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1 Introduction
In RAN1 NR AdHoc #2, the following agreement was reached [1]:
Agreement:
· Base graph #1 is used for the initial transmission and subsequent re-transmissions of the same TB when
· CBS > X or code rate of the initial transmission > Y
· Base graph #2 is used for the initial transmission and subsequent re-transmissions of the same TB when
· CBS <= X and code rate of the initial transmission <= Y
· Working assumption : X = 2560 and Y = 0.67
· FFS after PCM decisions if X can be extended to 3840 and/or Y can be extended to 0.75


 The values of X and Y were agreed in RAN1#90 [2]:
Agreement: 
· X=3840
· Y=0.67


In this contribution we discuss the application of BG1 and BG2 for a few special cases including small block length combined with high code rate and the VoIP service.
2 Selection for Small Block Length and High Code Rate
In this section, we consider the selection of base graph for block lengths K<512 and code rates R>2/3. Neither base graph #1 nor base graph #2 is optimized for such combinations of K and R. If these combinations are needed, the best performing non-optimized base graph should be used.
2.1 [bookmark: _Ref492899597]Performance Evaluation
We compare the performance of base graph #1 and base graph #2 for combinations of small K and high code rate R that the code was not designed for. Base graphs and shift coefficient designs are taken from [3]. For base graph #1, K<512 uses shift sizes Z<24 for which the shift coefficient designs of base graph #1 have not been optimized. On the other hand, base graph #2 has not been optimized for code rates R>2/3 and puncturing of all degree-1 variable nodes and partly puncturing of the last variable node belonging to the dual-diagonal part of the base graph may be needed to achieve code rates above 2/3. 
Figure 1 and Figure 2 show the performance comparison between base graph #1 and base graph #2 for a code rate of 3/4 and target BLER of  and , respectively. The results show that base graph #1 performs significantly worse than base graph #2 for information block lengths . On the other hand, for information block lengths , both base graphs have similar performance at BLER=  while base graph #2 shows some performance loss for some values of K at BLER=.
Observation 1 [bookmark: _Toc490074907][bookmark: _Toc490132933][bookmark: _Toc491061351][bookmark: _Toc491074594]For information block lengths  and code rate , base graph #1 performs significantly worse than base graph #2.
Observation 2 [bookmark: _Toc491074595]For information block lengths  and code rate , both base graphs have similar performance at BLER=  while base graph #2 shows some performance loss for some values of K at BLER= .

[bookmark: _Toc491074596][image: ]
[bookmark: _Ref491062043]Figure 1: SNR required to reach target BLER of  for code rate R=3/4.
[bookmark: _Toc491074597][image: ]
[bookmark: _Ref491062046]Figure 2: SNR required to reach target BLER of  for code rate R=3/4.

The exact value of K where the switching between base graph #1 and base graph #2 for high code rate should occur can be set based on the available shift sizes for which base graph #1 is defined. Table 1 shows a few shift sizes Z defined for base graph #1 which should be used for information block lengths . Since base graph #2 performs well slightly above K=300 as well, a suitable selection of switching point is K=308.
[bookmark: _Ref492898714]Table 1: Shift sizes Z and corresponding range of K
	Z
	Range of K

	13
	265-286

	14
	287-308

	15
	309-330



Based on the above results and discussion, we have the following proposal:
Proposal 1 Use base graph #1 for combinations of block lengths  and code rates .
Proposal 2 Base graph #2 may be used for block lengths  and code rates , but the scheduler should take into account that no base graph is optimized for this region of K and R and therefore allow extra link adaptation margin.
3 Base Graph Selection for VoIP
Voice over IP (VoIP) service is expected to be one of the main application cases also in NR. Possible sizes from the VoIP service include, for instance, 144, 176, 208, 224, 256 and 328 bits. The code rates used for these TBS depend on the number of PRBs that are allocated for the transmission, and the number of available REs in a PRB. The highest possible code rates for these TBS occur when only 1 PRB is allocated. The highest code rate used for each VoIP TBS in LTE is calculated and shown in the appendix. The highest code rate used is 0.68, which is used for a TBS of 328 bits. All code rates used with smaller TBs are significantly lower.
Assuming that TBS and code rates needed for VoIP in NR are similar to the TBS and code rates used for VoIP in LTE, we can conclude that no special base graph selection procedure is needed for typical VoIP transmissions. As suggested in Proposal 1, base graph #1 should be used for this combination of code rate and block length. For shorter block lengths (144, 176, 208, 224, and 256 bits), code rates <= 0.356 is used. For such combinations base graph #2 shows good performance.
Proposal 3 [bookmark: _Hlk492944696]VoIP TBS and code rates are covered appropriately by the current base graph selection rules and no special treatment is necessary.
4 Conclusions
In this contribution we made the following observations:
Observation 1 [bookmark: _GoBack]For information block lengths  and code rate , base graph #1 performs significantly worse than base graph #2.
Observation 2 For information block lengths  and code rate , both base graphs have similar performance at BLER=  while base graph #2 shows some performance loss for some values of K at BLER= .
Based on the discussion in this contribution we propose the following:
1. Use base graph #1 for combinations of block lengths  and code rates .
1. Base graph #2 may be used for block lengths  and code rates , but the scheduler should take into account that no base graph is optimized for this region of K and R and therefore allow extra link adaptation margin.
1. VoIP TBS and code rates are covered appropriately by the current base graph selection rules and no special treatment is necessary.
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6 Appendix
The MCS table and TBS table defined for LTE DL are shown below. The highlighted entries in the tables correspond to the typical VoIP TBS. The highest code rates for the VoIP TBS used in LTE (mapped to 1 PRB) are given in Table 2.
[bookmark: _Ref492935827]Table 2: Mapping between VoIP TBS and highest code rate used in LTE
	TBS
	Code rate

