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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The number of LCGs was extended to 256 for R17 IAB. In accordance, the associated BSR procedure and BSR formats were improved in MAC protocol [1]. In the review of the MAC protocol, it was found that the following issues are still worth to be discussed:
· The padding BSR with Extended Short Truncated BSR MAC CEs;
· The order to include BS value into Long Truncated/Extended Long Truncated BSR MAC CE.  
In this contribution, we will share our views on the above issues.

2. Discussion

Padding BSR report procedure in Clause 5.4.5 (Buffer Status Reporting) of R17 MAC protocol [1] with extended LCGs is copied below for reference: 
	“For Padding BSR, the MAC entity for which logicalChannelGroup-IABExt is configured by upper layers shall:
1>	if the number of padding bits is equal to or larger than the size of the Extended Short BSR plus its subheader but smaller than the size of the Extended Long BSR plus its subheader:
2>	if more than one LCG has data available for transmission when the BSR is to be built:
3>	if the number of padding bits is smaller than the size of the Extended Long Truncated BSR with zero Buffer Size field plus its subheader:
4>	report Extended Short Truncated BSR of the LCG with the highest priority logical channel with data available for transmission.
3>	else:
4>	report Extended Long Truncated BSR of the LCG(s) with the logical channels having data available for transmission following a decreasing order of the highest priority logical channel (with or without data available for transmission) in each of these LCG(s), and in case of equal priority, in increasing order of LCGID.
2>	else:
3>	report Extended Short BSR.”





Observation 1 [bookmark: _Toc101790446]For padding BSR with multiple LCGs with data available for transmission, Extended Short Truncated BSR is selected when the number of padding bits is smaller than that of the Extended Long Truncated BSR with zero Buffer Size field plus its subheader. 
Observation 2 [bookmark: _Toc101790447]When Extended Short Truncated BSR is selected, only the BS of the LCG with the highest priority LCH is reported.

For Extended Long Truncated BSR MAC CE, the LCG bitmap length is 32 bytes (see Figure 6.1.3.1-4) and in accordance the number of associated BS fields can be up to 256. As the BS field size for Extended Long Truncated BSR MAC CE is 1 byte, the total number of payload size of this MAC CE can be up to 288 (i.e. 256 + 32) bytes. In such sense, the MAC subheader for Extended Long Truncated BSR MAC CE should have an eLCID field and a 2-byte L field as shown by the middle format in Figure 6.1.2-2 in [1], which means that the subheader for Extended Long Truncated BSR MAC CE takes 4 bytes in total. Hence the MAC subheader plus the LCG bitmap length for Extended Long Truncated BSR, i.e. the length of Extended Long Truncated BSR MAC CE with zero BS fields, is 36 (i.e. 4 + 32) bytes.


Figure 6.1.3.1-4: Extended Long BSR, Extended Long Truncated BSR, and Extended Pre-emptive BSR MAC CE







Figure 6.1.2-2: R/F/LCID/(eLCID)/L MAC subheader with 16-bit L field

Observation 3 [bookmark: _Toc101790448]The total length of the Extended Long Truncated BSR MAC CE with zero BS fields is 36 bytes.    

The Extended Long Truncated BSR has fixed length payload of 2 bytes (Figure 6.1.3.1-3), and its subheader with eLCID (Figure 6.1.3.1-3) has 2 bytes.



