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Introduction
This document discusses MCS/TBS indication method for NB-PDSCH/NB-PUSCH.

Discussion
In RAN1#84, MCS/TBS was slightly discussed and email discussion [84-07] was held. This document proposes MCS/TBS indication method. For the design, it assumes following.
· There can be repetitions after the rate matching. The repetition number can be indicated separately in DCI.
· Trying to reuse LTE MCS/TBS but to prune redundant entries thanks to the repetition. As repetitions are available, the entries corresponding to be realized by the repetitions are not necessary. TB size "x" in 2 times rate matched block can be realized by TB size "x" with 2 times repetition. Therefore, these entries are pruned from TBS table.
· In order to have better coding rate, trying to have coding rate 1/3.
· The rate matched block size is basically power of 2 in order to have the output after the repetition is also power of 2 numbers, which improves the multiplexing efficiency. On the other hand, some exception of non-power of 2 value like 10 is not excluded.
In the DL, one rate matched block size corresponding to one PRB-pair. In standalone/guard band operation, 1 PRB-pair contains 12x14-16 = 152 REs. By using QPSK, 304 bits can be transmitted. In inband operation, 1 PRB-pair can only contain 12x11-(8x4) = 100 REs. By using QPSK, 200 bits can be transmitted. Based on the above assumption, we propose to use yellow marked entries in the current MCS/TBS size table as important entries.
Table 1. Important entries for DL
	

	Rate matched block size

	
	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



Annex shows the different cases of the coding rates for DL.

In the UL, one rate matched block size corresponding to one PRB-pair in multi-carrier operation and one resource unit in single carrier operation.
12 subcarrier of 1 ms contains 12x12 REs in case of 1 symbol for DMRS and no SRS transmission. It means 144 REs and QPSK means 288 bits.
6 subcarrier of 2 ms resource unit size contains 6x12x2. It means 144 REs.
3 subcarrier of 4 ms resource unit size contains 3x12x4. It means 144 REs.
1 subcarrier of 8 ms resource unit size 15 kHz subcarrier spacing contains 1x12x8. It means 96 REs. With Pi/4 QPSK, 192 bits can be transmitted within 1 resource unit.
1 subcarrier of 32 ms resource unit size 3.75 kHz subcarrier spacing contains 1x6x16. It means 96 REs. With Pi/4 QPSK, 192 bits can be transmitted within 1 resource unit. With Pi/2 BPSK, 96 bits can be transmitted but the resource unit size should be two times of Pi/4 QPSK. Then 192 bits can be transmitted over 2 resource units.
With above values, basically the same TB plus up to 1000 bits can be supported. So in addition to yellow marked entries common with DL, blue entries are also supported. TB size 698 is supported in rate matched block size 10 and 16. It intends to support different coding rates.
Table 2. Important entries for UL
	

	Rate matched block size

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	16

	0
	16
	32
	56
	88
	120
	152
	176
	208
	224
	256
	424

	1
	24
	56
	88
	144
	176
	208
	224
	256
	328
	344
	568

	2
	32
	72
	144
	176
	208
	256
	296
	328
	376
	424
	696

	3
	40
	104
	176
	208
	256
	328
	392
	440
	504
	568
	904

	4
	56
	120
	208
	256
	328
	408
	488
	552
	632
	696
	1128

	5
	72
	144
	224
	328
	424
	504
	600
	680
	776
	872
	1384

	6
	328
	176
	256
	392
	504
	600
	712
	808
	936
	1032
	1672

	7
	104
	224
	328
	472
	584
	712
	840
	968
	1096
	1224
	1928



Above entries are realized by only 27 combinations. Considering 192 bits of single tone is rather smaller rate matched size compared with 304 bits of standalone DL, the coding rate is relatively too high in standalone with above selections. To support the same signalling method between DL and UL is useful for the simplification. To support other than power of 2 rate matched block size just increase the network flexibility. If power of 2 operation is preferred, it can be operated in such way. By having 6 bits entries for MCS/TBS, 64 bits combinations can be supported. This is still smaller signalling than TBS and rate matched block size separately like 3+4 = 7 bits. Therefore, we propose to support yellow marked entries common for DL and UL. Blue entries for UL only.
We also propose to update 328 bits entries to 88 bits. Original 328 bits are intended for VoIP.
Table 3. Proposed usage of entries for DL/UL
	

	Rate matched block size

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	16

	0
	16
	32
	56
	88
	120
	152
	176
	208
	224
	256
	424

	1
	24
	56
	88
	144
	176
	208
	224
	256
	328
	344
	568

	2
	32
	72
	144
	176
	208
	256
	296
	328
	376
	424
	696

	3
	40
	104
	176
	208
	256
	328
	392
	440
	504
	568
	904

	4
	56
	120
	208
	256
	328
	408
	488
	552
	632
	696
	1128

	5
	72
	144
	224
	328
	424
	504
	600
	680
	776
	872
	1384

	6
	328 88
	176
	256
	392
	504
	600
	712
	808
	936
	1032
	1672

	7
	104
	224
	328
	472
	584
	712
	840
	968
	1096
	1224
	1928



The proposed indication method is following. TB and the resource size of no repetition is expressed as 6 bits.
Table 4. TB size indication value and corresponding rate matched block size
	ITBS
	Rate matched block size
expressed as number of PRB-pairs in DL and the number of resource unit in UL. In Pi/2 BPSK, the resource unit size is twice of the one of Pi/4 QPSK.
	TB size
	

