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Introduction
Evaluation methodology and simulation assumptions for coexistence of cellular IoT with GSM is proposed in [1]. It is agreed that the 5th, 50th and 90th percentile SINR reduction at the CIoT receiver is used to measure the impact of GSM to CIoT. 

In narrowband systems such as NB-OFDMA and NB-FDMA [2], frequency hopping is an effective tool for interference management. It is important to consider frequency hopping in the evaluation of coexistence of a narrowband system with other legacy cellular systems. 

In this study, the effective exponential SINR mapping is proposed for the performance evaluation when frequency hopping is applied. In addition, CDF of the effective SINR in the NB-OFDMA uplink is presented based on the evaluation framework proposed in [1]. 

Effective SINR under Frequency Hopping
Frequency hopping is an effective tool for managing interference within narrowband CIoT systems and between narrowband CIoT and legacy Cellular systems with larger bandwidth. It enables narrowband transmissions to see the average interference which may otherwise vary widely. For instance, 
· Signal power levels at a CIoT base station receiver vary widely among different subchannels, and so do the interference levels from a neighbouring CIoT cell. 
· Interference levels from GSM seen at different CIoT subchannels also vary widely due to the fast decay of out-of-band GSM power spectral density (PSD).
When frequency hopping is applied, the transmission of a data packet experiences different levels of interference. For the ease of evaluation, there is a need to map multiple SINRs during the transmission of a data packet to a single-valued performance metric. The effective exponential SINR mapping (EESM) [3], which is used in LTE to map multiple SINR values seen at different resource blocks to a single value as channel quality indication (CQI), can also be used here to average different SINR levels seen at different transmission time of a data packet.

Let the number of hops during the transmission of a data packet be N and the SINR at a receive antenna during the n-th hopping period be SINR(n), then the effective SINR using EESM is 

            (1)

where  is a parameter to be optimized and its value depends on the MCS considered. The effective SINR in equation (1) is a monotonically decreasing function with respect to the value of . Typically,  is smaller for lower-order modulation and coding rate and is in the range of 1 to 2 for BPSK and QPSK modulations.
Proposal 1: If frequency hopping is supported, the 5%, 50%, and 95% percentile reduction of effective SINR defined in Eq. (1) at the CIoT receiver is used to measure the impact of GSM to CIoT. The values of parameter in Eq.(1) are to be defined for each MCS in future studies.

Simulation Results of UL NB-OFDMA
The effective SINR is used in the simulation of NB-OFDMA UL in the presence of GSM interference. 
Assumptions
Assumptions listed in [1] are used except
· Ideal GSM uplink power control with target SINR 11 dB.
Additional assumptions are
· NB-OFDMA half loaded and GSM fully loaded.
· Building penetration loss scenario 1 with inter-site correlation coefficient 0.5. 
· Frequency hopping described in Section 7.2.1.4.7 of [2] for NB-OFDMA. 
· GSM frequency reuse 3/9, NB-OFDMA frequency reuse 1.
· NB-OFDMA uplink power control with maximal SNR 10 dB and margin of 3dB.
The simulated channel scenario is when NB-OFDMA is allocated at the end of several contiguous GSM carriers, i.e., channel allocation scenario 1 defined in [1]. 
Results
For the UL, both instantaneous and the effective SINR based on EESM are provided in Figure 1. The instantaneous SINR can be considered as the performance indicator without frequency hopping while the effective SINR as the indicator with frequency hopping. When calculating the effective SINR, parameter =1 is used. This is accurate for low coding rate but tends to under estimate the effective SINR for higher coding rate because it is a monotonically decreasing function with respect to . 

The number of frequency hops per data packet in the calculation of effective SINR is assumed as given in Table 1. 
Table 1 Number of frequency hops per data packet of 800 bits.
	Coupling Loss (dB)
	<160 dB
	(160 155]
	(155 150]
	<150

	Number of hops
	200
	100
	50
	25
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From Figure 1, it can be seen that the impact of GSM is small. The degradation at the required SNR, -5.1 dB, for 20 dB coverage extension is negligible. Comparing the instantaneous SINR and the effective SINR, it can be seen that frequency hopping push the SINR distribution significantly to the center, thereby leading to a larger system throughput. With GSM interference, the effective SINR is about 0.5 dB at 10% percentile while the instantaneous SINR is about -2 dB at 10% percentile. 
Summary
In this contribution, the effective SINR based on the EESM method is proposed as a single-valued performance metric when hopping is performed in narrowband CIoT solutions. 

Simulation results of NB-OFDMA UL in the presence of GSM interference has demonstrated the effectiveness of frequency hopping in narrowband CIoT solutions.
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