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Introduction
At RAN2#99 bis, some agreements related to BSR were reached. 
1. For short BSR 5 bits BS is used 
1. For Long BSR 8 bits BS is used.  
1. Variable-size BSR MAC CE with a bitmap indicating the reported LCGs.  One byte bitmap is used and buffer Size of indicated-only LCG (s) is provided increasing LCG order.  LCGs with no data in the buffer before LCP do not have to be reported.  
1. As a baseline, short BSR is reported when a single LCG has data available.   
1. Truncated BSR can use the short BSR or long BSR format.  The truncated short BSR is used when only 2 byte of padding are available and truncated long BSR is used when more than 2 bytes of padding are available.    
1. For truncated BSR the LCGs are selected based highest order of priority
1. 4 LCID(s) are used to indicate short BSR, long BSR, short truncated BSR, and long truncated BSR

[bookmark: _GoBack]There is also an email discussion [99bis#39][NR UP/MAC]-BSR open issues, that has been concluded, however, there are still some open issues remaining. This paper considers the open issues from the e-mail discussion [1] and one additional critical issue. We further summarize all remaining open issues on BSR in this contribution.
Discussion
Critical issue – Selecting BSR format for padding BSR
Section 5.4.5 outlines the procedure for the BSR reporting, based on the MAC spec concluded after RAN2#99bis, i.e. version 1.1.0. It may need to be clarified with regards to which BSR format to select when transmitting a padding BSR.
For Padding BSR:
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 in the NR-UNIT where the BSR is transmitted:
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 with the logical channels having data available for transmission following a decreasing order of priority;
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.
The size of the Short BSR plus its subheader is 2 bytes. The size of the Long BSR plus its subheader is 3 + n bytes, where n is the number of LCGs with data available. The smallest Long BSR is therefore 4 bytes with one LCG having data available.
From the specification text, we can construct the following table for padding up to 5 bytes. Given the input of amount of padding (in bytes) and the number of LCGs with data available, we can establish the output as BSR format, its size and any remaining padding. All BSR sizes include subheader.
	Input
	Output

	Amount of Padding
	LCGs with data
	BSR format
	BSR Size
	Remaining Padding
	Comment

	1
	0
	No BSR
	N/A
	1
	

	1
	1 or more x
	No BSR
	N/A
	1
	

	2 
	0
	Short BSR
	2
	0
	

	2
	1
	Short BSR
	2
	0
	

	2 
	2 or more
	Short Truncated BSR
	2
	0
	

	3 or more
	0
	Long BSR
	3
	0
	

	3
	1
	Short BSR
	2
	1
	

	3
	2 or more
	Long Truncated BSR
	4 
	-1
	This is clearly erroneous. The amount of padding cannot contain a Long Truncated BSR.

	4 or more
	1
	Long BSR
	4
	0
	

	4
	2 or more
	Long Truncated BSR
	4
	0
	One LCG with highest priority are reported.

	5 or more
	2
	Long BSR
	5
	0
	 

	5
	3 or more
	Long Truncated BSR
	5
	0
	Two LCGs with highest priority are reported.


