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1 Introduction

“New WI: NarrowBand IOT (NB-IOT)” ([1]) was approved in RAN #69 meeting. NB-IOT should support three operation modes: ‘Stand-alone operation’, ‘Guard band operation’ and ‘In-band operation’. The following will be supported:

· 180 kHz UE RF bandwidth for both downlink and uplink

· OFDMA on the downlink

· Two numerology options will be considered for inclusion: 15 kHz sub-carrier spacing (with normal or extended CP) and 3.75 kHz sub-carrier spacing. Technical analysis will either perform a down-selection or decide on inclusion of both based on the feasibility of meeting relevant requirements while achieving commonality (to be finalized by RAN #70)

· For the uplink, two options will be considered: FDMA with GMSK modulation (as described in 3GPP TR 45.820 [2] 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 

· The two above will strive for single solution / down-selection, and the decision will be performed by RAN #70 on the basis of RAN1 evaluation. 

· 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)

· For in-band & guard-band mode of operation: on scenarios and criteria documented in 3GPP TR 45.820 Sections 4 & 5, and Annex A (with exception of impacts to GSM base station baseband and RF), plus newly defined scenarios and criteria based upon the same TR e.g. interference to/from legacy LTE operation

· For power consumption, latency, and capacity, this evaluation will assume use of Gb interface towards the core network

· RAN1 evaluation will be based on a detailed numerical assessment in addition to any pass/fail criteria

· RAN1 will involve RAN2 as necessary

In this contribution, link performance for different sub-carrier spacing are evaluated in the downlink. We also evaluate link performance for SC-FDMA and FDMA with GMSK modulation for potential technique down-selection in the uplink.
2 Downlink
OFDMA is agreed for downlink in [1], but there was no consensus on the following two numerology options:
· 15 kHz sub-carrier spacing (with normal or extended CP) 
· 3.75 kHz sub-carrier spacing.
For ‘Stand-alone operation’ mode, NB-IOT with 3.75 KHz sub-carrier spacing has better coverage performance. In addition, 3.75 KHz sub-carrier spacing results in longer OFDM symbol, thus can reduce the accuracy requirement of synchronization. But for ‘in-band/guard-band operation’, it is necessary to consider the interference problem between LTE system and NB-IOT system.
Link-level performance of LTE system and NB-IOT system for different choices of sub-carrier spacing are simulated in this section. The assumption of relative frequency position for NB-IOT and LTE system is shown in Fig. 1, where NB-IOT occupies the middle PRB (12 sub-carriers by 6ms (one M-subframe) for 15 kHz sub-carrier spacing and 48 sub-carriers by 10ms for 3.75 kHz sub-carrier spacing) while LTE system occupies two PRBs at each sides (4 PRBs with 1ms subframe as one codeword). Same power is assumed for LTE sub-carriers and NB-IOT sub-carriers. Other simulation parameters are listed in Table 1.  Note that the focus here is on the impact of interference between NB-IOT system and LTE system, whereas non-ideal factors such as time error and frequency error are not considered in the simulation.
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Figure 1 Assumption of relative frequency position for NB-IOT and LTE system
Table 1 Other downlink simulation parameters
	Parameter
	Value

