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1. Introduction
In RAN#84-b, numerology design was discussed. It is largely agreed to have scaled numerology family based on a base subcarrier spacing (SCS). Two different design principals were proposed:

1) Base SCS = 15kHz and have the 15KHz numerology be the same as LTE numerology for better backward compatibility to legacy RAT, in particular, to simplify DL coexistence with NB-IOT.
2) Clean-slate design of new base SCS to ensure uniform symbol duration and 2m symbols per ms

This document provides analysis and evaluation of the DL coexistence of NB-IoT system in standalone, inband and guardband modes with NR based on a non-15KHz based numerology.
2. Coexistence Analysis
2.1. NR coexistence with standalone NB-IOT under uncoordinated deployment
It is shown that standalone NB-IOT could coexist with LTE/UMTS/GSM with uncoordinated deployment based on RAN4 studies (e.g. [1]). NR coexistence with standalone NB-IOT mode under uncoordinated deployment is expected to behave similarly to that of LTE and standalone NB-IOT.
Observation 1: Standalone NB-IOT coexistence with NR could be done with uncoordinated deployment as other RATs such as GSM/UMTS and LTE as studied in [1].
2.2. NR coexistence with inband/guardband NB-IOT under coordinated deployment
NB-IOT inband mode is designed to rate match around LTE’s legacy persistent signaling (i.e. control and CRS) to ensure no interruption to legacy LTE operations. However, this design is not useful for NB-IOT and NR inband coexistence scenario, since persistent signaling of NR is not necessarily compatible with that of LTE’s. Furthermore, RB definition, subframe duration, etc. of NR could also be completely different from that from LTE.
On the other hand, NR is designed for different numerology multiplexing and time and frequency blanking for forward compatibility [2], which by definition supports “Inband” NB-IOT as good as any other signaling, of a different numerology or even a different type of waveform. Meanwhile, NB-IOT inband deployment in NR should be allocated to RBs on the edge of the carrier in order to minimize the interruption to NR persistent signaling (such as control, WB RS, such as CRS, CSI-RS in the DL) regardless of the SCS numerology. Hence, the coexistence scenario becomes similar to guardband (GB) coexistence. Note that, in LTE inband coexistence, even when NB-IOT is allocated on the edge of the carrier, NB-IOT has to rate match around LTE persistent signaling (control and CRS), which accounts for around 30% overhead (to be able to deployed inband). Thanks to the reserved RB forward compatible feature of NR, this overhead is no longer needed and the corresponding resource could be used as guardband between NR and NB-IOT to manage the ICI between NR and NB-IOT.
For the rest of the study, we focus on inband/guardband coexistence of NR and NB-IOT with NB-IOT allocated on edge of the carrier or in GB.
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Figure 1: NB-IOT and LTE inband coexistence vs. NB-IOT and NR inband/guardband coexistence
Observation 2: NR forward compatibility should naturally support NB-IOT Coexistence irrespective of numerology/waveform change. 

Observation 3: NB-IOT inband mode design is rate matched around LTE channel structure, which does not address NR inband coexistence problem.

Observation 4: In order to minimize the impact on persistence signaling of NR, NB-IOT inband deployment should be placed towards the edge of the carrier irrespective of numerology.

3. Coexistence Simulation Results
In this section, we evaluate the ICI impact of NB-IOT to NR and vice versa.
3.1. Simulation Assumptions
To evaluate the coexistence impact on both sides, we have the following simulation assumptions.

Table 1: Simulation cases for coexistence of NB-IoT with NR with different numerology 

	Cases
	Aggressor
	Victim

	1
	NB-IoT (SCS = 15KHz)
	NR (SCS = 17.5KHz)

	2
	NR (SCS = 17.5KHz)
	NB-IoT (SCS = 15KHz)


The impact on both directions are evaluated as summarized in Table 1, NB-IOT as aggressor and NR as victim and vice versa. Detailed link-level ICI evaluation assumptions are summarized in Table 2. A typical coexistence deployment scenario of NR system BW = 10MH is assume. NR Tx power is assumed to be ~46dBm, NB-IOT Tx power level is assumed at 35dBm, (i.e. 6dB power boost from NR with the same 180kHz BW as agreed in RAN4). 6-tone guardband is assumed, which accounts for 33% overhead roughly matching otherwise needed GB for LTE inband deployment. Note that pulse shaping (e.g. WOLA) and filtering techniques could further reduce the required GB, which is not assumed in this study, 6dB clipping is applied for Pa modeling. The result here could represent a pessimistic scenario (due to no filtering/pulse shaping).
Table 2 Simulation settings for NR and NB-IOT Coexistence
	NR SYS BW
	10MHz

