3GPP TSG RAN WG1 Meeting #92			                                                      R1-1802067
Athens, Greece, February 26th – March 2nd, 2018 

Source:              ZTE, Sanechips
Title:                  On TBS determination procedure 
Agenda Item:    7.1.3.3.1
Document for:   Discussion and Decision
[bookmark: _GoBack]
[bookmark: DocumentFor]1	Introduction
During the AH 1801 meeting, the method of transport block size (TBS) determination has been revised [1]. The following is TBS determination procedure extracted from Section 5.1.3.2 in [2]:
1)  The UE shall first determine the number of REs (NRE)  within the slot. 






[bookmark: OLE_LINK2][bookmark: OLE_LINK25][bookmark: _Hlk500489688][bookmark: OLE_LINK8]-	A UE first determines the number of REs allocated for PDSCH within a PRB () by , where is the number of subcarriers in a physical resource block,  is the number of symbols of the PDSCH allocation within the slot,  is the number of REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM groups indicated by DCI format 1_0/1_1, and  is the overhead configured by higher layer parameter Xoh-PDSCH. If the Xoh-PDSCH is not configured (a value from 0, 6, 12, or 18), the Xoh-PDSCH is set to 0. 


[bookmark: OLE_LINK19]-	A UE determines the total number of REs allocated for PDSCH () by , where nPRB is the total number of allocated PRBs for the UE.

2)  Intermediate number of information bits (Ninfo) is obtained by .

If 
Use step 3 as the next step of the TBS determination
else
Use step 4 as the next step of the TBS determination
end

3)  When , TBS is determined as follows


-	quantized intermediate number of information bits , where .

-	use Table 5.1.3.2-2 find the closest TBS that is not less than .

4)  When , TBS is determined as follows.


-	quantized intermediate number of information bits , where and ties in the round function are broken towards the next largest integer.

-	if 


, where 
else

if 


 where 
else


end
end
In this contribution, we provide simulation results of the performance for TBS determination procedure in [2] and present our views on TBS determination in NR.
2	Simulation Parameters





[bookmark: OLE_LINK22][bookmark: OLE_LINK3]To validate the TBS determination method, we traverse all the possible conditions including all the available REs within a PRB, all the number of PRBs, all MCS tables and all the number of mapping layers. From the TBS determination steps introduced in [2], we can see that among all the parameters, only the values of  are determined by multiple configurations. In order to obtain all the available values of  for PDSCH, we refer to section 7.4.1.1.2 in TS 38.211 [3] and section 7.3.1.2.2 in TS 38.212 [4]. Then we assume all the available configuration parameters according to Table 7.4.1.1.2-1~-5 in [3] and Table 7.3.1.2.2-1~-4 in [4] and all the available values of  for PDSCH are shown in Table 1. For  from 3 to 14, the available REs within a PRB quantized by the step 1) of TBS determination are obtained as shown in Table 2 according to the values of  in Table 1 and the other relative parameters in Table 2. 

[bookmark: OLE_LINK4][bookmark: OLE_LINK26][bookmark: OLE_LINK27]Table 1 The available values of  for PDSCH
	[bookmark: OLE_LINK6][bookmark: OLE_LINK7]OFDM Symbols per slot


	the time-domain index


	the available number of REs for DMRS per PRB



	2~6,8
	0
(single-symbol DMRS)
	[bookmark: OLE_LINK5]4, 6, 8, 12

	
	0,1
(double-symbol DMRS)
	8, 12, 16, 24

	7,9
	0
(single-symbol DMRS)
	4, 6, 8, 12, 16, 24

	
	0,1
(double-symbol DMRS)
	8, 12, 16, 24

	10~14
	In addition to the above values

	
	0
(single-symbol DMRS)
	18, 36

	
	0,1
(double-symbol DMRS)
	32, 48


Table 2 Simulation parameters for PDSCH
	Parameters
	Values

	The number of PRB(nPRB)
	1~273 in NR; 1~110 in LTE.

