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At RAN1#84, the following agreements and working assumption on NPUSCH were reached.
· Adaptive HARQ is supported for uplink.
· The HARQ re-transmissions in the uplink are asynchronous. 
· PHICH is not supported for NB-PUSCH
· For 3.75kHz subcarrier spacing of uplink with normal CP, 
· One NB-IoT symbol consists of 528Ts of symbol with CP length of 16Ts assuming Ts=1/1.92MHz. 
· Besides the seven symbols located from the beginning of 2ms period, the remaining time (144Ts) is used as a guard period to minimize the collision between NB-IoT symbols and LTE SRS
· Working Assumption: Maximum UL TBS supported for NB-IoT is not greater than 1000 bits (exact value FFS)

The remaining open issues include
· Maximum NPUSCH TBS
· MCS and TBS tables
· Repetition and scrambling
· Mapping to resource units
· Signaling of MCS, TBS, and number of repetitions

In this contribution, we discuss these open issues.
Maximum NPUSCH TBS
Mobile autonomous reporting (MAR) is expected to be common for cellular IoT applications such as smart utility (gas/water/electric) metering reports, smart agriculture, and smart environment etc. According to [1], the MAR periodic uplink reporting traffic model has a maximum payload size of 200 bytes. Currently, the working assumption for maximum UL TBS supported for NB-IoT is not greater than 1000 bits. To allow transmitting a MAR report without too much segmentation, we propose that the maximum NPUSCH TBS is 1000 bits. For UE, this will not impose a stringent memory requirement as such a TBS, after CRC and turbo encoder, gives rise to a maximum circular buffer size of 3084 bits, or approximately 386 bytes. A NB-IoT UE needs approximately 10’s kB to support NPSS detection, and therefore the 386 bytes memory required for storing the NPUSCH encoded bits will not increase the UE memory requirement.
Proposal 1: The maximum TBS for NPUSCH is 1000 bits.
MCS and TBS tables
The MCS and TBS tables for legacy LTE PDSCH are given in [2], see Tables 8.6.1-1 and 7.1.7.2.1-1, respectively. The MCS table in [2] has a 1 dB step size. For NB-IoT, fine MCS granularity of a 1 dB step size is not necessary from the consideration of link adaptation. However, fine granularity of TBS is desired in order to avoid excessive padding. Thus, we propose that the same MCS granularity as LTE is preserved for NPUSCH. However, only those with QPSK modulation are adopted for NPUSCH. Furthermore, we revise the lowest 2 MCSs to use modulation order 1 for single-tone transmissions. A proposal is given in Table 1. 
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NPUSCH MCS Index

	
Modulation Order

(single-tone transmissions)
	
Modulation Order

(multi-tone transmissions)
	
TBS Index
LTE 

	0
	1
	2
	0

	1
	1
	2
	1

	2
	2
	2
	2

	3
	2
	2
	3

	4
	2
	2
	4

	5
	2
	2
	5

	6
	2
	2
	6

	7
	2
	2
	7

	8
	2
	2
	8

	9
	2
	2
	9

	10
	2
	2
	10



Regarding the TBS, the TBS table in [2] is specified for a number of  values. NPUSCH operates only one PRB, and therefore the multiple PRBs in the LTE table can be revised to multiple resource units for NB-IoT. For NPUSCH, there have been agreements on the definition of resource unit for the various NPUSCH transmission formats.
· Single-tone 3.75 kHz: one resource unit is 32 ms, which has 96 NPUSCH symbols
· Single-tone 15 kHz: one resource unit is 8 ms, which has 96 NPUSCH symbols
· Tree-tone 15 kHz: one resource unit is 4 ms, which has 144 NPUSCH symbols
· Six-tone 15 kHz: one resource unit is 2 ms, which has 144 NPUSCH symbols
· Tree-tone 15 kHz: one resource unit is 1 ms, which has 144 NPUSCH symbols
Staring from the LTE TBS table, the following consideration can be used to revise the LTE table to get the TBS table for NPUSCH.
· Maximum NPUSCH TBS is 1000 bits
· The maximum TBS can be supported with pi/2-BPSK with a maximum coding gain (i.e. with coding rate lower than 1/3)
· No VoIP support needed

A proposed NPUSCH TBS table is shown in Table 2.
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	Number of resource units (RU) in a rate-matching unit

	

	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
	88
	176
	256
	392
	504
	600
	712
	808
	936
	1000

