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1 Introduction
In this paper, we would like to discuss uplink TBS/MCS table design. The proposed TBS table and MCS table are given in section 2. More considerations on TBS/MCS table could be found in section3.
2 Uplink TBS/MCS tables
Table 1 NB-IoT uplink TBS table

	TBS Index
	RU
	Legacy TBS Index

	
	1
	2
	3
	4
	5
	6
	7
	8
	

	0
	16

	32
	56
	88
	120
	152
	176
	208
	0

	1
	24
	56
	88
	144
	176
	208
	224
	256
	1

	2
	32

	88
	152
	208
	256
	328
	392
	440
	3

	3
	56
	144
	224
	328
	424
	504
	600
	680
	5

	4
	88
	224
	328
	472
	584
	712
	840
	968
	7

	5
	136
	296
	456
	616
	776
	936
	--
	--
	9

	6
	176
	376
	584
	776
	1000
	--
	--
	--
	11

	7
	208
	440
	680
	904
	--
	--
	--
	--
	12


Table 2 NB-IoT uplink MCS table for multi-tone transmission

	MCS Index
	Modulation
	TBS Index

	0
	pi/4-QPSK
	0

	1
	pi/4-QPSK
	1

	2
	pi/4-QPSK
	2

	3
	pi/4-QPSK
	3

	4
	pi/4-QPSK
	4

	5
	pi/4-QPSK
	5

	6
	pi/4-QPSK
	6

	7
	pi/4-QPSK
	7


Table 3 NB-IoT uplink MCS table for single tone transmission with 15kHz-subcarrier spacing
	MCS Index
	Modulation
	TBS Index

	0
	pi/2-BPSK
	0

	1
	pi/4-QPSK
	1

	2
	pi/4-QPSK
	2

	3
	pi/4-QPSK
	3

	4
	pi/4-QPSK
	4

	5
	pi/4-QPSK
	5


Table 4 NB-IoT uplink MCS table for single tone transmission with 3.75kHz-subcarrier spacing
	MCS Index
	Modulation
	TBS Index

	0
	pi/2-BPSK
	0

	1
	pi/4-QPSK
	1

	2
	pi/4-QPSK
	2

	3
	pi/4-QPSK
	3
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Figure 1 Uplink code rate distribution
3 Considerations on uplink TBS/MCS table design
3.1 Maximum number of resource units
For turbo code, it is true that the longer code length, the better BLER performance. Considering that better BLER performance could save users’ transmission time, both 16-RU and 8-RU are considered as maximum RU number when we design UL TBS table. However, the simulation results show that under AWGN channel no more than 0.3dB gain could be obtained if using 16-RU instead of 8-RU. The gain of 0.3dB seems not worth of the additional one-bit indication overhead in DCI. Hence, 8-RU is adopted as the maximum RU number in our TBS table design.
3.2 (Re-)Transmission and repetition

As discussed in the accompanying contribution [1], separated indication of MCS level and repetition number is beneficial to users at low SINR. Similar gain could be obtained in uplink as well. This is because the demodulation performance at very low SINR is not limited by the reliability of channel decoder, but the accuracy of channel estimator. On the other hand, as discussed in previous subsection, 8 resource units are proposed for both downlink and uplink TBS table with max TBS 208 bit for the lowest MSC. In order to transmit large TBS in extended coverage, repetition is needed. Therefore, it is proposed to indicate MCS and repetition number separately.
Proposal 1: Uplink MCS level and repetition number are separately indicated to Rel-13 NB-IoT UEs.
3.3 Highest code rate for uplink TBS table
[image: image3.emf]0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

-20 -10 0 10 20 30 40 50 60

CDF

SNR(dB)

1x subcarrier

3x subcarrier

6x subcarrier

12x subcarrier


Figure 2 NB-IoT downlink geometry

As shown in Figure 2, the SINR of most users is higher than 0dB. For the purpose of providing users in normal coverage with higher peak date rate, about 0.8 code rate is considered as the highest code rate in uplink TBS table, similar to our downlink proposal [1]. 
The legacy TBS-Indexes 0/1/3/5/7/9/11/12 are adopted as a basis of uplink TBS table design. Table 2, Table 3 and Table 4 are MCS tables of multi-tone transmission, single tone transmission with 15kHz-subcarrier spacing and single tone transmission with 3.75kHz-subcarrier spacing, respectively. For multi-tone transmission and single tone transmission with 15kHz-subcarrier spacing, the highest code is about 0.8, as shown in Figure 1.