	The number of mapping layers(v)
	1~4

	
The number of symbols within a slot()
	3~14

	
The overhead configured by Xoh-PDSCH()
	{0,6,12,18}

	[bookmark: OLE_LINK17]The number of REs within a PRB(N’RE) 
	{6,8,12,16,18,20,24,28,30,32,36,40,42,44,48,52,54,56,60,64,66,68,70,72,76,78,80,82,84,88,90,92,94,96,100,102,104,106,108,112,114,116,118,120,124,126,128,130,132,136,138,140,144,148,150,152,156} in NR;
136 in LTE.

	MCS Tables
	Table 5.1.3.1-2: MCS index table 2 for PDSCH in [2];
Table 5.1.3.1-1: MCS index table 1 for PDSCH in [2].

	The CRC bits of transport block(LTB_CRC)
	if TBS> 3824, LTB_CRC =16bits; else LTB_CRC = 24bits in NR;
LTB_CRC = 24bits in LTE.


3	Effective Code Rate
[bookmark: OLE_LINK9][bookmark: OLE_LINK28]In NR, TBSs are determined by look-up table, formula and Ninfo which is obtained by the product of the total number of REs (NRE), the number of mapping layers (v), the modulation order (Qm) and code rate (R) determined by MCS index(IMCS) and MCS table for PDSCH. Assuming the code rate in MCS table as target code rate, we define the effective code rate as the following:
effective code rate = (TBS+LTB_CRC)/(NRE * v * Qm),
[bookmark: OLE_LINK10][bookmark: OLE_LINK23]that is the information bits (namely, the sum of TBS and CRC bits) divided by the number of physical channel bits on PDSCH (namely, the product of N’RE , v and Qm). Obviously, the effective code rate would not be equal to the target code rate because of the difference between the final TBS and Ninfo.
As in section 5.1.3 in [2], UE may skip decoding a transport block in an initial transmission if the effective channel code rate is higher than 0.95. Therefore, if the difference between TBS and Ninfo is slightly large, the effective code rate may be larger than 0.95. As a consequence, the throughput will be degraded. So the effective code rate is an important evaluation parameter for TBS determination procedure. In this section, we evaluate the performance of effective code rate for TBS determination method in [2] based on the simulation parameters shown in Table 2 and analyze the simulation results compared with that of TBS in LTE in TS 36.213.
[bookmark: OLE_LINK37]We plot the effective code rates for all the scheduling combinations of {nPRB, N’RE} for the last three MCS indices of 64QAM MCS table from Figure 1 to Figure 3; and for 256QAM MCS table from Figure 4 to Figure 6 based on Nlayer =1. All the other simulation parameters as in Table 2. 
[image: 64QAMIMCS=26]
[bookmark: OLE_LINK38]Figure 1 the effective code rate for all {N’RE , nPRB} with 64QAM MCS table index=26, R= 0.8525 and Nlayer = 1
[image: 64QAMIMCS=27]
Figure 2 the effective code rate for all {N’RE , nPRB} with 64QAM MCS table index=27, R= 0. 8887 and Nlayer = 1
[image: 64QAMIMCS=28]
Figure 3 the effective code rate for all {N’RE , nPRB} with 64QAM MCS table index=28, R= 0.9258 and Nlayer = 1
[image: 256QAMIMCS=25]
Figure 4 the effective code rate for all {N’RE , nPRB} with 256QAM MCS table index=25, R= 0.8643 and Nlayer = 1
[image: 256QAMIMCS=26]
Figure 5 the effective code rate for all {N’RE , nPRB} with 256QAM MCS table index=26, R= 0.8950 and Nlayer = 1
[image: 256QAMIMCS=27]
[bookmark: OLE_LINK13]Figure 6 the effective code rate for all {N’RE , nPRB} with 256QAM MCS table index=27, R= 0.9258 and Nlayer = 1
From Figure 1 to Figure 6, we can see that the scheduling combinations with effective code rate > 0.95 are mainly associated with the highest MCS index. It is observed that the combinations of {N’RE , nPRB} with effective code rate >0.95 are mostly caused by extremely small nPRB and/or small N’RE. It is clear that such {N’RE , nPRB} combinations may not be of typical use. 
[bookmark: OLE_LINK39][bookmark: OLE_LINK16]Observation 1: the scheduling combinations with effective code rate > 0.95 are mainly associated with the highest MCS index in MCS tables, and with extreme small nPRB and/or small N’RE. 
Note that some of those small {N’RE, nPRB} combinations represent the resource allocation which lead to Ninfo < minimum TBS + LTB_CRC, namely, the resources allocation cannot even support the smallest TBS=24 with TB-CRC. So the threshold of available NRE is defined as 
NRE = (N’RE * nPRB ) ≤ 40 / (R *v * Qm) ,
where 40 is the sum of TBS =24 and LTB_CRC =16, R and Qm are the target code rate and modulation order of a certain MCS index in MCS table, v is the number of mapping layers. All the following simulation results are based on the {N’RE, nPRB} combinations which are greater than the above threshold.
Figure 7 shows the total number of different combinations of {N’RE , nPRB} with the corresponding effective code rates >0.95 for each MCS index. 
[bookmark: OLE_LINK29][image: ][image: ]
Figure 7 the number of combinations of PRB and N’RE for each MCS index with effective code rate >0.95
Again, it is observed that the effective code rates > 0.95 are mostly associated with the highest MCS index in MCS tables with Nlayer =1 when the corresponding target code rate = 0.9258. It is also observed that, there is no resource allocation causing the effective code rates > 0.95 when the target code rate <2/3, or even <=4/5. Note that, the smaller TBSs such as TBS≤3824 are usually used for the scenario with or without LDPC BG2 segmentation with target code rate <2/3 where six or eleven available MCS indices in 64QAM MCS table and 256QAM MCS table respectively. Table 3 summarize the ratio of {MCS, N’RE, nPRB} scheduling combinations with effective code rate > 0.95.
[bookmark: OLE_LINK31]Table 3 the ratio of N{MCS, N’RE, nPRB} with effective code rate >0.95
	MCS table
	the number of combinations with effective code rate >0.95 
(N{MCS index, nPRB, N’RE})
	N{MCS index, nPRB, N’RE} / total PRB*total N’RE*NMCS_index