	0
	1
	16
	

	1
	1
	24
	

	2
	1
	32
	

	3
	1
	40
	

	4
	1
	56
	

	5
	1
	72
	

	6
	1
	88
	

	7
	1
	104
	

	8
	2
	32
	

	9
	2
	56
	

	10
	2
	72
	

	11
	2
	104
	

	12
	2
	120
	

	13
	2
	144
	

	14
	2
	176
	

	15
	2
	224
	

	16
	3
	56
	

	17
	3
	88
	

	18
	3
	144
	

	19
	3
	176
	

	20
	3
	208
	

	21
	3
	224
	

	22
	3
	256
	

	23
	3
	328
	

	24
	4
	88
	

	25
	4
	144
	

	26
	4
	176
	

	27
	4
	208
	

	28
	4
	256
	

	29
	4
	328
	

	30
	4
	392
	

	31
	4
	472
	

	32
	5
	120
	

	33
	5
	176
	

	34
	5
	208
	

	35
	5
	256
	

	36
	5
	328
	

	37
	5
	424
	

	38
	5
	504
	

	39
	5
	584
	

	40
	8
	208
	

	41
	8
	256
	

	42
	8
	328
	

	43
	8
	440
	

	44
	8
	552
	

	45
	8
	680
	

	46
	8
	808
	Only for UL
Reserved for DL

	47
	8
	968
	Only for UL
Reserved for DL

	48
	10
	256
	

	49
	10
	344
	

	50
	10
	424
	

	51
	10
	568
	

	52
	10
	696
	Only for UL
Reserved for DL

	53
	10
	872
	Only for UL
Reserved for DL

	54
	16
	424
	

	55
	16
	568
	

	56
	16
	696
	Only for UL
Reserved for DL

	57
	16
	904
	Only for UL
Reserved for DL

	58-63
	Reserved for future 
	
	



We propose to take table 1 for NB-IoT.

Conclusion
We propose to take following method for MCS/TB indication method for NB-IoT.
	ITBS
	Rate matched block size
expressed as number of PRB-pairs in DL and the number of resource unit in UL. In Pi/2 BPSK, the resource unit size is twice of the one of Pi/4 QPSK.
	TB size
	

	0
	1
	16
	

	1
	1
	24
	

	2
	1
	32
	

	3
	1
	40
	

	4
	1
	56
	

	5
	1
	72
	

	6
	1
	328
	

	7
	1
	104
	

	8
	2
	32
	

	9
	2
	56
	

	10
	2
	72
	

	11
	2
	104
	

	12
	2
	120
	

	13
	2
	144
	

	14
	2
	176
	

	15
	2
	224
	

	16
	3
	56
	

	17
	3
	88
	

	18
	3
	144
	

	19
	3
	176
	

	20
	3
	208
	

	21
	3
	224
	

	22
	3
	256
	

	23
	3
	328
	

	24
	4
	88
	

	25
	4
	144
	

	26
	4
	176
	

	27
	4
	208
	

	28
	4
	256
	

	29
	4
	328
	

	30
	4
	392
	

	31
	4
	472
	

	32
	5
	120
	

	33
	5
	176
	

	34
	5
	208
	

	35
	5
	256
	

	36
	5
	328
	

	37
	5
	424
	

	38
	5
	504
	

	39
	5
	584
	

	40
	8
	208
	

	41
	8
	256
	

	42
	8
	328
	

	43
	8
	440
	

	44
	8
	552
	

	45
	8
	680
	

	46
	8
	808
	Only for UL
Reserved for DL

	47
	8
	968
	Only for UL
Reserved for DL

	48
	10
	256
	

	49
	10
	344
	

	50
	10
	424
	

	51
	10
	568
	

	52
	10
	696
	Only for UL
Reserved for DL

	53
	10
	872
	Only for UL
Reserved for DL

	54
	16
	424
	

	55
	16
	568
	

	56
	16
	696
	Only for UL
Reserved for DL

	57
	16
	904
	Only for UL
Reserved for DL

	58-63
	Reserved for future 
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Annex
Coding rate of the different cases are shown in this annex. It includes CRC 24 bit for the calculation.
- 304 bits can be transmitted in one resource unit. It corresponds to DL standalone and guard-band deployment.


[image: ]
- 200 bits can be transmitted in one resource unit. It corresponds to DL inband with 11 OFDM symbol availability.
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- 288 bits can be transmitted in one resource unit. It corresponds to UL multi carrier transmissions.
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- 192 bits can be transmitted in one resource unit. It corresponds to UL single tone transmissions. The coding rate is a bit higher size compared with the other cases. To have separate TBS/MCS is another possibility.
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