	7
	104
	224
	328
	472
	584
	712
	840
	968
	Unused
	Unused

	8
	120
	256
	392
	536
	680
	808
	968
	Unused
	Unused
	Unused

	9
	136
	296
	456
	616
	776
	936
	Unused
	Unused
	Unused
	Unused

	10
	144
	328
	504
	680
	872
	1000
	Unused
	Unused
	Unused
	Unused

	
	

	
	Number of resource units (RU) in a rate-matching unit

	

	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	0
	288
	328
	344
	376
	392
	424
	456
	488
	504
	536

	1
	376
	424
	456
	488
	520
	568
	600
	632
	680
	712

	2
	472
	520
	568
	616
	648
	696
	744
	776
	840
	872

	3
	616
	680
	744
	808
	872
	904
	968
	1000
	Unused
	Unused

	4
	776
	840
	904
	1000
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	5
	968
	1000
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	6
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	7
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	8
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	9
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	10
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	
	

	
	Number of resource units (RU) in a rate-matching unit

	

	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	0
	568
	600
	616
	648
	680
	712
	744
	776
	776
	808

	1
	744
	776
	808
	872
	904
	936
	968
	1000
	Unused
	Unused

	2
	936
	968
	1000
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	3
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	4
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	5
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	6
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	7
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	8
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	9
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	10
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	
	

	
	Number of resource units (RU) in a rate-matching unit

	

	31
	32
	33
	34
	35
	36
	37
	38
	39
	40

	0
	840
	872
	904
	936
	968
	1000
	Unused
	Unused
	Unused
	Unused

	1
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	2
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	3
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	4
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	5
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	6
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	7
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	8
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	9
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused

	10
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused
	Unused



For single-tone transmissions, there are 96 data symbols in a resource unit. The coding rate for single-tone transmissions for each TBS shown in Table 2 is tabulated in Table 3. The coding rates for TBS 1000 bits are highlighted. It can be seen that the lowest coding rate for TBS 680 bits is 0.3 when pi/2-BPSK is used. This ensures good coverage of NPUSCH.
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	Number of resource units (RU)

	I_NTBS, NPUSCH
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0
	0.42
	0.29
	0.28
	0.29
	0.30
	0.31
	0.30
	0.30
	0.29
	0.29

	1
	0.50
	0.42
	0.39
	0.44
	0.42
	0.40
	0.37
	0.36
	0.41
	0.38

	2
	0.29
	0.25
	0.29
	0.26
	0.24
	0.24
	0.24
	0.23
	0.23
	0.23

	3
	0.33
	0.33
	0.35
	0.30
	0.29
	0.31
	0.31
	0.30
	0.31
	0.31

	4
	0.42
	0.38
	0.40
	0.36
	0.37
	0.38
	0.38
	0.38
	0.38
	0.38

	5
	0.50
	0.44
	0.43
	0.46
	0.47
	0.46
	0.46
	0.46
	0.46
	0.47

	6
	0.58
	0.52
	0.49
	0.54
	0.55
	0.54
	0.55
	0.54
	0.56
	0.53

	7
	0.67
	0.65
	0.61
	0.65
	0.63
	0.64
	0.64
	0.65
	not used
	not used

	8
	0.75
	0.73
	0.72
	0.73
	0.73
	0.72
	0.74
	not used
	not used
	not used

	9
	0.83
	0.83
	0.83
	0.83
	0.83
	0.83
	not used
	not used
	not used
	not used

	10
	0.88
	0.92
	0.92
	0.92
	0.93
	0.89
	not used
	not used
	not used
	not used

	
	
	
	
	
	
	
	
	
	
	

	 
	Number of resource units (RU)

	I_NTBS, NPUSCH
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	0
	0.30
	0.31
	0.29
	0.30
	0.29
	0.29
	0.29
	0.30
	0.29
	0.29

	1
	0.38
	0.39
	0.38
	0.38
	0.38
	0.39
	0.38
	0.38
	0.39
	0.38

	2
	0.23
	0.24
	0.24
	0.24
	0.23
	0.23
	0.24
	0.23
	0.24
	0.23

	3
	0.30
	0.31
	0.31
	0.31
	0.31
	0.30
	0.30
	0.30
	not used
	not used

	4
	0.38
	0.38
	0.37
	0.38
	not used
	not used
	not used
	not used
	not used
	not used

	5
	0.47
	0.44
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	6
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	7
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	8
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	9
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	10
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	
	
	
	
	
	
	
	
	
	
	

	 
	Number of resource units (RU)