	
	layer=1
	layer=2
	layer=3
	layer=4
	layer=1
	layer=2
	layer=3
	layer=4

	64QAM MCS table
	332
	119
	70
	34
	7/10000
	2/10000
	1/10000
	7/100000

	256QAM MCS table
	212
	70
	36
	19
	4/10000
	1/10000
	8/100000
	4/100000

	R≤4/5 in 
64QAM MCS table
	0
	0
	0
	0
	0
	0
	0
	0

	R≤4/5 in
256QAM MCS table
	1
	0
	0
	0
	<10-5
	0
	0
	0


From Table 3, we can see that the ratio of {MCS, N’RE, nPRB} scheduling combinations for 64QAM MCS table and 256QAM MCS table are all less than 7/10000. Moreover, the ratio of {MCS, N’RE, nPRB} scheduling combinations for MCS indices in MCS table when the target code rate R≤4/5 are 0. It is clear that all of the small TBSs (<= 3824) are available for all kinds of PRB, NRE and MCS indices with R ≤4/5, and the occurrence of resource allocation causing the effective code rate >0.95 is very few when R > 4/5. Moreover, UE can skip decoding a transport block in an initial transmission if the effective channel code rate is higher than 0.95 as mentioned in [2]. In other words, the effective code rate >0.95 would not affect the normal operation very much.
Observation 2: There is no resource allocation causing the effective code rates > 0.95 when the target code rate <=4/5, directly corresponding to the common scenario of R<2/3 for the smaller TBSs <= 3824 with LDPC BG2. 
Observation 3: The ratio of {MCS, N’RE, nPRB} scheduling combinations with the effective code rates > 0.95 for 64QAM MCS table and 256QAM MCS table are all less than 7/10000. 
[bookmark: OLE_LINK42]Furthermore, we also find some cases of the effective code rate >0.93 in LTE. For instance, as mentioned in [6], the reference number of REs per PRB for the end TBS index of TBS table corresponding to the MCS table in LTE is equal to 136 with a system configuration of 4 antenna ports and 1 OFDM symbol for control. The actual number of REs per PRB is 136-12 = 124 for reference signals with a system configuration of 4 antenna ports and 2 OFDM symbols for control. Then the number and percentage of combinations of {N’RE, nPRB} with the effective code rate >0.93 in LTE based on the end MCS index of MCS table are shown in Table 4, where the total number of combinations of {N’RE, nPRB} is 1*110 =110. 
[bookmark: OLE_LINK44]Table 4 the percentage of N{N’RE, nPRB} with effective code rate >0.93 based on N’RE=124 and Nlayer = 1 in LTE
	MCS table
	the number of combinations of effective code rate >0.93 (N{ nPRB, N’RE})
	N{ nPRB, N’RE} / total PRB*total N’RE 
(%)