	144
	0.2

	176
	0.244

	208
	0.289

	224
	0.311

	256
	0.356

	328
	0.683




	MCS
	Modulation
	Code rate × 1024
	Spectral efficiency

	0
	2
	120
	0.2344

	1
	2
	193
	0.3770

	2
	2
	308
	0.6016

	3
	2
	449
	0.8770

	4
	2
	602
	1.1758

	5
	4
	378
	1.4766

	6
	4
	434
	1.6953

	7
	4
	490
	1.9141

	8
	4
	553
	2.1602

	9
	4
	616
	2.4063

	10
	4
	658
	2.5703

	11
	6
	466
	2.7305

	12
	6
	517
	3.0293

	13
	6
	567
	3.3223

	14
	6
	616
	3.6094

	15
	6
	666
	3.9023

	16
	6
	719
	4.2129

	17
	6
	772
	4.5234

	18
	6
	822
	4.8164

	19
	6
	873
	5.1152

	20
	8
	682.5
	5.3320

	21
	8
	711
	5.5547

	22
	8
	754
	5.8906

	23
	8
	797
	6.2266

	24
	8
	841
	6.5703

	25
	8
	885
	6.9141

	26
	8
	916.5
	7.1602

	27
	8
	948
	7.4063

	28
	2
	reserved
	reserved

	29
	4
	
	

	30
	6
	
	

	31
	8
	
	




	
MCS Index

	
Modulation Order

	
Modulation Order

	
TBS Index


	0
	2
	2
	0

	1
	2
	2
	1

	2
	2
	2
	2

	3
	2
	2
	3

	4
	2
	2
	4

	5
	2
	4
	5

	6
	2
	4
	6

	7
	2
	4
	7

	8
	2
	4
	8

	9
	2
	4
	9

	10
	4
	6
	9

	11
	4
	6
	10

	12
	4
	6
	11

	13
	4
	6
	12

	14
	4
	6
	13

	15
	4
	6
	14

	16
	4
	6
	15

	17
	6
	6
	15

	18
	6
	6
	16

	19
	6
	6
	17

	20
	6
	6
	18

	21
	6
	6
	19

	22
	6
	6
	20

	23
	6
	6
	21

	24
	6
	6
	22

	25
	6
	6
	23

	26
	6
	6
	24

	27
	6
	6
	25

	28
	6
	6
	26/26A

	29
	2
	2
	reserved

	30
	4
	4
	

	31
	6
	6
	




	

	


	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0
	16
	32
	56
	88
	120
	152
	176
	208
	224
	256

	1
	24
	56
	88
	144
	176
	208
	224
	256
	328
	344

	2
	32
	72
	144
	176
	208
	256
	296
	328
	376
	424

	3
	40
	104
	176
	208
	256
	328
	392
	440
	504
	568

	4
	56
	120
	208
	256
	328
	408
	488
	552
	632
	696

	5
	72
	144
	224
	328
	424
	504
	600
	680
	776
	872

	6
	328
	176
	256
	392
	504
	600
	712
	808
	936
	1032

	7
	104
	224
	328
	472
	584
	712
	840
	968
	1096
	1224

	8
	120
	256
	392
	536
	680
	808
	968
	1096
	1256
	1384

	9
	136
	296
	456
	616
	776
	936
	1096
	1256
	1416
	1544

	10
	144
	328
	504
	680
	872
	1032
	1224
	1384
	1544
	1736

	11
	176
	376
	584
	776
	1000
	1192
	1384
	1608
	1800
	2024

	12
	208
	440
	680
	904
	1128
	1352
	1608
	1800
	2024
	2280

	13
	224
	488
	744
	1000
	1256
	1544
	1800
	2024
	2280
	2536

	14
	256
	552
	840
	1128
	1416
	1736
	1992
	2280
	2600
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2152
	2472
	2728
	3112

	16
	328
	632
	968
	1288
	1608
	1928
	2280
	2600
	2984
	3240

	17
	336
	696
	1064
	1416
	1800
	2152
	2536
	2856
	3240
	3624

	18
	376
	776
	1160
	1544
	1992
	2344
	2792
	3112
	3624
	4008

	19
	408
	840
	1288
	1736
	2152
	2600
	2984
	3496
	3880
	4264

	20
	440
	904
	1384
	1864
	2344
	2792
	3240
	3752
	4136
	4584

	21
	488
	1000
	1480
	1992
	2472
	2984
	3496
	4008
	4584
	4968

	22
	520
	1064
	1608
	2152
	2664
	3240
	3752
	4264
	4776
	5352

	23
	552
	1128
	1736
	2280
	2856
	3496
	4008
	4584
	5160
	5736

	24
	584
	1192
	1800
	2408
	2984
	3624
	4264
	4968
	5544
	5992

	25
	616
	1256
	1864
	2536
	3112
	3752
	4392
	5160
	5736
	6200

	26
	712
	1480
	2216
	2984
	3752
	4392
	5160
	5992
	6712
	7480

	26A
	632
	1288
	1928
	2600
	3240
	3880
	4584
	5160
	5992
	6456




Even though combinations of K<512 and R>2/3 have rarely been used for LTE, the use of mini-slots in NR may imply that high code rates are desired also for short block lengths. It is also important to optimize the base graph selection for these cases to ensure that NR is future proof and not only optimized for the block lengths and code rates that we currently foresee. We therefore propose that the base graph with the best performance for a certain range of K and certain code rates is selected. For small block lengths this implies that base graph #1 should be used for combinations with  and code rate  , while base graph #2 is to be used for all , independent of code rate.
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