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1. Introduction

In RAN#69 meeting, NB-IoT was approved as a work item. The objective is to specify a radio access for cellular internet of things, based to a great extent on a non-backward-compatible variant of E-UTRA, that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra low device cost, low device power consumption and (optimised) network architecture [1]. 

According to [1], NB-IoT should support 3 different modes of operation: stand-alone, guard band, and in-band operations. One deployment scenario of stand-alone operation would replace one or more carriers currently used by GSM system. Guard band operation will utilize the resource blocks in guard band of LTE carriers. In-band operation will utilize the resource blocks in LTE carriers.

According to [1], 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 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

· A single synchronization signal design for the different modes of operation, including techniques to handle overlap with legacy LTE signals

· MAC, RLC, PDCP and RRC procedures based on existing LTE procedures and protocols and relevant optimisations to support the selected physical layer

· Any enhancements to S1 interface to CN and related radio protocols to support the work SA2 is conducting on the systems aspects such as signalling reduction for small data transmissions.

In this contribution, we present simulation results on interference from NB-IoT operating in guard band to LTE band. Particularly, this contribution provides the performance degradation of PDSCH and PDCCH due to the NB-IoT interference on guard band according to the simulation assumption on [2].
2. NB-IoT guard band scenario
To allocate NB-IoT band on guard band on LTE, it has to be considered how much the NB-IoT band affect the legacy LTE band. Since the effect of NB-IoT band is mostly the form of interference, it is desirable to reduce the interference created by NB-IoT band to the LTE band. There are several points that affect the amount of interference to LTE band. 

2.1. Subcarrier spacing

As can be seen in [1], there are two candidates on the subcarrier spacing of downlink OFDMA: one is 15 KHz and the other is 3.75 kHz. Since a resource block in LTE guard band will be processed together with other resource blocks in the LTE carriers employing the single FFT of LTE, signals with different subcarrier spacing would be multiplexed in the same OFDM symbol, and each signal will suffer from interference caused by signals with different subcarrier spacing, which will result in the performance degradation. Hence, 15 kHz subcarrier spacing is expected to affect the LTE band less than 3.75kHz subcarrier spacing for NB-IoT.
2.2. Transmission power for NB-IoT
There are 2 scenarios for determining NB-IoT transmission power. First scenario is that NB-IoT uses different power amplifier with LTE. It gives more flexibility to NB-IoT band since NB-IoT transmit power can be determined regardless of LTE transmit power limit, and 35dBm and 38dBm is considered for the simulation environment. It has higher PSD compared to the LTE with 10 MHz since the power is transmitted through much narrower band than LTE. Therefore NB-IoT performance is expected to be higher than the same PA scenario at the cost of more potential interference to LTE band.

Second scenario is sharing the same power amplifier with LTE band. Considering lower PSD than different power amplifier case, applying power boosting for NB-IoT carrier is considered to compensate the expected bad channel condition to the NB-IoT UEs. Since the total base station power should be divided to support both NB-IoT in guard band operation and LTE band, range of power boosting for NB-IoT band may be limited not to degrade LTE transmit power too much. 3dB and 6dB power boosting is considered for in-band operation simulation, and may be considered in the guard band scenario, too. This means less potential interference from NB-IoT band to LTE band.
2.3. Separation between LTE and NB-IoT carrier
Simulation assumption in [2], separation between LTE and NB-IoT carrier is presented for simulation parameter for link-level evaluation. In this contribution, term “carrier separation” means the frequency difference between the end of LTE active subcarrier and the center of the first NB-IoT carrier, depicted in figure 1.
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Figure 1. Carrier separation

It would be better to allocate the separation between LTE and NB-IoT with the interger multiple of 15kHz so as to avoid the interference from using single FFT for NB-IoT and LTE for the 15kHz NB-IoT carrier spacing case, discussed in section 2.1.
Channel raster may be also considered to determine the band separation. UE tries to search the NB-IoT band in the raster consist of frequency candidates which are separated to each other with 100kHz space, as figure 2.
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Figure 2. Frequency raster for NB-IoT band search
We choose 105kHz for the separation between LTE and NB-IoT band for the simulation considering the 3rd raster in figure 2 is allocated to the NB-IoT, f0+4700 case, satisfying the integer multiple of 15kHz and being close to the designated channel raster candidate.
2.4. Evaluation results and observations

We provide evaluation results in this section that show LTE performance degradation when interference from NB-IoT guard band operation is applied. NB-IoT interference is included to LTE signal as a time signal independently IFFTed with LTE signal. A LTE UE then decodes the LTE data, considering NB-IoT signal as interference. 35dBm and 38dBm transmission power is used for NB-IoT for different PA case. LTE and NB-IoT cell layout is 1:1. Separation between LTE and NB-IoT band is chosen as 0Hz and 105kHz, and the meaning of separation is depicted section 2.3. Note that when NB-IoT uses the same PA with LTE band, LTE power degradation due to the power sharing of LTE with NB-IoT band is not considered, considering that actual PDSCH allocation for LTE is 1 or 10RBs.

i. 1RB, 16QAM PDSCH, 0kHz separation
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Figure 3. 1RB LTE PDSCH FER, 0kHz separation. 
ii. 10RBs, QPSK LTE PDSCH, 0kHz separation
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Figure 4. 10RBs LTE PDSCH FER, 0kHz separation. 
iii. 1RB, 16QAM PDSCH, 105kHz separation
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Figure 5. 1RB LTE PDSCH FER, 105kHz separation
iv. 10RBs, QPSK LTE PDSCH, 105kHz separation
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Figure 6. 10RBs LTE PDSCH FER. 105kHz separation

It can be observed that some performance degradation of LTE is observed, when carrier spacing for NB-IoT is 3.75 kHz case, mainly due to the reason discussed in section 2.1. If transmit power of NB-IoT is increased, more performance degradation is observed. This means that NB-IoT transmit power may be limited for the sake of LTE band performance. According to the observations, 3.75kHz NB-IoT carrier spacing may be improper on the aspect of interference to LTE band, thus 15kHz carrier spacing may be appropriate for NB-IoT.
Proposal 1: 15kHz NB-IoT carrier spacing may be appropriate on the aspect of interference to LTE band.
3. Conclusions
In this contribution, we presented our evaluation result for interference from NB-IoT to LTE band, and some of our views on NB-IoT guard band structure. The proposals based on the discussion are given as follow:
Proposal 1: 15kHz NB-IoT carrier spacing is appropriate on the aspect of interference to LTE band.
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Table 1. Evaluation assumptions for PDSCH

	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	800MHz

	Antenna configuration
	Tx antenna: 2, Rx antenna: 2

	Channel model, Doppler spread
	TU 1Hz

	Channel estimation
	Realistic

	Frequency hopping
	OFF

	Transmission mode
	TM2

	Cyclic Prefix
	Normal CP

	Performance target
	10% BLER

	Number of OFDM symbols for PDCCH
	2

	PRB allocated to PDSCH
	1RB
	10RBs

	LTE PDSCH TBS
	176
	1384

	LTE Modulation
	16QAM
	QPSK


