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1. Introduction
RAN2 made the following agreements on Buffers Status Reporting (BSR) in RAN2#99:

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
The contribution discusses possible format of short BSR.
2. Discussion

The following figure shows the format of Short BSR MAC control element (CE) in LTE which consists of two components: a LCG ID and a "normal" Buffer Size (BS). Here the reason to use the term "normal" is that it is same as the BS field in the long BSR.
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Figure 1: Short BSR MAC CE in LTE.
Besides the agreements on BSR in clause 1 above, RAN2 also agreed to have eight LCGs which require three bits to indicate all possible LCG IDs. Even though RAN2 is still discussing the size of BS for long BSR format, let's assume we would go with 7 bits. Then, the format of Short BSR MAC CE would have the following options:

-
Option 1: Reserved + normal BS (7b)
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-
Option 2: Normal LCG id (3b) + shorten BS (5b)
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Option 1:

The motivation of short BSR is to keep the size of short BSR in one byte so that the BSR overhead for low rate with high priority service like VoIP is kept to acceptable level. One can say then there is strong need for 1-byte short BSR for only limited LCGs (not all LCGs).

Then, the option 1 would be acceptable if short BSR is used only for the configured LCG, and all other LCGs utilize long BSR. If it is too restrictive, we may consider utilizing the reserved to indicate two LCGs to allow two configured LCGs for short BSR.
Option 2:

In option 2, the size of shorten BS is 5 bit. To indicate 5 bits, RAN2 may consider defining a separate BS table for 5-bit BS, or utilizing the partial values from the BS table for normal BS (e.g. 128 values for 7-bit). The possible options are listed below:

-
Alternative 1: Using lower 32 BS values from 128 BS values of normal BS table
-
Alternative 2: Using every fourth BS value of normal BS table
-
Alternative 3: Defining a separate BS table for 5-bit BS
If we go with alternative 1, the maximum value of 5-bit BS might be too small considering log-linear step size in the BS table. Also the alternative 2 above would bring too coarse BS steps which results waste of resources. For alternative 3, we think the 5-bit itself is too small to provide useful information for lower data rate service. Analysis for all alternatives is provided in Annex B.
Hence we think Option 1 would be feasible for short BSR MAC CE.

Proposal 1: The size of BS field in Short BSR MAC CE is same as the one in long BSR MAC CE.
Proposal 2: Short BSR MAC CE is used only for the configured LCG(s).

Proposal 3: RAN2 to discuss whether multiple LCGs can be configured for short BSR MAC CE (depending on the size of the BS field in long BSR MAC CE).

Also for the truncated BSR, RAN2 may also consider having multiple format of truncated BSR as the (flexible) long BSR MAC CE can also be used for the truncated BSR. However we think, for the simple UE behaviours, we prefer to have only one format of the truncated BSR, which is short BSR MAC CE.

Proposal 4: The format of Short BSR MAC CE is used for Truncated BSR MAC CE.
Proposal 5: Adopt the text proposal in Annex.

3. Conclusion

Proposal 1: The size of BS field in Short BSR MAC CE is same as the one in long BSR MAC CE.

Proposal 2: Short BSR MAC CE is used only for the configured LCG(s).

Proposal 3: RAN2 to discuss whether multiple LCGs can be configured for short BSR MAC CE (depending on the size of the BS field in long BSR MAC CE).

Proposal 4: The format of Short BSR MAC CE is used for Truncated BSR MAC CE.
Proposal 5: Adopt the text proposal in Annex.
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Annex A: TP for TS 38.321
5.4.5
Buffer Status Reporting
The Buffer Status reporting procedure is used to provide the serving gNB with information about UL data volume in the MAC entity.
RRC configures the following parameters to control the BSR reporting:

-
periodicBSR-Timer;

-
retxBSR-Timer;

-
logicalChannelSR-ProhibitTimer;

-
logicalChannelGroup.
Each logical channel may be allocated to an LCG using the logicalChannelGroup. The MAC entity is configured with up to eight LCGs.

The MAC entity determines the amount of data available in a logical channel according to the data volume calculation procedure in TSs 38.322 and 38.323 [3] [4].

A Buffer Status Report (BSR) shall be triggered if any of the following events occur:

-
the MAC entity has new UL data for a logical channel which belongs to an LCG; and either

-
the new UL data belongs to a logical channel with higher priority than the priority of any logical channel containing UL data which belong to any LCG; or
-
none of the logical channels which belong to an LCG contains any UL data;


in which case the BSR is referred below to as 'Regular BSR';
-
UL resources are allocated and number of padding bits is equal to or larger than the size of the Buffer Status Report MAC CE plus its subheader, in which case the BSR is referred below to as 'Padding BSR';
-
retxBSR-Timer expires, and at least one of the logical channels which belong to an LCG contains UL data, in which case the BSR is referred below to as 'Regular BSR';

-
periodicBSR-Timer expires, in which case the BSR is referred below to as 'Periodic BSR'.
Editor's note: the text above can be improved considering data volume defined in RLC and PDCP.