For single-tone transmission with 3.75kHz-subcarrier spacing, the highest code rate is about 0.5. Compared with 15kHz-subcarrier transmission scheme, 3.75kHz-single tone transmission requires longer transmission time and provides lower peak data rate. Therefore, 3.75kHz-single tone scheme would be mainly utilized for serving extended/extreme coverage users. In the worse propagation scenario, MCS levels with higher code rate are almost useless. Reduce the available MCS level number for 3.75kHz-single tone scheme could save one-bit DCI overhead. This additional one-bit DCI information could be utilized to indicate the 3.75kHz-subcarrier index, as discussed in [2].

3.4 Considerations on small TBS
As we discussed in [1], there are two factors related on the selection of small transport blocks. The first one is the alignment of BLER performance for a certain TBS index. The other is typical sizes of possible MAC CEs.
Figures given in Appendix A.1 show the BLER performance of the table containing legacy TBS-index 0/1/3/5/7 without any element change. It can be seen that the working SINR of small transport block sizes in legacy table is obviously higher than the working SINR of other larger transport block sizes in the same row. Hence, some minor adjustments have been done. The adjusted elements are marked in red in Table 1. The BLER performance after minor adjustment is given in Appendix A.2. 
Following the same principle, the blue elements shown in Table 1 should be modified from 16 and 24 to 8 and 16, respectively. However, there is no uplink MAC CE requires simply one byte in legacy LTE. In other word, a transport block size of 8-bit would never be scheduled for uplink unless a new MAC CE of 1-byte is introduced. Hence, we propose retain 16 and 24 if no 1-byte MAC CE is introduced in NB-IoT.
As reference, if most of LTE MAC mechanism is inherited by Rel-13 NB-IoT, the following UL MAC CEs should be considered,
· 2-Byte CE:

· Short BSR ,
· Truncated BSR,
· 3-Byte CE:

· C-RNTI MAC CE,
· 4-Byte CE:

· Long BSR.
3.5 Considerations on redundancy version

In legacy LTE, turbo code has four redundancy version indexes, e.g. 0/1/2/3. According to the simulation results shown in the Appendix A.5, there is about 0.2dB 
performance loss if the redundancy versions are reduced from four to two. To save the overhead of DCI, we propose support two redundancy versions in Rel-13 NB-IoT.
Proposal 2: Support two redundancy versions for turbo code, i.e. RV 0 and 2 of legacy LTE.
4 Conclusion
The TBS table we proposed is based on legacy TBS table, as shown in Table 1. The TBS-Indexes 0/1/3/5/7/9/11/12 in legacy TBS table are re-used as much as possible. For the purpose of aligning the working SINR of transport block sizes in the same row of TBS table, some minor modifications have been done. MCS tables of multi-tone transmission, single tone transmission with 15kHz-subcarrier spacing and single tone transmission with 3.75kHz-subcarrier spacing are given in Table 2, Table 3 and Table 4, respectively. The corresponding BLER performance curves are given in the Appendix A.3 and A.4.
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Appendix A
A.1 BLER performance before modification (discussed in section 3.4)
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A.2 BLER performance after modification (discussed in section 3.4)
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A.3 BLER performance of single-tone transmission (96RE per RU)
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A.4 BLER performance of multi-tone transmission (144RE per RU)
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[TBSIdx 3][ RBNum 4][ MsgLen 328][REperRB 144][ CodeRate 0.31]

[TBSIdx 4][ RBNum 4][ MsgLen 472][REperRB 144][ CodeRate 0.43]

[TBSIdx 5][ RBNum 4][ MsgLen 616][REperRB 144][ CodeRate 0.56]

[TBSIdx 6][ RBNum 4][ MsgLen 776][REperRB 144][ CodeRate 0.69]

