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1. Introduction
This document describes the evaluation methodology and simulation assumptions for Narrowband Internet of Things (NB-IoT) coexisting with legacy 3GPP systems including GSM/UMTS/LTE. Both scenarios of NB-IoT system as aggressor with 3GPP legacy systems as victim, and the scenario of NB-IoT system as victim with 3GPP legacy systems as aggressor are considered. The general coexistence evaluation methodology based on static Monte Carlo approach, which was originally discussed and applied in [1] and [2] for previous coexistence studies in 3GPP scope, has been recently agreed to be adapted to coexistence study for Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things in TR45.820.  Upon this agreed coexistence evaluation methodology, the impact of narrow band cellular internet of things (NB-CIoT) to 3GPP systems and vice versa has been extensively evaluated TR45.820 [3]. Given NB-IoT is based on the techniques described in TR45.820, similar coexistence methodology will be applied to NB-IoT. In particular, similar ways of modelling ACIRs (Adjacent Channel Interference Ratio) for the NB-CIoT system coexisting with other 3GPP systems agreed in TR45.820 will be used to NB-IoT coexistence study.  
2. Coexistence Methodology 

The purpose of coexistence study of NB-IoT with legacy 3GPP systems is on the one hand to analyze the impact of the new NB-IoT system on existing GSM/UMTS/LTE systems when the two systems are deployed in adjacent frequency bands. On the other hand, it should be ensured that NB-IoT system itself achieves expected system performance with interference presented from existing 3GPP systems. Typically, 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 [3] and [4].

2.1. Evaluation and Simulation Methodology

The impact of interference from aggressor system is in general simulated / measured in terms of SINR degradation. Furthermore, various metrics such as system outage degradation for GSM and throughput losses for UMTS/LTE which are basically function of SINR could be derived. 

In order to evaluate the impact of interference from aggressor system to victim system, the victim 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/UEs are uniformly randomly deployed in a predefined deployment area. Afterwards, power control scheme (in case of UMTS and GSM systems) is simulated until it is converged at the certain pre-defined requirement. Once the power control converges, the MSs/UEs SINRs in each snapshot are collected. In the end, the system performance changes/losses (system outage degradation or system throughput losses which are functions of SINRs) caused by interferences from aggressor system are used as coexistence evaluation metrics. It should be noticed that for LTE and NB-IoT systems, only open loop power control is applied to UL and no power control is assumed in DL.  

The SINR in victim system for coexistence could be in general simulated by 
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is the useful received signal power and it may include processing gain for UMTS system, 
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 is the interferences power from victim system itself (i.e. own system interference), and 
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Afterwards, the aggressor system is deployed based on the predefined scenario and both aggressor and victim systems are simulated based on static Monte Carlo approach. In each snapshot, aggressor system level simulation is firstly conducted as if it was operating alone without taking into account the impact from victim system for simplicity purpose. Secondly, the victim system is simulated, where the SINR calculation for each UE/MS will account for the interference from aggressor system based on 
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where 
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is the useful received signal power and it may include processing gain for UTMS, 
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 is the interferences power from victim system itself (i.e. own system interference), and 
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 denotes the interference signal power from aggressor 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. Similar ways of modelling ACIRs for NB-CIoT with GSM/UMTS/LTE as discussed and agreed in [3] will be adapted to NB-IoT coexistence study.
2.2. Simulation Scenarios and Assumptions

The following cases listed in Tables 1-1, 2-1 and 3-1 will be simulated for NB-IoT system coexisting with GSM, UMTS and LTE. In Tables 1-2, 2-2 and 3-2, the detailed simulation assumptions are followed for respective scenarios.

