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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#99 some agreements related to BSR were reached. 
Agreements
1. 3 types of BSRs including Regular BSR, Periodic BSR and Padding BSR
2. Short BSR format of one byte is supported.  Truncated BSR format of 1 byte is at least supported.  Details are FFS
3. FFS on BS size and table
4. Flexible Long BSR format will be supported.  The number of LCGs to report is decided before the PDU is constructed.  BS information is the BS status after LCP.   BS of 0 for some LCG can be reported.  
5. BSR cancelation are FFS


Considering the above agreements, this contribution addresses the FFSs for long and truncated BSR formats and how to construct the BS tables.
1. BSR formats
[bookmark: _Toc489623483]Long BSR format
We present two variants for the Long BSR format, the baseline variant, and the improved variant.
Baseline variant
Compared to LTE it is noted that 6 bits may not be sufficient 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 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. For the long BSR format, it is suggested to increase BS field to 8 bits. 
[bookmark: _Toc490215234][bookmark: _Toc490215461][bookmark: _Toc490230617][bookmark: _Toc490223932][bookmark: _Toc490230630][bookmark: _Toc492538385][bookmark: _Toc493514008][bookmark: _Toc494127703][bookmark: _Toc494286098][bookmark: _Toc494287621][bookmark: _Toc494291616][bookmark: _Toc494371321][bookmark: _Toc494371339][bookmark: _Toc494371361][bookmark: _Toc494372120][bookmark: _Toc494372138][bookmark: _Toc494394501][bookmark: _Toc490216258]The long BSR format (baseline variant) has a 1 byte BS field for each reported LCG ID.
Following the same design principles as in LTE, the long BSR format in NR would be like what is shown in Figure 3 where BS is always reported for all 8 logical channels.
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Figure 3. Long BSR format (baseline variant)
[bookmark: _Toc494127704][bookmark: _Toc494286099][bookmark: _Toc494287622][bookmark: _Toc494291617][bookmark: _Toc494371322][bookmark: _Toc494371340][bookmark: _Toc494371362][bookmark: _Toc494372121][bookmark: _Toc494372139][bookmark: _Toc494394502]The long BSR format (baseline variant) consists of one BS field for all 8 LCGs.
It is unlikely that all LCGs will be configured which means that most often the BSR introduces overhead which may become problematic.  This is addressed in the improved variant.
Improved variant
It has been agreed at RAN2#99 that NR supports a flexible long BSR format, i.e. a long BSR format with varying length. The agreement was based on the fact that the static long BSR format always comprising 8 LCGs may lead to a risk of unnecessary BSR overhead. Considering UEs may have different number of active services/LCHs, NR shall allow the number of LCGs to be configured per UE. Even for the same UE, the number of active services/LCHs may change from time to time. In this way, UEs are not required to be always configured with up to 8 LCGs. Then, a UE only report buffer status for its configured LCGs, which would be less than 8 LCGs, most of the time. The size of a long BSR may be different between UEs. Compared to the baseline variant there is no need to change the size of the BS field.
Therefore, we suggest
[bookmark: _Toc494127705][bookmark: _Toc494286100][bookmark: _Toc494287623][bookmark: _Toc494291618][bookmark: _Toc494371323][bookmark: _Toc494371341][bookmark: _Toc494371363][bookmark: _Toc494372122][bookmark: _Toc494372140][bookmark: _Toc494394503]The long BSR format (improved variant) has a 1 byte BS field for each reported LCG ID.
[bookmark: _Toc489623487][bookmark: _Toc490212006][bookmark: _Toc490213982][bookmark: _Toc490215235][bookmark: _Toc490215462][bookmark: _Toc490216259][bookmark: _Toc490223933][bookmark: _Toc490230618][bookmark: _Toc490230631][bookmark: _Toc492538386][bookmark: _Toc493514009][bookmark: _Toc494127706][bookmark: _Toc494286101][bookmark: _Toc494287624][bookmark: _Toc494291619][bookmark: _Toc494371324][bookmark: _Toc494371342][bookmark: _Toc494371364][bookmark: _Toc494372123][bookmark: _Toc494372141][bookmark: _Toc494394504]The long BSR format (improved variant) consists of one BS field per configured LCG in the MAC entity.
As the length of the improved variant varies an L-field must be added to the subheader as shown in Figure 4.
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 Figure 4. Formats of the MAC subhead and the long BSR (improved variant)
As the improved variant provides a shorter long BSR format for almost all cases (only when 8 LCGs are configured would the baseline variant be better) we think RAN2 should adopt it as the format of the long BSR.
[bookmark: _Toc494286102][bookmark: _Toc494287625][bookmark: _Toc494291620][bookmark: _Toc494371325][bookmark: _Toc494371343][bookmark: _Toc494371365][bookmark: _Toc494372126][bookmark: _Toc494372207][bookmark: _Toc494372218][bookmark: _Toc494394507]The long BSR format consists of a list of 1-byte BS fields, one per configured LCG in the MAC entity.
