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1   Introduction
In LTE, buffer status report is used to provide the eNB with the amount of data available for transmission in UL buffer of a UE, and it reports the buffer status for each logical channel group which can include one or more logical channel(s). In NR, some new characteristics (e.g. QoS flow, numerologies, etc.) have been introduced in order to provide better support for diverse services, which are likely to result in a potentially different BSR format from that of LTE. In this contribution, therefore, we discuss the BSR format for NR in details and provide the corresponding solutions.

2   Legacy BSR in LTE
In legacy LTE [1], there are three forms of BSR MAC CE: Short BSR, truncated BSR and Long BSR, each of which is with a fixed format as described in Figure 1 and Figure 2.
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Figure.1.Short BSR and Truncated BSR MAC control element


[image: image2.emf]Buffer Size #0

Buffer 

Size #1

Buffer Size #1 Buffer Size #2

Buffer 

Size #2

Buffer Size #3

Oct 1

Oct 2

Oct 3


Figure.2. Long BSR MAC control element

For LTE Sidelink, as the Sidelink BSR needs to report logical channel groups for different sidelink destinations (i.e. identified by Destination index in the BSR below), the total logical channel groups are extended. To avoid reporting BS information for some sidelink logical channel groups which do not have any data available, a LTE Sidelink BSR format with flexible length was used since Rel-12, as shown in Figure.3 and Figure.4.
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Figure.3 Sidelink BSR and Truncated Sidelink BSR MAC control element for even N
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Figure.4: Sidelink BSR and Truncated Sidelink BSR MAC control element for odd N
3   Flexible BSR in NR
3.1   Definition of BSR  
There can be one issue if we directly reuse the above fixed length BSR format of LTE into NR. In LTE, at least one LCG shall be included in short/truncated BSR. However, when there are more than one LCG to be reported, long BSR with 4 LCGs reported shall be used even if only a 2 or 3 LCGs actually have data to be transmitted with other LCGs actually being empty. This obviously results in unnecessary scheduling overhead as well as waste of resources to report those LCGs actually without any data to be transmitted. 
Moreover, it was agreed that the number of LCGs will be increased up to 8 in RAN2 #98 meeting[2]; by considering this, it is obvious that above problem on unnecessary scheduling overhead and resource waste are even more serious, if we reuse the fixed length BSR design as in LTE. Therefore, we propose a flexible length BSR format in NR.
Proposal 1: The flexible length BSR format should be supported in NR.
If proposal 1 is agreed, that’s to say, the fixed BSR format is no longer needed. Accordingly, the definition of short BSR and long BSR in legacy LTE is no longer needed. 

Proposal 2: The definition of short BSR and long BSR is not used in NR.
3.2   Granularity of BS of LCG

In LTE, there are 64 buffer size levels for BSR, and only when the extendedBSR-Sizes is configured the level for the buffer size can be larger that 300000 bytes (i.e. 3MB). As the application and requirements increase in NR, new services such as AR/VR will introduce in uplink which have a big data rate. The BS level might be not enough to indicate the large buffer size. Besides, more precise buffer size is preferable in NR, so that gNB would make better decision on UL grant size to reduce the probability of segmentation or resource waste. Therefore, a more accurate BS information is needed in NR and the size of buffer size field should be extended to 8bit.  
Proposal 3: Compared to LTE BSR, more accurate BS information should be reported in order to decrease the probability of segmentation or resource waste.
Proposal 4: The size of BS field should be extended to 8bit, i.e. 256 BS levels are supported in NR.
3.3   Presence of BS of LCG

By using the flexible BSR format, there is no need for the UE to report the BS for those LCGs which do not have data available (i.e. BS = 0), so similar to Sidelink BSR in LTE, the UE can only report the LCGs which have data available for transmission.
Proposal 5: The UE only reports the logical channel group(s) which has data available for transmission.
In order to indicate the presence of BS of LCG, there are mainly two options as shown in Figure 5 and Figure 6:

· Option 1：Use bitmap to indicate the presence of BS of LCG
· Option 2：Use LCG ID to indicate whether there is BS for the LCG included in BSR
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Figure.5 Example of flexible BSR format (option 1: bitmap)
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Figure.6 Example of flexible BSR format (option 2: LCG ID)