Table 1-1 Simulation cases for coexistence of NB-IoT (stand-alone) with GSM

	Cases
	Aggressor
	Victim
	Link Direction
	GSM Frequency Reuse
	Deployment

	1
	NB-IoT
	GSM (speech)
	DL
	4/12
	Uncoordinated

	2
	NB-IoT
	GSM (speech)
	DL
	4/12
	Coordinated

	3
	NB-IoT
	GSM (speech)
	DL
	3/9
	Uncoordinated

	4
	NB-IoT
	GSM (speech)
	DL
	3/9
	Coordinated

	5
	NB-IoT
	GSM (data)
	DL 
	4/12
	Uncoordinated

	6
	NB-IoT
	GSM (data)
	DL
	4/12
	Coordinated

	7
	NB-IoT
	GSM (data)
	DL 
	3/9
	Uncoordinated

	8
	NB-IoT
	GSM (data)
	DL
	3/9
	Coordinated

	9
	GSM
	NB-IoT
	DL 
	4/12
	Uncoordinated

	10
	GSM
	NB-IoT
	DL
	4/12
	Coordinated

	11
	GSM
	NB-IoT
	DL
	3/9
	Uncoordinated

	12
	GSM
	NB-IoT
	DL
	3/9
	Coordinated

	13
	NB-IoT
	GSM (speech)
	UL
	4/12
	Uncoordinated

	14
	NB-IoT
	GSM (speech)
	UL
	4/12
	Coordinated

	15
	NB-IoT
	GSM (speech)
	UL
	3/9
	Uncoordinated

	16
	NB-IoT
	GSM (speech)
	UL
	3/9
	Coordinated

	17
	NB-IoT
	GSM (data)
	UL 
	4/12
	Uncoordinated

	18
	NB-IoT
	GSM (data)
	UL
	4/12
	Coordinated

	19
	NB-IoT
	GSM (data)
	UL 
	3/9
	Uncoordinated

	20
	NB-IoT
	GSM (data)
	UL
	3/9
	Coordinated

	21
	GSM
	NB-IoT
	UL 
	4/12
	Uncoordinated

	22
	GSM
	NB-IoT
	UL
	4/12
	Coordinated

	23
	GSM
	NB-IoT
	UL
	3/9
	Uncoordinated

	24
	GSM
	NB-IoT
	UL
	3/9
	Coordinated


The simulation assumptions and parameters are used based on the agreement in [1][2] and[3] and the relevant parameters of coexistence with GSM are addressed in Table 1-2 for reference.

Table 1-2 Simulation parameters for coexistence of NB-IoT with GSM 

	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 3 sectors per site

Macro cell environment 

	Frequency band 
	900 MHz

	Inter-site distance
	1732 m

	User distribution
	Users dropped uniformly in entire cell

	BS transmit power per 200 KHz (at the antenna connector)
	For GSM BS: 43 dBm 
For NB-IoT BS: 43 dBm per sector 

	Pathloss model
	L=1+37.6 log10(R) R in km

l=120.9 for 900 MHz band

(Urban)
For NB-IoT

Building Penetration Loss in Annex D.1 TR45.820 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing 
	110 m

	Shadowing correlation


	Between cell site
	0.5

	
	Between sectors of the same cell site
	1.0

	Antenna pattern (horizontal)

For 3-sector cell sites with fixed antenna patterns
	See Tables 5-7 3GPP TR 45. 914

65o H-plane

	BS antenna gain
	18 dBi 

	BS cable loss 
	3 dB

	Frequency Reuse GSM system
	3/9 and 4/12 

	Power Control of GSM System
	For GSM as victim case: power control is applied: 

For Speech Service:

Stabilization algorithm same as for WCDMA (C/I based) with a margin of 5 dB added to the   target SINR= 9 dB for DL and target SINR=6 dB for UL 

For Data Service:

An extended power control used for GSM speech is applied with max SINR capping

For GSM as aggressor case: no power control is enabled for both DL and UL in order to model the worst case

	Power Control of NB-IoT System
	For NB-IoT as victim case:

1. UL direction: power control is applied: 

Full path-loss compensation open loop power control is applied

2. DL direction: no power control is applied: 

For NB-IoT as aggressor case:

Same to the case of NB-IoT as victim 



	ACIR 
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	Similar ACIR models used/agreed in [3] for NB-CIoT coexisting with GSM system will be adapted to NB-IoT coexistence study



	Performance Metrics
	GSM as victim for speech:

Outage (0.5 dB less than target SINR) degradation 

GSM as victim for data:

Average throughput losses and 5%-tile throughput losses

NB-IoT as victim:

Geometry (SINR) degradation 


Regarding the system layout of NB-IoT coexisting with GSM system, both coordinated and uncoordinated deployment as agreed in [3] with frequency reuse of 4/12 and 3/9 for GSM will be considered. 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 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
Table 2-1 Simulation cases for coexistence of NB-IoT with UMTS

	Cases
	Aggressor
	Victim
	Link Direction
	Deployment

	1
	NB-IoT
	UMTS
	DL
	Uncoordinated

	2
	UMTS
	NB-IoT
	DL
	Uncoordinated

	3
	NB-IoT
	UMTS
	UL
	Uncoordinated

	4
	UMTS
	NB-IoT
	UL
	Uncoordinated


Table 2-2 Simulation parameters for coexistence of NB-IoT with UMTS 
	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 3 sectors per site
19 site (57 sectors) with wrap around 
Macro cell environment 

	Frequency band 
	900 MHz

	Inter-site distance
	750 m

	User distribution
	Users dropped uniformly in entire cell

	BS transmit power 
	For UMTS BS: 43 dBm 
For NB-IoT BS: 43 dBm  

	Pathloss model
	L=1+37.6 log10(R) R in km

l=120.9 for 900 MHz band

(Urban)
For NB-IoT

Building Penetration Loss in Annex D.1 TR45.820

	Shadowing standard deviation
	10 dB

	Shadowing correlation


	Between cell site
	0.5

	
	Between sectors of the same cell site
	1.0

	Antenna pattern (horizontal)

