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1 Introduction
In this paper, we would like to discuss downlink TBS/MCS table design. The proposed TBS table and MCS table are given in the section 2. More details could be found in section3.
2 Downlink TBS/MCS tables
Table 1 NB-IoT downlink TBS table
	TBS Index
	RU
	Legacy TBS Index

	
	1
	2
	3
	4
	5
	6
	7
	8
	

	0
	8

	32
	56
	88
	120
	152
	176
	208
	0

	1
	16
	56
	88
	144
	176
	208
	224
	256
	1

	2
	40
	104
	176
	208
	256
	328
	392
	440
	3

	3
	72
	144
	224
	328
	424
	504
	600
	680
	5

	4
	104
	224
	328
	472
	584
	
	
	
	7

	5
	136
	296
	456
	616
	
	
	
	
	9

	6
	176
	376
	584
	
	
	
	
	
	11

	7
	208
	440
	680
	
	
	
	
	
	12


Table 2 NB-IoT downlink MCS table

	MCS Index
	Modulation
	TBS Index

	0
	QPSK
	0

	1
	QPSK
	1

	2
	QPSK
	2

	3
	QPSK
	3

	4
	QPSK
	4

	5
	QPSK
	5

	6
	QPSK
	6

	7
	QPSK
	7
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Figure 1 Downlink code rate distribution
3 Considerations on downlink TBS/MCS table design
3.1 (Re-)Transmission and repetition
Table 3 Repetition based on 1/2-code rate TBCC with/without RV
	
	Based on 1/2-code rate TBCC
	Working SINR @ BLER = 10%

	Repetition x2
	without RV
	-0.45dB

	
	with RV
	-0.78dB

	Repetition x4
	without RV
	-3.4dB

	
	with RV
	-3.85dB


In the previous RAN1 meeting [1], it has been agreed that no redundancy version is supported in Rel-13 NB-IoT. Hence, the repetition/re-transmission based non-punctured TBCC seems a more efficient choice. However, for one thing, it has been a kind of common understanding in eMTC discussion that the repetition based on the same transmitted signal is beneficial to demodulation performance enhancement, especially when SINR is very low. For another thing, the loss due to redundancy version missing seems very limited when the code rate is smaller than 0.5, as shown in Table 3 
. Therefore we propose that the MCS indication and the repetition configuration should be separated, i.e., repetition could be based on any MCS level. 
Proposal 1: Downlink MCS level and repetition number should be separately indicated to Rel-13 NB-IoT UEs.
3.2 Highest code rate for downlink TBS table
[image: image3.emf]-1.5 -1 -0.5 0 0.5 1 1.5 2

1.E-03

1.E-02

1.E-01

1.E+00

SNR(dB)

BLER

TBCC block-error performance

76bit-1/3

176bit-1/3

276bit-1/3

376bit-1/3

476bit-1/3

576bit-1/3


Figure 2 BLER performance of 1/3-TBCC with difference code lengths
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Figure 3 NB-IoT downlink geometry
Figure 2 shows the BLER performance of TBCC with 1/3-code rate. The working SNR of TBCC with 1/3-code rate at 10% BLER is from -0.5dB to 0.8dB in accordance with the code lengths of 100-bit to 600-bit
. Following the assumptions given in TR45.820, more than 90% users will work at SNR higher than 1dB, as shown in Figure 3. Moreover, it has been agreed only QPSK modulation is supported in Rel-13 NB-IoT. If the highest code rate of TBCC is restricted to 1/3, the downlink peak data rate could be very low. 
Proposal 2: Consider about 0.8-code rate as the highest code rate in Rel-13 NB-IoT.
3.3 Considerations on TBS table element selection
Although TBCC has no limitation caused by interleaver design, the elements of TBS table could not be continuously changing. The change step should be the integral multiple of eight due that ‘bytes’ are usually adopted in higher layer design. The elements in the legacy TBS table should be reused as much as possible. Besides, typical sizes of possible MAC CEs should be taken into account especially when small TBS table elements are designed. If most of LTE MAC mechanism is inherited by Rel-13 NB-IoT, the following MAC CEs should be considered,
· 1-Byte CE: 

· DRX command
· 2-Byte CE:

· Activation/Deactivation CE (1 octet)

Proposal 3:

· Reuse elements of legacy LTE TBS table as much as possible.

