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1 Introduction

In RAN#69 meeting, narrow band Internet of Things (NB-IoT) has been approved as a new work item [1]. According to the WID, NB-IoT should support 3 different modes of operation, stand-alone operation, guard band operation, and in-band operation. The main objective of NB-IoT related physical layer are captured in [1].
In this contribution, we discuss some design issues for uplink for NB-IoT.
2 CM of uplink modulation schemes
In this section, we briefly revisit the basic feature of uplink modulation schemes for NB-IoT, and then show the simulation results on CM.
2.1 Simulation Assumptions and Results
The basic simulation parameters used in the CM simulation are shown in Table 1.
The simulations were performed on various numbers of subcarriers which are used by UE. All the case of BPSK, QPSK, and 8PSK were considered to find the effect of the modulation order. We did the simulation with a pulse shaping filter Root raised cosine filter for PSK and 16QAM. Time domain windowing and cyclic prefix were not considered in any cases. 

Table 1. Simulation Parameters for CM simulation
	Number of total subcarriers 
	72

	FFT size
	128

	Number of used subcarrier for a UE
	1, 2, 4

	Pulse shaping filter
	Root raised cosine filter
(8 oversamples / roll off factor = 0.3)


Figure 1 shows the CM results of various modulation schemes. 
CM value of GMSK is -0.82dB, which means that raw cubic metric of GMSK is 0dB. In case of single subcarrier modulation of SC-FDMA, CM values of PSK are -0.80dB, regardless of modulation order. Single subcarrier modulation schemes show smaller CM value than other number of subcarrier modulation schemes which is proper to use in NB-IoT system. 
In case of two subcarrier modulation, CM value of BPSK is similar to that of the BPSK of single carrier modulation, while CM value of QPSK and 8PSK are 0.78dB respectively. 

In case of four subcarrier is used, CM values of all the M-PSK modulations is 1.5~1.9dB bigger than single subcarrier case, which is not suitable for at least large coverage enhancements. 
From a point of view of CM, 16QAM is not suitable for NB-IoT system at least for large coverage enhancement case due to the big CM value, 1.43~2.1dB. 
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Figure 1  99.9% CM results of uplink modulation schemes
2.2 FDMA with GMSK vs. SC-FDMA

CM value with GMSK in FDMA system is -0.82dB, and CM values with single carrier PSK modulation schemes in SC-FDMA system are -0.80dB. A difference of CM value between FDMA with GMSK and SC-FDMA with single carrier PSK modulation schemes is only 0.02dB, while SC-FDMA can support better spectral efficiency. Thus, we propose to adopt SC-FDMA with single carrier transmission for uplink transmission for NB-IoT.
Although further investigation to reduce CM in SC-FDMA system can be considered, it should be clarified whether any further reduction on CM is necessary when single subcarrier is used. When further reduction mechanism is considered, the impact on UE complexity and spectral efficiency degradation should be carefully considered.

Supporting only single subcarrier transmission leads unnecessary restriction in terms of data rate and flexibility. Thus, multiple subcarrier transmission should be also considered. It is however observed that generally CM will be considerably increased with multiple subcarrier transmissions, and it seems that further investigations to address high CM with multi-carrier transmissions are necessary. 

Observation 1: M-PSK with single tone achieves -0.80dB CM. 

Observation 2: CM value gap of BPSK between using single and two subcarriers is very small. 

Observation 3: CM value of multiple carrier transmissions in SC-FDMA increases considerably.
Proposal 1: Adopt single tone SC-FDMA. Clarify whether further reduction of CM with single tone transmission is necessary. 

Proposal 2: It needs to further investigate modulation schemes that can support multiple subcarriers with reduced CM value.

3 Uplink Shared Channel (M-PUSCH)
In NB-IoT, the smallest scheduling unit of M-PUSCH can be 1 subcarrier in frequency domain, which is smaller than 1RB. The benefit of smaller scheduling unit is that it can cover extreme coverage and can enhance the multiplexing capability. However, scheduling unit that is smaller than 1RB is not covered in legacy LTE system. To overcome this problem, new M-PUSCH design is necessary. Design rule of M-PUSCH should consider following objectives.

