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1	Introduction
The following agreement was made in RAN2 #121 [1]:
	New BSR tables are fixed (=specified) or semi-static (RRC-based). FFS how many BSR tables are defined.



This contribution gives more details on the BSR tables and delay information report for XR.
2	Discussion
2.1	New BS Table(s)
One way to evaluate the quantization errors of the BS tables is to define a quantization error metric representing the actual packet size versus the packet size reported to the network.

In an ideal case the reported packet size would be identical to the actual packet size. Yet the packet size must be reported with either Table 6.1.3.1-1 for a 5 bit BSR or Table 6.1.3.1-2 for 8 bit BSR from TS 38.321. Innevitably, this leads to quantization errors -  we ask more from the network than what we actually need. For some total number of packets N, the total quantization error can be defined in percent as:

An example of the quantization error for a 5-bit BSR table is depicted in Figure 1, where it reaches approximately . On the figure, the X axis shows the packet sizes for a truncated gaussian traffic model as per TR 38.838 with 10 Mbps mean data rate. The blue circles indicate the table entries in Table 6.1.3.1-1 for a 5 bit BSR reporting from TS 38.321. The 5 bit table corresponds to 32 possible values but due to its exponential nature most table entries are not used by the XR traffic and cropped out from Figure 1. The left hand Y axis corresponds to the black solid line plotting the probability density function (PDF) of the traffic model. The shaded regions between two blue points (bins) is the integrated probablity of a packet falling is that table range. This means that most of the XR packets fall in just two table bins. The right hand Y axis corresponds to the cumulative quantization error per bin, which  is shown with the red crosses. Each red cross is aligned to the right hand side of the bin range.
Figure 2 shows the utilization of the 8 bit BSR table (Table 6.1.3.1-2)  in TS 38.321 with the same interpretation as above. The total quantization error is .
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[bookmark: _Ref117839123]Figure 1 – 5-bit BSR table utilization from TS 38.321
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[bookmark: _Ref117840578]Figure 2 – 8-bit BSR table utilization from TS 38.321
It should be noted that no matter the mean data rate, these statistics hold true.
To reduce the quantization errors for XR traffic:
1)	it should be possible to report the long BSR even when only one bearer has data buffered; and
2)	new BS table(s) should be introduced
On how to define the new tables, the main solutions discussed in the previous RAN2 meeting were 1) to have a number of pre-defined tables and RRC configure the table index to indicate which one to be used, or 2) RRC configures parameters, e.g., the range for the table for the UE to calculate the table to be used. 
Pre-defined tables are simple from implementation point of view, but it can only support a small number of tables, thus might not be optimal considering the variable data and frame rates for XR service. 
In our previous proposals [2], we considered the generation of tables based on RRC configuration such that the gNB and the UE can adapt them to the changing traffic conditions. We emphasize that these tables are not generated on an often basis (i.e., at each BSR transmission). These proposals raised concerns within previous RAN2 meetings since companies pointed out UE’s complexity. However, it should be noted that these tables could be generated offline and stored without any online processing. Additionally, it should be mentioned that the UE’s implementation could generate all the tables offline, which is a one-time process, and use the corresponding table according to the configuration. 
Concerning the type of distribution to be used to generate the table, truncated gaussian distribution has been assumed in the RAN1 simulations and might match best with the XR traffics. However, it might be complex to specify the formula. Thus, uniform distribution was proposed by most of the companies. If truncated gaussian distribution is preferred to better match the traffic distribution, one possibility could be to introduce a reference table with truncated gaussian distribution (e.g. based on 1Mbps and 60fps traffic), and rely on RRC to configure a scaling factor based on the actual data rate and traffic pattern.
An example of a reference table is presented in Table 1 below. This table is generated using the properties of a truncated gaussian distribution for XR traffic described in TR 38.838. The assumed data and video frame rate is 1 Mbps and 60 fps, respectively.
Table 1 – XR BS reference table for 8-bit long format based on truncated gaussian traffic distribution, 1 Mbps mean data rate and 60 frames per seconds. Index 255 can be left reserved as in 6.1.3.1-2
	Index
	BS value
	Index
	BS value
	Index
	BS value
	Index
	BS value