	I_NTBS, NPUSCH
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	0
	0.29
	0.30
	0.29
	0.29
	0.29
	0.29
	0.30
	0.30
	0.29
	0.29

	1
	0.38
	0.38
	0.38
	0.39
	0.39
	0.38
	0.38
	0.38
	not used
	not used

	2
	0.24
	0.23
	0.23
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	3
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	4
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	5
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	6
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	7
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	8
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	9
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	10
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	
	
	
	
	
	
	
	
	
	
	

	 
	Number of resource units (RU)

	I_NTBS, NPUSCH
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40

	0
	0.29
	0.29
	0.29
	0.29
	0.30
	0.30
	not used
	not used
	not used
	not used

	1
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	2
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	3
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	4
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	5
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	6
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	7
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	8
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	9
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	10
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used



For multi-tone transmissions, there are 144 data symbols in a resource unit. For simplicity, we propose that the same TBS table as the single-tone case is used. The coding rate for multi-tone transmissions for each TBS shown in Table 2 is tabulated in Table 4.
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	Number of resource units (RU)

	I_NTBS, NPUSCH
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0
	0.14
	0.10
	0.09
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10

	1
	0.17
	0.14
	0.13
	0.15
	0.14
	0.13
	0.12
	0.12
	0.14
	0.13

	2
	0.19
	0.17
	0.19
	0.17
	0.16
	0.16
	0.16
	0.15
	0.15
	0.16

	3
	0.22
	0.22
	0.23
	0.20
	0.19
	0.20
	0.21
	0.20
	0.20
	0.21

	4
	0.28
	0.25
	0.27
	0.24
	0.24
	0.25
	0.25
	0.25
	0.25
	0.25

	5
	0.33
	0.29
	0.29
	0.31
	0.31
	0.31
	0.31
	0.31
	0.31
	0.31

	6
	0.39
	0.35
	0.32
	0.36
	0.37
	0.36
	0.37
	0.36
	0.37
	0.36

	7
	0.44
	0.43
	0.41
	0.43
	0.42
	0.43
	0.43
	0.43
	not used
	not used

	8
	0.50
	0.49
	0.48
	0.49
	0.49
	0.48
	0.49
	not used
	not used
	not used

	9
	0.56
	0.56
	0.56
	0.56
	0.56
	0.56
	not used
	not used
	not used
	not used

	10
	0.58
	0.61
	0.61
	0.61
	0.62
	0.59
	not used
	not used
	not used
	not used

	
	
	
	
	
	
	
	
	
	
	

	 
	Number of resource units (RU)

	I_NTBS, NPUSCH
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	0
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10

	1
	0.13
	0.13
	0.13
	0.13
	0.13
	0.13
	0.13
	0.13
	0.13
	0.13

	2
	0.16
	0.16
	0.16
	0.16
	0.16
	0.16
	0.16
	0.15
	0.16
	0.16

	3
	0.20
	0.20
	0.21
	0.21
	0.21
	0.20
	0.20
	0.20
	not used
	not used

	4
	0.25
	0.25
	0.25
	0.25
	not used
	not used
	not used
	not used
	not used
	not used

	5
	0.31
	0.30
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	6
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	7
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	8
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	9
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	10
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	
	
	
	
	
	
	
	
	
	
	

	 
	Number of resource units (RU)

	I_NTBS, NPUSCH
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	0
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10

	1
	0.13
	0.13
	0.13
	0.13
	0.13
	0.13
	0.13
	0.13
	not used
	not used

	2
	0.16
	0.16
	0.15
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	3
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	4
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	5
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	6
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	7
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	8
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	9
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	10
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	
	
	
	
	
	
	
	
	
	
	

	 
	Number of resource units (RU)

	I_NTBS, NPUSCH
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40

	0
	0.19
	0.19
	0.20
	0.20
	0.20
	0.20
	not used
	not used
	not used
	not used

	1
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	2
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	3
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	4
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	5
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	6
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	7
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	8
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	9
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used