	MCS index = 28 64QAM MCS table
	108
	98.18 %

	MCS index = 27 256QAM MCS table
	96
	87.27 %



[bookmark: OLE_LINK20][bookmark: OLE_LINK43][bookmark: OLE_LINK21]It is observed that the effective code rates of TBSs with a system configuration of 4 antenna ports and 2 OFDM symbols for control in LTE are mostly larger than 0.93 based on N’RE = 124 and Nlayer = 1. However, it never affects the normal operation in LTE because the UE can skip to decoding a transport block if the effective code rate is higher than 0.93 as mentioned in [6]. Similarly, those seldom scheduling combinations with effective code rate >0.95 will hardly affect the normal operation in NR because the UE can skip decoding a transport block if the effective channel code rate is higher than 0.95.  
[bookmark: OLE_LINK45]Observation 4: In LTE, the effective code rate>0.93 are also present to the highest MCS index based on the actual N’RE  and never affect the normal operation as UE can skip decoding when the effective code rate > 0.93.
[bookmark: OLE_LINK52][bookmark: OLE_LINK46]Proposal 1: It is not necessary to modify NR TBS determination procedure to handle the effective code rate > 0.95. 
4	Scheduling Flexibility
In NR and LTE, each TBS is desired to support a large number of different combinations of scheduled parameters for scheduling flexibly. In this section, scheduling flexibility is measured by the total number of MCS indices supported by each TBS. Simulation results of TBS in NR for PDSCH are simulated with parameters shown in Table 2 and compared with that of TBS in LTE as in TS 36.213.
4.1 Ninfo ≤ 3824
[bookmark: OLE_LINK48]When Ninfo≤ 3824, for initial transmission, the total number of MCS indices supported by each TBS determined by TBS table based on 64QAM MCS table and 256QAM MCA table are shown in Figure 8 and 9 respectively compared with that of TBS in LTE. 
[bookmark: OLE_LINK47][image: ][image: ]
[image: ][image: ]
[bookmark: OLE_LINK50]Figure 8 the total number of MCS indices supported by each TBS when Ninfo ≤ 3824 based on 64QAM MCS table for initial transmission
[image: ][image: ]
[image: ][image: ]
[bookmark: OLE_LINK49]Figure 9 the total number of MCS indices supported by each TBS when Ninfo ≤ 3824 based on 256QAM MCS table for initial transmission
[bookmark: OLE_LINK51]Observation 5: Scheduling flexibility of TBS in NR is much better than that of TBS in LTE when Ninfo ≤ 3824.
4.2 Ninfo > 3824

[bookmark: OLE_LINK11]In LTE, the available number of PRB is much less than that in NR, so that the maximum TBS values of the two are also different. In order to obtain a fair performance comparison, we simply consider the TBSs which are no more than the maximum TBS of LTE for both NR and LTE. Moreover, we use the average number of MCS indices supported by each TBS to evaluate the scheduling flexibility of TBS determination algorithm, wherein the average number of MCS indices supported by each TBS () is defined as 


=,




where  is the number of MCS indices supported by different TBS,  is the number of different TBSs with the same ,  is the total number of TBSs with some fixed parameters such as the number of mapping layers. Simulation results are shown in Table 5 and Table 6 for every different number of mapping layers based on parameters shown in Table 2.
Table 5 the number of MCS indices supported by each TBS based on 64QAM MCS table (LTE vs. NR)
	[bookmark: OLE_LINK12]the number of MCS indices supported by each TBS
	the number of different TBSs determined by TBS table in LTE
	the number of different TBSs determined as in [2]

