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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
During the online discussion at RAN2#115-e meeting, the following related to LCG extension was agreed:
	Agreements on Enhancements to improve topology-wide fairness multi-hop latency and congestion mitigation
· 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.
· Exclude P1


But two more issues are left unresolved:
· New Long (Truncated) BSR format to be specified;
· LCIDs or eLCIDs for the new Short/Long BSR formats.
In this paper, we would like to discuss the above issues and provide our suggestions.
2. Discussion
In the summary [2], there are two types of BSR formats proposed in Proposal 5:
· Option 1: it has a variable size and consists of a bitmap with 256 LCGi and the corresponding Buffer Size(s) fields.


[bookmark: _Ref85548978]Figure 1: Option 1 (new BSR format with fixed bitmap of 256 LCGi)
· Option 2: 8-bit LCG ID+8-bit Buffer Size for each LCG


Figure 2: Option 2 (a set of LCG ID and corresponding buffer size)
Analysis on Option 1
It can be seen from Figure 1 that the BSR format with a fixed number of LCG (256 in total) would introduce a 32-byte overhead for the indication of LCG that has data available. Different from the Buffer Size field which would only be present in case the corresponding LCG has data buffered, the LCG ID field is always placed in the MAC CE. Even though only a small portion of LCGs is to be reported, an IAB-MT will construct a BSR MAC CE with the 32-byte overhead invariably. Consider the use of LCHs might not always approach the limit (to always occupy 65535 LCHs), the 32-byte overhead is not desirable because it does not convey much useful information but lead to unnecessary cost of radio resources. 
Observation 1 [bookmark: _Ref71227873]Option 1 (The BSR format with a fixed number of 256 LCGs) would require a 32-byte bitmap for the indication of LCG that has data available. Even though only a small portion of LCGs have data available, an IAB-MT will construct a BSR MAC CE with the 32-byte overhead invariably.
Observation 2 [bookmark: _Ref71227878]The use of LCHs might not always approach the limit (to always occupy 65535 LCHs), therefore the 32-byte LCG bitmap is not desirable because it does not convey much useful information but lead to unnecessary cost of radio resources.

Analysis on Option 1a
An alternative of Option 1 is to introduce a set of BSR formats with different number of (variable) LCGs, as Option 1a proposed in paper [3], so that an IAB-MT can flexibly choose the most cost-effective BSR format to construct the MAC CE. Assume the data is available in LCG0~LCG20, the IAB-MT only needs to choose the format with a 3-byte overhead (indication of LCG from group 0 to group 23) for buffer status reporting, this could be achieved with the example of the BSR format given in Figure 3. 


[bookmark: _Ref71184619]Figure 3 Option 1a (BSR format with a configurable number of LCGs)
Each of the BSR format with different number of LCGs shall also be pre-defined by the specification with a unique one-octet eLCID, one of the examples of the one-octet eLCID used by the set of BSR formats is given in Table 1. The codepoint 219 represents the new BSR format with up to 16 LCGs, the codepoint 220 represents the maximum number of LCGs up to 24 and so on. In this manner, the NW can be able to derive which type of BSR format is used (how many LCGs at most the MAC CE includes) upon reception of the BSR MAC CE.
Table 1 Values of one-octet eLCID for UL-SCH
	Codepoint
	Index
	LCID values

	0 to 218
	64 to 283
	Reserved

	219-249
	283-313
	BSR with max #LCG = 8k (k=2, 3, …, 32)

	250
	314
	BFR (four octets Ci)

	251
	315
	Truncated BFR (four octets Ci)

	252
	316
	Multiple Entry Configured Grant Confirmation

	253
	317
	Sidelink Configured Grant Confirmation

	254
	318
	Desired Guard Symbols

	255
	319
	Pre-emptive BSR


Observation 3 [bookmark: _Ref71227881]If Option 1a (a set of BSR formats with different number of LCGs) is introduced, an IAB-MT can flexibly choose the most cost-efficient BSR MAC CE format.
In summary, the signalling overhead of Option 1a is at the cost of a set of BSR formats (and LCIDs/eLCIDs), compared to Option 1.
Observation 4 [bookmark: _Ref85568622]The signalling overhead of Option 1a is at LCIDs/eLCID space occupation, compared to Option 1/2.