For Regular BSR, the MAC entity shall:

1>
if the BSR is triggered for a logical channel for which logicalChannelSR-ProhibitTimer is configured by upper layers:

2>
start or restart the logicalChannelSR-ProhibitTimer;

1>
else:

2>
if running, stop the logicalChannelSR-ProhibitTimer.

For Regular and Periodic BSR, the MAC entity shall:

1>
if more than one LCG has data available for transmission in the NR-UNIT where the BSR is transmitted; or

1>
if only one LCG has data available for transmission in the NR-UNIT where the BSR is transmitted, and the LCG is not configured for the short BSR MAC CE:
2>
report Long BSR;

1>
else:

2>
report Short BSR.

For Padding BSR:


1>
if the number of padding bits is equal to or greater than 2 bytes (i.e. MAC subheader and Short BSR) but smaller than the size of the Long BSR plus its subheader (i.e. containing data volume of all the LCGs):
2>
if more than one LCG has data available for transmission in the NR-UNIT where the BSR is transmitted; or

2>
if only one LCG has data available for transmission in the NR-UNIT where the BSR is transmitted, and the LCG is not configured for the short BSR MAC CE:
3>
report Truncated BSR;
2> else:

3>
report Short BSR;
1>
else if if the number of padding bits is equal to or greater than a MAC subheader plus long BSR MAC CE containing data volume of all the LCGs:
2>
report long BSR.
The MAC entity shall:

1>
if the Buffer Status reporting procedure determines that at least one BSR has been triggered and not cancelled:

2>
if UL-SCH resources are available for a new transmission in this NR-UNIT:

Editor's note: The term NR-UNIT is used tentatively instead of TTI.

3>
instruct the Multiplexing and Assembly procedure to generate the BSR MAC CE(s);

3>
start or restart periodicBSR-Timer;

Editor's note: additional condition to not (re)start the periodic timer in LTE (i.e. truncated BSR) is not captured, and RAN2 should discuss detailed further.

3>
start or restart retxBSR-Timer.

2>
else if a Regular BSR has been triggered and logicalChannelSR-ProhibitTimer is not running:

3>
if an uplink grant is not configured (i.e. Semi-Persistent Scheduling); or
3>
if the Regular BSR was not triggered for a logical channel for which logical channel SR masking (logicalChannelSR-Mask) is setup by upper layers:

4>
trigger a Scheduling Request.

A MAC PDU shall contain at most one MAC BSR CE, even when multiple events have triggered a BSR by the time.
The MAC entity shall restart retxBSR-Timer upon reception of a grant for transmission of new data on any UL-SCH.
Editor's note: The BSR cancellation part needs to be captured.
Editor's note: Detailed operations on long and short BSR need to be captured.

Annex B: Analysis for the shortened BS field.

Alternative 1: Using lower 32 BS values from 128 BS values of normal BS table

The first 32 BSs out of 128 BSs would provide too small maximum BS if we follow the legacy convention to calculate the BS. From the table B-3 below, the index 31 is mapped to 218 bytes which seem too small.
Alternative 2: Using every even/odd BS values of normal BS table
As said in clause 2, it provides too coarse granularity. For instance, BS index 12 in Table B-2 could be interpreted as 43 < BS <= 98, and it has 55 bytes of uncertainty. If network receives BS index 12, it should allocate UL resources for 98 bytes which results ~28 bytes wastes in average. This waste seems too much compared to the reduced overhead by defining short BSR format.
Also note that the table needs to be updated for the alternative 2 because the table below indicates range (i.e. not a single value). For instance, the index 4 is currently 16 < BS <= 19, and it should be updated to 0< BS <= 19 (or just to indicate max value of the index).

Table B-2: Extended Buffer size levels for BSR (LTE)
	Index
	Buffer Size (BS) value [bytes]
	Index
	Buffer Size (BS) value [bytes]