	FFT length
	1024

	Tone spacing
	NB-IOT: 15kHz
NR: 17.5kHz

	Tx Power level
	NB-IOT: 35dBm
NR: 46dBm

	Usable tones
	NB-IOT: 12 tones = .18Mhz, 
NR: 512 tones = 8.96MHz

	Guardband
	6*.015 = .09 MHz (1% of NR SYS BW)

	Deployment Mode
	Coordinated and collocated

	CP/ZP length
	NB-IOT: 4.7us
NR: 5.4us

	WOLA/Filtering
	No Tx/Rx WOLA or Filtering Assumed

	Pa Model (Clipping)
	6dB


3.2. Coexistence Link-level Simulation Results
We follow the methodology of coexistence study for in-band and guard band operation done in RAN4 (e.g. [4]) but evaluation of the impact on DL:
· Computing the amount of power leakage:

· From NB-IoT to the N-th adjacent LTE PRBs. 

· From LTE to NB-IoT.
This step is done by Matlab standalone waveform Monte-Carlo simulation 
· Use system level Monte-Carlo simulation to compute:

· the SINR distribution at n-th adjacent LTE PRB

· SINR distribution for NB-IoT users 

The ICI impact of NR to NB-IOT and vice versa are plotted in Figure 1 (1b is a zoomed in version of 1a). In the plot, NR PSD is normalized to be 0dB while NB-IOT PSD is 6dB higher. 
We can see that the NB-IOT to NR will cause SIR ceiling of around 18dB at the edge RB, which goes up to SIR = 30dB within 0.7MHz. Hence we expect the impact to be limited to edge RB and only at high geometry. 
On the other hand, the NR to NB-IOT is causing SIR ceiling around 25~26dB. NB-IOT operates at QPSK with maximum code around 2/3, the performance impact from NR to NB-IOT in this scenario is expected to be negligible.
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Figure 1a: PSD of NB-IOT and NR coexistence inband (on the edge) and in guardband
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Figure 1b: PSD of NB-IOT and NR coexistence inband (on the edge) and in guardband (zoomed in)

3.3. Coexistence System-level Simulation Results

We use the power leakage number obtained from Section 3.2 to evaluate the coexistence impact on both sides at the system-level as described in step 2 in the previous section.
In the first case, where NR as aggressor and NB-IOT as victim. As can be seen, there is only minor performance difference only at high geometry (geometry ~ 15dB) due to NR interference. Overall system impact to NB-IOT from NR (especially at the tail) is almost negligible.
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Figure 2: PSD of NB-IOT and NR coexistence inband (on the edge) and in guardband (zoomed in)

In the second case, where NB-IOT as aggressor and NR as victim. As can be seen, there is only minor performance one the 1st adjacent PRB and the difference only shows up at high geometry due to NB-IOT interference. Overall system impact from NB-IOT to NR (especially at the tail) is almost negligible.
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Figure 3: PSD of NB-IOT and NR coexistence inband (on the edge) and in guardband (zoomed in)

Observation 1: NR and NB-IOT coexistence is feasible for both inband and guardband mode with NB-IOT allocated on the edge of the carrier. And performance impact at the system-level is negligible
4. Conclusions
The coexistence of NB-IOT and NR are analysed and evaluated. Simulation results at both link-level and system-level suggest that NB-IOT and NR coexistence is feasible for both inband and guardband mode. Given other benefits from a clean-slate numerology design as shown in [5] [6], we have the following proposal:
Proposal 1: NR numerology design should be prioritized to forward compatible considerations over backward compatible 2nd order optimizations.
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