IDs while maintaining the currently number of LCGs. Given those proposals, the BSR would be of no value for differentiated uplink scheduling by the network as it cannot be used for any type of scheduling decisions. This could end up affecting considerably the performance of networks running 1:1 mapping.
1. [bookmark: _Toc535935463][bookmark: _Toc535932288]For 1:1 mapping, a maximum number of 8 LCGs is not enough for QoS and scheduling management.
For N:1 mapping, multiple UE DRBs, of different or the same UE, can be multiplexed in the same backhaul RLC channel, which is used when these multiple DRBs have similar transmission requirements. In such sense, less backhaul RLC channels are needed than that for 1:1 mapping and LCG ID extension is not necessary. Hence, up to 8 LCGs according to Rel-15 may be enough for this case.  
1. [bookmark: _Toc535935464][bookmark: _Toc535932289]For N:1 mapping, up to 8 LCGs according to Rel-15 is expected to be enough.
The next question is to decide the value for the LCG range. This number is tightly connected to the number of LCIDs which are possible to configure. In [1], it is suggested to extend the LCID by an additional 256 LCIDs (1 byte). Considering that in Rel-15, there can be up to 64 LCIDs and they can be grouped into 8 LCGs, a similar equivalence could apply. If the number of LCIDs is increased up to 320 LCIDs, 32 LCG can be defined. If RAN2 would decide to increase up to1024 LCID, there could be up to 256 LCGs (1 byte). 

[bookmark: _Toc1074246][bookmark: _Toc16776051]LCG range should be extended up to 32 ID (if ~320 LCIDs) (or 256 IDs if 1024 LCIDs).
[bookmark: _Toc1074247][bookmark: _Toc16776052]New BSR MAC CEs should be defined in response to LCG extension.
2.2	BSR formats for extended LCG range
If the LCG range is extended, the BSR MAC CE format needs to be updated. It also needs to be considered that the BSR may need to report BS for many different logical channel groups and, therefore, it can be a large overhead to have a full LCG bitmap. Any new BSR format for IAB nodes should take into account the following two aspects: possibility to report many LCG IDs in one BSR while keeping the overhead limited.
Short and short truncated BSR
The short and short truncated BSR format need to be updated to fit the maximum value that an LCG ID can take. If 32 LCG IDs are used, only 5 bits are needed. If 256 LCG IDs are used, 1 byte is needed. In addition, a buffer status of 8 bits needs to be signalled. If up to 8 LCGs are configured for a backhaul link, a 5-bit BS should be sufficient, as in Release 15. However, regardless of whether 5 or 8 bits for the IDs are used, the minimum payload size will always be 2 bytes. Given this, there may be a gain of having a 1-byte for the BS.
[bookmark: _Toc1074248][bookmark: _Toc16776053]Short and short truncated BSR should have the following two fields with the corresponding sizes:
- LCG ID: 5 or 8 bits (depending on the decision in Proposal 1)
- Buffer status: 1 byte 



Figure 3:	Example of short (truncated) BSR when extended LCG ID is configured

Long and long truncated BSR
The most obvious solution for the new long and long truncated BSR is to extend the current long (truncated) BSR formats so that the LCG bitmap is extended to indicate the buffer status presence of all the possible LCGs. This approach would mean that, by default, the long and long truncated BSR would have a minimum of 4 bytes LCG bitmap, if 32 LCG IDs are defined, followed by as many buffer status reports as the number of buffers containing data. If 256 LCG IDs are possible, a minimum of 32 bytes LCG bitmap would be required, plus the indicated buffer status values.
The shortest long truncated BSR will then be 6 bytes (minimum of 2 buffers containing data is a requirement to trigger the long truncated BSR), and longest long (truncated) BSR will be 36 bytes. In most of the cases several groups may have data in the buffer, then optimizing the header might not bring major gains. 
However, if the number of logical channel groups is larger than 32 i.e. more than 5 or 6 bytes are needed to indicate the LCGs which have data in the buffer, there could be better options to indicate the LCGs for which data is available. In such cases, the BSR could report, for example, an LCG range which would follow of the buffer status reports indicated in the range, or it could simply report the individual buffer status for up to a number of LCGs when only a limited set of LCGs have data.

[bookmark: _Toc1074249][bookmark: _Toc16776054]If 32 LCG IDs are defined, the long (truncated) BSR should be extended following the Release 15 long (truncated) BSR i.e. an extended bitmap indicates the presence/absence of BS or data availability of the corresponding LCGs.
[bookmark: _Toc1074250][bookmark: _Toc16776055]If more than 32 LCG IDs are defined, RAN2 to discuss the different long and long truncated BSR format options to minimize the overhead.

2.3	Release 15 BSR formats
Another question is whether there is a need to introduce new BSR formats even if the LCG range is not extended, and for Release 15 BSR formats. 
Short BSR only carries a 5 bits BS field. That could be considered as a limiting factor as the buffer range and granularity which can be reported are limited. On the other hand, the short BSR report is only utilized when only one LCG has data for transmission. We consider that, in general, IAB nodes will typically have data waiting for transmission from several LCGs. The short truncated BSR is only used for padding and may be therefore a rare case, so we do not think that the short truncated BSR needs to be enhanced either. 
[bookmark: _Toc1074245][bookmark: _Toc16776056]Rel-15 BSR formats are reused, when extended LCG range is not used.
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Based on the discussion in the previous sections we propose the following:
Proposal 1	LCG range should be extended up to 32 ID (if ~320 LCIDs) (or 256 IDs if 1024 LCIDs).
Proposal 2	New BSR MAC CEs should be defined in response to LCG extension.
Proposal 3	Short and short truncated BSR should have the following two fields with the corresponding sizes: - LCG ID: 5 or 8 bits (depending on the decision in Proposal 1) - Buffer status: 1 byte
Proposal 4	If 32 LCG IDs are defined, the long (truncated) BSR should be extended following the Release 15 long (truncated) BSR i.e. an extended bitmap indicates the presence/absence of BS or data availability of the corresponding LCGs.
Proposal 5	If more than 32 LCG IDs are defined, RAN2 to discuss the different long and long truncated BSR format options to minimize the overhead.
Proposal 6	Rel-15 BSR formats are reused, when extended LCG range is not used.
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