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1. Introduction
This document evaluates the coexistence of NB-IoT system in stand-alone mode with CDMA1x in both uplink and downlink direction based on the latest simulation assumptions agreed in [1] during RAN4 #80 meeting. Particularly, in the UL direction, all NB-IoT multi-tone mode, single-tone mode with 15 kHz subcarrier spacing and single-tone mode with 3.75 kHz subcarrier spacing at 850MHz band are discussed and evaluated. Moreover, the uncoordinated deployment as the worst case is considered for all the scenarios, where BSs of the victim system are deployed at the cell edge of the aggressor system.
2. Coexistence Simulation Results
2.1. ACIR modelling and Power Control Scheme for NB-IoT

The ACIR modelling method based on [2] [3] [4] is applied for NB-IoT and CDMA1x coexistence study. For clarity, the ACIR model is briefly discussed below.

The ACLR is defined over aggressor system bandwidth while ACS is defined over victim system bandwidth.

In order to calculate ACIR for the considered coexistence scenario with asymmetrical frequency bandwidths, ACLR of aggressor system is firstly converted from aggressor system bandwidth to victim system bandwidth

ACLR_e=ACLR-10*log10(Bvictim/Baggressor).
Afterwards, the effective ACLR (i.e. ACLR_e) normalized over victim bandwidth is combined with ACS which is defined over victim bandwidths.  

ACIR=1/ (1/ACS + 1/ACLR_e).
Regarding the power control scheme of NB-IoT, the open loop power control model of set 1 for coexistence study of LTE UL agreed in [4] is reused in this study.  The detailed parameters of power control scheme are listed in Table 1 for NB-IoT multi-tone mode, where 3 UEs are scheduled per TTI as a general case and each UE occupies 60 kHz bandwidth.  Besides, two worst cases for single-tone mode with maximum number of UEs and same target SNR of 15 dB are evaluated as well.  
	Stand-alone NB-IoT: multi-tone mode:
(3UEs, each with 60kHz)

	Target SNR
	15 dB

	CLx-ile
	129 dB

	Stand-alone: NB-IoT: single-tone mode:
(12UEs, each with 15 kHz)

	Target SNR
	15 dB

	CLx-ile
	135 dB

	Stand-alone: NB-IoT: single-tone mode:
(48UEs, each with 3.75 kHz)

	Target SNR
	15 dB

	CLx-ile
	141 dB


Table 1: UL power control parameters for NB-IoT system
2.2. Simulation Result
In this Section, the four coexistence scenarios listed in Table 2 are evaluated. 
	Cases
	Aggressor system
	Victim system
	Link Direction
	Deployment

	1
	NB-IoT
	CDMA1x
	DL
	Uncoordinated

	2
	CDMA1x
	NB-IoT
	DL
	Uncoordinated

	3
	NB-IoT
	CDMA1x
	UL
	Uncoordinated

	4
	CDMA1x
	NB-IoT
	UL
	Uncoordinated


Table 2: Simulation cases for coexistence of NB-IoT (stand-alone) with CDMA1x
For case 1, CDMA1x losses due to the interference from NB-IoT in DL are less than 1% by assuming NB-IoT BS ACS are within 40 to 60 dB as shown in Figure 1.
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Figure 1: CDMA system capacity losses due to interference from NB-IoT 

For case 2, NB-IoT performance degradation in terms of geometry distribution are depicted in Figure 2.
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 Figure 2: NB-IoT system performance degradation due to interference from CDMA1x system 
For case 3, CDMA1x system performance losses in terms of capacity losses have been plotted in Figure 3 for both multi-tone, single-tone modes.
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Figure 3: CDMA1x system performance degradation due to interference from NB-IoT system
For case 4, NB-IoT system performance degradation for multi-tone and single tone modes due to interference from CDMA1x  have been depicted in Figures 4, 5, and 6.
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Figure 4: NB-IoT (3 UEs) system performance degradation due to interference from CDMA1x system
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Figure 5: NB-IoT (12 UEs) system performance degradation due to interference from CDMA1x system 
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Figure 6: NB-IoT (48 UEs) system performance degradation due to interference from CDMA1x system
3. Conclusions
The coexistence simulation results based on the simulation parameters in [1] for NB IoT with CDMA1x in an uncoordinated deployment manner are discussed. The simulation results indicate that the in DL direction, NB-IoT’s impact on CDMA1x is almost negligible when NB-IoT BS ACS vary from 40 to 60dB.  

For DL NB-IoT as victim and CDMA1x as aggressors case,  as long as NB-IoT UE ACS is larger than 30 dB, the NB-IoT geometry degradation are less than 1dB at 5%, 50%, 95% and 99% -xile  in the C.D.F curves.
For UL NB-IoT as victim and CDMA1x as aggressor case, CDMA1x has minor impact on NB-IoT with all multi-mode and single modes. However, CDMA1x UL suffers from the interference of NB-IoT UE if the ACLR value of NB-IoT UE is smaller than 40 dB, especially for the single-tone case with 48 scheduled UEs, where the capacity loss is greater than 50%. When NB-IoT UE’s ACLR is larger than 55 dB, the capacity loss becomes lower than 5%. This 55dB NB-IoT UE ALCR is defined over 180 kHz, which is equivalent to 46.6 dB over 1.23MHz. However, it should be noted NB-IoT UE could only achieve around 40.5 dB over 1.23MHz with 1.1MHz central frequency offset between NB-IoT and CDAM1x. 
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