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1 Introduction
This document describes the coexistence methodology for Narrowband Cellular IoT (NB-CIoT) with GSM focusing on NB-CIoT BS as aggressor and GSM MS as victim. The coexistence methodology should be adapted from [1] and [2] based on static Monte Carlo approach as agreed in [3].The impact of aggressor system on victim system is evaluated as the victim system performance losses versus ACIR (Adjacent Channel Interference Ratio) as it has been done for existing coexistence studies, e.g. in [4]. In particular, the specific ACLR (Adjacent Channel Leakage power Ratio) model for the NB-CIoT BTS is discussed with assumptions that NB-CIoT system is deployed in adjacent band of several continues GSM bands with 100 KHz guard band.
2 Coexistence Methodology 
The coexistence methodology for NB-CIoT with GSM downlink victim adapted from [1] and [2] is presented in this section. 
2.1 Evaluation and Simulation Methodology
The purpose of coexistence of NB-CIoT aggressor and GSM victim downlink is to analyze the impact of NB-CIoT system on GSM system at 900MHz band when the two systems are deployed in adjacent frequency bands with 100 khz guard band and the BSs of two systems are either collocated or located with worst case shift by deploying BS of NB-CIoT at the cell edge of GSM system. 
In order to evaluate the impact of interference from NB-CIoT BSs to GSM MSs, the GSM system should be firstly simulated with a system level simulator modelled by snapshot based Monte Carlo approach. In each snapshot, a sufficient large number of MSs are uniformly randomly deployed in a predefined deployment area. In each snapshot, power control scheme is simulated until it is converged at the target SINR with 5dB margin to model slow power control in GSM. Once the power control converges, the MSs which could achieve SINR larger than the target SINR-0.5 dB are defined as satisfied users, while the MSs which could not reach target SINR-0.5 dB are considered as in outage [1]. The statistical results related to outage such as the number of satisfied users in each snapshot are collected. In the end, the system performance changes/losses (system outage change for speech and system throughput losses for data) caused by interferences from aggressor system are used as coexistence evaluation metrics.
The SINR in GSM system for coexistence is simulated by 
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 is the interferences power from GSM system itself, which may include co-channel and adjacent channel interferences power from other sectors and 
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Afterwards, the aggressor system of NB-CIoT is deployed based on the predefined scenario and both NB-CIoT and GSM systems are simulated based on static Monte Carlo approach. In each snapshot, NB-CIoT system level simulation is firstly conducted as if it was operating alone without taking into account the impact from GSM system for simplicity purpose. Secondly, the GSM system is simulated, where the SINR calculation for each MS will account for the interference from CIoT BSs based on 
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 is the interferences power from GSM system itself, which may include co-channel and adjacent channel interferences power from other sectors and 
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 denotes the interference signal power from aggressor NB-CIoT system which is further scaled down by Adjacent Channel power Ratio (ACIR). ACIR is typically defined in dB. However, in the previous equation; an ACIR in linear domain is used. Detailed discussions of ACIR will be discussed in sub-section of 2.3 for ACIR modelling.
2.2 Simulation Scenarios and System Layout
In this document, we focus on the scenario of NB-CIoT BS as aggressor and GSM MS victim with both coordinated and uncoordinated deployment as agreed in [3] with frequency reuse of 4/12 and 3/9 for GSM. The network layout for GSM system with frequency reuse 4/12 (as an example) with wrap around is depicted in Figure 1. The red digit in each sector represents the frequency index used in the sector while the black digit represents the index of the sector. There are 4 clusters and each consisting of 48 sectors shown in Figure 1 to model wrap around in order to avoid network deployment edge effect. GSM MSs are deployed uniformly randomly in the rectangle area drawn with black dashed line. The aggressor CIoT system will either collocated with GSM in coordinated manner or located with worst case shift as described before for uncoordinated case. 
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Figure 1 Network Layout
2.3 ACIR Modelling 

For coexistence scenario of NB-CIoT BS as aggressor and GSM UE as victim, the Adjacent Channel Leakage power Ratio (ACLR) of NB-CIoT BS and Adjacent Channel Selectivity (ACS) of GSM UE will determine the ACIR by 
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The ACS of GMS UE could be derived from [5]. 
ACLRadj-1 of NB-CIoT BS for the first adjacent channel and ACLRadj-2 for the second adjacent channel are derived based on the GSM PSD mask as worst case given NB-CIoT PSD curve is under GSM PSD mask as shown in Figure 2. For example, ACLRadj-1 is a ratio of transmit power integrated within one-third of wanted NB-CIoT frequency band over the leakage power integrated within the first adjacent band under the GSM PSD mask. A realist model of using ACIRadj-1 of 32 dB for the first adjacent channel and ACLRadj-2 of 55 dB for all the rest adjacent channels is proposed. 
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Figure 2 NB-CIoT Base Station Spectral under GSM PSD Mask 
	ACLR [dB]

	ACLRadj-1
	ACLRadj-2 
	Notes

	32 dB
	55 dB 
	ACLRadj-n for all the rest adjacent channels with index greater than 2 are assumed to be 55 dB


2.4 Simulation Assumption 

The simulation parameters and assumptions are based on the agreement in [3] and are listed in document [6] with simulation results.
3 Summary

In this document, the coexistence methodology for NB-CIoT with GSM downlink is presented. Particularly, ACLR model used for coexistence of NB-CIoT BS as aggressor is discussed. 
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