	10
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used
	not used



Proposal 2: The NPUSCH MCS table is based on Table 1.
Proposal 3: Single-tone and multi-tone transmissions use the same TBS table.
Proposal 4: The NPUSCH TBS table is based on Table 2.
Repetition
To reach 164 dB MCL, repetitions are used together with a low MCS (i.e. a low coding rate). An illustration is shown in Figure 1. Rate matching is done based on TBS and the number of resource elements in a rate-matching unit. In essence, the codeword after rate matching is transmitted in a rate-matching unit. When repetitions are needed, the entire codeword is repeated. We propose that the number of repetitions that may be used for NPUSCH includes {1, 2, 4, 8, 16, 32} for the 15 kHz numerology, and {1, 2, 4, 8} for the 3.75 kHz numerology. However, repetitions may be applied to the lowest two MCSs, i.e. MCS0 and MCS1.
Furthermore, we propose that different scrambling masks are applied to different repetitions. Codeword scrambling is also specified in [3]. The scrambling mask is initialized according to the slot number within a radio frame. This would result in different scrambling masks for different repetitions.
[image: ]
[bookmark: _Ref445470217]Figure 1: channel coding, rate matching, and repetition.

Proposal 5: Channel coding and repetitions are used for achieving an extreme coverage requirement.
Proposal 6: The number of repetitions that may be used for NPUSCH includes {1, 2, 4, 8, 16, 32} for the 15 kHz numerology, and {1, 2, 4, 8} for the 3.75 kHz numerology.
Proposal 7: Repetitions may be applied to the lowest two MCSs, i.e. MCS0 and MCS1.
Proposal 8: An NPUSCH codeword is scrambled according to the method adopted by the legacy LTE PUSCH.

Resource mapping
NPUSCH resource mapping is illustrated in Figure 2. After one resource unit is completely filled in with modulated symbols, the remaining symbols are mapped to subsequent resource units.

[image: ]
[bookmark: _Ref445475104]Figure 2: NPUSCH resource mapping.
1 Signaling of MCS, TBS, and number of repetitions
We propose that MCS, TBS, and number of repetitions are signalled jointly. Table 5 shows the possible combinations of MCS, number of repetitions, and TB sizes. Overall, there are 488 combinations for the 15 kHz numerology and 360 combinations for the 3.75 kHz numerology, which can be signaled using 9 DCI bits.

[bookmark: _Ref445828888]Table 5: Combinations of MCS, number of repetitions, and TB sizes.
	# of Repetitions
	MCS
	# resource units (each instance corresponds to one TBS)
	# of Repetitions
	MCS
	# resource units (each instance corresponds to one TBS)

	32*
	0
	{1, 2, 3, …, 36}
	1
	2
	{1, 2, 3, …, 23}

	16*
	0
	{1, 2, 3, …, 36}
	1
	3
	{1, 2, 3, …, 18}

	8
	0
	{1, 2, 3, …, 36}
	1
	4
	{1, 2, 3, …, 14}

	4
	0
	{1, 2, 3, …, 36}
	1
	5
	{1, 2, 3, …, 12}

	2
	0
	{1, 2, 3, …, 36}
	1
	6
	{1, 2, 3, …, 10}

	1
	0
	{1, 2, 3, …, 36}
	1
	7
	{1, 2, 3, …, 8}

	32*
	1
	{1, 2, 3, …, 28}
	1
	8
	{1, 2, 3, …, 7}

	16*
	1
	{1, 2, 3, …, 28}
	1
	9
	{1, 2, 3, …, 6}

	8
	1
	{1, 2, 3, …, 28}
	1
	10
	{1, 2, 3, …, 6}

	4
	1
	{1, 2, 3, …, 28}
	*Repetitions 32 and 8 only apply to 15 kHz.

	2
	1
	{1, 2, 3, …, 28}
	

	1
	1
	{1, 2, 3, …, 28}
	



Proposal 9: MCS, TBS, and number of repetitions are signalled jointly in DCI.
Conclusions
In this contribution, we have discussed a number of open issues regarding NB-PUSCH design.
Proposal 1: The maximum TBS for NPUSCH is 1000 bits.
Proposal 2: The NPUSCH MCS table is based on Table 1.
Proposal 3: Single-tone and multi-tone transmissions use the same TBS table.
Proposal 4: The NPUSCH TBS table is based on Table 2.
Proposal 5: Channel coding and repetitions are used for achieving an extreme coverage requirement.
Proposal 6: The number of repetitions that may be used for NPUSCH includes {1, 2, 4, 8, 16, 32} for the 15 kHz numerology, and {1, 2, 4, 8} for the 3.75 kHz numerology.
Proposal 7: Repetitions may be applied to the lowest two MCSs, i.e. MCS0 and MCS1.
Proposal 8: An NPUSCH codeword is scrambled according to the method adopted by the legacy LTE PUSCH.
Proposal 9: MCS, TBS, and number of repetitions are signalled jointly in DCI.
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