· Consider possible MAC CEs when small elements of NB-IoT TBS table are designed.

· 8 and 16 should be supported in downlink TBS table.
3.4 Considerations on small-size package of TBCC
The code rate of some small transport blocks in legacy LTE TBS table is slightly higher than the code rate of other TBS which share the same TBS indexes with the small transport blocks, for example, the first column of the legacy TBS table. This is mainly for VoIP service. Now according the work item description, VoIP is beyond NB-IoT system design scopes. It seems sensible to adjust the improper small TBS to align the code rates of elements in the same TBS row. This is true for turbo code as we discussed in the accompanying contribution [2]. For TBCC, however, small TBS does not mean poor BLER performance as shown in Figure 2. This is due to the property of Viterbi decoding algorithm which is usually adopted for TBCC decoding. In Viterbi algorithm, the bit-error performance of TBCC simply depends on the trace back length but not the code length when the code length is much longer than several multiple of TBCC constraint length. Actually, the TBCC with different code lengths shown in Figure 2 has almost the same BER performance. In this case, the longer code length, the higher block-error probability. This is the reason why only two elements are adjusted in our downlink TBS table, while several elements are modified in our uplink TBS table [2]. The performance curves of our proposed downlink TBS table are given in Appendix.
4 Conclusion
The TBS table we proposed is based on legacy TBS table, as shown in Table 1. For balancing the TBCC performance in both in-band case and standalone/guard-band case, the TBS-Index 0/1/3/5/7/9/11/12 in legacy TBS table are re-used. Following the observations given in the section 3.3 and 3.4, only two elements are modified. The corresponding BLER performance curves are given in the Appendix. The corresponding MCS table is given in Table 2.
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Appendix A:
A.1 BLER performance in in-band scenario (100RE per RB)
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1 RB

[TBSIdx 0][ RBNum 1][ MsgLen 8][REperRB 100][ CodeRate 0.16]

[TBSIdx 1][RBNum 1][MsgLen 16][REperRB 100][CodeRate 0.19]

[TBSIdx 2][RBNum 1][MsgLen 40][REperRB 100][CodeRate 0.31]

[TBSIdx 3][RBNum 1][MsgLen 72][REperRB 100][CodeRate 0.46]

[TBSIdx 4][RBNum 1][MsgLen 104][REperRB 100][CodeRate 0.62]

[TBSIdx 5][ RBNum 1][ MsgLen 136][REperRB 100][ CodeRate 0.77]
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2 RB

[TBSIdx 0][RBNum 2][MsgLen 32][REperRB 100][CodeRate 0.13]

[TBSIdx 1][RBNum 2][MsgLen 56][REperRB 100][CodeRate 0.19]

[TBSIdx 2][RBNum 2][MsgLen 104][REperRB 100][CodeRate 0.31]

[TBSIdx 3][RBNum 2][MsgLen 144][REperRB 100][CodeRate 0.4]

[TBSIdx 4][RBNum 2][MsgLen 224][REperRB 100][CodeRate 0.6]

[TBSIdx 5][ RBNum 2][ MsgLen 296][REperRB 100][ CodeRate 0.77]
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3 RB

[TBSIdx 0][RBNum 3][MsgLen 56][REperRB 100][CodeRate 0.13]

[TBSIdx 1][RBNum 3][MsgLen 88][REperRB 100][CodeRate 0.18]

[TBSIdx 2][RBNum 3][MsgLen 176][REperRB 100][CodeRate 0.32]

[TBSIdx 3][RBNum 3][MsgLen 224][REperRB 100][CodeRate 0.4]

[TBSIdx 4][RBNum 3][MsgLen 328][REperRB 100][CodeRate 0.56]

[TBSIdx 5][ RBNum 3][ MsgLen 456][REperRB 100][ CodeRate 0.77]
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4 RB

[TBSIdx 0][RBNum 4][MsgLen 88][REperRB 100][CodeRate 0.13]

[TBSIdx 1][RBNum 4][MsgLen 144][REperRB 100][CodeRate 0.2]

[TBSIdx 2][RBNum 4][MsgLen 208][REperRB 100][CodeRate 0.28]

