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1. Introduction
In the revised WID “Revised WI: NarrowBand IoT (NB-IoT)” ([1]) approved in RAN #70 meeting, the following numerology was agreed for NB-IoT:
Agreements:
· OFDMA on the downlink

· 15 kHz sub-carrier spacing for all the modes of operation (with normal or extended CP). 

· For the uplink: 

· Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.

· Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.

· The UE shall indicate the support single-tone and/or multi-tone, details to be discussed by RAN WGs.
At RAN WG1 NB-IoT Ad-Hoc Meeting, the following agreements were achieved [2]:

· One resource unit schedulable in PUSCH transmission for the data consists of fixed [X] msec at least for FDD

· X(115kHz) is 8 for 15 kHz case with single tone transmission
· X(13.75kHz) is 32 for 3.75 kHz case with single tone transmission
· In case of multiple tones is allocated for one UE, X{m} is smaller than X(115kHz)
· In case of 12 tones is allocated for one UE, X{12} is 1

· UL multi-tone transmission for the data with 12 tones is supported

· UL multi-tone transmission for the data also supports followings of numbers of multiple 

· {3} with 4 msec resource unit size

· {6} with 2 msec resource unit size

· When single-tone is allocated, Pi/4-QPSK and Pi/2-BPSK are supported
· FFS: How rotation is realized

· FFS: Phase rotation for RS(s)

· When multi-tone is allocated, QPSK is supported
· FFS: TPSK, 8-BPSK
In this contribution, more details and considerations of uplink data transmission for NB-IoT are presented.
2. PUSCH Transmission
2.1. TBS index table for NB-PUSCH
For multi-tone transmission, TBS index table for NB-PUSCH can reuse the first 10 MCS levels in Table 7.1.7.1-1 of TS 36.213, where the modulation order Qm=2 refers to pi/4-QPSK. The index of TBS equals to the index of MCS, namely ITBS = IMCS. For single-tone transmission, the ITBS(0) and ITBS(1) are changed for pi/2-BPSK modulation, and ITBS(2) to ITBS(9) are used for pi/4-QPSK modulation.
Proposal 1: For multi-tone transmission, the first 10 MCS levels in Table 7.1.7.1-1 of TS36.213 can be reused for NB-PUSCH. For single-tone transmission, ITBS(0) and ITBS(1) are changed for pi/2-BPSK modulation, and ITBS(2) to ITBS(9) are used for pi/4-QPSK modulation.
2.2. Redundancy version (RV)
For NB-IoT system, it is preferable that redundancy versions are supported for Turbo coding since repetition transmission and HARQ need to be supported. RV can bring performance gain by incremental redundancy. The indication of RV will increase downlink signalling overhead, thus the number of RVs should be limited, as a result it is suggested that only two RVs are considered for NB-PUSCH. Appendix A compares the performance of 2 and 4 RVs. Since we do not prefer higher code rate than 2/3 in NB-PUSCH, the gap between 2 and 4 RVs is negligible. 
Proposal 2: RV can be limited to two versions for NB-PUSCH.
2.3. Modulation and TBS index, RV table for NB-PUSCH
Although two RVs are supported, it is possible that downlink control signalling overhead keeps the same as the case without RV indication. In LTE Release 12, MCS index is used to indicate modulation order, TBS index and RV for PUSCH. Similarly, MCS index can also be used to indicate RV. For example, only one RV is used for TBS indices smaller than 4 since the code rate is small, while two RVs are used for the remaining TBS indices since the code rate is high. Table 1 and Table 2 show examples of MCS and redundancy version table for multi-tone and single-tone NB-PUSCH respectively, herein i(j) denotes that the i-th NB-IoT MCS/TBS index corresponds to the j-th LTE Release 12 MCS/TBS index. Without introducing additional IMCS overhead, two RVs can be supported for NB-PUSCH. Since CQI is not supported for NB-IoT, 4-bit MCS index can be reduced to 3-bit MCS index as in Table 3 and Table 4.
Table 1:  Modulation, TBS index and RV table for multi-tone NB-PUSCH, 4-bit MCS
	MCS index
IMCS
	Modulation order

