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1 Introduction
In RAN#69 meeting, a new work item ‘Narrow Band Internet of Things, NB-IOT’ is approved [1]. Three deployment scenarios are supported:
NB-IOT should support 3 different modes of operation: 

1.
‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers

2.
‘Guard band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band 

3.
‘In-band operation’ utilizing resource blocks within a normal LTE carrier

Two candidate waveforms, FDMA with GMSK modulation and SC-FDMA are considered:
· For the uplink, two options will be considered: FDMA with GMSK modulation (as described in 3GPP TR 45.820 section 7.3), and SC-FDMA (including single-tone transmission as a special case of SC-FDMA) 

· Technical analysis will either perform a down-selection or decide on inclusion of both 

In this contribution, we will discuss the considerations on NB-IOT uplink design.
2 UL Numerology and Frame Structure
In section 7A of TR 45.820 [2], a SC-FDMA based uplink design is described. Since UE only has 180kHz RF bandwidth, the timing resolution may be impacted due to the limited bandwidth of RACH for timing estimation especially in such a the poor coverage. A longer CP may be needed. Trading off the overhead against the performance, a small subcarrier spacing, e.g., 2.5kHz, for uplink is considered. In addition, a small subcarrier spacing gives a more PSD boosting possibility to improve the coverage for a UE and improve the cell capacity by allowing a higher degree of user multiplexing.
2.1 UL Numerology 
A frame structure design for SC-FDMA is given in TR 45.820 [2] with 60ms radio frame and 6ms subframe, respectively, named as M-frame and M-subframe. The design stretched LTE uplink numerology in time domain and thereby reducing subframe from 15kHz to 2.5kHz. The CP length is 6 times of LTE CP length, that is, 30.8us for the first symbol and 28.4us for other symbols for normal CP. The CP overhead is 6.7 % as normal LTE. However, 6ms subframe is hard to be compatible with current TDD system. In addition, single tone is considered for extreme coverage case, legacy resource allocation method cannot support resource allocation for single. Therefore, the claimed benefit of reusing legacy LTE resource allocation scheme for stretching LTE uplink numerology design is not valid. Considering the characters of LTE TDD system, a new frame structure design for 2.5kHz subcarrier spacing with 5ms subframe and 5n ms radio frame is described as Figure 1 with detailed parameters listed in Table 1. Each 5ms subframe contains 12 OFDM symbols with 4% CP overhead. The CP length is about 15.625us, which can overcome delay spread of multipath channel and the timing error causing by PRACH. Higher spectral efficiency is expected compared than 6ms subframe design given in section 7A of TR 45.820 because of lower CP overhead. An alternative frame structure design is also given in Table 1 and Figure 2, with 3.75kHz subcarrier spacing and 2ms subframe length, with the same CP overhead of legacy LTE system. It is more easy for a 2ms subframe design deployed in current TDD system. 

Table 1 Parameters for different frame structure designs
	Parameters
	6ms Design
	5ms Design
	2ms Design

	Bandwidth
	180kHz
	180kHz
	180kHz

	Subcarrier spacing
	2.5kHz
	2.5kHz
	3.75kHz

	Sampling Rate
	320kHz
	320kHz
	240kHz

	FFT size
	128
	128
	64

	Usable subcarriers
	72
	72
	48

	Symbol duration
	Normal CP: 431.25us/428.125us

Extend CP: 500us
	428.125us/415.625us
	299.7us/283.1us

	CP 
	6.7% overhead for normal CP

20%overhead for extend CP
	4% overhead

1st symbol: 9 samples (28.125us)

Other symbols: 5 samples (15.625us)


	6.7% overhead

1st symbol: 8 samples

Other symbols:4 samples

	Subframe structure
	1 slot = 7 /6 OFDM symbols

1 subframe = 2 slots = 6ms

1 radio rame = 10 subframes = 60ms
	1 subframe = 12 OFDM symbols =5ms

1 radio frame =n subframe =5n ms(e.g, 10ms, 80ms, 160ms)
	1 subframe = 7 OFDM symbols = 2ms

1 radio frame =5 subframe =10ms
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Figure 1 Frame structure design with 2.5kHz subcarrier spacing and 5ms subframe 
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Figure 2 Frame structure design with 3.75kHz subcarrier spacing and 2ms subframe 

2.2 UL Frame Structure Design for TDD 
In LTE TDD system, there are three of configurations every 5ms, DSUUU, DSUUD, and DSUDD. In order to support all the configurations in legacy TDD system, it is possible to design three special subframes to fit in current TDD UL-DL configurations. An example of special subframe design is illustrated as Figure 3 for 5ms subframe duration design. In order to avoid interference between uplink and downlink, NB-IoT uplink signal can only be transmitted during LTE uplink subframe. Several OFDM symbols can be transmitted for different configurations. For example, within 3ms, 7 OFDM symbols can be transmitted, and within 1 or 2 ms, 2 OFDM symbols or 4-5 OFDM symbols can be transmitted respectively. Multiple 5ms subframes can be bundled together to transmit one transport block to provide a proper code rate. For UE with better coverage, more subcarriers (up to 72 subcarriers) can be allocated to one UE to improve data rate while single tone can be allocated to extreme coverage UEs with longer TTI. However, there may have some issues for uplink reference signal design within such limited UL resources and further study on reference signal design is needed.
According to the new special subframe design, each legacy UL-DL configuration is corresponding to a new configuration. For example, UL-DL configuration 0/1/2/6 are corresponding to S0 S0/ S1S1/ S2 S2/S0 S1 respectively. And configuration 3/4/5 are corresponding to S0 D/S1 D/ S2/D, where D represents to 5 downlink subframes with 1ms if legacy numerology is adopted to downlink. 
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Figure 3 An example of special subframe design for 5ms uplink 

Similarly, for 2ms subframe, two adjacent legacy subframes can be bundled as one M-subframe, an example shown as Figure 4. Five types of subframes are needed, as DS, UU, UD, SU, DD, where DS can be considered as legacy D +S without uplink transmission in special subframe if 15kHz subcarrier spacing is used and DD are two legacy downlink subframes. UD and SU can transmit 3 uplink OFDM symbols with 3.75kHz subcarrier spacing, and D and S are legacy downlink subframe and special subframe respectively. Other designs can also be considered such as bundling subframe #9 and subframe #0 as one 2ms subframe. Similar as above analysis, reference signal design may need further study considering the performance and overhead, as well as the corresponding uplink resource allocation mechanism. 
Another alternative solution for uplink is GMSK-based waveform. The above analysis is also adapted to GMSK-based solution. For example, a 5ms slot is defined in section 7.3 of TR 45.820 [2]. In order to work at LTE TDD in band and guard band mode, only some symbols can be transmitted and others are reserved for downlink. The reference signal design may also need further study for GMSK-based solution in TDD system.  
Proposal: Consider 2ms or 5ms subframe design in order to support TDD deployment. Details including uplink reference signal design may need further study.
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Figure 4 An example of TDD configuration with 2ms subframe 

3 Conclusion
In this contribution, we discussed several SC-FDMA based uplink numerology and frame structure design. In addition, we discuss the handling for TDD system. Based on the discussions, we proposed: 
Proposal: Consider 2ms or 5ms subframe design in order to support TDD deployment. Details including uplink reference signal design may need further study.
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