	LTE system bandwidth
	10 MHz

	Channel Model
	ETU with 1Hz Doppler spread

	Base station antenna configuration
	Assume configured with 2 CRS ports

	Assumed LTE PRBs
	See Fig. 1

	LTE MCS index
	4

	LTE PRB
	4

	LTE TBS (bits)
	256

	NB-IoT (3.75kHz) Modulation
	QPSK

	NB-IoT (3.75kHz) Number of sub-carriers
	48

	NB-IoT (3.75kHz) CBS (bits)
	1440

	NB-IoT Burst Duration (3.75kHz) (Slots, 5ms)
	2

	NB-IoT (15kHz) TBS (bits)
	800

	NB-IoT (15kHz) modulation
	QPSK

	NB-IoT (15kHz) Number of subcarriers
	12

	NB-IoT (15kHz) Total transmission time
	6 subframes


Fig. 2 shows the impact of interference between NB-IOT system and LTE system when 3.75 KHz sub-carrier spacing is used. It is observed that the performance degradation degree of NB-IOT system is more significant than that of LTE since all sub-carriers of NB-IOT would be interfered by LTE system, whereas only the LTE sub-carriers adjacent to NB-IOT are seriously interfered by NB-IOT. In addition, some NB-IOT sub-carriers may also be interfered by LTE CRS.
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Figure 2 Interference impact between NB-IOT (3.75 KHz sub-carrier spacing) and LTE system
Fig. 3 shows the interference impact between NB-IOT system and LTE system when 15 KHz sub-carrier spacing is used for NB-IOT system. Since the sub-carrier spacing of the two systems is the same, performance of LTE system sees almost no difference, because there is no interference coming from adjacent LTE systems even when LTE CRS is reused in NB-IOT with 15 kHz subcarrier spacing. 
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Figure 3 Interference impact between NB-IOT (15 KHz sub-carrier spacing) and LTE system
From simulation results of Fig .2 and Fig. 3, it can be seen that NB-IOT system with 15 kHz sub-carrier spacing does not introduce any interference to LTE system and LTE system would not cause any interference to NB-IOT system. On the other hand, if 3.75 kHz sub-carrier spacing is used for NB-IOT system, both NB-IOT system and LTE system would have serious interference and the link level performance sees significant degradation. 
Observation 1: For the two sub-carrier spacing options:

· If 15 kHz sub-carrier spacing is used for NB-IOT system, NB-IOT system does not introduce any interference to LTE system and LTE system does not cause interference to NB-IOT system. 
·  If 3.75 kHz sub-carrier spacing is used for NB-IOT system, both NB-IOT system and LTE system appear obvious performance deterioration. 
3 Uplink
For the uplink, two options are for consideration:
· FDMA with GMSK modulation (as described in [2])
· SC-FDMA (including single-tone transmission as a special case of SC-FDMA)

SC-FDMA and FDMA with GMSK modulation have their pros and cons. FDMA with GMSK modulation is a simple method with the advantage of low synchronization requirement and lower PAPR. But the inter-symbol interference (ISI) would cause performance loss to FDMA with GMSK modulation. Besides, guard-band is required between adjacent sub-carriers and the spectral efficiency of FDMA with GMSK modulation is lower than that of SC-FDMA. SC-FDMA has the advantage of negligible ISI, thus link performance of SC-FDMA is better than that of GMSK. Considering that FFT operation is required for SC-FDMA while filtering operation is required for FDMA with GMSK modulation, SC-FDMA and FDMA with GMSK modulation have comparable calculation complexity. More precise synchronization may be required for SC-FDMA. But if 2.5 KHz sub-carrier spacing is used for uplink of NB-IOT, the CP length would be about 25us which is 6 times of that of LTE, then the synchronization requirement would be significantly relaxed. In this section, link performances of SC-FDMA and FDMA with GMSK modulation are evaluated based on the simulation parameters assumed in Table 2.
Table 2 Uplink simulation parameters
	Parameter
	Value

	Frequency band
	2.0 GHz

	Propagation channel model
	TU

	Doppler spread
	1 Hz

	Antenna configuration
	MS:1T, BS:2R

	Frequency Offset
	0

	Transmission Duration
	80 ms

	Transmission Bandwidth
	2.5 kHz

	Number of available Resource Elements
	150

	TBS/CRC
	72/16

	Modulation
	BPSK(SC-FDMA), GMSK(FDMA)

	Channel Estimation
	Ideal

	Number of channel realizations
	5000


Fig. 4 shows the link performance for SC-FDMA and FDMA with GMSK modulation. Compared with GMSK, SC-FDMA has obvious link gain (about 1.5dB) in typical operating point of BLER = 10%. The ~1.5dB gain may come from the less ISI. Taking link gain and other factors such as complexity, PAPR and synchronization requirement into consideration, SC-FDMA is a good solution for uplink of NB-IOT.
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Figure 4 Performance comparison for SC-FDMA and FDMA GMSK

Observation 2: Compared with FDMA GMSK, SC-FDMA has significant link gain (about 1.5dB) at BLER = 10%.
4 Conclusions
In this contribution, link level performance for different sub-carrier spacing options in downlink and link level performance for SC-FDMA and FDMA with GMSK modulation in uplink are evaluated. From the simulation results, we make the following observations:
Observation 1: For the two sub-carrier spacing options:

· If 15 kHz sub-carrier spacing is used for NB-IOT system, NB-IOT system does not introduce interference to LTE system and LTE system does not cause interference to NB-IOT system. 
·  If 3.75 KHz sub-carrier spacing is used for NB-IOT system, both NB-IOT system and LTE system appear obvious performance deterioration. 
Observation 2: Compared with GMSK, SC-FDMA has significant link gain (about 1.5dB) at BLER = 10%.
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