	
	Nlayer=1
	Nlayer=2
	Nlayer=3
	Nlayer=4
	Nlayer=1
	Nlayer=2
	Nlayer=3
	Nlayer=4

	1
	8
	19
	19
	24
	7
	8
	13
	10

	2
	13
	16
	24
	18
	3
	11
	7
	11

	3
	9
	12
	9
	11
	3
	10
	10
	10

	4
	8
	8
	9
	8
	40
	52
	68
	79

	5
	12
	14
	9
	10
	0
	0
	0
	0

	6
	12
	9
	10
	9
	0
	0
	0
	0

	7
	6
	6
	5
	5
	0
	0
	0
	0

	8
	8
	5
	4
	6
	0
	0
	0
	0

	9
	9
	9
	6
	7
	0
	0
	0
	2

	10
	10
	5
	6
	6
	0
	0
	1
	3

	11
	5
	6
	9
	5
	0
	0
	0
	4

	12
	4
	3
	3
	6
	0
	0
	1
	5

	13
	7
	4
	3
	5
	0
	0
	5
	2

	14
	5
	7
	9
	7
	0
	0
	4
	2

	15
	7
	9
	8
	7
	0
	1
	5
	2

	16
	8
	11
	8
	8
	1
	2
	5
	2

	17
	6
	7
	8
	7
	6
	13
	10
	9

	18
	6
	5
	4
	5
	6
	12
	6
	8

	19
	6
	6
	5
	6
	0
	1
	0
	5

	20
	11
	8
	16
	12
	6
	8
	6
	9

	21
	12
	12
	8
	10
	7
	9
	7
	7

	22
	5
	6
	6
	5
	7
	8
	14
	10

	23
	1
	1
	0
	1
	8
	11
	12
	10

	24
	0
	0
	0
	0
	19
	15
	13
	21

	25
	0
	0
	0
	0
	66
	92
	109
	120

	26
	0
	0
	0
	0
	9
	5
	6
	5

	27
	0
	0
	0
	0
	12
	3
	4
	5

	28
	0
	0
	0
	0
	12
	14
	15
	19

	29
	0
	0
	0
	0
	71
	68
	58
	44

	the total number of TBSs
	178
	188
	188
	188
	283
	343
	379
	404

	

	11
	10
	10
	10
	21
	20
	19
	18


Table 6 the number of MCS indices supported by each TBS based on 256QAM MCS table (LTE vs. NR)
	the number of MCS indices supported by each TBS
	the number of different TBSs determined by TBS table in LTE
	the number of different TBSs determined as in [2]