Qm
	TBS index

ITBS
	Redundancy Version
rvidx

	0(0)
	2
	0(0)
	0

	1(1)
	2
	1(1)
	0

	2(2)
	2
	2(2)
	0

	3(3)
	2
	3(3)
	0

	4(4)
	2
	4(4)
	0

	5(5)
	2
	5(5)
	0

	6(6)
	2
	6(6)
	0

	7(7)
	2
	7(7)
	0

	8(8)
	2
	8(8)
	0

	9(9)
	2
	9(9)
	0

	10(4)
	2
	4(4)
	2

	11(5)
	2
	5(5)
	2

	12(6)
	2
	6(6)
	2

	13(7)
	2
	7(7)
	2

	14(8)
	2
	8(8)
	2

	 15(9)
	2
	9(9)
	2


Table 2: Modulation, TBS index and RV table for single-tone NB-PUSCH, 4-bit MCS
	MCS index
IMCS
	Modulation order

Qm
	TBS index

ITBS
	Redundancy Version
rvidx

	0(0)
	1
	0(0)
	0

	1(1)
	1
	1(1)
	0

	2(2)
	2
	2(2)
	0

	3(3)
	2
	3(3)
	0

	4(4)
	2
	4(4)
	0

	5(5)
	2
	5(5)
	0

	6(6)
	2
	6(6)
	0

	7(7)
	2
	7(7)
	0

	8(8)
	2
	8(8)
	0

	9(9)
	2
	9(9)
	0

	10(4)
	2
	4(4)
	2

	11(5)
	2
	5(5)
	2

	12(6)
	2
	6(6)
	2

	13(7)
	2
	7(7)
	2

	14(8)
	2
	8(8)
	2

	 15(9)
	2
	9(9)
	2


Table 3: Modulation, TBS index and RV table for multi-tone NB-PUSCH, 3-bit MCS
	MCS index
IMCS
	Modulation order
Qm
	TBS index
ITBS
	Redundancy Version
rvidx

	0(0)
	2
	0(0)
	0

	1(2)
	2
	1(2)
	0

	2(4)
	2
	2(4)
	0

	3(6)
	2
	3(6)
	0

	4(8)
	2
	4(8)
	0

	5(4)
	2
	2(4)
	2

	6(6)
	2
	3(6)
	2

	        7(8)
	2
	4(8)
	2


Table 4: Modulation, TBS index and RV table for single-tone NB-PUSCH, 3-bit MCS
	MCS index
IMCS
	Modulation order
Qm
	TBS index
ITBS
	Redundancy Version
rvidx

	0(0)
	1
	0(0)
	0

	1(2)
	2
	1(2)
	0

	2(4)
	2
	2(4)
	0

	3(6)
	2
	3(6)
	0

	4(8)
	2
	4(8)
	0

	5(4)
	2
	2(4)
	2

	6(6)
	2
	3(6)
	2

	        7(8)
	2
	4(8)
	2


Proposal 3: MCS index is used to indicate TBS index and RV.
·  Only one RV is supported for small TBS indices.
· Two RVs are supported for large TBS indices. 
· 3-bit MCS index as shown in Table 3 and Table 4 is preferred due to no CQI feedback.
2.4. Determination of TBS
The concept of Resource Unit (RU) has been defined in [2], which is similar with the concept of RB in LTE Release 12.  However the available amount of data RE per RU is different between multi-tone and single-tone. For multi-tone case, each RU has 144 data REs, while for single-tone case, there are only 96 data REs per RU.  This difference will affect the actual transmission rate, and leads to discordance of required SNR. 
Table 5 gives an example that the first 10 ITBS levels in Table7.1.7.2.1 of TS 36.213 are reused for NB-PUSCH. TBS is derived from NRU and ITBS by TBS table. Since CQI is not supported for NB-IoT, 4-bit TBS index can be reduced to 3-bit TBS index, TBS table is modified from Table 5 to Table 6. The highlighted entries in Table 6 have been modified in consideration to support adaptive HARQ. Appendix B gives the link level performance of the suggested TBS in Table 6 for both single-tone and multi-tone cases. We can see the required SNR (@BLER=0.1) increases almost linearly by 2 dB step with the increase of ITBS, which means TBS from Table 6 can work well in NB-PUSCH.
Table 5: Transport block size table for NB-PUSCH (dimension 10×6)
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	24
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	144
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	3(3)
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	104
	176
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	328