	0
	1042
	64
	≤ 1936
	128
	≤ 2084
	192
	≤ 2233

	1
	≤ 1502
	65
	≤ 1939
	129
	≤ 2087
	193
	≤ 2236

	2
	≤ 1555
	66
	≤ 1942
	130
	≤ 2089
	194
	≤ 2238

	3
	≤ 1588
	67
	≤ 1944
	131
	≤ 2091
	195
	≤ 2241

	4
	≤ 1613
	68
	≤ 1947
	132
	≤ 2093
	196
	≤ 2244

	5
	≤ 1632
	69
	≤ 1950
	133
	≤ 2095
	197
	≤ 2247

	6
	≤ 1649
	70
	≤ 1952
	134
	≤ 2097
	198
	≤ 2250

	7
	≤ 1663
	71
	≤ 1955
	135
	≤ 2099
	199
	≤ 2253

	8
	≤ 1676
	72
	≤ 1957
	136
	≤ 2102
	200
	≤ 2255

	9
	≤ 1688
	73
	≤ 1960
	137
	≤ 2104
	201
	≤ 2258

	10
	≤ 1698
	74
	≤ 1962
	138
	≤ 2106
	202
	≤ 2261

	11
	≤ 1708
	75
	≤ 1965
	139
	≤ 2108
	203
	≤ 2264

	12
	≤ 1717
	76
	≤ 1967
	140
	≤ 2110
	204
	≤ 2267

	13
	≤ 1726
	77
	≤ 1970
	141
	≤ 2112
	205
	≤ 2271

	14
	≤ 1734
	78
	≤ 1972
	142
	≤ 2115
	206
	≤ 2274

	15
	≤ 1741
	79
	≤ 1975
	143
	≤ 2117
	207
	≤ 2277

	16
	≤ 1748
	80
	≤ 1977
	144
	≤ 2119
	208
	≤ 2280

	17
	≤ 1755
	81
	≤ 1980
	145
	≤ 2121
	209
	≤ 2283

	18
	≤ 1761
	82
	≤ 1982
	146
	≤ 2123
	210
	≤ 2287

	19
	≤ 1768
	83
	≤ 1984
	147
	≤ 2126
	211
	≤ 2290

	20
	≤ 1774
	84
	≤ 1987
	148
	≤ 2128
	212
	≤ 2293

	21
	≤ 1779
	85
	≤ 1989
	149
	≤ 2130
	213
	≤ 2297

	22
	≤ 1785
	86
	≤ 1991
	150
	≤ 2132
	214
	≤ 2300

	23
	≤ 1790
	87
	≤ 1994
	151
	≤ 2134
	215
	≤ 2304

	24
	≤ 1795
	88
	≤ 1996
	152
	≤ 2137
	216
	≤ 2307

	25
	≤ 1801
	89
	≤ 1998
	153
	≤ 2139
	217
	≤ 2311

	26
	≤ 1805
	90
	≤ 2001
	154
	≤ 2141
	218
	≤ 2315

	27
	≤ 1810
	91
	≤ 2003
	155
	≤ 2143
	219
	≤ 2318

	28
	≤ 1815
	92
	≤ 2005
	156
	≤ 2145
	220
	≤ 2322

	29
	≤ 1819
	93
	≤ 2008
	157
	≤ 2148
	221
	≤ 2326

	30
	≤ 1824
	94
	≤ 2010
	158
	≤ 2150
	222
	≤ 2330

	31
	≤ 1828
	95
	≤ 2012
	159
	≤ 2152
	223
	≤ 2334

	32
	≤ 1832
	96
	≤ 2014
	160
	≤ 2154
	224
	≤ 2339

	33
	≤ 1836
	97
	≤ 2017
	161
	≤ 2157
	225
	≤ 2343

	34
	≤ 1840
	98
	≤ 2019
	162
	≤ 2159
	226
	≤ 2347

	35
	≤ 1844
	99
	≤ 2021
	163
	≤ 2161
	227
	≤ 2352

	36
	≤ 1848
	100
	≤ 2023
	164
	≤ 2164
	228
	≤ 2356

	37
	≤ 1852
	101
	≤ 2026
	165
	≤ 2166
	229
	≤ 2361

	38
	≤ 1856
	102
	≤ 2028
	166
	≤ 2168
	230
	≤ 2366

	39
	≤ 1859
	103
	≤ 2030
	167
	≤ 2171
	231
	≤ 2371

	40
	≤ 1863
	104
	≤ 2032
	168
	≤ 2173
	232
	≤ 2376

	41
	≤ 1867
	105
	≤ 2035
	169
	≤ 2175
	233
	≤ 2382

	42
	≤ 1870
	106
	≤ 2037
	170
	≤ 2178
	234
	≤ 2387

	43
	≤ 1873
	107
	≤ 2039
	171
	≤ 2180
	235
	≤ 2393

	44
	≤ 1877
	108
	≤ 2041
	172
	≤ 2182
	236
	≤ 2399

	45
	≤ 1880
	109
	≤ 2043
	173
	≤ 2185
	237
	≤ 2405

	46
	≤ 1883
	110
	≤ 2046
	174
	≤ 2187
	238
	≤ 2412

	47
	≤ 1887
	111
	≤ 2048
	175
	≤ 2189
	239
	≤ 2418

	48
	≤ 1890
	112
	≤ 2050
	176
	≤ 2192
	240
	≤ 2426

	49
	≤ 1893
	113
	≤ 2052
	177
	≤ 2194
	241
	≤ 2433

	50
	≤ 1896
	114
	≤ 2054
	178
	≤ 2197
	242
	≤ 2441

	51
	≤ 1899
	115
	≤ 2056
	179
	≤ 2199
	243
	≤ 2450

	52
	≤ 1902
	116
	≤ 2059
	180
	≤ 2202
	244
	≤ 2459

	53
	≤ 1905
	117
	≤ 2061
	181
	≤ 2204
	245
	≤ 2468

	54
	≤ 1908
	118
	≤ 2063
	182
	≤ 2207
	246
	≤ 2479

	55
	≤ 1911
	119
	≤ 2065
	183
	≤ 2209
	247
	≤ 2490

	56
	≤ 1914
	120
	≤ 2067
	184
	≤ 2212
	248
	≤ 2503

	57
	≤ 1917
	121
	≤ 2069
	185
	≤ 2214
	249
	≤ 2518

	58
	≤ 1920
	122
	≤ 2072
	186
	≤ 2217
	250
	≤ 2534

	59
	≤ 1923
	123
	≤ 2074
	187
	≤ 2220
	251
	≤ 2554

	60
	≤ 1926
	124
	≤ 2076
	188
	≤ 2222
	252
	≤ 2579

	61
	≤ 1928
	125
	≤ 2078
	189
	≤ 2225
	253
	≤ 2612

	62
	≤ 1931
	126
	≤ 2080
	190
	≤ 2228
	254
	≤ 2665

	63
	≤ 1934
	127
	≤ 2082
	191
	≤ 2230
	255
	≤ 3125



The reference table can be used to scale up to any data and frame rate by performing an adjustment with an offset signaled by the gNB: 

where  and correspond to the adjusted BS value in the reference table and the reference BS value at index i (e.g.,  for 8-bit). The  is the scaling factor configured to the UE, but transparent on how it is decided since it is determined by the gNB. Besides, it should be possible to use the 8 bits table even if there is only one LCG with data available for transmission to ensure finer granularity.
