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1
Introduction
The co-existence study between NB-IOT and legacy networks is undergoing in RAN4 under the NB-IOT WI [1].  In the RAN4 #77 meeting, many agreements have been reached on methodologies and simulation assumptions for NB-IOT co-existence study in [2][3][4], based on RAN1 agreements on NB-IOT design [5].
This contribution discusses NB-IOT standalone operation.  System-level simulation results are provided in the contribution for NB-IOT co-existence with LTE and NB-IOT co-existence with GSM systems.
2
Co-existence with LTE

The standalone NB-IOT operation indicates that the NB-IOT carrier is allocated independently from legacy GSM/UMTS/LTE deployment, as illustrated in frequency domain deployment in Figure 1.  NB-IOT will be operating in 200 kHz bandwidth; and the co-existence with legacy systems is needed to be addressed to ensure minimum performance impact.  
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Figure 1    NB-IOT Standalone Operation

For co-existence study in this contribution, we shall address the co-existence with LTE and with GSM.  This section discusses co-existence study with LTE, following agreed simulation assumptions in [3].

2.1
NB-IOT ( LTE

The first co-existence issue with LTE is the study of LTE impact due to deployment of NB-IOT in adjacent carriers.  We provide DL LTE performance degradation in Figure 2.  The left figure shows the SINR loss due at various ACIR; and the right figure indicates the overall LTE throughput percentile loss.
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Figure 2    SINR Loss and Throughput Loss for NB-IOT(LTE
ACIR depends on ACLR and LTE UE ACS.  One typical ACIR can be 27dB, indicating of <4% throughput loss LTE loss.  We can observe that
Observation 1:
The LTE impact of average throughput loss can be less than 4% for standalone NB-IOT deployment, if ACIR>=27dB is ensured.
2.2
LTE ( NB-IOT

When LTE is the aggressor, and NB-IOT is the victim, we shall use SINR degradation to illustrate the performance impact for NB-IOT UE.  Figure 3 shows the SINR distribution with ACLR between 15dB to 50dB.
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Figure 3    LTE--> NB-IOT: SINR distribution at various ACIR
It can be observed from Figure 3 that overall SINR degradation will be minimized if ACLR >=20dB.  When ACLR>=20dB, the SINR degradation is in general less than 1 dB for average NB-IOT UE (at 50%), and the SINR degradation is ~2dB for cell edge NB-IOT UE (at 10%).
Observation 2:
When ACLR>=20dB, the SINR degradation of NB-IOT UE is in general less than 1 dB, for standalone NB-IOT operation with LTE as an aggressor.

3
Co-existence with GSM

For co-existence with GSM, we are using methodology in our previous paper [7] together with the agreed simulation assumptions of [3].  The separation between GSM and NB-IOT is 100 kHz, as indicated in [3]; the NB-IOT has separation of 100 kHz from the GSM bandwidth.  The GSM has its 4/12 frequency reuse factor (12 frequencies used over a cluster of 4 sites or 12 sectors).
3.1
NB-IOT( GSM

When NB-IOT is the aggressor and GSM is the victim, we use SINR distribution of GSM UE to study the impact of NB-IOT.  The SINR distribution and SINR degradation performance are shown in Figure 4.  
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Figure 4    NB-IOT -->GSM: GSM SINR and SINR degradation due to NB-IOT interference
The SINR distributions shown in Figure 4 include various cases for GSM UE.  “All cells without ACI” indicates the SINR distribution of all GSM mobiles without adjacent channel interference (ACI).  “All cells with ACI” indicates the SINR distribution of all GSM mobiles with consideration of ACI.  “the 1st neighbor cell” indicates the SINR distribution of these GSM mobiles that in the 1st neighbor cell (300 kHz away) from the NB-IOT carrier; the “2nd neighbor cell” and the “3rd neighbor cell” indicates the SINR distributions of GSM mobiles in the 2nd neighbor (500 kHz away) and the 3rd neighbor (700 kHz away) from the NB-IOT carrier, respectively.  The right figure in Figure 4 indicates the distribution of SINR degradation, compared with the ACI-free case.
It can be observed from Figure 4 that the impact of NB-IOT to GSM is minimal.  Overall impact to 90% of average GSM mobiles will be less than ~2dB degradation.

Observation 3: The NB-IOT impact to 90% average GSM mobiles will be less than 2dB degradation in SINR, when the NB-IOT is operating as standalone system with 100 kHz separation from GSM spectrum.
3.2
GSM ( NB-IOT

The impact of GSM interference to NB-IOT is illustrated in Figure 5.  SINR distribution of NB-IOT UE is used to evaluate performance impact.
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Figure 5    GSM --> NBIOT: NBIOT SINR distribution; NB-IOT SINR degradation
The SINR distributions shown in the figure include various cases: SINR without GSM adjacent interference, SINR of all NB-IOT UE with ACI, SINR of NB-IOT UE in the 1st, the 2nd and the 3rd frequency neighbor cell.  

Figure 5 shows that the adjacent interference from GSM cells to NB-IOT is quite small.  SINR degradation of NB-IOT UE is insignificant: overall degradation of 95% NB-IOT UE is less than 0.3dB.
Observation 4: Overall SINR degradation of 95% NB-IOT UE is less than 0.3 dB when the NB-IOT is operating standalone with 100 kHz separation from GSM spectrum.

4
Conclusions
System-level simulation results are provided for DL on the co-existence study between standalone NB-IOT and legacy LTE/GSM systems.  Based on the simulation, we can observe that:
Observation 1:
The LTE impact of average throughput loss can be less than 4% for standalone NB-IOT deployment, if ACIR>=27dB is ensured.

Observation 2:
When ACLR>=20dB, the SINR degradation of NB-IOT UE is in general less than 1 dB, for standalone NB-IOT operation with LTE as an aggressor.

Observation 3: The NB-IOT impact to 90% average GSM mobiles will be less than 2dB degradation in SINR, when the NB-IOT is operating as standalone system with 100 kHz separation from GSM spectrum.
Observation 4: Overall SINR degradation of 95% NB-IOT UE is less than 0.3 dB when the NB-IOT is operating standalone with 100 kHz separation from GSM spectrum.
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