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1 Introduction
A study item of “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things” [1] has finished in GERAN. During this SI, several solutions have been proposed in 3GPP TR 45.820 [2], such as NB-CIoT, NB-LTE and EC-GSM. Partially following this SI, a new work item on narrow band IOT (NB-IOT) has been approved in RAN #69 [3]. It is declared in [3]
· 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 
, as well as

· RAN1 evaluation will be based on

· For the standalone mode of operation: on scenarios and criteria documented in 3GPP TR 45.820 Sections 4 & 5, and Annex A (with the exception of impacts to GSM base station baseband).
In this contribution, the feasibility of SC-FDMA-based PUSCH solution is confirmed in view of meeting coverage requirements.
2 Discussion
In [1], one of the important objectives is 

· Provide a data rate of at least 160 bps (on both the uplink and downlink) at the (equivalent of) the SAP to the SNDCP layer with the aim of achieving an extended coverage of 20 dB compared to legacy GPRS (Non EGPRS).
Because the MCL of legacy GPRS uplink is 144dB [2], 20dB coverage extension lead to 164dB MCL. In order to give a more general evaluation, three evaluation metrics are chosen as normal coverage, extended coverage and extreme coverage cases with 144dB, 154dB and 164dB MCL respectively. In this contribution, to confirm the feasibility SC-FDMA-based PUSCH, we first evaluate BLER performance, and then calculate and compare the corresponding MCL with these three metrics.
2.1 BLER performance
In our link level simulation, the M-PUSCH design as detailed in [4] is adopted. The subcarrier spacing of PUSCH is 2.5 kHz, 1/6 of legacy LTE subcarrier spacing. The lengths of OFDM symbol and its CP are accordingly extended to six times in comparison with legacy LTE. The frame structure of M-PUSCH is magnified in time domain and minified in frequency domain in corresponding proportion as well. No interference is considered so that the evaluation is for standalone mode. For in band or guard band mode, further evaluation with interference is needed. More details of simulation assumption are given in Table 1. Figure 1 shows the BLER performance. The SNRs at 10% BLER are chosen for the M-PUSCH MCL calculation, i.e., 4.3dB, -5.8dB, and -4.0dB in normal, extended and extreme cases, respectively.
Table 1 Assumptions for link level simulation
	Parameter
	Value

	Frequency band
	900 MHz

	Propagation channel model
	ETU

	Maximum Doppler spread
	1 Hz

	Antenna configuration
	MS: 1Tx, BS: 2Rx

	Frequency error
	F_offset(t) = F_est_error + (F_drift_active * t)

	NB-IOT specific frequency error  (F_est_error)
	Randomly chosen from [-50, 50] Hz

	Frequency drift rate (F_drift_active)
	22.5 Hz/second

	Subcarrier pacing
	2.5 kHz

	Coding scheme
	Turbo coding

	Modulation scheme
	QPSK

	DMRS density/pattern
	Same as legacy LTE system 

	TBS
	776 bits

	CRC length
	24 bits

	Resources for once transmission
	Normal: 12 subcarriers, 6 M-subframes

Extended: 12 subcarriers, 48 M-subframes

Extreme: 1 subcarrier, 360 M-subframes

	Cross-subframe channel estimation
	Normal/Extended: no cross-subframe channel estimation

Extreme: cross 6 M-subframe channel estimation

	Number of channel realizations
	1000
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Figure 1 BLER performance of M-PUSCH for three cases
2.2 MCL calculation
The methodology of MCL calculation as detailed in section 5.1 [2] is utilized. The parameters related to MCL calculation are summarized in Table 2. The results of MCL calculation for normal, extended and extreme cases are shown in Table 3. From the MCL calculation results, we can see that SC-FDMA-based M-PUSCH can meet the MCL target of 164dB required in 3GPP TR 45.820 [2]. Proper repetition (i.e. more than one transmission) and single carrier scheduling are helpful in coverage enhancement.
Observation #1: SC-FDMA-based M-PUSCH can meet the MCL target of 164dB required in 3GPP TR 45.820.
Table 2 Assumptions for MCL calculation
	Parameter
	Value

	MS transmit power (dBm)
	23

	Thermal noise density (dBm/Hz)
	-174

	BS Receiver noise figure (dB)
	3

	Interference margin (dB)
	0

	Receiver processing gain (dB)
	0


Table 3 MCL calculation for M-PUSCH
	Simulation case
	 Extreme
	 Extended
	 Normal

	Transmission time (ms)
	2160
	288
	36

	Data rate above SNDCP (kbps) 
	0.31
	2.36
	18.89

	Transmitter
	
	
	

	(1) Tx power (dBm)
	23
	23
	23

	Receiver
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	3
	3
	3

	(4) Interference margin (dB)
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	2,500
	30,000
	30,000

	(6) Effective noise power

= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-137.0
	-126.2
	-126.2

	(7) Required SINR (dB)
	-4.0
	-5.8
	4.3

	(8) Receiver sensitivity= (6) + (7) (dBm)
	-141.0
	-132.0
	-121.9

	(9) Rx processing gain
	0
	0
	0

	(10) MCL  = (1) ((8) + (9) (dB)
	164.0
	155.0
	144.9


3 Conclusion
In this contribution, we evaluated SC-FDMA-based M-PUSCH coverage performance. Based on the evaluation results, we have following observation:
Observation #1: SC-FDMA-based M-PUSCH can meet the MCL target of 164dB required in 3GPP TR 45.820.
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