[TBSIdx 7][ RBNum 4][ MsgLen 904][REperRB 144][ CodeRate 0.81]
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5 RU

[TBSIdx 0][ RBNum 5][ MsgLen 120][REperRB 144][ CodeRate 0.1]

[TBSIdx 1][ RBNum 5][ MsgLen 176][REperRB 144][ CodeRate 0.14]

[TBSIdx 2][ RBNum 5][ MsgLen 256][REperRB 144][ CodeRate 0.19]

[TBSIdx 3][ RBNum 5][ MsgLen 424][REperRB 144][ CodeRate 0.31]

[TBSIdx 4][ RBNum 5][ MsgLen 584][REperRB 144][ CodeRate 0.42]

[TBSIdx 5][ RBNum 5][ MsgLen 776][REperRB 144][ CodeRate 0.56]

[TBSIdx 6][ RBNum 5][ MsgLen 1000][REperRB 144][ CodeRate 0.71]
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6 RU

[TBSIdx 0][ RBNum 6][ MsgLen 152][REperRB 144][ CodeRate 0.1]

[TBSIdx 1][ RBNum 6][ MsgLen 208][REperRB 144][ CodeRate 0.13]

[TBSIdx 2][ RBNum 6][ MsgLen 328][REperRB 144][ CodeRate 0.2]

[TBSIdx 3][ RBNum 6][ MsgLen 504][REperRB 144][ CodeRate 0.31]

[TBSIdx 4][ RBNum 6][ MsgLen 712][REperRB 144][ CodeRate 0.43]

[TBSIdx 5][ RBNum 6][ MsgLen 936][REperRB 144][ CodeRate 0.56]
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7 RU

[TBSIdx 0][ RBNum 7][ MsgLen 176][REperRB 144][ CodeRate 0.1]

[TBSIdx 1][ RBNum 7][ MsgLen 224][REperRB 144][ CodeRate 0.12]

[TBSIdx 2][ RBNum 7][ MsgLen 392][REperRB 144][ CodeRate 0.21]

[TBSIdx 3][ RBNum 7][ MsgLen 600][REperRB 144][ CodeRate 0.31]

[TBSIdx 4][ RBNum 7][ MsgLen 840][REperRB 144][ CodeRate 0.43]
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8 RU

[TBSIdx 0][ RBNum 8][ MsgLen 208][REperRB 144][ CodeRate 0.1]

[TBSIdx 1][ RBNum 8][ MsgLen 256][REperRB 144][ CodeRate 0.12]

[TBSIdx 2][ RBNum 8][ MsgLen 440][REperRB 144][ CodeRate 0.2]

[TBSIdx 3][ RBNum 8][ MsgLen 680][REperRB 144][ CodeRate 0.31]

[TBSIdx 4][ RBNum 8][ MsgLen 968][REperRB 144][ CodeRate 0.43]


A.5 BLER performance of 3x re-transmission (144RE per RU)
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[TBS_Idx 07][Msg: 208]

[Original code rate: 0.81] [ 3x Re-transmission]

[TBSIdx07][RU:1][RV:0231]

[TBSIdx07][RU:1][RV:0202]
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[TBS_Idx 07][Msg: 440]

[Original code rate: 0.81] [ 3x Re-transmission]

[TBSIdx07][RU:2][RV:0231]

[TBSIdx07][RU:2][RV:0202]
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[TBS_Idx 07][Msg: 680]

[Original code rate: 0.81] [ 3x Re-transmission]

[TBSIdx07][RU:3][RV:0231]

[TBSIdx07][RU:3][RV:0202]
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[TBS_Idx 07][Msg: 904]

[Original code rate: 0.81] [ 3x Re-transmission]

[TBSIdx07][RU:4][RV:0231]

[TBSIdx07][RU:4][RV:0202]


� Considerations on blue elements are given in section � REF _Ref445917930 \r \h ��3.4�.


� Red elements are difference from the legacy LTE TBS table. Considerations on red elements are given in � REF _Ref445917930 \r \h ��3.4�.


� Assumptions in TR.45820 have been followed.


� The original code rate is 0.81. Three retransmissions are assumed.
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