Truncated BSR format
In LTE, the truncated BSR carries only the BS information of the LCG with the highest priority logical channel using 1-byte short BSR format. We shall apply the same rule for NR.  
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BSR format selection 
In LTE, the below rules are defined on how to choose the BSR format:
For Regular and Periodic BSR:
-	if more than one LCG has data available for transmission in the TTI where the BSR is transmitted: report Long BSR;
-	else report Short BSR.
For Padding BSR:
-	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:
-	if more than one LCG has data available for transmission in the TTI where the BSR is transmitted: report Truncated BSR of the LCG with the highest priority logical channel with data available for transmission;
-	else report Short BSR.
-	else if the number of padding bits is equal to or larger than the size of the Long BSR plus its subheader, report Long BSR.
The principle behind this text is to limit the overhead and not unnecessarily report BS for LCGs which have no data to transmit. This is a good principle which can be kept for NR, which means the text above can be reused.
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LTE BS table design principles
[bookmark: _Toc487472297][bookmark: _Toc487472298][bookmark: _Toc487029696]The BS size levels for BSR in LTE were discussed in [1] and was proposed to compute the exponentially distributed buffer size levels. In order to do that, the following parameters need to be determined: the minimum buffer size level (Bmin), the maximum buffer size level (Bmax), and the number of reported buffer size levels (N).
Based on the parameters above, the buffer size levels are derived using the following formula [1]:
Bk = Bmin (1 - p) k    (1)
where p = ( Bmax / Bmin) 1 / (N-1) – 1   (2)
The amount of data is indicated in number of bytes. The buffer size was tailored to fit with a VoIP SID packet because it is likely to be the smallest packet for transmission in uplink. Given the AMR SID header as well as the compressed UDP/IP header, the value of 10 bytes was chosen for the minimum buffer size level, i.e., Bmin = 10 bytes. The maximum buffer size level was derived based on the uplink peak data rate and the expected response time after a buffer status report is transmitted (i.e. the time duration between a buffer status report and the corresponding uplink grant). With a maximum transport block size of 75376 bits and a response time of 2 RTTs (including transmission, processing as well as scheduling delay), the maximum buffer size level was derived as:
Bmax = (75376  16) / 8 = 150752 bytes ≈ 150 Kbyte
Given the BS field in LTE is 6 bits, assuming that the index “000000” is reserved to report an “empty buffer” then there are 26 – 1 = 63 (exponentially distributed) buffer size levels, i.e., N = 63. 
The above assumptions were captured in the basic BS size table (i.e., Table 6.1.3.1-1 in LTE MAC spec). In LTE Rel-10, an extended BS size table (i.e., with extendedBSR-Sizes) was added to support higher data rate for CA and MIMO (i.e., Table 6.1.3.1-2 in LTE MAC spec), where Bmax  was extended to fit with 4 layers UL MIMO and 5 UL CC and shown as below, 
Bmax = (75376   16  4  5) / 8 ≈ 3000 Kbytes.
NR BS table design
General aspects
For BS size table in NR, the same design principle as the formula (1) should be applied. However, the values of the parameters (i.e. Bmax, Bmin and N) may be different from that in LTE.
[bookmark: _Toc492302887][bookmark: _Toc493512617][bookmark: _Toc494371319][bookmark: _Toc494371338][bookmark: _Toc494372124][bookmark: _Toc494372142][bookmark: _Toc494394505]The design approach for LTE BS size value tables should be applied for NR.
Given VoIP services are continuously to exist in NR and the packet compression functions are largely reused at PDCP layer, it is reasonable to reuse the same minimum buffer size level, i.e., Bmin = 10 bytes for NR.
At the same time, the NR is designed to support a wide range of services which vary in the data rate range from a very low rate up to a very high rate. It is beneficial to update Bmax, and N to give an increased granularity and an enlarged rate range of the buffer sizes. Therefore, it is suggested that
[bookmark: _Toc494287915][bookmark: _Toc494371328][bookmark: _Toc494371346][bookmark: _Toc494371368][bookmark: _Toc494372129][bookmark: _Toc494372210][bookmark: _Toc494372221][bookmark: _Toc494394510]The design approach for LTE BS size value tables should be applied for NR with updated parameters (i.e. Bmax, and N) but Bmin  is set to 10 bytes, as in LTE.
[bookmark: _Toc493509157][bookmark: _Toc493509190][bookmark: _Toc493509215][bookmark: _Toc493509301][bookmark: _Toc493512056][bookmark: _Toc493512090][bookmark: _Toc493512121][bookmark: _Toc493512143][bookmark: _Toc493512153][bookmark: _Toc493512288]BS size table for long BSR
It is further noted that 6 bits may not be sufficient 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 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. For the long BSR format, it is suggested to increase BS field to 8 bits.
