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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.
In this contribution, more details and considerations of uplink data channel with 15 kHz Subcarrier Spacing for NB-IoT are presented.
2. Discussion
2.1. Definition of PRB 
When subcarrier spacing is 15 kHz, to support single tone PUSCH and multiple tone PUSCH transmission, separate PRB definition need to be considered. For single tone, one simple approach to define PRB is via fixed length TTI, with possible candidate chosen from {12, 10, 8}. Considering that we need to have same RE number as the legacy LTE, 12 is the preferred value.
For multi-tone transmission, several options were discussed:
Option 1: Same PRB definition of single tone

Option 2: x number of subcarriers with a given TTI

Option 3: x number of subcarriers with y number of TTI is defined as one PRB, with the constraint that x*y is constant. 
In Option 1, the definition of PRB is the same as for single tone case, i.e., 12ms fixed TTI in time domain and one subcarrier in frequency domain. In Option 2, the length of TTI is fixed, but the number of subcarrier can vary. In Option 3, both TTI length and subcarrier number are variable. In terms of scheduling flexibility, Option 3 is preferable than option 1 and option 2. Also, the value of y can be implicitly derived by the value of x, so Option 3 has same downlink overhead as option 1 and 2. 
Proposal 1: For single tone PUSCH, PRB has a fixed 12ms TTI length; for multiple tone PUSCH,  the number of TTI length y and subcarrier number x can be configured, with the constraint that x*y is constant.
2.2. Resource allocation
For NB-PUSCH, considering the time domain length of different subcarrier, we suggest that and 3 and 6 should be supported, in addition to 1 and 12. In legacy LTE, continuous allocation is used for resource allocation, and the value of PRB number and starting frequency position is determined by the tree-structure allocation. For NB-PUSCH, if legacy PUSCH resource allocation is used, 7 bits are needed to indicate frequency domain information if the maximum subcarrier number is 12. Considering the limited number of subcarriers NB-PUSCH supports, the legacy resource allocation mechanism is not efficient. Some enhanced allocation methods can be considered. For example, pre-defined mapping between starting frequency position and the number of allocated subcarriers can be used to reduce resource overhead, as shown in Table 1 
Table 1 Resource allocation
	5 bits
	predefined frequency position and subcarrier number (x: subcarriers number, m: starting position

	00000~01011
	x=1，m=1~12

	01110~10001
	x=3，m=1~4

	10010~10011
	x=6，m=1~2

	10100
	x=12


For legacy LTE, the scheduling unit of PUSCH is fixed at 1ms; for NB-PUSCH, different configuration needs to be considered. For single tone PUSCH, time unit is fixed; for multi-tone PUSCH, time unit can be implicitly acquired via number of subcarriers. Moreover, introduction of time domain offset can be considered to increase flexibility. 
Proposal 2：For multiple tone PUSCH, [1, 3, 6, 12] tones are supported for subcarrier number. 
2.3. DM RS

Single tone PUSCH（3.75kHz）DM-RS is discussed in [2]. For single tone PUSCH with 15 kHz subcarrier spacing DM-RS, the design can follow the approach in [2], where pilot position can reuse current structure. In the following discussion, only multiple tone PUSCH DM-RS is considered.
2.3.1 Time domain consideration
The time domain position, we can reuse the current PUSCH approach, i.e., the 4th symbol in normal CP case and the 3rd symbol for extended CP case.
2.3.2 Frequency domain consideration
For frequency position of DM-RS, there are two options, considering the frequency allocation related to data.

Option 1:  occupy same frequency as for data

Option 2:  occupy different frequency compared with data
For Option 1, DM-RS has the same frequency position as for data, as illustrated in Figure 1. 
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Figure 1 An example of Option1: UL DMRS occupy same frequency as for data.
There are two different approaches for DM-RS sequence design in Option 1. The first approach is to generate short sequence based on the number of subcarriers. For example, DFT sequence can be used as one candidate of short sequence. Considering peak to average ratio, further optimization can be done via computer searched low PAPR sequence. The second approach is to truncate from current DM-RS sequence. For example, we can generate length 12 ZC sequence from current DM-RS sequence, then to truncate based on the subcarrier positions. 

In the case of Option 2, DM-RS spans only over one subcarrier, while data occupy three subcarriers. To maintain the same channel estimation performance as in Option 1, power boosting can be applied to DM-RS in Option 2. Also, same sequence design can be used as in the single tone case. Another benefit is because of single subcarrier occupancy, PAPR is reduced. The exact DM-RS subcarrier location can be configured differently in separate cells to reduce inter-cell interferences.
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Figure 2 An example of Option2: UL DMRS occupy different frequency from data
Comparing both options, we see that unified design across single tone and multi-tone can be achieved via Option 2. Also in the Option 1, because the reduced number of orthogonal sequence from the short sequence, it is harder to achieve efficient inter-cell interference reduction. Note in both cases, time domain OCC can be introduced to further reduce inter-cell interference. When 12 subcarriers are available, DM-RS design can reused the legacy approach.

Proposal 3：For multi-tone PUSCH, DM-RS time domain position can follow the current legacy approach.

· With subcarrier number<12,  one subcarriers is used for DM-RS 

· With subcarriers number=12, legacy DM-RS design can be reused
2.4. PUSCH Transmission
Modulation and coding

For NB-PUSCH, it is suggested that only QPSK is supported. Turbo code shall be used.