Figure 6.1.3.1-3: Extended Short BSR and Extended Short Truncated BSR MAC CE




Figure 6.1.2-3: R/LCID/(eLCID) MAC subheader

Observation 4 [bookmark: _Toc101790449]The Extended Short Truncated BSR MAC CE has a fixed total length of 4 bytes.
Based on the above observations, we can further observe the following
Observation 5 [bookmark: _Toc101790450]When Extended Long Truncated BSR with zero BS fields cannot be contained in one MAC PDU, the number of padding bits may range from 1 to 35 bytes, which could contain 0 to 8 Extended Short Truncated BSR MAC CEs.
[bookmark: _Toc101790451]We have observed the following description in the MAC protocol [1]: 
“A MAC PDU shall contain at most one BSR MAC CE, even when multiple events have triggered a BSR. The Regular BSR and the Periodic BSR shall have precedence over the padding BSR.”
Thus,
Observation 6 [bookmark: _Toc101790452]The existing BSR procedure allows at most one BSR MAC CE in one MAC PDU regardless for all BSR types.
When this restriction applies for Extended Short Truncated BSR, it can result in large waste of padding bits, as only one Extended Short Truncated BSR MAC CE can be carried even when the number of padding bits can contain up to 8 Extended Short Truncated BSR MAC CEs. 
To efficiently use the padding bits for padding BSR, we propose:
[bookmark: _Toc101769946]If the Extended Long Truncated BSR MAC CE cannot be used for padding BSR with multiple LCGs having data for transmission, allow one MAC PDU to carry multiple Extended Short Truncated BSR MAC CEs. 
[bookmark: _Toc101769947]If one MAC PDU is allowed to carry multiple Extended Short Truncated BSR MAC CEs for padding BSR, 
a. [bookmark: _Toc101769948]the MAC entity includes these MAC CEs into this MAC PDU in the descending order of the priority of the highest priority LCH of the associated LCGs. 
b. [bookmark: _Toc101769949]for the MAC CEs whose associated LCGs’ highest priority LCHs have equal priority, the MAC entity includes the corresponding MAC CEs in ascending order of the corresponding LCG IDs.

In clause 5.4.5 (Buffer Status Reporting), it was specified that the order to include buffer status fields for padding BSR when Long/Extended Long Truncated BSR considers the priority of the LCHs in a LCG:
	“For Padding BSR, the MAC entity for which logicalChannelGroup-IABExt is not configured by upper layers shall:
1>	if the number of padding bits is equal to or larger than the size of the Short BSR plus its subheader but smaller than the size of the Long BSR plus its subheader:
2>	if more than one LCG has data available for transmission when the BSR is to be built:
3>	if the number of padding bits is equal to the size of the Short BSR plus its subheader:
4>	report Short Truncated BSR of the LCG with the highest priority logical channel with data available for transmission.
3>	else:
4>	report Long Truncated BSR of the LCG(s) with the logical channels having data available for transmission following a decreasing order of the highest priority logical channel (with or without data available for transmission) in each of these LCG(s), and in case of equal priority, in increasing order of LCGID.
2>	else:
3>	report Short BSR.
1>	else if the number of padding bits is equal to or larger than the size of the Long BSR plus its subheader:
2>	report Long BSR for all LCGs which have data available for transmission.
For Padding BSR, the MAC entity for which logicalChannelGroup-IABExt is configured by upper layers shall:
1>	if the number of padding bits is equal to or larger than the size of the Extended Short BSR plus its subheader but smaller than the size of the Extended Long BSR plus its subheader:
2>	if more than one LCG has data available for transmission when the BSR is to be built:
3>	if the number of padding bits is smaller than the size of the Extended Long Truncated BSR with zero Buffer Size field plus its subheader:
4>	report Extended Short Truncated BSR of the LCG with the highest priority logical channel with data available for transmission.
3>	else:
4>	report Extended Long Truncated BSR of the LCG(s) with the logical channels having data available for transmission following a decreasing order of the highest priority logical channel (with or without data available for transmission) in each of these LCG(s), and in case of equal priority, in increasing order of LCGID.
2>	else:
3>	report Extended Short BSR.”