Proposal 1: define a new reference XR BS table in MAC based reference values for video and frame rates, and apply RRC configured scaling factor on top for different data and frame rates. 
Proposal 2: the scaling factor with the new reference table could be configured per LCG; otherwise if not configured, the LCG uses legacy table.
Proposal 3: the new 8-bit BS reference table can be used even if there is only one LCG with data available for transmission.
2.2	Co-existence of the new table and the legacy table
Since there could also be other traffic other than the video traffic, e.g., voice, pose, RRC signaling etc., legacy tables are still to be used for those LCH/LCGs. Besides, when the remaining data of the video traffic becomes out of range of the new table, it makes sense to fallback to legacy table to provide enough information for lower range BS values.
Proposal 4: when the remaining data for the LCG configured with new table falls out of the range of the new table, it falls back to use legacy BSR table, i.e., a LCG configured to use new table can be reported in legacy MAC CE as well.
Proposal 5: the MAC CE with new BSR table and the legacy BSR table are identified with different LCIDs, thus the NW knows reported LCGs used legacy table or the new table without other explicit indication.
2.3	Delay Information
In the RAN2 #120 meeting, the following were agreed on delay information: 
	RAN2 will introduce data volume information associated with delay information (e.g., remaining time) in a MAC CE. FFS if this is extension of BSR or new format. FFS how to do that (e.g., what exactly is reported) and how to ensure this information is up-to-date e.g., considering UL scheduling delay.



This delay information, defined as “remaining time” is the result of the difference between the PDB or PSDB and the time data has been in the buffer (i.e., buffering time). Per DRB, UEs signal it to the network to enable it to learn about the UL traffic timing patterns and accordingly schedule/configure resource allocations for its UEs in coherence with latency constraints. In case a DRB includes PDUs with or without PDU set that have arrived at different times, UEs could use the longest buffering time to calculate the remaining time. The latter also applies in case PDU sets are used to transmit data. 
Proposal 6: Define new BSR format to report remaining time information per LCG.
Proposal 7: the shortest remaining time of data buffered is reported as the remaining time for the LCG.
Proposal 8: both independent PDUs or PDUs conforming a PDU set are supported.
3	Conclusion
This contribution has reviewed possible new BSR tables for XR and has proposed the following: 
Proposal 1: define a new reference XR BS table in MAC based reference values for video and frame rates, and apply RRC configured scaling factor on top for different data and frame rates. 
Proposal 2: the scaling factor with the new reference table could be configured per LCG; otherwise if not configured, the LCG uses legacy table.
Proposal 3: the new 8-bit BS reference table can be used even if there is only one LCG with data available for transmission.
Proposal 4: when the remaining data for the LCG configured with new table falls out of the range of the new table, it falls back to use legacy BSR table, i.e., a LCG configured to use new table can be reported in legacy MAC CE as well.
Proposal 5: the MAC CE with new BSR table and the legacy BSR table are identified with different LCIDs, thus the NW knows reported LCGs used legacy table or the new table without other explicit indication.
Proposal 6: Define new BSR format to report remaining time information per LCG.
Proposal 7: the shortest remaining time of data buffered is reported as the remaining time for the LCG.
Proposal 8: both independent PDUs or PDUs conforming a PDU set are supported.
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