As can be seene from above, there is a problem if there are 3 bytes of padding and there are two or more LCGs with data available.
[bookmark: _Toc498436277][bookmark: _Toc498437283][bookmark: _Toc498519064][bookmark: _Toc498617335]The current specification text contains an error with respect to which BSR format to select for Padding BSR.
The correct UE action in case there are 3 bytes of padding and if there is more than one LCG with data available and a padding BSR has been triggered is to use the Short Truncated BSR format. There will be one byte of padding left. The minimum size of the Long Truncated BSR format is 4 bytes in this case, so it cannot be used.
[bookmark: _Toc498359844][bookmark: _Toc498436267][bookmark: _Toc498437010][bookmark: _Toc498519075][bookmark: _Toc498617341][bookmark: _Toc498617349][bookmark: _Toc498636966]If the MAC Entity has triggered a Padding BSR and there is 3 bytes of padding and more than one LCG with data available, the MAC entity shall transmit a Short Truncated BSR.
[bookmark: _Toc498436268][bookmark: _Toc498437011][bookmark: _Toc498519076][bookmark: _Toc498617342][bookmark: _Toc498617350][bookmark: _Toc498636967][bookmark: _Toc497817427][bookmark: _Toc498353587][bookmark: _Toc498372529]Agree on the attached TP.
Text proposal for TP 38.321
For Padding BSR:
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 in the NR-UNIT where the BSR is transmitted:
3>	if the number of padding bits is less than the size of the Long Truncated BSRequal 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 with the logical channels having data available for transmission following a decreasing order of priority;
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.
Open issue 7b – Whether each LCG shall report at most one buffer status value per TTI in case of multiple BSR MAC CEs
In LTE, the below texts have been captured regarding BSR operations.
all BSRs transmitted in a TTI always reflect the buffer status after all MAC PDUs have been built for this TTI. Each LCG shall report at the most one buffer status value per TTI and this value shall be reported in all BSRs reporting buffer status for this LCG.
For above texts, there is one question raised in the email discussion [1], that is
For NR, shall each LCG report at the most one buffer status value per TTI in case of multiple BSR MAC CEs in one TTI?
The following views from different companies have been proposed regarding this issue in [1].
1.	Different relative scheduling timings in NR for one TTI will impact the BS value in one TTI
2.	How to understand “in one TTI” or in one NR-UNIT in NR will impact the BS value in one TTI
3.	In case that only one LCG have data and there are multiple MAC PDUs in one TTI, one MAC PDU reports the short BSR as the regular BSR, another MAC PDU reports the long BSR as the padding BSR. How to guarantee at most one BSR value due to different BS granularity between long BSR and short BSR?
Based on above summary, we understand that the question is concerning multiple BSRs that are generated at the same time. With this assumption, the UE should report at most one BS value for all BSR MAC CEs, since BS values are determined after all MAC PDUs have been built, according to existing RAN2 agreements. Therefore, we think the answer to the issue is clear, we suggest reformulating the answer as the proposal below.
[bookmark: _Toc498353589][bookmark: _Toc498372531][bookmark: _Toc498436270][bookmark: _Toc498437013][bookmark: _Toc498519077][bookmark: _Toc498617343][bookmark: _Toc498617351][bookmark: _Toc498636968]Each LCG shall report at most one buffer status value in all BSRs that are generated for transmission at the same time.
Open issue 11 – Discussions on the length field
At RAN2#99bis it was agreed that the Long BSR is of variable-size. Together with earlier agreements that all variable-size MAC CEs have length fields, this cannot be considered an open issue as was concluded in the e-mail discussion. Based on previous agreements it is quite clear that the MAC subheader of the Long BSR contains a length field.
[bookmark: _Toc498519065][bookmark: _Toc498617336]Based on the agreements made the MAC subheader of the Long BSR contains a length field.
Judging from the various replies from companies in the e-mail discussion there seems to be an interest to make an exception to this rule and omit the length field from the MAC subheader of the Long BSR. The main reason for this seems to be to reduce overhead. Reducing overhead cannot be considered critical at this point in time. Nothing is broken with the current design of the Long BSR as a variable size MAC CE. 
[bookmark: _Toc498519066][bookmark: _Toc498617337]Reducing protocol overhead cannot be considered critical at this point in time.
If there is an interest to reduce overhead we think the first place to look would be the design of the MAC PDU which, compared to the LTE MAC PDU, carries more protocol overhead (one additional MAC subheader and RLC header per MAC SDU). As the MAC PDU is used in every transmission, reducing the overhead there should result in a greater overhead reduction than shaving one byte from the Long BSR which is not transmitted as often.
[bookmark: _Toc498519067][bookmark: _Toc498617338]The NR MAC PDU design carries more overhead than the LTE MAC PDU design.
The main reason the design of the NR MAC PDU was chosen was that it promises a quicker processing in the UE resulting in an overall reduction in latency. That is, we trade protocol overhead for speed. The same argument can be used for the length field. Without the length field, the gNB has to investigate the interior of the MAC CE (e.g. bitmap) in order to determine its length. It is much simpler and quicker to do the processing with a length field in a known place for all variable-size MAC CEs. 
