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1 Introduction
In the revised WID “Revised WI: NarrowBand IoT (NB-IoT)” ([1]) approved in RAN #70 meeting, uplink numerology was agreed as:

· 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 NB-PUSCH of 3.75 kHz are presented.
2 Frame structure

Subframe length

The duration of the symbol for 3.75 kHz is 266.67 s, which is 4 times of that for 15 kHz. There are two options for the subframe length:

Option 1: 1 ms, including 3 symbols

Option 2: 2 ms, including 7 symbols

The CP lengths are given in Table 1, where the sampling frequency is 1.92 MHz.
Table 1 Numerology details of 3.75 kHz subcarrier spacing
	Subframe duration
	Number of symbols
	CP length

	
	
	

	1 ms
	3
	128 samples (66.67
[image: image1.wmf]s

m

)

	2 ms
	7
	The first symbol: 40 samples (20.83
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other symbols: 36 samples (18.75
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In Option 1, there are 12 symbols in 4 ms, equal to the number of symbols in a subframe for extended CP in LTE. In Option 2, there are 14 symbols in 4 ms, equal to the number of symbols in a subframe of normal CP in LTE. In this sense, Option 2 has higher resource utilization. Option 1 can be used in all the UL-DL configurations of TDD. Option 2 can readily be used only for those TDD configurations with two consecutive uplink subframes. For those UL-DL configurations with one or three consecutive uplink subframes, some symbols may span uplink subframe and downlink subframe, as shown in Figure 1. These symbols cannot be used for transmission.
Uplink-downlink configuration#2：
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 Uplink-downlink configuration#3：
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Figure 1 Examples of UL-DL configurations with odd number of consecutive UL subframes
PRB definition
Only one subcarrier is used for transmission in single tone. To maintain the same total number of RE in one PRB, 4*12 = 48 subframes are needed. A PRB of single tone would span over subframes.
Proposal 1: For single-tone of 3.75 kHz subcarrier spacing, one PRB of NB-PUSCH spans over 48 subframes.
3 Design of DMRS
3.1 Placement of DMRS
For 3.75 kHz case, legacy design principle can be reused, i.e, one DMRS per 6/7 symbols. Some examples are shown in Figure 2.
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Figure 2 Examples of DMRS placement.
It is observed that either Option 1 (3-symbol subframe) or Option 2 (7 symbols over 2 ms), DMRS would be placed in the last symbol in a subframe, as illustrated in Figure 2(a). This would conflict with SRS of LTE. To resolve this, UL DMRS can be shifted as shown in Figure 2 (b).
3.2 DMRS sequence
For single tone case, only one subcarrier is allocated to a UE in frequency domain. Therefore one DMRS symbol cannot carry a sequence in frequency domain. One solution is to choose only one value from the legacy DMRS sequence. The other solution is to map a DMRS sequence to multiple DMRS symbols in time domain. The generation of the sequence can reuse the legacy method, for example, using CG sequence or ZC sequence, and etc. The sequence is fixed in length and can be repeated in time. The length of the sequence can be chosen by considering the resource granularity for scheduling in time domain. For single tone PRB with 48 subframes, there would be 12*2 = 24 DMRS symbols. Hence, the length of the sequence is 24.
If 3.75 kHz single tone is only applied to extreme coverage, the inter-cell DMRS interference is not an issue. However, if it is used in normal coverage, the interference issue may not be negligible. One approach to lower DMRS interference is to place DMRS in different time positions, where the position depends on PCID. One example is illustrated in Figure 3.
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Figure 3 An example of DMRS placement to reduce inter-cell interference.
Another approach to reduce the interference between neighboring cells’ DMRS is to adopt different DMRS sequence which are orthogonal, for example, cyclic shifted ZC sequences can be used in neighbouring cells.
Proposal 2: The placement of DMRS should avoid the last symbol in a subframe, or span over two subframes.
· The sequence mapped to different symbols across multiple subframes

· DMRS of neighboring cells can be time-multiplexed or code-multiplexed
4 PUSCH Transmission
For single tone, only one subcarrier is used for information transmission. To maintain the same number of RE in one PRB, the length of the subcarrier can be 48 ms.

The resource indication of PUSCH includes both time and frequency domains. In time domain, the number of PRBs and repetition need to be signalled. In frequency domain, 6 bits may be needed to count for the maximum 48 subcarriers. Due to the potential interference between 15 kHz and 3.75 kHz tones, guard tones should be reserved as Figure 4 shows.

One way to allow flexible, yet without significant inter-subcarrier interference is to divide 48 subcarriers into 12 groups, each having 4 single tones of 3.75 kHz subcarrier spacing. Only the middle two tones would carry NB-PUSCH, with two edge tones reserved as guard tones.   
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Figure 4 Guard tones to separate 3.75 kHz and 15 kHz tones
To minimize the standardization work, modulation, MCS, TBS, RV and repetition can reuse those for 15 kHz [2].
Proposal 3: MCS, TBS, RV and repetition can reuse those for 15 kHz.
5 The frequency position for 3.75kHz may be restricted.Conclusion

In this contribution, more details and considerations of NB-PUSCH design for 3.75 kHz subcarrier spacing are presented. In summary, we propose:
Proposal 1: For single-tone of 3.75 kHz subcarrier spacing, one PRB of NB-PUSCH spans over 48 subframes.

Proposal 2: The placement of DMRS should void the last symbol in a subframe, or span over two subframes.

· The sequence mapped to different symbols across multiple subframes

· DMRS of neighboring cells can be time-multiplexed or code-multiplexed
Proposal 3: MCS, TBS, RV and repetition can reuse those for 15 kHz.

· The frequency position for 3.75 kHz may be restricted.
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