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1   Introduction
As discussed LTE, the buffer status report is used to provide the serving eNB with information about the amount of data available for transmission in UL buffers associated with MAC entity. There will be diverse services with different QoS requirements in NR. To provide a better service, new characteristics such as numerologies have been introduced in NR. Consequently, the number of LCGs and the buffer size might be different from those in LTE. In this contribution, we analyze the potential impacts in LTE and then propose flexible BSR format to be compatibility with new characteristics and requirements in NR.
2   Conclusion

2.1   Legacy BSR format in LTE

In legacy LTE, BSR is used to provide information about the amount of data available for transmission in each LCG.As defined in TR 36.321[1], Buffer Status Report (BSR) MAC control elements consist of either:
· Short BSR and Truncated BSR format: one LCG ID field and one corresponding Buffer Size field(Fig.1); or

· Long BSR format: four Buffer Size fields, corresponding to LCG IDs#0 through #3(Fig.2).

The BSR formats are identified by MAC PDU subheaders with LCIDs.

The fields LCG ID and Buffer Size are defined as follow:

· LCG ID: The field identifies the group of logical channel(s) which buffer status is being reported. The vale range from IDs#0 to IDs#3. Thus the length of field is 2bits in LTE;
· Buffer Size: The field identifies the total amount of data available across all logical channels of a logical channel group after all MAC PDUs for the TTI have been built. The amount of data is indicated in number of bytes. The length of field is 6bit;
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Fig.1.Short BSR and Truncated BSR MAC control element
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Fig.2. Long BSR MAC control element

There are two tables of Buffer size levels for BSR. The only difference between the two is the BSR level: one is lower, the other is relatively higher. UE decide to select which table according to whether the extendedBSR-Sizes is configured.

Observation 1: The size of LTE BSRs (except sidelink BSR) including long, short and truncated BSR is fixed.
2.2   Flexible BSR format in NR

As mentioned above, 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 flexible BSR format and content is needed in NR to be compatible with different requirements.
Proposal 1: Compared to LTE BSR, more accurate BS information should be reported in order to decrease the probability of segmentation or resource waste.
Proposal 2: 8 bits can be used to indicate buffer size, i.e. 256 BS levels are supported in NR.

In another contribution [2], we have mentioned that the number of LCGs can be increased to more than 4. It has been agreed that a logical channel can be mapped to one or more numerologies in NR. In order to separately schedule different services such as URLLC or eMBB, the eNB should know what services the triggered BSR is for so that allocate physical resources according to the corresponding requirements. It is preferable to use LCG ID in BSR MAC CE to further indicate information e.g. numerology, service, or LCID. Therefore, it is a potential way to increase the number of LCG so that gNB can configure an association between a specific LCG and a specific numerology, service or LCID. After the configuration, both UE and eNB can identify what services the triggered BSR is for by LCG ID, which is a simple and has less specs impacts.
Proposal 3: 4 bits can be used to indicate LCG ID, i.e. 16 LCGs are supported in NR.

If the number of LCGs is increased, it is not necessary for the UE to report zero for those LCGs which do not have data available. Like sidelink BSR format in LTE, the UE can only report the LCG which has data available for transmission. In this case, the size of the BSR should be variable and the MAC subheader should indicate the length of the BSR.

Proposal 4: The UE only reports the logical channel group(s) which has data available for transmission.

Proposal 5: The BSR has variable length and the MAC subheader should indicate the length of the BSR.

Therefore, the BSR format can be different between even N and odd N, where N is the number of LCG ID. The BSR MAC control elements in NR can consist of one LCG ID field and one corresponding Buffer Size field per reported target group. For each included group. The fields are defined as follows (Fig.3 and Fig.4):
· LCG ID: The Logical Channel Group ID field identifies the group of logical channel(s) which buffer status is being reported. The length of the field is assumed to be 4 bits; 
· Buffer Size: The Buffer Size field identifies the total amount of data available across all logical channels of a LCG. The length of this field is assumed to be 8 bits.
· R: Reserved bit, set to "0".
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Fig.3. BSR MAC control element for even N (NR)
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Fig.4. BSR MAC control element for odd N (NR)
3 Conclusion
Observation 1: LTE BSR (except sidelink BSR) including long, short and truncated BSR has fixed size.

Proposal 1: Accurate BSR should be reported to decrease the following probability of segmentation or resources waste.

Proposal 2: 8 bits can be used to indicate buffer size, i.e. 256 BS levels are supported in NR.

Proposal 3: 4 bits can be used to indicate LCG ID, i.e. 16 LCGs are supported in NR.

Proposal 4: The UE only reports the logical channel group(s) which have data available for transmission.

Proposal 5: The BSR has variable length and the MAC subheader should indicate the length of the BSR.
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