	4(4)
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	256
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	408

	5(5)
	72
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	424
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	6(6)
	88
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	256
	392
	504
	600

	7(7)
	104
	224
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	584
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	8(8)
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	256
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	680
	808

	9(9)
	136
	296
	456
	616
	776
	936


Table 6: Transport block size table for NB-PUSCH (dimension 5×6)
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Proposal 4: Part of TBS table from legacy LTE can be reused in NB-PUSCH for both single-tone and multi-tone cases.  Due to no CQI feedback, 3-bit TBS table as Table 6 is preferred.
Proposal 5:  Maximum TBS shall be less than 1000bits. FFS exact value.

Proposal 6: The maximum number of RU depends on the supported maximum TBS 
2.5. Scrambling for NB-PUSCH
In case of NB-PUSCH scheduled over Y subframes, the scrambling sequence of that NB-PUSCH is  the same as the scrambling sequence in the first subframe of the Y subframes. The Rel-12 scrambling sequence initialization is used to calculate the initial value of the scrambling sequence.
Proposal 7: NB-PUSCH scrambling sequence over Y subframes is the same as the scrambling sequence in the first subframe of the Y subframes.
2.6. Indication of repetition numbers
In order to improve the coverage of NB-IoT UE, repetition transmission needs to be indicated. Independent DCI signalling, or DCI + RRC signalling, or DCI + SIB signalling can be used to indicate repetition numbers. The determination of repetition numbers should be independent of the determination of TBS, which is helpful to support more TBS and simplify the determination of TBS.

Proposal 8: Explicit signalling is applied to indicate repetition numbers, and the determination of repetition numbers should be independent of the determination of TBS.
2.7. Repetition level and RV recycling
For UEs in coverage enhancement, repetition of NB-PUSCH is supported. When initial code rate is high, RV recycling should be adopted to increase coding gain. {0, 2} can be used for RV recycling following legacy LTE turbo code. Three options，as shown in Figure 1, Figure 2 and Figure 3, are available considering the implementation of repetition in coverage enhancement.
Option1: Repetition based on NB-PUSCH TTI. RV= 0 is repeated Z times of NB-PUSCH transmission, and then RV=2 is repeated Z times of NB-PUSCH transmission. The same pattern continues if needed.
Option2: Repetition based on subframe. If one NB-PUSCH transmission includes m subframes in time domain, first Z repetition with RV =0 for the first subframe, then continue Z repetition for the second subframe. After finishing RV=0 for all the subframes, to use RV = 2 to repeat the process.
Option3: Repetition based on symbol. Similar as in option 2, while the only difference is the unit of Z repetition is for symbol.
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Figure 3: NB-PUSCH is repeated symbol by symbol
Option 1 is adopted in Rel-13 eMTC. However, considering for NB-PUSCH, PRB length usually is larger than 1ms (for example in single tone PUSCH case), Option 1 will increase the transmission interval of the same symbol therefore could have negative impact on demodulation performance and complexity. It is suggested that Option 2 or 3 is adopted. 
Proposal 9: For enhanced coverage case, subframe or symbol level repetition for NB-PUSCH can be considered. The redundancy version (RV) is cycled every Z TTIs. RV pattern {0, 2 } can be used for RV cycling.
2.8. CRC length
The number of CRC bits for turbo coding is 24. For NB-PUSCH, considering that the supported TBS is smaller than the original TBS in LTE Release 12, it is preferred to reduce the number of CRC bits to 16bits. 
Proposal 10: The number of CRC bits for turbo coding is reduced to 16bits. 
3. Conclusion
In this contribution, more details and considerations of uplink data transmission for NB-IoT are presented. In summary, we propose:
Proposal 1: For multi-tone transmission, the first 10 MCS levels in Table 7.1.7.1-1 of TS36.213 can be reused for NB-PUSCH. For single-tone transmission, ITBS(0) and ITBS(1) are changed for pi/2-BPSK modulation, and ITBS(2) to ITBS(9) are used for pi/4-QPSK modulation.
Proposal 2: RV can be limited to two versions for NB-PUSCH.
Proposal 3: MCS index is used to indicate TBS index and RV.
·  Only one RV is supported for small TBS indices.
· Two RVs are supported for large TBS indices. 
· 3-bit MCS index as shown in Table 3 and Table 4 is preferred due to no CQI feedback.
Proposal 4: Part of TBS table from legacy LTE can be reused in NB-PUSCH for both single-tone and multi-tone cases.  Due to no CQI feedback, 3-bit TBS table as Table 6 is preferred.
Proposal 5:  Maximum TBS shall be less than 1000bits. FFS exact value.