TBS index table for NB-PUSCH
TBS index table for NB-PUSCH can reuse the first 10 MCS levels in Table 7.1.7.1-1 of TS 36.213. Since only one modulation type is used, the index of TBS equals to the index of MCS, namely ITBS = IMCS.
Proposal 4: The first 10 MCS levels in Table 7.1.7.1-1 of TS36.213 can be reused for NB-PUSCH.
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.
Proposal 5: Redundancy version should be supported for NB-PUSCH and limited to two versions.
Modulation and TBS index, RV table for NB-PUSCH
Although two RVs are supported, it is possible that downlink control signalling overhead keeps same as the case without RV indication. In LTE Release 11, 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 shows an example of MCS and redundancy version table for NB-PUSCH, herein i(j) denotes that the i-th NB-IoT MCS/TBS index corresponds to the j-th LTE Release 11 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 2.
Table 1  Modulation, TBS index and redundancy version table for NB-PUSCH
	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 Redundancy Version table for NB-PUSCH
	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


Proposal 6: 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. 
· 4-bit MCS index can be reduced to 3-bit MCS index as shown in Table 4 due to no CQI feedback.
Determination of TBS
The concept of Resource Unit (RU) should be defined, which is similar with the concept of RB in LTE Release 11.  For NB-PUSCH, it is preferred that the number of resource elements (RE) in each RU is approximately equal to the number of resource elements in each RB in Release 11. Thus, it is suggested that each RU should occupy 144 REs. Further, TBS table in Release 11 can be reused if NPRB is modified to NRU. It is preferred that the first 10 ITBS levels in Table7.1.7.2.1 of TS 36.213 can be reused for NB-PUSCH. As shown in Table 3, 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 3 to Table 4.
Table 3: Transport block size table for NB-PUSCH (dimension 10×6)
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	1
	2
	3
	4
	5
	6

	0(0)
	16
	32
	56
	88
	120
	152

	1(1)
	24
	56
	88
	144
	176
	208

	2(2)
	32
	72
	144
	176
	208
	256

	3(3)
	40
	104
	176
	208
	256
	328

	4(4)
	56
	120
	208
	256
	328
	408

	5(5)
	72
	144
	224
	328
	424
	504

	6(6)
	88
	176
	256
	392
	504
	600

	7(7)
	104
	224
	328
	472
	584
	712

	8(8)
	120
	256
	392
	536
	680
	808

	9(9)
	136
	296
	456
	616
	776
	936


Table 4: Transport block size table for NB-PUSCH (dimension 5×6)
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	1
	2
	3
	4
	5
	6

	0(0)
	16
	32
	56
	88
	120
	152

	1(2)
	32
	72
	144
	176
	208
	256

	2(4)
	56
	120
	208
	256
	328
	408

	3(6)
	88
	176
	256
	392
	504
	600

	4(8)
	120
	256
	392
	536
	680
	808


Proposal 7: Resource Unit (RU) should be defined for NB-PUSCH; each RU will occupy about 144 REs.
Proposal 8: The first 10 ITBS levels of TBS table in Release 11 can be reused if NPRB is replaced by NRU.  Furthermore, 4-bit TBS index can be reduced to 3-bit TBS index due to no CQI feedback.
Proposal 9:  Maximum TBS shall be less than 1000bits. FFS exact value.

Proposal 10:  The maximum number of RU depends on the supported maximum TBS 
Determination 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 11: Explicit signalling is applied to indicate repetition numbers, and the determination of repetition numbers should be independent of the determination of TBS.
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 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 1 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=1 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.
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 channel estimation. It is suggested that Option 2 or 3 is adopted. 
Proposal 12: For enhanced coverage case, subframe or symbol based repetition for NB-PUSCH can be considered.
2.5. Other issues
Similar to PUCCH, spreading can increase the multiplexing capacity. However, for normal coverage UEs, spreading tends to decrease data transmission efficiency. For UEs in coverage enhancement, spreading will not affect link performance and nor require new PUSCH format. The only standardization effort is to decide on the orthogonal code and configuration. Therefore, time domain spreading can be introduced for coverage enhancement UEs.
Proposal 13: Time domain spreading for NB-PUSCH can be considered for coverage enhancement UEs.
3. Conclusion
In this contribution, more details and considerations of 15 kHz NB-PUSCH design for NB-IoT are presented. In summary, we propose:
Proposal 1: For single tone PUSCH, PRB has a fixed 12ms TTI length; for multiple tone PUSCH,  the number of TTI length y and subcarrier number x can be configured, with the constraint that x*y is constant.

Proposal 2：For multiple tone PUSCH, [1,3,6,12] tones are supported for subcarrier number. 
Proposal 3：For multi-tone PUSCH, DM-RS time domain position can follow the current legacy approach.

· With subcarrier number<12,  one subcarriers is used for DM-RS 

· With subcarriers number>=12, legacy DM-RS design can be reused

Proposal 4: The first 10 MCS levels in Table 7.1.7.1-1 of TS36.213 can be reused for NB-PUSCH.
Proposal 5: Redundancy version should be supported for NB-PUSCH and limited to two versions.
Proposal 6: 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. 
· 4-bit MCS index can be reduced to 3-bit MCS index as in Table 4 due to no CQI feedback.
Proposal 7: Resource Unit (RU) should be defined for NB-PUSCH; each RU will occupy about 144 REs.
Proposal 8: The first 10 ITBS levels of TBS table in Release 11 can be reused only after NPRB is replaced by NRU. 
Furthermore, 4-bit TBS index can be reduced to 3-bit TBS index due to no CQI feedback.
Proposal 9:  Maximum TBS shall be less than 1000bits. FFS exact value.

Proposal 10:  The maximum number of RU depends on the supported maximum TBS 
Proposal 11: Explicit signalling is applied to indicate repetition numbers, and the determination of repetition numbers should be independent of the determination of TBS.
Proposal 12: For enhanced coverage case, subframe or symbol based repetition for NB-PUSCH can be considered.
Proposal 13: Time domain spreading for NB-PUSCH can be considered for coverage enhancement UEs.
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