[TBSIdx 3][RBNum 4][MsgLen 328][REperRB 100][CodeRate 0.42]

[TBSIdx 5][ RBNum 4][ MsgLen 616][REperRB 100][ CodeRate 0.77]

[TBSIdx 4][RBNum 4][MsgLen 472][REperRB 100][CodeRate 0.6]


[image: image9.emf]1.E-03

1.E-02

1.E-01

1.E+00

-8 -6 -4 -2 0 2 4 6

BLER

SNR(dB)

5 RB

[TBSIdx 0][RBNum 5][MsgLen 120][REperRB 100][CodeRate 0.14]

[TBSIdx 1][RBNum 5][MsgLen 176][REperRB 100][CodeRate 0.19]

[TBSIdx 2][RBNum 5][MsgLen 256][REperRB 100][CodeRate 0.27]

[TBSIdx 3][RBNum 5][MsgLen 424][REperRB 100][CodeRate 0.43]

[TBSIdx 4][RBNum 5][MsgLen 584][REperRB 100][CodeRate 0.58]
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6 RB

[TBSIdx 0][RBNum 6][MsgLen 152][REperRB 100][CodeRate 0.14]

[TBSIdx 1][RBNum 6][MsgLen 208][REperRB 100][CodeRate 0.19]

[TBSIdx 2][RBNum 6][MsgLen 328][REperRB 100][CodeRate 0.28]

[TBSIdx 3][RBNum 6][MsgLen 504][REperRB 100][CodeRate 0.42]
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7 RB

[TBSIdx 0][RBNum 7][MsgLen 176][REperRB 100][CodeRate 0.14]

[TBSIdx 1][RBNum 7][MsgLen 224][REperRB 100][CodeRate 0.17]

[TBSIdx 2][RBNum 7][MsgLen 392][REperRB 100][CodeRate 0.29]

[TBSIdx 3][RBNum 7][MsgLen 600][REperRB 100][CodeRate 0.43]
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8 RB

[TBSIdx 0][RBNum 8][MsgLen 208][REperRB 100][CodeRate 0.14]

[TBSIdx 1][RBNum 8][MsgLen 256][REperRB 100][CodeRate 0.17]

[TBSIdx 2][RBNum 8][MsgLen 440][REperRB 100][CodeRate 0.28]

[TBSIdx 3][RBNum 8][MsgLen 680][REperRB 100][CodeRate 0.42]


A.2 BLER performance in standalone/guard-band scenario (152RE per RB)
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1 RB

[TBSIdx 0][RBNum 1][MsgLen 8][REperRB 152][CodeRate 0.11]

[TBSIdx 0][ RBNum 1][ MsgLen 16][REperRB 152][ CodeRate 0.13]

[TBSIdx 2][ RBNum 1][ MsgLen 40][REperRB 152][ CodeRate 0.21]

[TBSIdx 3][ RBNum 1][ MsgLen 72][REperRB 152][ CodeRate 0.32]

[TBSIdx 4][ RBNum 1][ MsgLen 104][REperRB 152][ CodeRate 0.42]

[TBSIdx 5][ RBNum 1][ MsgLen 136][REperRB 152][ CodeRate 0.53]

[TBSIdx 6][ RBNum 1][ MsgLen 176][REperRB 152][ CodeRate 0.66]

[TBSIdx 7][ RBNum 1][ MsgLen 208][REperRB 152][ CodeRate 0.76]
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2 RB

[TBSIdx 0][ RBNum 2][ MsgLen 32][REperRB 152][ CodeRate 0.09]

[TBSIdx 1][ RBNum 2][ MsgLen 56][REperRB 152][ CodeRate 0.13]

[TBSIdx 2][ RBNum 2][ MsgLen 104][REperRB 152][ CodeRate 0.21]

[TBSIdx 3][ RBNum 2][ MsgLen 144][REperRB 152][ CodeRate 0.28]

[TBSIdx 4][ RBNum 2][ MsgLen 224][REperRB 152][ CodeRate 0.41]

[TBSIdx 5][ RBNum 2][ MsgLen 296][REperRB 152][ CodeRate 0.53]

[TBSIdx 6][ RBNum 2][ MsgLen 376][REperRB 152][ CodeRate 0.66]