	0
	BS = 0
	32
	4940 < BS <= 6074

	1
	0 < BS <= 10
	33
	6074 < BS <= 7469

	2
	10 < BS <= 13
	34
	7469 < BS <= 9185

	3
	13 < BS <= 16
	35
	9185 < BS <= 11294

	4
	16 < BS <= 19
	36
	11294 < BS <= 13888

	5
	19 < BS <= 23
	37
	13888 < BS <= 17077

	6
	23 < BS <= 29
	38
	17077 < BS <= 20999

	7
	29 < BS <= 35
	39
	20999 < BS <= 25822

	8
	35 < BS <= 43
	40
	25822 < BS <= 31752

	9
	43 < BS <= 53
	41
	31752 < BS <= 39045

	10
	53 < BS <= 65
	42
	39045 < BS <= 48012

	11
	65 < BS <= 80
	43
	48012 < BS <= 59039

	12
	80 < BS <= 98
	44
	59039 < BS <= 72598

	13
	98 < BS <= 120
	45
	72598 < BS <= 89272

	14
	120 < BS <= 147
	46
	89272 < BS <= 109774

	15
	147 < BS <= 181
	47
	109774 < BS <= 134986

	16
	181 < BS <= 223
	48
	134986 < BS <= 165989

	17
	223 < BS <= 274
	49
	165989 < BS <= 204111

	18
	274 < BS <= 337
	50
	204111 < BS <= 250990

	19
	337 < BS <= 414
	51
	250990 < BS <= 308634

	20
	414 < BS <= 509
	52
	308634 < BS <= 379519

	21
	509 < BS <= 625
	53
	379519 < BS <= 466683

	22
	625 < BS <= 769
	54
	466683 < BS <= 573866

	23
	769 < BS <= 945
	55
	573866 < BS <= 705666

	24
	945 < BS <= 1162
	56
	705666 < BS <= 867737

	25
	1162 < BS <= 1429
	57
	867737 < BS <= 1067031

	26
	1429 < BS <= 1757
	58
	1067031 < BS <= 1312097

	27
	1757 < BS <= 2161
	59
	1312097 < BS <= 1613447

	28
	2161 < BS <= 2657
	60
	1613447 < BS <= 1984009

	29
	2657 < BS <= 3267
	61
	1984009 < BS <= 2439678

	30
	3267 < BS <= 4017
	62
	2439678 < BS <= 3000000

	31
	4017 < BS <=4940
	63
	BS > 3000000


Alternative 3: Defining a separate BS table for 5-bit BS
The BS table for 5-bit BS may have a bit lower maximum BS, and consequently the absolute step size can be decreased a bit. However, the 5-bit itself is just too small to provide useful information for lower data rate service since it only provides ~33% of relative step size. Note that 7-bit BS field provides ~9% of relative step size. See tables B-2 and B-3.
Table B-2: Example of BS table for 5-bit BS field.
	Index
	BS
	Difference between
BS of n and BS of n-1
	Relative step size

	0
	10 
	-
	-

	1
	16 
	6 
	37.50%

	2
	23 
	7 
	30.43%

	3
	34 
	11 
	32.35%

	4
	51 
	17 
	33.33%

	5
	77 
	26 
	33.77%

	6
	115 
	38 
	33.04%

	7
	173 
	58 
	33.53%

	8
	260 
	87 
	33.46%

	9
	390 
	130 
	33.33%

	10
	585 
	195 
	33.33%

	11
	879 
	294 
	33.45%

	12
	1319 
	440 
	33.36%

	13
	1981 
	662 
	33.42%

	14
	2976 
	995 
	33.43%

	15
	4470 
	1494 
	33.42%

	16
	6713 
	2243 
	33.41%

	17
	10083 
	3370 
	33.42%

	18
	15145 
	5062 
	33.42%

	19
	22749 
	7604 
	33.43%

	20
	34169 
	11420 
	33.42%

	21
	51323 
	17154 
	33.42%

	22
	77089 
	25766 
	33.42%

	23
	115790 
	38701 
	33.42%

	24
	173921 
	58131 
	33.42%

	25
	261237 
	87316 
	33.42%

	26
	392387 
	131150 
	33.42%

	27
	589381 
	196994 
	33.42%

	28
	885274 
	295893 
	33.42%

	29
	1329716 
	444442 
	33.42%

	30
	1997285 
	667569 
	33.42%

	31
	3000000 
	1002715 
	33.42%


Table B-3: Example of BS table for 7-bit BS field.
	Index
	BS
	Difference between
BS of n and BS of n-1
	Relative step size

