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Introduction
We discuss MCS and transport block size (TBS) determination for NR PDSCH and PUSCH in this contribution.
Background
MCS/TBS determination in LTE
For an initial transmission of an LTE PDSCH, an MCS index, , is signalled in the DCI to the UE.  UE uses the received  as the row key to read off modulation order, , and TBS index, , from an MCS table specified in TS 36.213. To determine the TBS, the UE first calculates the total number of allocated PRBs, . The UE then determines the TBS from a TBS table specified in TS 36.213 using  as row key and  as column key.
In case of retransmission, the eNB can elect to signal a modulation order to the UE and the UE shall assume the TBS determined from DCI transported in the latest PDCCH for the same transport block using  or 28.
The TBSs other than those corresponding to the highest MCS are designed assuming 120 REs per PRB are available for carrying the PDSCH. For the highest MCS, the TBSs are designed assuming 136 REs per PRB are available for carrying the PDSCH. However, it has been observed in several releases that such fixed resource designs do not fit specific PDSCH transmission well. 
· For PDSCH transmitted in TDD DwPTS, an attempt to adjust the TBS is done via scaling down the number of allocated PRBs. Since only one scaling factor was specified initially, the adjustment still does not fully address the different DwPTS lengths. A second scaling factor was added in a later release. 
· Additional TBS row was added to support PDSCH with different amount of DMRS overhead.
· To support partial DL subframe in LAA, an additional modulation order is added to the MCS table.
For an initial transmission of an LTE PUSCH, an MCS index, , is signalled in the DCI to the UE.  UE uses the received  as the row key to read off modulation order, , and TBS index, , from an MCS table specified in TS 36.213. To determine the TBS, the UE first calculates the total number of allocated PRBs, . The UE then determines the TBS from a TBS table specified in TS 36.213 using  as row key and  as column key.
[bookmark: _GoBack]In case of retransmission, the eNB can elect to signal a modulation order to the UE and the UE shall assume the TBS determined from DCI transported in the latest PDCCH for the same transport block using  or 28.
The PUSCH TBSs are designed assuming 144 REs per PRB are available for carrying the PUSCH. The MCS table is designed assuming DFT-S-OFDM waveform for PUSCH.
Rel-8 LTE PUSCH was designed to operate a synchronous HARQ protocol. For initial transmissions, the redundancy version is restricted to . 

Observation 1 In LTE, TBSs are designed assuming fixed amount of available REs per PRB, which does not fit different transmission cases optimally. Various ad hoc fixes have been added over different release, which added implementation and testing complexity while still not address all transmission cases.

Issues of reusing LTE MCS/TBS determination for NR
NR is designed to be forward compatible and thus offer substantial more flexibility than LTE. A NR slot can be configured to contain 7 or 14 OS. For a NR system operating 14-OS slot configuration, the actual length of the PDSCH can be of several lengths to accommodate various system operation targets. Some different PDSCH transmission length examples are shown in Figure 1. 
In addition, NR supports mini-slots of 2—13 OS in length. 
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[bookmark: _Ref481497229]Figure 1 Different PDSCH transmission lengths.

Observation 2 Given the flexibility offered by NR, MCS and TBS determination needs to support flexible amount of PDSCH/PUSCH resources efficiently in a unified, flexible and extensible approach.
Observation 3 Pre-calculated TBS table assuming fixed PDSCH/PUSCH resources as in LTE cannot support all use cases and is not forward compatible.

MCS/TBS determination for NR PDSCH
For NR PDSCH, we propose that the MCS table provides modulation order, , and target code rate, , instead of the TBS index . One such example is provided in Table 1. The target code rates are those agreed for LTE MCS table for 256QAM support [1].
For , the UE determines the TBS based on, for example,

where
·  is number of layers the codeword is mapped onto
·  is the number of REs per slot/mini-slot available per PRB for carrying the PDSCH.
For , the TBS is assumed to be determined from the DCI in the most recently received PDCCH for the same TB using .

[bookmark: _Ref481499378]Table 1 Example MCS table for NR PDSCH (The target code rates are those agreed for LTE MCS table for 256QAM support [1]).
	