[bookmark: _Toc498519068][bookmark: _Toc498617339]A length field in the MAC subheader of the Long BSR promises reduced processing time in the gNB.
[bookmark: _Toc498519078][bookmark: _Toc498617344][bookmark: _Toc498617352][bookmark: _Toc498636969]No need to make break agreements that the subheader of variable-size MAC CE contains a length field.
Open issue 12 – Whether the bitmap in the Long Truncated BSR indicates the LCGs that have buffer data or that are being reported
For Long Truncated BSR format, there are two options on how the bitmap indicates the LCGs:
A.	Indicates LCGs that have data available for transmission
B.	Indicates LCGs that are being reported
With Alternative A, the gNB, not only knows which LCGs report exact data volume, but also knows which LCGs have some data available in the buffer, although not knowing exact data volume for them. Alternative B gives only information on the amount of data for some of the LCGs having data available for transmission. Therefore, we prefer option A, since it is beneficial for the gNB scheduler to make better scheduling decisions.
[bookmark: _Toc498359842][bookmark: _Toc498436272][bookmark: _Toc498437015][bookmark: _Toc498519079][bookmark: _Toc498617345][bookmark: _Toc498617353][bookmark: _Toc498636970]For the Long Truncated BSR format, the bitmap of the BSR indicates which LCGs have data available.
[bookmark: _Toc497227200][bookmark: _Toc497227201]Open issue 13 – How are LCGs selected to report BSR when they have same priorities 
At RAN2 99bis, it was agreed that for truncated BSR the LCGs are selected based highest order of priority. When several LCGs contains LCH of the same priority, it is unclear how the LCG selection can be made. This issue has been discussed in the email discussion [1]. Companies have presented views on the two options as below
A. according to the LCG index (lowest index prioritized).
B. leave it up to UE implementation.
We prefer a deterministic rule, i.e. not leave it to UE implementation. A deterministic rule is necessary if A is selected for open issue 12. If B is selected for open issue 12 is not necessary and the UE can decide.
[bookmark: _Toc498359843][bookmark: _Toc498436271][bookmark: _Toc498437014][bookmark: _Toc498519081][bookmark: _Toc498617346][bookmark: _Toc498617354][bookmark: _Toc498636971]For the Long Truncated BSR format, the BS fields of each included LCG comes in descending priority order. If two LCGs have the same priority the BS field of the LCG with the lowest LCG ID is reported first.
BS size table for short BSR
Given that VoIP services will be used also 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. The values of both Bmin and Bmax have been discussed in the RAN2 email discussion #39. From the outcome [1], it is concluded that
[bookmark: _Toc498353583][bookmark: _Toc498436278][bookmark: _Toc498437284][bookmark: _Toc498519069][bookmark: _Toc498617340]The value of Bmin is set to 10 bytes for both BS tables for short BSR format and long BSR formats as in LTE
[bookmark: _Toc498353584][bookmark: _Toc498436279][bookmark: _Toc498437285]RAN1 has not yet concluded on the maximum TB size. We understand that one maximum value is 1270912 bits [2][3].
[bookmark: _Toc498519082][bookmark: _Toc498617347][bookmark: _Toc498617355][bookmark: _Toc498636972]For calculation of Bmax for the BS table for Long BSR format, assumed maximum TBS of 1270912 bits.
With respect to the BS size table for short BSR formats, 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.
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 expect the scenario where the short BSR format is applicable in NR is very much like that in LTE, e.g., the UE is in a bitrate limited scenario, where VoIP like traffic is employed. We can reuse this value as the maximum buffer size level for short BSR format in NR.
[bookmark: _Toc498353588][bookmark: _Toc498372530][bookmark: _Toc498436269][bookmark: _Toc498437012][bookmark: _Toc498519083][bookmark: _Toc498617348][bookmark: _Toc498617356][bookmark: _Toc498636973]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
In section 2 we made the following observations:
Observation 1	The current specification text contains an error with respect to which BSR format to select for Padding BSR.
Observation 2	Based on the agreements made the MAC subheader of the Long BSR contains a length field.
Observation 3	Reducing protocol overhead cannot be considered critical at this point in time.
Observation 4	The NR MAC PDU design carries more overhead than the LTE MAC PDU design.
Observation 5	A length field in the MAC subheader of the Long BSR promises reduced processing time in the gNB.
Observation 6	The value of Bmin is set to 10 bytes for both BS tables for short BSR format and long BSR formats as in LTE

Based on the discussion in section 2 we propose the following:
Proposal 1	If the MAC Entity has triggered a Padding BSR and there is 3 bytes of padding and more than one LCG with data available, the MAC entity shall transmit a Short Truncated BSR.
Proposal 2	Agree on the attached TP.
Proposal 3	Each LCG shall report at most one buffer status value in all BSRs that are generated for transmission at the same time.
Proposal 4	No need to make break agreements that the subheader of variable-size MAC CE contains a length field.
Proposal 5	For the Long Truncated BSR format, the bitmap of the BSR indicates which LCGs have data available.
Proposal 6	For the Long Truncated BSR format, the BS fields of each included LCG comes in descending priority order. If two LCGs have the same priority the BS field of the LCG with the lowest LCG ID is reported first.
Proposal 7	For calculation of Bmax for the BS table for Long BSR format, assumed maximum TBS of 1270912 bits.
Proposal 8	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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