Analysis on Option 2
In contrast to Option 1/1a, the Option 2, with a more flexible format, enables an IAB-MT to report the BSR without introducing any redundant information, which further reduces the possibility of additional signalling overhead.
Observation 5 [bookmark: _Ref85568625]Option 2, with a more flexible format, enables an IAB-MT to report the BSR without introducing any redundant information, which further reduces the possibility of additional signalling overhead.
For example, assumes a total of 128 LCGs is configured to the IAB-MT and only #LCG8 has available data to be reported. Figure 4 shows the BSR format reported via the three different options. Obviously that Option 1 requires a colossal overhead due to the fixed bitmap (up to 256 bits = 32 bytes), while Option 1a can reasonably reduce such overhead by properly selecting a new BSR format (e.g., to choose eLCID = 284 with max#LCG = 16 instead of 128). Among the three options, the most efficient approach for this case is Option 2, because Option 2 only carries an 8-bit LCG ID and an 8-bit buffer size for the corresponding LCG whereas the other options somehow will introduce irrelevant fields occupying additional bits. 


(a) Option 1 (33 bytes)		(b) Option 2 (2 bytes)		 (c) Option 1a (3 bytes)
[bookmark: _Ref85556347]Figure 4 Example of a BSR reported by Option 1/2/1a (total number of 128 LCGs with #LCG8 has buffered data)
However, in case there are more than two LCGs having data available (with the same assumption that a total of 128 LCGs is configured), Option 1a will become the predominant choice among the three alternatives. For instance, assume #LCG0, #LCG1, #LCG8 have buffered data to be indicated, we can see from the below Figure 5 that Option 1a has less overhead. 


(a) Option 1 (35 bytes)		(b) Option 2 (6 bytes)		 (c) Option 1a (5 bytes)
[bookmark: _Ref85567719]Figure 5 Example of BSR reported by Option 1/2/1a (total number of 128 LCGs with #LCG0/1/8 have buffered data)
It can be noticeably observed that, along with the growth of the LCGs number, Option 1a will become increasingly efficient. But if only few LCGs number needs to be reported, Option 2 should be the wise choice instead. Consider that the traffic transmitted within the IAB-topology is generally ceaseless, presumably the number of to-be-reported LCGs is significantly great. 
Observation 6 [bookmark: _Ref85568630]Along with the growth of the LCGs number, Option 1a will become increasingly efficient. But if only few LCGs number needs to be reported, Option 2 should be the wise choice instead.
Observation 7 [bookmark: _Ref85568635]Consider that the traffic transmitted within the IAB-topology is generally ceaseless, presumably the number of to-be-reported LCGs is significantly great.
Consequently we think Option 1a should be adopted for the new BSR format. Therefore, we propose that:
[bookmark: _Ref71227931]A set of BSR (Long BSR, Long Truncated BSR, Pre-emptive BSR) MAC CE formats corresponding to different number of LCGs should be introduced for IAB-MT.
[bookmark: _Ref68205137]The exact BSR format to be used by the IAB-MT is determined based on the maximum LCG ID that has data available. 
[bookmark: _Ref71227934]An one-octet eLCID is used to identify each new BSR format
3. Conclusion
The observations and proposals are the following:

Observation 1	Option 1 (The BSR format with a fixed number of 256 LCGs) would require a 32-byte bitmap for the indication of LCG that has data available. Even though only a small portion of LCGs have data available, an IAB-MT will construct a BSR MAC CE with the 32-byte overhead invariably.
Observation 2	The use of LCHs might not always approach the limit (to always occupy 65535 LCHs), therefore the 32-byte LCG bitmap is not desirable because it does not convey much useful information but lead to unnecessary cost of radio resources.
Observation 3	If Option 1a (a set of BSR formats with different number of LCGs) is introduced, an IAB-MT can flexibly choose the most cost-efficient BSR MAC CE format.
Observation 4	The signalling overhead of Option 1a is at LCIDs/eLCID space occupation, compared to Option 1/2.
Observation 5	Option 2, with a more flexible format, enables an IAB-MT to report the BSR without introducing any redundant information, which further reduces the possibility of additional signalling overhead.
Observation 6	Along with the growth of the LCGs number, Option 1a will become increasingly efficient. But if only few LCGs number needs to be reported, Option 2 should be the wise choice instead.
Observation 7	Consider that the traffic transmitted within the IAB-topology is generally ceaseless, presumably the number of to-be-reported LCGs is significantly great.
Proposal 1	A set of BSR (Long BSR, Long Truncated BSR, Pre-emptive BSR) MAC CE formats corresponding to different number of LCGs should be introduced for IAB-MT.
Proposal 2	The exact BSR format to be used by the IAB-MT is determined based on the maximum LCG ID that has data available.
Proposal 3	An one-octet eLCID is used to identify each new BSR format
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