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1. Introduction
Uplink scheduling is a key functionality to meet a broad range of use cases including enhanced mobile broadband, massive MTC, critical MTC, and additional requirements defined during the RAN requirements study. Details to how this functionality can be designed, compared to the baseline framework of LTE is discussed in contributions. 
In #RAN2 98 some agreements related to BSR were reached. 
Agreements
1. The number of LCGs will be increased up to 8.  
1. The concept of periodicBSR-timer and retx-BSRtimers are reused and are configured per MAC entity 
1. As a baseline, the concept of logicalChannelSR-ProhibitTimer is reused in NR. It is allowed to configured infinite value for this timer.
1. The logicalChannelSR-Mask is supported 

We have prepared three contributions focusing on different aspects of BSR/SR. This contribution discusses the BSR format in NR due to the agreement to increase of the number of LCGs. 
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With more LCGs, the long BSR format of LTE, carries only up to 4 LCGs and will not be able to accommodate all LCGs buffer status in NR. Neither can the short BSR be reused since at least three bits will be needed to ID the LCGs and thereby leaving only 5 bits for the BSR which is inadequate.
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It is further noted that 6 bits may not be enough to convey a buffer status with the granularity required for the wide range of services expected to be support by NR. The prime targets of NR include extreme MBB rates (10 Gbps), but also much lower rates e.g. from less extreme MBB or URLLC, and moreover an increased mix of high and low rate services. This could make the buffer sizes for the different LCGs to change more or less rapidly and an increased granularity of the buffer sizes would be of great benefit for the scheduler. One way to encode such granularity would be to byte-align the fields and thereby simply extend the size of the Buffer Status field to 8 bits, see Figure 1.
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[bookmark: _Ref485303427]Figure 1 Extended Long format with 1 byte for each Buffer size filed
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The problem of accommodating up to eight LCGs in a single BSR message can effectively be addressed by the use of a bitmap. A one-byte bitmap could be prepended to a series of Buffer Size fields. The bitmap is used to indicate the presence/absence of data to transmit for the different LCGs. This format would be of variable-sized and thus require a MAC subheader with an explicit L-field. The total size of such a format will be 3 - 11 bytes, depending on the number of concurrently configured LCGs, 1-8, see Figure 2.




[bookmark: _Ref485306140]Figure 2 BSR format with a bitmap indicating presence/absence of data in buffers
The BSR can includes zero or more Buffer Size fields with a presence and an order determined by the bits in the bitmap and ultimately a priority attribute of each LCG.

[bookmark: _Toc485309503][bookmark: _Toc485391431]To use a bitmap for the BSR in NR to indicate presence/absence of data in buffers.
The bitmap information is ordered as B0 to B7 from LSB to MSB according to the priority attribute set for each logical channel group, and with a value set using the following logics:
· "1" indicates that the logical channel group has data to transmit, i.e. that the buffer size is greater than zero;
· Corresponding to the value “1", a Buffer Size field is present, provided that it fits within the total size which have been granted for the transmission;
· “0" indicates that the logical channel group has no data to transmit, i.e. that the buffer size is zero.
· Corresponding to the value “0", the Buffer Size field is always absent.

If the UE has no data to report, or no need to send data, for any logical channels, the bitmap will contain only zeroes, and hence the total size of the BSR and MAC subheader will be 3 bytes. 
If we compare this with the size of a short BSR used in LTE, the proposed format will be 1 or 2 bytes larger than the current format, but the advantage with the proposed format are that 8 logical channel groups are supported, BSR values with 8-bit lengths are supported, the gNB will be informed about all logical channel groups for which the UE has data to send, and the format is unified and can be extended to include BSR data reporting for up to all 8 logical channel groups.
Moreover, this bitmap proposal comes with the extra advantage that it may carry explicit information of presence of data available and needed to transmit. This can be used generally in situations with limited radio capacity, e.g. to make the network aware of data available for transmission e.g. at a situation moving out from NR coverage and into LTE coverage. It can also be used to implement a simplified scheduler, that may just agnostically grant if any data is present for a LCG including some critical logical channel.  
Short BSR in NR
In LTE, two bits are used to indicate the LCG Id when using the short BSR format. The agreement of extending the number of LCGs up to eight will require 3 bits to uniquely identify the LCG when the short BSR format is used. The above proposals of using a bitmap will allow for sending a BSR with only one buffer size field included but with a cost of a larger size. 
To maintain the resolution of the buffer status for the short format it would be required to increase the number of bits to more than 8 bits. This would result in a minimum short BSR of 2 bytes to maintain the byte alignment and with the current LTE buffer size reporting granularity. Increasing the short BSR format in NR to two bytes would and using 8 bits for the reporting granularity, still leave 4 bits unused. These bits could e.g. be used to extend the granularity of the buffer size reporting for short BSR to allow for an optimized scheduling. 
[bookmark: _Toc485391432]Extend the short BSR to two bytes in NR 
1. Conclusion
Based on the discussion in Section 2 we propose the following:
Proposal 1	Update the BSR formats to effectively accommodate up to eight LCGs.
Proposal 2	Extend the BSR formats to accommodate 8 bits.
Proposal 3	To use a bitmap for the BSR in NR to indicate presence/absence of data in buffers.
Proposal 4	Extend the short BSR to two bytes in NR
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