MCS Index

	
Modulation order

	Code Rate


	0
	2
	120

	1
	2
	193

	2
	2
	308

	3
	2
	449

	4
	2
	602

	5
	4
	378

	6
	4
	434

	7
	4
	490

	8
	4
	553

	9
	4
	616

	10
	4
	658

	11
	6
	466

	12
	6
	517

	13
	6
	567

	14
	6
	616

	15
	6
	666

	16
	6
	719

	17
	6
	772

	18
	6
	822

	19
	6
	873

	20
	8
	682.5

	21
	8
	711

	22
	8
	754

	23
	8
	797

	24
	8
	841

	25
	8
	885

	26
	8
	916.5

	27
	8
	948

	28
	2
	reserved

	29
	4
	

	30
	6
	

	31
	8
	



As discussed in the above,  is assumed to be 120 in LTE (except for the highest MCS). For NR to support various slot/mini-slot/PDSCH lengths, a more flexible framework for  is to be used. One or more of the following components can be considered:
· A default  value may be defined in specs and can be applicable to, e.g., system information, paging and random access reply transmissions. For this purpose,  or  can be considered for 14-OS slot and  can be considered for 7-OS slot.
· Some default  values for different PDSCH transmission lengths can be specified in the specification.
· The network can configure the UE to apply a specific  to the PDSCH.
· The network can configure a set of  values (e.g., four values) to the UE. The DCI then contains an index to instruct the UE to apply one of the pre-configured  value for the current PDSCH.
· If code rates lower than those available in the MCS table are found to be necessary for a specific use case (e.g., URLLC), the network can configure/select a  value that is substantially lower such that the allocated resources are used to carry a substantially smaller TB.

Proposal 1 To support flexible PDSCH transmission duration and use cases, TBS determination in NR is calculated using configured and/or signalled parameters including one parameter that provides the number of REs per PRB per slot/mini-slot available for carrying the PDSCH.
· A candidate TBS determination is

where
·  is number of layers the codeword is mapped onto
·  is the number of REs per PRB per slot/mini-slot available for carrying the PDSCH.
·  is the number of allocated PRBs
· modulation order, , and target code rate, , are read from a MCS table based on  signalled in the DCI.

MCS/TBS determination for NR PUSCH
MCS table design for NR PUSCH
NR supports asynchronous HARQ protocol for the PUSCH. It is hence proposed that the redundancy version for the PUSCH to be signalled via a RV index field in the DCI separate from the MCS index field. 
Furthermore, NR PUSCH supports both OFDM and DFT-S-OFDM waveforms. One alternative to support both is to have two MCS tables for NR PUSCH. For the case of OFDM waveform, the same MCS table designed for the PDSCH can be reused for the PUSCH. For the case of DFT-S-OFDM waveform, a new MCS table should be designed to optimize the link performance. This two-table solution as shown in Table 2 requires slow RRC reconfiguration to switch between the two waveforms. Considering the uncertainty period after confirmation, this can be too slow. For instance, the differences between channel dispersiveness, link quality and number of layers from different TRPs may require different waveforms to be used.
[bookmark: _Ref481736369]Table 2 Two different MCS tables for NR PUSCH with OFDM or DFT-S-OFDM waveform (The target code rates are those agreed for LTE MCS table for 256QAM support [1] and those from Rel-8 LTE PUSCH).
	
MCS Index

	OFDM PUSCH
	DFT-S-OFDM PUSCH

	
	
Modulation order

	Code Rate

	
Modulation order

	Code Rate


	0
	2
	120
	2
	100

	1
	2
	193
	2
	130.83

	2
	2
	308
	2
	160.83

	3
	2
	449
	2
	209.17

	4
	2
	602
	2
	256.67

	5
	4
	378
	2
	315.83

	6
	4
	434
	2
	374.17

	7
	4
	490
	2
	438.33

	8
	4
	553
	2
	501.67

	9
	4
	616
	2
	565.83

	10
	4
	658
	2
	630

	11
	6
	466
	4
	315

	12
	6
	517
	4
	361.67

	13
	6
	567
	4
	408.33

	14
	6
	616
	4
	460.83

	15
	6
	666
	4
	513.33

	16
	6
	719
	4
	548.33

	17
	6
	772
	4
	582.50

	18
	6
	822
	4
	646.25

	19
	6
	873
	4
	708.75

	20
	8
	682.5
	4
	770

	21
	8
	711
	6
	513.33

	22
	8
	754
	6
	555

	23
	8
	797
	6
	599.17

	24
	8
	841
	6
	643.33

	25
	8
	885
	6
	685

	26
	8
	916.5
	6
	727.50

	27
	8
	948
	6
	758.33

	28
	2
	reserved
	6
	895.33

	29
	4
	
	2
	reserved

	30
	6
	
	4
	

	31
	8
	
	6
	




To support fast switching between OFDM and DFT-S-OFDM waveforms, it is beneficial for NR to adopt an MCS table that can address waveform options in addition to modulation orders and code rates. One such example is shown in Table 1. 
For , the UE reads the modulation order, , target code rate, , and the waveform for the PUSCH from MCS table using the received MCS index, .
For , the UE reads the modulation order, , from the MCS table using the received MCS index, . The UE applies the waveform determined from the DCI in the most recently received PDCCH for the same TB using . Alternatively, it can be further discussed whether the reserved entries can also specific the waveform.