	
	Nlayer=1
	Nlayer=2
	Nlayer=3
	Nlayer=4
	Nlayer=1
	Nlayer=2
	Nlayer=3
	Nlayer=4

	1
	13
	21
	28
	23
	6
	21
	17
	21

	2
	13
	16
	20
	19
	40
	52
	68
	79

	3
	17
	15
	11
	11
	0
	0
	0
	0

	4
	9
	13
	10
	11
	0
	0
	0
	0

	5
	12
	11
	7
	6
	0
	0
	0
	3

	6
	12
	9
	7
	9
	0
	0
	1
	1

	7
	12
	5
	7
	7
	0
	0
	1
	4

	8
	5
	6
	9
	9
	0
	0
	1
	7

	9
	6
	6
	9
	7
	0
	0
	6
	3

	10
	8
	8
	4
	10
	0
	0
	5
	3

	11
	4
	5
	9
	5
	0
	3
	6
	3

	12
	5
	9
	6
	5
	0
	3
	2
	0

	13
	2
	1
	1
	2
	0
	7
	1
	3

	14
	5
	6
	5
	4
	0
	5
	1
	5

	15
	9
	6
	4
	7
	0
	3
	1
	2

	16
	7
	9
	10
	10
	0
	1
	3
	2

	17
	3
	7
	6
	4
	1
	0
	5
	1

	18
	6
	8
	5
	3
	1
	2
	1
	4

	19
	6
	5
	7
	7
	7
	8
	5
	5

	20
	10
	6
	9
	7
	11
	7
	7
	11

	21
	7
	8
	12
	13
	14
	9
	11
	9

	22
	8
	6
	4
	7
	8
	6
	8
	9

	23
	3
	2
	1
	0
	12
	13
	14
	16

	24
	1
	1
	0
	0
	14
	18
	17
	19

	25
	0
	0
	0
	0
	20
	22
	27
	29

	26
	0
	0
	0
	0
	72
	98
	110
	119

	27
	0
	0
	0
	0
	23
	13
	17
	8

	28
	0
	0
	0
	0
	60
	57
	43
	39

	the total number of TBSs
	183
	189
	191
	186
	289
	348
	378
	405

	

	10
	10
	9
	10
	22
	20
	19
	18



It is observed that the average number of MCS indices supported by each TBS () for different number of mapping layers in NR are obviously larger than that of TBSs in LTE. Therefore, we can see that the scheduling flexibility of TBSs determined by TBS determination algorithm in [2] is superior than that of TBSs determined by TBS table in LTE when Ninfo > 3824.

Observation 6: The average number of MCS indices supported by each TBS () for different number of mapping layers in NR are larger than that of TBSs in LTE when Ninfo > 3824.
Observation 7: The scheduling flexibility of TBSs determined by TBS determination procedure in [2] is superior compared with that of TBSs determined by TBS table in LTE.
4.3 Formula change for Ninfo > 3824
There are also some correction requests on the steps 4) of TBS determination in [2] when Ninfo > 3824 for scheduling flexibility as proposed in [5]. Reference [5] proposed that formula of TBS determination should be replaced e.g. to the following one:

.
So we simulate the number of MCS indices supported by each TBS determined by the method in [5] and the TBS determination algorithm in [2]. Simulation results are shown in Figure 10 and 11 for initial transmission and re-transmission respectively.
[image: ][image: ]
Figure 10 the total number of MCS indices supported by each TBS for initial transmission on PDSCH
[image: ][image: ]
[image: ][image: ]
Figure 11 the total number of MCS indices supported by each TBS for re-transmission on PDSCH
It is observed that the total number of MCS indices supported by each TBS determined by the two methods are almost identical. Namely, the method proposed in [5] provides no better scheduling flexibility compared to the TBS determination algorithm in [2]. So it is unnecessary to revise the steps 4) of TBS determination in [2] when Ninfo > 3824.
Proposal 2: It is unnecessary to revise the steps 4) of TBS determination in [2] when Ninfo > 3824.
5	TBSs for VoIP
It is proposed in [5] that RAN1 should wait to finish RAN2 discussion and fix the size of TBS for VoIP before further discussion to revise the TBS table for Ninfo <= 3824 in current specification. 
The motivation to add these special TBSs into the current TBS table is to reduce MAC overhead. As we know, for TBS table in [2], the overhead ratio(r) for TBS k is defined as 
,
where  is the required number of padding bits and k is the TBS index, and the overhead ratio for each TBS is less than 5% (as shown in Figure 12). In order to limit the actual MAC overhead ratio of some special TBSs which are not included in TBS table to a reasonable extent (namely, (TBSTBS_table - TBSspecial) /TBSTBS_table < 5%), we also evaluate the actual overhead ratio of the TBSs in [5] determined by the steps in [2] and the results are shown in Table 7. 
[image: ]
Figure 12 The overhead ratio for each TBS of TBS table in [2]
Table 7 The overhead ratio of some special TBSs for VoIP proposed in [5]
	TBS for VoIP packet
(Ninfo/N'info)
	TBS determined by TBS table in [2]
	overhead ratio