[TBSIdx 7][ RBNum 2][ MsgLen 440][REperRB 152][ CodeRate 0.76]
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3 RB

[TBSIdx 0][ RBNum 3][ MsgLen 56][REperRB 152][ CodeRate 0.09]

[TBSIdx 1][ RBNum 3][ MsgLen 88][REperRB 152][ CodeRate 0.12]

[TBSIdx 2][ RBNum 3][ MsgLen 176][REperRB 152][ CodeRate 0.22]

[TBSIdx 3][ RBNum 3][ MsgLen 224][REperRB 152][ CodeRate 0.27]

[TBSIdx 4][ RBNum 3][ MsgLen 328][REperRB 152][ CodeRate 0.39]

[TBSIdx 5][ RBNum 3][ MsgLen 456][REperRB 152][ CodeRate 0.53]

[TBSIdx 6][ RBNum 3][ MsgLen 584][REperRB 152][ CodeRate 0.67]

[TBSIdx 7][ RBNum 3][ MsgLen 680][REperRB 152][ CodeRate 0.77]
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4 RB

[TBSIdx 0][ RBNum 4][ MsgLen 88][REperRB 152][ CodeRate 0.09]

[TBSIdx 1][ RBNum 4][ MsgLen 144][REperRB 152][ CodeRate 0.14]

[TBSIdx 2][ RBNum 4][ MsgLen 208][REperRB 152][ CodeRate 0.19]

[TBSIdx 3][ RBNum 4][ MsgLen 328][REperRB 152][ CodeRate 0.29]

[TBSIdx 4][ RBNum 4][ MsgLen 472][REperRB 152][ CodeRate 0.41]

[TBSIdx 5][ RBNum 4][ MsgLen 616][REperRB 152][ CodeRate 0.53]
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5 RB

[TBSIdx 0][ RBNum 5][ MsgLen 120][REperRB 152][ CodeRate 0.09]

[TBSIdx 1][ RBNum 5][ MsgLen 176][REperRB 152][ CodeRate 0.13]

[TBSIdx 2][ RBNum 5][ MsgLen 256][REperRB 152][ CodeRate 0.18]

[TBSIdx 3][ RBNum 5][ MsgLen 424][REperRB 152][ CodeRate 0.29]

[TBSIdx 4][ RBNum 5][ MsgLen 584][REperRB 152][ CodeRate 0.4]
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6 RB

[TBSIdx 0][ RBNum 6][ MsgLen 152][REperRB 152][ CodeRate 0.1]

[TBSIdx 1][ RBNum 6][ MsgLen 208][REperRB 152][ CodeRate 0.13]

[TBSIdx 2][ RBNum 6][ MsgLen 328][REperRB 152][ CodeRate 0.19]

[TBSIdx 3][ RBNum 6][ MsgLen 504][REperRB 152][ CodeRate 0.29]

[TBSIdx 5][ RBNum 1][ MsgLen 136][REperRB 152][ CodeRate 0.53]

[image: image19.emf]1.E-03

1.E-02

1.E-01

1.E+00

-10 -8 -6 -4 -2 0 2

BLER

SNR(dB)

7 RB

[TBSIdx 0][ RBNum 7][ MsgLen 176][REperRB 152][ CodeRate 0.09]

[TBSIdx 1][ RBNum 7][ MsgLen 224][REperRB 152][ CodeRate 0.12]

[TBSIdx 2][ RBNum 7][ MsgLen 392][REperRB 152][ CodeRate 0.2]

[TBSIdx 3][ RBNum 7][ MsgLen 600][REperRB 152][ CodeRate 0.29]
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8 RB

[TBSIdx 0][ RBNum 8][ MsgLen 208][REperRB 152][ CodeRate 0.1]

[TBSIdx 1][ RBNum 8][ MsgLen 256][REperRB 152][ CodeRate 0.12]

[TBSIdx 2][ RBNum 8][ MsgLen 440][REperRB 152][ CodeRate 0.19]

[TBSIdx 3][ RBNum 8][ MsgLen 680][REperRB 152][ CodeRate 0.29]


� Red elements are difference from the legacy LTE TBS table. Considerations on red elements are given in section � REF _Ref445880215 \n \h ��3.4�.


� AWGN is assumed. 400-bit information is adopted.


� 24-bit CRC is included in the code length.
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