Proposal 2 For NR PUSCH, redundancy version index is not specified in the MCS table but signalled separately in the DCI.
Proposal 3 To support fast switching between OFDM and DFT-S-OFDM waveforms, adopt an MCS table that can address waveform options in addition to modulation orders and code rates for NR PUSCH.


Table 3 Example MCS table for NR PUSCH with OFDM waveform (The target code rates other than those for BPSK are those from Table 2).
	
MCS Index

	
Modulation order

	Code Rate

	Waveform

	0
	1
	100
	DFT-S-OFDM

	1
	1
	150
	DFT-S-OFDM

	2
	2
	100.00
	DFT-S-OFDM

	3
	2
	120
	OFDM

	4
	2
	130.83
	DFT-S-OFDM

	5
	2
	160.83
	DFT-S-OFDM

	6
	2
	193
	OFDM

	7
	2
	209.17
	DFT-S-OFDM

	8
	2
	256.67
	DFT-S-OFDM

	9
	2
	308
	OFDM

	10
	2
	315.83
	DFT-S-OFDM

	11
	2
	374.17
	DFT-S-OFDM

	12
	2
	438.33
	DFT-S-OFDM

	13
	2
	449
	OFDM

	14
	2
	501.67
	DFT-S-OFDM

	15
	2
	565.83
	DFT-S-OFDM

	16
	2
	602
	OFDM

	17
	2
	630.00
	DFT-S-OFDM

	18
	4
	315.00
	DFT-S-OFDM

	19
	4
	361.67
	DFT-S-OFDM

	20
	4
	378
	OFDM

	21
	4
	408.33
	DFT-S-OFDM

	22
	4
	434
	OFDM

	23
	4
	460.83
	DFT-S-OFDM

	24
	4
	490
	OFDM

	25
	4
	513.33
	DFT-S-OFDM

	26
	4
	548.33
	DFT-S-OFDM

	27
	4
	553
	OFDM

	28
	4
	582.50
	DFT-S-OFDM

	29
	4
	616
	OFDM

	30
	4
	646.25
	DFT-S-OFDM

	31
	4
	658
	OFDM

	32
	6
	466
	OFDM

	33
	4
	708.75
	DFT-S-OFDM

	34
	4
	770.00
	DFT-S-OFDM

	35
	6
	513.33
	DFT-S-OFDM

	36
	6
	517
	OFDM

	37
	6
	555.00
	DFT-S-OFDM

	38
	6
	567
	OFDM

	39
	6
	599.17
	DFT-S-OFDM

	40
	6
	616
	OFDM

	41
	6
	643.33
	DFT-S-OFDM

	42
	6
	666
	OFDM

	43
	6
	685.00
	DFT-S-OFDM

	44
	6
	719
	OFDM

	45
	6
	727.50
	DFT-S-OFDM

	46
	6
	758.33
	DFT-S-OFDM

	47
	6
	772
	OFDM

	48
	6
	822
	OFDM

	49
	6
	873
	OFDM

	50
	6
	895.33
	DFT-S-OFDM

	51
	8
	682.5
	OFDM

	52
	8
	711
	OFDM

	53
	8
	754
	OFDM

	54
	8
	797
	OFDM

	55
	8
	841
	OFDM

	56
	8
	885
	OFDM

	57
	8
	916.5
	OFDM

	58
	8
	948
	OFDM



	59
	1
	Reserved
	reserved

	60
	2
	
	

	61
	4
	
	

	62
	6
	
	

	63
	8
	
	



TBS determination for NR PUSCH
For NR PUSCH, we propose that the MCS table provides modulation order, , and target code rate, , instead of the TBS index . One such example for PUSCH with OFDM waveform is provided in Table 1. The target code rates are those agreed for LTE MCS table for 256QAM support [1].
[bookmark: _Hlk485328841]For , the UE determines the TBS based on, for example,

where
·  is number of layers the codeword is mapped onto
·  is the number of REs per PRB per slot/mini-slot available for carrying the PUSCH.
For , the TBS is assumed to be determined from the DCI in the most recently received PDCCH for the same TB using .
As discussed in the above,  is assumed to be 144 in LTE. For NR to support various slot/mini-slot/PUSCH lengths, a more flexible framework for  is to be used. One or more of the following components can be considered:
· A default  value may be defined in specs and can be applicable to, e.g., system information, paging and random access reply transmissions. For this purpose,  can be considered for 14-OS slot and  can be considered for 7-OS slot.
· Some default  values for different PUSCH transmission lengths can be specified in the specification.
· The network can configure the UE to apply a specific  to the PUSCH.
· The network can configure a set of  values (e.g., four values) to the UE. The DCI then contains an index to instruct the UE to apply one of the pre-configured   value for the current PUSCH.
· If code rates lower than those available in the MCS table are found to be necessary for a specific use case (e.g., URLLC), the network can configure/select a   value that is substantially lower such that the allocated resources are used to carry a substantially smaller TB.