The two BS size value tables in LTE are applied for scenarios with and without enhanced data rates (i.e., CA and MIMO) separately. We don’t see the need to have two BS size tables for long BSR format, since most NR terminals are expected to support CA and MIMO features from the first release. 
[bookmark: _Toc494287917][bookmark: _Toc494371330][bookmark: _Toc494371348][bookmark: _Toc494371370][bookmark: _Toc494372131][bookmark: _Toc494372212][bookmark: _Toc494372223][bookmark: _Toc494394511]NR supports one BS size value table with 256 steps for long BSR format.
Similar as that in LTE, the value of Bmax is derived based on the uplink peak data rate, i.e., the maximum uplink transport block size and the expected response time after a buffer status report is transmitted (i.e. the time duration between a buffer status report and the corresponding uplink grant), the number of layers, and the number of CCs. For the response time, the 2 times of HARQ RTT was used in LTE considering the delay components such as HARQ transmission, the delay component due to dynamic scheduling (processing time, encoding and decoding of data/grant) etc. In NR, the UP processing time and scheduling time have been significant reduced by optimization, therefore, we think 1 HARQ RTT is sufficient to be considered. Given NR supports different lengths of the transmission durations, we think the largest HARQ RTT should be considered to. 
[bookmark: _Toc494287918][bookmark: _Toc494371331][bookmark: _Toc494371349][bookmark: _Toc494371371][bookmark: _Toc494372132][bookmark: _Toc494372213][bookmark: _Toc494372224][bookmark: _Toc494394512]The value of Bmax is derived based on the product of the maximum uplink transport block size, a suitable RTT value, the number of layers, and the number of CCs.
The maximum uplink transport block size is determined by RAN1, while the value of N can be determined by RAN2, since it is directly related to the BSR MAC CE formats.
[bookmark: _Toc494287919][bookmark: _Toc494371332][bookmark: _Toc494371350][bookmark: _Toc494371372][bookmark: _Toc494372125][bookmark: _Toc494372143][bookmark: _Toc494394506]RAN1 feedback determines the value of maximum uplink transport block size 
BS size table for short BSR
RAN2 has also agreed to keep 1-byte short BSR format like in LTE, for NR. In that case, the BS field is 5 bits. We think the short BSR has two options to report buffer status, concerning the BS size value table.
Option 1: create a new separate BS size value table for short BSR
Option 2: scale the base BS size value tables
The short BSR format is typically applied when there is a small uplink grant, where it is more important to give more accurate BS information to avoid padding in the MAC PDU. In other words, it is important for the BS size table to provide a finer granularity. Therefore, we think option 1 is more reasonable to choose. The scaling of the base BS size tables may lead to a risk of reduced BS value granularities and reduced BS range.
In LTE, if extendedBSR-Sizes is not configured, the values taken by the Buffer Size field are defined in Table 6.1.3.1-1 in 36.321. Based on that table, the maximum buffer size level assuming BS field is 5 bits would be 967 bytes. We can reuse this value as the maximum buffer size level for short BSR format in NR.
[bookmark: _Toc494287921][bookmark: _Toc494371334][bookmark: _Toc494371352][bookmark: _Toc494371374][bookmark: _Toc494372134][bookmark: _Toc494372215][bookmark: _Toc494372226][bookmark: _Toc494394513]NR supports one BS size value table with 32 steps for short BSR format using the value of Bmax is set as 967 bytes.
Conclusion
A text proposal covering this paper and [1] can be found in [2].
[bookmark: _Hlk494376766]We made the following observations:
Observation 1	The long BSR format (baseline variant) has a 1 byte BS field for each reported LCG ID.
Observation 2	The long BSR format (baseline variant) consists of one BS field for all 8 LCGs.
Observation 3	The long BSR format (improved variant) has a 1 byte BS field for each reported LCG ID.
Observation 4	The long BSR format (improved variant) consists of one BS field per configured LCG in the MAC entity.
Observation 5	The design approach for LTE BS size value tables should be applied for NR.
Observation 6	RAN1 feedback determines the value of maximum uplink transport block size

We propose the following:
Proposal 1	The long BSR format consists of a list of 1-byte BS fields, one per configured LCG in the MAC entity.
Proposal 2	As in LTE, the truncated BSR carries only the BS information of the LCG with the highest priority logical channel using 1-byte short BSR format.
Proposal 3	As in LTE, NR uses the same rules at in LTE on the selection of BSR format.
Proposal 4	The design approach for LTE BS size value tables should be applied for NR with updated parameters (i.e. Bmax, and N) but Bmin  is set to 10 bytes, as in LTE.
Proposal 5	NR supports one BS size value table with 256 steps for long BSR format.
Proposal 6	The value of Bmax is derived based on the product of the maximum uplink transport block size, a suitable RTT value, the number of layers, and the number of CCs.
Proposal 7	NR supports one BS size value table with 32 steps for short BSR format using the value of Bmax is set as 967 bytes.
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