Since the number of LCGs has been agreed to be extended to 8, one-byte bitmap can indicate the presence of BS for the 8 LCGs. However, in NR, the BSR is requested to provide more information to assist the gNB to decide what parameters should be carried in UL grant. A simple way is to link LCG with one combination of parameters (e.g. numerology/TTI). There is an on-going discussion on LCH applicability for a grant in LCP, i.e. what L1 parameters should be included in a UL grant. This may have some potential impacts on BSR format design (i.e. whether more LCGs or additional bits are needed to indicate the parameters for LCH applicability). To this end, option 1 seems a little limited in expansibility, and thus reserved bit may be needed as shown in dotted lines in Figure.5. Option 2 reuses the LTE BSR format which consists of LCG IDs and their corresponding buffer size fields. Besides, 1 bit reserved for each LCGID in option 2 can provide more future proof. The byte overhead for two options are given in Table 1. From the Table 1, we can see that BSRs in the two options have similar length. Nevertheless, option 2 needs less bytes than option 1 when the number of LCG(s) is smaller than 3. 
Table.1 Comparison of BSR length for two options 
	Number of LCG(s) with available data
	0
	1
	2
	3
	4
	5
	6
	7
	8

	Option 1(byte)
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Option 2(byte)
	0
	2
	3
	5
	6
	8
	9
	11
	12


Therefore, by taking consideration of flexibility and byte overhead, we prefer option 2 in NR.
Proposal 6: Use LCG ID to indicate presence of BS of a LCG in BSR.

Some complementary details on how to apply flexible NR BSR proposed above are given as below. Based on the above flexible BSR format, the LCGs are included in the BSR in the decreasing order of the priority of the logical channels in the LCG.

Proposal 7: The LCGs are included in the BSR in the decreasing order of the priority of the logical channels in the LCG. 
3.4   Truncated BSR in NR
In LTE, if the resource is not enough to transmit all available data in buffer, the truncated BSR can be reported. Considering the BSR length is flexible in NR, the periodic BSR and regular BSR can be also truncated in NR.
Proposal 8: The Regular NR BSR and the periodical NR BSR can also be truncated.
In case the number of bits in the UL grant is less than the size of the BSR containting buffer status for all LCGs having data available for transmission plus its subheader, the UE shall report truncated BSR which contains buffer status for as many LCGs having data available for transmission as possible. 
Proposal 9: Truncated BSR contains buffer status for as many LCGs having data available for transmission as possible. 
3.5   MAC subheader for BSR 
The two MAC subheaders used for BSR in legacy LTE is shown in Figure 7 and Figure 8 respectively.. One consists of the four header fields R/R/E/LCID which is used for the last subheader or the subheader corrrespongding to padding in MAC PDU. The other one consists of the six header fields R/R/E/LCID/F/L which is used except for the aforementioned two cases. 
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Figure7. R/R/E/LCID/F/L MAC subheader
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Figure 8. R/R/E/LCID MAC subheader

If LCG ID is used for LCG indication, the length of the BSR can be reused in NR. Thus the L field is neccesary in MAC subheader for BSR. Besides, as in LTE, different LCIDs can be used to distinguish the complete and truncated BSR separately in NR.
Proposal 10: The L field is needed in MAC subheader to indicate the NR BSR length.
Proposal 11: As in LTE, different LCIDs can be used to distinguish the complete and truncated BSRs.

4   Conclusion
Proposal 1: The flexible length BSR format should be supported in NR.
Proposal 2: The definition of short BSR and long BSR is not used in NR.
Proposal 3: Compared to LTE BSR, more accurate BS information should be reported in order to decrease the probability of segmentation or resource waste.
Proposal 4: The size of BS field should be extended to 8bit, i.e. 256 BS levels are supported in NR.
Proposal 5: The UE only reports the logical channel group(s) which has data available for transmission.
Proposal 6: Use LCG ID to indicate presence of BS of a LCG in BSR.

Proposal 7: The LCGs are included in the BSR in the decreasing order of the priority of the logical channels in the LCG. 
Proposal 8: The Regular NR BSR and the periodical NR BSR can also be truncated.
Proposal 9: Truncated BSR contains buffer status for as many LCGs having data available for transmission as possible. 
Proposal 10: The L field is needed in MAC subheader to indicate the NR BSR length.
Proposal 11: As in LTE, different LCIDs can be used to distinguish the complete and truncated BSRs.
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