Proposal 4 To support flexible PUSCH transmission duration and use cases, TBS determination in NR is calculated using configured and/or signalled parameters including one parameter that provides the number of REs per PRB per slot/mini-slot available for carrying the PUSCH.
· A candidate TBS determination is

where
·  is number of layers the codeword is mapped onto
·  is the number of REs per PRB per slot/mini-slot available for carrying the PUSCH.
·  is the number of allocated PRBs
· modulation order, , and target code rate, , are read from a MCS table based on  signalled in the DCI.

TBS determination for specific service packet sizes
Certain important services are expected to generate large number of packages in the system. For instance, 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. It is beneficial for the system to handle these specific packet sizes specifically to optimize performance of the system and the specific services. 
The TBSs calculated based on the above proposal can be close to these sizes and match them in certain cases. However, an explicit optimization can be considered. For instance, it may be worthwhile to over-write some combinations of   and  to these specific sizes. One possible such solution is shown in Table 4.

Proposal 5 For important services expected to generate large number of packages in the system, explicit optimization of the TBS to handle these specific sizes can be considered.

[bookmark: _Ref481735250]Table 4 Explicit mapping of VoIP packet size for some combinations of   and .
	

	


	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0
	
	
	
	
	144
	176
	224
	224
	256
	256

	1
	
	
	
	144
	176
	224
	256
	256
	328
	328

	2
	
	
	144
	176
	224
	256
	328
	328
	
	

	3
	
	
	176
	224
	256
	328
	
	
	
	

	4
	
	144
	224
	256
	328
	
	
	
	
	

	5
	
	176
	256
	328
	
	
	
	
	
	

	6
	
	208
	328
	
	
	
	
	
	
	

	7
	
	224
	
	
	
	
	
	
	
	

	8
	144
	256
	
	
	
	
	
	
	
	

	9
	
	328
	
	
	
	
	
	
	
	

	10
	
	
	
	
	
	
	
	
	
	

	11
	176
	
	
	
	
	
	
	
	
	

	12
	208
	
	
	
	
	
	
	
	
	

	13
	224
	
	
	
	
	
	
	
	
	

	14
	256
	
	
	
	
	
	
	
	
	

	15
	
	
	
	
	
	
	
	
	
	

	16
	
	
	
	
	
	
	
	
	
	

	17
	
	
	
	
	
	
	
	
	
	

	18
	328
	
	
	
	
	
	
	
	
	

	19
	
	
	
	
	
	
	
	
	
	

	⋮
	⋮
	⋮
	⋮
	⋮
	⋮
	⋮
	⋮
	⋮
	⋮
	⋮




Conclusion
In this contribution, we discuss MCS and TBS determination for NR. 
We have the following observations: 
Observation 1 In LTE, TBSs are designed assuming fixed amount of available REs per PRB, which does not fit different transmission cases optimally. Various ad hoc fixes have been added over different release, which added implementation and testing complexity while still not address all transmission cases.
Observation 2 Given the flexibility offered by NR, MCS and TBS determination needs to support flexible amount of PDSCH/PUSCH resources efficiently in a unified, flexible and extensible approach.
Observation 3 Pre-calculated TBS table assuming fixed PDSCH/PUSCH resources as in LTE cannot support all use cases and is not forward compatible.
We propose
Proposal 1 To support flexible PDSCH transmission duration and use cases, TBS determination in NR is calculated using configured and/or signalled parameters including one parameter that provides the number of REs per PRB per slot/mini-slot available for carrying the PDSCH.
· A candidate TBS determination is

where
·  is number of layers the codeword is mapped onto
·  is the number of REs per PRB per slot/mini-slot available for carrying the PDSCH.
·  is the number of allocated PRBs
· modulation order, , and target code rate, , are read from a MCS table based on  signalled in the DCI.
Proposal 2 For NR PUSCH, redundancy version index is not specified in the MCS table but signalled separately in the DCI.
Proposal 3 To support fast switching between OFDM and DFT-S-OFDM waveforms, adopt an MCS table that can address waveform options in addition to modulation orders and code rates for NR PUSCH.
Proposal 4 To support flexible PUSCH transmission duration and use cases, TBS determination in NR is calculated using configured and/or signalled parameters including one parameter that provides the number of REs per PRB per slot/mini-slot available for carrying the PUSCH.
· A candidate TBS determination is

where
·  is number of layers the codeword is mapped onto
·  is the number of REs per PRB per slot/mini-slot available for carrying the PUSCH.
·  is the number of allocated PRBs
· modulation order, , and target code rate, , are read from a MCS table based on  signalled in the DCI.
Proposal 5 For important services expected to generate large number of packages in the system, explicit optimization of the TBS to handle these specific sizes can be considered.
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