For 3-sector cell sites with fixed antenna patterns
	See 3GPP TR 36.942, 4.2.2.1


	BS antenna gain (including cable loss )
	15 dBi 

	Power Control of UMTS system
	As per defined inTR25.942

	Power Control of NB-IoT System
	Same as listed in Table 1.2 

	ACIR 
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	Similar ACIR models used/agreed in [3] for NB-CIoT coexisting with UMTS system will be adapted to NB-IoT coexistence study

	Performance Metrics
	UMTS as victim for both DL and UL:

Capacity reduction in percent relative to the reference capacity 

For DL, capacity is the number of satisfied speech users

For UL, capacity is the number of users when 6dB noise rise reached

NB-IoT as victim for both DL and UL:

Geometry (SINR) degradation 


Table 3-1 Simulation cases for coexistence of NB-IoT with LTE 

	Cases
	Aggressor
	Victim
	Link Direction
	Deployment

	1
	Guard Band NB-IoT
	LTE
	DL
	Uncoordinated

	2
	LTE
	Guard Band

NB-IoT
	DL
	Uncoordinated

	3
	Guard Band
	LTE
	UL
	Uncoordinated

	4
	LTE
	Guard Band NB-IoT
	UL
	Uncoordinated

	5
	In-Band NB-IoT
	LTE
	DL
	Coordinated 

	6
	LTE
	In-Band NB-IoT
	DL
	Coordinated

	7
	In-Band NB-IoT
	LTE
	UL
	Coordinated

	8
	LTE
	In-Band NB-IoT
	UL
	Coordinated


Table 3-2 Simulation parameters for coexistence of NB-IoT (guard band and in-band) with LTE

	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 3 sectors per site
19 site (57 sectors) with wrap around 
Macro cell environment 

	Frequency band 
	900 Mhz

	Inter-site distance
	750 m

	User distribution
	Users dropped uniformly in entire cell

	System Bandwidth
	LTE: 10 Mhz

NB-IoT: 180 Khz

	Frequency Resue 
	1 

	Subcarrier Spacing 
	NB-IoT DL:

option 1: 15 khz

option 2: 3.75 khz

NB-IoT UL:

Option 1: FDMA with GMSK with 5khz subcarrier spacing 
Option 2: SC-FDMA with 15khz subcarrier spacing 

	BS transmit power 
	LTE BS: 46 dBm 
NB-IoT BS of guard band: TBD

NB-IoT BS of in-band: 29 dBm with boost

	Pathloss model
	L=1+37.6 log10(R) R in km

l=120.9 for 900 Mhz band

(Urban)
For NB-IoT

Building Penetration Loss in Annex D.1 TR45.820

	Noise Figure of BS
	5 dB

	Noise Figure of UE
	9 dB

	Shadowing standard deviation
	10 dB

	Shadowing correlation


	Between cell site
	0.5

	
	Between sectors of the same cell site
	1.0

	Antenna pattern (horizontal)

For 3-sector cell sites with fixed antenna patterns
	See 3GPP TR 36.942, 4.2.2.1


	BS antenna gain (including cable loss )
	15 dBi 

	Power Control of LTE system
	As per defined inTR36.942

	Power Control of NB-IoT System
	Same as listed in Table 1.2 

	ACIR 
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	Similar ACIR models used/agreed in [3] for NB-CIoT coexisting with LTE system will be adapted to guard band NB-IoT coexistence study.

For In-band NB-IoT coexisting with LTE case, the ACIR model is TBD

	Performance Metrics
	LTE as victim for both DL and UL:

Average throughput loss and 

5%-ile throughput loss

(Link Level Performance Model in [2] TR36.942, A.1)

NB-IoT as victim for both DL and UL:

Geometry (SINR) degradation 


3. Summary

The coexistence methodologies for NB-IoT with GSM/UMTS/LTE and the simulation assumptions are addressed. 

References

[1] 3GPP TR 24.942 v6.1.0, Radio Frequency (FR) system scenarios. 
[2] 3GPP TR 36.942, v12.0.0, Evolved Universal Terrestrial Radio Access (E-UTRA) Radio Frequency (RF) system scenarios. 

[3] 3GPP TR 45.820, V2.1.0, Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things, August 2015.
[4] 3GPP TR 25.816 v8.0.0, UMTS 900 MHz Work Item Technical Report, September, 2009.

1
8

_1495975515.unknown

_1504959916.unknown

_1504960666.unknown

_1495975870.unknown

_1495975887.unknown

_1495975258.unknown

_1495975278.unknown

_1495975122.unknown

_1494688276.unknown