· Low complexity UE

· Can support high TB size with small scheduling unit
· Higher UE multiplexing capability
In the following, we describe some M-PUSCH design issues that can cover objectives of NB-IoT.
3.1 M-PUSCH resource mapping
We consider M-PUSCH based on SC-FDMA which supports high TB size. Data and DMRS can be transmitted through multiple subframes when TB size exceeds the scheduling unit. Also, multiple subframes can be used for repetition to enhance the coverage. In this case, it needs to consider a TB mapping rule for M-PUSCH with multiple subframes.
For M-PUSCH resource mapping for NB-IoT, following aspects needs to be considered.

· In case of TB size exceed the scheduling unit: The smallest scheduling unit of the M-PUSCH is 1 subframe in time domain and 1 subcarrier in frequency domain. If the size of TB exceeds the scheduling unit, it needs to use multiple subframes in time domain or subcarriers in frequency domain. One possible method is to mapping TB sequentially over the multiple subframes. Details of mapping TB over multiple subframes need further investigations.
· Repetition for coverage enhancement: To support the extended/extreme coverage, same TB may need to be repeated over multipletimes. Mapping pattern of repetition can be formed by various ways. One possible method is to mapping set of M consecutive subframe R times. Then the total number of subframes for PUSCH transmission is MⅹR. Figure 2 shows the repetition pattern of subframes of this method. Although repetition can suffer coverage extension, spending time domain resources diminishes UE power efficiency. Considering trade-offs, further investigation on enhancing performance (i.e., reducing the number of repetitions) would be necessary. 
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Figure 2  Example of Subframe repetition

· Resource indication for M-PUSCH: One possible method is to use DCI to indicate the resource mapping for M-PUSCH. We can assign additional explicit bits to DCI, or unused legacy DCI bits for indication of resource mapping.
Proposal 3: Resource mapping method should be considered to support TB size that exceeds the scheduling unit.

Proposal 4: It is considerable to discuss subframe repetition patterns that can enhance the coverage while preserving time domain resource of M-PUSCH for NB-IoT .

3.2 Uplink DMRS transmission

For Uplink DMRS transmission for NB-IoT M-PUSCH, following aspects needs to be considered.

· New DMRS sequence design: Legacy DMRS sequence cannot be applied directly to uplink DMRS for NB-IoT due to the differences of minimum scheduling unit. It is considerable that design new DMRS sequence for M-PUSCH for NB-IoT. For example, we can redesign DMRS sequence for reduced number of subcarrier. 
· Dividing legacy DMRS: One possible method for DMRS for NB-IoT is to use legacy DMRS sequence. In case UE with N subframes for M-PUSCH transmission, legacy DMRS sequence is generated based on 1 RB(12 subcarriers) and divide it onto N subframes. Figure 3 shows the concept of this process.
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(a)  Generating legacy DMRS
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(b)  Divide legacy DMRS into N subframes

Figure 3  Concept of Dividing legacy DMRS

Proposal 5: New DMRS sequence may be necessary to support smaller size of scheduling unit .

Proposal 6: Reuse of legacy DMRS sequence needs to be discussed
4 Conclusion
This contribution discusses a few aspects related to uplink design for NB-IoT. The following capture our proposals.
Observation 1: M-PSK with single tone achieves -0.80dB CM. 

Observation 2: CM value gap of BPSK between using single and two subcarriers is very small. 

Observation 3: CM value of multiple carrier transmissions in SC-FDMA increases considerably.
Proposal 1: Adopt single tone SC-FDMA. Clarify whether further reduction of CM with single tone transmission is necessary. 

Proposal 2: It needs to further investigate modulation schemes that can support multiple subcarriers with reduced CM value.

Proposal 3: Resource mapping method should be considered to support TB size that exceeds the scheduling unit.

Proposal 4: It is considerable to discuss subframe repetition patterns that can enhance the coverage while preserving time domain resource of M-PUSCH for NB-IoT .

Proposal 5: New DMRS sequence may be necessary to support smaller size of scheduling unit .

Proposal 6: Reuse of legacy DMRS sequence needs to be discussed
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