In MAC protocol [1], Long Truncated BSR and Extended Long Truncated BSR are only used for padding BSR report respectively without and with logicalChannelGroup-IABExt configuration.
Observation 7 [bookmark: _Toc101790453]In Clause 5.4.5, the descending order according the highest priority LCHs in the LCGs is prioritized over the LCG ID ascending order to determine the order to include the BS fields of these LCGs into the Long/Long Truncated BSR MAC CE.
[bookmark: _Toc100872103]In Clause 6.1.3.1(Buffer Status Report MAC CEs) of [1], it was specified to include the BS fields into Long/Long Truncated and Extended Long/Long Truncated BSR MAC CE according to the ascending order of LCG IDs (marked in yellow):
	-	Buffer Size: The Buffer Size field identifies the total amount of data available according to the data volume calculation procedure in TSs 38.322 [3] and 38.323 [4] across all logical channels of a logical channel group after the MAC PDU has been built (i.e. after the logical channel prioritization procedure, which may result the value of the Buffer Size field to zero). The amount of data is indicated in number of bytes. The size of the RLC headers and MAC subheaders are not considered in the buffer size computation. The length of this field for the Short BSR format and the Short Truncated BSR format is 5 bits. The length of this field for the Extended Short BSR format and the Extended Short Truncated BSR format is 8 bits. The length of this field for the Long BSR format, the Long Truncated BSR format, the Extended Long BSR format, and the Extended Long Truncated format is 8 bits. The values for the 5-bit and 8-bit Buffer Size fields are shown in Tables 6.1.3.1-1 and 6.1.3.1-2, respectively. For the Long BSR format, the Long Truncated BSR format, the Extended Long BSR format, and the Extended Long Truncated format, the Buffer Size fields are included in ascending order based on the LCGi. For the Long Truncated BSR format and the Extended Long Truncated format the number of Buffer Size fields included is maximised, while not exceeding the number of padding bits. For the Pre-emptive BSR format and the Extended Pre-emptive BSR format, the Buffer Size field identifies the total amount of the data expected to arrive at the IAB-MT of the node where the Pre-emptive BSR/Extended Pre-emptive BSR is triggered and does not include the volume of data currently available in the IAB-MT. Pre-emptive BSR format is identical to the Long BSR format. Extended Pre-emptive BSR format is identical to the Extended Long BSR format.”



Observation 8 [bookmark: _Toc101790454]In Clause 6.1.3.1, it was specified that the Buffer Size fields are included in ascending order of LCG IDs for both Long Truncated format and Extended Long Truncated format
Based on Observation 7 and 8, it can be further observed the following:
Observation 9 [bookmark: _Toc101790455]For padding BSR with Long/Extended Long Truncated BSR, the specification about the order to include BS fields contradicts between Clause 5.4.5 and Clause 6.1.3.1. 
[bookmark: _Toc101769950]Consider whether to remove the description to include the BS fields for Long/Extended Truncated BSR in ascending order of the LCG IDs in Clause 6.1.3.1.

3. Conclusion
The observations and proposals are the following:

Observation 1 For padding BSR with multiple LCGs with data available for transmission, Extended Short Truncated BSR is selected when the number of padding bits is smaller than that of the Extended Long Truncated BSR with zero Buffer Size field plus its subheader.
Observation 2 When Extended Short Truncated BSR is selected, only the BS of the LCG with the highest priority LCH is reported.
Observation 3 The total length of the Extended Long Truncated BSR MAC CE with zero BS fields is 36 bytes.
Observation 4 The Extended Short Truncated BSR MAC CE has a fixed total length of 4 bytes.
Observation 5 When Extended Long Truncated BSR with zero BS fields cannot be contained in one MAC PDU, the number of padding bits may range from 1 to 35 bytes, which could contain 0 to 8 Extended Short Truncated BSR MAC CEs.
Observation 6 The existing BSR procedure allows at most one BSR MAC CE in one MAC PDU regardless for all BSR types.
Observation 7 In Clause 5.4.5, the descending order according the highest priority LCHs in the LCGs is prioritized over the LCG ID ascending order to determine the order to include the BS fields of these LCGs into the Long/Long Truncated BSR MAC CE.
Observation 8 In Clause 6.1.3.1, it was specified that the Buffer Size fields are included in ascending order of LCG IDs for both Long Truncated format and Extended Long Truncated format
Observation 9 For padding BSR with Long/Extended Long Truncated BSR, the specification about the order to include BS fields contradicts between Clause 5.4.5 and Clause 6.1.3.1.

Based on the above discussions and observations, we have the following proposals:
Proposal 1	If the Extended Long Truncated BSR MAC CE cannot be used for padding BSR with multiple LCGs having data for transmission, allow one MAC PDU to carry multiple Extended Short Truncated BSR MAC CEs.

Proposal 2	If one MAC PDU is allowed to carry multiple Extended Short Truncated BSR MAC CEs for padding BSR,
a. the MAC entity includes these MAC CEs into this MAC PDU in the descending order of the priority of the highest priority LCH of the associated LCGs.
b.	for the MAC CEs whose associated LCGs’ highest priority LCHs have equal priority, the MAC entity includes the corresponding MAC CEs in ascending order of the corresponding LCG IDs.

Proposal 3	Consider whether to remove the description to include the BS fields for Long/Extended Truncated BSR in ascending order of the LCG IDs in Clause 6.1.3.1.
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