	0
	10 
	-
	-

	1
	12 
	2 
	16.67%

	2
	13 
	1 
	7.69%

	3
	14 
	1 
	7.14%

	4
	15 
	1 
	6.67%

	5
	17 
	2 
	11.76%

	6
	19 
	2 
	10.53%

	7
	21 
	2 
	9.52%

	8
	23 
	2 
	8.70%

	9
	25 
	2 
	8.00%

	10
	27 
	2 
	7.41%

	11
	30 
	3 
	10.00%

	12
	33 
	3 
	9.09%

	13
	37 
	4 
	10.81%

	14
	41 
	4 
	9.76%

	15
	45 
	4 
	8.89%

	16
	49 
	4 
	8.16%

	17
	55 
	6 
	10.91%

	18
	60 
	5 
	8.33%

	19
	66 
	6 
	9.09%

	20
	73 
	7 
	9.59%

	21
	81 
	8 
	9.88%

	22
	89 
	8 
	8.99%

	23
	99 
	10 
	10.10%

	24
	109 
	10 
	9.17%

	25
	120 
	11 
	9.17%

	26
	133 
	13 
	9.77%

	27
	147 
	14 
	9.52%

	28
	162 
	15 
	9.26%

	29
	179 
	17 
	9.50%

	30
	197 
	18 
	9.14%

	31
	218 
	21 
	9.63%

	32
	240 
	22 
	9.17%

	33
	265 
	25 
	9.43%

	34
	293 
	28 
	9.56%

	35
	324 
	31 
	9.57%

	36
	357 
	33 
	9.24%

	37
	395 
	38 
	9.62%

	38
	436 
	41 
	9.40%

	39
	481 
	45 
	9.36%

	40
	531 
	50 
	9.42%

	41
	587 
	56 
	9.54%

	42
	648 
	61 
	9.41%

	43
	716 
	68 
	9.50%

	44
	790 
	74 
	9.37%

	45
	873 
	83 
	9.51%

	46
	964 
	91 
	9.44%

	47
	1065 
	101 
	9.48%

	48
	1176 
	111 
	9.44%

	49
	1298 
	122 
	9.40%

	50
	1434 
	136 
	9.48%

	51
	1583 
	149 
	9.41%

	52
	1749 
	166 
	9.49%

	53
	1931 
	182 
	9.43%

	54
	2133 
	202 
	9.47%

	55
	2355 
	222 
	9.43%

	56
	2601 
	246 
	9.46%

	57
	2873 
	272 
	9.47%

	58
	3173 
	300 
	9.45%

	59
	3504 
	331 
	9.45%

	60
	3870 
	366 
	9.46%

	61
	4274 
	404 
	9.45%

	62
	4720 
	446 
	9.45%

	63
	5212 
	492 
	9.44%

	64
	5757 
	545 
	9.47%

	65
	6357 
	600 
	9.44%

	66
	7021 
	664 
	9.46%

	67
	7754 
	733 
	9.45%

	68
	8564 
	810 
	9.46%

	69
	9458 
	894 
	9.45%

	70
	10445 
	987 
	9.45%

	71
	11535 
	1090 
	9.45%

	72
	12740 
	1205 
	9.46%

	73
	14070 
	1330 
	9.45%

	74
	15538 
	1468 
	9.45%

	75
	17161 
	1623 
	9.46%

	76
	18952 
	1791 
	9.45%

	77
	20931 
	1979 
	9.45%

	78
	23116 
	2185 
	9.45%

	79
	25529 
	2413 
	9.45%

	80
	28194 
	2665 
	9.45%

	81
	31138 
	2944 
	9.45%

	82
	34389 
	3251 
	9.45%

	83
	37979 
	3590 
	9.45%

	84
	41944 
	3965 
	9.45%

	85
	46323 
	4379 
	9.45%

	86
	51159 
	4836 
	9.45%

	87
	56500 
	5341 
	9.45%

	88
	62398 
	5898 
	9.45%

	89
	68913 
	6515 
	9.45%

	90
	76107 
	7194 
	9.45%

	91
	84053 
	7946 
	9.45%

	92
	92828 
	8775 
	9.45%

	93
	102520 
	9692 
	9.45%

	94
	113223 
	10703 
	9.45%

	95
	125043 
	11820 
	9.45%

	96
	138098 
	13055 
	9.45%

	97
	152516 
	14418 
	9.45%

	98
	168438 
	15922 
	9.45%

	99
	186024 
	17586 
	9.45%

	100
	205445 
	19421 
	9.45%

	101
	226893 
	21448 
	9.45%

	102
	250581 
	23688 
	9.45%

	103
	276742 
	26161 
	9.45%

	104
	305634 
	28892 
	9.45%

	105
	337543 
	31909 
	9.45%

	106
	372783 
	35240 
	9.45%

	107
	411702 
	38919 
	9.45%

	108
	454684 
	42982 
	9.45%

	109
	502154 
	47470 
	9.45%

	110
	554579 
	52425 
	9.45%

	111
	612478 
	57899 
	9.45%

	112
	676422 
	63944 
	9.45%

	113
	747041 
	70619 
	9.45%

	114
	825033 
	77992 
	9.45%

	115
	911168 
	86135 
	9.45%

	116
	1006295 
	95127 
	9.45%

	117
	1111353 
	105058 
	9.45%

	118
	1227380 
	116027 
	9.45%

	119
	1355520 
	128140 
	9.45%

	120
	1497038 
	141518 
	9.45%

	121
	1653331 
	156293 
	9.45%

	122
	1825941 
	172610 
	9.45%

	123
	2016571 
	190630 
	9.45%

	124
	2227104 
	210533 
	9.45%

	125
	2459617 
	232513 
	9.45%

	126
	2716404 
	256787 
	9.45%

	127
	3000000
	283596 
	9.45%
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