	144
	144
	0.000

	152
	152
	0.000

	232
	240
	0.033

	240
	240
	0.000

	256
	256
	0.000

	280
	288
	0.028

	288
	288
	0.000

	352
	352
	0.000

	360
	368
	0.022

	384
	384
	0.000

	416
	432
	0.037

	424
	432
	0.019

	464
	480
	0.033

	496
	504
	0.016

	560
	576
	0.028

	576
	576
	0.000

	584
	608
	0.039

	736
	736
	0.000

	1056
	1064
	0.008

	1376
	1416
	0.028

	2016
	2024
	0.004

	2656
	2664
	0.003


From Table 7, we can see that the overhead ratio of special TBSs for VoIP are totally less than 4% with current TBS table in [2]. At least from overhead perspective, it may be unnecessary to add special TBSs proposed in [5] into the TBS table. 
Observation 8: The overhead ratio of special TBSs for VoIP which aren’t included in TBS table are less than 5% with zero padding.
[bookmark: OLE_LINK24]Proposal 3: At least from overhead perspective, it may be unnecessary to add special TBSs into the TBS table when Ninfo <= 3824.
6	Conclusion
The following summarizes the observations and proposals in this contribution.
Observation 1: the scheduling combinations with effective code rate > 0.95 are mainly associated with the highest MCS index in MCS tables, and with extreme small nPRB and/or small N’RE. 
Observation 2: There is no resource allocation causing the effective code rates > 0.95 when the target code rate <=4/5, directly corresponding to the common scenario of R<2/3 for the smaller TBSs <= 3824 with LDPC BG2. 
Observation 3: The ratio of {MCS, N’RE, nPRB} scheduling combinations with the effective code rates > 0.95 for 64QAM MCS table and 256QAM MCS table are all less than 7/10000. 
Observation 4: In LTE, the effective code rate>0.93 are also present to the highest MCS index based on the actual N’RE  and never affect the normal operation as UE can skip decoding when the effective code rate > 0.93.
Observation 5: Scheduling flexibility of TBS in NR is much better than that of TBS in LTE when Ninfo ≤ 3824.

Observation 6: The average number of MCS indices supported by each TBS () for different number of mapping layers in NR are larger than that of TBSs in LTE when Ninfo > 3824.
Observation 7: The scheduling flexibility of TBSs determined by TBS determination procedure in [2] is superior compared with that of TBSs determined by TBS table in LTE.
Observation 8: The overhead ratio of special TBSs for VoIP which aren’t included in TBS table are less than 5% with zero padding.
Proposal 1: It is not necessary to modify NR TBS determination procedure to handle the effective code rate > 0.95. 
Proposal 2: It is unnecessary to revise the steps 4) of TBS determination in [2] when Ninfo > 3824.
Proposal 3: At least from overhead perspective, it may be unnecessary to add special TBSs into the TBS table when Ninfo <= 3824.
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Appendix
Table 5.1.3.1-1: MCS index table 1 for PDSCH [2]
	MCS Index
	Modulation Order
	Target code Rate x [1024]
	Spectral
efficiency

	IMCS
	Qm
	R
	SE

	0
	2
	120
	0.2344

	1
	2
	157
	0.3066

	2
	2
	193
	0.377

	3
	2
	251
	0.4902

	4
	2
	308
	0.6016

	5
	2
	379
	0.7402

	6
	2
	449
	0.877

	7
	2
	526
	1.0273

	8
	2
	602
	1.1758

	9
	2
	679
	1.3262

	10
	4
	340
	1.3281

	11
	4
	378
	1.4766

	12
	4
	434
	1.6953

	13
	4
	490
	1.9141

	14
	4
	553
	2.1602

	15
	4
	616
	2.4063

	16
	4
	658
	2.5703

	17
	6
	438
	2.5664

	18
	6
	466
	2.7305

	19
	6
	517
	3.0293

	20
	6
	567
	3.3223

	21
	6
	616
	3.6094

	22
	6
	666
	3.9023

	23
	6
	719
	4.2129

	24
	6
	772
	4.5234

	25
	6
	822
	4.8164

	26
	6
	873
	5.1152

	27
	6
	910
	5.332

	28
	6
	948
	5.5547

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved


Table 5.1.3.1-2: MCS index table 2 for PDSCH [2]
	MCS Index
	Modulation Order
	Target code Rate x [1024]
	Spectral
efficiency

	IMCS
	Qm
	R
	SE

	0
	2
	120
	0.2344

	1
	2
	193
	0.377

	2
	2
	308
	0.6016

	3
	2
	449
	0.877

	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
	5.332

	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

	29
	4
	reserved

	30
	6
	reserved

	31
	8
	reserved
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