Proposal 6: The maximum number of RU depends on the supported maximum TBS 
Proposal 7: NB-PUSCH scrambling sequence over Y subframes is the same as the scrambling sequence in the first subframe of the Y subframes.
Proposal 8: Explicit signalling is applied to indicate repetition numbers, and the determination of repetition numbers should be independent of the determination of TBS.
Proposal 9: For enhanced coverage case, subframe or symbol level repetition for NB-PUSCH can be considered. The redundancy version (RV) is cycled every Z TTIs. RV pattern {0, 2} can be used for RV cycling.
Proposal 10: The number of CRC bits for turbo coding is reduced to 16bits. 
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Appendix A: RV Simulation results
Fading Channel

Table A-1 Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	1Tx, 2Rx

	TBS
	56 bits   

	NRU
	1

	Repetition
	4

	Channel estimation
	Ideal
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Figure A-1 Performances of three NB-PUSCH-specific RV patterns (TBS = 56 bits)

Table A-2 Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	1Tx, 2Rx

	TBS
	104 bits   

	NRU
	1

	Repetition
	4

	Channel estimation
	Ideal
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Figure A-2 Performances of three NB-PUSCH-specific RV patterns (TBS = 104 bits)

Table A-3 Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	1Tx, 2Rx

	TBS
	120 bits   

	NRU
	1

	Repetition
	4

	Channel estimation
	Ideal
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Figure A-3 Performances of three NB-PUSCH-specific RV patterns (TBS = 120 bits)

Table A-4 Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	1Tx, 2Rx

	TBS
	136 bits   

	NRU
	1

	Repetition
	4

	Channel estimation
	Ideal
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Figure A-4 Performances of three NB-PUSCH-specific RV patterns (TBS = 136 bits)
Table A-5 Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	1Tx, 2Rx

	TBS
	144 bits   

	NRU
	1

	Repetition
	4

	Channel estimation
	Ideal
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Figure A-5 Performances of three NB-PUSCH-specific RV patterns (TBS = 144 bits)

Appendix B:TBS Simulation results
Table B-1 Parameters of link simulation
	Parameter
	Value

	Scenario
	Single-tone

	Number of data REs per RU
	96

	Antenna configuration
	1Tx, 1Rx

	TBS
	From Table 6   

	NRU
	1 to 6

	Channel 
	AWGN 
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Figure B-1: Performance of TBS in Table 6 for single-tone cases
Table B-1 Parameters of link simulation
	Parameter
	Value

	Scenario
	Multi-tone

	Number of data REs per RU
	144

	Antenna configuration
	1Tx, 1Rx

	TBS
	From Table 6   

	NRU
	1 to 6

	Channel 
	AWGN 
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Figure B-1: Performance of TBS in Table 6 for multi-tone cases
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Figure B-2: Required SNR for Single-tone and Multi-tone @BLER=0.1[image: image27.png]
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